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Abstract To evaluate the hearing status of COVID-19

patients and compare with control group. Prospective study

carried out in 9 institutes. The pure tone audiogram and

impedance audiometry of COVID-19 patients performed

initially and at 3 months follow up. The control group

consisted COVID-19 negative individuals with no history

of ear related diseases. The average of air and bone con-

duction threshold (AC and BC) were compared between

the COVID-19 patients and control group using indepen-

dent t-test with a p value of less than 0.05 considered

significant. Total of 331 patients, age 32 ± 4.3 years,

66.7% males and 33.3% females were included in the

study. There were 80 individuals in the control group.

Aural symptoms were, tinnitus in 1.8%, aural fullness in

1.4%, hearing loss in 3. 9%, and ear ache in 1.8% were

present initially, resolved at 3 months follow up. The

impedance audiometry demonstrated type B and type C

curve in 5.1% and 1.15% ears, and out of these 64.7% and

40% improved at 3 months follow up respectively. No

significant difference observed between the average AC

and BC of the COVID-19 patients and control group. The

COVID-19 infection may present with aural symptoms;

however, it was concluded that there was no significant

difference in the hearing status of the COVID-19 positive

patients in comparison to the control group. The presence

of some changes in the normal functioning of the eusta-

chian tube and middle ear in the COVID-19 infection was

also highlighted.

Keywords COVID-19 � Hearing � Pure tone audiometry �
Impedance audiometry

Introduction

The corona virus disease 2019 (COVID-19) is caused by

severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) [1–4]. The disease was declared pandemic by the

WHO on March 11, 2020 [5]. Transmission of the COVID-

19 occurs through contact of the infected droplets to the

oral, nasal and eye mucous membrane [6–8]. COVID-19

infection occurs with varying degree of severity affecting

multiple organ system of the body such as the respiratory,

neurological, and gastrointestinal systems [9–12]. This has

resulted in a vast diversity in the presentation of the

COVID-19 disease.

The various studies in the literature have described

presentation of the COVID-19 infection without any firm

evidence suggesting any one of the presentations as the

pathognomic for COVID-19 infection [3, 4, 9, 10, 13–16].

The most commonly encountered presenting features are

cough, fever, sore throat, head ache, difficulty in breathing,

olfactory and gustatory disturbance, diarrhea, myalgia,

nasal obstruction, fatigue, rhinorrhea, expectoration and

post nasal drip.
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Hearing loss caused by the viral infection has been

previously reported by several studies in the literature

[17–20]. However, there is scarce literature describing the

hearing loss in association with the COVID-19 infection

[2, 21–23]. The present study evaluates the hearing status

of the COVID-19 patients from the 9 institutes of 3 dif-

ferent countries. This is by far one of the largest studies in

the literature that has evaluated the hearing status of the

COVID-19 patients.

Material and Methods

This was the prospective study conducted from 01/07/2020

to 30/04/2021. It was simultaneously carried out in 8 dif-

ferent institutes; Indira Gandhi memorial hospital (IGMH)

(Male’, Maldives), Patan academy of health sciences

(PAHS) (Patan, Nepal), Hospital for advanced medicine

and surgery (HAMS) (Kathmandu, Nepal), Devdaha

Medical college (DMC) (Butwal, Nepal), National Medical

college (NMC) (Birgunj, Nepal), Osmania Medical college

(OMC) (Hyderabad, India), Continental hospital and

research center (CHRC) (Hyderabad, India) and Rajshree

Medical Research Institute (RMRI) (Bareily, India). The

ethical approval for the study was obtained from the

institutional ethical committees of the respective institutes.

The patients positive for the COVID-19 infection as

confirmed by the reverse transcriptase polymerase chain

reaction (RT PCR) were included in the study. Patients of

all genders and age, between 14 and 45 years, without any

previously documented ear and hearing complaints were

included in the study. The patients prescribed with any

medication for the COVID-19 infection were excluded

from the study. The detail history and examination of each

and every patient was evaluated. The history related to ear

was elaborated. The patients were specifically asked about

the aural symptoms such as hearing loss, aural fullness,

tinnitus, ear ache, and ear discharge, if any. The symptoms

with duration of onset within 14 days of the RT PCR test

were only considered. The patient’s hearing status was

further evaluated by performing, pure tone audiogram

(PTA) and impedance audiometry. The hearing evaluations

were performed initially, at the time when RT PCR was

positive for COVID-19 infection, and then at 3 months

follow up. The patients were inquired about the status of

the aural symptoms also at the 3 months follow up. The

findings were categorized separately into group 1 and

group 2 findings, for initial and 3 months follow up,

respectively. The bone conduction (BC) and air conduction

(AC) threshold average were calculated separately at the

frequencies of 1000 Hz, 2000 Hz, 3000 Hz and 4000 Hz

(low frequency). The BC and AC average was also cal-

culated separately at 6000 Hz and 8000 Hz (high

frequency). The impedance audiometry was recorded as A

curve, B curve, As curve, Ad curve and C curve for each

and every patient.

