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Abstract

Background. Ensuring vaccine safety is crucial for maintaining public confidence, particularly in relation
to non-life-threatening adverse events (AEs) that may impact quality of life and contribute to vaccine
hesitancy. While systemic reactions to coronavirus disease 2019 (COVID-19) vaccines are well documented,
oral AEs remain underexplored, despite emerging reports linking vaccination to taste disturbances and
other oral manifestations.

Objectives. The aim of the study was to explore oral AEs following COVID-19 vaccination and to assess
their potential to constitute signals of disproportionate reporting (SDRs) that warrant further investigation
and validation.

Material and methods. A hybrid frequentist—Bayesian signal detection approach was applied to ana-
lyze oral AEs following COVID-19 vaccination using data from the US Vaccine Adverse Event Reporting
System (VAERS). A two-stage analysis was conducted. The primary analysis identified SDRs, and the sec-
ondary analysis assessed reporting biases, including selective reporting bias and notoriety bias.

Results. Oral AEs were reported 2.4 times more frequently following COVID-19 vaccination compared
with other vaccines, with taste-related SDRs showing the highest disproportionality. The most prominent
SDRs included taste disorder (proportional reporting ratio (PRR) = 23.96), ageusia (PRR = 17.79), hypo-
geusia (PRR = 6.25), dysgeusia (PRR = 3.22), and oral lichen planus (PRR = 3.12). Females and middle-
aged adults exhibited the highest reporting rates, whereas severe, hospitalized and fatal cases were less
frequent. Co-occurrence analysis of gustatory and olfactory AEs suggests notoriety bias, likely influenced by
increased public awareness. Regression analyses indicated that female sex and older age were associated
with increased odds of oral SDRs, while state-level political inclination had no significant effect.

Conclusions. The findings highlight demographic disparities in the reporting of oral AEs. However, they
should not be interpreted as undermining vaccine safety. Future research should focus on clinically signifi-
cantoral SDRs, such as oral lichen planus, to distinguish true safety signals from potential reporting biases.
Improved awareness and communication are essential for contextualizing these findings within dental
practice.

Keywords: COVID-19 vaccines, oral manifestations, pharmacovigilance, adverse drug reaction reporting
systems, Bayesian analysis
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* Oral adverse events (AEs) were reported 2.4 times more frequently after COVID-19 vaccination than after other
vaccines in the Vaccine Adverse Event Reporting System (VAERS), indicating signals of disproportionate reporting.

* The highest disproportionality was observed for taste disorder (proportional reporting ratio (PRR) =~ 23.96), ageusia
(= 17.79), hypogeusia (~ 6.25), and dysgeusia (= 3.22), along with other sensory- and dental-related AEs.

* Higher reporting ratios were noted among females than males, while severe, hospitalized and fatal cases were
relatively uncommon, suggesting that most oral AEs were mild.

» The frequent co-occurrence of gustatory and olfactory AEs, together with pandemic-related temporal patterns,
suggests that increased public awareness may have influenced reporting, highlighting the need to distinguish true

safety signals from stimulated reporting.

« Similar disproportionality of oral AEs was observed in “red” and “blue” states, and state-level political inclination
was not a significant predictor in regression analyses, indicating that reporting patterns were largely independent

of political context.

Introduction

Throughout history, anti-vaccination movements have
actively spread misinformation regarding vaccine safety,
often amplifying reports of adverse events (AEs) to
undermine public confidence in immunization programs.?
These tactics have evolved with advancements in commu-
nication technologies, particularly through social media,
leading to widespread vaccine hesitancy.® To counteract
misinformation and ensure public trust, national pharmaco-
vigilance systems play a crucial role in monitoring post-
vaccination AEs, identifying safety signals and distinguish-
ing true vaccine-related risks from coincidental events.**
The Vaccine Adverse Event Reporting System (VAERS) in
the United States serves as a cornerstone of passive sur-
veillance, allowing healthcare providers and the public to
report potential vaccine-related AEs.® Among these, oral
manifestations such as taste disorders, paresthesia and
ulcers have emerged as notable concerns following corona-
virus disease 2019 (COVID-19) vaccination.”-!!

A growing body of evidence suggests that certain AEs
may be disproportionately reported due to increased pub-
lic awareness, regulatory alerts or media attention, a phe-
nomenon known as notoriety bias.*!2 This bias can lead
to an overestimation of AE incidence in passive surveil-
lance databases, as individuals become more likely to
report events they perceive as vaccine-related. Taste-related
AEs are particularly susceptible to notoriety bias, as loss
of taste and smell are widely recognized diagnostic symp-
toms of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection.!3-1> Previous studies have shown
that the reporting rate of taste-related AEs in VAERS was
from 3 to 17 times higher during the pandemic compared
with the pre-pandemic period.” This raises concerns
about whether taste-related AEs following COVID-19
vaccination reflect a true biological association or are
influenced by heightened public vigilance.

While numerous studies have examined AEs follow-
ing COVID-19 vaccination, most have focused on systemic

reactions such as fever, fatigue and anaphylaxis, with
relatively little attention given to less common AEs,
including oral manifestations.!®” Prior analyses of passive
surveillance databases have identified common patterns
of oral AEs in major regions, such as the United States,
the European Union and Australia; however, no study has
comprehensively assessed their disproportionality using
advanced signal detection methods.’

The present study aimed to conduct a disproportional-
ity analysis of oral AEs following COVID-19 vaccination
using a hybrid frequentist—Bayesian signal detection
approach, thereby contributing to the long-term pharma-
covigilance of novel vaccine technologies that remain in
global use. By identifying true signals of disproportionate
reporting (SDRs) and assessing the impact of factors such
as sex, age, vaccine type, and state-level political inclina-
tion, this study sought to enhance understanding of vac-
cine safety monitoring. Additionally, by investigating the
potential role of notoriety bias in the increased reporting
of gustatory AEs, the findings may help refine pharmaco-
vigilance methodologies and improve risk communica-
tion strategies in future vaccination campaigns.

Material and methods

Study design

A disproportionality analysis was conducted in October
2024 using individual case safety reports (ICSRs) from
VAERS. The study focused on oral AEs reported
after COVID-19 vaccination to identify SDRs and validate
them using an advanced statistical approach.

The analysis was performed and reported follow-
ing the REporting of A Disproportionality analysis for
drUg Safety signal detection using individual case safety
reports in PharmacoVigilance (READUS-PV) guidelines
to ensure transparency, reproducibility and method-
ological rigor.'8
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Fig. 1. Study workflow for the disproportionality analysis of oral adverse events (AEs) following coronavirus disease 2019 (COVID-19) vaccination in the United States

Bay — Bayesian; BCPNN - Bayesian Confidence Propagation Neural Network; Frq - frequentist; hosp. — hospitalized; IC — information component;

ICSR - individual case safety report; LRT - likelihood ratio test; MedDRA — Medical Dictionary for Regulatory Activities; O adults — older adults (>64 years);
PIRR - pandemic induced reporting ratio; PRR — proportional reporting ratio; PT — preferred term; RC/ - reporting change index; ROR - reporting odds ratio;
SDR - signal of disproportionate reporting; VAERS - Vaccine Adverse Event Reporting System; W adult — working-age adults (18-64 years).
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Data source

The Vaccine Adverse Event Reporting System is a pas-
sive surveillance database jointly managed by the Centers
for Disease Control and Prevention (CDC) and the Food
and Drug Administration (FDA). It collects AE reports
from healthcare professionals, vaccine manufacturers
and the general public.’® The Medical Dictionary for
Regulatory Activities (MedDRA) is a hierarchical coding
system used by VAERS to classify AEs for efficient data
retrieval. 2

The dataset was downloaded from the official VAERS
website in October 2024 and included all ICSRs submitted
between January 1990 and September 2024. The raw data-
set comprised 2,967,196 ICSRs. After removing 1,106,940
duplicate records, 1,860,256 unique ICSRs remained. Of
these, 1,016,024 (54.6%) were related to COVID-19 vac-
cines, and 844,232 (45.4%) were associated with other
vaccines (Fig. 1).

Variables

To analyze oral AEs, an anatomophysiological frame-
work was applied, categorizing AEs by anatomical regions
(lips, palate, tongue, dentition, salivary glands, and oral
mucosa) and functions (taste and other sensations).
A MedDRA search at the preferred term (PT) level identified
128 PTs relevant to the oral cavity. This framework was
described in a previous study’ and is presented in Fig. 1.7

Oral AE reports were stratified by sex (female/male),
age group (infants, children, young adults, middle-aged
adults, pre-seniors, seniors, and elderly) according to
the United States Census Bureau classification,?! clini-
cal course (severe, hospitalized or fatal) according to the
definitions provided in the VAERS user guidelines,® vac-
cine type (mRNA, vector-based and protein subunit),
and state-level political inclination (blue (Democratic)
or red (Republican)) as indicated by the outcomes of the
US 2020 presidential election.?? Lastly, to assess temporal
trends, the study period was divided into pre-pandemic
(1990-2019) and pandemic (2020-2024) phases.

Statistical analysis

Statistical analyses were conducted in 2 stages. The pri-
mary analysis assessed disproportionate reporting of 128
potential oral AEs to identify true SDRs by applying both
the frequentist and Bayesian conditions. This resulted in
the identification of 39 oral AEs as true SDRs, as they met
the predefined signal detection criteria.

The frequentist criteria for identifying true SDRs were
as follows:

— proportional reporting ratio (PRR) =2, with the lower
bound of the 95% confidence interval (95% CI) >1;
— reporting odds ratio (ROR) =2, with the lower bound

of the 95% CI = 1;
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— likelihood ratio test (LRT) >3.84;

— x* test with Yates’s correction >4;

— total number of reports >3.

The Bayesian criteria were:

—new information component (IC) method, requiring
both the point estimate and the lower limit of the 95%
CI for the IC (ICyys) to be >0;

— Bayesian Confidence Propagation Neural Network
(BCPNN) method, requiring both the point estimate
and the ICg,;5 to be >0.

