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Abstract
COVID-19 is a new pandemic infectious disease that emerged in Wuhan, China, at the end of 2019. We aimed to evaluate 
the sudden sensorineural hearing loss (SSNHL) prevalence after COVID-19 infection or even vaccination. This is a two-
center retrospective, observational cross-sectional study performed at tertiary care referral Audiovestibular Medicine Units 
at the period between August 1, 2020, and October 31, 2021. All SSNHL patients diagnosed in a period of a month with 
COVID-19 or vaccinated with a COVID-19 vaccine were included in this study. Fifty-three cases with confirmed COVID-19 
and one patient vaccinated with a COVID-19 vaccine 1 week before, who reported sudden sensory neural hearing loss, were 
included in this study. Forty-eight patients had unilateral hearing loss and 6 patients had bilateral hearing loss. Forty-nine 
patients had typical COVID-19 symptoms; one patient discovered them after complaining of anosmia and ageusia and one 
patient after COVID-19 vaccination; and three patients were complaining only from hearing loss and had a PCR test for 
nasopharyngeal swabs to prove infection. Different degrees of SSNHL ranged from mild to severe and most of the patients 
had severe hearing loss. With more patients, COVID-19 may be a potential factor in sudden sensorineural hearing loss. It 
should be kept in mind that SSNHL may be the only indicator used to identify COVID-19 cases.
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Abbreviations
CNS	� central nervous system
CSOM	� chronic suppurative otitis media
dB HL	� decibel hearing level
HL	� hearing loss
Hz	� hertz
ICU	� intensive care unit
KHz	� kilohertz
OME	� otitis media with effusion
PCR	� polymerase chain reaction
PTA	� pure tone audiometry
RT-PCR	� reverse transcription polymerase chain reaction
SARS	� severe acute respiratory syndrome

SNHL	� sensorineural hearing loss
SPSS	� Statistical Package for Social Sciences
SRT	� speech reception threshold
SSNHL	� sudden sensorineural hearing loss
WDS	� Ward discrimination score

Background

One of the most frightening experiences for people is sud-
den sensorineural hearing loss (SSNHL), which they might 
interpret as a potentially fatal condition that could result in 
profound hearing loss. A hearing loss of greater than 30 dB 
at three frequencies in a row for no lower than 3 days was 
referred to as SSNHL [1].

This disease’s etiology, proper assessment, and treatment 
have all been hotly debated over the years, illustrated by the 
fact that a lot of etiologies have been proposed for this disor-
der [2]. According to estimates, there are 5 to 20 individuals 
of sudden SNHL per 100,000 persons each year [3].

The severe acute respiratory syndrome coronavirus 
(SARS-CoV-2) that causes COVID-19 is an emerging pan-
demic infectious disease that first appeared in Wuhan, China, 
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at the end of 2019. This new coronavirus, which was discov-
ered in human airway epithelial cells, was isolated [4]. Its 
incubation duration varies from 2 to 7 days and can go up 
to 14 days [5–9].

A third of the cases may be asymptomatic, hastening the 
disease’s spread [10, 11]. Cough, diarrhea, sore throat, fever, 
muscle pain, headache, and dyspnea are among COVID-19’s 
most typical symptoms. Respiratory arrest and pneumonia 
have been linked to COVID-19 [12, 13].

Viruses have been linked to neurological symptoms 
involving facial paralysis, anosmia, and SSNHL [14, 15]. 
Coronaviruses have been linked to a sense of smell and 
taste’s loss as a result of neural injury [16].

Harenberg et al. reported that more data became avail-
able on the coincidence of SSNHL and SARS-CoV-2 
infection [17]. The latter has been associated with various 
thrombosis-related complications, both venous and arterial, 
leading to systemic multiorgan conditions [18]. The associ-
ated viral sepsis affects many organs via angiotensin-con-
verting enzyme 2 (ACE2) receptors and ultimately results 
in multiple fatal organ failures [19], which may contribute 
to the pathophysiology of SSNHL. SSNHL is caused by 
viral infection, vascular occlusion, abnormal cellular stress 
responses within the cochlea, and immune-mediated mecha-
nisms [20]. SARS-CoV-2 enters the cell via ACE2 receptor 
[21], and can infect many organs, including the central nerv-
ous system, peripheral nervous system, and hearing center in 
the temporal lobe [22]. The virus promotes excess cytokine 
release and induces hearing damage [23], endotheliitis, and 
systemic impaired microcirculatory function [24]. The virus 
also invades the cochlear nerve, causing neuritis, and soft 
tissues of the cochlea, causing cochleitis [25].

