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IMPORTANCE Identification of adverse events after vaccination increases awareness of
vaccine-associated complications, leading to early diagnosis and treatment. Evidence remains
scarce on the association between the BNT162b2 messenger RNA (mRNA) COVID-19 vaccine
(Pfizer-BioNTech) and sudden sensorineural hearing loss (SSNHL).

OBJECTIVE To assess the association between the BNT162b2 mRNA COVID-19 vaccine
and SSNHL.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, population-based cohort study was
performed from December 20, 2020, to May 31, 2021, using data from the largest health care
organization in Israel. Patients 16 years or older who received the first vaccine dose between
December 20, 2020, and April 30, 2021, and the second vaccine dose between January 10,
2021, and April 30, 2021, were included.

EXPOSURES Receipt of first and second BNT162b2 mRNA COVID-19 vaccine doses.

MAIN OUTCOMES AND MEASURES The main outcome was SSNHL based on International
Classification of Diseases, Ninth Revision (ICD-9) codes in conjunction with concurrent
prednisone dispensing. Observed cases of SSNHL, occurring within 21 days after each
of the first and second vaccine doses, were compared with the expected cases based
on the experience of the population in 2018 and 2019. Standardized incidence ratios (SIRs)
and attributable risks were computed.

RESULTS Overall, 2 602 557 patients (mean [SD] age, 46.8 [19.6] years; 51.5% female)
received the first dose of BNT162b2 mRNA COVID-19 vaccine, with 91 cases of SSNHL
reported. Of these patients, 2 441 719 (93.8%) received the second vaccine dose, with 79
cases of SSNHL reported. The age- and sex-weighted SIRs were 1.35 (95% CI, 1.09-1.65) after
the first vaccine dose and 1.23 (95% CI, 0.98-1.53) after the second vaccine dose. After the
first vaccine dose, the estimated SIRs were more pronounced in female patients aged 16 to
44 years (SIR, 1.92; 95% CI, 0.98-3.43) and female patients 65 years or older (SIR, 1.68;
95% CI, 1.15-2.37). After the second vaccine dose, the highest estimated SIR was observed in
male patients 16 to 44 years (SIR, 2.45; 95% CI, 1.36-4.07). The attributable risks were
generally small, and the results were similar when 2019 was used as a reference to estimate
the expected number of SSNHL cases.

CONCLUSIONS AND RELEVANCE This study suggests that the BNT162b2 mRNA COVID-19
vaccine might be associated with increased risk of SSNHL; however, the effect size is very
small. Further studies are warranted to establish this possible association.
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S udden sensorineural hearing loss (SSNHL) is an acute
symptom, with patients experiencing unilateral abrupt
impairment of hearing. This condition affects 5 to 27 per

100 000 people annually, and approximately 66 000 new cases
occur per year in the US.1 Sudden sensorineural hearing loss
is defined as hearing loss of more than 30 dB over 3 consecu-
tive frequencies in an interval of 72 hours.2 The exact patho-
physiologic mechanism of the disease is still unknown, with
the most likely causative factor being viral infection.3,4 Pa-
tients with SSNHL might experience permanent hearing loss
and tinnitus; thus, prompt assessment, diagnosis, and treat-
ment are essential.2 Treatment consists of corticosteroids,
which are usually given orally. Corticosteroids should be of-
fered as soon as the loss of hearing is identified by audiogra-
phy and preferably within 2 weeks of onset of hearing loss.2

Intratympanic corticosteroid injection is given as salvage treat-
ment; however, it may be used as primary treatment.

The COVID-19 pandemic has influenced the entire world,
with a wide effect on medical, social, and economic issues. Sev-
eral studies5-7 have assessed the association between sudden
hearing loss and COVID-19, reporting an increased risk of hear-
ing loss during or after COVID-19. After the introduction of the
BNT162b2 messenger RNA (mRNA) COVID-19 vaccine (Pfizer-
BioNTech), we believed that more SSNHL cases were being
diagnosed with proximity to COVID-19 vaccination, suggest-
ing an association between the COVID-19 vaccine and SSNHL.
However, Formeister et al8 recently reported that the inci-
dence of SSNHL occurring after COVID-19 vaccination does not
exceed that of the general population and may be lower. In the
current study, we take advantage of the electronic databases
of the largest health organization in Israel to examine the as-
sociation between vaccination with the BNT162b2 mRNA
COVID-19 vaccine and SSNHL.