A secondary (sensitivity) analysis was conducted on
the 39 true SDRs to control for potential reporting biases,
including selective reporting bias and notoriety bias.
Disproportionality estimates were stratified by sex, age,
clinical severity, vaccine type, vaccine schedule, state-level
political inclination, and time period.

To examine potential notoriety bias in gustatory AEs,
Cohen’s kappa coefficient was calculated to assess the
agreement between gustatory and olfactory AEs, strati-
fied by time period, sex, age, and vaccine type. Specifi-
cally, agreement coefficients were compared between
pre-pandemic and pandemic periods, as well as
between COVID-19 and non-COVID-19 vaccines during
the pandemic. Multivariable logistic regression analyses
were conducted to estimate adjusted odds ratios (AORs)
for true SDRs, adjusting for sex, age, state-level political
inclination, vaccine type, and time period.

All statistical analyses were conducted using the R soft-
ware, v. 4.4.2 (https://www.r-project.org).?®

Results

As of September 2024, VAERS contained 1,860,256
unique ICSRs, of which 56,501 reported oral AEs (30.37
cases per 1,000 ICSRs). The crude PRR of oral AEs follow-
ing COVID-19 vaccination was 2.40 (95% CI: 2.35-2.44),
indicating a higher reporting frequency compared with
other vaccines. Females exhibited a higher PRR (2.29) than
males (1.67), and younger vaccine recipients had lower
PRRs than older groups. Non-severe, non-hospitalized
and non-fatal cases showed higher PRRs than severe,
hospitalized and fatal cases. Proportional reporting ratios
were nearly identical in red and blue states (Table 1).

Primary analysis

Of the 128 oral AEs evaluated, 45 met the frequentist
criteria, 50 met the Bayesian criteria, and 39 satisfied
both, thereby qualifying as true SDRs. These SDRs were
distributed across tongue (n = 9), oral mucosa (n = 9), lips
(n = 6), taste (n = 4), other sensations (# = 4), dentition
(n = 4), salivary glands (n = 2), and palate (n = 1).

Within taste-related AEs, taste disorder showed the
highest PRR (23.96), followed by ageusia (17.79), hypo-
geusia (6.25) and dysgeusia (3.22). Other sensory AEs also
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Table 1. Frequency and reporting ratios of oral adverse events (AEs) across demographic and clinical subgroups in the United States

Variable

Sex

Age group

Severity

Mortality

Hospitalization

ER visit

Life threat

Political inclination

Total

female
male
unknown
infants
children
young adults
middle-aged adults
pre-seniors
seniors
elderly
unknown
severe
non-severe
fatal
non-fatal
hospitalized
not hospitalized
visited ER
did not visit ER
life-threatening
non-life-threatening
red state
blue state

other (not specified)

ICSRs, n (%)

1,102,436 (59.26)
594,129 (31.94)
163,691 (8.80)
149,920 (8.06)
185,715 (9.98)
252,743 (13.59)
276,014 (14.84)
332,348 (17.87)
309,914 (16.66)
86,378 (4.64)
267,224 (14.36)
320,852 (17.25)
1,539,404 (82.75)
24,675 (1.33)
1,835,581 (98.67)
131,117 (7.05)
1,729,139 (92.95)
186,794 (10.04)
1,673,462 (89.96)
25,714 (1.38)
1,834,542 (98.62)
597,166 (32.10)
969,667 (52.13)
293,423 (15.77)
1,860,256 (100.00)

Frequentist Bayesian
Oral AEs, n (rate
95% Cl)
42,740 (38.77)  229(224-235)  236(231-242) 5,830.65 1.15(1.08)
12,541 (21.11) 1.67 (1.61-1.73) 1.69 (1.63-1.75) 764.71 1.15(0.98)
1,220 (7.45) 6.21 (5.50-7.00) 6.31 (5.59-7.13) 1,148.69 3.30(2.36)
1,238 (8.26) 0.78 (0.56-1.10) 0.78 (0.55-1.10) 1.96 3.81(2.79)
2,292 (12.34) 0.89 (0.81-0.98) 0.89 (0.81-0.98) 572 1.80 (1.26)
8,054 (31.87) 164 (1.57-1.72) 1.67 (1.59-1.75) 41743 0.94 (0.76)
13,884 (50.30) 1.59 (1.52-1.65) 1.62 (1.55-1.69) 466.80 0.58 (0.47)
15,557 (46.81) 1.77 (1.70-1.84) 1.81(1.74-1.89) 878.99 0.74 (0.64)
10,106 (32.61) 1.66 (1.59-1.74) 1.69 (1.61-1.77) 497.84 0.81(0.65)
1,650 (19.10) 1.12 (1.00-1.25) 1.12 (1.00-1.25) 3.57 0.47 (-0.04)
3,720 (13.92) 452 (4.20-4.86) 461 (4.29-4.97) 1,980.13 2.29(1.90)
7,629 (2378)  0.79(0.75-0.83)  0.78(0.74-0.82) 92.15 1.35(1.13)
48,872 (31.75)  3.04(97-3.11)  3.14(3.06-3.21) 1044842 1.22(1.15)
167 (6.77) 0.93(065-1.32)  0.93(0.65-1.32) 0.07 0.34(-2.28)
56334 (3069)  242(238-247) 249 (244-2.53) 9301.76 1.33(1.26)
2,751(2098)  0.73(068-0.79)  0.73(0.67-0.79) 64.05 0.38 (0.01)
53,750 (31.08)  2.59(2.54-2.64) 266 (.61-2.71) 10,161.07 1.39(1.32)
4,868 (26.06)  2.50(1.35-4.63)  2.60 (1.35-5.03) 6.06 3.39(-4.92)
51,633 (30.85) 280 (2.74-2.86)  2.88(2.82-2.94) 9,408.82 1.14 (1.07)
1,135 (44.14) 0.92(0.82-1.03) 091 (0.81-1.03) 2.10 0.70 (0.29)
55,366 (30.18) 245(240-249) 251 (2.46-2.56) 9,251.78 1.33(1.26)
19,189 (32.13) 241(233-248) 247 (239-2.55) 3,229.49 1.39(1.28)
31,424 (3241) 240(234-246) 246 (240-2.53) 5107.13 1.33(1.24)
5888(2007)  2.80(263-2.99)  2.85(2.67-3.05) 1,072.24 1.15 (0.89)
56,501 (3037)  240(2.35-244) 246 (2.41-2.50) 9,058.75 1.32(1.25)

The Bayesian Confidence Propagation Neural Network (BCPNN) method was used to calculate the information component (IC) and its lower bound of the
95% confidence interval (95% CJ).

ER — emergency room; ICSR -

exhibited high PRRs, including oral anesthesia (16.62),
burning mouth syndrome (4.67), oral paresthesia (3.72),
and oral hypoesthesia (3.50).

For oral mucosal AEs, aphthous ulcer (4.43), oral lichen
planus (3.12) and oral pruritus (2.65) were identified as
true SDRs. In contrast, oral herpes (1.51) and oral can-
didiasis (1.39) did not meet the criteria for true SDRs
(Table 2).

Sensitivity analyses

Sex

The frequentist criteria identified 38 true SDRs in
females and 21 in males, while the Bayesian criteria identi-
fied 39 true SDRs in females and 38 in males. Twenty-one
SDRs were confirmed by both methods across both sexes.

Taste disorder had the highest PRR in both females
(19.23) and males (28.06). In females, this was followed

individual case safety report; PRR — proportional reporting ratio; ROR —

reporting odds ratio.

by dental paresthesia (18.30) and ageusia (15.97), while
in males, tongue erythema (23.04) and ageusia (17.25)
were the most prominent (Supplementary File: Table S1
(https://doi.org/10.17605/OSEIO/3SSKW)).

Age

Infants and toddlers (0—4 years) showed only 1 true
SDR (oral hypoesthesia (PRR: 26.77)), while children and
adolescents (5—17 years) had 4 true SDRs, namely taste
disorder (20.71), ageusia (11.10), aphthous ulcer (9.53),
and mouth swelling (3.71).

Young adults (18-34 years) exhibited 6 true SDRs:
taste disorder (27.72); ageusia (11.34); tongue discom-
fort (5.87); tongue pruritus (5.66); mouth swelling (2.83);
and oral paresthesia (2.14). Similarly, middle-aged adults
(35-49 years) showed 7 true SDRs, such as taste disorder
(14.46), ageusia (9.50), tongue discomfort (5.48), tongue
pruritus (4.82), mouth swelling (4.37), toothache (3.05),
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Table 2. Frequentist and Bayesian analyses of oral adverse events (AEs) reported following coronavirus disease 2019 (COVID-19) vaccination in the United

States (as of September 2024)

Preferred term

AE category (MedDRA number)
ageusia (10001480)

dysgeusia (10013911
Taste ¥59 ( )

hypogeusia (10020989)
taste disorder (10082490)
anesthesia oral (10082548)

burn oral cavity (10075532)

Other sensory
AEs

burning mouth syndrome (10068065)
hypoesthesia oral (10057371)
oral dysesthesia (10050820)
paresthesia oral (10057372)
dental discomfort (10054217)
dental paresthesia (10078276)
hyperesthesia teeth (10082426)
hypoesthesia teeth (10051780)
toothache (10044055)
aptyalism (10003068)
dry mouth (10013781)
non-infective sialoadenitis (10075243)
saliva altered (10039379)

Salivary saliva discoloration (10049069)
glands and salivary gland calculus (10039394)
saliva? salivary gland disorder (10061935)
salivary gland enlargement (10039408)
salivary gland pain (10039421)
salivary hypersecretion (10039424)
sialoadenitis (10040628)
glossitis (10018386)
glossodynia (10018388)
hypertrophy of tongue papillae (10020893)
macroglossia (10025391)
plicated tongue (10035630)
strawberry tongue (10051495)
stiff tongue (10081491)
swollen tongue (10042727)
tongue blistering (10043942)
tongue coated (10043945)
tongue discoloration (10043949)
tongue disorder (10043951)
tongue discomfort (10077855)
tongue dry (10049713)
tongue eruption (10052002)
tongue erythema (10079075)
tongue exfoliation (10064488)
tongue movement disturbance (10043963)
tongue edema (10043967)
tongue paralysis (10043972)
tongue pigmentation (10069164)
tongue pruritus (10070072)
tongue rough (10043977)
tongue spasm (10043981)
tongue thrust (10082545)
tongue ulceration (10043991)
trichoglossia (10080276)

Dentition'

Tongue?

