1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Otolaryngol. Author manuscript; available in PMC 2025 November 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Otolaryngol. 2024 ; 45(6): 104448. doi:10.1016/j.amjot0.2024.104448.

Tinnitus after COVID-19 Vaccination: Findings from the Vaccine
Adverse Event Reporting System and the Vaccine Safety
Datalink

W. Katherine Yih2, Jonathan Duffy?, John R. SuP, Samaneh Bazel®, Bruce Firemant, Laura
Hurley®, Judith C. Maro?, Paige Marquez®, Pedro MoroP, Narayan Nair¢, Jennifer Nelson,
Ning Smith9, Maria Sundaram, Gabriela Vasquez-Benitez!, Eric WeintraubP, Stanley Xul,
Tom ShimabukuroP

aHarvard Pilgrim Health Care Institute and Department of Population Medicine, Harvard Medical
School, Boston, MA

blmmunization Safety Office, Centers for Disease Control and Prevention, Atlanta, GA
¢-Office of Biostatistics and Pharmacovigilance, Food and Drug Administration, Silver Spring, MD
dKaiser Permanente Northern California, Oakland, CA

&Ambulatory Care Services, Denver Health and Hospitals, Denver, CO, and Department of
Medicine, University of Colorado School of Medicine, Aurora, CO

fKaiser Permanente Washington Health Research Institute, Seattle, WA
9-Kaiser Permanente Northwest, Portland, OR

h-Marshfield Clinic Research Institute, Marshfield, WI

HealthPartners Institute, Bloomington, MN

I Kaiser Permanente Southern California Research and Evaluation, Pasadena, CA

Abstract

Purpose: To assess the occurrence of tinnitus following COVID-19 vaccination using data
mining and descriptive analyses in two U.S. vaccine safety surveillance systems.

Methods: Reports of tinnitus after COVID-19 vaccination to the Vaccine Adverse Event
Reporting System (VAERS) from 2020 through 2024 were examined using empirical Bayesian
data mining and by calculating reporting rates. In the Vaccine Safety Datalink (VSD) population,
ICD-10 coded post-vaccination medical visits were examined using tree-based data mining, and
tinnitus visit incidence rates during post-vaccination days 1-140 were calculated by age group for
COVID-19 vaccines and for comparison, influenza vaccine.

Disclaimer: The findings and conclusions in this article are those of the authors and do not necessarily represent the official position
of the Centers for Disease Control and Prevention or the Food and Drug Administration.
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Results: VAERS data mining did not find disproportionate reporting of tinnitus for any
COVID-19 vaccine. VAERS received up to 84.82 tinnitus reports per million COVID-19 vaccine
doses administered. VSD tree-based data mining found no signals for tinnitus. VSD tinnitus visit
incidence rates after COVID-19 vaccines were similar to those after influenza vaccine except

for the group aged =65 years (Moderna COVID-19 vaccine, 165 per 10,000 person-years; Pfizer-
BioNTech COVID-19 vaccine, 154; influenza vaccine, 135).

Conclusions: Overall, these findings do not support an increased risk of tinnitus following
COVID-19 vaccination but cannot definitively exclude the possibility. Descriptive comparisons
between COVID-19 and influenza vaccines were limited by lack of adjustment for potential
confounding factors.
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INTRODUCTION

Tinnitus is the perception of ringing or other noise in the ears that does not have an

external source. It is a common condition; prevalence estimates vary, but a recent meta-
analysis found that tinnitus affects 14% of adults and 24% of older adults globally [1]. Its
causes are not fully understood, but there are multiple risk factors for tinnitus, including
environmental, infectious, neurophysiological, age-related, and trauma-related factors [2—4].
Concerns have been raised about a possible association between COVID-19 vaccination and
tinnitus. A randomized placebo-controlled clinical trial of the Janssen adenovirus-vectored
COVID-19 vaccine with approximately 22,000 patients in each arm found 6 tinnitus cases
within 28 days of vaccination in the vaccine group versus 0 in the placebo group [5].
Although a causal relationship with the Janssen COVID-19 vaccine could not be determined,
tinnitus was listed as an adverse reaction in the Emergency Use Authorization fact sheet

for vaccine recipients and caregivers [6]. Tinnitus after COVID-19 vaccination has been

the subject of dozens of publications, many of which were case reports, case series, or

other small studies, with limited ability to assess risk or evaluate causation [7-19]. The
mechanism by which tinnitus might result from vaccination is unknown, but suggested
modes of action include an immunological pathophysiology [11]; a hypersensitivity reaction
with an abnormal autoimmune response or a vasculitic event [15]; damage to hearing
organs via thrombotic complications (after receipt of adenovirus-vectored vaccines) [8]; and
multisystem inflammation and organ dysfunction [12].