Methods
The study was approved by the institutional review board of
the Lady Davis Medical Center and conducted in accordance
with the Declaration of Helsinki.9 Owing to the retrospective
nature of the study, a waiver of informed consent was granted
by the institutional review board. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Source of Data
This study is based on data from the computerized database
of Clalit Health Services (CHS), which provides inclusive health
care for more than half of the Israeli population (approxi-
mately 4.7 million people). Health care coverage in Israel is
mandatory according to the National Health Insurance Law
(1995) and is provided by 4 groups akin to not-for-profit health
maintenance organizations (HMOs), which are charged with
providing a broad package of benefits stipulated by the gov-
ernment. The 4 HMOs are both health care insurers and health
care organizations, thus financing and supplying health ser-
vices. Membership in a specific HMO is voluntary, and mem-
bers can freely switch to another HMO. All members of the

different HMOs have a similar health insurance plan and simi-
lar access to health services, including low medication copay-
ments. The CHS maintains a database that receives data from
multiple sources, including records of primary care physi-
cians, community specialty clinics, hospitalizations, labora-
tories, and pharmacies. Designed for administrative and clini-
cal management, the database is available for clinical studies.
Several high-quality population-based studies10,11 have been
conducted based on data retrieved from this database.

Study Design and Population
We performed a retrospective cohort study with a nonconcur-
rent historic comparative group. In this approach, the ob-
served cases of SSNHL appearing after COVID-19 vaccination
were compared with the expected cases of SSNHL as esti-
mated based on the experience of the CHS population in 2018
and 2019 before the COVID-19 pandemic and vaccine intro-
duction in Israel.

To estimate the observed cases of SSNHL after the first vac-
cine dose, we identified all CHS members aged 16 years or older
who received the first dose of the vaccine from December 20,
2020, the start date of the mass COVID-19 vaccination cam-
paign in Israel, until April 30, 2021. Identified individuals con-
stitute the population for the estimation of the standardized
incidence ratio (SIR) of SSNHL after the first vaccine dose.
Among these individuals, those who were not diagnosed with
SSNHL after the first vaccine dose and received the second vac-
cine dose by April 30, 2021, constituted the population for
the estimation of SIR after the second vaccine dose.

Study Variables
Identification of patients with SSNHL was based on Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) codes
(388.2, 389.1, 389.10-389.13, 389.15-389.18, 389.8, and 389.9)
from discharge diagnosis, emergency department visits, pri-
mary care physician visits, and community specialty clinic vis-
its. However, the ICD-9 codes include diagnosis of sensori-
neural hearing loss and do not contain an explicit diagnosis for
SSNHL. Hence, a diagnosis of SSNHL was considered only in
patients who were concurrently treated with prednisone, which
is the standard of care for this condition, defined as purchas-
ing a prescription starting from the date of diagnosis up to 30
days after diagnosis.

Key Points
Question Is there an association between the BNT162b2
messenger RNA (mRNA) COVID-19 vaccine and sudden
sensorineural hearing loss (SSNHL)?

Findings In this cohort study of 2 602 557 patients in Israel, an
association was found between the BNT162b2 mRNA COVID-19
vaccine and SSNHL as reflected by the high ratio of observed to
expected SSNHL cases; however, the effect size was very small.

Meaning Considering the small effect size of this association
and the good prognosis for patients with SSNHL, the potential
influence of this condition on public health appears to be
relatively minor.
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Data on the receipt of the BNT162b2 mRNA COVID-19
vaccine were retrieved from the CHS database. These data are
considered complete because since the start of the COVID-19
pandemic, the Israeli Ministry of Health has been collecting
all COVID-19–related data and activities, including vaccina-
tion status, in a national database. The collected data are trans-
ferred daily to the HMOs.

Statistical Analysis
The observed numbers of cases of SSNHL that occurred within
21 days after each of the first and second vaccine doses were
compared with the expected number of cases based on esti-
mation from historic data. The time window of 21 days is
deemed to be sufficient for short-term complications, with-
out being so long as to dilute the effect, and is in line with the
time window used in a recently published similar study.8 Ob-
served cases after the first vaccine dose were assessed in those
who received the first dose between December 20, 2020, and
April 30, 2021, and the observed cases after the second vac-
cine dose were assessed in those who received the second dose
between January 10, 2021, and April 30, 2021. Both cohorts
were retrospectively followed up through May 31, 2021, for
SSNHL ascertainment. Kaplan-Meier curves were used to de-
pict the distribution of time to SSNHL since the receipt of the
first and the second vaccine doses. The expected cases of
SSNHL after vaccination were estimated based on the experi-
ence of the CHS population, used as the reference standard
population, in 2018 and 2019 during the same period (Janu-
ary to May). The number of SSNHL cases expected to occur
within 21 days after each vaccine dose was calculated by mul-
tiplying sex- and age group (16-44, 45-64, and ≥65 years)–
specific rates in the reference population by the person-time
at risk of the corresponding stratum among those who received
the vaccine. Standardized incidence ratios were calculated by
dividing the observed by the expected number of SSNHL cases
for each vaccine dose, sex, and age group (16-44, 45-64, and
≥65 years). We used an indirect standardization technique to
control for age and sex. The sex- and age-weighted (adjusted)
SIRs were estimated by dividing the sum of the sex- and age-
specific observed cases by the expected cases of SSNHL.
We calculated the attributable risk fraction (ARF) among vac-
cinated individuals as (SIR − 1)/SIR and computed attribut-
able risks (ARs) for 100 000 vaccine doses by multiplying the
risk after each vaccine dose by the ARF. The 95% CIs for SIR,
ARF, and AR estimates were computed using the mid-P exact
test. P < .05 for the 2-tailed tests was considered to be statis-
tically significant.

