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Abstract

Background Although an association between COVID-19 vaccination and Bell’s palsy (BP) has been reported, a clear causal
relationship has not been elucidated. We investigated the risk and clinical characteristics of BP after COVID-19 vaccination.
Methods This retrospective chart review evaluated the association between COVID-19 vaccination and BP by comparing
the number of patients diagnosed with BP during the pre-COVID-19 vaccination period (March 2018—-February 2021) and
the COVID-19 mass vaccination period (March 2021-February 2022). We then compared vaccine-related (time between
vaccination and BP onset <42 days) and -unrelated (time interval >42 days or non-vaccination) clinical characteristics in
newly diagnosed patients with BP.

Results BP occurred more during the COVID-19 vaccination period than in the previous three pre-vaccination years. Thirteen
patients developed BP within 42 days of vaccination. All patients, except one, developed BP after mRNA-based vaccina-
tion, with most cases (9/13, 69.2%) occurring after the second or third dose. Thirteen patients with vaccine-related BP were
younger (age 43.92+13.14 vs. 54.32+16.01 years; p=0.033) and more frequently experienced taste changes (58.8% vs.
10.9%; p=0.002) than 52 patients with vaccine-unrelated BP. Patients with vaccine-related BP had a greater likelihood of
good and faster (p =0.042) facial nerve function recovery than those with vaccine-unrelated BP (100% vs. 78%).
Conclusion COVID-19 vaccines, especially mRNA-based vaccines, may be associated with BP cases with distinctive clinical
characteristics, which occur more frequently in young individuals, are frequently accompanied by taste changes, and have
fast and good recovery.
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Introduction

Bell's palsy (BP), characterized by sudden unilateral facial

muscle weakness, is an idiopathic form of peripheral facial

Sohyeon Kim and Minsung Kang have contributed equally to this nerve palsy. Most patients recover fully within 1 year, but
work as the first authors. some experience residual facial weakness or complications,
such as synkinesia and hemifacial spasm. The exact etiol-
ogy is still unknown, but it is presumed that viral infection
and the associated autoimmune response are involved [1, 2].
Although the health and socioeconomic burden of the
coronavirus disease 2019 (COVID-19) outbreak continues
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Many previous studies have shown the risk of devel-
oping BP following influenza vaccination. Although the
results are controversial, BP has been reported to have a
significant association with the intranasal inactivated influ-
enza vaccine, parenteral seasonal influenza vaccine, and
pandemic influenza HIN1 vaccine [5-8]. Similarly, several
case reports and case—control studies worldwide have indi-
cated an association of BP with COVID-19 vaccines such
as BNT162b2, mRNA-1273, CoronaVac, and Ad26.COV2.S
[9-14], although a clear causal relationship has not yet been
fully established.

Despite these growing reports of an increased risk of
BP following COVID-19 vaccination, to the best of our
knowledge, no studies have been published on their clinical
characteristics. In the present study, we aimed to investigate
the risk and clinical characteristics of BP after COVID-19
vaccination.

Materials and methods
Study design

This study included two parts: Part 1 to assess whether
COVID-19 vaccination was associated with an increased
risk of BP and Part 2 to analyze the clinical characteristics
of BP after COVID-19 vaccination. The study protocol was
approved by the Institutional Review Board of Keimyung
University Dongsan Hospital (IRB No. 2022-04-044).

Part 1: COVID-19 vaccination and risk of BP

This retrospective cohort study was conducted to investigate
the potential association between COVID-19 vaccination
and BP. We retrieved medical record data of adult patients
(older than 18 years) first diagnosed with BP at Keimyung
University Dongsan Hospital during 1) the pre-COVID-19
vaccination period (March 2018 to February 2019, March
2019 to February 2020, and March 2020 to February 2021)
and 2) the COVID-19 mass vaccination period (March
2021 to February 2022). As the COVID-19 mass vaccina-
tion began on February 25, 2021, in South Korea, the study
period was divided into 1-year intervals from the March of
each year to the February of the following year. The diag-
nosis of BP was determined based on the clinical practice
guidelines suggested by the American Academy of Otolar-
yngology-Head and Neck Surgery Foundation in 2013 [15].
We compared the overall number of patients who were first
diagnosed with BP during the COVID-19 vaccination period
from March 2021 to February 2022 with those who were
diagnosed during the same calendar months in the three
preceding years before the introduction of the COVID-19
vaccine.
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Part 2: clinical characteristics of BP after COVID-19
vaccination

Of all patients with BP identified in Part 1, Part 2
included only patients who were newly diagnosed dur-
ing the COVID-19 vaccination period (March 2021 to
February 2022). We excluded patients with incomplete
clinical data from the analysis. The patients were divided
into two groups according to the temporal relationship
between the onset of facial weakness and COVID-19 vac-
cination: vaccine related (time between vaccination and
BP onset <42 days) and vaccine unrelated (time inter-
val > 42 days or non-vaccination). We chose 42 days as the
criterion for dividing the two groups because this period
is considered a plausible time window in which adverse
events may reasonably be associated with vaccination
[16-18].