Two observational epidemiologic studies reached different conclusions. The first, using
electronic health record data on more than 2.5 million mMRNA COVID-19 vaccine recipients
in the U.S., found that 0.038% (95% CI: 0.036%-0.041%) had a new diagnosis of tinnitus
within 21 days of receipt of Dose 1 and that there was a lower risk of tinnitus after

mRNA COVID-19 vaccine Dose 1 than after influenza, Tdap, or pneumococcal vaccinations
[20]. More recently, a self-controlled case series analysis of data from general practices in
Australia found an increase in presentations of patients with tinnitus in the 42 days after

the AstraZeneca adenovirus-vectored vaccine and the Pfizer-BioNTech and Moderna mRNA
vaccines compared with baseline periods [21].
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Tinnitus has also been documented in patients infected with SARS-CoV-2 and commonly in
those with long COVID [22, 23]. One small study of audiological and vestibular symptoms
after SARS-CoV-2 infection and COVID-19 vaccination in children concluded that those
recently infected with SARS-CoV-2 had a higher prevalence of tinnitus than the vaccinated

[71.

To investigate tinnitus following COVID-19 vaccines, we examined data from two
complementary U.S. vaccine safety surveillance systems: the Vaccine Adverse Event
Reporting System (VAERS) and the Vaccine Safety Datalink (VSD).

METHODS

Vaccine Adverse Event Reporting System (VAERS)

VAERS is the U.S. passive vaccine safety monitoring system co-managed by the Centers for
Disease Control and Prevention (CDC) and the Food and Drug Administration (FDA) and
is used to detect potential safety concerns [24]. Empirical Bayesian data mining techniques
[25] are routinely used to identify Medical Dictionary for Regulatory Activities (MedDRA)
preferred terms [26] reported more often than expected for each vaccine compared with

all other vaccines in VAERS. Data mining analysis examines relative reporting ratios by
calculating a value called the Empirical Bayes Geometric Mean with a 90% confidence
interval (EBO5, EB95). An EBO5 >2 indicates a vaccine-event pair occurs at least twice as
often as expected, which was prespecified as a threshold for further evaluation of an adverse
event [27]. For COVID-19 vaccines, data mining was performed periodically since 2020.
Here we report the results for tinnitus using data accumulated from December 14, 2020
through January 26, 2024.

We also descriptively analyzed reports of tinnitus following COVID-19 vaccination received
by VAERS from December 14, 2020 to May 4, 2023, by searching for reports assigned the
MedDRA Preferred Term “tinnitus.” Reports were analyzed similarly to VAERS analyses
of other outcomes after COVID-19 vaccination [28]. Reporting rates were calculated using
vaccine doses administered as the denominator [29].

Vaccine Safety Datalink (VSD)

The VSD is a collaboration between the CDC and several integrated health care
organizations (sites) that uses health care encounter data to evaluate vaccine adverse events
[30]. The analyses described here used data from eight participating sites, including data

on more than 7 million people aged =5 years who received at least one COVID-19 vaccine
from December 1, 2020, through November 30, 2022. The VSD conducted data mining for
medically attended outcomes following COVID-19 vaccines using tree-based scan statistics.

a. Tree-based scan data mining—The VSD tree-based scan statistics (here after
referred to as “TreeScan” for short) methods and results for COVID-19 vaccines have
been published previously [31-33]. In brief, data from the vaccinated population’s medical
encounters during post-vaccine exposure follow-up are scanned to detect statistically
unusual clustering of diagnoses within the ICD-10-CM “tree” of diagnoses. Our signal
detection work on COVID-19 vaccines used the conditional version of the tree-temporal
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variant, conditioning on the number of events observed in each node of the tree as well as
on the total number of events occurring during the scanning risk window across the entire
tree. This model adjusts for the type of temporal confounding that can occur when there
are differences in the volume of general healthcare-seeking behavior over the course of
follow-up, e.g., more follow-up visits to specialists shortly after compared with longer after
vaccination.