ARR (per 1,000 reports following
COVID-19 vaccination)

6.11
507
0.19
2.58
0.02

0.01

0.04
4.97
0.004
6.72
0.07
003
0.18
0.01
1.19
0.04
243
0.01
0.02
0.01
0.00
0.02
0.05
0.03
0.29
0.03
0.16
0.63
0.01
0.001
0.01
0.01
0.01
4.68
0.17
0.05
0.21
0.58
0.65
0.09
0.08
0.15
0.01
0.06
0.04
0.03
0.004
0.50
0.01
0.01
0.002
0.15
0.01

Frequentist

PRR (95% Cl)

17.79 (15.81-20.01)

ROR (95% Cl)
17.89 (15.91-20.13)

322(3.03-342)
6.25 (4.12-9.48)

23.96 (19.44-29.53)
16.62 (2.23-123.83)

1.87 (0.58-6.07)

467 (2.20-9.91
3.50(3.29-3.73
1.11 (0.25-4.95
372 (3.52-3.93
15.16 (5.54-41.49)
12.88 (3.08-53.81)
11.76 (6.70-20.64)
5.82(1.32-25.59)
323 (2.86-3.66)
463 (2.07-10.35)
2.65(2.44-2.87)
3.12(1.03-9.39)
1.74 (0.85-3.56)
1.16 (0.37-3.67)
3.32(0.37-29.74)
3.32(1.11-994)
0.70 (0.49-1.01)
1.50 (0.80-2.81)
0.51(0.44-0.59)
)
)
)

)
)
)
)

(

(

(

(

(

(

(

(

(

(

(

0.14 (0.10-0.20
144 (1.11-1.87
2.22(1.92-2.58
3.05(0.85-10.92)
1.66 (0.15-18.33)
1.83 (0.64-5.26)
0.64 (0.28-1.46)
9.14 (1.18-70.80)
2.36 (2.23-2.50)
2.75(2.01-3.77)
1.90 (1.14-3.17)
1.64 (1.30-2.06)
1.09 (0.97-1.24)
9.06 (6.97-11.77)
4.20(2.57-6.87)
2.98 (1.89-4.68)
7.89 (4.72-13.21)
1.31(0.51-3.37)
2.88 (1.68-4.95)
0.07 (0.05-0.10)
0.80 (0.49-1.33)
3.32(0.37-29.74)
6.62 (5.11-8.59)
5.82(1.32-25.59)
1.78(0.73-4.37)
0.83 (0.12-5.90)
1.76 (1.32-2.33)
8.31 (1.06-64.91)

3.23(3.04-344)
6.25 (4.12-9.49)
24.02 (19.49-29.60)
16.62 (2.23-123.83)

1.87 (0.58-6.07)

467 (2.20-9.92
3.51(3.30-3.74
1.11 (0.25-4.95
3.73(3.53-3.95
15.17 (5.54-41.49)
12.88 (3.08-53.82)
11.76 (6.70-20.64)
5.82(1.32-25.59)
3.24 (2.86-3.66)
463 (2.07-10.35)
2.65(2.44-2.87)
3.12(1.03-9.39)
1.74 (0.85-3.56)
1.16 (0.37-3.67)
3.32(0.37-29.74)
332(1.11-994)
0.70 (0.49-1.01)
1.50 (0.80-2.81)
0.51(0.44-0.59)
)
)
)

)
)
)
)

(

(

(

(

(

(

(

(

(

(

(

0.14 (0.10-0.20
144 (1.11-1.87
2.22(1.92-2.58
3.05(0.85-10.92)
1.66 (0.15-18.33)
1.83 (0.64-5.26)
0.64 (0.28-1.46)
9.14(1.18-70.80)
237 (2.24-2.50)
2.75(2.01-3.77)
1.90 (1.14-3.17)
1.64 (1.30-2.06)
1.10(0.97-1.24)
9.06 (6.97-11.78)
4.20(2.57-6.87)
2.98 (1.89-4.68)
7.89 (4.72-13.21)
1.31(0.51-3.37)
2.88(1.68-4.95)
0.07 (0.05-0.10)
0.80 (0.49-1.33)
3.32(0.37-29.74)
6.62 (5.11-8.59)
5.82(1.32-25.59)
1.78(0.73-4.37)
0.83 (0.12-5.90)
1.76 (1.32-2.33)
8.31 (1.06-64.91)
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Frequentist Bayesian SDR (frequentist
x| SDR__ | newlC(Cn) | BCPNN(Cp) | SDR___| andBayesian)

5613.85 4404.14 yes 0.81(1.71) 0.81(0.77) yes yes
1,763.76 1,624.72 yes 0.54 (142) 0.54 (0.57) yes yes
112.86 95.94 yes 0.69 (1.39) 0.69 (0.50) yes yes
2,523.77 1,936.15 yes 0.82 (1.70) 0.82(0.77) yes yes
17.73 12.39 yes 0.78 (1.05) 0.80 (0.19) yes yes
1.16 0.61 no 0.32 (0.59) 0.34 (-0.51) no no
22.09 1841 yes 0.63(1.13) 0.64 (0.24) yes yes
1,896.22 1,732.77 yes 0.57 (1.44) 0.57 (0.53) yes yes
0.02 0.00 no 0.06 (0.31) 0.07 (-1.16) no no
2,735.32 2/485.39 yes 0.58 (1.46) 0.58 (0.55) yes yes
63.18 4857 yes 0.79 (1.36) 0.80 (0.48) yes yes
2557 19.03 yes 0.77 (1.16) 0.78 (0.29) yes yes
14733 118.00 yes 0.77 (147) 0.77 (0.57) yes yes
8.04 5.72 yes 0.65 (0.87) 0.68 (—0.04) no no
415.90 382.15 yes 0.54 (1.38) 0.54 (047) yes yes
19.00 15.69 yes 0.62 (1.10) 0.63 (0.21) yes yes
642.99 602.86 yes 048 (1.34) 048 (043) yes yes
491 3.61 no 0.51(0.81) 0.53 (-0.15) no no
240 1.83 no 0.30 (0.79) 0.31(-0.22) no no
0.07 0.00 no 0.09 (0.44) 0.09 (-0.84) no no
141 048 no 048 (042) 0.55 (-0.76) no no
5.66 423 yes 0.53(0.83) 0.55 (-0.11) no no
371 338 no —0.26 (0.63) —0.26 (—0.58) no no
161 1.22 no 0.23 (0.78) 0.24 (-0.25) no no
88.87 88.37 no —0.53 (0.62) —0.53 (—0.66) no no
165.73 15235 no -1.91(0.19) -1.92 (-2.28) no no
7.98 749 no 0.22(0.99) 0.22 (0.02) yes no
123.31 116.82 yes 0.41(1.23) 0.41(0.31) yes yes
3.50 235 no 0.50(0.72) 0.52 (-0.27) no no
0.18 0.00 no 0.23(0.19) 0.29 (-1.50) no no
1.33 0.78 no 032 (0.63) 0.33 (-0.44) no no
115 0.75 no -0.31(0.39) -0.33 (-1.07) no no
8.00 524 yes 0.71(0.83) 0.75 (-0.07) no no
1,025.91 972.37 yes 044 (1.32) 0.44 (0.40) yes yes
46.77 42.86 yes 0.49 (1.20) 049 (0.29) yes yes
6.44 5.63 no 0.34 (0.94) 0.35(-0.02) no no
1847 17.55 no 0.28 (1.06) 028 (0.11) yes no
211 2.02 no 0.06 (0.96) 0.06 (-0.04) no no
482.07 399.22 yes 0.75 (1.55) 0.75 (0.64) yes yes
43.06 3749 yes 061 (1.24) 0.61(0.34) yes yes
26.54 23.70 yes 0.51(1.14) 0.52 (0.24) yes yes
10348 85.72 yes 0.73 (1.40) 0.73(0.51) yes yes
0.31 0.10 no 0.15(0.57) 0.16 (-0.59) no no
1744 1533 yes 0.50 (1.08) 0.51(0.17) yes yes
52848 464.43 no =277 (0.11) —2.78 (=3.10) no no
0.72 0.53 no -0.15(0.61) —0.15 (—0.59) no no
141 048 no 048 (0.42) 0.55 (-0.76) no no
316.74 270.08 yes 0.70 (1.49) 0.70 (0.58) yes yes
8.04 5.72 yes 0.65 (0.87) 0.68 (—0.04) no no
1.68 1.13 no 0.31(0.70) 0.32(-0.34) no no
0.03 0.00 no —0.10(0.15) -0.13(-1.82) no no
16.14 15.14 no 0.31(1.05) 0.31(0.11) yes no
6.97 447 yes 0.69 (0.79) 0.74 (-0.12) no no
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AE category Preferred term ARR (per 1,000 repo.rts fgllowing Frequentist
(MedDRA number) COVID-19 vaccination) ROR (95% CI)
angular cheilitis (10002509) 0.02 3.05(1.24-7.51) 3.05(1.24-751)
cheilitis (10008417) 033 140 (1.17-1.67) 140 (1.17-1.67)
chapped lips (10049047) 0.25 2.06 (1.64-2.60) 2.07 (1.64-2.60)
lip blister (10049307) 032 143 (1.20-1.72) 143 (1.20-1.72)
lip discoloration (10024549) 012 1.37 (1.02-1.84) 1.37 (1.02-1.84)
lip disorder (10048470) 0.14 3.65 (2.50-5.33) 3.65 (2.50-5.33)
lip dry (10024552) 0.22 2.38(1.84-3.07) 2.38 (1.84-3.07)
Lips? lip erythema (10080124) 017 3.25(2.32-4.54) 3.25(2.32-4.54)
lip exfoliation (10064482) 0.07 1.35 (0.93-1.98) 1.35(0.93-1.98)
lip edema (10024558) 0.06 0.86 (0.61-1.21) 0.86 (0.61-1.21)
lip pain (10024561) 0.30 44 (1.95-3.06) 44 (1.95-3.06)
lip pruritus (10070721) 039 4.17 (3.27-5.30) 4.17 (3.27-5.30)
lip scab (10082767) 0.01 5.82(0.72-47.28) 5.82(0.72-47.28)
lip swelling (10024570) 5.64 1.56 (1.50-1.63) 1.57 (1.50-1.64)
lip ulceration (10024572) 0.03 0.92 (0.55-1.53) 0.92 (0.55-1.53)
palatal disorder (10052453) 0.02 1.22 (0.63-2.35) 22 (0.63-2.35)
Palate’ palatal edema (10056998) 0.01 0.65 (0.32-1.30) 0.65 (0.32-1.30)
palatal swelling (10074403) 0.09 4.35(2.59-731) 4.35(2.59-7.31)
palatal ulcer (10077519) 0.004 1.66 (0.30-9.07) 1.66 (0.30-9.07)
aphthous ulcer (10002959) 040 443 (3.47-5.66) 443 (347-5.66)
circumoral edema (10052250) 0.01 1.83 (0.64-5.26) 1.83 (0.64-5.26)
circumoral swelling (10081703) 0.05 4.71(2.32-9.56) 4.71(2.32-9.56)
coating in the mouth (10075366) 0.02 415 (1.42-12.16) 415 (1.42-12.16)
leukoplakia oral (10024396) 0.01 048 (0.19-1.23) 048 (0.19-1.23)
mouth swelling (10075203) 1.03 3.51(3.05-4.03) 3.51 (3.06-4.03)
mouth ulceration (10028034) 042 0.75 (0.65-0.85) 0.75 (0.65-0.85)
edema mouth (10030110) 0.01 0.05 (0.03-0.09) 0.05 (0.03-0.09)
oral blood blister (10076590) 0.05 3.91(1.97-7.73) 3.91(1.97-7.73)
oral candidiasis (10030963) 0.14 1.39 (1.06-1.82) 1.39 (1.06-1.82)
oral discomfort (10030973) 0.86 3.38(2.91-3.93) 3.38(2.91-3.93)
oral disorder (10067621) 022 147 (1.18-1.83) 147 (1.18-1.83)
oral fungal infection (10061324) 0.02 1.66 (0.71-3.88) 1.66 (0.71-3.88)
oral herpes (10067152) 152 1.51(1.39-1.64) 1.51(1.39-1.64)
oral lichen planus (10030983) 0.04 3.12 (1.65-5.89) 3.12(1.65-5.89)
Oral mucosa® )
oral mucosa erosion (10064594) 0.001 0.83 (0.05-13.28) 0.83 (0.05-13.28)
oral mucosal blistering (10030995) 043 146 (1.25-1.71) 146 (1.25-1.71)
oral mucosal discoloration (10030996) 0.01 0.91 (0.39-2.15) 0.91 (0.39-2.15)
oral mucosal eruption (10030997) 0.20 1.33(1.06-1.66) 1.33 (1.06-1.66)
oral mucosal erythema (10067418) 0.09 1.61 (1.14-2.28) 1.61(1.14-2.28)
oral mucosal exfoliation (10064487) 0.03 1.34(0.74-241) 1.34(0.74-2.41)
oral pain (10031009) 0.82 2.21(1.94-2.52) 2.21(1.94-2.52)
oral papule (10031010) 0.002 0.55 (0.09-3.32) 0.55 (0.09-3.32)
oral pruritus (10052894) 0.50 265 (2.22-3.17) 2.65(2.22-3.17)
oral purpura (10083533) 0.003 249 (0.26-23.97) 249 (0.26-23.97)
oral pustule (10056674) 0.01 0.83 (0.40-1.74) 0.83 (0.40-1.74)
oropharyngeal blistering (10067950) 0.06 0.60 (0.42-0.84) 0.60 (0.42-0.84)
oropharyngeal plaque (10067721) 0.01 1.45 (0.43-4.97) 145 (0.43-4.97)
perioral dermatitis (10034541) 0.02 1.25 (0.60-2.59) 1.25 (0.60-2.59)
stomatitis (10042128) 0.96 148 (1.33-1.64) 148 (1.33-1.64)