We performed 2 sensitivity analyses in which we calcu-
lated SIRs for follow-up of 60 days after the first and second
vaccine doses instead of the 21 days used in the main analy-
sis. For the first vaccine dose, this analysis was confined to data
from 113 579 individuals who received the first vaccine dose
by March 31, 2021, and have no documentation of second dose
receipt during the following 60 days. For the second vaccine
dose, this analysis relied on data from 2 317 305 individuals who
received the second vaccine dose by March 31, 2021. As in the
main analysis, both cohorts were retrospectively followed up
through May 31, 2021, for SSNHL ascertainment. Because of

the small number (n = 13) of individuals with SSNHL after the
first vaccine dose, only the age- and sex-weighted SIR is re-
ported, whereas for individuals with SSNHL after the second
vaccine dose, the age- and sex-specific as well as the weighted
SIRs are presented.

Results
Overall, 2 602 557 CHS members (mean [SD] age, 46.8 [19.6]
years; 51.5% female) received the first dose of the BNT162b2
mRNA COVID-19 vaccine between December 20, 2020, and
April 30, 2021. Of these individuals, 2 441 719 received the sec-
ond vaccine dose between January 10, 2021, and April 30, 2021.
The sex and age distributions of the vaccinated individuals and
of the reference control groups are given in the eTable in the
Supplement. Sudden sensorineural hearing loss was de-
tected within 21 days in 91 patients after the first vaccine dose,
reflecting a 21-day cumulative incidence of 3.50 per 100 000
individuals, and in 79 patients after the second vaccine
dose, reflecting a 21-day cumulative incidence of 3.24 per
100 000 individuals (Table 1 and Table 2). The distribution of
time to SSNHL since the receipt of each vaccine dose is de-
picted in the Figure.

Person-times at risk and incidence rates for the vacci-
nated populations and the reference populations in previous
years are given in Table 3. The incidence rate of SSNHL was
60.77 (95% CI, 48.29-73.26) per 100 000 person-years after the
first vaccine dose and 56.24 (95% CI, 43.83-68.64) per 100 000
person-years after the second vaccine dose. The correspond-
ing incidence rates of SSNHL in the previous reference years
were 41.50 (95% CI, 37.98-45.01) per 100 000 person-years in
2018 and 44.46 (95% CI, 40.85-48.07) per 100 000 person-
years in 2019 (Table 3).

With the experience of the population in 2018 used as
reference, the age- and sex-weighted SIRs were 1.35 (95% CI,
1.09-1.65) for the first vaccine dose and 1.23 (95% CI, 0.98-
1.53) for the second dose (Table 1). Stratified analysis by sex
and age groups showed that the magnitude of the SIRs after
the first vaccine dose tended to be higher in females aged 16
to 44 years (SIR, 1.92; 95% CI, 0.98-3.43) and 65 years or
older (SIR, 1.68; 95% CI, 1.15-2.37). After the second vaccine
dose, the highest estimated SIR was observed in males aged
16 to 44 years (SIR, 2.45; 95% CI, 1.36-4.07) (Table 1). The
ARs were generally small, with the highest AR of 3.74 per
100 000 vaccinees detected in women 65 years or older
(Table 1). The pattern of the association was similar when we
repeated the analysis by using the experience of the popula-
tion in 2019 as reference (Table 2).

In the sensitivity analysis, extending follow-up to 60 days
after the first vaccine dose was available for 113 579 vacci-
nated individuals who had not received the second dose. Of
these patients, only 13 had SSNHL, yielding an age- and sex-
weighted SIR of 1.86 (95% CI, 1.04-3.10), using 2018 as refer-
ence population. Extending follow-up to 60 days after the sec-
ond vaccine dose was assessed in 2 317 305 individuals, of
whom 205 had SSNHL. The results were similar to the results
for 21-day follow-up, with an age- and sex-weighted SIR of
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1.15 (95% CI, 1.00-1.23) and the highest SIR observed in males
aged 16 to 44 years (SIR, 2.07; 95% CI, 1.41-2.93) (Table 4).

