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KEYWORDS Summary The association between vaccines and peripheral facial palsy (PFP), an issue that
Facial paralysis; has been the subject of debate for many years, has been raised again following results of clin-
Bell’s palsy; ical trials assessing mMRNA based COVID-19 vaccines. To review the available literature on this
Vaccination; topic, PubMed was searched from inception until February 25, 2022. Inclusion criteria were case
COVID-19 vaccines; reports with documented rechallenge and comparative epidemiological studies. Cases of COVID-
Immunization 19 vaccine-induced PFP with available data on vaccine rechallenge were also identified from

Vigibase until December 31, 2021. Of the 347 articles retrieved, 32 comparative epidemiologi-
cal studies, 1 meta-analysis and 4 case reports met our criteria, of which 13 involved COVID-19
vaccines. Eight studies found an association between at least one vaccine and the occurrence
of PFP, whereas 24 did not. Positive studies involved seasonal or pandemic H1N1 influenza
vaccines administered parenterally (4 studies) or intranasally (1 study with a toxin-adjuvanted
vaccine), BNT162b2, a mRNA COVID-19 vaccine (1 disproportionality analysis and 1 observed-to-
expected analysis) and an inactivated virus COVID-19 vaccine (CoronaVac®) (1 study combining
a case-control and an observed-to-expected approach). Strong evidence was found only for
the intranasal influenza vaccine while other positive studies detected only a marginal associ-
ation between PFP and vaccination. Of the four case reports with documented rechallenge,
only two were positive and involved an influenza vaccine and tozinameran in one case each.
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In Vigibase, rechallenge was documented in 49 reports with 29 (59.2%) cases being negative and
20 (40.8%) positive. The available data did not confirm an excess risk of PFP after vaccination
in most studies. Moreover, of the eight epidemiological studies suggesting a possible excess risk
of PFP after any vaccine, three were disproportionality analyses and two observed-to excepted
analyses, suggesting great caution should be taken when interpreting these results.

© 2022 Société francaise de pharmacologie et de thérapeutique. Published by Elsevier Masson

SAS. All rights reserved.

Abbreviations

ADR adverse drug reaction

AESI adverse events of special interest
CDC Centers for Disease Control
Cl confidence interval

COVID-19 coronavirus disease 2019
FDA Food and Drug Administration

GPRD  General Practice Research Database
HR hazard ratio

IC information component

IRR incidence rate ratio

LT heat-labile E. coli enterotoxin

OE observed-to-expected

OR odds ratio
PFP peripheral facial paralysis

PRR proportional reporting ratio

RI relative incidence

ROR reporting odds ratio

RR relative risk

SCCS self-controlled case series

SIR standardized incidence ratio

SPEAC Safety Platform for Emergency vACcines

TTO time to onset

VAERS Vaccine Adverse Event Reporting Qystem
WHO  World Health Organization
Introduction

The global estimated incidence of Bell’s palsy or peripheral
facial palsy (PFP) range from 11 to 40 cases per 100,000
person-years in adults and 11.5 to 30 per 100,000 person-
years in children [1]. Although the etiology of PFP remains
frequently unknown, various causes should be investigated,
in particular head traumas, tumors, viral infections, inflam-
matory diseases affecting the cranial nerves, strokes or
diabetes.

Vaccination has long been suggested as a possible cause
and was first mentioned in 1946 after the rabies vaccination
[2]. Since then, this association has been studied for most
of the currently used vaccines and included in the priority
list of adverse events of special interest (AESI) generated by
the Safety Platform for Emergency vACcines (SPEAC) [3].

More recently, this issue was raised in clinical trials
involving mRNA-based vaccines (Pfizer/BioNTech BNT162b2
[tozinameran] and Moderna mRNA-1273 [elosameran]) and
later analyzed thoroughly in a number of epidemiological
studies. Spontaneous reporting was also a major source of
information by gathering detailed individual data. Owing
to the need for close monitoring of coronavirus disease
2019 (COVID-19) vaccine safety, a number of countries have
therefore considerably reinforced their pharmacovigilance
monitoring program to allow better spontaneous reporting.
This was illustrated by the intensive pharmacovigilance pro-
gram that was implemented in France with weekly expertise
of COVID-19 vaccine adverse reactions [4]. Besides, PFP
resulting from a COVID-19 infection has also been described
as the initial manifestation or the sole major neurological
manifestation of the disease in several case reports [5].

Our aim was to review and summarize the published data
that evaluated the possible relationship between the occur-
rence of PFP and vaccination with a particular focus on
COVID-19 vaccines. The identification of reports providing
data on COVID-19 vaccine rechallenge was also performed
in Vigibase.

Methods

Relevant publications regarding PFP and vaccines were
retrieved by searching the PubMed/Medline database until
February 25, 2022. Two independent search strategies were
used. A broad search included all vaccines except COVID-19
vaccines ‘‘(facial paralysis OR facial palsy OR Bell’s OR Bell
Palsy) AND (vaccine OR vaccines) NOT COVID’’ and another
focused on COVID-19 vaccines only ‘‘(facial paralysis OR
facial palsy OR Bell’s OR Bell Palsy) AND (vaccine OR vac-
cines) AND COVID’’.

Experimental studies, studies related to COVID-19 with-
out mention of vaccine, editorial or author opinions were
excluded based on their titles or abstracts when available.
All other articles were screened for their abstracts and
full texts. The inclusion criteria were all clinically relevant
articles including case reports with available data on
vaccine readministration, observational or case-control
studies, observed-to-expected analyses, and disproportion-
ality analyses performed in pharmacovigilance databases.
General reviews and the reference lists of all the originally
retrieved articles were also screened to further identify
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Records identified for
all vaccines except
Covid-19 vaccines

(n=246)

Records identified for
all vaccines except
Covid-19 vaccines

(n=101)

\

/

Titles and abstracts

Excluded (n =172)
- Outside the scope of this review (n = 127)
- Related to another cause (n = 45)

!

