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Abstract

Background

Conductive hearing loss is when sounds to the middle ear are affected. The aim of this study is to identify patients
with (COVID-19) with a diagnosis of conductive hearing loss (CHL) with an objective to assaying connected
mechanisms.

Methods

A systematic review was composed using sites including Google Scholar and PubMed. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were adhered to. Studies that followed the
inclusion and exclusion criteria were included in the review. Of the ten papers identified in the starting search, eight
met the inclusion criteria. The included eight articles consisted of three case reports, a case series, a prospective
study, a retrospective cross-sectional study, a retrospective observational analytical study, and a cross sectional
observation study.

Results

All patients were Covid -19 positive and exhibited CHL. In terms of the middle ear effects relating to the hearing
loss, abnormalities noted included tympanic membrane disfunction and abnormal tympanometry. In terms of
treatment three studies out of the eight reported hearing loss cleared between 6 weeks and 3 months The other studies
reported no treatment information of hearing loss. In terms of associated conditions these included tinnitus, Otitis
media, hypertension, and mastoiditis.

Discussion and conclusion

Evidence does point towards a connection between COVID 19 and conductive hearing loss. The current literature
describing conductive hearing loss in COVID-19 patients is not enough to elucidate the type of hearing loss or advise

about the outcomes. Future research requires a larger sample study with controls.
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Introduction

In December 2019, there were news reports of several patients getting
pneumonia from the zoonotic transfer of a new virus related to a market in
Beijing. [1] Following identical reports, the World Health Organization
declared the new coronavirus 2019 (COVID-19) a pandemic on March 11,
2020.2 Frequent symptoms of COVID-19 include fever, cough, and
tiredness, but many patients stayed asymptomatic. Some experience unusual
symptoms such as anosmia. Recently, a small population with COVID-19
had symptoms of hearing loss, vertigo, and tinnitus.> Coronaviruses such as
COVID-19 target the immune system,* the upper respiratory system,® this
relates to the development of ear pathology and hearing loss, hence there is
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a need for further research in this area. COVID-19 has also been found in the
middle ear system of patients infected with the virus. [6]

Hearing loss is often divided into three types: conductive, sensorineural, and
mixed.” mechanics have been described to explain the link with viral
infection and sensorineural hearing loss (SNHL), these include viral entrance
to the cochlear nerve or fluid area, reactivation of inactive virus within
tissues inner ear, or indirect virus antibody triggering.®

Conductive hearing loss includes a pathology from the pinna and the external
acoustic meatus (EAM) to the foot of the stapes bone which can affect the
mechanical transmission of sound from the EAM to the cochlea.® There a
limited number of studies on the links of covid nineteen with CHL.
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In this systematic review, we identified COVID-19 patients with both a
positive diagnosis of the virus and CHL, with an objective of looking at the
mechanisms of aetiology between the two.
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Figure 1: Prisma diagram for study selection

Methods

A systematic review was conducted based on the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) guidelines.'® Ethics
committee approval was not required for this literature review. Search
Strategy We systematically searched literature databases, including PubMed,
Scopus, Web of Science, and Embase, using variations of the descriptors for
“COVID-19,” “SARS-CoV-2,” “CHL” with AND/OR. Searches were not
restricted to studies by date, publication status, or language.

The inclusion criteria determined in our study included: patients having a
positive diagnosis of COVID-19 using polymerase chain reaction (PCR)
with a diagnosis of CHL at the time of the study and peer-reviewed articles.
The exclusion criteria included: patients who did not have COVID-19
confirmed by PCR or patients without CHL. Eight articles were identified by
scanning abstracts of papers. Articles that met the inclusion criteria were
fully reviewed by their full text versions. Two independent reviewers
assayed the abstracts of articles. The following data was collated:
publication year, publication country, study design, age of patient, gender,
and CHL diagnosis and which ear and treatment. We also included covid
diagnosis method, symptoms, comorbidities, and treatments for covid at the
time.

Of the fourteen articles reviewed, ten articles matched the inclusion criteria.
Of those, eight papers were included in the study (Figure 1). Six articles were
rejected as two were on practicalities of conductive hearing loss testing, two
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reported hearing loss in general and did not go into details and two were on
pathology. All the patients were between the ages of seventeen and sixty-
eight years. All patients exhibited CHL, either unilateral or bilateral. The
number of participants ranged from one to six hundred and twenty (Table 1).
Results

Type of study

The eight articles selected consisted of three case reports, a case series, a
prospective study, a retrospective cross-sectional study, a retrospective
observational analytical study, and a cross sectional observation study (table
1).

Place of study

Two studies came from India, two studies came from Iran. Other countries
included Spain, Italy Turkey, and Tanzania (Table 1).

Middle ear pathology

In terms of the middle ear effects relating to the hearing loss, two papers
report on tympanic membrane disfunction, two papers report on abnormal
tympanometry with abnormal peaks of type B or C, one paper reports on
ossicular chain disruption. Three reported changes in audiological
assessments such as middle ear pressure that was negative as well as ear
fullness (Table 1).