Occlusion of the cochlear bloodstream can cause sudden 
hearing loss because of sudden-onset SNHL and the fact that 
the cochlea is dependent on a single terminal division of the 
posterior cerebral circulation [26].

Many case reports, case series, cross-sectional studies, 
and meta-analysis papers reported the association between 
SSNHL and COVID-19 in the last 2 years. One of the 
first papers published to examine the correlation between 
COVID-19 and SSNHL was by Kilic et al. in Turkey in May 
2020 when they found one out of five cases diagnosed with 
sole SSNHL with positive PCR of the COVID-19 virus [27].

Koumpa et al. in September 2020 published a case report 
of a 45-year-old male who had SSNHL when he was admit-
ted in the hospital after 10 days of being positively diag-
nosed with COVID; 1 week after extubation and after he 
was transferred out of the ICU, sudden-onset hearing loss 
was noted [28].

Five subjects who experienced SSNHL throughout 
COVID-19 were the subjects of a case study presented 
by Ricciardiello et al. No patient had SSNHL as their 
first symptom of COVID-19; instead, they demonstrated 

audiovestibular symptoms greater than 6 days after the 
SARS-CoV-2 diagnosis. Adult COVID-19-positive par-
ticipants with mild clinical manifestations were chosen 
as patients [29].

Three patients with SSNHL were noted by Jeong et al. 
within 3 days of receiving the COVID-19 vaccination, and 
they hypothesized a correlation between them [30]. After 
vaccination, viral antigens may cause an immunologic 
reaction that releases antibodies and cytokines, which in 
turn triggers an autoimmune response in the cochlea and 
may cause the cochlea’s vasculitis and vascular ischemia 
[31].

We sought to assess the prevalence of sudden sensorineu-
ral hearing loss (SSNHL) following infection with COVID-
19 or even vaccination.

Materials and Methods

This was a two-center retrospective, observational cross-
sectional study performed at tertiary care referral Audi-
ovestibular Medicine Units at two university hospitals at 
the period between August 1, 2020, and October 31, 2021. 
All SSNHL patients diagnosed in a period of a few days to 
few weeks with COVID-19 or vaccinated with a COVID-19 
vaccine were included in this study and followed up for a few 
months. The diagnosis was done through detailed history 
about the hearing loss onset and course, temporal relation 
to COVID infection, and the duration.

The eligible candidates presented with SSNHL which was 
characterized as a hearing loss of more than 30 dB at least three 
consecutive frequencies over a time of less than 3 days [1].

Because we do not have the baseline audiogram of the 
patients, we depend on the temporal relationship between 
hearing loss and COVID-19 infection, based on the patient’s 
history, reporting that the hearing condition was normal 
before the COVID attack and deterioration of hearing after 
infection.

Inclusion Criteria

•	 All COVID-19 patients who complained of sudden hear-
ing loss were evaluated and followed up.

•	 Before being admitted to the COVID hospital, all of 
the study participants’ reverse transcription polymerase 
chain reaction (RT-PCR) findings for SARS-CoV-2 were 
positive.

•	 Patients were considered for the study if they had recently 
developed sudden SNHL, were recovering from it (2 neg-
ative PCR), had been hospitalized, or were being treated 
as home isolates.
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Exclusion Criteria

•	 Patients who did not meet the criteria for COVID-19 
diagnosis.

•	 COVID patients with abnormal middle ear function due 
to OME or CSOM.

•	 Patients with risk factors like hypertension, diabetes 
mellitus, cardiovascular disease, drug ototoxicity, head 
trauma, renal diseases, and thyroid dysfunction that could 
be claimed as a factor for SSNHL, so COVID patients 
with such factors were excluded from the study.

The aim of such exclusion criteria was to look for the 
sole effect of COVID-19 on the sensorineural hearing affec-
tion only, without adding other risk factors for developing 
SSNHL.

Methods

Initial Assessment and Evaluation

•	 A full detailed personal history included age, sex, occu-
pation, residency, and special habits.

•	 Medical history including history of the ear trauma, 
surgeries, chronic inflammation, drug ototoxicity, noise 
exposure, meningitis, hypertension, thyroid diseases, dia-
betes mellitus, and kidney diseases.

•	 Detailed history about the SARS-CoV-2 infection (onset, 
course, duration, and complications).

•	 Detailed history of hearing loss, onset, course, duration, 
and relation to COVID infection.

•	 Otoscopic examinations prior to audiological testing.

Audiological Evaluation

Basic audiological assessment involved the following:
❖ Pure tone audiometry at octave frequencies between 

250 and 8000 Hz; PTA was done using an Interacoustics AC 
40 two-channel pure tone audiometer with a locally manu-
factured sound-treated booth.