Full-text articles
assessed for eligibility

Studies and case
reports included in the
analysis
(n=36)

(n=175) —
Studies identified from
other sources a
(n=2) -

Excluded (n =141)

- Commentaries, editorials (n = 31)

- Reviews (n =33)

- Case reports with no vaccine readministration (n = 46)
- Observational non comparative studies (n =27)

- Comparative or disproportionality analyses without
specific data on facial paralysisor vaccines (n = 4)

Figure 1.  Flow diagram of study selection.

additional relevant articles. Fig. 1 summarizes the flow
diagram of study selection for both searches.

Vigibase, the World Health Organization (WHO) global
pharmacovigilance database that contains spontaneous
reports on adverse drug reactions from 149 countries, was
used to assess the outcome of documented COVID-19 vaccine
rechallenge after a previous episode of COVID-19 vaccine-
induced PFP. For this purpose, all cases of PFP (preferred
terms: ‘‘Bell’s palsy’’, ‘‘facial paralysis’’, ‘‘facial paresis’’,
“‘oculofacial paralysis’’, ‘‘diplegia’’, and ‘‘facial nerve
disorders’’) involving mRNA-based vaccines or adenovirus-
vectored vaccines were extracted as of December 31, 2021.
Cases with available information on rechallenge were sub-
sequently identified from the Individual Case Safety Report
form. The rate of PFP recurrence was calculated for each
vaccine.

Results
All vaccines except COVID-19 vaccines

Using the broad search including all vaccines except COVID-
19 vaccines, 246 articles were identified, of which 23,
published between 1988 and 2021, met our inclusion criteria
[6—27]. After including 4 studies, which combined 2 differ-
ent designs, there were 1 meta-analysis of controlled trials,
12 self-controlled case series or case-centered analyses, 7
observed-to-expected analyses, 2 disproportionality analy-
ses performed in pharmacovigilance databases, 3 controlled
cohort studies, 1 case-control study, and 1 case report with
documented rechallenge. The vaccines, study designs and

main results of the pharmacoepidemiological studies are
summarized in Table 1 [6—27].

No increased risk of PFP was found with vaccines against
hepatitis B virus (one observed-to-expected analysis) [6],
human papillomavirus (two observed-to-expected analyses
and one self-controlled case series) [7—9], meningococcus
(two self-controlled case-series) [10,11], herpes zoster (one
case-centered approach combined to one self-controlled
case series and one observed-to-expected analysis) [12,13]
and pneumococcus (one self-controlled case series) [14].
In a retrospective cohort study, the incidence rate of PFP
was also not different after administrating the 13-valent
pneumococcal conjugate or the 23-valent pneumococcal
polysaccharide vaccines [15]. A self-case-centered analysis
study focusing on children and performed in a healthcare
database did not find a significantly increased risk of PFP
associated with commonly used pediatric vaccines [16].

Most of the data originated from studies assessing
parenteral or intranasal influenza vaccines. Overall, 1 meta-
analysis and 12 pharmacoepidemiological studies (including
references [14] and [16] cited previously) evaluated sea-
sonal or pandemic H1N1 influenza vaccines and provided
conflicting results.

The meta-analysis included 14 controlled trials assess-
ing HIN1 influenza virus vaccines and found an incidence
rate of PFP close to that observed in the general population
(45.2 versus 20.1 cases per 100,000 person-year, respec-
tively) with a RR of 2.3 [95%CI] 0.2—118.1). However, the
very low number of events in each group (4 and 1, respec-
tively) precluded any definite conclusion [17].

Seven of the pharmacoepidemiological studies did not
evidence a significantly increased risk:
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Table 1 Published studies on vaccine-associated PFP (except COVID-19 vaccines).
Ref Country/Source of data Vaccine, study design and population Main results
Miscellaneous
vaccines
[6] US/Spontaneous Observed-to-expected analysis based on a OE incidence: 31.4
reports to CDC, FDA or comparison of the incidence rate of PFP observed vs. 42.5
the manufacturer spontaneously reported within a 3-week risk expected per 100,000
(1982—1985) interval after the most proximate 1st to 3rd person-years (NS)
hepatitis B vaccine dose in 838,215 persons
to the US background rate in a
representative population
[7] Spontaneous reports to Observed-to-expected analysis based on a OE (95%Cl) number of
the manufacturer comparison of the incidence rate of FP cases of PFP
(2007—2011) spontaneously reported within 30 days of — 10 (4.8—18.4) vs. 34
human papillomavirus vaccination in within 7 d
European countries to the background rate — 13 (6.9-22.2) vs. 147
from literature sources and stratified for age within 30 d
[8] Scottish National Observed-to expected population-based OE incidence ratio
Health Service study comparing the incidence rate of during the 2008—2012
(2004—2012) prespecified diagnoses including PFP in period of vaccination
246,954 girls aged 12—18 years in the 5 ranged from 1.25 to 1.7
years following initiation of the human with a lower boundary
papillomavirus vaccination campaign to the of the Cl never crossing
expected values calculated in the 5 years 1
preceding initiation of the campaign
[9] Canada/Ontario’s Population-based SCCS comparing the Adjusted rate ratio

[10]

[11]

administrative health
and vaccination
databases (2007—2013)

US/Kaiser Permanente
Northern California
database

(2005—2006)

