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ABSTRACT:

Background: Coronavirus disease 2019 (COVID-19) is caused
by the novel severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2) infection. The origin of COVID-19 was reported in December
2019 in Wuhan, China, where cases of unknown pneumonia were
reported. A novel coronavirus was obtained from these cases and was
suggested as the cause of this outbreak.

Aim of the Work: To detect presence or absence of auditory
dysfunction and its type in COVID-19 patients. To investigate the
possible site of lesion (up to the level of brain stem) in relation to
COVID-19 infection.

Patients and Methods: The present study was conducted on a
total of forty-five subjects in Audiology Unit-Ain Shams University
Specialized Hospital and EI-Demerdash hospital. The study was
performed on two groups: a study group consisted of 30 post COVID-
19 patients with mean age of 34.80 + 9.81 years and a control group
consisted of 15 normal hearing individuals without previous history of
COVID-19 infection, their mean age was 32.80 + 8.28 years. Both
study and control groups underwent basic audiological assessment
(PTA, acoustic immitancemetry & acoustic reflex), TEOAEsand
neuro-otologic ABR.

Results: In the present study, Pure tone audiometry showed
normal hearing in 28 (93.3 %) subjects of the study group subjects
and documented mild high frequency sensorineural hearing loss in 2
(6.7%) subjects. Speech audiometry showed normal speech reception
threshold and excellent speech discrimination in all subjects.
Although the average of all frequencies was found within the normal
limits in the hearing assessment of patients by PTA performed in
patients who had COVID-19 and recovered, a significant higher
thresholds was found, especially at 2, 4 and 8 KHz in comparison to
the control group, Also there was significant lower (worse) TEOAES
signal to noise ratio (SNR) values at (2.8 and 4 KHz) in the study
group in comparison to the control group and no significant
difference between the study and control groups as regards low
repetition rate & high repetition rate ABR parameters.

Conclusion: In conclusion, pure tone audiometry and transient
evoked oto-acoustic emissions were affected in subjects infected with
COVID-19 specially at the high frequencies.
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INTRODUCTION:
In December 2019,

coronavirus (HCoV) infection has emerged
China. Unlike severe acute
respiratory syndrome (SARS)-CoV-1 and

in Wuhan,

middle east respiratory syndrome (MERS)-
CoV outbreaks, according to WHO COVID
19 Dashboard, 20 February 2023, there have
been 757,264,511 confirmed cases of
COVID-19, including 6,850,594 deaths
worldwide®,

a new human
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The most common symptoms that
accompany COVID-19 include fever, cough,
sore throat, headache, muscle pain, diarrhea,
and dyspnea®. Nevertheless, there are
various case reports referring to cranial
nerves involvement, as it seems to be a
reasonable neurotropic  entity®&4,  The
vestibulocochlear system seems to be no
exception,  with  reports  concerning
vestibular neuritis, disequilibrium, tinnitus
and sudden hearing loss® 6&7),

Various theories explain the auditory
system involvement following SARS CoV-2
infection. These include immune mediated
damage, haematogenous spread, ischaemia
theory, inflammation of auditory pathway
components, Direct neural invasion of
SARS-CoV-2 that affects cells through the
angiotensin-converting enzyme 2 (ACE2)
receptors in neurons and glial cells which is
a critical step in the pathophysiology of
clinical manifestations in COVID-19®),

Hearing loss in COVID-19 era is one of
the emerging areas of concern and calls for
further research in the field for the better
understanding of this entity. This study will
focus on examining peripheral and central
auditory pathways to the level of brain stem
in post-covid-19 patients.

AIM OF THE WORK:

To detect presence or absence of
auditory dysfunction and its type in COVID-
19 patients. To investigate the possible site
of lesion (up to the level of brain stem) in
relation to COVID-19 infection.

