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Objective: The Pfizer BNT162b2 vaccine showed a reassuring safety profile in clinical trials, but real-
world data are scarce. Bell's palsy, herpes zoster, GuillaineBarr�e syndrome (GBS) and other neurolog-
ical complaints in proximity to vaccination have received special public attention. We compared their
rates among vaccinated and unvaccinated individuals.
Methods: Individuals �16 years vaccinated with at least one dose of BNT162b2 were eligible for this
historical cohort study in a health maintenance organization insuring 1.2 million citizens. Each vaccinee
was matched to a non-vaccinated control by sex, age, population sector (general Jewish, Arab, ultra-
orthodox Jewish) and comorbidities. Diagnosis of Covid-19 before or after vaccination was an exclu-
sion criterion. The outcome was a diagnosis of Bell's palsy, GBS, herpes zoster or symptoms of numbness
or tingling, coded in the visit diagnosis field using ICD-9 codes. Diagnoses of Bell's palsy and GBS were
verified by individual file review.
Results: Of 406 148 individuals vaccinated during the study period, 394 609 (97.2%) were eligible (11 539
excluded). A total of 233 159 (59.1%) were matched with unvaccinated controls. Mean follow was
43 ± 15.14 days. In vaccinated and unvaccinated individuals there were 23 versus 24 cases of Bell's palsy
(RR 0.96, CI 0.54e1.70), one versus zero cases of GBS, 151 versus 141 cases of herpes zoster (RR 1.07, CI
0.85e1.35) and 605 versus 497 cases of numbness or tingling (RR 1.22, CI 1.08e1.37), respectively.
Discussion: No association was found between vaccination, Bell's palsy, herpes zoster or GBS. Symptoms
of numbness or tingling were more common among vaccinees. This study adds reassuring data regarding
the safety of the BNT162b2 vaccine. David Shasha, Clin Microbiol Infect 2022;28:130
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

The PfizereBioNTech and Moderna mRNA vaccines received
Food and Drug Administration (FDA) emergency use authoriza-
tion (EUA) during December 2020, and vaccination started
worldwide soon after. In Israel, the vaccination campaign with
the Pfizer BNT162b2 vaccine was launched on December 2020.
Since then, more than 5 900 000 Israelis have received the first
dose [1].
Health Maintenance Organi-

a).

biology and Infectious Diseases. P
The Pfizer BNT162b2 showed a reassuring safety profile in
clinical trials, characterized mainly by short-term mild local re-
actions. Serious adverse events were rare and had similar fre-
quencies in the vaccine and placebo arms [2,3]. However, adverse
events that were not identified in clinical trials might emerge due
to the limited number of vaccinees and their specific characteris-
tics. Therefore, continuous monitoring for rare or unexpected side
effects in the real world is needed.

The FDA and other authorities have published a list of adverse
events of special interest [4] based on historical precedent set by
prior vaccines and knowledge acquired during the vaccine devel-
opment. Several other medical conditions have received attention
from healthcare providers and the public, including Bell's palsy
(reported also in the clinical trials of Pfizer and Moderna [5,6]),
ublished by Elsevier Ltd. All rights reserved.
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herpes zoster [7e9] and several other neurological adverse events
[10,11]. When vaccinating millions of individuals, sporadic clinical
events appearing in their usual frequency might be incorrectly
associatedwith vaccination. Therefore, post-marketing comparison
of rates of adverse events to the background incidence rates in large
populations [12], or comparison of large groups of vaccinated and
unvaccinated individuals are indicated.

Materials and methods

Meuhedet Health Maintenance Organization (MHMO) serves
approximately 1.2 million citizens in Israel. By mid-March 2021,
MHMO had vaccinated more than 560 000 individuals with more
than 1 million doses of the BNT162b2 vaccine.

We conducted this observational historical cohort study to
assess the possible association between BNT162b2 vaccination and
several predefined clinical events in a cohort of vaccinees compared
with a matched cohort of unvaccinated individuals.

Data were extracted from the MHMO database, which includes
extensive medical and demographic information from all health-
care providers including visit diagnoses, hospital and emergency
department diagnoses, dates of vaccination, all Covid-19 PCR and
serology tests results, medication dispensed, and laboratory and
imaging data. As MHMO enables free access to medical care with
same-day availability, we assumed good documentation of signifi-
cant clinical events in close proximity to vaccination.

