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Abstract

Since 2020 the world has been dealing with an acute respiratory syndrome pandemic caused by SARS-CoV-2. The main symptoms are fever, cough, and
tiredness, accompanied by smell and taste loss. Due to neurotropism and infection mechanisms, SARS-CoV-2 can cause several neurological and sensory
injuries. Its auditory impacts are controversial; however, cochlear hair cells and auditory pathways might be damaged. The aim of this review was identifying
evidence underlying clinical association between COVID-19 and auditory implications which would help diagnosis and treatment response. Studies identified
in databases Scielo (Scientific Electronic Library Online), Lilacs (Latin American Literature in Sciences Health), Pubmed (National Library of Medicine), Livivo
and Scopus, published up to June 2021 for COVID-19 and auditory system impairments correlation and etiology were selected. Inclusion criteria were: Articles
published in any language related to COVID-19 and audiological symptoms confirmed by audiological testing. Searching returned 1208 records and after applying
eligibility criteria, 24 original research and 10 review articles were included. More frequent evaluations were pure tone audiometry, transient evoked otoacoustic
emissions, tympanometry, and acoustic reflex test, sensorineural hearing loss being most prevalent. Recent studies support the relation between SARS-CoV-2
infection and audiological findings. Long term COVID-19 follow up should include systematic early audiological evaluation.

Summary: Recent findings support SARS-CoV-2 implications on cochlear hair cells and other auditory structures. Auditory dysfunctions are a possible
consequence of COVID-19 since some symptoms such as sudden hearing loss, otitis, and tinnitus were reported. Vertical transmission of SARS-CoV-2 might
contribute to congenital damages, impact on auditory abilities, and consequently, language acquisition. Raising potential impacts of SARS-CoV-2 infection on
the auditory system based on recent case reports brings attention to mechanisms that underlie clinical association. Long term follow up of hearing function in
suspected and confirmed cases of SARS-CoV-2 infection will support more effective clinical intervention.
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|ntr0ducti0n Several infections (e.g. Cytomegalovirus, rubella, measles, mumps, and
meningitis) are responsible for about 30% of hearing loss in childhood
In March 2020, the World Health Organization [1] announced the severe  [21], and are considered risk indicators [22]. SARS-CoV-2 impacts in the
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) as a global auditory system are still controversial. However, several researchers raised
pandemic. The novel Coronavirus typified in December 2019 uses a concerns of Coronavirus on cochlear hair cells and other auditory structures
transmembrane enzyme called angiotensin-converting enzyme 2 (ACE2) for ~ [23-26]. A vertical transmission of SARS-CoV-2 is also possible [27-30],
host cell entry [2-4]. The clinical manifestation for this infection was labelled ~ and congenital damages could impact auditory skills [31] and consequently,
Coronavirus disease 2019 (COVID-19). Various human cells express ACE2 language acquisition [32]. These concerns increase due to the presence of
[5-7] such as type 2 pneumocytes [8,9], cells of myocardium, gallbladder, ~ ACEZ receptors in the temporal lobe, which play a main role in language
liver and proximal kidney tubules [10], intestine and esophagus, leading to  related tasks [7,33-35].
respiratory dysfunction and systemic infection development in severe cases
[11]. The most common symptoms, fever, cough, and tiredness [12,13] are
also accompanied by loss of smell and taste [14-16], and neurological LT :
manifestations [17-19] COVID-19 often progresses lethally to severe acute hospitalizations [19,36-38]. Furthermore, some consequences might be

respiratory syndrome, acute cardiac injury, acute kidney injury, and septic caused by the clinical treatment, social isolation or by the direct action. of
shock [12,20]. SARS-CoV-2 on the Central Nervous System (CNS), such as worsening

of communication and mental health issues [19,37,38]. Multiprofessional
initiatives (e.g. speech therapy, physiotherapy and occupational therapy)
should consider motor, respiratory, and functional rehabilitation procedures
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COVID-19 long term sequelae challenge rehabilitation services due to
respiratory, neurological and neuromuscular damage, and long term

Materials and Methods

This article is a review of original studies published until June 2021, in
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the databases Scielo (Scientific Electronic Library Online), Lilacs (Latin
American Literature in Sciences Health), Pubmed (National Library of
Medicine), Livivo, and Scopus. The Boolean descriptors and operators
were: Coronavirus infection OR COVID-19 and hearing OR hearing loss OR
audiology OR cochlea OR auditory system. Inclusion criteria were articles
published in any language, and related to COVID-19 and audiological
symptoms confirmed by audiological testing or review articles. Exclusion
criteria were articles with other COVID-19 sequelae, deafness accessibility
and inclusion practices, or other audiovestibular symptoms.