Treatment of hearing loss
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Three studies reported hearing loss cleared between six weeks to three
months. The other studies reported no information (Table 1).
Comorbidities
Two papers reported associated conditions of tinnitus. Three papers reported
a comorbidity of OM. One reported mastoiditis and one hypertension. There
were no comorbidities mentioned with one paper (Table 2).
Covid 19 diagnosis
All diagnosis of COVID 19 was confirmed using PCR. In terms of symptoms
four papers reported no symptoms and four noted symptoms including non-
productive cough, mild dyspnoea, anosmia, fever, hypertension, asthenia,
vomiting, diarrhoea, rhinorrhoea, sore throat, cough, rash, and hyposmia
(Table 2).
Covid 19 treatment
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Sadiq et al, 2022 reported treatments of (Table 2) oxygen and a multitude of
medications over 5 days consisting of intravenous dexamethasone 8mg qd,
intravenous ceftriaxone 1 g qd, subcutaneous enoxaparin 40mg qd, oral
azithromycin 500mg qd, oral ivermectin 12mg qd, oral colchicine 0.5mg qd,
oral vitamin C 1 g qd, oral vitamin D 5000 IU qd, and oral zinc 40mg qd.*
Fidan, 2020 reported antiviral treatment (75 mg of oseltamivir taken orally
every 12 h, 7 days). The patient was kept at her home to continue the
quarantine protocol for 14 days.*? Malesci et al, 2022 reported non-ototoxic
antibiotics, paracetamol, steroids, immunosuppressants, and heparin for
treatment.!® Dharmarajan et al, 2021 reported treatment with intravenous
steroid.”* Raad et al, 2019 and Bhatta et al, 2021 reported clearing of
symptoms in two to three months. 516 Two studies, Boroujeni et al, 2021
and Enrique et al, 2021 reported no treatments for COVID (Table 2). 1718

Author, year | Country | Typeofstudy | Number | Age Sex Conductive hearing | Description  of | Treatment
of range loss symptoms | loss of hearing
patients percentage and loss

diagnosis

Raad et al, | Iran Case series 8 20-45 I m and | Left sided | Opacification of | Hearing

2019 7F audiogram. the left middle air | loss

Four out of eight cavity, indicative | resolved
of otitis media. | from a few
otalgia, ear fullness | central tympanic | days to six
and hearing loss. membrane weeks.
perforation  with
purulent otorrhea
Sadiq et al, | Tanzania | Case report 1 68 Arepeat audiological | Middle ear | Resolution
2022 assessment revealed | effusion and | after 2
bilateral hearing | negative pressure | months.
loss. or tympanic
membrane
retraction.
Boroujeni et | Iran Case report 1 39 Tympanometry In the left ear | n/a
al, 2021 Earache and fullness. | hearing tests, type
B tympanometry
was still present.
Bhatta et al, | India Prospective 331 32+4.3 | 66.7% Audiometry and | The impedance | Improved
2021 and study years males tympanometry audiometry after 3
Nepal and 3.2 % incidence. demonstrated months
33.3% type B and type C
females | The aural symptoms | curvein 5.1% and
were, tinnitus in | 1.15% ears, and
6/331 (1.8%), aural | out of these
fullness in 38/331 | 64.7% and 40%.
(11.4%), hearing loss | bilateral ears
in 12/331 (3. Nine
percent), and earache
in 6/331 (1.8%).
Fidan, 2020 | Turkey Case report 1 35 F bulging  tympanic | Unilateral Right | Not noted
membrane in her | side
otorhinolaryngologic
examination
otalgia and tinnitus.

Malesci et | Italy retrospective | 37 0-17 N/A Audiological CHL was mild in | Not noted

al, 2022 Cross- assessment four children

sectional Normality  criteria | (three  bilateral

study for tympanometry | and one
was a sharp peak | unilateral) and
with middle ear | moderate in two
pressure in the range | children (one
of =150 to +25 daPa, | bilateral and one
static ~ compliance | unilateral)
between 0.2 and 0.9
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mL and ear canal
volume with a
normal range (0.4
mL to 1 mL). A
reduced or no
measurable middle
ear pressure Wwith
normal ear canal
volume suggested a
middle ear
dysfunction.
Dharmarajan | India Cross 100 There Fifty- Six had CHL b | 30-40 DBHL n/a
et al, 2021 sectional were eight audiological
observational twenty- | were examination.
study three male Four patients had
patients | patients | retracted tympanic
in the | and membrane and two
age forty- had dull TM.
group of | two
20-30 were
years, female
31  in | patients.
31-40
years
and
twenty-
eight
patients
in 41—
50 years
age and
eighteen
patients
between
50 and
60 years
Enrique et | Spain retrospective | 620 0-40 Two Case histories Ossicular n/a
al, 2021 observational females dysfunction
analytical with
study CHL

Table 1: Demographics and Clinical Manifestations of Patients with CHL and Confirmed COVID-19 Diagnosis N: Number of patients; F: Female;
M=Male; NR: Not reported; CHL: Conductive hearing loss; L: Left; R: Right.