Study population and design

Eligibility criteria included insured persons aged�16 years who
had been vaccinated with the first dose of BNT162b2 vaccine from
19 December 2020 to 12 February 12 2021.We excluded individuals
with diagnosis of Covid-19 infection, either by PCR or serology at
any time before or after the vaccine (MHMO's physicians could not
order serology tests for vaccinated individuals during the study
period, therefore positive serology was indicative of past infection).
Each vaccinated person was matched with a non-vaccinated con-
trol according to sex, age, number of comorbidities (from zero to
four comorbidities) and population sector (general Jewish, Arab,
ultra-orthodox Jewish), since vaccination rates varied between
sectors. For the control group, we applied the same exclusion
criteria. The following comorbidities were used for matching:
asthma or chronic obstructive pulmonary disease, cardiovascular
disease, diabetes mellitus, active cancer. We adjusted for other
covariates after matching, including hospitalization during 2020
and socio-economic status (SES), derived from the individual's
home address, ranging from 1 to 10. For the purpose of this study,
SES levels were grouped into three levels: 1e3 low, 4e7 medium
and 8e10 high.

For each pair, the vaccine day of the vaccinated individual was
set as the reference day for follow-up for the matched control.

Outcomes

Four outcomes were assessed in this study: Bell's palsy,
GuillaineBarr�e syndrome (GBS), herpes zoster and symptoms of
numbness or tingling sensation. Diagnoses were extracted using
ICD-9 codes (Table S1) from the visit diagnosis field, which is
mandatory in our electronic medical record (EMR). The diagnosis
was considered an outcome whether the physician attributed it to
the vaccine or not. For each outcome, individuals who had the same
diagnosis during the 30 days before vaccination/reference daywere
excluded (<0.5%). The diagnoses of Bell's palsy and GBS were vali-
dated by individual medical record review, performed by a senior
physician blinded to the patient vaccine status. Follow-up duration
was from vaccine administration or reference day until the end of
follow-up period on 1 March 2021. Data collection took place
during March 2021.

Statistical analysis

The chi-squared test was used to examine the association be-
tween categorical variables and dependent variables. The Student t
test was used to assess the difference between continuous variables
and dependent variables. Logistic regression was used to ascertain
the effect of having the first vaccine on the likelihood of presenting
one of the clinical outcomes (OR and CI) [13]. Age was grouped into
five levels: <18, 18e35, 35e50, 50e65, 65þ years.

Analyses were conductedwith IBM SPSS, Version 27.0. (Armonk,
NY). Two-tailed p values are reported, with a ¼ 0.05.

This study was approved by the MHMO Institutional Review
Board and was exempted from the requirement for informed
consent.

Results

Study population

Of 406 148 MHMO members who were vaccinated during the
study period, 394 609 (97.2%) were eligible (11 539 excluded due to
past infection). Of 430 395 unvaccinated members 335 242 (77.9%)
were eligible (95 133 excluded due to past infection). We were able
to match 233 159 individuals vaccinated with at least one dose to
unvaccinated controls (59.1% of the eligible vaccinated individuals).
A total of 131 033 (56.2%) of the matched vaccinated individuals
were vaccinated with two doses.

The baseline characteristics of the matched individuals are
shown in Table 1. Variables used for matching were well balanced
between study groups.

Overall follow-upwas 9 988 509 days for each group, withmean
follow-up of 43 ± 15.14 days per participant. Mean gap between
doses was 22 ± 1.55 days, and mean follow-up after the second
dose was 32 ± 8.28 days (overall follow-upwas 4 226 133 days after
the second dose).

Clinical outcomes

Relative risk (RR) for three of the clinical outcomes (Bell's palsy,
herpes zoster and symptoms of numbness and tingling) for vacci-
nated compared with unvaccinated individuals are summarized in
Fig. 1. Symptoms of numbness or tingling were the only outcome
with significantly higher incidence among vaccinated individual
compared with unvaccinated ones (RR 1.22, CI 1.08e1.37). Due to
the paucity of cases, RR could not be calculated for GBS.