Titles and abstracts contemplating the inclusion criteria were selected
for full text reading (investigators NS, CE, PC) using the Rayyan tool
for systematic review [40]. Full text review and data extraction were
conducted by investigators NS, CE, PC and discussed with EM, HG, SB.
Data extraction for analysis were the type of study, sample, audiological

Table 1. Audiological symptoms associated with SARS-CoV-2 infection.

evaluation procedure, and outcomes.

Results

Database search returned 1208 records. Posterior duplicate removal left
583 records, of which 352 were excluded due to other COVID-19 sequela
emphasis. Reading 231 titles and abstracts allowed 141 additional
exclusion (58 described features on deafness accessibility and inclusion,
68 reported clinical recommendations and telehealth, and 15 described only
other audiovestibular symptoms). 90 remaining records were assessed for
eligibility, and 56 were excluded posterior to full text reading. 24 original
research and 10 review articles on audiological symptoms associated with
SARS-CoV-2 infection fulfilled the inclusion criteria (Figure 1) [41]. Table 1
summarizes auditory assessment and outcomes of recent original articles
by type of study, sample size, gender, and age [42-64].

Identification Type of Sample, Audiological Outcomes
study gender, age Assessment
Mustafa, Egypt May sgéng\;ll 20, F/IM, PTA, tympanometry, Decreased high frequency PTA, TEOAE amplitudes significantly worse
2020, [25] 20-50 TEOAE in the test group.
Study
Fidan, Turkey May Case . L
2020, [42] Report 1,F 35 PTA, tympanometry CHL PTA, type-b appearance in tympanometry in right ear.
Daikhes et al, Russia Crc?ss- 78, M/F, Tympanometry,. Regular tympanometry and reflexes decreased TEOAE amplitude and
July 2020, [43] sectional 20-50 TEOAE, Estapedial signal-to-noise ratio
y ’ Study Acoustic Reflexes 9 '
Degen et al, Case TEOAE, MRI, Complete deafness on the right side and profound SNHL on the left
Germany August 1, M, 60 I o ) . . .
2020, [44] Report Audiologic Testing side. Signs of an inflammatory process in the cochlea
Kilic et al, Turkey Case 5 M. 29-54 PTA, Tympanometry, 20% of individuals with unilateral SNHL confirmed COVID-19 by RT-
August 2020, [45] Series Y Weber's test PCR.
A%Zi?lvs:r?;dan;ndt Case Rinne’s test, Bilateral positive Rinne test, Weber’s test lateralized to the right side.
 =9YP 1, M, 52 Weber's test, PTA, Right normal hearing level and left severe SNHL with bilateral type A
September 2020, Report : .
[46] Tympanometry, MRI Tympanometry. Normal intracranial appearances.
Koumpa, Forde
and Manjaly, United Case 1 M 45 PTA, Rinne's test, Left-sided SNHL with a negative Rinne’s test ipsilateral and a Weber’s
Kingdom October Report Y Weber's test, test lateralized to the opposite side. Sudden onset SNHL.
2020, [47]
Lang et al, Ireland Case "Audiology testing", . . .
October 2020, [48] Report 1,F 30 VR Profound high-frequency sudden SNHL in the right ear
PTA, Tympanometry, . .
. . . . Normal thresholds for PTA and speech audiometry, falling tendency
Maharaj  and Hari, Stapedial Acoustic : . . . L .
. Case o toward right side, caloric testing revealed an impaired function of the
South Africa October 1, M, 44 Reflexes, Clinical . b
Report . . semicircular canals. CT Scan and MRI revealed congenital inner ear
2020, [49] vestibular testing, CT "
Scan. MR abnormalities.
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Six cases of middle-ear effusion, three cases of typical acute otitis