We collected clinical information on age, sex, medical
history, vaccination status, date of vaccination, and type of
vaccine administered. Clinical data of BP, including symp-
tom onset, associated symptoms, severity of facial weak-
ness, degree and length of recovery, magnetic resonance
imaging (MRI) findings of facial nerves, facial nerve
conduction study results, and prescription medications,
were also recorded. The associated symptoms included
pain around the ear or at the back of the head, hypera-
cusis, and changes in taste or lacrimation. The severity
of facial weakness was graded on a scale of 1 to 6 using
the House—Brackmann (H-B) facial nerve grading sys-
tem [19] and then classified into normal (H-B grade 1),
mild (H-B grade 2), moderate (H-B grade 3), severe (H-B
grades 4-5), or very severe (H-B grade 6). To evaluate
MRI enhancement patterns, the facial nerve was divided
into intrameatal, labyrinthine, geniculate ganglion, tym-
panic, and mastoid segments [20]. Enhancement of the
facial nerve was evaluated by three blinded radiologists.
The degree of functional recovery was evaluated based
on the H-B grade at every follow-up visit. Good recovery
was defined as H-B grades 1-2 and poor recovery as H-B
grades 3—6 [21]. In addition, to characterize the recov-
ery time after BP, we assessed the proportion of patients
who achieved good recovery at each of the following time
points over the follow-up period: < 1 month, 1-2 months,
2-3 months, 3—4 months, and > 4 months.

Statistical analysis

The data were analyzed using SPSS Statistics (IBM Corp.
Released 2019. IBM SPSS Statistics for Windows, Ver-
sion 26.0. Armonk, NY: IBM Corp). The results are
expressed as mean + standard deviation or median [first
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interquartile—third interquartile] for continuous variables
and numbers with proportions for categorical variables.
Student’s ¢ test, Mann—Whitney U test, and Chi-square or
Fisher’s exact test were performed as appropriate to com-
pare the clinical variables between the vaccine-related and
vaccine-unrelated groups. Statistical significance was set
at p<0.05.

Results

Comparison of BP incidence
before and after COVID-19 vaccination

In Part 1, 153 patients were first diagnosed with BP dur-
ing the COVID-19 mass vaccination period (March 2021
to February 2022) and 119, 121, and 121 during the pre-
COVID-19 vaccination period (March 2018 to February
2019, March 2019 to February 2020, and March 2020 to
February 2021, respectively). This represented an increase
in the incidence of BP by 28.6%, 26.4%, and 26.4%, respec-
tively, during the COVID-19 mass vaccination period com-
pared with the previous three pre-vaccination years. Figure 1
shows the number of patients with BP during the March
to February of each yearly period. The number of patients
with BP was higher from March 2021 to February 2022 than
previous 3 pre-vaccination years.

Clinical features of patients with BP related
to COVID-19 vaccination

Among 153 patients who were first diagnosed with BP dur-
ing the COVID-19 vaccination period in Part 1, 81 were
excluded from Part 2 study due to incomplete clinical data.
Consequently, 72 patients were finally included in Part 2.

Fig. 1 The yearly incidence of
Bell’s palsy in Dongsan Hos-

pital between 2018 and 2021, 160
before and after COVID-19 vac-
cination. The total number of 140