The frequentist criteria for identifying a signal of disproportionate reporting (SDR) were as follows: 1) PRR > 2 with a 95% Cl lower bound >1; 2) ROR > 2 with
a95% Cl lower bound >1; 3) likelihood ratio test (LRT) >3.84; 4) x* with Yates's correction >4; and 5) total number of reports >3.

The Bayesian criteria for identifying an SDR were as follows: 1) point estimate and lower limit of the 95% C/ of the new IC method (ICy;s) are >0;

and 2) Bayesian Confidence Propagation Neural Network (BCPNN) point estimate and corresponding Coys are >0.

' The preferred term “sensitivity of teeth (10040012)" was not reported in any vaccine groups.

2The preferred terms “salivary duct inflammation (10056681)", “salivary duct obstruction (10039386)’, “salivary duct stenosis (10039388)", “salivary gland
induration (10071363), and “salivary gland mass (10057002)" were not reported in any vaccine groups.

3The preferred terms “acquired macroglossia (10058835)", “ankyloglossia acquired (10049243)", “atrophic glossitis (10069085)", “atrophy of tongue papillae
(10003712) “tongue black hairy (10043941)", “tongue fungal infection (10075845)’, and “tongue induration (10084548)" were not reported in any vaccine groups.
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Frequentist Bayesian SDR (frequentist
and Bayesian)

7.00 5.55 yes 0.51 (0.90) 0.52 (-0.03) no no
14.25 13.72 no 0.20 (1.03) 0.20 (0.06) yes no
41.25 38.89 yes 0.38(1.15) 0.38(0.22) yes yes
16.09 1548 no 0.21 (1.04) 0.21 (0.07) yes no
446 4.10 no 0.19 (0.94) 0.19 (-0.04) no no
56.85 5067 yes 0.57 (1.26) 0.58 (0.36) yes yes
48.57 45.25 yes 044 (1.18) 044 (0.27) yes yes
57.80 52.22 yes 0.54 (1.24) 0.54 (0.34) yes yes
248 2.16 no 0.18 (0.88) 0.18 (-0.12) no no
0.76 0.61 no —0.10(0.72) —0.11 (-=0.40) no no
68.69 64.14 yes 045 (1.22) 0.45 (0.30) yes yes
176.39 157.29 yes 0.61(1.38) 0.61(0.48) yes yes
4.02 229 no 0.62 (0.64) 0.68 (—0.33) no no
41445 405.24 no 0.26 (1.16) 0.26 (0.22) yes no
0.10 0.04 no —0.06 (0.66) —0.06 (—0.49) no no
0.35 0.18 no 0.12 (0.68) 0.12 (-041) no no
152 1.12 no —0.31(0.45) —0.32 (—0.95) no no
41.18 35.65 yes 0.62 (1.23) 0.62 (0.34) yes yes
036 0.03 no 0.25 (0.36) 0.29 (-0.98) no no
190.27 168.67 yes 0.62(1.39) 0.62 (0.49) yes yes
133 0.78 no 0.32 (0.63) 0.33 (—=0.44) no no
25.19 21.14 yes 0.63(1.15) 0.64 (0.26) yes yes
8.89 6.87 yes 0.59 (0.93) 0.61(0.02) yes yes
242 1.76 no —0.54 (0.29) —0.57 (=1.43) no no
393.64 358.70 yes 0.57 (1.39) 0.57 (0.48) yes yes
19.51 19.33 no —0.21 (0.79) —0.21 (-0.32) no no
249.85 214.24 no —3.11 (0.06) —3.15 (=3.69) no no
19.71 16.72 yes 059 (1.11) 0.59 (0.21) yes yes
5.85 5.46 no 0.20 (0.96) 0.20 (-0.01) no no
314.39 287.33 yes 0.56 (1.37) 0.56 (047) yes yes
12.51 11.92 no 0.23(1.02) 0.23 (0.06) yes no
1.44 0.96 no 0.28 (0.70) 0.29 (-0.34) no no
95.20 93.00 no 024 (1.12) 0.24 (0.17) yes no
14.72 12.65 yes 0.52 (1.05) 0.53(0.14) yes yes
0.02 0.00 no —0.09 (0.07) —0.13 (=2.53) no no
2339 2262 no 0.22 (1.06) 0.22(0.10) yes no
0.04 0.00 no —0.06 (0.49) —0.06 (-0.79) no no
6.36 6.01 no 0.17 (0.98) 0.17 (0.00) no no
749 6.87 no 0.27 (0.97) 0.27 (0.01) yes no
0.96 0.69 no 0.17 (0.76) 0.18 (-0.29) no no
158.52 15047 yes 041 (1.24) 0.41(0.32) yes yes
043 0.04 no —-0.37(0.13) —045 (-2.09) no no
13247 12348 yes 048 (1.27) 0.48 (0.36) yes yes
0.71 0.10 no 0.38(0.31) 0.46 (—1.04) no no
0.24 0.09 no —0.12(0.51) -0.13(=0.77) no no
8.85 8.39 no -0.38 (0.58) —0.39 (-0.70) no no
037 0.09 no 0.20 (048) 0.22 (-0.73) no no
0.35 0.17 no 0.13 (0.65) 0.14 (-0.45) no no
55.21 53.86 no 0.23(1.10) 0.23(0.15) yes no

4The preferred term“lip erosion (10051992)" was not reported in any vaccine groups.

>The preferred term “palatal palsy (10072012)" was not reported in any vaccine groups.

