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Introduction: We investigated the potential association of COVID-19 vaccination with three acute neuro-
logical events: Guillain-Barré syndrome (GBS), transverse myelitis and Bell’s palsy.
Methods: With the approval of NHS England we analysed primary care data from >17 million patients in
England linked to emergency care, hospital admission and mortality records in the OpenSAFELY platform.
Separately for each vaccine brand, we used a self-controlled case series design to estimate the incidence
rate ratio for each outcome in the period following vaccination (4–42 days for GBS, 4–28 days for trans-
verse myelitis and Bell’s palsy) compared to a within-person baseline, using conditional Poisson regres-
sion.
Results: Among 7,783,441 ChAdOx1 vaccinees, there was an increased rate of GBS (N = 517; incidence
rate ratio 2�85; 95% CI2�33–3�47) and Bell’s palsy (N = 5,350; 1�39; 1�27–1�53) following a first dose of
ChAdOx1 vaccine, corresponding to 11.0 additional cases of GBS and 17.9 cases of Bell’s palsy per 1 mil-
lion vaccinees if causal. For GBS this applied to the first, but not the second, dose. There was no clear evi-
dence of an association of ChAdOx1 vaccination with transverse myelitis (N = 199; 1�51; 0�96–2�37).
Among 5,729,152 BNT162b2 vaccinees, there was no evidence of any association with GBS (N = 283;
1�09; 0�75–1�57), transverse myelitis (N = 109; 1�62; 0�86–3�03) or Bell’s palsy (N = 3,609; 0�89; 0�76–
1�03). Among 255,446 mRNA-1273 vaccine recipients there was no evidence of an association with
Bell’s palsy (N = 78; 0�88, 0�32–2�42).
Conclusions: COVID-19 vaccines save lives, but it is important to understand rare adverse events. We
observed a short-term increased rate of Guillain-Barré syndrome and Bell’s palsy after first dose of
ChAdOx1 vaccine. The absolute risk, assuming a causal effect attributable to vaccination, was low.

� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Safe vaccination with high uptake is essential to the COVID-19
pandemic response. In England, three COVID-19 vaccines have
been widely used: one adenovirus-vectored vaccine ChAdOx1
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(Vaxzevria; Oxford AstraZeneca), and two mRNA vaccines,
BNT162b2 (Cominarty; Pfizer BioNTech), and mRNA-1273 (Spike-
vax; Moderna). Each demonstrated a reassuring safety profile in
large clinical trials before authorisation [1–3]. COVID-19 vaccina-
tion is highly effective at preventing COVID-19 infection, which
can otherwise cause a range of complications, including acute neu-
rological events such as Guillain-Barré syndrome, transverse
myelitis and Bell’s palsy [4]. However, post-licensing vaccine safety
surveillance of potential adverse events remains essential for vac-
cine safety and public confidence.

Guillain-Barré syndrome (GBS) is an acute autoimmune
polyradiculopathy [5]. Two patients developed GBS in a trial of
an adenovirus-vectored vaccine (Ad.26-COV2.S), one of whom
received the placebo [6]. British, European and US regulators have
issued warnings based on spontaneous reports of GBS following
vaccination with adenovirus-vectored vaccines [7–9]. A large
self-controlled case series in England and Scotland reported an
association between hospital admission for GBS and first dose of
ChAdOx1 vaccine but not BNT162b2 vaccine [4]. Cohort studies
in Mexico and Israel have found few cases of GBS following
BNT162b2 vaccine [10,11].

Transverse myelitis is a focal monophasic inflammation of the
spinal cord. Trials of ChAdOx1 were paused for safety review fol-
lowing three cases of transverse myelitis (one in the placebo
arm) [12]. There have been case reports of transverse myelitis,
including longitudinally extensive transverse myelitis, after both
COVID-19 infection and vaccination with a range of platforms
[13]. The outcome is rare and hypothesis-testing studies to date
have been under-powered [4,13,14].

