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Purpose: The present study assessed the prevalence of audio-vestibular symptoms following SARS-COV-2 infec-
tion or COVID-19 vaccination among children, comparing the two groups. A further aim was to evaluate whether
children with pre-existing unilateral hearing loss were more prone to adverse events.

Materials and methods: This retrospective study included children aged 5-11 years with normal hearing or a
proven history of unilateral hearing loss who contracted SARS-CoV-2 or received two doses of COVID-19 vaccine.
Tinnitus, hyperacusis, aural fullness, otalgia, otorrhea, new-onset hearing loss, vertigo and dizziness were
investigated as possible complications of SARS-CoV-2 infection or the COVID-19 vaccine.

Results: This study included 272 children (143 boys, 129 girls), with a mean age of 7.8 + 2.3 years. Among these,
120 were affected by pre-existing unilateral hearing loss.

The most common audio-vestibular symptoms reported by children following SARS-CoV-2 infection and COVID-
19 vaccination were aural fullness (33/132, 25 %) and dizziness (5/140, 3.6 %), respectively. All symptoms
following COVID-19 vaccination resolved within 24 h.

Compared to children who received the COVID-19 vaccine, those infected with SARS-CoV-2 had a higher
prevalence of tinnitus (p = 0.009), hyperacusis (p = 0.003), aural fullness (p < 0.001), otalgia (p < 0.001),
otorrhea (p < 0.001), and vertigo (p = 0.006). Two girls also experienced new-onset unilateral sensorineural
hearing loss following SARS-CoV-2 infection.

Children with a known history of unilateral hearing loss did not have a higher prevalence of audio-vestibular
symptoms than children with normal hearing.

Conclusions: Our results suggest that the COVID-19 vaccine is safe and can be recommended for children with
unilateral hearing loss without fear of possible audio-vestibular sequelae.

1. Introduction

People of all ages are susceptible to SARS-CoV-2 (severe acute res-
piratory syndrome coronavirus 2) infection, with children and adoles-
cents under 20 years of age accounting for 21 % of reported COVID-19
(coronavirus disease 19) cases and 0.4 % of all COVID-19 deaths [1].
Some systematic reviews have shown that COVID-19 appears to be less
severe and has a better prognosis in children than adults [2,3] for
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various reasons, including different immune responses and expression
patterns of the angiotensin converting enzyme (ACE) 2 receptor, viral
interferences, pre-existing cross-reactive antibodies, healthier blood
vessels, and age-related differences in the nasopharyngeal microbiota
[4,5].

However, although SARS-CoV-2 infection is often asymptomatic or
paucisymptomatic in pediatric patients, some serious complications,
such as multisystem inflammatory syndrome in children (MIS-C) and long
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COVID, can develop [6]. According to the Centers for Disease Control and
Prevention (CDC), approximately 1 in 3 children younger than 18 years
old hospitalized with COVID-19 have no underlying medical conditions,
and almost half of all reported cases of MIS-C occur in children aged
between 5 and 11 years [7].

In Italy, since the beginning of the pandemic, >10,000 children aged
11 years or under have been hospitalized due to COVID-19 [8]. There-
fore, in this context, COVID-19 vaccination represents an important tool
to protect not only frail pediatric patients but also children without
comorbidities from severe disease, hospitalization, or death due to
SARS-CoV-2 infection [7]. Additional reasons for vaccinating children
include reducing community transmission and avoiding quarantine,
school closures and other restrictions on social activities, resulting in
psychological and physical benefits for the pediatric population [8,9].

In Italy, on December 1, 2021, the Scientific-Technical Committee of
AIFA (Italian Medicines Agency) approved the use of the Pfizer-
BioNTech (BNT162b2) vaccine for children aged 5 to 11 years, with
two doses administered three weeks apart [10]. Each dose of antigen in
the vaccine is 10 pg, one-third of that administered starting at 12 years
of age (30 pg) [8,10]. Since then, our Pediatric Outpatient Audiology
Clinic has been contacted by phone, email or in-person visits by several
parents of children affected by pre-existing unilateral hearing loss to
inquire about the possibility that COVID-19 vaccination could nega-
tively impact the audio-vestibular system and worsen the hearing
threshold of the child's healthy ear. However, despite an extensive
search, we failed to identify any report that specifically investigated this
important issue.