5The preferred terms “aphthous stomatitis (10002958)", “buccal mucosal roughening (10048479)",“mouth plaque (10028032)", “oral lichenoid reaction
(10083833)", “oral mucosal hypertrophy (10062956)", “oral mucosal petechiae (10030998)", “oral mucosal roughening (10084009)", “oral mucosal scab
(10082769)", “oral pigmentation (10077552)", “oral soft tissue disorder (10061326)", and “oral viral infection (10065234)" were not reported in any vaccine
groups.

ARR — absolute reporting ratio; MedDRA — Medical Dictionary for Regulatory Activities.
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and oral paresthesia (2.08). Moreover, pre-seniors (50—64
years) had 8 true SDRs: taste disorder (12.86); ageusia
(11.72); tongue discomfort (5.46); tongue pruritus (5.19);
oral paresthesia (2.34); dysgeusia (2.31); oral hypoesthesia
(2.21); and oral discomfort (2.03).

Seniors (65-79 years) had 4 true SDRs, namely taste
disorder (11.52), ageusia (10.43), tongue discomfort
(4.99), and oral paresthesia (2.13), whereas ageusia (7.54)
was the only true SDR identified among individuals aged
>80 years (Supplementary File: Table S2).

Clinical course

Severe cases had 8 true SDRs, while non-severe cases
showed 30 true SDRs. Six SDRs were shared between
both groups, including ageusia (severe (PRR: 10.04) vs.
non-severe PRR: 22.38)), hypogeusia (6.81 vs. 6.49), taste
disorder (31.94 vs. 21.12), tongue discomfort (5.12 vs.
8.81), tongue pruritus (3.61 vs. 6.59), and mouth swelling
(2.28 vs. 3.48) (Supplementary File: Table S3).

Hospitalized cases showed only 2 true SDRs, compared
with 34 among non-hospitalized cases. Both hospital-
ized and non-hospitalized cases had jointly 2 true SDRs,
including ageusia (hospitalized (PRR: 11.73) vs. non-
hospitalized (PRR: 18.30)) and taste disorder (9.65 vs.
25.40, respectively) (Supplementary File: Table S4).

Mortality cases showed no true SDRs, while non-
mortality cases exhibited 36 true SDRs. Among fatal
cases, the Bayesian criteria were not met by any oral AE,
while the frequentist conditions were met by ageusia only
(PRR: 7.81) (Supplementary File: Table S5).

Vaccine schedule

Primary COVID-19 vaccination doses were associated
with 35 true SDRs, while booster doses showed 10 true
SDRs. Nine SDRs were shared between both schedules,
including ageusia (primer (PRR: 17.79) vs. booster (PRR:
17.68)), hypogeusia (6.20 vs. 7.47), taste disorder (24.37
vs. 14.14), toothache (3.21 vs. 3.79), tongue blistering
(2.73 vs. 3.26), tongue erythema (7.95 vs. 6.49), lip pain
(2.45 vs. 2.24), aphthous ulcer (4.45 vs. 3.82), and mouth
swelling (3.51 vs. 3.43) (Supplementary File: Table S6).

Vaccine type

The mRNA-based and viral vector-based COVID-19
vaccines exhibited 35 and 25 true SDRs, respectively,
whereas protein subunit vaccines showed 6 true SDRs, as
follows: ageusia (PRR: 18.74); taste disorder (14.93); gloss-
odynia (4.53); dry mouth (4.21); dysgeusia (4.09); and oral
paresthesia (2.31).

Among mRNA-based vaccines, taste disorder had the
highest PRR (23.77), followed by ageusia (17.58), oral
anesthesia (16.13), dental discomfort (15.23), dental par-
esthesia (12.54), hyperesthesia of teeth (11.85), tongue
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discomfort (9.11), tongue erythema (8.01), tongue pru-
ritus (6.87), and hypogeusia (6.13). Similarly, for viral
vector-based vaccines, taste disorder came first (26.07),
followed by oral anesthesia (22.28), ageusia (20.55), den-
tal paresthesia (16.71), dental discomfort (13.92), and
hyperesthesia of teeth (10.28). When evaluating influenza
vaccines, no true SDRs were found (Supplementary File:
Table S7).

State-level political inclination

Blue (Democratic) states exhibited 30 true SDRs, and
red (Republican) states showed 25 true SDRs. Both types
of states shared 25 true SDRs, including taste disorder
(blue (PRR: 23.20) vs. red (PRR: 25.22)), ageusia (17.27
vs. 20.56), hypogeusia (9.06 vs. 4.51), dysgeusia (3.11 vs.
3.30), oral paresthesia (3.72 vs. 3.56), oral hypoesthesia
(3.57 vs. 3.32), and aphthous ulcer (4.71 vs. 4.38). Five AEs
were unique to blue states: dental discomfort; dry tongue;
tongue eruption; lip disorder; and palatal swelling (Sup-
plementary File: Table S8).

Co-occurrence of chemosensory AEs

Overall, gustatory and olfactory AEs co-occurred with
a Cohen’s kappa (k) of 0.459, indicating moderate agree-
ment. The strongest agreement was observed for ageu-
sia and anosmia (x = 0.699), followed by hypogeusia and
hyposmia (x = 0.399), and taste disorder and parosmia
(x = 0.258) (Supplementary File: Table S9).

For non-COVID-19 vaccines, a considerable difference
was observed between the pre-pandemic (January 1990—
December 2019) and pandemic (January 2020—October
2024) intervals. The co-occurrence of any gustatory AE
and any olfactory AE was slight in the pre-pandemic
period (x = 0.115) but moderate in the pandemic period
(x =0.500). Ageusia and anosmia exhibited fair agreement
in the pre-pandemic period (x = 0.283), but substantial
agreement was noted between the two in the pandemic
interval (x = 0.721). Similarly, hypogeusia and hyposmia
showed no agreement pre-pandemic (x < 0.001), and
moderate agreement in the pandemic period (x = 0.474).

During the pandemic, the co-occurrence of chemo-
sensory AEs was moderate for both non-COVID-19
(x = 0.500) and COVID-19 vaccines (k = 0.489). Ageu-
sia and anosmia exhibited substantial agreement for
non-COVID-19 (x = 0.721) and COVID-19 vaccines
(x = 0.710). Similarly, hypogeusia and hyposmia showed
moderate agreement for non-COVID-19 (x = 0.474)
and COVID-19 vaccines (x = 0.438) (Fig. 2).

Google Trends and VAERS reports
A non-parametric correlation analysis was per-

formed between the weekly search volume of keywords
(taste loss, ageusia and dysgeusia) in Google Trends
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aysgeusia | nypogeusia| ageusia | taste | gustatory (https://trends.google.com/trends) and the weekly num-
L] ber of gustatory AE reports in VAERS (taste disorder,
yposmia
Overall parosmia | | ageusia, dysgeusia, and hypogeusia). Spearman’s rho
™ e coefficient was 33.3% during the pandemic period pre-
% overall hyposmia ceding the COVID-19 vaccine rollout, and increased to
parosmia
§ lfactory AEs 75.0% following the public administration of COVID-19
2 3 Q‘i‘b‘i\g@ e vaccines on December 14, 2020 (Fig. 3).
als QQ/ arosmia
g g_ Q’:g‘b olfpactoryAEs R . I
Sla| &Sy [omoma H egression analyses
i & N4 hyposmia
g - Q®z$«’b parosmia
z s olfactory As Binary logistic regression models were constructed for
overall | mwesmia each true SDR, using sex (female vs. male), age (per year
Siactory ASs increase), state (red vs. blue), and vaccine type (COVID-19
@ [ vaccines vs. non-COVID-19 vaccines) as predictors to cal-
hyposmia . . .
Kq}“'b parosmia culate adjusted odds ratios (AORs) with 95% ClIs (Table 3).
g el i Females had significantly higher odds for 32 SDRs, while
6‘0\0 hyposmia [ | no SDRs were more prevalent in males. Notably, elevated
ity s risks in females were observed for dysgeusia (AOR = 2.056
& o (1.921-2.199)), ageusia (AOR = 1.094 (1.032-1.160)),
& parosmia taste disorder (AOR = 1.464 (1.333-1.609)), oral pares-
olfactory AEs
& P thesia (AOR = 3.742 (3.485-4.019)), oral hypoesthesia
gy (AOR = 2433 (2.266-2.612)), dry mouth (AOR = 1.514
&)
i olfactory AEs (1.387-1.653)), aphthous ulcer (AOR = 1.674 (1.330-
e [Trwposmia 2.108)), and oral lichen planus (AOR = 2.708 (1.211-
O -
S | 6.055)), among others (Fig. 4A).
ol @ [ Increasing age was associated with higher odds for
3 @i&\,\\" prosmia 27 SDRs. For each additional year of age, the probability
5 L olfactory AEs fd lopi i in th hi d by 3.4% (1.2
o & [ amoemn of developing coating in the mouth increased by 3.4% (1.2—
& &{\@ hyposmia 5.7%), burning mouth syndrome by 2.6% (1.0-4.1%), oral
& tactor AE: lichen planus by 2.4% (0.9-4.0%), and tongue erythema by
2 o | 2.2% (1.3-3.0%). These findings suggest a cumulative effect
— .o osmia
§ & parosmia of age, where the likelihood of developing these SDRs pro-
olfactory AEs
o prr gressively increases over time (Fig. 4B).
a] @0“\ e State-level political inclination was not statistically sig-
) arosmia
3 oltactory AEs nificant for 36 SDRs. However, 3 SDRs showed significant
o anosmia . . . . .
P H variation: tongue blistering and ageusia were more preva-
o € prra—" lent in red states, whereas oral paresthesia was more com-
= anosmia mon in blue states (Fig. 4C).
$ osmia . ore .
£ 40@ oo For 38 SDRs, odds were significantly higher
[%]
8 olfactory AFs for COVID-19 vaccines compared with other vaccines,
S A anesa e )
& [Trovosma except for coating in the mouth (Fig. 4D).
$ arosmia
Q olfpac(oryAEs
PN anosmia Spearman’s rho Spearman’s rho
= &0‘ hyposmia H 1000 - =033 =0750
g & parosmia 900/ L 1
S olfactory AEs 800 [
o [ ” 200 listnset s
g oé@ hyposm-ia o
. o—
o [T ol
» parosmia 300 :(erch 2oz |
% olfactory AEs 200 i
> N :;':s':; 100 |
@ parosmia P P PP PP P PP P PP PP PP PP PP PP PP PP PSP
olfactory AEs LT LT L L LLF L