Author, year | Covid Diagnosis Other Treatment of COVID
symptoms comorbidities | 19
Raad et al, | No symptoms | PCR Otitis media Cleared after 2
2019 to non- | oropharyngeal months.
productive or
cough and | nasopharyngeal
mild dyspnoea, | swabs.
anosmia
Sadiq et al, | On PCR A chest X-ray | she was initiated on
2022 examination, oropharyngeal | revealed oxygen and a
she had a body | and bilateral multitude of
temperature of | nasopharyngeal | peripheral medications over 5
38.6°C, a | swabs. opacifications | days consisting of
blood pressure with intravenous
of cardiomegaly, | dexamethasone 8mg
138/89mmHg, and a | qd, intravenous
a pulse rate of diagnosis of | ceftriaxone 1 g qd,
92 beats per pneumonia subcutaneous
minute, a was enoxaparin 40mg qd,
respiratory rate established. oral azithromycin
of 22 breaths Hypertension | 500mg  qd, oral
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per  minute,
and an oxygen
saturation  of
91% on room
air.

ivermectin 12mg qd,
oral colchicine 0.5mg
qd, oral vitamin C 1 g
qd, oral vitamin D
5000 IU qd, and oral

zinc 40mg qd.
For five days
Boroujeni et | No symptoms | PCR- both | Otitis media n/a
al, 2021 oropharyngeal
and
nasopharyngeal
swabs.
Bhatta et al, | No symptoms | PCR both Just aural | 3 months
2021 symptoms
such as
tinnitus.
Fidan, 2020 | No symptoms | PCR both otalgia and | Antiviral  treatment
tinnitus. (75 mg of oseltamivir
taken orally every 12
h, 7 days) was
provided. The patient
was kept at her home
to continue  the
quarantine  protocol
for 14 days.
Malesci et | fever, nasopharyngeal | No non-ototoxic
al, 2022 asthenia, swab PCR comorbidities | antibiotics,
vomiting, paracetamol, steroids,
diarrhoea, immunosuppressants,
rhinorrhoea, and heparin.
sore throat,
cough,
dyspnoea,
rash, and
hyposmia.
Dharmarajan | Ear PCR both OAE intravenous steroids
et al, 2021 pain/discharge, Of the one
hard of hundred
hearing, patients,
tinnitus, aural twenty-seven
fullness, patients had
giddiness nine hypertension,
six  patients
had history of
ischemic
heart disease.
Only one
patient  had
history of
using
propranolol.
Twenty-two
patients  in
total received
remdesivir
injections for
their
symptoms
Enrique et | None PCR mastoiditis n/a
al, 2021 and deep
cervical
infections
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Table 2: Covid 19 symptoms, diagnosis measures and treatments N= Number of patients. PCR -polymerase chain reaction.
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Discussion

The aim of this study was to determine if there is connection between
COVID-19 and CHL with a link to possible mechanics.

COVID-19 is presented in many ways which delays diagnosis. In our study
the patients presented with conductive hearing loss as well as other
associated conditions including earache and tinnitus. Tinnitus and Otitis
media were two conditions presented with conductive hearing loss and no
associated symptoms of covid. In terms of tinnitus a recent review found
60.9% patients with covid related hearing loss had tinnitus symptoms.*®

CHL, OM and Covid 19.

Three studies note a link with conductive hearing loss, otitis media and Covid
19.1517.14 Otitis media (OM) refers to infection of the middle ear, swelling,
redness and the build-up of fluid in the ear drum/ middle ear space, otitis
media with effusion (OME) and has the inclusion of both the adaptive and
innate immune systems, eustachian tube dysfunction, and other related
factors. Otopathogens, commonly Streptococcus pneumoniae, Haemophilus
influenzae and/or respiratory viruses, colonize and proliferate in the
nasopharynx (NP), and eventually infect the middle ear and cause OM.?°

Otitis media with effusion (OME) is one of the biggest causes of (CHL).2
The angiotensin-converting enzyme-2 (ACEZ2) receptor, which is an entry
point for COVID has a high expression the ciliated cell area of the Eustachian
tube and this could promote the passage of infection to the components of
the middle ear. This is dependent on the interaction between its spike protein
to a cellular receptor named angiotensin-converting enzyme 2 (ACE2) and
depends on Furin-mediated spike protein cleavage and spike protein priming
by host cell proteases such as transmembrane protease serine 2 (TMPRSS2)
for viral entry. An immunohistochemical study showed that Ace2, Tmprss2,
and Furin were collectively expressed in the epithelium mucosa lining of the
Eustachian tube, middle ear spaces and the organ of Corti, lateral wall, and
spiral ganglion cells in the cochlea.??

CHL, Tympanic membrane dysfunction and Covid 19.

In this review, Dharmarajan et al., 2021 and Fidan et al., 2020 reported on
changes in the structure of the tympanic membranes, in COVID-19
patients.*2 Fidan et al. (2020) noted tympanic membrane swelling and
increased blood flow,> Dharmarajan. et al. (2021), noted patients that
presented with tympanic membrane retraction and some with dull
membranes.'* Perforation of the tympanic membrane can also cause a
conductive hearing loss. 2 Tympanic membrane shape changes can be a
result of long-standing ear conditions that could have been left untreated that
are difficult to connect to covid nineteen. Despite this, COVID-19 seems to
contribute to middle ear conditions that affect the tympanic membrane
especially with an OME association as Dharmarajan et al., 2021.* This
entails a requirement for hearing professionals to be observant of the chances
of structural changes of the tympanic membrane because of middle ear
pathologies in patients with COVID 19 that if left could become long lasting,
causing speech issues later.?* One study Enrique,2021, reported a patient
with ossicular disruption and covid nineteen. A defect in the ossicles will
also give a conductive hearing loss. This could be due to head trauma
resulting in ossicle discontinuity, or it could be due to a disease process such
as otosclerosis.'® Otosclerosis is an osseous dyscrasia within the temporal
bone.?> The ossicular disfunction may be linked to tympanic membrane
damage. More studies are needed to confirm these findings.