Discussion
This population-based cohort study reveals a potential asso-
ciation between BNT162b2 mRNA COVID-19 vaccine uptake
and increased risk of SSNHL, although the effect size is very
small. This association appears to differ between age groups
and to be more pronounced in females after the first vaccine
dose and in males after the second dose. The introduction of
the BNT162b2 mRNA COVID-19 vaccine by Pfizer-BioNTech in
late 2020 was accompanied with safety concerns. Reported ad-

verse effects include local reactions, such as pain at the in-
jected site, and systemic adverse events, such as fatigue and
fever.12 Severe adverse events were reported in 1.2% of the vac-
cine group compared with 0.7% of the placebo group.13 To date,
several studies,11-14 including randomized clinical trials and ob-
servational studies, have investigated the safety of COVID-19
vaccines, with more emphasis on severe adverse events. Some
of these studies8,15 have assessed the association of the
COVID-19 vaccine with specific adverse events, including oto-
neurologic manifestations, such as SSNHL and Bell palsy. In
general, these studies11,14 investigated adverse events that were
included in prior safety studies, revealed an imbalance be-
tween the vaccine and placebo groups in clinical trials, ad-
dressed hypothetical concerns, or focused on emerging con-

Table 1. Standardized Incidence Ratio (SIR), Attributable Risk Fraction (ARF), and Attributable Risk (AR) of Sudden Sensorineural Hearing Loss
After the First and Second Doses of the BNT162b2 Messenger RNA COVID-19 Vaccine, Stratified by Sex and Age Groups
(Using 2018 as the Reference Category)

Group

No. of
vaccinated
individualsa

No. of
observed
casesb

Risk per 100 000
vaccinees (95% CI)c

No. of
expected
casesd SIR (95% CI)e ARF (95% CI)f

AR per 100 000
vaccinees (95% CI)g

First vaccine dose

Age- and sex-weighted 2 602 557 91 3.50 (2.78 to 4.21) 67.38 1.35 (1.09 to 1.65) 0.26 (0.08 to 0.39) 0.91 (0.29 to 1.38)

Males (n = 1 261 138)

Age, y

16-44 655 658 7 1.07 (0.28 to 1.86) 5.77 1.21 (0.53 to 2.40) 0.18 (−0.89 to 0.58) 0.19 (−0.95 to 0.62)

45-64 341 289 15 4.40 (2.17 to 6.62) 9.22 1.63 (0.94 to 2.62) 0.39 (−0.06 to 0.62) 1.69 (−0.28 to 2.72)

≥65 264 191 21 7.95 (4.55 to 11.35) 20.07 1.05 (0.66 to 1.57) 0.04 (−0.52 to 0.36) 0.35 (−4.10 to 2.89)

Age-weighted 1 261 138 43 3.41 (2.39 to 4.43) 32.01 1.34 (0.98 to 1.79) 0.26 (−0.02 to 0.44) 0.87 (−0.07 to 1.50)

Females (n = 1 341 419)

Age, y

16-44 661 032 10 1.51 (0.58 to 2.45) 5.21 1.92 (0.98 to 3.43) 0.48 (−0.02 to 0.71) 0.72 (−0.03 to 1.07)

45-64 355 666 8 2.25 (0.69 to 3.81) 9.24 0.87 (0.40 to 1.64) −0.16 (−1.50 to 0.39) −0.35 (−3.38 to 0.88)

≥65 324 721 30 9.24 (5.93 to 12.54) 17.87 1.68 (1.15 to 2.37) 0.40 (0.13 to 0.58) 3.74 (1.21 to 5.34)

Age-weighted 1 341 419 48 3.58 (2.57 to 4.59) 32.32 1.49 (1.11 to 1.95) 0.33 (0.10 to 0.49) 1.17 (0.35 to 1.74)

Second vaccine dose

Age- and sex-weighted 2 441 719 79 3.24 (2.52 to 3.59) 64.17 1.23 (0.98 to 1.53) 0.19 (−0.02 to 0.35) 0.61 (−0.07 to 1.12)

Males (n = 1 181 970)

Age, y

16-44 603 921 13 2.15 (0.98 to 3.32) 5.32 2.45 (1.36 to 4.07) 0.59 (0.26 to 0.75) 1.27 (0.57 to 1.62)

45-64 323 337 7 2.16 (0.56 to 3.77) 8.73 0.80 (0.35 to 1.59) −0.25 (−1.86 to 0.37) −0.54 (−4.01 to 0.80)

≥65 254 712 24 9.42 (5.65 to 13.19) 19.35 1.24 (0.81 to 1.82) 0.19 (−0.23 to 0.45) 1.83 (−2.21 to 4.24)

Age-weighted 1 181 970 44 3.72 (2.62 to 4.82) 33.40 1.32 (0.97 to 1.75) 0.24 (−0.03 to 0.43) 0.90 (−0.12 to 1.59)

Females (n = 1 259 749)

Age, y

16-44 610 436 3 0.49 (0.00 to 1.05) 4.81 0.62 (0.16 to 1.70) −0.60 (−5.25 to 0.41) −0.30 (−2.57 to 0.20)

45-64 336 112 12 3.57 (1.55 to 5.59) 8.73 1.37 (0.74 to 2.34) 0.27 (−0.35 to 0.57) 0.97 (−1.25 to 2.04)

≥65 313 201 20 6.39 (3.59 to 9.18) 17.23 1.16 (0.73 to 1.76) 0.14 (−0.37 to 0.43) 0.88 (−2.36 to 2.76)