Bell's palsy

A total of 123 cases of Bell's palsy were identified using the
appropriate ICD-9 codes of visit diagnosis. Following thorough re-
view of patients' medical records by a senior physician, 76 cases
were excluded (mainly cases of past or remote event, or a clinical
description not consistent with Bell's palsy).



Table 1
Characteristic of participants according to their vaccination status

Vaccinated with a 1st dose Unvaccinated p Vaccinated with a 2nd dose Unvaccinated p

Overall 233 159 233 159 131 033 131 033
Womeny 118 525 (51) 111 706 (51) 1 66 453 (51) 66 453 (51) 1
Age groupy 1 1
<18 13 275 (6) 13 275 (6) 2288 (2) 2288 (2)
18-35 91 320 (39) 91 320 (39) 34 666 (26) 34 666 (26)
35-50 68 707 (29) 68 707 (29) 42 641 (32) 42 641 (32)
50-65 38 598 (17) 38 598 (17) 31 779 (24) 31 779 (24)
65þ 21 259 (9) 21 259 (9) 19 659 (15) 19 659 (15)

Sectory 1 1
General Jewish 132 980 (57) 132 980 (57) 75 848 (58) 75 848 (58)
Ultra-orthodox Jewish 54 929 (24) 54 929 (24) 28 029 (21) 28 029 (21)
Arab 45 250 (19) 45 250 (19) 27 056 (21) 27 056 (21)

Socio-economic status <0.001 <0.001
1-3 51 017 (22) 71 703 (31) 27 024 (21) 40 451 (31)
4-7 130 525 (56) 128 806 (55) 75 811 (58) 75 220 (57)
8-10 37 973 (16) 19 670 (8) 23 692 (18) 11 211 (9)
unknown 13 644 (6) 12 980 (6) 4 506 (3) 4 151 (3)

No. of comorbiditiesy 1
0 181 222 (77) 181 222 (77) 1 95 523 (73) 95 523 (73)
1 43 172 (19) 43 172 (19) 27 874 (21) 27 874 (21)
2þ 8765 (4) 8765 (4) 7636 (6) 7636 (6)

Hospitalization during 2020 16 298 (7) 15 979 (7) 0.066 11 084 (8) 10 646 (8) <0.01
Diabetes 16 095 (7) 15 799 (7) 0.086 13 469 (10) 13 001 (10) <0.01
Lung disease* 31 260 (13) 32 032 (14) 0.001 18 264 (14) 19 239 (15) <0.001
Oncological condition 5264 (2) 4283 (2) <0.001 4479 (3) 3506 (3) <0.001
Cardiac disease 9726 (4) 10 262 (4) <0.001 8380 (6) 8903 (7) <0.001

Data are presented as n (%).
* Asthma or chronic obstructive lung disease.
y Variable included in the matching rule.

0.5 1 1.5 2

Facial nerve palsy

Herpes-zoster

Symptoms of numbness or �ngling

Fig. 1. Relative risk and 95% confidence interval are shown for three clinical outcomes. RR for GBS could not be calculated due to paucity of cases.
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There were 23 cases of confirmed Bell's palsy following the first
dose compared with 24 cases in the control group)84 vs. 88 cases
per 100 000 person-years, respectively, RR 0.96, CI 0.54e1.70,
non-significant, NS). Eight cases in the vaccinated group and 12
cases in the non-vaccinated group occurred after the second dose
(NS). Bell's palsy occurred after an average of 20.4 ± 13.55 days of
the first dose compared with 26.8 ± 17.82 days in the control
group (NS).

Mean age of vaccinees who developed Bell's palsy was 45.8
compared with 45.3 in the control group (NS), of whom 47.8%
(vaccinees) and 29.2% (control) were females (NS).
GuillaineBarr�e syndrome

We identified one confirmed case of GBS following the first dose
(0.4 cases per 10 000 person-years). No cases of GBSwere identified
in the unvaccinated group.

Herpes zoster

In total, 151 individuals developed herpes zoster following the
first dose compared with 141 in the control group (55.2 vs. 51.5
cases per 10 000 person-years respectively, RR 1.07, CI 0.85e1.35,
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NS). Sixty-seven cases in the vaccinated group and 61 cases in the
control group occurred after the second dose (NS). In average,
zoster occurred 27.2 ± 18.0 days after the first dose, compared with
24.9 ± 17.22 days in the control group (NS).