PATIENTS AND METHODS:

Study population: The present study
was conducted on a total of forty-five

subjects in Audiology Unit-Ain Shams
University Specialized Hospital and ElI-
Demerdash hospital after approval of

research Ethics Committee in September
2021. The purpose and design of the study
were explained to all participants
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individually and informed oral consent was
taken before starting the examination.

The subjects were divided into:

a) Study group: Thirty subjects with past
history of COVID-19 infection.

Criteria for selection:

Inclusion Criteria:

1. Adults ranging from 18-60 years.

2. Post COVID-19 subjects diagnosed by
laboratory tests, radiological
investigations.

3. Subjects with past history of COVID-19
infection within the last 6 months.

4. Patients who were not older than 60
years old to avoid age related hearing
loss.

5. Patients without neurological disorders
prior to infection with COVID-19 (or
any disease that may affect the central
auditory pathway).

6. Patients who were not previously
diagnosed with hearing loss or
complained from signs of auditory
dysfunction prior to infection with
COVID-19.

7. Patients without systemic disorders like
diabetes and hypertension (or any
disease that may affect the peripheral or
central auditory pathway).

b) Control group:

Fifteen normal hearing subjects age
matched to study group. All subjects did not
have any history suggestive of ear disease or
central nervous system (CNS) disease or
COVID-19 infection.

Methods:

All patients were subjected to the following;
either in one or more than one session for
about 2 hours:

Detailed audiological history
including: presence of hearing loss, tinnitus,
discharge, and ear ache/ ear fullness. Full
COVID-19 specific history including:
method of diagnosis, types of symptoms,
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symptoms severity, number of attacks,
investigations, treatment and vaccination.
Otological Examination: to exclude any
external or middle ear pathologies. Basic
Audiological Evaluation including: Pure
tone audiometry for frequencies 250-8000
Hz for air conduction and 500-4000 Hz for
bone conduction, Speech audiometry
including speech reception threshold (SRT)
using Arabic spondee words® and speech
discrimination scores using adult Arabic
Phonetically Balanced monosyllabic
words®,  Acoustic  immittancemetry
(Tympanometry, ipsilateral and contralateral
Acoustic reflex threshold at 0.5, 1, 2 and 4
KHz). Transient evoked Otoacoustic
emission and Neuro-otologic auditory
brainstem response (ABR).

Ethical Considerations:

Verbal consent obtained from patients
before testing after explaining the aim of
the test and the procedure to be done. Also,
approval from Ethical committee of Ain
Shams University was obtained before start
of this research.

Statistical Analysis:

The collected data was revised, coded,
tabulated and introduced to a PC using
statistical package for social sciences (IBM
SPSS) version 23. The quantitative data with
parametric distribution were presented as
mean, standard deviations and ranges. Also
qualitative variables were presented as
number and percentages. The p-value was
considered significant as the following: P-
value > 0.05: Non significant (NS), P-value
< 0.05: Significant (S), P-value < 0.01:
Highly significant (HS).

RESULTS:

The study was performed on two
groups: A study group (group A) involved
30 post COVID-19 patients with mean age
of 34.8 years and a control group (group B)
constituted of 15 normal hearing individuals
without previous history of COVID-19
infection, their mean age was 32.8 years.

Table 1: Age and gender distribution in the study and control groups:

Group Chi-square/ P-value Sig.
Study Gr. Control Gr. T test
No. =30 No. =15
Gender Male 13 (43.3%) 8 (53.3%) X?=0.402* 0.526 NS
Female 17 (56.7%) 7 (46.7%)
Age Mean £SD 34.80 +9.81 32.80 + 8.28 T=0.677¢ 0.502 NS
Range 21.0-58.0 22.0-52.0

o: Independent t-test; *: Chi-square test
significant SD is the standard deviation

P>0.05: Non significant; P<0.05: Significant, P< 0.01: Highly

Table (1) showed that both study and control groups were age and gender matched.
Table 2: Distribution of study group as regards presenting symptoms of COVID-19:

No. =30
Pulmonary symptoms Yes 26 (86.7%)
No 4 (13.3%)
Systemic symptoms Yes 24 (80.0%)
No 6 (20.0%)
GIT symptoms Yes 14 (46.7%)
No 16 (53.3%)
ENT symptoms Yes 26 (86.7%)
No 4 (13.3%)
Auditory symptoms Yes 13 (43.3)
No 17 (56.7)
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Table (2) revealed that the majority of cases presented with pulmonary (as cough and
shortness of breath) and ENT symptoms (as loss of taste and loss of smell).