Oziiire;ggolr?gm Sciearis:s 8, M/F, 20-45 otlz)z:‘éselfg?_psoézn media, one case of tympanic membrane perforation. Most patients had
’ by CHL and mild SNHL at high frequencies.
Lamounier et al, Case PTA, Tympanometry, | Severe SNHL in the right ear, isolated hearing loss in the frequencies of
Brazil November Report 1,F 67 Stapedial Acoustic 4 KHz and 8 kHz in the left ear, bilateral type A curve, and no bilateral
2020, [51] P Reflexes, MRI contralateral stapedial acoustic reflexes.
Karimi-Galougahi et . . . .
al, Iran December SCearis:S 6. MIE, 22-40 PTA PTA revealed a sensorineural mechanism for the unilateral hearing loss
2020, [52]
Severe right SNHL, complete right vestibular areflexia on caloric
Aasfara et al, Case PTA, examination with left-beating spontaneous horizontal and torsional
Morocco January Report 1, F, 36 Videonystagmography, nystagmus, normal MRI. Possible association between a variant of
2021, [53] P MRI Guillain-Barré syndrome and vestibulocochlear neuritis and SARS-
CoV-2 infection.
Chern et al, United PTA, Word Mod_erate to severe SNHL in th(=T _rlght ear and modeorate to pro_found
: Case i SNHL in the left ear. Word recognition scores were 88% on the right and
States of America 1,F 18 Recognition Scores, 0 . ;
January 2021, [54] Report Tympanometry, MRI 80% on the left. Tympanometry was normal. Findings are consistent
’ ' with bilateral intralabyrinthine hemorrhage.
60 (28 test
group, 32
Alves de Sousa Cross- . .- . .
. Control Higher PTA thresholds (beginning at 1000 Hz) in COVID-19 patients
et al., Portugal sectional PTAPTA . .
February 2021, [55] Study group) M/F, with moderate-severe disease.
' 56-60/47-65*
Cross-
sectional
Gallus et al., Italy 48, MIF, 36 | 1A Tympanometry, _— .
- Acoustical Stapedial PTA and vHIT gain within normality range
February 2021, [56] Study 54
Reflexes, VHIT
Cross-
sectional
Savtale, India 185, M/F, Weber's test 54.44% of patients reported hearing loss, Weber's test showed
February 2021, [57] Study 18-65 lateralization to the opposite side of the hearing loss.
. . 2.45% patients were diagnosed with Sudden SNHL, of which 12.50%
ﬁlg;"”ﬁe%arj; ng;’;‘ Sg;:zial 16, MIF, T#”r':gai‘;::ept:‘\’ had bilateral sudden SNHL. 93.75% showed reduced amplitude of the
y ool 38-72 ymp v TEOAE. In 10 patients (62.50%) with SNHL, MRI with contrast showed
[58] Study TEOAE, MRI Test, :
enhancement of the cochlea on the affected side.
5.93% were presented with hearing loss, 22 were presented with
Swain and Pani, Cross- 28 MIF PTA Tvmpanometr unilateral hearing loss and 6 were presented with bilateral hearing loss
February India 2021, | sectional 16_52 ' ’ ¥EgAE v (3 mild conductive and 3 mild sensorineural). 60.71% SNHL presented
[59] Study with sudden onset. 66.67% of SNHL cases show high-frequency SNHL
in PTA.
PTA, Weber's Test, Low-frequency pure tone threshold, TEOAE and DPOAE low-frequency
Chirakkal et al., Case 1F 35 Tympanometry, amplitudes were absent in the left side (suggesting outer hair cell
Qatar April 2021, [60] Report n Stapedial Acoustic damage), Weber's test lateralized for left side, bilateral Type-A
Reflexes, TEOEA tympanometry
Cross 11% of the patients who had symptoms of hearing loss were confirmed
Dharmarajan, India Sectional 100, M/F, PTA TEOAE by PTA and 48% of the patients who did not (42% SNHL, 6% CHL). 49%
May 2021, [61] Stud 21-60 ' of patients referred to TEOAE in both ears; patients had conductive loss
y due to middle ear effusion.
Gerstacker et al Left acute deafness and right profound SNHL. No ABR potentials on left
Germany Ma 202’1 Case 1M 38 PTA, TEOAE, ABR, side, and V wave peak latency at 70 dB on the right side, normal inter
>[162] y ' Report Y VNG, CT, MRI peak latencies, VNG with under-excitability on the left side. Imaging

presented no signs of a cochlear inflammatory process.
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Mohan et al, USA Case CT, portable PTA, . . I . .