Therefore, we decided to conduct a retrospective study aimed at
assessing the prevalence of audiological and vestibular symptoms
following SARS-COV-2 infection or COVID-19 vaccination among chil-
dren aged 5-11 years, specifically investigating whether children with
pre-existing unilateral hearing loss are more prone to adverse events.

2. Materials and methods

This retrospective study was conducted at the Pediatric Audiology
Outpatient Clinic of the “Fondazione IRCCS Ca' Granda, Ospedale
Maggiore Policlinico” (third-level referral audiological center) in Milan
(Italy) between January 1, 2022, and July 31, 2022.

The study inclusion criteria were as follows:

1) Children 5 through 11 years of age with a recent history of SARS-
CoV-2 infection, confirmed by nasopharyngeal swabs processed by
reverse transcription polymerase chain reaction (RT-PCR), or children
who received two doses of Pfizer-BioNTech (BNT162b2) COVID-19
vaccine;

2) A proven history of normal hearing (confirmed by pure tone
audiometry performed no >6 months earlier) or a history of unilateral
sensorineural hearing loss (diagnosed at least 6 months earlier) of un-
known etiology;

3) Audiological assessments (otomicroscopy, tympanometry, and
pure tone audiometry) performed 3-6 weeks after the diagnosis of SARS-
CoV-2 infection or 1-2 weeks after the second dose of COVID-19
vaccine.

This study excluded children with the following conditions:

-a recent history (<6 months) of audiological and/or vestibular
symptoms prior to the diagnosis of SARS-CoV-2 infection or the
administration of COVID-19 vaccine.

-a family history of hearing loss.

-congenital malformations or pathologies of the outer, middle and
inner ear and/or acoustic nerve.

-congenital cytomegalovirus infection.

-genetic syndromes associated with hearing loss.

-mutations in genes associated with hearing loss, identified by “next-
generation sequencing”.

-otomicroscopic evidence of middle ear effusion and type B (flat)
tympanogram.
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-recent head trauma, exposure to ototoxic drugs, exposure to loud
noises or systemic infections.

Children with normal hearing were referred to our Pediatric Audi-
ology Outpatient Clinic for ear wax removal or according to the audio-
logical surveillance program, while children with unilateral hearing loss
had a scheduled follow-up visit.

A detailed medical history was collected for each child through
targeted questions posed by experienced physicians. The audio-
vestibular symptoms investigated during the visit and analyzed in the
present study were tinnitus, hyperacusis, aural fullness, otalgia, otor-
rhea, vertigo and dizziness. The patients' parents helped to accurately
define the onset and duration of symptoms following SARS-CoV-2
infection or single doses of COVID-19 vaccine.

This retrospective study was conducted according to the World
Medical Association's Declaration of Helsinki and approved by the local
ethics committee. Informed consent was obtained from the children's
parents.

2.1. Statistical analysis

We used the chi-squared test or Fisher's exact test to analyze cate-
gorical variables. Statistical analyses were performed with Stata 16
software (StataCorp. 2019). A P value of <0.05 was accepted as statis-
tically significant.

3. Results

A total of 272 children (143 boys, 129 girls) met the inclusion
criteria, and they had a mean age of 7.8 (+2.3) years (range 5-11). Of
these, 120 were affected by pre-existing unilateral sensorineural hearing
loss (ranging from mild to profound). Overall, 132 children had been
affected by SARS-CoV-2 infection, while 140 had received two doses of
COVID-19 vaccine. The characteristics of the study population are
summarized in Table 1.