Table 3: Percentage of specific auditory complaints (Hearing Loss, tinnitus, earache and ear fullness)
in the study group:

No. (%)
Hearing loss 2/30(6.7%)
Tinnitus 6 /30 (20.0%)
Earache 3/30(10.0%)
Ear fullness 6 /30 (20.0%)
Total no. of patients with Auditory symptoms 13/30 (43.3%)

Table (3) revealed that the majority of patients complaining from tinnitus and ear
fullness.

Table 4: Comparison between study and control groups as regards pure tone air conduction

audiometric threshold at different frequencies.

Study Gr. Control Gr. Test P-value Sig.
No. = 60 ears No. = 30 ears value

0.25 KHzZ Mean+SD 1458 £+ 4.72 13.33+£4.22 1.225¢ 0.224 NS
Range 5-20 5-20

0.5 KHZ Mean£SD 13.58 + 5.05 11.67 +4.79 1.726¢ 0.088 NS
Range 5-25 5-20

1 KHzZ Mean+SD 1442 +4.13 13.50 £ 2.33 1.128- 0.262 NS
Range 5-25 10-15

2 KHZ Mean+SD 15.75+5.19 13.33+£3.79 2.263 0.026 S

Range 5-30 5-20

4 KHZ Mean+SD 18.67 £ 4.50 13.83 £ 4.68 4,743 0.000 HS
Range 10-35 5-25

8 KHZ Mean+SD 20.75+£4.20 15.17 £ 4.04 6.017¢ 0.000 HS
Range 15-35 10-25

«: Independent t-test SD is the standard deviation

Table (4) showed that statistically significant higher PTA thresholds at higher frequencies
(2, 4 and 8 KHz) in the study group.

Table 5: Comparison between study and control groups as regards TEOAEs SNR in dB across

different frequencies:

Group A Group B Test P-value | Sig.
No. = 60 No. =30 value®
TEOAESs SNR 1 KHz Mean+SD 17.05 £ 7.55 16.74 £ 6.07 0.197 0.844 NS
Range -9.4-32.7 -3.9-23
1.4 KHz Mean£SD 21.43 £ 6.45 21.95+5.09 -0.390 0.697 NS
Range -1.8-32.3 4.9-29
2 KHz Mean+SD 19.31 £ 5.99 20.20 £ 4.34 -0.721 0.473 NS
Range -6 —31 7.8-26.9
2.8 KHz Mean£SD 14.34 £ 6.32 18.62 £ 7.01 2.914 0.005 HS
Range -5.9-26.6 6.3—-32.9
4 KHz Mean£SD 16.07 £5.14 18.65 + 5.69 2.171 0.033 S
Range 0.4-24.7 3.6-28.3

o: Independent t-test

SD is the standard deviation

Table (5) showed that TEOAE SNR at 2.8 and 4 kHz measurements in the study group
was statistically significantly lower (worse) than control group.

438




Evaluation Of Covid-19 Impact On Auditory Pathway

Table 6: Comparison between study and control groups as regards Neuro-otologic ABR results:

Study Gr. Control Gr. Test | P-value | Sig.
No. =60 No. =30 valuee

LRR Wave | latency Mean+SD | 1.58+0.19 1.52+0.17 1.345 0.182 NS
Range 1.2-19 1.2-19

LRR wave Il latency Mean+SD | 3.63+0.21 3.61+0.18 0.551 0.583 NS
Range 3.1-41 3.1-39