CHL, hypertension and Covid 19.

One study (Sadiq et al, 2022) reported on hypertension, with covid nineteen
and CHL.* In terms of covid nineteen and hypertension the link is the renin
angiotensin system function and the expression of ACE2, which allows entry
of virus. Renin is made in the kidneys by the juxtaglomerular cells and
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released into the circulation. Renin catalyses the splitting of the protein
angiotensinogen producing Angiotensin I. Angiotensin | is then converted
by angiotensin converting enzyme to form angiotensin 1l, this binds to
receptors of angiotensin Il triggering aldosterone synthesis which causes
increased sodium and water reabsorption and hence pressure of blood.?

A few mechanisms have been proposed linking hypertension with auditory
system, increasing blood stickiness leading to increased resistance and
deprivation of oxygen to the systems.?” Another way is the high blood
pressure in the systemic arteries producing haemorrhage within the cochlea,
thus disrupting its integrity, and leading to hearing loss.?® A majority of the
studies link hypertension with sensorineural hearing loss. Larger scale
studies are needed to review the effect of hypertension on CHL.

CHL, mastoiditis and Covid 19

In this review one study Enrique,2021 reported mastoiditis with one
person.'8 The link with covid nineteen is the so called “cytokine storm.” This
is when there is a pro-inflammatory cytokine surge or a higher concentration
of cytokines such as interleukin IL-2R, IL-6, I1L-10, and tumour necrosis
factor a detected among the group of severe COVID-19 patients. A similar
thing could be happening in this patient where exposure to the virus
generates a more intense inflammation response and aggravates the
infection. Mastoiditis has been linked to CHL and this may be related to the
movement of infection as in the case with OME.? One study Sadiq et al,
2022 reported a link with negative pressure and hearing loss.** This can be
related to tympanic membrane dysfunction and negative pressure changes. %

Abnormal tympanograms and CHL.

Three of the studies assessed (Bhatta et al., 2021; Boroujeni et al., 2021;
Fidan, 2020) calculated acoustic immittance to diagnose middle ear
disruption if any.161712 All these works also reported tympanometry, while
Boroujeni et al., 2021 reported on acoustic reflex thresholds, in addition.’
Type B tympanogram was frequently found in the studies with three studies
indicating its presence in connection with COVID-19. 61712 Bhatta et al.
(2021) reported a presence of 5.1% for Type B and 1.15% for type C
tympanograms.'® These studies link middle ear dysfunction with tympanic
membrane rigidity. Certain health professionals do not routinely include
tympanometry in their testing of patients,* this review shows that this is an
important outcome to measure. This coincides with another study that found
in a rat model of diabetes type I, type B tympanograms were present and in
the control group type A tympanograms were present. Type A
tympanograms are associated with a compliant and fully functionable middle
ear connection whereas the Type B tympanograms indicate fluid or infection
in the region.®? This infection could be the COVID 19.

Future studies could also include sensitive instruments of conductive
compliance such as the wideband acoustic immittance (WAI).%

CHL and Covid 19 presence.

Eight studies indicated a conductive element to the hearing
loss.16:17.14.1213,15.11.18 Bhatta et al. (2021) reported an incidence of CHL with
COVID 19 of 3.2%.%6 While the other studies reported the incidence of CHL,
two of those studies did not report on the severity of the CHL. Boroujeni et
al. (2021) indicated the severity of CHL in a participant infected with
COVID-19 was mild to moderately severe.l” The presence of CHL in these
studies is connected to the middle ear disruption. Three of the studies
reviewed were case series which involved only one participant. Despite the
lack of data from the studies, the evidence presented does present the
occurrence of CHL in this group. A much larger study with a group without
COVID 19 is needed for a better comparison and to verify these results.

CHL and treatment
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Three studies mentioned that hearing loss resolved from a few weeks to three
months.161511 Five studies did not provide details on the duration of the
conductive hearing loss and if it was resolved.1?131417.18 There was limited
information on treatments given for COVID 19 being used for treating CHL.
Although there are studies linking pharmacological treatments of covid
nineteen such as hydroxychloroquine with SNHL, tinnitus and vertigo.®
Steroids,3* Dexomethosone,® Enoxaparin, 3 Ceftriaxone,?” and Colchicine®®
have been used in the treatment of sensorineural hearing loss. This is also an
avenue to explore in future work. Azithromycin, 3° Ivermectin, * and
Oseltamivir, “° in combinations with other drugs may lead to ototoxicity as a
side effect. Ototoxicity may be manifested by hearing loss, tinnitus,
imbalance, and cochlear-mandibular symptoms. 4

This review provided some crucial information about conductive hearing
loss in patients infected with COVID-19. The study suggests a need for
audiological evaluation and periodic monitoring for patients infected with
COVID-19 that is continuous. Hearing professionals in healthcare need to be
aware of the risks of COVID-19 on middle ear function to implement
effective preventive care, and to provide education and counselling to
patients and their families. Larger scale studies are needed to better measure
the outcomes of COVID 19 and hearing loss.

Conclusions

This review found a link with CHL and covid 19, However studies are
limited. COVID-19 has been noted in the middle ear tissues of patients
infected with the virus.® As well as causing infections of the upper respiratory
tract,> which will link to middle ear diseases. Results of this study raise
expectations for future studies to use correct methodologies, include a
control sample, as well as more diagnostic methods and participants.