❖ Speech audiometry, such as Ward discrimination 
scores (WD percent), utilizing Arabic phonetically balanced 
words for adults [32], and speech reception threshold (SRT), 
utilizing Arabic spondee words for adults [33].

❖ Acoustic immittance measurements including tym-
panometry and acoustic reflex threshold measurements at 
0.5–4 KHz by the Interacoustics AT 235.

Basic audiological evaluations were conducted with all 
safety procedures for the COVID-19 pandemic. The aver-
age values for the hearing threshold at 500, 1000, 2000, and 

4000 Hz were calculated, and the pure tone average higher 
than 25 decibels was regarded as hearing loss (HL) [34]; HL 
was classified into the following:

•	 Mild HL (26–40 dB HL),
•	 Moderate HL (41–55 dB HL),
•	 Moderately severe HL (56–70 dB HL),
•	 Severe HL (71–90 dB HL), and
•	 Profound HL (more than 91 dB HL).

Statistical Analysis

The Statistical Package for Social Sciences (IBM-SPSS/
PC/VER 24) was used to verify, code, and analyze the 
gathered data [35]. Statistically descriptive data calcu-
lations included means, medians, standard deviations, 
ranges, and proportions. Significance test: A post hoc test 
was estimated utilizing Bonferroni corrections for pair-
wise comparisons between the study groups for continu-
ous variables with more than 2 groups in order to test the 
data’s mean differences that pursue a normal distribution 
and have replicated measures. A p value of 0.05 or less 
was considered significant.

Results

Fifty-three cases with confirmed COVID-19 and one patient 
vaccinated with a COVID-19 vaccine (BioNTech Vaccine) 
1 week before reporting SSNHL were included in this study. 
Among these patients, the mean age was 47.81 (± 16.8) 
years with range from 13 to 75 years, and both genders were 
included in the study with equal proportion 1:1 (Table 1).

Forty-eight cases had unilateral hearing loss, while 6 
patients had bilateral hearing loss. The mean duration of 
SSNHL was 22.39 (± 21.28) days ranging from 1 day after 
deafness to 90 days before seeking medical advice (Table 2).

Different degrees of SSNHL ranged from mild to pro-
found hearing loss, and most of the patients had profound 
hearing loss (21). Tinnitus was the irritant symptom 
(100%) that drove the patients to seek medical advice. 
Neurological manifestations were observed in two patients 
and were diagnosed as meningoencephalitis (Table 3).

Table 1   Demographic and clinical characteristics of the study cohort

Parameter n = 54

Age in years • Mean ± SD 47.81 ± 16.8
• Median (range) 50 (13–75)

Sex • Female 27 (50%)
• Male 27 (50%)
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Most of hearing loss occurred in the high frequen-
cies and most of the patients had profound hearing loss 
at 4000 and 8000 Hz according to statistical analysis 
(Table 4; Fig. 1).

Discussion

Hearing is one of the most important senses of the human 
body. SSNHL is a catastrophe and a life-threatening disorder 
that can occur at any age in short time.

Table 2   Hearing loss–related 
characteristics of the study 
cohort

Parameter n = 54

COVID-19 symptoms • Only symptom 3 (5.6%)
• Taste and smell 1 (1.9%)
• Post-vaccination 1 (1.9%)
• Typical COVID-19 49 (90.6%)

Duration of HL/days • Mean ± SD 22.39 ± 21.28
• Median (range) 14 (1–90)

Onset of HL Post-COVID • Mean ± SD 8.15 ± 5.17
• Median (range) 7 (3–30)

Side of HL • Left 21 (38.9%)
• Right 27 (50%)
• Bilateral 6 (11.1%)

Table 3   Hearing loss–related 
clinical characteristics of the 
study cohort

Parameter n = 54

Severity • Mild 2 (3.7%)
• Moderate 4 (7.4%)
• Moderately severe 13 (24.1%)
• Severe 14 (25.9%)
• Profound 21 (38.9%)

Associated symptoms • Tinnitus 54 (100%)
• Vertigo 18 (33.3%)

Neurological manifestations • Yes 2 (3.7%)
• No 52 (96.3%)

Tympanogram acoustic reflex • Type A 54 (100%)
• Present 19 (35.2%)
• Absent 25 (64.8%)

Table 4   Pure tone audiometry 
thresholds among patients

***One-way repeated measure ANOVA was used to compare the mean differences over time
**Post hoc test with Bonferroni corrections was used for pairwise comparisons
Bold values denote statistical significance at the p < 0.05 level