We evaluated the Pfizer-BioNTech, Moderna, and Janssen primary series (during 2020—
2021); monovalent boosters (2021-2022); and bivalent Pfizer-BioNTech and Moderna
vaccines (2022-2023). Novavax vaccine was not assessed in the VSD due to the
relatively small number of doses administered. Our primary analyses were restricted to
incident diagnoses (first-in-400-days, considering all settings in the look-back) in either
the emergency department or inpatient setting. Outpatient settings were included in
supplemental analyses of primary series and bivalent vaccination. To look for temporal
clusters of cases in the branches of the ICD-10-CM tree, the scan interval was set to a
minimum of 2 days and a maximum of half the follow-up period in length (e.g., 35 days),
and clusters could occur anytime during follow-up. The vaccination day (Day 0) was not
included in the follow-up period in any analysis. The threshold for statistical significance
was pre-specified as a one-sided P value of 0.01. TreeScan software was used for these
analyses [34].

In addition to the pre-specified data mining analyses, we did the following two ad hoc
analyses of tinnitus after COVID-19 vaccination and also after influenza vaccination, which
served as a negative control exposure.

b. Temporal scan analyses—We examined the possibility of a statistical association
between COVID-19 vaccination and medically attended tinnitus in any visit setting out to
140 days after Dose 1 of the primary series. We defined incident tinnitus as the first visit
with ICD-10 code H93.1* without any H93.1* code appearing in the previous 400 days. The
date range for eligible vaccines was January 1, 2019, through August 31, 2022. Although
COVID-19 vaccines were not widely available until 2021, pre-pandemic time was included
to obtain a robust sample size for influenza vaccination. For the COVID-19 vaccines, we
anchored these scans on Dose 1 of primary series vaccination only. For influenza vaccines,
we anchored on any dose not preceded by another dose in the previous 6 months. Each
vaccine was identified irrespective of other vaccine types received concomitantly. Day 0 was
not included in the scans.

We conducted a temporal scan analysis for each vaccine using TreeScan software, looking
for the most likely cluster of any length between 2 and 70 days at any time during the 140
days. The statistical model in the temporal scan analysis of a single outcome is different
from the one used in the conditional tree-temporal scan. There is no overall pattern of
healthcare-seeking behavior to check against. Rather, it checks against a uniform risk of the
outcome over time. If it detects anything other than a uniform pattern (equal contribution for
every day in the follow-up period), then a signal can result.
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c. Incidence comparisons—Using the same data on incident medically attended
tinnitus in the 140 days after vaccination that were used for the temporal scan analyses,

we calculated tinnitus incidence per 10,000 person-years by age group (<18, 18-39, 40-64,
and 65+ years of age) after Dose 1 of each COVID-19 vaccine and after influenza vaccine.
We used the exact binomial distribution to calculate 95% confidence intervals for incidence
estimates. To allow crude comparisons with tinnitus incidences reported in the literature, we
converted the values from 140-day follow-up periods to person-years.

As of January 12, 2024, data mining did not reveal an elevated EBO5 (=2.0) for the
MedDRA Preferred Term “tinnitus” for any COVID-19 vaccine (Table 1).

During December 14, 2020-May 4, 2023, VAERS received 17,859 reports of tinnitus after
COVID-19 vaccination. Median patient age was between 51 to 59 years of age for the
different vaccines. Median time to symptom onset after vaccination ranged from 1 to 3
days for different vaccines. Table 2 shows additional characteristics of reports of tinnitus
following COVID-19 vaccination. The tinnitus reporting rate was greatest after Janssen
vaccine (84.82 cases per one million doses administered). Reporting rates for bivalent
mRNA COVID-19 vaccines were lower than rates for original monovalent vaccines (Table
2).

a. Tree-based scan data mining—Among medical visits with tinnitus diagnosis codes
following a COVID-19 vaccination, 96% were outpatient visits, therefore the supplemental
analyses, which included all settings and were conducted for the primary series and the
bivalent vaccines but not for original monovalent boosters, are the most relevant. No
statistically significant temporal clusters of tinnitus were found in any analysis (Table 3).

b. Temporal scan analyses—Frequency graphs and temporal scan results for tinnitus
medical visits after Dose 1 vaccination are shown in Figure 1. For Pfizer-BioNTech, with
4,353,720 vaccinated and 12,277 incident tinnitus visits, the strongest (i.e., lowest P-value)
temporal cluster was in Days 33-84 (compared to the risk in Days 1-32 and 85-140) with

a relative risk (RR) of 1.14 (P=0.001). For Moderna, there were 2,572,408 vaccinated and
10,232 visits; the strongest cluster was in Days 41-105, with a relative risk of 1.09 (P=0.01).
For Janssen, with 427,895 vaccinated and 1,352 subsequent tinnitus visits there were no
statistically significant clusters identified. For Influenza vaccine, there were 8,104,373
vaccinated and 25,083 visits; the strongest cluster was in Days 5-36 with RR of 1.19
(P=0.0001).