May 2021, [63] Report 1, M, 23 tuning fork test MHL in the right ear, opacification of the middle ear and mastoid.

16 (8 test '
Cross group, 8 Normal PTA Thresholds and type-A tympanometry for asymptomatic
Dror et al, Israel Jun Sectional contr,ol PTA, Tympanometry, COVID-19 recovered patients and matched controls, no differences
2021, [64] TEOEA, DPOEA, ABR in TEOAE and DPOAE between groups, ABR waveforms normal as

Study group), M/F, .
3961 29-60 compared with standard.

Abbreviations: F: Female; M: Male; PTA: Pure Tone Audiometry; TEOAE: Transient Evoked Otoacoustic Emissions; DPOAE: Distortion Product
Otoacoustic Emissions; ABR: Auditory Brainstem Response; MRI: Magnetic Resonance Imaging; CT: Computed Tomography; vHIT: Video-Head
Impulse Test; VNG: Videonystagmography; SNHL: Sensorineural Hearing Loss; CHL: Conductive Hearing Loss, MHL: Mixed Hearing Loss. *Age range
was estimated based on the mean age and standard-deviation described in the original publication (test group: 63 + 6:80; control group: 56:03 + 9:28).
**Age range was estimated based on the mean age and standard-deviation described in the original publication (45 + 9.6)

keywords (("coronavirus infection”) OR (“covid-19)) AND (("hearing”) OR
("hearing loss”) OR ("audiology”) OR ("cachlea”) OR (“auditory system”))

Identification

SciELO LILACS Livivo PUBMed Scopus
(n=8) (n=0) (n=555) (n=281) (n=364)
Y Y Y ¥ Y
Records identified through database searching
(n=1,208)

L

g Records after duplicates removed
s (n=583)
[
b v
g | _| Records excluded (n=352)
Records screened (1=231) |+ " A ticles about other sequelae (n=352)
L]
Records excluded after

o Full-text articles assessed for eligibility (n=50) - reading title and abstract
= (n=141)
2
=
w

»| Records excluded after |
reading full-text (n=56)
¥ L

Studies included for qualitative synthesis (n=34)

Clinical hearing assessment - (n=24)
Reviews - (n=10)

Included

Figure 1. This figure presents the flow diagram of the steps for article
selection.

Original studies

Recent COVID-19 associated audiological findings were presented in 24
original studies with 12 (50.0%) published in 2020 and 12 (50.0%) by June
2021. Researches from 16 countries highlighted evidences in 4 articles
from India (16.66%), 2 from Egypt, Germany, United States of America
and Turkey (8.33% each), and one from each country: Brazil, Ireland,
Israel, Italy, Morocco, Portugal, Qatar, Russia, South Africa and United
Kingdom (4.16% each). The research design was case reports (12 cases,
50%), cross-sectional studies (9 studies, 37.5%) and case series (3 series,
12.5%). Cross-sectional study samples ranged from 16 to 185 participants,
and age variation from 16 to 72 years.

Audiological evaluations were pure tone audiometry for audiological
diagnosis (20 of 24 articles, 83.34%), reported using accumetric testing,
TEOAE and MRIand (2 articles, 8.33%), and two articles were unspecified
(8.33%). 18 articles that used pure tone audiometry also used otoacoustic
emissions, tympanometry and acoustic reflexes testing as a complementary
hearing assessment, and only two considered tonal hearing thresholds.
Audiological outcomes were primarily presented as data thresholds (19 of
24 articles, 79.17%), and no audiological outcomes (5 articles, 20.83%).
9 of 20 studies that used PTA presented the occurrence of Sensorineural
Hearing Loss (45.0%), 1 with Conductive Hearing Loss (5.0%), 3 with both
SNHL and CHL (15.0%), 1 with Mixed Hearing Loss (5.0%), 3 with Normal
Hearing Thresholds (15.0%), and 3 (15.0%) presented no information.
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13 studies highlighted laterality of hearing loss, with 3 bilateral (23.08%),
8 unilateral (61.53%) and 2 (15.39%) describing both possibilities of
impairment. Four studies which used PTA (20.0%) reported a sudden onset
of hearing loss while the other 16 (80.0%) presented no appearance of
symptoms. 13 studies reported complementary assessments alteration in
TEOAE exams (4 articles, 38.46%), accumetric assessments (4 articles,
30.77%), tympanometry (2 articles, 15.39%), World Recognition Scores (1
article, 7.69%), and Auditory Brainstem Responses (1 article, 7.69%).