LRR wave V latency Mean+SD | 5.56 +0.23 5.57+0.20 -0.137 | 0.892 NS
Range 51-6 52-59

LRR I-11I inter-peak latency MeantSD | 2.04 +0.22 2.09+0.20 -0.961 | 0.339 NS
Range 14-29 18-25

LRR I11-V inter-peak latency Mean+SD 1.93+0.20 1.95+0.22 -0.362 | 0.718 NS
Range 14-26 15-25

LRR I-V inter-peak latency MeantSD | 3.97+0.24 4.05+0.19 -1.505 | 0.136 NS
Range 34-4.7 3.7-45

HRR wave | latency Mean+SD 1.78+0.18 1.78+0.18 -0.029 | 0.977 NS
Range 13-21 13-21

HRR WAVE IlI latency MeantSD | 3.89+0.22 3.85+0.21 0.787 0.433 NS
Range 3.2-46 3.3-4.2

HRR wave v latency Mean+SD | 5.88 +0.26 5.93+0.22 -0.776 | 0.440 NS
Range 52-64 54-6.3

HRR I-111 inter-peak latency MeantSD | 2.08+0.24 2.06 £0.24 0.379 0.706 NS
Range 1.3-3 15-26

HRR I-V inter-peak latency Mean+SD | 3.94 +0.60 4.14+0.25 -1.716 | 0.090 NS
Range 19-438 3.6-46

V lat. Difference with LRR Mean+SD | 0.33+0.14 0.36 +0.13 -1.059 | 0.293 NS
Range 0.1-0.7 0.1-0.6

o: Independent t-test P>0.05: Non significant; P<0.05: Significant, P< 0.01: Highly significant

SD is the standard deviation

Table (6) showed that there was no statistically significant difference between the two
groups regarding neuro-otologic ABR parameters.

DISCUSSION

On 30 January 2020, the world health
organization (WHO) declared  the
coronavirus disease 19 (COVID- 19) as a
public health emergency of international
concern (PHEIC), and declared it as a
pandemic on 11 March 202010,

Former members of the coronavirus
family (MERS and SARS) have had effects
on the auditory system. Similarly, the
SARS-CoV-2 virus may also cause hearing
loss. SARS-CoV-2 may have direct
neurological involvement or inner ear
involvement due to hyper-coagulation,
which is common in recent COVID-19
patients?),

The age group for the inclusion in the

study was set from 18 to 60 years, the lower
limit of age was set at 18 years. The upper
age limit was set to 60 years to avoid the
age-related hearing loss based on studies in
the literature which suggest the occurance
age related hearing from the 5th decade of
life), Mustafa® in their study included
the COVID-19 patients aged between 20 and
50 years, for the similar reasons.

History taking was done for COVID-19
patients with details on the COVID 19
symptoms, ear related symptoms, with
duration of onset not more than 6 months.
As duration of onset more than 6 months
will signify pathology other than COVID-19
infection.
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In the present study, pulmonary
symptoms were the most frequently
encountered followed by systemic symptoms
(table 2). Supporting this finding, another
study conducted by Huang et al.*® who
stated that, pneumonia is the most frequent
serious manifestation of infection,
characterized primarily by fever, cough,
dyspnea, and bilateral infiltrates on chest
imaging.

These findings may be explained by
targeting the SARS-CoV-2 viral surface
spike protein to the human angiotensin-
converting enzyme 2 (ACE2) receptor which
is highly expressed in the lung and appears
to be the predominant portal of entry.

In contrast, this finding disagrees with
Burak et al.!® who reported systemic
symptoms as the most frequently
encountered.

Tinnitus and ear fullness were the main
audiological complaint followed by ear
fullness (table 3). Burak et al.%) reported
that, the most common audiological
symptoms in the group with COVID-19
were tinnitus (33.3%) followed by hearing
loss (23.4%), ear fullness (3.3%) and
earache (3.3%) (table 3). Another study
conducting by Almishaal and
Alrushaidan®” reported aural fullness was
the most common symptoms (18.94%)
followed by tinnitus (9.97%) and hearing
loss (6.31%).