The control group comprised 10 volunteers from each

institute who tested RT PCR negative for COVID-19

infection, of comparable age and did not have any ear or

hearing problems. PTA and impedance audiometry were

performed in 10 individuals in the same way as done in the

COVID-19 positive patients. The PTA and impedance

audiometry findings were tabulated according to the num-

ber of ears for both COVID-19 patients and the control

group.

The COVID-19 positive patients and the control indi-

viduals were briefed in detail about the research article in

their respective local language. Participation in the study

was only considered after the signed written consent was

obtained from the subjects, and the participants were

assured about the confidentiality of the information they

provided. The PTA and impedance audiometry were per-

formed free of cost for all the subjects included in the

study, undertaking the full precautions against the spread of

COVID-19 infection.

Analysis software MedCalcr, Version 19.2.6, was used

for data analysis. An independent t-test was performed to

evaluate the significance of the difference in average mean

(AC and BC at both low and high frequency) between the

group 1 against the control group, and the group 2 against

the control group, respectively. The p value of less than

0.05 was considered to be significant. The impedance

audiometry was analyzed and compared as the percentage

of total.

Results

A total of 331 COVID-19 positive patients were included

in the study; with distribution from each institute as shown

in Figs. 1, 2, 3 and 4. The average age of the patients was

32 ± 4.3 years (18–38 years). There were 220 (66.4%)

males and 111/331 (33.6%) female patients. The total

number of individuals included in control group was 80 (10

individuals from each institute). The average age of the

control group was 28 ± 3.6 years (22–35 years), with

57/80 (71.2%) males and 23/80 (28.2%) females. The

average duration of first PTA and impedance audiometry

was 3.1 ± 1.4 days from the day, RT PCR was positive for

COVID-19. Similarly, the average duration of second PTA

and impedance audiometry was 103.4 ± 10.8 days from

the first PTA and impedance audiometry. The distribution

of the patients on the basis of various aural symptoms is as

shown in Fig. 1. The aural symptoms were, tinnitus in

6/331 (1.8%), aural fullness in 38/331 (11.4%), hearing

loss in 12/331 (3. 9%), and ear ache in 6/331 (1.8%), as
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Fig. 1 Distribution of the

patients on the basis of aural

symptoms. Abbreviations:

IGMH Indira Gandhi memorial

hospital, PAHS Patan academy

of health sciences, HAMS
Hospital for advanced medicine

and surgery, DMC Devdaha

Medical college, NMC National

Medical college, OMC Osmania

Medical college, CHRC
Continental hospital and

research center, RMRI Rajshree
Medical Research Institute

Fig. 2 Average AC and BC of

group 1 and 2 along with the

control group for low frequency

with their SD. Note: ‘n’ signifies
total number of ears.

Abbreviations: AC Air

conduction, BC Bone

conduction, SD standard

deviation, IGMH Indira Gandhi

memorial hospital, PAHS Patan

academy of health sciences,

HAMS Hospital for advanced

medicine and surgery, DMC
Devdaha Medical college, NMC
National Medical college, OMC
Osmania Medical college,

CHRC Continental hospital and

research center, RMRI Rajshree
Medical Research Institute

Fig. 3 Average AC and BC of

group 1 and 2 along with the

control group for high

frequency with their SD. Note:
‘n’ signifies total number of

ears. Abbreviations: AC Air

conduction, BC Bone

conduction, SD standard

deviation, IGMH Indira Gandhi

memorial hospital, PAHS Patan

academy of health sciences,

HAMS Hospital for advanced

medicine and surgery, DMC
Devdaha Medical college, NMC
National Medical college, OMC
Osmania Medical college,

CHRC Continental hospital and

research center, RMRI Rajshree
Medical Research Institute
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shown in Fig. 1. All the patients had these complaints in

bilateral ears. There were no patients with recent onset ear

discharge. Out of these aural symptoms, 7/62 (11.2%) of

the patients mentioned these symptoms as their chief

complain. The other 55/62 (88.8%) patients talked about

the presence of symptoms after being asked specifically

about the aural symptoms. At 3 months follow up, none of

the patients had persisting aural symptoms and there was

no onset of any new symptoms.