Review articles

10 review articles were recently published. 5 presented a systematic review
[65-69], one presented an integrative review [70], and four presented a
literature review [71-74].

Almufarrij, Uus and Munro [65] published in 2020 a rapid systematic review,
updated in 2021 [66], analyzing prospective, retrospective, cohort, cross
sectional, case reports and case control studies about Coronavirus effects in
the audiovestibular system. They considered any audiovestibular disorder,
such as hearing changes, tinnitus and vertigo, estimating prevalence of
7.6% for hearing loss, 14.8% for tinnitus and 7.2% for rotatory vertigo among
COVID-19 patients. However, based on evaluation of the quality of scientific
evidence, they suggest that those values might be overestimated, once
there is a lack of high quality studies, such as case control studies, within
the literature. Jafari, Kolb and Mohajerani [69] performed a meta-analysis
to determine the event rate of the same symptoms and found statistically
significant values of 3.1% of hearing loss, 4.5% of tinnitus and 12.2% of
dizziness caused by SARS-CoV-2. Authors implied that the heterogeneity
among studies, insufficient evidence and small sample size contributed to
these findings. They performed reliability and validity evaluations through
a tool used specifically to appraise different studies designs (quality rates
between 50% and 72.5%).

In a systematic review on otologic manifestations of SARS-CoV-2, Maharaj
et al. [67] also highlighted the small sample size of the publications. Authors
selected studies ranked through a tool for risk of bias assessment in studies
of interventions, leading to 7 studies (narratively described) with a total of
28 patients. They suggest the need for studies with larger samples.

Despite the small sample size criticism, a potential effect of the Coronavirus
on the appearance or worsening of audiovestibular symptoms is still
under investigation. Soylemez and Ertugrul [68] on a systematic review
of audiovestibular symptoms pointed to sensorineural hearing loss as
the main condition, followed by tinnitus and dizziness. Similarly, Narozny,
Tretiakow and Skorek [73] concluded that there is a possible causality
between COVID-19 and Hearing Loss (which might be manifested as a
first symptom of SARS-CoV-2 infection), but not with vertigo/dizziness.
However, Andalib et al. [71] discussed PNS manifestations (such as SNHL)
associated with COVID-19, and considered that auditory complications
are rare manifestations in COVID-19 with a possible incidental association
without causal relationship. Saniasiaya [74] reviewed the SNHL relation to
COVID-19, and reasoned the need for early detection of hearing loss to
guarantee early treatment and strengthening of scientific evidence based
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on objective clinical evaluation. Likewise, Beckers et al [72] suggested PCR
tests in patients with auditory symptoms considering the appearance of
SNHL during SARS-CoV-2 infection progression.

Discussion
Audiological findings

Since the onset of COVID-19 pandemic several case reports pointed out
possible effects on the auditory system. In April 2020, a sensorineural
hearing loss patient was infected with SARS-CoV-2 in Thailand [75],
and underwent only respiratory care. No change in her hearing loss was
documented. Few days later, Fidan [42] reported a case of unilateral
audiological findings, such as conductive hearing loss, tinnitus, and otalgia
(with bulging tympanic membrane and hyperemia pointed by otoscopy, and
type-B tympanometry) associated with respiratory symptoms, and reverse
transcription polymerase chain reaction (RT-PCR) positive for SARS-
CoV-2. At time, the authors implied that, in the absence of a complete
understanding of the multiple actions of the SARS-CoV-2 in the human
organism, given the tropism for several systems that contain the ACE2
receptor for the SARS like virus [76], it is necessary a complete evaluation
of each patient in search of symptoms that differ from standard symptoms
of COVID-19 [13,42]. Raad et al. [50] have described similar findings,
reporting middle ear effusion, typical acute otitis media, and even tympanic
membrane perforation, leading to conductive and sensorineural hearing
loss. In 2021, Dharmarajan et al. [61] and Mohan et al. [63] also described
findings of conductive or mixed hearing loss due to middle ear commitment
which may suggest that respiratory infection caused by COVID-19 can
spread to the middle ear and thus reach the sensory components of the
auditory pathway.