US/Kaiser Permanente
Southern California
database

(2011—-2013)

incidence rate of autoimmune disorders
including PFP (65 cases overall) diagnosed
7—60 days after any of the 3 doses of the
quadrivalent human papillomavirus
(99,841 person-years) to that diagnosed at
any other time (825,160 person-years) in
girls aged 12—17 years vaccinated with a
quadrivalent human papillomavirus
Population-based SCCS comparing the
incidence rate of prespecified ADR including
PFP in a risk interval of 0—30 days after
quadrivalent meningococcal conjugate
ACWY (Menactra®) vaccination to that in a
comparison interval of 31—60 days
post-vaccination in 31,561 patients aged
11-55 years

Population-based SCCS comparing the
incidence rate of prespecified ADR including
PFP in a risk interval of 1—84 days after
quadrivalent meningococcal conjugate
ACWY (Menveo®) vaccination to that in a
comparison interval of 85—365 days
post-vaccination in 48,899 patients aged
11—-21 years
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(95%Cl): 1.73
(0.77—3.89)

IRR not significantly
increased (detailed
data not reported)

RI (95%Cl) °: 2.9
(1.1=7.5)

RI (95%Cl) stratified on:
— concomitantly used
vaccines: 5.0
(1.4—17.8)

— meningococcal
vaccine alone: 1.1
(0.2-5.5)
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Table 1 (Continued)

Ref

Country/Source of data

Vaccine, study design and population

Main results

[12]

[13]

[14]

[15]

[16]

US/Vaccine Safety
Datalink Project
(2007—2008)

Spontaneous reports to
the manufacturer
GlaxoSmithKline
(2017—2019)

UK/GPRD
(1992—-2005)

US/Vaccine Safety
Datalink Project
(2015)

US/Kaiser Permanente
Northern California
(2001—2006)

Population-based study with 2 self-comparisons to
address a potential increased risk of prespecified
ADR in 193,083 patients aged > 50 years receiving
a live, attenuated strain zoster vaccine:
1/Case-centered approach with comparison of the
number of vaccinated patients during the 14 days
prior to the onset of PFP to that vaccinated in a
remote follow-back period

2/SCCS comparing the incidence rate of PFP in a
risk interval of 1—14 days post-vaccination to that
in a comparison interval of 45—59 days
post-vaccination

Observed-to-expected analysis with comparison of
the incidence rate of spontaneously reported ADR
including PFP within 7 or 30 days following
vaccination with a recombinant zoster vaccine
(9,323,118 doses in patients aged >50 years) to
age and country-stratified background rate from
the literature in populations with similar
characteristics to the zoster vaccine target
population

Population-based SCCS comparing the incidence of
PFP within 4 risk intervals (1—91; 1—30; 31—60;
61—91 days) after a pneumococcal or seasonal
influenza vaccine to that outside this period and
the 14 days prior to vaccination (2128 patients for
2263 episodes of PFP)

Retrospective cohort study involving 6 managed
care organizations comparing the incidence rate
of prespecified ADR including PFP in a 1—42 day
risk interval after vaccination of patients > 65
years with either the 13-valent pneumococcal
conjugate (PCV13; 313,136 doses) or the
23-valent pneumococcal polysaccharide
(PPSV23: 232,591 doses) vaccines

Population-based case centered analysis
comparing the rate of immunization with an
influenza vaccine, an hepatitis B vaccine or any
vaccine combined within 3 risk intervals (1—14;
1—28 and 29—56 days) prior to the onset of PFP in
children < 18 years to the expected rate of
exposure in age- and sex-matched children who
received the same vaccine during an observation
period of 1 year prior to the diagnosis of PFP (233
episodes in total)
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1/Relative risk (95%Cl):
0.63 (0.29—1.38)

2/Relative risk (95%Cl):
0.78 (0.29-2.09)

OE (95%Cl) number of
cases of PFP

— 9 (4.1-17.1) vs. 73
within 7 d

— 17 (9.9-27.2) vs. 312
within 30 d

OE analyses also found
that the observed
number of cases were
below the expected
number by using
scenarios of
underreporting and
background rates

RI (95%Cl) for the 1—91
days risk interval:

— 0.92 (0.78—1.08) ©
for influenza vaccine
— 0.67 (0.38—1.17) for
pneumococcal vaccine

Adjusted RI (95%Cl):
0.69 (0.41—1.15) ¢

OR for the 1-28 day
risk interval:

— influenza vaccine:
0.7 (0.2—2.8)¢

— hepatitis B vaccine:
0.8 (0.2—2.4) ©

— any vaccine: 0.9
(0.6—1.4) ©
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Table 1 (Continued)