The most common audio-vestibular symptoms reported by the chil-
dren following SARS-CoV-2 infection and COVID-19 vaccination were
aural fullness (33/132, 25 %) and dizziness (5/140, 3.6 %), respectively
(Table 2). Compared to children who received the COVID-19 vaccine,
those infected with SARS-CoV-2 had a higher prevalence of tinnitus (p =
0.009), hyperacusis (p = 0.003), aural fullness (p < 0.001), otalgia (p <
0.001), otorrhea (p < 0.001), and vertigo (p = 0.006) (Table 2).

Among patients with SARS-CoV-2 infection, any audio-vestibular
symptoms, except vertigo, started most frequently within 2 weeks of a
virologically confirmed diagnosis (Table 3). All audio-vestibular symp-
toms following COVID-19 vaccination (14/14, 100 %) resolved spon-
taneously within 24 h, while most audio-vestibular symptoms following
SARS-CoV-2 infection (83/109, 76.1 %) persisted for a minimum of 5
days. Among children with vertigo, 3 (42.9 %) cases received a
confirmed diagnosis of vestibular neuritis and 1 (14.3 %) of laby-
rinthitis; in the remaining 3 cases (42.9 %), there was no clinical evi-
dence of vestibular or central impairment.

Table 1
Characteristics of the study population.

SARS-CoV-2 infection =~ COVID-19 vaccine  P-

N N Value
Sex
Male 69 74 0.92
Female 63 66
Age
5 to <8 years 69 65 0.34
8 to <12 years 63 75
Hearing
Normal 76 76 0.58
Unilateral hearing loss 56 64
Total 132 140
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Table 2

Audio-vestibular symptoms following SARS-CoV-2 infection and COVID-19 vaccination.

Dizziness
N (%)

P-

Vertigo
N (%)

P-

Otorrhea
N (%)

P-

Otalgia
N (%)

Aural fullness

N (%)

P-

Hyperacusis
N (%)

P-

Tinnitus
N (%)

Value

Value

Value

Value

Value

Value

Value

9(6.8 %)
5(3.6 %)

7(5.3 %) 0.006"
0(0 %)

<0.001"

11(8.3 %)

0(0 %)

<0.001"

23(17.4 %)
0(0.0 %)

<0.001"

33(25 %)

0.003"

15 (11.4 %)
3(2.1 %)

11 (8.3 %) 0.009"

2 (1.4 %)

132
140

SARS-CoV-2

4(2.9 %)

COVID-19 vaccine

2 Statistically significant.
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New-onset sensorineural hearing loss was found in two girls
following SARS-CoV-2 infection: a 10-year-old girl experienced a uni-
lateral hearing loss of mild grade, while an 11-year-old girl experienced
a unilateral hearing loss of moderate grade. No cases of hearing loss
were observed following COVID-19 vaccination.

Children with pre-existing unilateral hearing loss did not have a
higher prevalence of audio-vestibular symptoms than children with
normal hearing, either after SARS-CoV-2 infection (Table 4) or after
COVID-19 vaccination (Table 5).

4. Discussion

The present study assessed the prevalence of audiological and
vestibular symptoms following SARS-COV-2 infection or COVID-19
vaccination among children aged 5-11 years who attended a third-
level referral audiological center. While several studies have described
audio-vestibular disorders, such as sudden sensorineural hearing loss,
tinnitus, and vertigo, as possible manifestations following SARS-CoV-2
infection [11,12] and COVID-19 vaccines in adults [13-15], there are
very few reports concerning the pediatric population [16-19].

Hijazi et al. found that the only otologic symptoms in 660 pediatric
patients with COVID-19 were otalgia and ear fullness, reported in 1.8 %
and 0.5 % of cases, respectively [16]. A recent systematic review and
meta-analysis of otorhinolaryngological manifestations of COVID-19 in
pediatric patients confirmed that hearing loss and vertigo were rarely
reported [17]. A study by Tufatulin et al. that evaluated 87 children in
three cities in Russia found no cases of hearing loss or central auditory
processing disorders after SARS-CoV-2 infection [18]. Conversely, Swain
et al. reported that among 192 children with COVID-19, 20 (10.4 %)
presented with tinnitus, 16 (8.3 %) with hearing loss, and 8 with both
hearing loss and tinnitus (4.2 %) [19].