The average AC and BC of group 1 and 2, along with

that of the control group for low and high frequencies, is as

shown in Figs. 2 and 3 respectively. There were 21/662

(3.2%) ears of COVID-19 positive patients with mild

conductive hearing loss, as per the World Health Organi-

zation (WHO) [24]. All of these ears were found to be

having normal hearing at 3 months follow up. The differ-

ence of average AC and BC between group 1 and control

group for low frequencies, by using an independent t-test,

was not significant with p values of 0.09 and 0.11,

respectively. Similarly, the difference of average AC and

BC between group 1 and control group for high frequency

was not significant with p values of 0.1 and 0.08, respec-

tively. The difference of average AC and BC between

group 2 and control group for low frequency was not sig-

nificant with p values of 0.07 and 0.08, respectively. The

difference of the average AC and BC between group II and

control group for high frequency was not significant with

p values of 0.09 and 0.11 respectively.

The impedance audiometry of the COVID positive

patients (Group 1 and 2) is as shown in Fig. 4. All the

individuals in control group had A curve in bilateral ears.

As can be seen in Fig. 4, there were 548/662 (82.8%) and

556/662 (83.9%) ears with A type curve, 34/662 (5.2%)

and 12/662 (1.8%) ears with B type curve, 10/662 (1.5%)

and 6/662 (0.9%) ears with C type curve, in group 1 and 2

respectively. There were no ears with As and Ad type

curve. All the individuals in control group had A type

curve in bilateral ear.

Discussion

The viral infections such as Cytomegalo virus, Rubella

virus, Herpes simplex virus, Measles virus, Varicella zoster

virus, Epstein Bar virus, Entero virus, Mumps virus,

Chikungunya virus, and Human immune deficiency virus

have been found to be associated with the hearing loss

[17, 25–30]. The hearing loss caused by these viruses can

be congenital or acquired, and can be either sensorineural

or conductive or both [18]. COVID-19 is primarily the

disease of the respiratory tract. The virus colonizes, and

multiplies in the respiratory system, involving nasophar-

ynx, trachea, bronchi, and then lungs producing multiple

symptoms [31, 32]. The virus then involves multiple organ

system of the body such as gastrointestinal system, nervous

system, musculoskeletal system, and renal system [33–35].

The present study evaluates the impact of COVID-19

infection in the hearing status of the patients. For this

study, the data collection was performed from multiple

institutes, so that the geographical variations in the

pathogenesis of COVID-19 can be well understood.

Another aim of involving multiple institutes was to collect

a greater sample size. All the institutes participating in the

study were tertiary care centers, certified for the manage-

ment of the COVID-19 patients. The control group was

selected for comparison of the hearing status of the

COVID-19 patients since it was felt that comparing with

the normal subjects is always better than comparing with

the normal value. The control group was selected by

Fig. 4 Impedance audiometry

of the patients in group 1 and

group 2. Note: ‘n’ signifies total
number of ears. Abbreviations:

IGMH Indira Gandhi memorial

hospital, PAHS Patan academy

of health sciences, HAMS
Hospital for advanced medicine

and surgery, DMC Devdaha

Medical college, NMC National

Medical college, OMC Osmania

Medical college, CHRC
Continental hospital and

research center, RMRI Rajshree
Medical Research Institute
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addressing the confounding factors of age, gender, and

presence of any ear related diseases.

The COVID-19 patients and the control group included

in the study were the ones with no history suggestive of any

previous ear complain or ear disease. This was done to

avoid any bias in the study since the detected hearing loss

could be due to pre-existing condition rather than COVID-

19 infection. The age group for the inclusion in the study

was set from 15 to 45 years. The lower limit of age was set

at 15 years because with PTA being a subjective test there

is always a chance of biased results in the child age group.

The upper age limit was set to 45 years in order to avoid

the age-related hearing loss based on studies in the litera-

ture which suggest the emergence of age related hearing

from the 5th decade of life [36, 37]. Mustafa [23] in their

study included the COVID-19 patients aged between 20

and 50 years, for the similar reasons. They performed PTA

after 14 days of being confirmed of COVID-19 infection

and compared with the control group. Besides PTA, the

study by Mustafa [23] incorporated the impedance mea-

surement and transient evoked otoacoustic emissions in

their study. In contrast, the present study has evaluated

patients only with PTA and impedance audiometry. The

primary reason for this was to minimize the risk of

COVID-19 transmission while carrying out multiple

investigations. It was a difficult task to carry out all the

evaluations at the participating institutes while taking the

necessary COVID-19 precautions.