Ref Country/Source of data Vaccine, study design and population Main results
Influenza
vaccines
[17] Meta—analysis of Meta-analysis of 14 controlled trials including RR (95% Cl) for PFP: 2.3
controlled trials 13,325 patients vaccinated with an (0.2—118.1)
AS03-adjuvanted influenza vaccine (H5N1 or
pandemic A/H1N1) compared to 6,361 patients
vaccinated with a non adjuvanted influenza
vaccine (H5N1, A/H1N1, seasonal) or with
placebo
[18] Korea Disease Control Population-based self-controlled risk interval IRR (95%Cl): 0.99 (0.92—1.07)
Prevention Agency and  study comparing the incidence rate of PFPina f
the National Health risk interval of 1—42 days after seasonal
Insurance Service influenza vaccination to that in a comparison
database interval of 57—98 days post vaccination in
(2015—2018) 4,653,440 patients > 65 years (11,656,966
doses)
[19] US/Vaccine Safety Population-based study using two approaches Statistical signals for MIV in
Datalink Project to evaluate the risk of prespecified ADR in adults aged >25 years with
(2009—2010) 2,898,988 recipients of seasonal trivalent — RR of 1.67 in the
inactivated (TIV) or live, attenuated (LAIV) self-controlled approach
influenza vaccines and 1,613,348 recipients of  — RR of 1.60 in the OE
monovalent inactivated (MIV) or live, analyses
attenuated (LAMV) monovalent HIN1 vaccines  No statistical signals were
1/Self-controlled risk interval comparing the evidenced for LAMY, TIV and
incidence rate of PFP during a risk interval of LAIV in adults aged >25 years
1—42 days post vaccination to that in a in the self-controlled
comparison interval of 15—56 days before approach for the 42-day risk
vaccination interval
2/Current versus historical comparison of the
rate of PFP in the same risk interval after
vaccination with a historical background rate
calculated in the risk interval in the database
[20] UK/THIN (The Health Population-based SCCS comparing the Adjusted RI (95% Cl) ¢

[21]

Improvement Network
database)
(2009—-2013)

UK/THIN (The Health
Improvement Network
database) (2012—2015)

incidence rate of PFP during a risk interval of
1-42 days following vaccination with the
pandemic (2009 season) or seasonal
(2010—2013 seasons) influenza vaccines
containing A/H1N1-like viral strains to that
outside this risk interval using all person time
(5,732,656 patients of whom 6288 experienced
6381 episodes of PFP)

Population-based study comparing the
incidence of several ADR observed within a
3-month to 6 month period after trivalent
seasonal influenza vaccination in 4578 patients
aged > 18 years to that expected for the
considered ADR. For PFP, the observed number
of cases in a risk period of 1-90 days after
vaccination was compared to that expected
outside this period after exclusion of a
pre-exposure period of —60 to 0 days

284

— any H1N1: 0.85

(0.72—1.01)

— seasonal H1N1: 0.96
(0.82—1.13)

— pandemic H1N1: 0.73
(0.47—1.12)

OE rate ratio was not
estimable as no cases of PFP
were observed in vaccine
recipients within the risk
period
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Table 1 (Continued)

Ref Country/Source of data Vaccine, study design and population Main results
[22] US/Kaiser Permanente  Population-based study using two approaches HR (95% Cl) was not
Northern California to evaluate the risk of prespecified ADR in estimable for any of the
(2013—2014) 62,040 recipients of the quadrivalent live comparisons as no cases of
attenuated influenza vaccine (Q/LAIV) aged PFP were observed in Q/LVAI
2—49 years: recipients within the 1—42
1/SCCS comparing the incidence rate of PFP day risk interval
during a risk interval of 1—14 or 1—42 days
post-vaccination to that in a comparison
interval of 15—29 or 43—84 days post
vaccination, respectively (within a cohort
analysis)
2/Comparison of the rate of PFP in this cohort
to rates observed in 2 frequency-matched (age,
medical center) groups (61,803 unvaccinated
controls and 57,185 inactivated influenza
vaccine recipients)
[23] Sweden/Stockholm Population-based study comparing the Adjusted HR (95% Cl) "
county incidence rate of selected ADR including PFP — 1.25 (1.06—1.48) for the
(2009—-2010) after pandemic A/H1N1 influenza vaccination whole period
in 1,024,019 patients to that in 921,005 — 1.60 (1.25—2.05) for the
unvaccinated patients 6-week period after
vaccination
Excess risk (95% Cl) per
100,000 vaccinated
person-years
— 8.4 (2.3—13.4) cases for
the whole period
— 65 (1.5 to 89) cases for the
6 weeks after vaccination
[24] US/VAERS Disproportionality analysis performed in the PRR: 3.78 (x%: 203.81) !
(1991—-2001) VAERS database (128,717 ADR reports)
comparing the reporting ratio of PFP after
seasonal influenza vaccination (154 cases of
PFP) to that of all other vaccines
[25] US/VAERS Disproportionality analysis performed in the PRR: 2.44 (x*: 122.32) )
(2015—2019) VAERS database (224,241 ADR reports) ROR (95% Cl): 2.44
comparing the reporting ratio of PFP after (2.08—2.88)
seasonal influenza vaccination (250 cases) to
that of all other vaccines (346 cases)
[26] Taiwan/National Population-based study comparing the OE ratio (95% Cl): 1.48

Adverse Drug Reaction
Reporting System
(NADRRS) and a
nationwide
large—linked database
(LLDB) for 2009 H1N1
vaccination

estimated number of several ADR including PFP

within 0—42 days after pandemic A(H1N1)
influenza vaccination (5,688,517 doses) to the
expected background incidence in the general
Taiwanese population.

The estimated true number of PFP was
calculated by using a capture-recapture
method based on the number of spontaneous
reports of PFP to the NADRRS and the number
of this diagnosis in the National Health
Insurance database linked to the prescription
database
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(1.11—1.98) for the 0—42 day
interval post vaccination “
525 (Cl 95%: 398—692)
estimated cases compared
with 354 expected cases
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Table 1 (Continued)

Ref Country/Source of data  Vaccine, study design and population Main results
[27] Switzerland Study dedicated to inactivated intranasal 1/RI (95% Cl) for the
(2000—2001) influenza vaccines containing Escherichia coli risk interval:

heat-labile toxin as a mucosal adjuvant and — 1-30 day: 14
conducted with physicians from 19 (5.2—-37.9)
German-speaking regions of Switzerland by — 31-60 day: 35.6
combining two approaches: (14.1—-89.8)
1/a case-series analysis comparing the incidence — 61—91 day: 11.8

rate of PFP during a risk interval of 1—-30, 31—60 (4.3-32.3)

and 61—91 days post vaccination to that in a

comparison interval of 92 or more days in 412

patients aged > 18 years and diagnosed with PFP 2/Adjusted OR (95% CI)