Among mRNA COVID-19 vaccinees, 97% received Dose 2 during the 70 days after
Dose 1, and approximately three-quarters of Dose 2s were received within 1 day of the
recommended spacing after Dose 1, which was 21 days for Pfizer-BioNTech and 28 days
for Moderna. In view of this information, the strongest clusters, which started on Day 33
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for Pfizer-BioNTech and on Day 41 for Moderna, included tinnitus visits occurring around
12-13 days after Dose 2 for both mRNA vaccines.

c. Incidence comparisons—The incidence of post-vaccination tinnitus medical visits
increased with age (Figure 2). Incidence rates in each age group were similar among the
three different COVID-19 vaccines evaluated. The incidences following COVID-19 and
influenza vaccines were similar in all age groups except among persons aged =65 years,
where the incidence was lower after the influenza vaccine than after the mRNA COVID-19
vaccines.

DISCUSSION

Data mining using prespecified methods in VAERS and VSD did not signal an increased
occurrence of tinnitus for any brand of COVID-19 vaccine in the United States. Because
of the interest in this outcome from the public and in the literature, we did additional
descriptive analyses for both systems, which also did not show a consistent pattern of
increased risk.

VAERS is a system used primarily for signal detection. Since COVID-19 vaccines

became available, the majority of VAERS reports have been for COVID-19 vaccines,
which is unprecedented compared to pre-pandemic reporting. This might limit signal
detection capability for COVID-19 vaccines using Empirical Bayesian data mining because
disproportionality scores may be driven towards the null [35].

Comparing VAERS reporting rates to background rates from other sources is an alternative
approach to signal detection. The VAERS tinnitus reporting rate was highest for the
Janssen vaccine, followed by Novavax, and then the two mRNA COVID-19 vaccines.
These differences in reporting rates between products might have been influenced by
confounding factors. The higher reporting rate after Janssen might have been stimulated

by the information about tinnitus in the Janssen fact sheets [5, 6]. The higher reporting rate
after Novavax might reflect more complete reporting for this vaccine which had a relatively
smaller number of doses administered nationally. The VAERS tinnitus reporting rate after
the Janssen vaccine was 85 reports per million doses, which is lower than the rate observed
in the Janssen phase 3 clinical trial of 274 events per million doses (based on 6 events
within 28 days of vaccination among 21,895 Janssen COVID-19 vaccine recipients) [5].
The population background rate of tinnitus among adults was estimated to be 11,640 cases
per million person-years in a systematic review and meta-analysis [1], which means that on
average, 32 new cases of tinnitus would occur each day among 1 million people. In VAERS,
half of tinnitus reports after the Janssen vaccine stated symptom onset was on the day of
vaccination or the day after, which equates to 42 events per million doses over a two-day
period, which is less than the expected average background rate of 64 cases per million
people over a two-day period. The VAERS reporting rates of tinnitus following COVID-19
vaccination for all manufacturers and doses are lower than the expected background rate.
However, VAERS data are subject to the general limitations of passive surveillance in which
underreporting is typical (particularly for outcomes not involving hospitalization or ED
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visits), and adverse events soon after vaccination are more likely to be reported than events
that occur later.

In the VSD tree-based data-mining analyses, there was no statistical signal for tinnitus.
Applying the conditional self-controlled tree-temporal TreeScan variant to post-vaccination
ICD-10-CM diagnosis data, we found no temporal clusters of medically attended tinnitus
diagnoses in the respective pre-specified follow-up period after any of the authorized
COVID-19 vaccines studied (70 days after mMRNA COVID-19 vaccine Dose 1; 56 days
after Janssen, monovalent mMRNA boosters, and bivalent mMRNA doses). The ad foc temporal
scans of cases in 140 days of follow-up, which involve no adjustment for overall patterns in
post-vaccination healthcare-seeking behavior, found statistically significant 7-9-week-long
clusters of tinnitus after Dose 1 of the mRNA COVID-19 vaccines, but the relative risks
were minimally elevated (~1.1) compared with the risk during the time periods outside of
the clusters and within the 140-day follow-up period. These clusters started on Days 33 and
41 after Pfizer-BioNTech and Moderna COVID-19 vaccines, respectively, approximately
12-13 days after Dose 2 would have been received by many vaccinees. This pattern was not
seen with the Janssen vaccine, where the sample size was smaller and there was no Dose 2
as part of the primary vaccination series.