In the present study, the main audiological/otologic symptoms re-
ported by children after SARS-CoV-2 infection were aural fullness (25
%) and otalgia (17.4 %), followed by hyperacusis (11.4 %), tinnitus (8.3
%) and otorrhea (8.3 %), and they were probably due to inflammation of
the nasopharynx leading to eustachian tube dysfunction [20]. Moreover,
among patients with SARS-CoV-2 infection, dizziness and vertigo were
reported in 6.8 % and 5.3 % of cases, respectively. Interestingly, while
most cases of dizziness started within the first two weeks, the onset of
vertigo in 6 out of 7 cases was between 2 and 4 weeks after the virologic
diagnosis. This could be explained by a different etiopathogenic basis;
indeed, dizziness is often due to psychological and metabolic causes
exacerbated by stress during acute infection and mandatory quarantine,
while vertigo may be the consequence of acute peripheral vestibulop-
athy caused by SARS-CoV-2 infection through direct damage, interac-
tion with ACE-2 receptors, ischemia of the vasa nervorum, inflammatory
demyelination or reactivation of herpes simplex virus 1 in the vestibular
ganglia [12].

Giirkas et al. found that only one of 312 children complained of
vertigo [21]. Giannantonio et al. described the case of a child with
COVID-19-induced vestibular neuritis who recovered spontaneously
after one month [22]. In a study by Dilber et al., dizziness was observed
in 55 of 382 (14.4 %) pediatric patients, and 3 (0.8 %) children were
hospitalized due to dizziness [23]. Furthermore, dizziness was consid-
ered one of the most common symptoms of long COVID in children [24].

Almost all adverse audio-vestibular effects of COVID-19 vaccines
have been described in adult patients [13-15]. In the United States,
approximately 8.7 million doses of Pfizer-BioNTech COVID-19
(BNT162b2) vaccine were administered to children aged 5-11 years
between November 3, 2021, and December 19, 2021, with 4249 reports
of adverse events after vaccination; most cases (97.6 %) were not
serious. Dizziness was reported by 244 children, accounting for 5.9 % of
all adverse effects [25]. Overall, several clinical trials and surveillance
studies based on real-life data have widely demonstrated that two doses
of the BNT162b2 vaccine are safe, immunogenic, and effective at pre-
venting symptomatic COVID-19 in children aged 5-11 years [8,25-28].
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Table 3
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Onset of audio-vestibular symptoms following SARS-CoV-2 infection and COVID-19 vaccination.