— Google Trends (KWs: taste loss, ageusia, dysgeusia)
— VAERS reports (AEs: taste disorder, ageusia, dysgeusia, hypogeusia)

Fig. 2. Co-occurrence of chemosensory adverse events (AEs) across
different subgroups

Cohen's kappa values are color-coded as follows: values <0 are shown in dark Fig. 3. Trends in taste disorder reports in the Vaccine Adverse Event

gray; 0.00-0.20in gray; 0.21-0.40 in yellow; 041-060 in orange; and 0.61-0.80 Reporting System (VAERS) and Google Trends search activity (2020-2024)
in red. Cells with not available values due to zero reports are displayed in black. KW - keyword.
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Table 3. Logistic regression analysis of eligible oral signals of dipropionate reporting (SDRs) associated with coronavirus disease 2019 (COVID-19) vaccination

in the United States

Preferred term

Sex (female vs. male)

Age (increase per year)

State (red vs. blue)

Vaccine type (COVID-19 vaccine

vs. non-COVID-19 vaccines)

Ageusia

Dysgeusia
Hypogeusia

Taste disorder
Anesthesia oral
Burning mouth syndrome
Hypoesthesia oral
Paresthesia oral
Dental discomfort
Dental paresthesia
Hyperesthesia teeth
Toothache
Aptyalism

Dry mouth
Glossodynia
Swollen tongue
Tongue blistering
Tongue discomfort
Tongue dry
Tongue eruption
Tongue erythema

Tongue movement
disturbance

Tongue pruritus
Chapped lips

Lip disorder

Lip dry

Lip erythema

Lip pain

Lip pruritus

Palatal swelling
Aphthous ulcer
Circumoral swelling
Coating in the mouth
Mouth swelling
Oral blood blister
Oral discomfort
Oral lichen planus

Oral pain

Oral pruritus

1.094 (1.032-1.160); 0.003*
2.056 (1.921-2.199); <0.001*
0.784 (0.581-1.056); 0.109
1.464 (1.333-1.609); <0.001*
0.915 (0.337-2.480); 0.861
2.568 (1.145-5.762); 0.022*
2433 (2.266-2.612); <0.001*
3.742 (3.485-4.019); <0.001*
1.893 (1.029-3.480); 0.040*
1.465 (0.581-3.694); 0418
1.806 (1.237-2.637); 0.002*
1.564 (1.376-1.778); <0.001*
0.970 (0.510-1.842); 0.925
1.514 (1.387-1.653); <0.001*
1.871(1.575-2.222); <0.001*
2.566 (2.391-2.753); <0.001*
2.683 (1.818-3.960); <0.001*
2.929 (2.340-3.665); <0.001*
3,517 (1.922-6.436); <0.001*
2.052 (1.240-3.395); 0.005*
2.194 (1.446-3.328); <0.001*

1.218 (0.722-2.055); 0.461

3.272 (2.534-4.226); <0.001*
1.575 (1.208-2.054); 0.001*
1.526 (1.053-2.212); 0.026*

1.783 (1.322-2.405); <0.001*

1.970 (1.365-2.841); <0.001*

2.600 (1.954-3.461); <0.001*

4.514 (3.268-6.235); <0.001*
1.784 (1.101-2.891); 0.019*

1.674 (1.330-2.108); <0.001*
2232 (1.081-4.606); 0.030*
0.702 (0.300-1.643); 0.415

1.920 (1.663-2.216); <0.001*
0.974 (0.534-1.775); 0.931

2.921 (2.434-3.506); <0.001*
2.708 (1.211-6.055); 0.015*

1453 (1.258-1.678); <0.001*

3.932 (3.052-5.065); <0.001*

1.007 (1.006-1.009); <0.001*
1.007 (1.006-1.008); <0.001*
1.009 (1.002-1.016); 0.011*
1.008 (1.006-1.010); <0.001*
0.986 (0.963-1.009); 0.216
1.026 (1.010-1.041); 0.001*
1.003 (1.001-1.004); <0.001*
1.002 (1.001-1.004); <0.001*
1.016 (1.003-1.029); 0.015*
0.999 (0.980-1.018); 0.909
1.007 (1.000-1.015); 0.062
1.016 (1.014-1.019); <0.001*
1.018 (1.003-1.033); 0.018*
1.010 (1.009-1.012); <0.001*
1.013 (1.010-1.017); <0.001*
1.005 (1.004-1.007); <0.001*
1.014 (1.007-1.020); <0.001*
1.010 (1.006-1.013); <0.001*
1.009 (1.000-1.019); 0.056
0.998 (0.989-1.007); 0.672
1.022 (1.013-1.030); <0.001*

0.997 (0.986-1.008); 0.611

0.989 (0.985-0.993); <0.001*
1.009 (1.004-1.014); <0.001*
1.004 (0.997-1.012); 0.246
1.006 (1.001-1.012); 0.028*
1.002 (0.995-1.008); 0.667
1.011 (1.006-1.016); <0.001*
0.996 (0.992-1.001); 0.125
1.014 (1.004-1.024); 0.005*
1.004 (0.999-1.008); 0.097
0.997 (0.984-1.010); 0.628
1.034 (1.012-1.057); 0.003*
1.005 (1.002-1.008); <0.001*
1.014 (1.001-1.028); 0.034*
1.013 (1.010-1.016); <0.001*
1.024 (1.009-1.040); 0.001*
1.013 (1.010-1.016); <0.001*
0.997 (0.993-1.000); 0.070

1.098 (1.040-1.160); 0.001*
0.994 (0.941-1.050); 0.834
1.009 (0.749-1.359); 0.952
1.089 (1.002-1.183); 0.044
0.704 (0.248-2.000); 0.510
1475 (0.816-2.665); 0.198
0.966 (0.914-1.021);0.216
0.911 (0.869-0.956); <0.001*

1.047 (0.633-1.730); 0.859
0.993 (0.434-2.270); 0.987
0.876 (0.633-1.211); 0423

0.926 (0.827-1.036); 0.180
1.105 (0.597-2.047); 0.751

0.977 (0.904-1.055); 0.550
0.913 (0.790-1.056); 0.220
0.962 (0.912-1.015); 0.160
1.570(1.186-2.079); 0.002*
0.924 (0.785-1.087); 0.339
0.903 (0.597-1.365); 0.629
1.221(0.815-1.830); 0.333
0.886 (0.634-1.238); 0.478

0.841 (0.509-1.389); 0.498

0.847 (0.705-1.017); 0.075
1.046 (0.830-1.319); 0.702
0.786 (0.559-1.105); 0.166
1.035 (0.803-1.333); 0.790
1.060 (0.785-1.433); 0.702
1.057 (0.853-1.309); 0.612
1.058 (0.868-1.289); 0.578
0.864 (0.570-1.309); 0.490
0.998 (0.819-1.216); 0.984
1.339 (0.763-2.352); 0.309
1.607 (0.697-3.707); 0.266
1.018 (0.904-1.146); 0.772
0.867 (0.482-1.562); 0.636
1.003 (0.880-1.143); 0.969
0.636 (0.335-1.209); 0.167
0.943 (0.829-1.073); 0.373
0.921 (0.779-1.089); 0.338

15.182(13.313-17.313); <0.001*

2.648 (2.474-2.834); <0.001*

5.682 (3.528-9.152); <0.001*

19.645 (15.688-24.599); <0.001*

16.931 (2.111-135.767); 0.008*
4454 (1.743-11.381); 0.002*
2.966 (2.768-3.179); <0.001*
3.164 (2.977-3.362); <0.001*

39.081 (5.394-283.152); <0.001*

8.719 (1.972-38.555); 0.004*
10.397 (5.433-19.895); <0.001*
2351 (2.051-2.695); <0.001*
3.654 (1.515-8.817); 0.004*
1.979 (1.809-2.165); <0.001*
1632 (1.391-1.914); <0.001*
1.979 (1.861-2.105); <0.001*
2.063 (1.470-2.895); <0.001*
7401 (5.549-9.872); <0.001*
2.761 (1.651-4.616); <0.001*
2677 (1.621-4.421); <0.001*
4.937 (2.925-8.335); <0.001*

2.906 (1.583-5.333); 0.001*

7.908 (5.895-10.608); <0.001*
1.712 (1.319-2.221); <0.001*
3.032(1.990-4.617); <0.001*
1.972 (1.472-2.641); <0.001*
2.861 (1.960-4.176); <0.001*
1.842 (1.442-2.353); <0.001*
4,043 (3.086-5.297); <0.001*
3.249 (1.880-5.615); <0.001*
4,003 (3.043-5.265); <0.001*
3.608 (1.690-7.706); 0.001*
2370 (0.793-7.086); 0.122
3.153 (2.703-3.677); <0.001*
2.885 (1.370-6.077); 0.005*
2.588 (2.198-3.046); <0.001*
3.816 (1.606-9.067); 0.002*
1.779 (1.538-2.057); <0.001*
2486 (2.041-3.029); <0.001*

Data is presented as adjusted odds ratio (95% confidence interval) (AOR (95% C/)), with the corresponding p-value. * statistically significant (p < 0.05).
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Fig. 4. Logistic regression analysis of oral adverse events (AEs) following coronavirus disease 2019 (COVID-19) vaccination

A. Sex-based disparities; B. Age-based disparities; C. State-level political inclination; D. Vaccine type.

AOR - adjusted odds ratio.