Frequency PTA threshold p-value**

• 250 Hz (1) 60.25 ± 6.2 1 vs 2= 0.313 2 vs 4= 0.490 4 vs 5< 0.001
• 500 Hz (2) 63.25 ± 6.3 1 vs 3= 0.205 2 vs 5= 0.003 4 vs 6= 0.020
• 1000 Hz (3) 66.25 ± 6.8 1 vs 4= 0.293 2 vs 6= 0.021 5 vs 6= 0.915
• 2000 Hz (4) 64.00 ± 7.6 1 vs 5= 0.003 3 vs 4= 0.856
• 4000 Hz (5) 67.90 ± 7.4 1 vs 6= 0.013 3 vs 5= 0.005
• 8000 Hz (6) 69.25 ± 7.5 2 vs 3= 0.287 3 vs 6= 0.049
p-value* 0.021
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Viral infections are common causes of hearing loss, like 
CMV, herpes, measles, and mumps, so it is speculated that 
coronavirus can cause hearing loss [36].

COVID is both respiratory and vascular diseases as it is 
well known that coronaviruses cause anosmia and neurologi-
cal manifestations, so it is suggested that it can affect other 
sensory systems particularly the audiovestibular system. 
There are three mechanisms associated with the incidence 
of SSNHL in viral infections, namely (1) neuritis induced 
by auditory nerves or cochlea’s viral infection; (2) the peri-
lymphatic tissues’ viral involvement; and (3) stress response 
that occurred by antigens’ cross-reactions of the inner ear 
[37]. Induction hearing loss caused by various viruses in 
animal studies has been documented either indirectly by the 
cerebrospinal fluid or directly by the inner ear structures [38, 
39]. Another possible cause is occlusion of the labyrinthine 
artery which is one of the end arteries in the body [40].

After about four waves of the COVID-19 pandemic, and 
more expected to come, many disorders were discovered 
every day to be caused by CoV-SARS-2 virus infection. The 
mechanism by which the CoV-SARS-2 virus causes many 
neurological manifestations is not well understood, but this 
virus causes vasculitis and predisposes to coagulative occlu-
sion of arteries; SARS-CoV-2 intranasal delivery has dem-
onstrated neuroinvasion and encephalitis [19] or is due to 
neural injury proved in a previous SARS outbreak [16, 41].

Cerebrospinal fluid studies from the time of the prior 
MERS-CoV and SARS-CoV outbreaks revealed the viral 
nucleic acid, and autopsy studies’ existence revealed neuro-
logical inclusion [42, 43]. Similarly, SARS-CoV-2 autopsy 
findings in patients demonstrated hyperemic and edematous 
brain tissue with neuronal deterioration; autopsy seems to be 
the only way to definitively establish a basis for understand-
ing the neural loss brought on by the virus [44].

Numerous reports have addressed a wide range of neuro-
logical signs in light of the neurological involvement of SARS-
CoV-2. The neuro-evolving COVID molecular, systemic, and 

cellular mechanisms, which are classified as the short- and 
long-term neurological impacts of COVID-19, were discussed 
by Jesuthasan et al. [45]. They focused especially on demy-
elinating, cerebrovascular, and encephalitic presentations, 
cytokine storm mechanisms, and potential genetic and envi-
ronmental risk factors for neuro-COVID. Patients who only 
had non-specific neurological symptoms like vertigo, ataxia, 
or stroke without odor or taste disturbances, as well as neu-
ralgia brought on by damage to the peripheral cranial nerves, 
were described by Mao et al. in their report [22]. According 
to recent data, patients who only have SSNHL as a symptom 
may also benefit from the same treatment strategy.

This retrospective cross-sectional observational study 
included fifty-four patients who were diagnosed to have the 
infection by CT chest and/or PCR of nasopharyngeal swabs 
except the vaccinated patient that complained 1 week after 
vaccination. Of the 54 patients, twenty-seven were females 
(50%). The subjects’ average age was 47.81 ± 16.8 years 
(mean ±SD) with a wide range (13 to 75 years).

The mean duration of hearing loss before seeking medical 
advice was 22.39 ± 21.28 days. Three of the patients (5.6%) 
had SSNHL as the only symptom of COVID-19 infection 
and had a PCR test for nasopharyngeal swabs to prove infec-
tion, one patient (1.9%) had loss of smell and taste senses 
and one patient (1.9%) 1 week after vaccination, and the 
rest of the patients (49) (90.6%) had typical symptoms of 
COVID-19 infection (fever, headache, cough, sore throat, 
dyspnea, and muscle pain). Most of the patients experienced 
the HL in the first week of infection (8.15 ± 5.17 days) 
(median 7 days) with one patient after 1 month of infection.