SARS-CoV-2 infection

COVID-19 vaccine

Onset Onset between 2 and 4 N Onset within a week of the Onset within a week of the Onset within a week of the 1st N
within weeks (total) 1st dose 2nd dose and 2nd dose (total)
2 weeks N (%) N (%) N (%) N (%)
N (%)
Tinnitus 9 (81.8 %) 2 (18.2 %) 11 1 (50 %) 0 (0 %) 1 (50 %) 2
Hyperacusis 14 (93.3 1 (6.7 %) 15 2 (66.7 %) 1(33.3 %) 0 (0 %) 3
%)
Aural 31 (93.9 2 (6.1 %) 33 1 (25 %) 1 (25 %) 2 (50 %) 4
fullness %)
Otalgia 21 (91.3 2 (8.7 %) 23 0 (0 %) 0 (0 %) 0 (0 %) 0
%)
Otorrhea 11 (100 %) 0 (0 %) 11 0 (0 %) 0 (0 %) 0 (0 %) 0
Vertigo 1 (14.3 %) 6 (85.7 %) 7 0 (0 %) 0 (0 %) 0 (0 %) 0
Dizziness 7 (77.8.%) 2(22.2 %) 9 1 (20 %) 1 (20 %) 3 (60 %) 5
Table 4
Audio-vestibular symptoms following SARS-CoV-2 infection according to children's pre-existing hearing status.
N Tinnitus  P- Hyperacusis ~ P- Aural P- Otalgia P- Otorrhea  P- Vertigo P- Dizziness  P-
N (%) Value N (%) Value  fullness Value N (%) Value N (%) Value N (%) Value N (%) Value
N (%)
Hearing
Normal 76 7 (9.2 0.76 7 (9.2 %) 0.41 20 (26.3 0.84 16 0.25 7 (9.2 %) 0.76 7 (9.2 0.02° 4 (5.3 %) 0.49
%) %) (21.1 %)
%)
Unilateral 56 4(7.1 8 (14.3 %) 13 (23.2 7 (12.5 4(7.1 %) 0 (0 %) 5 (8.9 %)
hearing %) %) %)
loss
2 Statistically significant.
Table 5
Audio-vestibular symptoms following COVID-19 vaccination according to children's pre-existing hearing status.
N Tinnitus P- Hyperacusis  P- Aural P- Otalgia  P- Otorrhea  P- Vertigo  P- Dizziness  P-
N (%) Value N (%) Value fullness Value N (%) Value N (%) Value N (%) Value N (%) Value
N (%)
Hearing
Normal 76 1(1.3 0.99 2 (2.6 %) 0.99 3(3.9%) 0.63 0 (0 %) 1 0 (0 %) 1 0 (0 %) 1 4 (5.3 %) 0.38
%)
Unilateral 64 1(1.6 1(1.6 %) 1 (1.6 %) 0 (0 %) 0 (0 %) 0 (0 %) 1(1.6 %)
hearing loss %)

In this study, we observed 14 transient audio-vestibular symptoms
following administration of the COVID-19 vaccine. These symptoms
occurred within 1 week of the first dose (n = 5), within one week of the
second dose (n = 3), or within one week of both doses (n = 6) and
resolved spontaneously within 24 h. The most common audio-vestibular
symptoms reported by children after COVID-19 vaccination were
dizziness (3.6 %) and aural fullness (2.9 %), followed by hyperacusis
(2.1 %) and tinnitus (1.4 %). The pathophysiological mechanisms un-
derlying these symptoms are unclear, but abnormal autoimmune re-
sponses and anxiety-related adverse events following immunization may
be hypothesized [13-15].

Children with pre-existing unilateral hearing loss did not have an
increased risk of developing audio-vestibular symptoms following
COVID-19 vaccination, highlighting that authorized COVID-19 vacci-
nation is not a risk factor for hearing impairment in this clinical
population.

The present study has several limitations. First, it is retrospective and
not population based. Moreover, a relatively small number of pediatric
patients were assessed in a single audiologic center. Another important
limitation is the short evaluation period with no subsequent follow-up.
Future developments of this research could involve evaluating the
possible long-term consequences of SARS-CoV-2 infection and COVID-
19 vaccination on the auditory and vestibular systems in children.

Further population-based multicenter studies are needed to confirm
our findings.

5. Conclusions

To the best of our knowledge, this is the first study to specifically
evaluate audio-vestibular symptoms in children aged 5-11 years
following SARS-CoV-2 infection or COVID-19 vaccination and to
determine whether children with pre-existing unilateral hearing loss are
more prone to adverse events.

Children who received two doses of the COVID-19 vaccine had a
significantly lower prevalence of tinnitus, hyperacusis, aural fullness,
otalgia, otorrhea and vertigo than children infected with SARS-CoV-2.
Moreover, all audio-vestibular symptoms following COVID-19 vaccina-
tion were transient and resolved within one day, and children affected
by pre-existing unilateral hearing loss did not show an increased risk of
adverse events.

In conclusion, the present study confirms the safety of the COVID-19
vaccine with regard to the audio-vestibular system. Conversely, it also
demonstrates that SARS-CoV-2 infection can cause audio-vestibular
symptoms in a high percentage of the pediatric population.

Furthermore, the results of this study suggest that COVID-19 vacci-
nation can be safely recommended for children with pre-existing
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unilateral hearing loss, as no risk of cochlear or vestibular damage
emerged in the studied population.
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