Acknowledgements

Competing interests

The authors declare that they have no financial or personal relationships that
may have inappropriately influenced them in authoring this article. Authors’
contributions

S.A co-conceptualised the study and the methodology, collected the initial
data, screened, and analysed the data with a colleague.

Data availability
Data are available from the first author upon a reasonable request.
Disclaimer

The views and opinions expressed in this article are those of the authors and
do not necessarily reflect the official policy or position of any affiliated
agency of the authors.

References

1. Mackenzie JS, Smith DW. (2020). COVID-19: a novel zoonotic
disease caused by a coronavirus from China: what we know and
what we do not. Microbiology Australia 41, 45-50.

2. Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, et al. (2020).
World Health Organization declares global emergency: A
review of the 2019 novel coronavirus (COVID-19),
International Journal of Surgery,71-76.

3. Chern A, Famuyide AO, Moonis G, Lalwani AK. (2021).
Bilateral Sudden Sensorineural Hearing Loss and Intra
labyrinthine Haemorrhage in a Patient With COVID-109.
Otology & Neurotology 42(1); e10-e14

4. Jesenak M, Brndiarova M, Urbancikova |, Rennerova Z,
Vojtkova J et al. (2020). Immune Parameters and COVID-19

Auctores Publishing LLC — Volume 5(6)-179 www.auctoresonline.org
ISSN: 2690-8794

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Copy rights@ Susan Amin,

Infection - Associations with Clinical Severity and Disease
Prognosis. Front Cell Infect Microbiol; 10:364.

Weiss SR, & Navas-Martin S. (2005). Coronavirus pathogenesis
and the emerging pathogen severe acute respiratory syndrome
coronavirus. Microbiology and Molecular Biology Reviews,
69(4), 635-664.

Jeican II, Aluas M, Lazar M, Barbu-Tudoran L, et al. (2021).
Evidence of SARS-COv-2 virus in the middle ear of deceased
COVID-19 patients. Diagnostics, 11(9), 1535.

Zahnert T. (2011). The differential diagnosis of hearing
loss. Dtsch Arztebl Int;108(25):433-434.

Cohen BE, Durstenfeld A, Roehm PC. (2014). Viral causes of
hearing loss: a review for hearing health professionals. Trends
Hear. 29; 18:2331216514541361.

Phan NT, McKenzie JL, Huang L, Whitfield B, Chang A.
(2016). Diagnosis and management of hearing loss in elderly
patients. Aust Fam Physician,45(6):366-369.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Moher D.et
al.(2021). The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ;372: n71.

Sadiq AM, Katundu DR, Akrabi HF. (2022). A case of sudden
mixed hearing loss in SARS-CoV-2. SAGE Open Med Case Rep.
28; 10:2050313X221080642.

Fidan V. (2020). New type of corona virus induced acute otitis
media in adult. Am J Otolaryngol.41(3):102487.

Malesci R, Rizzo D, Del Vecchio V, Serra N, et al. Fetoni AR.
(2020). The Absence of Permanent Sensorineural Hearing Loss
in a Cohort of Children with SARS-CoV-2 Infection and the
Importance of Performing the Audiological "Work-Up".
Children (Basel).1;9(11):1681.

Dharmarajan S, Bharathi MB, Sivapuram K, Prakash BG,
Ramya SB. et al. (2021). Hearing loss-a camouflaged
manifestation of COVID 19 infection. Indian Journal of
Otolaryngology and Head & Neck Surgery, 73(4), 494-498.
Raad N, Ghorbani J, Mikaniki N, Haseli S, Karimi-Galougahi
M. (2021). Otitis media in coronavirus disease 2019: a case
series. J Laryngol Otol,135(1):10-13.

Bhatta, S, Sharma, S, Sharma, D, Maharjan, L, Bhattachan, S, et
al. (2021). Study of hearing status in COVID-19 patients: A
multicentre review. Indian Journal of Otolaryngology and Head
& Neck Surgery; 1-7.

Boroujeni FM, Ghadiri M, Saberi F, & Hashemi-Dezaki H.
(2021). Acute otitis media and COVID-19 symptoms: A case
report. Auditory and Vestibular Research; 30(4), 306-308.
Enrique GL, Margarita BB, Angel MJ, Saturnino SS, JesUs
DGDRM. (2021). COVID-19 and severe ENT infections in
pediatric patients. Is there a relationship? International Journal
of Pediatric Otorhinolaryngology;145,110714.

Meng X, Wang J, Sun J, Zhu K. (2022). COVID-19 and Sudden
Sensorineural Hearing Loss: A Systematic Review. Front Neurol.
28; 13:883749.

Bluestone CD, Klein JO. (eds) (1995). Definitions, terminology,
and classification. In: Otitis media in infants and children (2nd
Edn.). W.B. Saunders, Philadelphia,1-3.

Pichichero ME. (2020). Immunologic dysfunction contributes to
the otitis prone condition. J Infect;80(6):614-622.

Sungnak W, Huang N, Bécavin C, et al. (2020). SARS-CoV-2
entry factors are highly expressed in nasal epithelial cells
together with innate immune genes. Nat Med.26(5):681-687.
Quesnel AM, Ishai R, McKenna MJ. (2018). Otosclerosis:
Temporal Bone Pathology. Otolaryngology Clin  North
Am;51(2):291-303.