patients with new-onset Bell’s
palsy was 119, 121, and 121 in

2
2018, 2019, and 2020 (pre- 120
COVID-19 vaccination period). 100
The number increased to 153
in 2021, during the COVID-19
mass vaccination period 80
60
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20
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Of these, we identified 13 patients with vaccine-related BP
according to the temporal relationship with COVID-19 vac-
cination. The clinical features of the 13 patients are pre-
sented in detail in Table 1. Nine were men, and four were
women. The youngest was a 19-year-old man, and the oldest
was a 63-year-old woman. Of the 13 patients, 9 received
BNT162b2 (Pfizer, BioNTech), 3 received mRNA-1273
(Moderna), and 1 received ChAdOx1 nCoV-19 (AstraZen-
eca). BP developed in four patients (30.8%) after the first
vaccine dose, three patients (23.1%) after the second vac-
cine dose, and six patients (46.2%) after the third vaccine
dose. The mean interval from vaccination to BP onset was
12.8 days (range, 1-33 days). According to the H-B grade,
the degree of initial facial weakness was moderate in three
patients (23.1%) and severe in ten patients (76.9%). All
13 patients showed good recovery (H-B grades 1-2). The
cumulative number of patients who achieved good recovery
was 6 (46.2%) by 1 month, 11 (84.6%) by 2 months, and
13 by the end of 4 months. With regard to the associated
symptoms, there was a decrease in taste in seven patients
(53.8%), hyperlacrimation in six patients (46.2%), hypera-
cusis in three patients (23.1%), and pain around the ear or at
the back of the head in ten patients (76.9%). MRI enhance-
ment of the facial nerve was noted in eight patients (8/10,
80.0%). Facial nerve conduction studies revealed a signifi-
cant decrease in the amplitude of compound muscle action
potential (CMAP) of more than 50% compared to that in the
contralesional side in nine patients (69.2%).

Comparison of clinical characteristics and outcomes
between COVID-19 vaccine-related and -unrelated
groups

As previously mentioned, the final analysis of Part 2 study
included 72 patients, of whom 13 were in the vaccine-related

Incidence of bell's palsy

m2018
= 2019
2020
2021
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Table 2 Comparison of clinical parameters of patients with Bell’s palsy with and without relation to COVID-19 vaccination

Vaccine related Vaccine unrelated P-value
(n=13) (n=59)
Patient information
Age, years 43.92+13.14 54.32+16.01 0.033*
Sex (male) 9 (69.2) 34 (57.6) 0.44
Clinical assessment
Initial H-B grade 0.567
Normal or mild (1-2) 0(0) 2(3.4)
Moderate (3-4) 10 (76.9) 35(59.3)
Severe (5-6) 3(23.1) 22 (37.3)
Final H-B grade 0.209
Normal or mild (1-2) 13 (100) 46 (78.0)
Moderate (3—4) 0(0) 12 (20.3)
Severe (5-6) 0(0) 1(1.7)
H-B grade change 2.65+0.63 2.25+1.06 0.194
Duration from initial to final assessment, days (median 33.0 [22.0-49.0] 56.0 [27.0-76.0] 0.078
[Q1-Q3])
Associated symptoms (n=68) (n=13) (n=55)
Pain 10 (76.9) 30 (54.5) 0.14
Hypogeusia 7 (53.8) 6(10.9) 0.002*
Hyperacusis 3(23.1) 12 (21.8) 1
Lacrimation 6 (46.2) 33 (60.0) 0.364
Presence of MRI enhancement of facial nerve (n=46) (n=10) (n=36)
Overall 8 (80.0) 29 (80.6) 1
Segmental
Intrameatal 8 (80.0) 24 (66.7) 0.699
Labyrinthine 2 (20.0) 7(19.4) 1
Geniculate ganglion 3(30.0) 9 (25.0) 0.706
Tympanic 1 (10.0) 4(11.1) 1
Mastoid 0(0) 0(0) 1
Facial NCS findings (n="70) (n=13) (n=57)
>50% CMAP decrement 9 (69.2) 44 (77.2) 0.721
CMARP ratio (ipsilesional/contralesional) 0.46+0.32 0.32+0.25 0.172
Time required for good recovery® 0.042%*
<1 month 6 (46.2) 10 (16.9)
1-2 months 5(38.5) 16 (27.1)
2-3 months 1(7.7) 12 (20.3)
3—4 months 1(7.7) 5(8.5)
>4 months or poor recovery 0 (0) 16 (27.1)

Results are shown as mean +SD or n (%)

H-B House—Brackmann, MRI magnetic resonance imaging, NCS nerve conduction study, CMAP compound muscle action potential