Ear examination showed normal tympanic membrane in 
all patients; SSNHL was more in the right ear (27 patients, 
50%) than in the left ear (21 patients, 38.9%) and six patients 
had bilateral hearing loss (11.1%). Very wide range of hear-
ing loss was found in patients with 21 (38.89%) of them 
reaching profound hearing loss, with all patients having 
normal middle ear (type A tympanogram). Tinnitus was 
the motivating symptom for all the patients to seek medical 
advice. Eighteen patients (33.3%) had vertigo and disequi-
librium that improved after receiving medical treatment.

Neurological manifestations were detected in two patients 
and diagnosed as meningoencephalitis. Zubair et al. (2019) 
reported that among the central nervous system (CNS) 
signs, impaired consciousness/meningoencephalopathy is 
a broadly noted manifestation of COVID-19 [46]. Accord-
ing to Zubair et al., the hypothesis that the virus introduces 
into the brain via the olfactory bulb received significance 
providing from the finding that anosmia is a reasonably 
constant symptom of initial COVID-19. Hematogenous 
infection is another suggested method for the virus to enter 
the brain. Meningoencephalitis in COVID-19 is a clinical 
symptom that should be expected, given the potential for 
SARS-CoV-2 to pervade the central nervous system and our 

Fig. 1   Pure tone audiometric findings among cases
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prior knowledge of MERS and SARS-CoV. In fact, there 
have been numerous reports of meningoencephalitis linked 
to COVID-19 in the past few months [47].

Most of the patients had more hearing loss in the high 
frequencies than in low and mid frequencies with a statisti-
cally significant difference between the mean of hearing loss 
degree between low and mid in one hand and high frequen-
cies on the other hand.

To our knowledge, this study has the largest number of 
cases of hearing loss that may be induced by COV-SARS-2 
virus infection (53) or vaccination in the literature. In the 
period of the study, 4733 cases were examined in tertiary-
based referral units for hearing loss with suspected post-
COVID-19 hearing loss in 54 cases with incidence of 
11.4/1000 case examined in the audiovestibular medicine 
units; the high incidence rate may be due to the nature of 
high selection, and hearing loss may not be documented in 
patients with severe morbidity; also, we cannot assess the 
patients with spontaneous recovery of HL.

In a previous cross-sectional study in India done by Swain 
et al., 16 (2.45%) patients were diagnosed with SSNHL out of 
652 patients diagnosed with COVID-19; the SSNHL’s preva-
lence among COVID-19 patients was 2.45%, where most of 
them were associated with respiratory symptoms [48].

When Parrino et al. compared the annual incidence 
prevalence of SSNHL and sudden vestibular disorders 
2 years before the COVID-19 pandemic, they found 
that while there was no statistically significant differ-
ence between the pandemic period and earlier periods, 
the SSNHL’s overall prevalence and merged acute coch-
lear-vestibular participation were significantly extreme 
throughout the pandemic time frame than it had been in 
the earlier periods [49].

In agreement to previously published studies, our 
results suggest the association between the increasing 
number of cases infected by COV-SARS-2 virus and 
increasing incidence of SSNHL; the mechanism of which 
is not understood. It should be kept in mind that neuro-
invasion of the virus may contribute to many neurologi-
cal symptoms.

In the present study, SSNHL was noted in three COVID-
19 patients, and it was the only symptom that lacked any 
prior risk variables associated with hearing loss. This finding 
is significant because it demonstrates that infected patients 
can also introduce in clinics with signs other than those that 
have been previously noted in the literature. According to 
Kilic et al., SSNHL may be the only indicator of a COVID-
19 case [27].

We hope that by facilitating these cases’ early detection, 
their isolation, avoidance of their infectiousness in the early 
duration, and early medical medication, this study would 
benefit the fields of epidemiology and otorhinolaryngology 
and audiovestibular medicine.

Conclusion

With an elevating number of patients, COVID-19 may be a 
contributing factor to sudden sensorineural hearing loss, and 
it should be kept in mind that SSNHL may not be the only 
symptom of COVID-19. During this pandemic, knowledge 
of such a non-specific presentation (SSNHL) of COVID-19 
is essential for the isolation of affected individuals and the 
quick start of COVID-19-treatment.

Recommendation

(1) Long-term follow-ups and increase the number of the 
sample study. (2) Assessment of the non-affected ears by 
TEOAEs to detect any subtle insult. (3) Adding the audi-
ovestibular assessment to the test battery of COVID patients 
after recovery.