2/a case control study comparing the rate of — Intranasal: 84.0
exposure to the inactivated intranasal or (20.1—351.9)
parenteral influenza vaccine in the 91 days — Parenteral: 1.1
preceding vaccination in 250 patients diagnosed (0.6—2.0)

with PFP to that of 722 patients matched to age,
date of visit and physician

ADR: adverse drug reaction; CDC: Centers for Disease Control; Cl: confidence interval; COVID-19: coronavirus disease 2019; FDA: Food
and Drug Administration; PFP: peripheral facial paralysis; GPRD: general practice research database; HR: hazard ratio; IRR: incidence
rate ratio; NR: not reported; NS: not significant; OE: observed-to-expected; OR: odds ratio; PRR: proportional reporting ratio (PRR >2,
x* >4 and >3 cases were considered as a signal); RI: relative incidence; ROR: reporting odds ratio (ROR>2 with a lower boundary
95%Cl > 1 is considered significant); RR: relative risk; SCCS: self-controlled case series; VAERS: vaccine adverse event reporting system
a8 Adjusted for age at diagnosis, seasonality, receipt of non-HPV vaccines and recent infections (7—60 d before diagnosis).

Adjusted for seasonality.

No difference was evidenced whatever the risk window and the age group (0—44; 45—64 and > 65 years).

Adjustment based on a propensity score analysis with the inverse probability of treatment weighting (IPTW) approach.

No associations were also found between these vaccines and the occurrence of FP during the risk interval 1—14 and 29—56 days
preceding the onset of FP.

f Similar non significant results were found in a sensitivity analysis for each season (2015/2016; 2016/2017; 2017/2018) or with risk
intervals of 1—14 or 1—28 days post vaccination and in a subgroup analysis (age groups, sex and comorbidities).

¢ Adjusted for seasonality, acute respiratory infections, influenza diagnoses and pregnancies.

h" Adjustment for age, sex, socioeconomic status, and healthcare utilization.

I The PRR exceeded the criteria for a signal in all age groups (< 18, 18—64, > 65 years) and was the highest in patients > 65 years (3.91).
i After excluding cases of FP associated with Guillain Barre syndrome, PRR (x%) and ROR (95%Cl) were 2.3 (89.37) and 2.3 (1.93—2.75),
respectively.

k The capture—recapture method estimated that spontaneous reporting of FP after vaccination represented 9% of the true estimated
number of cases for the 0—42 day risk interval.

oD a n T

Four self-controlled case series performed in the US, inactivated influenza vaccines while 2 cases occurred in
Korea, and the UK did not show any significantly increased unvaccinated controls [22].

risk of PFP with seasonal influenza vaccination [14,18]
or influenza A (H1N1) vaccination [19,20]. By using an
additional case-centered logistic regression adjusted for
seasonality, one of these studies also concluded that sea-
sonality likely contributed to the Bell’s palsy signal [19].
One case centered analysis involving children <18 years
also failed to evidence an increased risk of PFP following
immunization with an influenza vaccine [16].

One observed-to-expected analysis, based on UK elec-
tronic healthcare records, reported an incidence rate
of 44.1 per 100,000 person-years for PFP associated
with trivalent seasonal influenza vaccination in the 6-
month post-exposure period [21]. However, no cases were
recorded in the predefined risk period of three months and
the observed-to-expected ratio could not be estimated.
In the last study, no cases of PFP were observed in more
than 60,000 recipients of quadrivalent live attenuated or

Four studies suggested a slight increase in the risk of PFP
after influenza vaccination:

e A Swedish retrospective cohort found a marginal
increased risk in recipients of the H1N1 influenza vaccine
compared to unvaccinated patients (HR 1.25 [1.06—1.8])
[23].

e Two US case-non-case pharmacovigilance studies per-
formed 15 years apart in the Vaccine Adverse Event
Reporting System (VAERS) database found a significant
signal of disproportionality associated with seasonal
influenza vaccination with a proportional reporting ratio
of 2.4 to 3.8 (>2 were reported as significant) as compared
to any other vaccines [24,25].

¢ A study performed in 2 Taiwanese databases indicated a
modest increased risk of PFP within 42 days of the H1N1
influenza vaccination with an observed-to-expected ratio
of 1.48 (95% CI 1.11—1.98) [26].

286



Therapie 78 (2023) 279—-292

The only vaccine for which strong evidence of an excess
risk of PFP has been reported was the intranasal influenza
vaccine used in Switzerland in 2000—2001 (NasalFlu®).
According to a case-control study based on 63 medically
confirmed cases of PFP, the intranasal vaccine significan-
tly increased the risk of PFP (adjusted OR, 84.0; 95% ClI
20.1—-351.9) [27]. By using the most conservative assump-
tions, this resulted in 13 excess cases per 10,000 vaccinated
persons within 1 to 91 days of vaccination. The inclusion
of an E. coli heat labile toxin (LT) as an adjuvant for
the intranasal route of administration was the suggested
cause and similar cases of PFP were in fact reported with
other experimental intranasal vaccines using another LT
[28]. No such association has been later found with another
intranasal trivalent live, attenuated influenza vaccine, sup-
porting the hypothesis that the heat LT is the cause of PFP
rather than the intranasal route [29].