After adding time period to the models, sex-, age- or
state-based associations remained stable, while some
vaccine-based associations lost statistical significance,
including oral anesthesia, burning mouth syndrome and

oral lichen planus, among others. The pandemic period
was associated with increased odds for 19 SDRs, includ-
ing taste disorder, ageusia, oral paresthesia, and aphthous

ulcer (Table 4).
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Table 4. Time-adjusted logistic regression analysis of eligible oral signals of dipropionate reporting (SDRs) associated with coronavirus disease 2019
(COVID-19) vaccination in the United States

Preferred term

Sex
(female vs. male)

Age
(increase per year)

NEN
(red vs. blue)

Vaccine type

(COVID-19 vaccine vs.

Time period
(pandemic vs.

Ageusia

Dysgeusia

Hypogeusia

Taste disorder

Anesthesia oral

Burning mouth
syndrome

Hypoesthesia oral

Paresthesia oral

Dental discomfort

Dental paresthesia

Hyperesthesia teeth

Toothache

Aptyalism

Dry mouth

Glossodynia

Swollen tongue

Tongue blistering

Tongue discomfort

Tongue dry

Tongue eruption

Tongue erythema

Tongue movement
disturbance

Tongue pruritus

Chapped lips

Lip disorder

Lip dry

Lip erythema

1.097 (1.034-1.164);
0.002*

2.056 (1.920-2.201);
<0.001*

0.778(0.576-1.051);
0.102

1.478 (1.343-1.626);
<0.001*

0911 (0.336-2.470);
0.855

2495 (1.110-5.607);
0.027

2432 (2.264-2.612);
<0.001*

3.735(3477-4.012);
<0.001*

2.178(1.134-4.185);
0.019*

1.459 (0.579-3.678);
0423

1.785 (1.222-2.607);
0.003*

1.570 (1.379-1.788);
<0.001*

1.002 (0.517-1.943);
0.994

1.501 (1.374-1.639);
<0.001*

1.856 (1.562-2.206);
<0.001*

2.572 (2.396-2.761);
<0.001*

2.737 (1.844-4.064);
<0.001*

2924 (2.333-3.663);
<0.001*

3423 (1.869-6.270);
<0.001*

2.104 (1.256-3.524);
0.005*

2.271 (1.487-3.468);
<0.001*

1.189 (0.704-2.011);
0517

3.261(2.525-4.212);
<0.001*

1.630 (1.242-2.139);
<0.001*

1.538 (1.056-2.241);
0.025%

1.829 (1.345-2.485);
<0.001*

1.940 (1.344-2.799);
<0.001*

1.007 (1.006-1.009);
<0.001*

1.007 (1.006-1.009);
<0.001*

1.009 (1.002-1.016);
0.009*

1.008 (1.006-1.010);
<0.001*

0.985 (0.962-1.007);
0.184

1.025 (1.009-1.041);
0.002*

1.003 (1.001-1.004);
<0.001*

1.002 (1.001-1.004);
<0.001*

1.013 (1.000-1.026);
0.053

0.997 (0.978-1.017);
0.783

1.007 (0.999-1.015);
0.079

1.016 (1.013-1.019);
<0.001*

1.021 (1.005-1.036);
0.008*

1.010 (1.009-1.012);
<0.001*

1.013 (1.010-1.017);
<0.001*

1.005 (1.004-1.006);
<0.001*

1.013 (1.006-1.020);
<0.001*

1.009 (1.005-1.013);
<0.001*

1.010 (1.000-1.020);
0.043*

0.996 (0.987-1.006);
0444

1.021 (1.012-1.029);
<0.001*

0.997 (0.986-1.008);
0.586

0.988 (0.984-0.992);
<0.001*

1.010 (1.005-1.015);
<0.001*

1.004 (0.997-1.012);
0.288

1.007 (1.001-1.013);
0.018*

1.000 (0.993-1.007);
0.979

1.094 (1.035-1.156);
0.001*

0.995 (0.941-1.051);
0.848

1.013 (0.751-1.368);
0.931

1.091 (1.003-1.186);
0.042

0.704 (0.248-2.000);
0.510

1403 (0.771-2.555);
0.268

0.966 (0.914-1.021);
0.222

0.910 (0.867-0.955);
<0.001*

1.136 (0.682-1.893);
0.624

0.993 (0.434-2.270);
0.987

0.884 (0.639-1.224);
0458

0.934 (0.833-1.046);
0.238

1.082 (0.575-2.037);
0.807

0.972 (0.899-1.051);
0.480

0917 (0.793-1.062);
0.247

0.964 (0.913-1.017);
0.182

1.618 (1.219-2.147);
0.001*

0.918 (0.780-1.082);
0.307

0.851 (0.558-1.296);
0452

1.184 (0.784-1.788);
0422

0.895 (0.640-1.252);
0.518

0.859 (0.519-1.423);
0.555

0.841 (0.700-1.011);
0.065

1.078 (0.854-1.363);
0527

0.810(0.575-1.141);
0.227

1.036 (0.801-1.341);
0.786

1.079 (0.798-1.460);
0.620

non-COVID-19 vaccines)

9.038 (7.195-11.353);
<0.001*

3.353(2.872-3.913);
<0.001*

14.035 (3.412-57.725);

<0.001*

4.687 (3.634-6.044);
<0.001*

2.591 (0.335-20.058);
0.362

1.514 (0.469-4.895);
0488

2.690 (2.343-3.089);
<0.001*

2.772 (2459-3.126);
<0.001*

7.388 (1.023-53.343);
0.047%

1.506 (0.350-6.478);
0.582

3.770 (1.554-9.148);
0.003*

1.554 (1.238-1.951);
<0.001*

18.339 (0.937-358.829);

0.055

2.299 (1.900-2.782);
<0.001*

1.661 (1.215-2.272);
0.001*

1.714 (1.528-1.923);
<0.001*

1.196 (0.704-2.030);
0.509

3.371(2.188-5.193);
<0.001*

2.333(0.867-6.280);
0.094

1.420 (0.653-3.090);
0.377

2.654 (1.180-5.969);
0.018*

1.783 (0.646-4.924);
0.264

2486 (1.682-3.673);
<0.001*

2.161 (1.222-3.820);
0.008*

3.692 (1.411-9.662);
0.008*

1.743 (0.998-3.044);
0.051

1.022 (0.624-1.673);
0.932

pre-pandemic)

1.978 (1.509-2.592);
<0.001*

0.750 (0.636-0.884);
0.001*

0.343 (0.081-1.456);
0.147

14.917 (8.828-25.206);
<0.001*

3,720,842.000 (0.000-
Inf); 0.976

5.669 (0.947-33.941);
0.057

1.119 (0.963-1.300);
0.144

1.163 (1.020-1.326);
0.024*

2,761,506.000 (0.000-
Inf); 0.976

6,614,348.000 (0.000—
Inf); 0.975

4.489 (1.307-15.421);
0.017*

1.680 (1.293-2.181);
<0.001*

0.149 (0.008-2.904);
0.209

0.827 (0.675-1.014);
0.067

0.967 (0.691-1.354);
0.846

1.194 (1.054-1.353);
0.005*

2.026 (1.093-3.755);
0.025*

3.068 (1.763-5.339);
<0.001*

1.170 (0.394-3477);
0.778

2.670 (1.064-6.704);
0.036"

2.363 (0.865-6.454);
0.093

1.811 (0.578-5.674);
0.308

5.349(3.138-9.117);
<0.001*

0.767 (0.420-1.400);
0.387

0.763(0.275-2.117);
0.604

1.167 (0.637-2.139);
0618

4.512(2.361-8.622);
<0.001*
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Preferred term SEX : Age
(female vs. male) (increase per year)
Lo mei 2.562 (1.925-3411); 1.010 (1.006-1.015);
PP <0.001* <0001*
) . 4479 (3.242-6.188); 0.995 (0.991-1.000);
Lip pruritus <0.001* 0.053
Palatal swellin 1.781 (1.099-2.887); 1.013 (1.003-1.022);
9 0019* 0011
1.704 (1.349-2.152); 1.003 (0.998-1.007);
Aphthous ulcer <0001* 0228
Circumoral swellin 2.169 (1.049-4.484); 0.995 (0.982-1.008);
9 0.037* 0459
- 0.702 (0.300-1.644); 1.033 (1.010-1.056);
Coating in the mouth 0415 0.004*
. 1.915 (1.658-2.212); 1.004 (1.001-1.007);
Mouth swelling <0001% 0.006*
) 0.974 (0.534-1.775); 1.012 (0.998-1.025);
Oral blood blister 0931 0,088
) 2.952 (2.455-3.549); 1.013(1.010-1.016);
Oral discomfort <0001 <0.001*
. 2.633(1.176-5.896); 1.023 (1.007-1.038);
Oral lichen planus 0.019* 0.004*
Oral bain 1461 (1.263-1.689); 1.013 (1.010-1.016);
P <0001* <0001*
Oral Bruritus 3.957 (3.066-5.106); 0.997 (0.993-1.001);
P <0001* 0.090

Vaccine type Time period
State . :
(red vs. blue) (COVID-19 vaccine vs. (pandemic vs.
' non-COVID-19 vaccines) pre-pandemic)

1.051 (0.847-1.303); 1.131 (0.767-1.669); 1911 (1.223-2.983);
0.651 0.535 0.004*

1.041 (0.853-1.270); 1.717 (1.159-2.543); 3.264 (2.007-5.307);
0.694 0.007* <0.001*

0.863 (0.569-1.309); 1.120 (0.563-2.229); 5407 (2.008-14.561);
0.488 0.747 0.001*

0.995 (0.815-1.215); 2.089 (1.359-3.211); 2480 (1.479-4.157);
0.960 0.001* 0.001*

1.388 (0.786-2.449); 0.773 (0.342-1.745); 17.485 (3.613-84.612);
0.258 0.535 <0.001*

1.607 (0.697-3.707); 1.057 (0.246-4.543); 3496 (0.492-24.864);
0.266 0.940 0.211

1.017 (0.902-1.145); 1.156 (0.944-1.415); 4484 (3.422-5.875);
0.787 0.162 <0.001*

0.868 (0.482-1.563); 0.643 (0.299-1.383); 33.442 (4.170-268.206);
0.636 0.259 0.001*

0.996 (0.873-1.136); 1.622 (1.241-2.120); 1.846 (1.353-2.518);
0.950 <0.001* <0.001*

0.657 (0.345-1.252); 2.363(0.577-9.675); 2.592 (0.437-15.366);
0.201 0.232 0.294

0.944 (0.828-1.075); 1.694 (1.282-2.238); 1.070 (0.792-1.447);
0.383 <0.001* 0.658

0.918 (0.776-1.086); 3.073 (1.965-4.806); 0.765 (0.478-1.224);
0317 <0.001* 0.264

Data is presented as AOR (95% C), with the corresponding p-value. * statistically significant (p < 0.05).