Age-weighted 1 259 749 35 2.78 (1.86 to 3.70) 30.78 1.14 (0.80 to 1.56) 0.12 (−0.25 to 0.36) 0.34 (−0.69 to 1.00)
a Number of those who received the first vaccine dose between December 20,

2020, and April 30, 2021, or the second vaccine dose between January 10,
2021, and April 30, 2021.

b Number of observed cases of sudden sensorineural hearing loss (SSNHL) that
occurred within 21 days after receipt of the first or second vaccine dose.

c The risk of SSNHL within 21 days after receipt of the first or second vaccine
dose, estimated by dividing the number of observed cases by the number of
vaccinees and reported per 100 000 vaccinees.

d Number of SSNHL cases expected to occur within 21 days after receipt of

vaccine dose, estimated by multiplying the sex- and age group–specific rates
in the Clalit Health Services population between January and May 2018 (the
standard reference population) by the person-time at risk of the
corresponding stratum among those who received the vaccine dose.

e Calculated by dividing the observed cases by the expected number of cases
of SSNHL.

f Calculated as (SIR − 1)/SIR.
g Estimated by multiplying the ARF by the risk of SSNHL among vaccinated.
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cerns that have arisen during surveillance. However, except
for 1 preliminary study,8 none of these studies have included
SSNHL as an adverse event.

In the current study, the rationale for examining the asso-
ciation between BNT162b2 mRNA COVID-19 vaccine uptake
and SSNHL relied primarily on the observation of some cases
of SSNHL diagnosed a few days after vaccine uptake in our in-
stitute. Of interest, similar anecdotal reports were rapidly emerg-
ing from the otolaryngology community that led researchers
from Johns Hopkins University to conduct a preliminary analy-
sis to examine the association between COVID-19 vaccination
and SSNHL.8 These researchers assessed self-reported data from
the Centers for Disease Control and Prevention (Vaccine Ad-
verse Event Reporting System) that include reports after the

SARS-CoV-2 vaccine (BNT162b2 mRNA COVID-19 vaccine by
Pfizer-BioNTech and mRNA-1273 COVID-19 vaccine by Mod-
erna) and found that the incidence of SSNHL after COVID-19
vaccination did not exceed that of the general population and
may be even lower, suggesting no association between inocu-
lation with COVID-19 mRNA vaccination and SSNHL.8 How-
ever, because of the nature of self-reporting, this approach has
some limitations and therefore could not find such an associa-
tion. Compared with the previous study,8 our study has the
advantage of looking at the association after each vaccine dose
and assessing whether specific patient characteristics, such as
sex and age, might be associated with a higher risk of SSNHL.
Indeed, our study found that the magnitude of association dif-
fers by vaccine dose, age, and sex.

Table 2. Standardized Incidence Ratio (SIR), Attributable Risk Fraction (ARF), and Attributable Risk (AR) of Sudden Sensorineural Hearing Loss
After the First and Second Doses of the BNT162b2 Messenger RNA COVID-19 Vaccine, Stratified by Sex and Age Groups
(Using 2019 as the Reference Category)

Group

No. of
vaccinated
individualsa

No. of
observed
casesb

Risk per 100 000
vaccinees (95% CI)c

No. of
expected
casesd SIR (95% CI)e ARF (95% CI)f

AR per 100 000
vaccinees (95% CI)g

First vaccine dose

Age- and sex-weighted 2 602 557 91 3.50 (2.78 to 4.21) 71.56 1.27 (1.03 to 1.55) 0.21 (0.03 to 0.35) 0.75 (0.10 to 1.24)

Males (n = 1 261 138)

Age, y

16-44 655 658 7 1.07 (0.28 to 1.86) 5.90 1.19 (0.52 to 2.35) 0.16 (−0.92 to 0.57) 0.17 (−0.99 to 0.61)

45-64 341 289 15 4.40 (2.17 to 6.62) 11.94 1.26 (0.73 to 2.03) 0.20 (−0.37 to 0.51) 0.90 (−1.63 to 2.23)

≥65 264 191 21 7.95 (4.55 to 11.35) 19.57 1.07 (0.68 to 1.61) 0.07 (−0.47 to 0.38) 0.54 (−3.74 to 3.01)

Age-weighted 1 261 138 43 3.41 (2.39 to 4.43) 37.41 1.15 (0.84 to 1.53) 0.13 (−0.19 to 0.35) 0.44 (−0.65 to 1.18)

Females (n = 1 341 419)

Age, y

16-44 661 032 10 1.51 (0.58 to 2.45) 5.98 1.67 (0.85 to 2.98) 0.40 (−0.18 to 0.66) 0.61 (−0.27 to 1.00)

45-64 355 666 8 2.25 (0.69 to 3.81) 10.77 0.74 (0.34 to 1.41) −0.35 (−1.94 to 0.29) −0.78 (−4.37 to 0.65)