Lamounier et al. [51] reported a case of a 67 years old female with
confirmed COVID-19 and sudden hearing loss complaints. It was performed
audiological assessment by audiometry, tympanometry and stapedial
acoustic reflexes, presenting severe sensorineural hearing loss in the right
ear, isolated hearing loss in the frequencies of 4 KHz and 8 KHz in the left
ear, bilateral type-A curve, and no bilateral contralateral stapedial acoustic
reflexes. Those results were compared to previous evaluations, inferring a
worsening of this condition. The patient showed an improvement after drug
treatment (oral and intratympanic corticosteroid therapy). Other authors,
performing similar assessments with Pure Tone Audiometry (PTA) have
described similar findings of sensorineural mechanisms for hearing loss
in patients with confirmed SARS-CoV-2 infection [44,47,51,52]. Regarding
the onset of symptoms, other studies described a predominance of sudden
perception of hearing loss [47,59].

Cure and Cumhur Cure [76] pointed out that damage to hearing function due
to SARS-CoV-2 infection may be related to the neurosensory impairment
of the auditory cortical center in the temporal lobe of the brain, where
ACE2 can be found. Scientific findings from several researchers indicate
that this area has moderate expression of ACE2, making it susceptible to
direct viral infection, causing damage to target cells, and triggering injuries
in the pointed region [2,7,33-35]. Another possible mechanism may also
be related to hearing cells hypoxia, an idea that is based on the proven
involvement in cases of Severe Acute Respiratory Syndrome [77,78], as well
as due to circulatory disorders [79], thus generating sensorineural loss and
tinnitus, mainly caused by oxidative stress [77]. Degen et al. [44] performed
Transient Evoked Otoacoustic Emissions (TEOAE) and brain Magnetic
Resonance Imaging (MRI), and associated those tests results with signs of
inflammatory process in the cochlea, while Chern et al [54] pointed out to
an intralabyrinthine hemorrhage, and Swain, Das and Lenka [58] pointed to
cochlea alteration on MRI results. On the other hand, Gerstacker et al. [62]
showed no relation between cochlear inflammation and confirmed SNHL in
data of CT and MRI.

Mustafa [25], in a case control COVID-19 study of asymptomatic patients
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aged between 20 and 50 years, reported a relevant auditory clinical finding.
High frequency pure tone thresholds (4 kHz, 6 kHz, and 8 kHz) and TEOAE
amplitude values were worse for the test group. These findings support that
SARS-CoV-2 may cause deleterious effects in cochlear cells and primarily
Outer Hair Cells (OHC), despite no sensitivity abnormality described
[25,43,55,58]. There are two possible hypothesis proposed:

«  Local hypoxia leading to loss of OHC [79,80]

«  Directvirus action effects on possible target cells that express ACE2 in
the intracochlear environment facilitating viral adsorption in the target
cell [25,81]. Both proposals require additional studies for confirmation.
These deleterious effects may be unnoticed, as somes papers
described no hearing sensitivity abnormalities in asymptomatic to
COVID-19 patients. Other studies confirmed OHC damage by TEOAE
amplitude observation [58,60,61] with perception of hearing loss.