Among all the available published data, only one case
with positive rechallenge, the gold standard of causality in
pharmacovigilance, has been published [30]. A 57-year-old
female patient experienced a first episode of PFP 2 days
after HIN1 influenza vaccination with no other causes found
after extensive investigations. She later tolerated a seasonal
influenza vaccine performed 5 and 6 years later but relapsed
the next year within 3 days of receiving the same influenza
vaccine. Although not ruled out, a true positive rechallenge
remains doubtful in this case.

COVID-19 vaccines
Literature review

In phase 3 trials assessing mRNA-based vaccines, eight
cases of PFP were observed among the 73,868 volunteers,
of whom 36,901 received the vaccine [31]. Seven cases
occurred in vaccinated patients and one in placebo groups.
Although these data raised some concerns, there were no
formal statistical differences between groups. The time
to onset (TTO) ranged from 3 to 48 days after injection
and 6 of the 8 cases were observed after the second dose.
The only patient who developed PFP after the first dose
did not receive the second dose. From these data and
based on an observed-to-expected comparison, Ozonoff
et al. [32] estimated that the incidence rate of PFP ranged
from 44 to 106 cases per 100,000 person-years in the
vaccinated groups, an incidence 3.5 to 7 times higher than
that expected in the general population. By using a longer
observation period after the last dose and by considering
either the number of volunteers or the number of doses, the
estimates found by others were rather 1.5 to 3 times higher
than the baseline incidence [33]. These estimates based
on a very small number of cases obtained from clinical
trials and calculated by using an observed-to-expected
approach are questionable and an imbalance due to chance
in these two trials remains possible. By contrast, there
was no numerical imbalance in the number of PFP in
the clinical trials involving adenovirus-vectored vaccines
ChAdOx1nCoV-19 (Oxford/AstraZeneca) and Ad26.COV2-S
(Janssen/Johnson & Johnson) with three and two cases in
the treated and placebo groups, respectively.

Besides the results of clinical trials, our search strategy
for COVID-19 vaccines associated with PFP identified 101
articles, of which 13 met our inclusion criteria (10 phar-
macoepidemiological studies and 3 case reports).

The 10 comparative studies are summarized in Table 2
[34—43]. One study, which comprised of both a nested
case-control study and an observed-to-expected analysis
[42], was counted as two separate studies. Overall, there
were two disproportionality analyses [34,35], three retro-
spective cohort studies [36,38,39], two self-controlled case
series [37,40], two case-control studies [41,42] and two
observed-to-expected analyses [42,43]. All involved at least
1 mRNA-based vaccine (tozinameran in 10 and elasomeran
in 4), while 1 also involved ChadOx1nCov-19, an adenovirus-
vectored vaccine, and 2 CoronaVac®, an inactivated virus
COVID-19 vaccine. These cohort studies and observed-to-
expected analyses derived from observational studies and
encompassed more than 40 million patients who received at
least 1 dose of any mRNA or adenovirus-based vaccines, of
whom nearly 1700 developed PFP.

As shown in Table 2, 8 of the 11 study designs did not
show any significant increased risk of PFP with both toz-
inameran or elosameran vaccines. In one study involving
both tozinameran and CoronaVac®, only CoronaVac® was
significantly associated with a risk of PFP, either in the
nested case-control study or the observed-to-expected anal-
ysis [42].

An increased risk of PFP after mRNA vaccines was found
in two studies. The first was a disproportionality analysis
performed in the US VAERS, which evidenced a moderately
increased risk compared to any other vaccines [34]. How-
ever, the reporting odds ratio was low and below or close
to that calculated for influenza vaccines. The second study
used an observed-to-expected analysis approach and found
a higher than expected risk of PFP after the first dose (stan-
dardized incidence ratio [SIR]: 1.36 [Cl 95% 1.14—1.61]) but
not after the second dose [43]. Conversely, the SIR signifi-
cantly increased only after the second dose in patients with
a previous history of PFP.

Several clinical characteristics of mRNA vaccines associ-
ated with PFP could be derived from these studies. The mean
TTO after vaccination calculated from 16 and 21 patients
included in 2 case-control studies was 11.3 +7.1 days in the
first study [42], and 9.3 +4.2 days and 14.0 + 4.2 days after
the first and second dose, respectively, in the second study
[41]. In both studies, the maximum TTO was 23 days. Except
for the study by Shibli et al. [43], two other studies did not
find risk differences in the incidence between the first and
the second dose [38,39]. Shibli et al. [43] also specifically
focused on vaccine recipients who had a previous history of
PFP and found very similar SIR to those calculated for the
whole vaccinated population. This study also found a higher
than expected incidence in females older than 45 years with
the highest SIR (2.51, 95% CI 1.65—3.68) in those aged >65
years, but this was observed only after the first dose. By con-
trast, there was no significant increase in the SIR in males
whatever the dose. Finally, the House-Brackman score used
to assess the severity of the nerve damage was available in
13 of 21 patients included in a case-control study [41]. Of
these, 7 patients scored slight to moderate, 5 moderate and
1 had total facial palsy.
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Only one case report described PFP recurrence after
a second vaccine dose [44]. A 61-year-old patient with a
history of diabetes, hypercholesterolemia, and who was
overweight experienced a first episode of right-sided PFP
5hours after receiving the first dose of tozinameran. He
presented a recurrence of more severe facial paralysis
on the opposite side after the second dose performed 6
weeks later even though the previous episode had been

completely resolved. Both episodes were promptly resolved

following corticosteroid administration. By contrast, two
other reports documented no recurrence of PFP after a
second dose of tozinameran and an unspecified COVID-19
viral vector vaccine [45,46].