≥65 324 721 30 9.24 (5.93 to 12.54) 17.40 1.72 (1.18 to 2.43) 0.42 (0.15 to 0.59) 3.88 (1.41 to 5.44)

Age-weighted 1 341 419 48 3.58 (2.57 to 4.59) 34.15 1.41 (1.05 to 1.85) 0.29 (0.05 to 0.46) 1.03 (0.17 to 1.64)

Second vaccine dose

Age- and sex-weighted 2 441 719 79 3.24 (2.52 to 3.95) 68.10 1.16 (0.92 to 1.44) 0.14 (−0.09 to 0.31) 0.45 (−0.28 to 0.99)

Males (n = 1 181 970)

Age, y

16-44 603 921 13 2.15 (0.98 to 3.32) 5.44 2.39 (1.33 to 3.98) 0.58 (0.25 to 0.75) 1.25 (0.53 to 1.61)

45-64 323 337 7 2.16 (0.56 to 3.77) 11.31 0.62 (0.27 to 1.22) −0.62 (−2.70 to 0.18) −1.33 (−5.84 to 0.39)

≥65 254 712 24 9.42 (5.65 to 13.19) 18.87 1.27 (0.83 to 1.86) 0.21 (−0.20 to 0.46) 2.01 (−1.93 to 4.36)

Age-weighted 1 181 970 44 3.72 (2.62 to 4.82) 35.61 1.24 (0.91 to 1.64) 0.19 (−0.10 to 0.39) 0.71 (−0.37 to 1.45)

Females (n = 1 259 749)

Age, y

16-44 610 436 3 0.49 (0.00 to 1.05) 5.52 0.54 (0.14 to 1.48) −0.84 (−6.14 to 0.32) −0.41 (−3.01 to 0.16)

45-64 336 112 12 3.57 (1.55 to 5.59) 10.18 1.18 (0.64 to 2.00) 0.15 (−0.56 to 0.50) 0.54 (−2.01 to 1.79)

≥65 313 201 20 6.39 (3.59 to 9.18) 16.78 1.19 (0.75 to 1.81) 0.16 (−0.33 to 0.45) 1.03 (−2.13 to 2.86)

Age-weighted 1 259 749 35 2.78 (1.86 to 3.70) 32.48 1.08 (0.76 to 1.48) 0.07 (−0.32 to 0.32) 0.20 (−0.88 to 0.90)
a Number of those who received the first vaccine dose between December 20,

2020, and April 30, 2021, or the second vaccine dose between January 10,
2021, and April 30, 2021.

b Number of observed cases of sudden sensorineural hearing loss (SSNHL) that
occurred within 21 days after receipt of the first or second vaccine dose.

c The risk of SSNHL within 21 days after receipt of the first or second vaccine
dose, estimated by dividing the number of observed cases by the number of
vaccinees and reported per 100 000 vaccinees.

d Number of SSNHL cases expected to occur within 21 days after receipt of

vaccine dose, estimated by multiplying the sex- and age group–specific rates in
the Clalit Health Services population between January and May 2018 (the
standard reference population) by the person-time at risk of the
corresponding stratum among those who received the vaccine dose.

e Calculated by dividing the observed cases by the expected number of cases
of SSNHL.

f Calculated as (SIR − 1)/SIR.
g Estimated by multiplying the ARF by the risk of SSNHL among vaccinated.
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Although our results reveal a significant association be-
tween the BNT162b2 mRNA COVID-19 vaccine and SSNHL as
reflected by the high ratio of observed to expected SSNHL cases,

referring to this result alone may be misleading. Indeed, the
small estimated ARs suggest that the influence on public health
is relatively minor. Considering our findings along with those

Figure. Kaplan-Meier Curves Showing the Cumulative Incidence of Sudden Sensorineural Hearing Loss (SSNHL)
During a 21-Day Period After Receipt of the First and Second Doses of the BNT162b2 Messenger RNA COVID-19
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Table 3. Incidence Rates of SSNHL (Sudden Sensorineural Hearing Loss) After the First and Second Vaccine Doses Compared With Rates
in 2018 and 2019

Group

2018 Data (Jan 1 to May 31) 2019 Data (Jan 1 to May 31)
First vaccine dose data
(within 21 d after)a

Second vaccine dose data
(within 21 d after)b

Person-
years

No.
of
SSNHL
cases

Incidence rate
per 100 000
person-years
(95% CI)

Person-
years

No. of
SSNHL
cases

Incidence rate
per 100 000
person-years
(95% CI)

Person-
years

No. of
SSNHL
cases

Incidence rate
per 100 000
person-years
(95% CI)

Person-
years

No.
of
SSNHL
cases

Incidence rate
per 100 000
person-years
(95% CI)

All

Age, y

16-44 710 753 103 14.49
(11.69-17.29)

720 499 113 15.68
(12.79-18.58)

75 754 17 22.44
(11.77-33.11)

69 867 16 22.90
(11.68-34.12)