World Health Organization (WHO). (2018). Addressing the
rising prevalence of hearing loss.

Page 7 of 8


https://www.publish.csiro.au/ma/ma20013
https://www.publish.csiro.au/ma/ma20013
https://www.publish.csiro.au/ma/ma20013
https://www.sciencedirect.com/science/article/pii/S1743919120301977
https://www.sciencedirect.com/science/article/pii/S1743919120301977
https://www.sciencedirect.com/science/article/pii/S1743919120301977
https://www.sciencedirect.com/science/article/pii/S1743919120301977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737860/
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00364/full
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00364/full
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00364/full
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00364/full
https://journals.asm.org/doi/abs/10.1128/MMBR.69.4.635-664.2005
https://journals.asm.org/doi/abs/10.1128/MMBR.69.4.635-664.2005
https://journals.asm.org/doi/abs/10.1128/MMBR.69.4.635-664.2005
https://journals.asm.org/doi/abs/10.1128/MMBR.69.4.635-664.2005
https://www.mdpi.com/2075-4418/11/9/1535
https://www.mdpi.com/2075-4418/11/9/1535
https://www.mdpi.com/2075-4418/11/9/1535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3139416/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3139416/
https://journals.sagepub.com/doi/abs/10.1177/2331216514541361
https://journals.sagepub.com/doi/abs/10.1177/2331216514541361
https://journals.sagepub.com/doi/abs/10.1177/2331216514541361
https://search.informit.org/doi/abs/10.3316/INFORMIT.138590484444088
https://search.informit.org/doi/abs/10.3316/INFORMIT.138590484444088
https://search.informit.org/doi/abs/10.3316/INFORMIT.138590484444088
https://www.bmj.com/content/379/bmj-2022-072428.long
https://www.bmj.com/content/379/bmj-2022-072428.long
https://www.bmj.com/content/379/bmj-2022-072428.long
https://journals.sagepub.com/doi/abs/10.1177/2050313X221080642
https://journals.sagepub.com/doi/abs/10.1177/2050313X221080642
https://journals.sagepub.com/doi/abs/10.1177/2050313X221080642
https://www.sciencedirect.com/science/article/pii/S0196070920301691
https://www.sciencedirect.com/science/article/pii/S0196070920301691
https://www.mdpi.com/2227-9067/9/11/1681
https://www.mdpi.com/2227-9067/9/11/1681
https://www.mdpi.com/2227-9067/9/11/1681
https://www.mdpi.com/2227-9067/9/11/1681
https://www.mdpi.com/2227-9067/9/11/1681
https://link.springer.com/article/10.1007/s12070-021-02581-1
https://link.springer.com/article/10.1007/s12070-021-02581-1
https://link.springer.com/article/10.1007/s12070-021-02581-1
https://link.springer.com/article/10.1007/s12070-021-02581-1
https://www.cambridge.org/core/journals/journal-of-laryngology-and-otology/article/otitis-media-in-coronavirus-disease-2019-a-case-series/E507A81AB9CE47FDB7097F1E9525FAB8
https://www.cambridge.org/core/journals/journal-of-laryngology-and-otology/article/otitis-media-in-coronavirus-disease-2019-a-case-series/E507A81AB9CE47FDB7097F1E9525FAB8
https://www.cambridge.org/core/journals/journal-of-laryngology-and-otology/article/otitis-media-in-coronavirus-disease-2019-a-case-series/E507A81AB9CE47FDB7097F1E9525FAB8
https://link.springer.com/article/10.1007/s12070-021-02710-w
https://link.springer.com/article/10.1007/s12070-021-02710-w
https://link.springer.com/article/10.1007/s12070-021-02710-w
https://link.springer.com/article/10.1007/s12070-021-02710-w
https://publish.kne-publishing.com/index.php/AVR/article/view/7452
https://publish.kne-publishing.com/index.php/AVR/article/view/7452
https://publish.kne-publishing.com/index.php/AVR/article/view/7452
https://www.sciencedirect.com/science/article/pii/S0165587621001075
https://www.sciencedirect.com/science/article/pii/S0165587621001075
https://www.sciencedirect.com/science/article/pii/S0165587621001075
https://www.sciencedirect.com/science/article/pii/S0165587621001075
https://www.frontiersin.org/articles/10.3389/fneur.2022.883749/full
https://www.frontiersin.org/articles/10.3389/fneur.2022.883749/full
https://www.frontiersin.org/articles/10.3389/fneur.2022.883749/full
https://books.google.com/books?hl=en&lr=&id=PyHtINF1OrYC&oi=fnd&pg=PA1&dq=Bluestone+CD,+Klein+JO.+(eds)+(1995).+Definitions,+terminology,+and+classification.+In:+Otitis+media+in+infants+and+children+(2nd+Edn.).+W.B.+Saunders,+Philadelphia,1-3.&ots=g3C2nuMXcU&sig=soGQZ7YarIxVHGQERjRTa3o8slg
https://books.google.com/books?hl=en&lr=&id=PyHtINF1OrYC&oi=fnd&pg=PA1&dq=Bluestone+CD,+Klein+JO.+(eds)+(1995).+Definitions,+terminology,+and+classification.+In:+Otitis+media+in+infants+and+children+(2nd+Edn.).+W.B.+Saunders,+Philadelphia,1-3.&ots=g3C2nuMXcU&sig=soGQZ7YarIxVHGQERjRTa3o8slg
https://books.google.com/books?hl=en&lr=&id=PyHtINF1OrYC&oi=fnd&pg=PA1&dq=Bluestone+CD,+Klein+JO.+(eds)+(1995).+Definitions,+terminology,+and+classification.+In:+Otitis+media+in+infants+and+children+(2nd+Edn.).+W.B.+Saunders,+Philadelphia,1-3.&ots=g3C2nuMXcU&sig=soGQZ7YarIxVHGQERjRTa3o8slg
https://www.sciencedirect.com/science/article/pii/S016344532030147X
https://www.sciencedirect.com/science/article/pii/S016344532030147X
https://www.nature.com/articles/s41591-020-0868-6.
https://www.nature.com/articles/s41591-020-0868-6.
https://www.nature.com/articles/s41591-020-0868-6.
https://www.oto.theclinics.com/article/S0030-6665(17)30218-9/abstract
https://www.oto.theclinics.com/article/S0030-6665(17)30218-9/abstract
https://www.oto.theclinics.com/article/S0030-6665(17)30218-9/abstract
https://apps.who.int/iris/bitstream/handle/10665/260336/9789241550260-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/260336/9789241550260-eng.pdf