The COVID-19 patients were inquired in detail about

the ear related symptoms, with duration of onset not more

than 14 days. As duration of onset more than 14 days will

signify pathology other than COVID-19 infection. The

hearing evaluation and history taking was performed for

the COVID-19 patients initially at the time when RT PCR

was positive and after 3 months of the initial PTA. This

was performed with an intention to find out both; the early

as well as the late effect of COVID-19 infection on hearing

mechanism and also the time duration for symptom reso-

lution. The PTA was evaluated in the wide range of fre-

quencies from 1000 to 8000 Hz, to investigate the

frequency levels most affected by the COVID-19 infection.

The type of the tympanogram was evaluated in the present

study to explore the probable impact of the COVID-19

infection in the middle ear. The patients undergoing any

medications for COVID-19 infections were excluded from

the study as the widely prescribed medicines for COVID-

19 such as Hydroxychloroquine, Azithromycin, Antiviral

agents, antibiotics (cephalosporins, fluoroquinolones,

penicillin’s), Non-steroidal anti-inflammatory drugs,

Angiotensin receptor blockers, and others are known to

cause ototoxicity [38–40].

The present study demonstrated aural symptoms, such as

tinnitus in 1.8%, aural fullness in 11.4%, hearing loss in

3.9%, and ear ache in 1.8% COVID-19 patients. However,

only 11.2% complained about the presence of these

symptoms. Thus, it can be inferred that the symptoms were

not severe in most of the patients (88.8%). The previous

studies in the literature have not described about the aural

symptoms in the COVID-19 patients [4, 16, 41, 42]. The

presence of the aural symptoms can be corelated to the

inflammation in the nasopharynx of the patients, resulting

in deranged functioning of the eustachian tube. It is further

supported by the fact that at 3 months follow up all of these

symptoms were resolved.

This study demonstrated no significant change in the

hearing status of the COVID-19 patients in comparison to

the control group for all frequencies. The 3.2% patients had

mild conductive hearing loss that got improved at 3 months

follow, but it was not significant. The finding of mild

conductive hearing loss was corelated with the nasopha-

ryngeal inflammation due to COVID-19 infection. The

presence or absence of the COVID-19 virus in the middle

ear was not detected in present study. In contrast, Mustafa

[23] in their study had shown a significant difference in the

higher frequencies when compared to the control group.

Further, Koumpa et al. [43], Chern et al. [22] and Abdel

Rhman et al. [21] reported a case of sudden sensorineural

hearing loss post COVID-19 infection. Elibo [44] in their

study demonstrated sudden sensorineural hearing loss in

1/155 (0.6%) and Özçelik Korkmaz1 et al. [1] demon-

strated hearing loss in 6/116 (5.1%) patients following

COVID-19 infection respectively, though they have not

mentioned about the type of hearing test performed for

those patients.

The impedance audiometry demonstrated Type B tym-

panogram in 5.1% ears, out of these 64.7% improved at

3 months follow up. Type C curve was found in 1.1% of

ears and got resolved in 40% at 3 months follow up. The

35.3% of the ears with type B curve and 60% with type C

curve who did not improve at 3 months follow up were

asymptomatic with normal PTA. Hence the pathology

responsible for the B type curve in these patients could not

be determined precisely, it could be either due to the

COVID-19 infection or it could be due to any pathology

other than the COVID infection. These patients were

advised for follow up after 6 weeks for further evaluation.

The main challenge faced during the present study was

to adopt the precautionary measures while performing the

hearing assessment in COVID-19 positive patients. Utmost

care was adopted during the PTA. The technician per-

forming PTA was provided with full personal protective

equipment (PPE) and the patients were provided with face

mask and face shield. The ear plugs and PTA equipment

were thoroughly cleaned with 80% ethanol following the

procedure.
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Despite this study being unique and largest of its kind,

few limitations were observed. The small sample size,

inability to perform other audiological tests, and small

duration of follow up were felt to be the limitations of the

study. There is need for more research in this subject

matter for proper understanding of the impact of COVID-

19 on hearing mechanism. A recommendation has been put

forward for a future study with increased sample size and

increased duration of follow up.

Conclusion

The COVID-19 infection may present with few aural

symptoms; however, it was concluded that there was no

significant difference in the hearing status of the COVID-

19 positive patients in comparison to the control group.

The hearing status after 3 months of the COVID-19

infection also was not significantly different from the

control group. The presence of some changes in the normal

functioning of the eustachian tube and middle ear in the

COVID-19 infection has also been highlighted. This study

has also suggested for a future study with larger sample

size and increased duration of the follow up for better

understanding of the subject matter.
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