A type of Murine Coronavirus strain (called JHM strain, or JHMV) is related
to Sub-Acute Demyelinating Encephalomyelitis in rats [82], similar to
multiple sclerosis, leading to demyelinating lesions in the brainstem, pons,
thalamus, cerebellum or spinal cord, and in neuronal cell culture [83].
This aspect is present in SARS-CoV-2 [83,84] indicating an evolutionary
characteristic maintenance since other predecessor Coronaviruses
[85,86]. Multiple sclerosis presents 1%-3% of sudden hearing loss cases
[86,87] and also injuries involving the 8th cranial nerve and cochlear
nucleus [88,89]. Such demyelinating effects may increase the possibility
of auditory system impairment in other human Coronaviruses which have
similar mechanism to the SARS-CoV-2 [90], as recent evidences show
the sudden onset of hearing loss associated with SARS-CoV-2 infection
[47,54,58,59], and a possible association between Guillain-Barre syndrome
(a peripheral demyelinating condition) and vestibular neuritis with hearing
loss manifestation [53].

Ogier et al. [26] infer that SARS-CoV-2 can affect the auditory pathway,
and the Auditory Brainstem Responses (ABR) could assess its brainstem
related disorders. Considering a possible correlation between other
human Coronaviruses and multiple Sclerosis, this condition may cause
desynchronization and alter the morphology of waves Il and V of ABR,
and result in auditory processing disorders [91]. Furthermore, a Brazilian-
Canadian report cites other human Coronaviruses with neurotropism
associated with the development of neurodegenerative diseases such
as Parkinson's disease and multiple sclerosis [92,93]. It pointed out that
neurodegenerative processes can last for decades and can be triggered or
accelerated by inflammatory response to the virus. Systemic inflammatory
mediators can access the CNS and trigger damage by impairing the blood
brain barrier function [94]. ABR application to complementary diagnosis
of hearing loss in COVID-19 patients has shown contradictory results.
Gerstacker et al. [62] described a delay on absolute V wave peak in a case
report of confirmed bilateral SNHL, while Dror et al [64] described regular
ABR waveforms to asymptomatic and recovered COVID-19 patients.

The included studies presented different methods for hearing assessment.
The most used exams were PTA, tympanometry and TEOAE, however,
some studies used accumetric tests, such as the Rinne and Weber
tests [46,57]. In order to search for the origin of hearing loss, the use of
imaging tests such as MRI and Computed tomography (CT) Scan was
also mentioned. One study used the video Head Impulse Test (vHIT), and
showed no significant difference among COVID-19 patients and control
group [56]. Maharaj and Hari [49], Gallus et al. [56] and Dror et al. [64]
described normal PTA thresholds in symptomatic and asymptomatic
COVID-19 patients. Systematic investigations are necessary to confirm
whether the evaluative methods suggested in the literature are in fact
efficient to understand audiological findings related to COVID-19.

Medication

Regarding drug treatments, substances derived from quinine, like



Silva NS, et al.

chloroquine and hydroxychloroquine are known to have a transient hearing
loss, tinnitus, and dizziness [95]. Fernandes et al [96] reported the case of
a 51 years old female who presented otologic complaints (bilateral hearing
loss and tinnitus) after 3 years of regular use of hydroxychloroquine. A
similar case was reported by Khalili et al [97], who described a 57 years
old male with bilateral progressive hearing loss after three months of
hydroxychloroquine administration. In this case, self-report and audiogram
thresholds improved after discontinued medication. WHO does not
recommend hydroxychloroquine to prevent or treat COVID-19 [98]. Thus,
medication may act as a confounding variable in audiological findings
related to COVID-19.

Other manifestations

Most human Coronaviruses have documented neurotropic and
neuroinvasive potential with distinct entry pathways (hematogenous,
transcribidal, retrograde neuronal) [99,100]. Entry pathway mechanisms
and progression of known conditions (such as Severe Acute Respiratory
Syndrome (SARS), Middle East Respiratory Syndrome (MERS), sepsis,
Intensive Care Unit (ICU), and mechanical ventilation) supported
identifying the main complications that COVID-19 can lead to, and other
manifestations. It includes polyneuropathy, critical illness myopathy,
cardiological and neurological sequelae (as dizziness, paresthesia, smell,
and taste disturbance) [101]. Smell and Tastes disorders prevalence have
been documented at a rate that goes from 15% [102] to 85.6% or 83%
of infections for SARS-CoV-2 [103]. However, the UK Health Security
Agency [104] showed a minor prevalence of 13% in the recent omicron
variant. Anosmia and ageusia were reported as early symptoms in cases
of COVID-19 mild to asymptomatic. Ageusia can be related to central and
peripheral nervous system damage, as in cranial nerves. Lesions on the
chorda tympani, which are present in the middle ear, may lead to taste
disorders [105]. Regarding anosmia, it does not appear to be associated
with inflammation in the nasal mucosa, rhinorrhea, or constipation, but with
the entry of the virus into the olfactory pathway [103,106].