Clinical Medical Reviews and Reports

25.

26.

27.
28.
29.

30.
31
32.

33.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here:

DO1:10.31579/2690-8794/179

Sogebi OA, Oyewole EA, Manifah TO, Ogunbanwo O. (2017).
Hearing dynamics in patients with traumatic tympanic
membrane perforation. J West Afr Coll Surg.7(2):15-30.
Mufioz-Durango N, Fuentes CA, Castillo AE, Gonzalez-Gémez
LM, Kalergis AM. etal. (2016). Role of the Renin-Angiotensin-
Aldosterone System beyond Blood Pressure Regulation:
Molecular and Cellular Mechanisms Involved in End-Organ
Damage during Arterial Hypertension. Int J Mol Sci;17(7):797.
Bachor E, Selig YK, Jahnke K, Rettinger G, Karmody
CS. (2001). Vascular variations of the inner ear. Acta
Otolaryngol. 121:35-41.

Przewozny T, Géjska-Grymajto A, Kwarciany M, Gasecki D,
Narkiewicz K. (2015). Hypertension and cochlear hearing
loss. Blood Press. 24:199-205.

Ichijo H, Hosokawa M, Shinkawa H. (1996). The relationship
between mastoid pneumatization and the position of the sigmoid
sinus. Eur Arch Otorhinolaryngol.253(7):421-424.

Voss SE, Rosowski JJ, Merchant SN, Peake WT. (2001).
Middle-ear function with tympanic-membrane perforations. I.
Measurements and mechanisms. J Acoustic Soc Am.;110(3 Pt
1):1432-1444.

Sebothoma, B., & Khoza-Shangase, K. (2021). Acoustic
immittance measures and middle ear assessment: Current
practice by South African audiologists. South African Journal of
Communication Disorders, 68(1), a818.

Amin S, Alaradi A, Alekri A, Alaysreen A, Kheyami A, Baksh
H, Nazzal K, Altamimi A, Alhamdan O, Kamal A (2023).
Tympanometry Comparison of Diabetic Type | and Diabetic
Type Il Rats. Journal of Diabetes Mellitus.13;58-67.

Devaux CA, Rolain JM, Colson P, Raoult D. (2020). New
insights on the antiviral effects of chloroquine against
coronavirus: what to expect for COVID-19? International
Journal of Antimicrobial Agents,55(5),105938.

34.

35.

36.

37.

38.

39.

40.

41.

Copy rights@ Susan Amin,

Leung MA, Flaherty A, Zhang JA, Hara J. (2016). Barber W,
Burgess L. Sudden Sensorineural Hearing Loss: Primary Care
Update. Hawaii J Med Public Health;75(6):172-174.

Bai X, Chen S, Xu K, Jin Y, Niu X, Sun Y. et al. (2021) N-
Acetylcysteine  Combined with Dexamethasone Treatment
Improves Sudden Sensorineural Hearing Loss and Attenuates
Hair Cell Death Caused by ROS Stress. Front Cell Dev Biol;
9:659486.

Mora R, Jankowska B, Passali GC, Mora F, Passali FM, et al.
(2005). Sodium enoxaparin treatment of sensorineural hearing
loss: an immune-mediated response? Int Tinnitus J;11(1):38-42.
Schaad UB, Suter S, Gianella-Borradori A, Pfenninger J,
Wedgwood J. et al. (1990). A comparison of ceftriaxone and
cefuroxime for the treatment of bacterial meningitis in children.
N Engl J Med.322(3):141-147.

Gavriel, Haim & Eviatar, Ephraim & Perez, Ronen & Sohmer,
Haim. (2011). Colchicine prolongs patency of myringotomy in
an animal model. International journal of pediatric
otorhinolaryngology, 75; 554-557.

Mick P, Westerberg BD. (2007). Sensorineural hearing loss as a
probable serious adverse drug reaction associated with low-dose
oral azithromycin. J Otolaryngol, 36(5):257-263.