The seasonal influenza vaccine was examined as a negative control exposure to assess for
the presence of potential residual confounding in the temporal scan analysis. The presence
of a cluster after influenza vaccine (RR=1.19) for which no association is expected suggests
residual confounding in this analysis, therefore the lower relative risk estimates for the
clusters after Pfizer-BioNTech (RR=1.14) and Moderna (RR=1.09) vaccines may also be
due to residual confounding.

Among the different analyses presented in this paper, the VSD age-specific incidence rate
analysis may provide the most valid comparison among the different COVID-19 vaccine
brands and influenza vaccines (which have not been generally suspected to cause tinnitus).
In the 18-39-year age group, the 95% confidence intervals of the four vaccine groups all
overlapped with each other. In the 40-64 and =65-year-old age groups, tinnitus incidence
after Moderna (with point estimates for the two age groups of 102.7 and 165.2 per 10,000
person-years, respectively) was found to be somewhat higher than after Pfizer-BioNTech
(with point estimates of 95.4 and 154.0 per 10,000 person-years, respectively); incidences
after both Moderna and Pfizer-BioNTech were higher than after influenza vaccination for
the =65-year group (Figure 2). However, the three COVID-19 and influenza vaccines had
different dosing schedules, were given during different time periods, and possibly given

to people with different risk factors, which limit the interpretation of small differences

in this descriptive analysis which were stratified by age but were not adjusted for other
possible confounding variables. The population background rate of tinnitus meta-analysis
mentioned above estimated an incidence of 116 cases per 10,000 person-years (95% CI: 48—
283), the 95% confidence interval of which encompasses those of the VSD post-vaccination
incidences [1]. In contrast, a single study of first-time general practitioner-recorded tinnitus
in the United Kingdom during 2000-2016 found an age-standardized incidence of 25.0
cases per 10,000 person-years (95% Cl: 24.6-25.5) [36], which was lower than what we
observed. However, it is difficult to usefully compare the results of studies that use different
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outcome definitions and are based on populations with different age structures. The VAERS
reporting rates and the VSD incidence rates are also not directly comparable due to several
factors, including (1) that VAERS can capture any event while VSD captures only medically
attended events, (2) that VAERS relies on events reported by patients and clinicians while
VSD captures only medically attended events in a specified follow-up period, and (3) the
lack of a uniform risk interval.

Limitations of the VSD TreeScan, temporal scan, and incidence analyses include the
following: (1) events occurring after vaccination on the day of the index vaccination (Day

0) were not included due to the inability to distinguish whether they had occurred before or
after vaccination, (2) the analyses included only medically attended events, (3) the putative
cases of incident tinnitus were not chart-confirmed, (4) the time between symptom onset
and the medical encounter where the tinnitus diagnosis code was recorded could not be
determined from available data, and (5) the analyses using data from the primary series were
anchored on Dose 1, meaning that the timing of tinnitus diagnoses after Dose 2 was merely
inferred from aggregate data on compliance with the recommended spacing between Doses
1 and 2 rather than being determined precisely.

CONCLUSIONS

Taken together, these findings do not support an increased risk of tinnitus following
COVID-19 vaccination. The data mining methods used here previously identified an
increased risk of myopericarditis following the Pfizer-BioNTech COVID-19 vaccine primary
series [33], which is a less common condition than tinnitus. However, the lack of a signal

for tinnitus does not definitively exclude the possibility of an association. Although our
temporal scans found elevated RRs, temporal association alone is insufficient evidence of a
causal association. Tinnitus is a common condition, and many cases would be expected to
occur by chance alone following vaccination of a large population, which complicates its
study as a potential vaccine-associated adverse event.
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A. Pfizer-BioNTech COVID-19 vaccine: 4,353,720 doses; 12,277 cases; most likely cluster post-vaccination Days 33-
84, RR=1.14, p=0.0001

(A

B. Moderna COVID-19 vaccine: 2,572,408 doses; 10,232 cases; most likely cluster post-vaccination Days 41-105,
RR=1.09, p=0.0099

| Il

C. Janssen COVID-19 vaccine: 427,895 doses; 1,352 cases; no statistically significant clusters

D. Influenza vaccine, 2019-2022: 8,104,373 doses; 25,083 cases; most likely cluster post-vaccination Days 5-36,
RR=1.19, p=0.0001

{TITTITT]

Figure 1.
Temporal scan cluster detection based on frequency of tinnitus coded medical visits

(ICD-10-CM code H93.1) after Dose 1 of Pfizer-BioNTech, Moderna, or Janssen COVID-19
primary vaccination, or after influenza vaccination in the Vaccine Safety Datalink, January
1, 2019 through August 31, 2022.
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Figure 2.