2Good recovery: H-B grade 1 or 2

group and 59 were in the vaccine-unrelated group. A com-
parison of clinical variables between the vaccine-related
and vaccine-unrelated groups is summarized in Table 2.
The mean age was significantly lower in the patients in the
vaccine-related group than in those in the vaccine-unrelated
group (43.92+13.14 vs 54.32 +16.01 years; p=0.033).
Sex and the comorbidity status regarding hypertension,

diabetes, rheumatic disease and active cancer did not differ
between the two groups. There was no significant differ-
ence in the severity of the initial facial weakness between
the groups. Both groups of patients were treated identically
with a combination of oral corticosteroids (prednisolone
60 mg/day for 7 days) and antiviral agents (famciclovir
750 mg/day for 7 days). In the final evaluation, only 78% of
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Fig.2 Stacked bar chart dis-
playing proportion of patients
who achieved H-B grade <2

in each monthly period during
follow-up in vaccine-related and
-unrelated groups. The recovery
from facial palsy seemed faster
in the vaccine-related group.

In the first month of follow-

up, 46.2% and 16.9% of the
patients showed good recovery
in the vaccine-related and
-unrelated groups, respectively.
The cumulative proportion of
good recovery was 84.7% vs.
44.0% and 92.4% vs. 64.3% in 0%
the second and third months,

respectively

100% |
80%
60%
40%

20%

E<lmo ®I1-2mo

patients in the vaccine-unrelated group had good recovery,
whereas all patients in the vaccine-related group achieved
good recovery (difference not statistically significant). The
stacked bar graphs of patients who achieved good recov-
ery at each defined follow-up time point in both groups are
shown in Fig. 2. The recovery time was significantly faster
in the vaccine-related group than in the vaccine-unrelated
group (p =0.042). Regarding the associated symptoms, taste
changes were significantly more frequent in the vaccine-
related group than in the vaccine-unrelated group (58.8%
vs. 10.9%; p=0.002). The proportion of patients with pain
around the ear or at the back of the head, hyperacusis, and
changes in lacrimation did not differ between groups. There
was no significant difference in the presence and segmental
distribution of facial nerve enhancement between the groups
based on MRI findings. No difference was found between the
groups in the facial nerve conduction study results.

Discussion

Part 1 of this study showed a higher occurrence of BP
during the COVID-19 mass vaccination period than dur-
ing the previous three pre-vaccination years, which may
reflect an association between the COVID-19 vaccine and
an increased risk of BP. In Part 2 of the study, we iden-
tified 13 patients who developed BP within 42 days of
COVID-19 vaccination during the study period (March
2021 to February 2022). All patients, except one, devel-
oped BP after receiving the mRNA-based COVID-19
vaccines. Most cases (9/13, 69.2%) occurred after the
second or third dose. To our knowledge, this is the first
report to compare the clinical characteristics of patients
with COVID-19 vaccine-related and vaccine-unrelated
BP. Patients with COVID-19 vaccine-related BP were
younger and more frequently experienced taste changes
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than those with vaccine-unrelated BP. The patients with
vaccine-related BP showed favorable recovery of facial
nerve function with a faster time to recovery than that of
the patients with vaccine-unrelated BP.

In phase-3 clinical trials of mRNA COVID-19 vaccines,
a discrepancy in the occurrence of BP was observed in the
vaccine groups (four in the BNT162b2 trial and three in the
mRNA-1273 trial) compared to the placebo groups (none
in the BNT162b2 trial and one in the mRNA-1273 trial),
raising concerns about the association between mRNA
COVID-19 vaccines and the risk of BP [22, 23]. Although
the incidence of BP observed in the vaccine group of these
clinical trials is interpreted differently among researchers,
it is considered to be 1.5 to 7 times higher than that of the
general population [24, 25]. Two recent studies have also
shown that mRNA COVID-19 vaccines are associated with
an increased risk of BP. A study using a large self-report-
ing database in the United States showed significantly high
reporting of BP after receiving BNT162b2 and mRNA-
1273 (reporting odds ratio 1.84 and 1.54, respectively) [26].
Another study conducted using the largest healthcare data-
base in Israel found an association between BNT162b2 and
an increased incidence of BP [27]. In our study, we observed
an approximately 26% increase in the number of patients
first diagnosed with BP during the COVID-19 mass vaccina-
tion period compared to the previous three pre-vaccination
years. Given that by the end of February 2022, 87.5% of the
population in South Korea had received at least one dose
of the COVID-19 vaccine [28], this increase in the number
of patients with BP may be attributable to the impact of
COVID-19 vaccination. In addition, all but one of the 13
vaccine-related BP patients received mRNA COVID-19 vac-
cines (nine for BNT162b2 and three for mRNA-1273). Our
results support previous findings of a possible relationship
between COVID-19 vaccines, particularly mRNA-based
vaccines, and BP.
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In Part 2 of this study, most of our patients with post-
vaccination BP (9/13; 69.2%) developed BP after the second
or third vaccination dose. This finding is similar to find-
ings from recent clinical trials of mRNA COVID-19 vac-
cines in which BP was reported more frequently after the
second vaccination dose (two out of four in the BNT162b2
trial and all three in the mRNA-1273 trial) [22, 23, 27]. In
addition, previous studies have shown that many types of
adverse reactions, including myocarditis, from the mRNA
COVID-19 vaccines are more frequent and severe after the
second dose than after the first [29—-32]. Although the reason
for this remains unclear, boosting with another dose of the
vaccine can induce a stronger immune response than the first
vaccination dose [33], which may cause more frequent and
severe adverse reactions.