Mean age of vaccinees who developed zoster was 51.8 compared
with 51.0 in the control group (NS), of whom 57.0% (vaccinees) and
61.0% (control) were females (NS).

Symptoms of numbness or tingling

A total of 605 individuals received the diagnosis of numbness or
tingling following the first dose compared with 497 cases in the
control group (221.1 vs. 181.6 cases per 10 000 person-years
respectively, RR 1.22, CI 1.08e1.37, p 0.001). In average, these
complaints occurred 24.3 ± 17.62 days after the first dose compared
with 26.9 ± 16.77 days in the control group (p 0.013). 261 cases in
the vaccinated group and 239 cases in the control group occurred
after the second dose (226.0 vs. 207.0 cases per 10 000 person-
years respectively, RR 1.09, CI 0.91e1.30).

The mean age of vaccinees who experienced numbness or
tingling was 49.6 compared with 47.0 in the control group (p
0.004), of whom 58.0% (vaccinees) and 59.6% (control) were fe-
males (NS). KaplaneMeier plots for post-vaccination numbness
and tingling were constructed for vaccinated and control groups
and showed no evidence of clustering over time.

While applying multivariate logistic regression, adjusting for
variables associated with numbness and tingling by univariate
analysis (sex, age, hospitalization during 2020, diabetes, asthma,
cardiac and oncological diseases), symptoms of numbness and
tingling were still more common among vaccinees compared with
unvaccinated controls (OR 1.21, CI 1.08e1.37, Table 2).

Discussion

In this study we sought to investigate possible associations
between the BNT162b2 vaccine and several medical conditions of
concern. We found no association between BNT162b2 vaccination
and Bell's palsy, herpes zoster or GBS. Mild, non-specific neuro-
logical complaints of numbness and tingling were more frequent
Table 2
Multivariate logistic regression for symptoms of numbness and tingling among in-
dividuals who were vaccinated with at least one dose and their controls

OR p 95% CI for OR

Vaccinated vs. unvaccinated 1.21 0.001 1.08-1.37
Women vs. Men 1.35 <0.001 1.19-1.52
Age, years
<18 <0.001
18-35 14.96 <0.001 3.72-60.19
35-50 35.87 <0.001 8.94-143.97
50-65 45.01 <0.001 11.20-180.89
65þ 28.11 <0.001 6.93-114.04

Sector
General Jewish <0.001
Ultra-orthodox Jewish 0.68 <0.001 0.57-0.81
Arab 1.36 <0.001 1.19-1.56

Hospitalization during 2020 vs. no 1.88 <0.001 1.59-2.22
Diabetes vs. no diabetes 1.50 <0.001 1.25-1.79
Lung disease* vs. no Lung disease 1.27 0.003 1.08-1.49
Oncological condition vs. no oncological

condition
1.50 0.005 1.13-1.98

Cardiac disease vs. no cardiac disease 1.29 0.03 1.03-1.62

* Asthma or chronic obstructive lung disease.
among vaccinees, with higher odds for females and older
individuals.

Bell's palsy received unusual public attention shortly after the
FDA EUA of the vaccine. Reported safety data by Pfizer andModerna
[2,5,6,14] showed seven cases of Bell's palsy compared with one
case in the placebo arm, among nearly 40 000 vaccinees, raising
safety concerns. While the FDA and other authorities stated that
this frequency did not exceed the expected background rate, a
commentary published recently highlighted that correcting for the
follow-up duration in the studies, the rate of Bell's palsy in these
two trials was between 3.5e7 times higher than expected in the
general population (105 vs. 15e30 cases per 100 000 person-years)
[15], calling for robust surveillance after cases of vaccine-associated
Bell's palsy. Our study provides data looking at a large population of
vaccinated individuals, approximately six times larger than the
population followed in both clinical trials, compared with unvac-
cinated individuals. The rate of Bell's palsy in our study, 84 and 88
cases per 100 000 person-years among vaccinees and unvaccinated
controls respectively (RR 0.96, CI 0.54e1.70, NS), was higher than
the reported rate in the general population. This finding may be
explained by the mean age of our cohort, as the incidence of Bell's
palsy is higher among older persons [16,17], who were the first to
get vaccinated, and were over-represented in our cohort (Table 1).