Data from Vigibase

As of December 31,2021, 22,770 reports of facial paral-
ysis or related disorders associated with mRNA- or

Table 2 Published studies on COVID-19 vaccine-associated PFP.

Ref Country/data Study design Vaccine and FP in Controls and FP in Main results
source sample size vaccine sample size control

groups groups

Disproportionality analyses

[34] US/Vaccine Disproportionality BNT162b2 405 Any other NR ROR (95%Cl):
Adverse Event analysis O BNT162b2: 1.84
Reporting (1.65-2.06)°
System mRNA-1273 512 mRNA-1273:

1.54 (1.39-1.70)
Influenza vaccines 462 Influenza: 2.04
(1.76-2.36)
[35] WHO Vigibase Disproportionality mRNA vaccines: 8444 Influenza vaccine: 5734 IC f: -1.26 (-1.36
analysis 133,883¢ 314,980¢ to-1.17) °
Other viral vaccines 2087 IC": 0.09 (-0.01
€: 1,265,182 to 0.19) °

Cohort studies

[36] Israel/Clalit Observational cohort BNT162b2: 81 Unvaccinated 59 Risk ratio
Health Service study comparing the 884,828 patients: 884,828 (95%Cl):

incidence of AE within 1.32 (0.92-1.86)
42 days of vaccination

to unvaccinated

patients matched 1:1

on sociodemographic

and clinical variable ¢

[37] US/Vaccine Safety Self-controlled case BNT162b2/mRNA- 535 BNT162b2/mRNA- 301 Adjusted rate

Datalink series comparing the 1273: 1273: ratio (95%Cl):
incidence of AE during 660,766 364,988 1.00 (0.86-1.17)
a risk interval of 1 to person-years person-years
21 days after either
mRNA vaccine dose 1
or 2 versus 22-42 days
after the most recent
mRNA vaccine dose "

[38] US/Mayo Clinic Retrospective cohort Number of Number of Incidence rate
Health Systems study comparing the person-days: person-days ratio (95%Cl)
(curation incidence rate of AE BNT162b2: (unvaccinated)
methods of within 7 days after the Dose 1: 361,554 4 359,560 10 Dose 1: 0.4
Electronic 1st or 2nd mRNA (0.091-1.4)
health records) vaccine dose to that of Dose 2: 273,167 4 263,612 7 Dose 2: 0.55

unvaccinated patients (0.12-2.2)
propensity matched mRNA-1273:

1:1 according to Dose 1: 114,992 1 114,637 4 Dose 1: 0.25
demographic, (0.0051-2.5)
geographic and clinical Dose 2: 82,941 1 79,822 3 Dose 2: 0.32
features (0.0061-1.4)

[39] Israel/Meuhedet  Historical cohort study BNT162b2: Unvaccinated Relative risk
Health comparing the number (95%Cl)
Maintenance of cases of FP in Dose 1: 233,159 23 233,159 24 Dose 1: 0.96
Organization vaccinated and (0.54 -1.70)

unvaccinated patients Dose 2: 131,033 8 131,033 12 Dose 2: not
matched 1:1 according significant

to sex, age, (calculation not
comorbidities and provided)

population sector’
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Table 2 (Continued)

background
incidence rate
of FP in the
same area for
the same study
period in 2020

289

Ref Country/data Study design Vaccine and FP in Controls and FP in Main results
source sample size vaccine sample size control
groups groups
[40] UK/Linkage of the Self-controlled case Incidence rate
national database series comparing the ratio (95%Cl)
of Covid-19 incidence rate ratio of BNT162b2: 247 within 1-28 days
vaccination to neurological AE in a 12,134,782 after exposure
national risk interval of 1 to 28
databases for days after either the 1.06 (0.9-1.26)
mortality, hospital first dose of mRNA
admissions and vaccine or
SARS-CoV-2 ChadOx1nCov-19 and
infection in SARS-CoV-2-positive  Ch adOx1nCov-19: 430 1.07
patients relative to 20,417,752 (0.94-1.21))
baseline period (> 29  SARS-Cov-2 77 1.34
days before or after infection: (0.91-1.97)k
exposure) 2,005,280
Case control studies
[41] Israel Emergency Case control study
department of the comparing the rate of BNT162b2: 65 21 Unvaccinated: 46 16 Adjusted OR
Shamir Medical exposure to BNT162b2 (95%Cl):
Center within the previous 30 0.84 (0.37-1.90)
days in 37 patients
admitted for a new
onset of FP to that of
74 patients admitted
for any other reasons
and matched (1:2) on
age, sex and admission
date
[42] Hong Nested case control Adjusted OR
Kong/Hospital study comparing the BNT162b2: 45 14 Unvaccinated: 1181 256 (95%Cl)
Authority rate of exposure to - BNT162b2:
electronic health BNT162b2 within the 1.76 (0.89-3.48)
record system previous 42 days in 298 CoronaVac®: 81 28 - CoronaVac®:
patients admitted for a 2.39 (1-42-4.02)
new onset of FP to that
of 1,181 controls
admitted for any other
reason during the same
period and matched
(1:4) by age, sex,
admission setting, and
date of hospital
attendance
Observed-to-expected analyses
Hong Comparison of Age-
Kong/Adverse the reported standardized
events reported  incidence rate BNT162b2 : 16 NA'! NA ! rate ratio (95%
in the online of FP within 42 537,235 Cl):
Vaccine Adverse  days of the first BNT162b: 1.66
Event Reporting  dose of (0.95-2.91)
System CoronaVac® or CoronaVac® : 18
BNT162b2 to the 451,939 CoronaVac®:

2.64 (1.67-4.17)
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Table 2 (Continued)