Vaccine Safety Datalink. Incidence per 10,000 person-years of tinnitus coded medical visits
(ICD-10-CM code H93.1) during the 140 days following Dose 1 of COVID-19 vaccine

or influenza vaccine by age group and vaccine type with exact binomial 95% confidence
intervals. The date range for eligible doses was January 1, 2019, through August 31, 2022.
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Vaccine Adverse Event Reporting System (VAERS) data mining assessment for disproportionate reporting of
tinnitus with COVID-19 vaccines.”

Vaccine VAERS reports,n | EBGM | EB05 | EB95 | Signal
COVID-19 Pfizer-BioNTech 9024 1.225 | 1.204 | 1.246 no
COVID-19 Moderna 6753 0.869 | 0.852 | 0.887 no
COVID-19 Janssen 1577 1.158 | 1.111 | 1.207 no
COVID-19 Novavax 12 1.383 | 0.916 | 2.023 no
COVID-19 Pfizer-BioNTech bivalent 278 0.721 | 0.653 | 0.794 no
COVID-19 Moderna bivalent 194 0.771 | 0.685 | 0.864 no

Abbreviations: EBGM, Empirical Bayes Geometric Mean; EBO05, the lower 90% confidence interval limit of the EBGM; EB95, the upper 90%
confidence interval limit of the EBGM.

*
Data mining used the Multi-ltem Gamma Poisson Shrinker method. Analysis was stratified by sex, age group, and year report received. VAERS
data included cumulative U.S.-only reports received from December 14, 2020 through January 26, 2024. A signal was defined as an EB05 >2,

which indicates that the reporting rate for a vaccine and adverse event pair-wise combination is mathematically higher-than-expected.
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Table 3.

Page 15

Vaccine Safety Datalink TreeScan data mining analyses results for tinnitus coded medical visits (ICD-10-CM
code H93.1), by vaccine manufacturer and formulation.

Vaccine Formulation / dose Time period Number of | Follow-up | Primary analysis: Supplemental analysis:
doses period Potential cases Potential cases
ascertained in ED and | ascertained in
inpatient settings only ED, inpatient, and
outpatient settings

Pfizer- Primary series, 12/2020 to 4,068,513 70 days 240 cases. 3779 cases.

BioNTech follow-up anchored 12/2021 (Dose 1) No clusters of tinnitus No clusters of tinnitus
on Dose 1 found (P=1)" found (P=0.9999)

Pfizer- Monovalent 9/24/2021 to 2,467,865 56 days 121 cases. This supplemental

BioNTech booster after 4/2/2022 No clusters of tinnitus analysis not done
mRNA COVID-19 found (P=1)
vaccination

Pfizer- Bivalent vaccine 8/2022 to 979,189 56 days 32 cases. 1220 cases.

BioNTech 11/2022 No clusters of tinnitus No clusters of tinnitus

found (P=0.6921) found (P=1)

Moderna Primary series, 12/2020 to 2,559,563 70 days 104 cases. 3053 cases.
follow-up anchored 12/2021 (Dose 1) No clusters of tinnitus No clusters of tinnitus
on Dose 1 found (P=1) found (P=1)

Moderna Monovalent 9/24/2021 to 1,873,849 56 days 97 cases. This supplemental
booster after 4/2/2022 No clusters of tinnitus analysis not done
mRNA COVID-19 found (P=1)
vaccination

Moderna Bivalent vaccine 8/2022 to 352,509 56 days 15 cases. 454 cases.

11/2022 No clusters of tinnitus No clusters of tinnitus
found (P=1) found (P=1)

Janssen Primary dose 12/2020 to 417,854 56 days 19 cases. 334 cases.

12/2021 No clusters of tinnitus No clusters of tinnitus
found (P=1) found (P=1)

Janssen Monovalent booster 10/21/2021 to 65,238 56 days 1 case. This supplemental
after initial Janssen 4/2/2022 No clusters of tinnitus analysis not done
vaccination found (P=1)

*
P = 0.01 was pre-specified as the cut-off for statistical significance of clusters.
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