Limitation of the Study

•	 The clinical data of this study is restricted by its small 
numbers, and the incidence of SSNHL in COVID-
19 patients is uncertain because the universal hearing 
assessment has not been adopted throughout the pandem-
ics.

•	 Hearing loss may not be noted in patients with severe 
morbidity.

•	 The study was only collecting patients who actually com-
plained of hearing loss and missed patients who experi-
enced hearing loss but did not notice or complain.

•	 Also, we cannot assess the patients with spontaneous 
recovery of HL.

•	 Other advanced and objective investigations such as ABR 
and TEOAEs were not used. This may be related to the 
fact that all patients were reliable in the study and the 
suspicion of retro-cochlear pathologies was excluded.

Availability of Data and Materials  The data of the current study are 
available from the corresponding author on reasonable request.

Code Availability  Not applicable.

Author Contribution  All authors contributed in the study design, writ-
ing the original manuscript, and data analysis. All authors read and 
approved the final manuscript.

Declarations 

Ethical Approval and Consent to Participate  Verbal consent was taken 
from all patients to participate in this study and all data were kept confi-
dential. The study was performed in accordance with the Helsinki Dec-
laration of 1975 and its amendments. The study protocol was approved 
by the Research Ethics Committee and the Institutional Review Board 



SN Comprehensive Clinical Medicine (2023) 5:87	 Page 7 of 8  87

at Faculty of Medicine, Assiut University, Egypt with IRB approval 
number 17300724.

Consent for Publication  Not applicable.

Competing Interests  The authors declare no competing interests.

References

	 1.	 Weiss D, Böcker AJ, Koopmann M, Savvas E, Borowski M, 
Rudack C. Predictors of hearing recovery in patients with severe 
sudden sensorineural hearing loss. J Otolaryngol Head Neck Surg. 
2017;46:27.

	 2.	 Jaffe BF. Clinical studies in sudden deafness. Adv Otorhinolaryn-
gol. 1973;20:221.

	 3.	 Byl FM Jr. Sudden hearing loss: eight years’ experience and sug-
gested prognostic table. Laryngoscope. 1984;94:647.

	 4.	 Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel 
coronavirus from patients with pneumonia in China, 2019. N Engl 
J Med. 2020;382:727–33.

	 5.	 Rubin EJ, Baden LR, Morrissey S, Campion EW. Medical journals 
and the 2019-nCoV outbreak. N Engl J Med. 2020;382:866.

	 6.	 Gralinski LE, Menachery VD. Return of the coronavirus: 2019-
nCoV. Viruses. 2020;12:135.

	 7.	 Duarte R, Furtado I, Sousa L. Carvalho CFA. The 2019 novel 
coronavirus (2019-nCoV): novel virus, old challenges. Acta Med 
Port. 2020. https://​doi.​org/​10.​20344/​amp.​13547.

	 8.	 Carlos WG, Dela Cruz CS, Cao B, Pasnick S, Jamil S. Novel 
Wuhan (2019-nCoV) coronavirus. Am J Respir Crit Care Med. 
2020;201:P7–8. https://​doi.​org/​10.​1164/​rccm.​2014P7.

	 9.	 Morse JS, Lalonde T, Xu S, Liu WR. Learning from the past: 
possible urgent prevention and treatment options for severe acute 
respiratory infections caused by 2019-nCoV. ChemBioChem. 
2020;21:730–8.

	10.	 Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus 
disease-2019 (COVID-19): the epidemic and the challenges. Int J 
Antimicrob Agents. 2020;55:105924.

	11.	 Cao Y, Liu X, Xiong L, Cai K. Imaging and clinical features of 
patients with 2019 novel coronavirus SARS-CoV-2: a systematic 
review and meta-analysis. J Med Virol. 2020. https://​doi.​org/​10.​
1002/​jmv.​25822.

	12.	 Wu D, Wu T, Liu Q, Yang Z. The SARS-CoV-2 outbreak: what we 
know [published online ahead of print, 2020 Mar 12]. Int J Infect 
Dis. 2020;94:44–8. https://​doi.​org/​10.​1016/j.​ijid.​2020.​03.​004.

	13.	 Mateer EJ, Huang C, Shehu NY, Paessler S. Lassa fever-induced 
sensorineural hearing loss: a neglected public health and social 
burden. PLoS Negl Trop Dis. 2018;12:e0006187.

	14.	 Kennedy PG. Herpes simplex virus type 1 and Bell’s palsy-a cur-
rent assessment of the controversy. J Neurovirol. 2010;16:1–5.