Cianfrone G, Pentangelo D, Cianfrone F, Mazzei F, Altissimi G.
(2011). Pharmacological drugs inducing ototoxicity, vestibular
symptoms, and tinnitus: a reasoned and updated guide. Eur Rev
Med Pharmacol Sci. 15(6):601-636.

Skarzynska, M. B, Krol, B, Czajka, N, and Czajka, L. (2020).
OTOTOXICITY OF DRUGS USED IN THE TREATMENT
OF COVID-19. Journal of Hearing Science, 10(1), 9-20.

Ready to submit your research? Choose Auctores and benefit from:

Submit Manuscript

YVVYVYYVY

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://auctoresonline.org/journals/clinical-medical-reviews-and-

reports

Auctores Publishing LLC — Volume 5(6)-179 www.auctoresonline.org
ISSN: 2690-8794

Page 8 of 8


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016747/
https://www.mdpi.com/1422-0067/17/7/797
https://www.mdpi.com/1422-0067/17/7/797
https://www.mdpi.com/1422-0067/17/7/797
https://www.mdpi.com/1422-0067/17/7/797
https://www.mdpi.com/1422-0067/17/7/797
https://www.tandfonline.com/doi/abs/10.1080/000164801300006245
https://www.tandfonline.com/doi/abs/10.1080/000164801300006245
https://www.tandfonline.com/doi/abs/10.1080/000164801300006245
https://www.tandfonline.com/doi/abs/10.3109/08037051.2015.1049466
https://www.tandfonline.com/doi/abs/10.3109/08037051.2015.1049466
https://www.tandfonline.com/doi/abs/10.3109/08037051.2015.1049466
https://link.springer.com/article/10.1007/BF00168495
https://link.springer.com/article/10.1007/BF00168495
https://link.springer.com/article/10.1007/BF00168495
https://pubs.aip.org/asa/jasa/article-abstract/110/3/1432/548143
https://pubs.aip.org/asa/jasa/article-abstract/110/3/1432/548143
https://pubs.aip.org/asa/jasa/article-abstract/110/3/1432/548143
https://pubs.aip.org/asa/jasa/article-abstract/110/3/1432/548143
http://www.scielo.org.za/scielo.php?pid=S2225-47652021000100009&script=sci_arttext
http://www.scielo.org.za/scielo.php?pid=S2225-47652021000100009&script=sci_arttext
http://www.scielo.org.za/scielo.php?pid=S2225-47652021000100009&script=sci_arttext
http://www.scielo.org.za/scielo.php?pid=S2225-47652021000100009&script=sci_arttext
https://www.sciencedirect.com/science/article/pii/S0924857920300881
https://www.sciencedirect.com/science/article/pii/S0924857920300881
https://www.sciencedirect.com/science/article/pii/S0924857920300881
https://www.sciencedirect.com/science/article/pii/S0924857920300881
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928516/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928516/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4928516/
https://www.frontiersin.org/articles/10.3389/fcell.2021.659486/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.659486/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.659486/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.659486/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.659486/full
https://art.torvergata.it/handle/2108/102183
https://art.torvergata.it/handle/2108/102183
https://art.torvergata.it/handle/2108/102183
https://www.nejm.org/doi/full/10.1056/NEJM199001183220301
https://www.nejm.org/doi/full/10.1056/NEJM199001183220301
https://www.nejm.org/doi/full/10.1056/NEJM199001183220301
https://www.nejm.org/doi/full/10.1056/NEJM199001183220301
https://www.sciencedirect.com/science/article/pii/S016558761100022X
https://www.sciencedirect.com/science/article/pii/S016558761100022X
https://www.sciencedirect.com/science/article/pii/S016558761100022X
https://www.sciencedirect.com/science/article/pii/S016558761100022X
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=03816605&AN=27730821&h=RQdjzUQV39BQ6xC8twF84ksuZXvlJ%2BO9ltHoPyq9JiXg1UO0R2zec3ZVpvuqfZHyDxR86sIXaTEh5sGVtpqHMw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=03816605&AN=27730821&h=RQdjzUQV39BQ6xC8twF84ksuZXvlJ%2BO9ltHoPyq9JiXg1UO0R2zec3ZVpvuqfZHyDxR86sIXaTEh5sGVtpqHMw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=03816605&AN=27730821&h=RQdjzUQV39BQ6xC8twF84ksuZXvlJ%2BO9ltHoPyq9JiXg1UO0R2zec3ZVpvuqfZHyDxR86sIXaTEh5sGVtpqHMw%3D%3D&crl=c
https://www.europeanreview.org/wp/wp-content/uploads/956.pdf
https://www.europeanreview.org/wp/wp-content/uploads/956.pdf
https://www.europeanreview.org/wp/wp-content/uploads/956.pdf
https://www.europeanreview.org/wp/wp-content/uploads/956.pdf
https://www.journalofhearingscience.com/OTOTOXICITY-OF-DRUGS-USED-IN-THE-TREATMENT-OF-COVID-19,122708,0,2.html
https://www.journalofhearingscience.com/OTOTOXICITY-OF-DRUGS-USED-IN-THE-TREATMENT-OF-COVID-19,122708,0,2.html
https://www.journalofhearingscience.com/OTOTOXICITY-OF-DRUGS-USED-IN-THE-TREATMENT-OF-COVID-19,122708,0,2.html
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=69
https://auctoresonline.org/journals/clinical-medical-reviews-and-reports
https://auctoresonline.org/journals/clinical-medical-reviews-and-reports