Ref Country/data Study design Vaccine and FP in Controls and FP in Main results
source sample size vaccine  sample size control
groups groups
[43] Israel Database of Comparison of the BNT162b2 Expected number SIR (95% CI)
Clalit Health observed number of - Dose 1: 132 97.1 -1.36
Services (CHS) cases of FP within 21 2,594,990 (1.14-1.61)™
or 30 days after the - Dose 2: 152 130.5 -1.16
first or second dose in 2,434,674 (0.99-1.36)
patients with a Previous history of
previous history of FP FP
to the background rate - Dose 1: 7,567 4 3.5 -1.15
of FP estimated from (0.36-2.76)
the CHS data in 2019 - Dose 2: 7,045 10 4.7 -2.15
during the same period (1.09-3.83)

AE: adverse effects; Cl: confidence interval; COVID-19: coronavirus disease 2019, FP: facial paralysis, IC: information component; NR:
not reported; OR: odds ratio; ROR: reporting odds ratio; SIR: standardized incidence ratio.

@ The study involved a total of 303,589 reports of AE following the use of any vaccine but the total number of AE for each vaccine was
not provided

b Results were adjusted based on sex and age

¢ Total number of AE reported with BNT162b2 and 1273mRNA vaccines in Vigibase.

d Of the 844 cases of FP, 749 were reported with BNT162b2 and 95 with mRNA-1273 vaccines.

€ Total number of AE with other viral vaccines or influenza vaccines alone.

f1C: Information Component. A disproportionality signal is significant if the lower boundary of the 95% credibility interval of the 1C025
is >0.

¢ Patients with a previous PCR-positive test for SARS-Cov-2 or with a previous history of FP were excluded.

h A total of 6.2 million individuals were administered BNT162b2 (3,539,611 first and 3,214,737 second doses) or mRNA-1273 (2,636,202
first and 2,454,578second doses) vaccines.

i patients with a COVID-19 infection at any time before or after the vaccine were excluded.

J For the ChadOx1nCov-19 vaccine, there was a significant increased risk only for the 15—21 day period after the first dose (IRR, 1.29;
95% Cl: 1.08—1.56).

k For patients with a positive SARS-CoV-2 test, there was an increased risk at day 0 (IRR, 33.23; 95% Cl: 22.57—48.94), days 1—7 (IRR,
5.84; 95% Cl: 4.09—8.33) and days 8—14 (IRR, 2.17; 95% Cl: 1.30—3.63).

! The crude expected number of cases of FP was not provided. The age-standardized incidence rate per 100,000 person-years (95%Cl)
was 42.8 (19.4—66.1) for BNT162b2 and 66.9 (37.2—96.6) for CoronaVac® with a background incidence calculated for the same study
period for each vaccination program of 25.7 (22.7—28.8) to 25.3 (22.6—28.1), respectively.

M The highest SIR was 2.51 (95%Cl: 1.65—3.68) and observed in females older than 64 years, only after the first dose. The SIR did not
significantly increased in males whatever the dose.

Table 3 Rechallenge data available in Vigibase, the WHO global pharmacovigilance database.

Rechallenge Tozinameran  Elasomeran  ChAdOx1 nCoV-19  Ad26.CoV2.S  Total
Positive 14 4 1 1 20
Negative 20 1 8 — 29
Rate (95% Cl) of positive rechallenge 41 (25—59) 80 (28—99) 11 (0—48) — 41 (27-56)
Cl: confidence interval; WHO: World Health Organization.

adenovirus-based vaccines were identified from Vigibase Discussion

with tozinameran in 15,638 cases (68.2%), elosameran in

3,864 (16.9%), ChAdOx1 nCoV-19 in 2,388 (10.4%) and Across several studies using various methodological

Ad26.CoV2.S in 880 (3.8%). Among them, rechallenge was
documented in 49 reports and was negative in 29 (59.2%) and
positive in 20 (40.8%) (Table 3). Unfortunately, the number
of cases reporting rechallenge is very low, either due to low
reporting, lack of follow-up or because the patient did not
receive the subsequent dose.

approaches, there is no sufficient evidence allowing us to
confirm or refute a link between vaccine-induced immune
stimulation and the occurrence of PFP in general, with
the noticeable exception of the LT-adjuvanted intranasal
influenza vaccine. Interestingly, of the eight studies indicat-
ing a possible excess in PFP after any vaccine, three were
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disproportionality analyses performed in pharmacovigilance
databases and three observed-to-expected analyses. As
such designs mostly allow a signal to be to detected rather
than confirmed these results should be interpreted with
great caution.

More specifically, regarding mRNA-based vaccines, the
mention of this adverse effect in the summary of prod-
uct characteristics of both tozinameran and elasomeran
resulted from the imbalance observed in the distribution
of PFP cases between vaccinated and control patients in
clinical trials. Based on a suggestive temporal association,
several isolated case reports later supported a possible
relationship [47] while other authors suggested a type 1
interferon response to mRNA vaccines as a possible patho-
physiological mechanism of PFP [31]. However, according to
the available epidemiological data that did not confirmed
an excess risk in most studies using reliable designs and the
very limited number of published or spontaneously reported
cases indicating positive rechallenge despite billions of vac-
cinated patients, reasonable doubts on this association still
remain.

The occurrence of PFP after COVID-19 vaccination does
not currently constitute a contraindication to the continua-
tion of the vaccination schedule. In such a case, an individual
assessment of the risk-benefit ratio should be offered and
an alternative vaccine can eventually be discussed. Similar
conclusions can be made for all other vaccines, especially
influenza vaccines.
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