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

	16.	 de Haro-Licer J, Roura-Moreno J, Vizitiu A, González-Fernández 
A, González-Ares JA. Long term serious olfactory loss in colds 
and/or flu. Acta Otorrinolaringol Esp. 2013;64:331–8.

	17.	 Harenberg J, Jonas JB, Trecca EMC. A liaison between sudden 
sensorineural hearing loss and SARS-CoV-2 infection. Thromb 
Haemost. 2020;120(9):1237–9.

	18.	 Spiezia L, Boscolo A, Poletto F, et  al. COVID-19-related 
severe hypercoagulability in patients admitted to intensive 
care unit for acute respiratory failure. Thromb Haemost. 
2020;120(06):998–1000.

	19.	 Bikdeli B, Madhavan MV, Gupta A, et al. Global COVID-
19 Thrombosis Collaborative Group. Pharmacological 
agents targeting thromboinflammation in COVID-19: review 
and implications for future research. Thromb Haemost. 
2020;120(07):1004–24.

	20.	 Trecca EMC, Gelardi M, Cassano M. COVID-19 and hearing 
difficulties. Am J Otolaryngol. 2020;41(04):102496.

	21.	 Violi F, Pastori D, Cangemi R, Pignatelli P, Loffredo L. Hyper-
coagulation and antithrombotic treatment in coronavirus 2019: a 
new challenge. Thromb Haemost. 2020;120(06):949–56.

	22.	 Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospi-
talized patients with coronavirus disease 2019 in Wuhan. China. 
JAMA Neurol. 2020;77(06):1–9.

	23.	 Cure E, Cumhur CM. Comment on “Hearing loss and COVID19: 
a note”. Am J Otolaryngol. 2020;41(04):102513.

	24.	 Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection 
and endotheliitis in COVID-19. Lancet. 2020;395(10234):1417–8.

	25.	 Chen X, Fu YY, Zhang TY. Role of viral infection in sudden hear-
ing loss. J Int Med Res. 2019;47(07):2865–72.

	26.	 Schuknecht HF, Donovan ED. The pathology of idiopathic 
sudden sensorineural hearing loss. Arch Otorhinolaryngol. 
1986;243:1.

	27.	 Kilic O, Kalcioglu MT, Cag Y, Tuysuz O, Pektas E, Caskurlu 
H, Cetın F. Could sudden sensorineural hearing loss be the sole 
manifestation of COVID-19? An investigation into SARS-COV-2 
in the etiology of sudden sensorineural hearing loss. Int J Infect 
Dis. 2020;97:208–11.

	28.	 Koumpa, F.S., Forde, C.T. and Manjaly, J.G, Sudden irrevers-
ible hearing loss post COVID-19. BMJ Case Reports CP., 
2020:13(11), p.e238419.

	29.	 Ricciardiello F, Pisani D, Viola P, Cristiano E, Scarpa A, Gian-
none A, Longo G, Russo G, Bocchetti M, Coppola C, et al. Sud-
den sensorineural hearing loss in mild COVID case series and 
analysis of the literature. Audiol. Res. 2021;11:313–26. https://​
doi.​org/​10.​3390/​audio​lres1​10300​29.

	30.	 Jeong J, Choi HS. Sudden sensorineural hearing loss after 
COVID-19 vaccination. Int J Infect Dis. 2021;113:341–3.

	31.	 Okhovat S, Fox R, Magill J, Narula A. Sudden onset unilateral 
sensorineural hearing loss after rabies vaccination. BMJ Case 
Rep. 2015;2015:bcr2015211977, 2015:​bcr20​15211​977.

	32.	 Soliman S. Development and standardization of Arabic language 
central auditory tests. Unpublished Doctorate thesis. In:  Ain 
Shams University. Cairo: Egypt; 1985.

	33.	 Soliman SM. Speech discrimination audiometry using Arabic 
Kindergarten Phonetically Balanced (PB-KG) words. Ain Shams 
Med J. 1976;27:27–30.

	34.	 Clark J. Uses and abuses of hearing loss classification. ASHA. 
1981;23:493–500.

	35.	 IBM Corp. Released 2016. IBM SPSS Statistics for Windows, 
Version 24.0. Armonk: IBM Corp. 

	36.	 Wilson WR, Veltri RW, Laird N, et al. Viral and epidemiologic 
studies of idiopathic sudden hearing loss. Otolaryngol Head Neck 
Surg. 1983;91:653.

	37.	 Nomura Y, Kurata T, Saito K. Cochlear changes after herpes sim-
plex virus infection. Acta Otolaryngol. 1985;99(3–4):419–27.