Pure tone audiometry showed normal
hearing in 28 (93.3 %) subjects of the study
group and documented mild high frequency
sensorineural hearing loss in only 2 (6.7%)
subjects.Speech audiometry showed normal
speech reception threshold and excellent
speech discrimination in all subjects. The
mean thresholds at each frequency were
within normal range < 25 dB HL however,
significant statistical higher thresholds were
found at 2, 4 and 8 KHz in the study group
in comparison to the control group (table 4).
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This finding is consistent with other
studies  reporting  higher  frequencies
affection in post COVID-19 patients.
Mustafa®® reported that high-frequency
pure-tone thresholds (4, 6, and 8 kHz) were
higher (worse) in the asymptomatic COVID-
19 patients compared to the control group
Moreover, another study found a significant
difference in high-frequency pure-tone
thresholds (4 and 8 kHz) between the
COVID-19 positive group and the control
groupst?),

Affection of the auditory system may be
duo ischemic damage to the auditory
structures by causing clot formation in the
vessels feeding the auditory system because
it enters the cell by binding to the ACE-2
receptor in the vessels. In addition, the ACE-
2 receptor is abundant in the brain and
brainstem, and therefore, the virus may
affect the hearing centers in the
brainstem(®),

There was a significantly lower (worse)
TEOAEsS signal to noise ratio (SNR) values
at (2.8 and 4 KHz) in the study group in
comparison to the control group (table 5).
This agrees with findings reported by Burak
et al.(% who reported that hearing thresholds
were significantly worse at 4 kHz and higher
frequencies in individuals diagnosed with
COVID-19. In addition, TEOAE amplitudes
at 1500 Hz, 2000 Hz and 4000 Hz
frequencies and DPOAE amplitudes at 4000
Hz and higher frequencies were significantly
lower in this group. Another study
supporting the present study findings
reported by Gedik et al.9, who found low
signal-to-noise ratio in TEOAE at 4 kHz in
the patient group.

According to these findings, it is
possible to say that COVID-19 may lead to
outer hair cell damage mainly situated in the
basal turn of the cochlea, and audiological
problems associated with the disease are
related to cochlea, sparing central auditory
connections 9, In other studies, to be
compared with the effects of ototoxic drugs
and noise on hearing, it was observed that
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the outer hair cells in the basal region of the
cochlea were affected more than the outer
hair cells in the apex. This was explained by
the intrinsic sensitivity of hair cells in the
basal region®D), Likewise, in current study,
we think that the high frequency lower SNR
values of TEOAES caused by the COVID-19
virus is related to the intrinsic sensitivity of
the hair cells in the basal region.

In the current study, few patients
reported hearing loss that may be associated
with COVID-19. Although the comparison
results of the audiological assessments in the
test and control groups were significant, the
differences were small. While COVID-19
appears to have effects on the auditory
system, these effects are thought to be minor
and the mechanism of these effects requires
further research.

The ABR test can be used to evaluate
the effects of COVID-19 on the brainstem.
In current study, there was no significant
difference between the study and control
groups as regards low repetition & high
repetition rates ABR parameters (table 6).
This finding is consistent with a study
conducted by Hassani et al.? who stated
that there was no significant difference
between the study and control groups as
regards ABR parameters at high and low
repetition rates.

In conclusion, pure tone audiometry and
transient evoked oto-acoustic emissions
were affected in subjects infected with
COVID-19 specially at the high frequencies.

Conclusion:

Our study showed that Pulmonary
symptoms were the most common complaint
among COVID-19 patients. As regards
audiological complaints, tinnitus and ear
fullness were the most commonly
encountered. Affection of PTA and TEOAEs
in study group was encountered in high
frequencies and sparing lower frequencies

The results of the present study also
demonstrated that the absence of major
symptoms may hide unknown impact on the

delicate sensory organs taking the cochlea as
an example.
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