Concerns of association between the vaccine and zoster have
been raised by clinicians [7e9] and by the press. Our study found no
such association.

As for other new vaccines, concerns regarding possible associ-
ation with GBS were raised by healthcare providers. In a com-
mentary reviewing the lack of association between COVID itself and
GBS, as well with many other vaccines [18], the authors predicted
that vaccines encoding the spike protein would not confer addi-
tional risk of GBS, and stressed the need for reliable data, as during
mass vaccination rare cases of GBS would inevitably occur by
coincidence following vaccination. In our cohort we found one case
of confirmed GBS among vaccinated individuals, and no cases
among the controls. The reported annual incidence of GBS is 1.7
cases per 100 000 population [18,19]; therefore, our study cohort
was too small for estimating the incidence of GBS, or its association
with the vaccine, and could not exclude an elevated risk.

Mild sensory symptomswere significantlymore common among
vaccinees. These complaints of numbness and tingling, mainly on
one side of the face,might be amanifestation of anxiety, the possible
result of reports in popular media of suspected association between
the vaccine and Bell's palsy. As previously described in the context of
functional neurological disorder appearing in proximity to SARS-
CoV-2 vaccination [20], abnormal expectations or beliefs can
interact with sensorimotor perceptions. In addition, vaccines can
produce nociceptive experiences, such as local pain or systemic
myalgias that promote the redirection of attention towards the
body. This redirection of attention may be the cause for symptoms,
rather than a neurotoxic or immune-mediated processes. Other
biological explanations for these sensory complaints have been
previously suggested, including a case report of small fibre neu-
ropathy after the second dose of the BNT162b2 vaccine [21]. How-
ever, causality cannot be drawn based on a single case.

In addition, individuals recently vaccinated were more likely to
seek care than non-vaccinated individuals for mild neurological
symptoms, which might have created a bias in our analysis.

The strength of this study is its large cohort and full represen-
tation of the Israeli population, ensuring its generalizability for the
population in Israel and other countries with similar population
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characteristics. The large cohort size enabled us to compare the
incidence of uncommon clinical events among vaccinated and
unvaccinated individuals and to calculate incidence rates, which
cannot be calculated using voluntary reporting tools such as the
CDC V-safe, smartphone-based reporting tool, or VAERS (Vaccine
Adverse Event Reporting System), designated to detect safety sig-
nals [22].

The wide vaccine coverage and country-wide computerized
data capture in Israel enabled data acquisition within a few weeks
from launching of the vaccination campaign. Early assessment was
important for ensuring a large, matched control group and long
follow-up, as vaccination in Israel proceeded quickly reducing the
size of the available controls rapidly.

Secondly, clinical events assessed in our study were routinely
reported by healthcare providers in the EMR, and not as part of
vaccine safety reports, enabling detection of safety events regard-
less of physicians' awareness of possible association.

A limitation of our study is its observational design, for which
we tried to compensate with a large study cohort and a rigorous
matching. While matching for age, sex, population sector, number
of comorbidities and length of follow-up reduced possible con-
founders, it came at a cost of not including 41% of the eligible
vaccinated individuals. Multivariate analysis was performed to
adjust for further residual confounding.

Outcomes of this study were identified by visit diagnoses, which
might be partial or inaccurate. We therefore chose to focus on a few
clinical outcomes of concern. Furthermore, we confirmed each case
of Bell's palsy and GBS by reviewing the patients' EMR to provide
reliable information. Inaccurate or under-reporting of visit di-
agnoses probably resulted in a non-differential misclassification. In
this context it is important to emphasize that GBS is a rare condition
and larger cohorts are required for proper monitoring of its associ-
ation with the vaccine [18]. The relatively short follow-up period
further limited the ability of this study to assess the association of
GBSwith the vaccine.We included data regarding GBS in this report,
despite insufficient power, to support future meta-analysis.

In conclusion, we found no association between vaccination and
Bell's palsy, GBS or zoster. As fear of possible clinically significant
adverse events is one of the main determinants of vaccine hesi-
tancy, our findings should provide reassurance to healthcare pro-
viders and vaccine recipients regarding these adverse events and
promote confidence in the global vaccination campaign.
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