	38.	 Esaki S, Goshima F, Kimura H, Ikeda S, Katsumi S, Kabaya K, 
Murakami S. Auditory and vestibular defects induced by experi-
mental labyrinthitis following herpes simplex virus in mice. Acta 
Otolaryngol. 2011;131(7):684–91.

	39.	 Yun NE, Ronca S, Tamura A, Koma T, Seregin AV, Dineley KT, 
et al. Animal model of sensorineural hearing loss associated with 
Lassa virus infection. J Virol. 2015;90:2920–7.

	40.	 Cashman KA, Wilkinson ER, Zeng X, Cardile AP, Facemire 
PR, Bell TM, et al. Immune-mediated systemic vasculitis as 
the proposed cause of sudden-onset sensorineural hearing loss 

https://doi.org/10.20344/amp.13547
https://doi.org/10.1164/rccm.2014P7
https://doi.org/10.1002/jmv.25822
https://doi.org/10.1002/jmv.25822
https://doi.org/10.1016/j.ijid.2020.03.004
https://doi.org/10.3390/audiolres11030029
https://doi.org/10.3390/audiolres11030029
https://doi.org/2015:bcr2015211977


	 SN Comprehensive Clinical Medicine (2023) 5:8787  Page 8 of 8

following Lassa virus exposure in cynomolgus macaques. mBio. 
2018;9:e01896–e1918.

	41.	 Suzuki M, Saito K, Min WP, Vladau C, Toida K, Itoh H, et al. 
Identification of viruses in patients with postviral olfactory dys-
function. Laryngoscope. 2007;117:272–7.

	42.	 Desforges M, Favreau DJ, Brison E, Desjardins J, Meessen-Pinard 
M, Jacomy H, et al. Human coronavirus: respiratory pathogens 
revisited as infectious neuro-invasive, neurotropic, and neuroviru-
lent agents: CRC Press; 2013. p. 93–122.

	43.	 Arabi YM, Balkhy HH, Hayden FG, Bouchama A, Luke T, Bail-
lie JK, et al. Middle East respiratory syndrome. N Engl J Med. 
2017;37:584–94.

	44.	 National Health Commission of the Peoples Republic of China. 
Diagnosis and treatment of the novel coronavirus pneumonia 
(Trial version 7) [D]. Published. 2020 http://​www.​nhc.​gov.​cn/​
yzyg.j/​s7653p/​202003/​46c92​94a7d​fe4ce​f80dc7- f5912eb1989/
files/ce3e6945832a438eaae415350a8ce964.pdf [Accessed 03 
March 2020].

	45.	 Jesuthasan A, Massey F, Manji H, Zandi MS, Wiethoff S. Emerg-
ing potential mechanisms and predispositions to the neurological 
manifestations of COVID-19. J. Neurol Sci. 2021;428:117608.

	46.	 Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla DE, 
Spudich S, et al. Neuropathogenesis and neurologic manifestations 

of the coronaviruses in the age of coronavirus disease 2019. 
JAMA Neurol. 77(8):1018–27. https://​doi.​org/​10.​1001/​jaman​
eurol.​2020.​2065.

	47.	 Chaumont H, Etienne P, Roze E, et al. Acute meningoencephalitis 
in a patient with COVID-19. Revue Neurol. 2020;176:519–21. 
https://​doi.​org/​10.​1016/j.​neurol.​2020.​04.​014.

	48.	 Swain SK, Das S, Lenka S. Sudden sensorineural hearing loss 
among COVID-19 patients-our experiences at an Indian Teaching 
Hospital. Siriraj Med J. 2021;73(2):77–83.

	49.	 Parrino D, Frosolini A, Toninato D, Matarazzo A, Marioni G, de 
Filippis C. Sudden hearing loss and vestibular disorders during 
and before COVID-19 pandemic: an audiology tertiary referral 
centre experience. Am J Otolaryngol. 2022;43(1):103241.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

http://www.nhc.gov.cn/yzyg.j/s7653p/202003/46c9294a7dfe4cef80dc7-
http://www.nhc.gov.cn/yzyg.j/s7653p/202003/46c9294a7dfe4cef80dc7-
https://doi.org/10.1001/jamaneurol.2020.2065
https://doi.org/10.1001/jamaneurol.2020.2065
https://doi.org/10.1016/j.neurol.2020.04.014

	The Incidence of Sudden Sensorineural Hearing Loss (SSNHL) in COVID-19 Patients in Tertiary Care Referral Units
	Abstract
	Background
	Materials and Methods
	Inclusion Criteria
	Exclusion Criteria

	Methods
	Initial Assessment and Evaluation
	Audiological Evaluation
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Recommendation
	Limitation of the Study

	References