Discussion
Key findings

The disproportionality analysis demonstrated that oral
AEs were reported 2.40 times more frequently follow-
ing COVID-19 vaccination than after all other vaccines in
the VAERS database. Females and older adults exhibited
higher PRRs, whereas severe, hospitalized and fatal cases
showed substantially lower PRRs. Among the 39 true SDRs,
taste-related AEs showed the highest PRRs, including taste
disorder (23.96), ageusia (17.79), hypogeusia (6.25), and
dysgeusia (3.22), alongside other sensory SDRs such as oral
paresthesia (3.72) and oral hypoesthesia (3.50).

Sensitivity analyses confirmed that females exhibited
a greater number of SDRs (32/39) than males (21/39).
Middle-aged adults showed the highest number of true SDRs,
whereas children (<5 years) and the elderly (=80 years)
exhibited the fewest. Non-severe (30/39), non-hospitalized
(34/39) and non-fatal (36/39) cases accounted for
substantially more SDRs than severe (8/39), hospitalized
(2/39) and fatal cases (0/39). The mRNA-based (35/39)
and viral vector-based (25/39) vaccines were associated
with more SDRs than protein subunit COVID-19 vaccines
(6/39) and influenza vaccines (0/39). Co-occurrence
analyses demonstrated moderate agreement between
gustatory and olfactory AEs (x = 0.459), which increased
for non-COVID-19 vaccines during the pandemic

(x = 0.500) compared with the pre-pandemic period
(x = 0.115). This pattern suggests the presence of notori-
ety bias rather than a causal association with COVID-19
vaccines.

Regression analyses confirmed that female sex was
associated with significantly higher odds for 32 true SDRs,
and that increasing age was associated with a higher
probability of developing 27 SDRs. State-level political
inclination had no significant influence on SDR reporting,
except for 3 SDRs. The inclusion of time period as a pre-
dictor did not alter sex-, age- or state-based associations,
indicating that notoriety bias did not substantially affect
these patterns. However, adjustment for time attenuated
the associations for several SDRs, particularly burning
mouth syndrome, oral anesthesia and oral lichen planus,
suggesting that reporting trends influenced the strength
of association for certain AEs over time.

Sex- and age-related disparities

The higher susceptibility of females to reporting oral
AEs following COVID-19 vaccination aligns with pre-
vious pharmacovigilance studies involving other organ
systems.?* Disproportionality analyses using the WHO
VigiBase database have consistently shown that females
are at least twice as likely to report autoimmune,* neu-
rologic?*?” and cutaneous AEs*? following COVID-19
vaccination.?>~? This sex disparity may be attributed to
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both biological and behavioral factors.?® Sex hormones,
particularly estrogen, enhance immune responses and
contribute to greater reactogenicity, while chromosomal
differences further modulate immune function.3! Addi-
tionally, higher baseline prevalence of certain conditions
in females, coupled with increased health-seeking and
reporting behaviors, may amplify these disparities.>

The observed age-related patterns are consistent with
prior analyses indicating that adults, especially middle-
aged individuals, are more susceptible to AEs follow-
ing COVID-19 vaccination than minors (<18 years) and
seniors (264 years).?>3%3 Increase in AE reporting with
age has been documented for conditions such as herpes
zoster, myocardial infarction and circulatory collapse.?83*
In contrast, some studies have identified a reversed pat-
tern, where certain AEs, including myocarditis/pericarditis,
thrombosis/thrombocytopenia, and anaphylaxis were
more frequently reported in younger populations, while
others found no significant age-related differences.>>~%

State-level political inclination

Political preferences have been shown to influence
perceptions of vaccine safety.>*~*3 A recent US cross-
sectional study reported that while vaccinated individu-
als across political groups experienced similar AEs,
Republicans were more likely to perceive these events as
severe, report higher rates of negative reactions among
their social circles, and discourage others from vaccina-
tion.* The study highlights the role of political ideology in
shaping vaccine perceptions even among the vaccinated.*!
Consistently, Asch et al. performed a disproportionality
analysis of COVID-19 vaccine AEs in VAERS, revealing
that a 10% increase in Republican voting was associated
with a 5% rise in overall AE reporting, a 25% increase in
severe AE reports, and a 21% higher likelihood that any
reported AE was classified as severe.*> Moreover, partisan
divisions over COVID-19 vaccines are speculated to erode
public support for other vaccination programs, including
childhood immunization mandates.** Media politicization
may further reinforce these trends, as right-leaning out-
lets were more likely to emphasize the risks of COVID-19
vaccine-associated myocarditis (CVM) without contextu-
alizing its rarity or comparing it to the risks of myocarditis
from SARS-CoV-2 infection, whereas left-leaning media
were highlighting the benefits of vaccination and provided
numerical risk estimates to contextualize CVM concerns.?
In the present analysis, state-level political inclination
was used as a proxy for political orientation, as previously
described.®2 No strong association was noted between
political affiliation and oral AE reporting patterns.*?

Vaccine schedule and type

Primary vaccination doses were associated with higher
AE reporting rates than booster doses, which is consistent

A. Riad, S. Attia. Oral adverse events after COVID-19 vaccines

with previous evidence of greater reactogenicity among
dose-naive individuals.'”** The mRNA vaccines exhib-
ited more SDRs than vector-based or protein subunit
vaccines, which aligns with previous reports highlighting
greater reactogenicity of mRNA platforms.*>%6

Are taste-related AEs a manifestation
of notoriety bias?

The strong association between chemosensory dis-
orders, particularly gustatory and olfactory dysfunc-
tion, and the SARS-CoV-2 infection may have increased
public vigilance of these symptoms due to their diag-
nostic and prognostic relevance.’>'> As a result, spo-
radic cases of gustatory and olfactory dysfunction fol-
lowing COVID-19 vaccination have been reported.!64
In response to this heightened suspicion, active surveil-
lance studies funded by the European Medicines Agency
(EMA), including SAFETY-VAC, COVID-19 Vaccine
Monitor (CVM), and Early COVID-19 Vaccine Monitor
(ECVM), included anosmia and ageusia among their AEs
of interest.*®% Surprisingly, evidence from these cohort
studies indicated that the observed rates of anosmia and
ageusia decreased following COVID-19 vaccination com-
pared to the background rates, which had been severely
elevated during the COVID-19 pandemic.>0->2

In passive surveillance databases, chemosensory AEs
were increasingly reported following COVID-19 vac-
cination, raising alternative hypotheses beyond a direct
causal link to the vaccine, including coincidental or break-
through infection.”” Both scenarios may be influenced by
notoriety bias. Our findings partially support the noto-
riety bias hypotheses, as we observed a weak co-occur-
rence of gustatory and olfactory AEs before COVID-19,
which became more pronounced during the pandemic
for both COVID-19 and non-COVID-19 vaccines. Also,
the crude reporting rate of taste-related AEs increased
several-fold during the pandemic.” Furthermore, the
strengthened correlation between Google search activity
and VAERS reporting after vaccine rollout was observed.

Strengths

The present study has several strengths. The hybrid
analytical approach employed is strongly recommended,
as no single data-mining method is inherently superior;
therefore, combining multiple approaches is essential for
identifying the most reliable SDRs.*>* Additionally, com-
prehensive stratification and sensitivity analyses across
sex, age, clinical course, political inclination, vaccine type,
and time period offer deeper insights into oral AE pat-
terns and help identify potential reporting biases.* The
suspected notoriety bias associated with taste-related
AEs was investigated using an innovative framework that
incorporated stratified co-occurrence analysis and real-
time digital search data. Moreover, this study is among
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the few to examine the role of political determinants in
AE reporting.*2

Limitations

This study has several limitations. First, reliance on pas-
sive surveillance data from VAERS is subject to inherent
biases, including underreporting, overreporting and the
inability to establish causal relationships between vac-
cines and reported AEs.!? As with all disproportionality
analyses, causality cannot be inferred from statistical
associations alone. Second, while the hybrid frequentist—
Bayesian approach enhances the robustness of signal
detection, disproportionality analysis alone cannot
determine the clinical relevance or biological mechanisms
underlying observed SDRs.> Third, state-level political
inclination was used as a proxy for individual political
preferences, which may not fully capture the complexity
of political influences on AE reporting.*? Finally, Google
Trends data was utilized as an external indicator of noto-
riety bias. However, extensive media coverage and height-
ened public awareness, especially during the pandemic,
may have contributed to the overestimation of certain
SDRs, especially taste-related AEs.

Conclusions

The findings of the present study underscore the need
for granular evaluation of clinically relevant oral SDRs,
such as oral lichen planus, using self-controlled case-
series methodologies to validate them as true safety sig-
nals.>* Given the potential role of notoriety bias in chemo-
sensory AE reporting, future disproportionality analyses
should incorporate sensitivity analyses and innovative
analytical approaches to minimize its impact. Furthermore,
as most oral AEs were strongly associated with favorable
clinical outcomes (non-severe, non-hospitalized and
non-fatal), an important public health message emerges:
although oral AEs following COVID-19 vaccination may
occur, they should not be perceived as life-threatening or
abused by antivaccine propaganda to undermine public
confidence in vaccine safety.
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