45-64 328 126 151 46.02
(38.68-53.36)

330 499 187 56.58
(48.47-64.69)

40 098 23 57.36
(33.92-80.80)

37 940 19 50.08
(27.56-72.60)

≥65 252 773 282 111.56
(98.54-124.58)

260 218 283 108.75
(96.08-121.43)

33 881 51 150.53
(109.21-191.84)

32 673 44 134.67
(94.88-174.46)

Total 1 291 652 536 41.50
(37.98-45.01)

1 311 217 583 44.46
(40.85-48.07)

149 734 91 60.77
(48.29-73.26)

140 480 79 56.24
(43.83-68.64)

Males

Age, y

16-44 352 979 54 15.30
(11.22-19.38)

357 923 56 15.65
(11.55-19.74)

37 723 7 18.56
(4.81-32.30)

34 746 13 37.41
(17.08-57.75)

45-64 157 624 74 46.95
(36.25-57.64)

159 559 97 60.79
(48.69-72.89)

19 635 15 76.39
(37.73-115.05)

18 603 7 37.63
(9.75-65.50)

≥65 110 567 146 132.05
(110.63-153.47)

114 163 147 128.76
(107.59-149.58)

15 199 21 138.16
(79.07-197.26)

14 654 24 163.78
(98.25-229.30)

Total 621 169 274 44.11
(38.89-49.33)

631 646 300 47.49
(42.12-52.87)

72 557 43 59.26
(41.55-76.98)

68 003 44 64.70
(45.58-83.82)

Females

Age, y

16-44 357 774 49 13.70
(9.86-17.53)

362 576 57 15.72
(11.64-19.80)

38 032 10 26.29
(10.00-42.59)

35 121 3 8.54
(0.00-18.21)

45-64 170 503 77 45.16
(35.07-55.25)

170 940 90 52.65
(41.77-63.53)

20 463 8 39.10
(12.00-66.19)

19 338 12 62.05
(26.94-97.16)

≥65 142 206 136 95.64
(79.56-111.71)

146 055 136 93.12
(77.47-108.77)

18 682 30 160.58
(103.12-218.04)

18 019 20 110.99
(62.35-159.64)

Total 670 483 262 39.08
(34.34-43.81)

679 570 283 41.64
(36.79-46.50)

77 176 48 62.20
(44.60-79.79)

72 478 35 48.29
(32.29-64.29)

a Includes individuals who received the first vaccine dose between December
20, 2020, and April 30, 2021.

b Includes individuals who received the second vaccine dose between January
10, 2021, and April 30, 2021.
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of other studies5-7 that showed an increased risk of SSNHL dur-
ing or after COVID-19, we are convinced that the benefits of
vaccinations against COVID-19 explicitly outweigh the pos-
sible association with SSNHL, which is in any case uncom-
mon and has a high recovery rate if diagnosed and treated in
a timely manner.

Limitations
Limitations of this study include the use of ICD-9 codes to iden-
tify patients with SSNHL. The ICD-9 includes diagnosis of sen-
sorineural hearing loss but does not contain an explicit diag-
nosis for SSNHL. To identify cases of SSNHL, our search involved
matching a new diagnosis of loss of hearing with concurrent
prednisone treatment, which is the standard of care for this
condition. Patients who did not receive prednisone, either be-
cause they sought medical consultation too late for treatment
or because of a contraindication for oral corticosteroid treat-
ment, were not enrolled in the study. Furthermore, the cur-
rent treatment protocol for SSNHL is oral prednisone followed
by salvage intratympanic corticosteroid injection. However,
patients who were treated only with intratympanic cortico-
steroid injection might not have been included in the study.
We are aware that the improved specificity of SSNHL, related
to the use of this algorithm in our study, is obtained at the ex-
pense of impairing the sensitivity of identifying patients with
SSNHL. However, the same algorithm was used both after the
vaccine was available and before the COVID-19 pandemic. If
there is any bias, it should be similar; hence, any misclassifica-
tion related to this algorithm is likely nondifferential.

Another potential limitation is that health care–seeking
behavior is not uncommon shortly after receiving vaccines,
and such behavior may lead to increased ascertainment of
prevalent conditions (ie, ascertainment bias). However,
SSNHL is characterized by abrupt onset; therefore, it is
unlikely that a patient would not be seen by a physician,
regardless of vaccination status. Hence, we assume that the
influence of this bias is minimal. Another limitation in the
current study is the lack of evaluation of the severity of hear-
ing loss and posttreatment outcomes. In addition, this retro-
spective cohort study relies on data originally collected for
purposes of administrative and clinical management and not
specifically for the purpose of the current study; as such, a
possible limitation may be related to the quality of the data.
However, information about the receipt of the BNT162b2
mRNA COVID-19 vaccine is considered to be complete
because these data are prospectively collected by the Israeli
Ministry of Health. Although our large sample size has
allowed us to conduct stratified analysis by age and sex,
adjustment was limited only to age and sex. Hence, residual
confounding remains a major concern for the current study
because we have not controlled for other potential con-
founders, such as cardiovascular risk factors and coagulation
disorders, which are risk factors for SSNHL and might differ
between vaccinated individuals and the general population.
People who were vaccinated were older (and may be sicker)
than the reference population. The lack of additional data
detailing the health characteristics of the exposure groups is
a serious limitation. However, almost 80% of individuals in