Retrospective COVID-19 neurological manifestations demonstrated 36.4%
of manifestations of the CNS, 24.8% of the peripheral nervous system, and
10.7% of musculoskeletal injuries. Among the neurological disorders, acute
cerebrovascular disease, conscious disturbance, and skeletal muscle injury
stand out. Mao et al [19] highlighted the role of comorbidities in the risk
of contamination and worsening of the disease, describing high rates of
hypertension, diabetes, obesity, and the elderly among the most severe
cases of the disease. Inflammation caused by the virus can contribute
to neuroinflammatory processes and increase the risk of neurological
syndromes.

Thus, SARS-CoV-2 impact on the CNS may lead to acute neurological
changes, worsen neurological conditions under development and increase
the chance of injury or the severity of damage caused by other disorders
[107] and also may lead to long covid symptoms [108]. These considerations
imply that rehabilitation services need adaptations to receive new demands
caused by the pandemic. The possibility of auditory impairment caused by
SARS-Cov-2 infection must be taken into account by professionals working
in health and rehabilitation services to COVID-19. Social, psychological,
and emotional impacts may be related to hearing loss, such as impairments
in language comprehension, which can damage personal relationships
[109].

Although there are few reports about the vertical transmission of SARS-
CoV-2 [30], there is a chance of hearing impairments presence in infected
babies, considering the consequences of other congenital viral infections,
like Cytomegalovirus and rubella virus [110,111]. Cognitive, reading, and
learning disabilities, also speech and language delays may occur in children
with congenital or early hearing loss [112]. It is stated that early diagnosis
and intervention can improve the development of language, communication,
and hearing abilities [113]. Thus, in the routine of maternal and child
health services, newborn hearing screening should be part of the neonatal
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assessment flows of children with congenital SARS-CoV-2 infection and
those with an inaccurate diagnosis.

Studies have unveiled the occurrence of behavior problems related to
language delay, and decreased skills of social and emotional development.
It can even generate learning difficulties and worsen adaptation to the
scholarly context, which can persist to adolescence and adult age if no
hearing aids and speech therapy were initiated [114]. Adults with acquired
hearing loss or age related impairments, like presbycusis, might experience
difficulty to understand high pitched consonant sounds, difficulty to separate
speech sounds from environmental sounds, struggle against tinnitus and
other handicaps, bringing impacts on quality of life and communication
[115,116]. Lin et al [117] point out that various functionalities may be
damaged by hearing impairments, such as driving, walking, and occurrence
of falls, beyond the correlation with dementia, social and cognitive decline
among the elderly.

Health professionals can also collaborate with communicational
accessibility. Considering that several patients may have hearing loss,
even if temporary (due to otitis or use of ototoxic drugs, for example), some
measures inherent to social distance can be reformulated. The distance
and the use of opaque masks and face shields can impair lip reading and
interpretation of facial expressions. Also, this personal protective equipment
attenuates the intensity of the spoken voice.

Conclusion

Several reports have pointed out that SARS-CoV-2 infection may lead to
damage to hearing function by cortical and peripheral mechanisms, due to
viral infection of temporal lobe, local hypoxia or oxidative stress process
in the cochlea, drug ototoxicity or even demyelinating lesions in the
brainstem and auditory pathway. Considering the possibility of audiological
impairments related to COVID-19, such as conductive and sensorineural
hearing loss, tinnitus, otitis and otalgia, a follow up of the hearing function
in suspected or confirmed cases of SARS-CoV-2 infection must be tracked.
Health services should consider early audiological assessment associated
with COVID-19, including anamnesis of hearing loss, ear pain, tinnitus,
dizziness, and otoscopy, mainly in the presence of upper airway and
nasopharynx involvement. Further large scale investigations in hearing
and central auditory processing is needed to support objective auditory
assessment related to COVID-19.
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