In the analysis of the COVID-19 vaccine-related and
unrelated BP patient groups, we found that the patients
with vaccine-related BP tended to be younger than those
with vaccine-unrelated BP. This finding is in line with the
results of previous studies in which adverse reactions rang-
ing from minor skin irritation to serious conditions such as
myocarditis or pericarditis after nRNA COVID-19 vaccina-
tion were more frequent in younger individuals [29, 31, 32,
34]. Interestingly, although the frequency of the majority
of clinical features did not differ between the two groups,
accompanying hypogeusia was more frequent in the vac-
cine-related group. Hypogeusia or ageusia is well known as
one of the chief symptoms of COVID-19. SARS-CoV-2 is
thought to enter target cells by binding its spike protein to
the angiotensin-converting enzyme 2 (ACE2) receptor on the
cell surface. Because ACE2 is abundant in the epithelium
of taste buds on the tongue [35], SARS-CoV-2 is thought to
cause taste changes through direct damage or inflammatory
reactions in the taste cells and chorda tympani nerve end-
ings in taste buds [36, 37]. It is not clear why taste changes
were more frequent in patients with vaccine-related BP in
our study. However, as the mRNA of COVID-19 vaccines
encodes the spike protein of SARS-CoV-2, it may bind to
ACE2 in taste buds and cause taste changes through a series
of processes similar to those of SARS-CoV-2 infection. In
this study, there was no difference in the segmental distribu-
tion of facial nerve MRI enhancement, even in the mastoid
segment, despite the difference in the accompanying fre-
quency of hypogeusia between the two groups. This may be
because the lesion causing hypogeusia in the vaccine-related
group was in the chorda tympani nerve endings near the
taste buds, which are more distal than the mastoid segment
of the facial nerve.

Patients with vaccine-related BP had a greater likelihood
of good recovery of facial nerve function, with a faster time
to recovery, than those with vaccine-unrelated BP. In the
final evaluation, only 78% of the patients in the vaccine-
unrelated group had good recovery, whereas all patients in

the vaccine-related group achieved good recovery. In terms
of recovery time, 46.2% of BP patients with vaccine-related
BP recovered within 1 month and 84.6% within 2 months,
whereas only 16.9% of those with vaccine-unrelated BP
recovered within 1 month and 44.0% within 2 months. In
our study, the patients with vaccine-related BP were younger
than those with vaccine-unrelated BP, which may have
affected the difference in recovery between the two groups.
Age has been considered an important prognostic factor
affecting the final outcome and recovery time of BP in sev-
eral previous studies that showed a higher final recovery rate
and shorter recovery time in younger patients [38—40]. It has
been suggested that the better recovery outcome in younger
patients may be due to the greater ability of damaged facial
nerve axons to regenerate faster in younger patients than in
older patients.

In conclusion, this study suggests that COVID-19 vac-
cines, especially mRNA-based vaccines, may be associ-
ated with BP with distinctive clinical characteristics that
occur more frequently in young individuals, are frequently
accompanied by taste changes, and have a fast and good
recovery. The present study has limitations in terms of the
small sample size from a single center and its retrospective
study design. Also, the baseline medical condition includ-
ing the immunological status of patients were not strictly
controlled and this heterogeneity might potentially influence
the result. It is impossible to define a causal relationship
between vaccination and the disease with the observations of
the study. Despite these shortcomings, it would be informa-
tive for neurologists and physicians to investigate COVID-19
vaccination-related BP in this pandemic era. Future studies
with larger sample sizes and a prospective design are needed
to demonstrate causality.
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