Table 4. Sensitivity Analysis With Extended Follow-up for 60 Days After the Receipt of the Second Vaccine Dose
(Using 2018 as the Reference Category)

Group

Vaccinated with
the second
dose, No.a

Observed
cases,
No.b

Risk per 100 000
vaccinees (95% CI)c

No. of
expected
casesd SIR (95% CI)e ARF (95% CI)f

AR per 100 000
vaccinees (95% CI)g

Age- and
sex-weighted

2 317 305 205 8.85 (7.64 to 10.06) 178.13 1.15 (1.00 to 1.32) 0.13 (0.00 to 0.24) 1.16 (0.00 to 2.15)

Males (n = 1 124 431)

Age, y

16-44 558 122 29 5.20 (3.30 to 7.09) 14.04 2.07 (1.41 to 2.93) 0.52 (0.29 to 0.66) 2.68 (1.51 to 3.43)

45-64 314 492 29 9.22 (5.87 to 12.58) 24.27 1.19 (0.81 to 1.69) 0.16 (−0.23 to 0.41) 1.50 (−2.16 to 3.76)

≥65 251 817 53 21.05 (15.38 to 26.71) 54.65 0.97 (0.73 to 1.26) −0.03 (−0.37 to 0.21) −0.66 (−7.79 to 4.34)

Age-weighted 1 124 431 111 9.87 (8.04 to 11.71) 92.96 1.19 (0.99 to 1.43) 0.16 (−0.01 to 0.30) 1.60 (−0.10 to 2.97)

Females (n = 1 192 874)

Age, y

16-44 559 299 13 2.32 (1.06 to 3.59) 12.59 1.03 (0.57 to 1.72) 0.03 (−0.75 to 0.42) 0.07 (−1.75 to 0.97)

45-64 325 673 28 8.60 (5.41 to 11.78) 24.18 1.16 (0.78 to 1.65) 0.14 (−0.28 to 0.39) 1.17 (−2.43 to 3.39)

≥65 307 902 53 17.21 (12.58 to 21.85) 48.40 1.10 (0.83 to 1.42) 0.09 (−0.20 to 0.30) 1.49 (−3.52 to 5.09)

Age-weighted 1 192 874 94 7.88 (6.29 to 9.47) 85.17 1.10 (0.90 to 1.34) 0.09 (−0.11 to 0.25) 0.74 (−0.88 to 2.00)

Abbreviations: AR, attributable risk; ARF, attributable risk fraction;
SIR, standardized incidence ratio.
a Number of those who received the second vaccine dose between January 10,

2021, and March 31, 2021.
b Number of observed cases of sudden sensorineural hearing loss (SSNHL) that

occurred within 21 days after receipt of the first or second vaccine dose.
c The risk of SSNHL within 21 days after receipt of the first or second vaccine

dose, estimated by dividing the number of observed cases by the number of
vaccinees and reported per 100 000 vaccinees.

d Number of SSNHL cases expected to occur within 21 days after receipt of
vaccine dose, estimated by multiplying the sex- and age group–specific rates in
the Clalit Health Services population between January and May 2018 (the
standard reference population) by the person-time at risk of the
corresponding stratum among those who received the vaccine dose.

e Calculated by dividing the observed cases by the expected number of cases
of SSNHL.

f Calculated as (SIR − 1)/SIR.
g Estimated by multiplying the ARF by the risk of SSNHL among vaccinated.
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this age group (≥16 years of age) had received the COVID-19
vaccine at the time of the study, suggesting that vaccinated
individuals might be representative of the general popula-
tion. In addition, this was a retrospective cohort study with a
nonconcurrent historic comparative group; the lack of a con-
current control group might introduce bias owing to secular
trends and changes of treatment and in diagnostic criteria
over time. However, we relied on the most recent years
immediately before the COVID-19 pandemic; therefore, no
major temporal differences are expected. On the basis of the
limitations inherent in the study design, this study should be
considered as hypothesis generating, and future studies are
needed to confirm the findings.

Conclusions

This cohort study suggests that the BNT162b2 mRNA COVID-19
vaccine might be associated with an increased risk of SSNHL;
however, the effect size is very small. Considering these find-
ings along with the good prognosis for patients with SSNHL, we
suggest that the benefits of the BNT162b2 mRNA COVID-19 vac-
cine outweigh its potential association with SSNHL. However,
sharing these findings with health care professionals who are
involved in SSNHL assessment might lead to early recognition
and treatment, which are crucial to improve outcome. Further
studies are warranted to establish this possible association.
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