Bell’s palsy is an acute, idiopathic unilateral facial paralysis [15].
There was a small imbalance in the number of cases of Bell’s palsy
between vaccinated and control groups in trials for mRNA vaccines
BNT162b2 and mRNA-1273, although not for the adenovirus-
vectored ChAdOx1 vaccine [12,16,17]. This has been followed by
case reports of Bell’s palsy, predominantly following mRNA plat-
form vaccines [18]. Safety studies have been reassuring for mRNA
platform COVID-19 vaccines [4,14,18–20]. However, two UK-based
self-controlled case series studies of ChAdOx1 vaccine and Bell’s
palsy have produced conflicting results, with one finding no evi-
dence of an association using primary care records [14], and the
other finding an increased risk of hospital admission with Bell’s
palsy following a first dose of ChAdOx1 vaccine [4]. Hospital
admission is not typically required for individuals with Bell’s palsy,
and the study described overlap of diagnoses of Bell’s palsy and
GBS. Case reports of GBS presenting with facial diplegia (which
could be mistaken for Bell’s palsy) following adenovirus-vectored
vaccines suggest GBS could drive the finding of increased hospital
admission with Bell’s palsy after ChAdOx1 vaccine [21].

We aimed to investigate any association between brand-
specific first and second dose of COVID-19 vaccination with each
of Guillain-Barré syndrome, transverse myelitis, or Bell’s palsy,
using linked primary, emergency care and secondary care elec-
tronic health records in England.
2. Material and methods

The pre-specified study protocol is archived at https://github.-
com/opensafely/Published-Protocols/blob/master/Vaccine%
20safety%20protocol_neuro_v1.0.pdf.
2.1. Study design

The study used a self-controlled case series (SCCS) design, a
case-only design which compares incidence of events within the
same vaccinated individual across different time periods [22].
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2.2. Data source

We used data from primary care records managed by the GP
software provider TPP, representing approximately 40% of the pop-
ulation in England. Records were linked to Secondary Uses Service
(SUS) hospital admission and emergency care data sets and Office
for National Statistics mortality data to detect neurological out-
comes, National Immunisation Management System (NIMS) data
for occupational status, and Second Generation Surveillance Sys-
tem (SGSS) pillar two SARS-CoV-2 test results for prior COVID-19
infection. Data were accessed, linked and analysed through
OpenSAFELY-TPP (https://opensafely.org/), a data analytics plat-
form created on behalf of NHS England to address urgent COVID-
19 research questions [23].

2.3. Study population

The eligible population comprised all adults (aged 18–
105 years) continuously registered at a general practice for at least
a year prior to 1 July 2020, to ensure that records represented inci-
dent outcomes rather than retrospective recording of past events
[24]. Patients with missing age, sex, or postcode, and women with
evidence of pregnancy in the nine months before baseline were
excluded, as advice on vaccination in pregnancy has evolved dur-
ing the study period [25].

The study start date was 1 July 2020 to provide a five-month
pre-vaccination comparison period before the national vaccination
programme began on 8 December 2020. The initial reduction in
healthcare attendance for conditions other than COVID-19 infec-
tion at the start of the pandemic had considerably recovered for
acute physical conditions by July 2020 [26,27]. The study end date
was 7 July 2021, three weeks prior to the latest SUS record avail-
ability, to allow completion and recording of most hospital admis-
sions started during the study period [28].

Each analysis included individuals who received a first COVID-
19 vaccination dose of the relevant brand and also experienced a
new episode of the relevant outcome during the study period, sep-
arately for each combination of vaccine brand and outcome.

2.4. Study measures

All codelists and code are available at https://github.com/open-
safely/covid-vaccine-safety-research.

2.4.1. Exposures
The primary exposure of interest was brand-specific first dose

of COVID-19 vaccination, determined from primary care records
and categorised as ChAdOx1, BNT162b2 or mRNA-1273. For sec-
ondary analysis, a second dose was defined as the next record of
COVID-19 vaccination at least 21 days after the first dose.

2.4.2. Outcomes
Study outcomes were Guillain-Barré syndrome, transverse

myelitis, or Bell’s palsy, each considered separately.
For each outcome, we excluded any individuals with the diag-

nosis of interest recorded during the year prior to 1 July 2020.
The first recorded diagnosis of each outcome during follow-up
defined the start of a new episode during the study. Any subse-
quent codes for the outcome during follow-up were considered
part of the same episode.

A first diagnosis could be recorded in any of primary care, hos-
pital admission or mortality records. Bell’s palsy was additionally
ascertained using emergency care records, as individuals may
attend emergency care directly for Bell’s palsy without requiring
hospital admission [29]. Emergency care records were not used
to ascertain GBS as diagnosis usually requires inpatient investiga-

https://github.com/opensafely/Published-Protocols/blob/master/Vaccine%2520safety%2520protocol_neuro_v1.0.pdf
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tion and is unlikely to be confirmed within an emergency care
attendance [5]. Transverse myelitis diagnoses cannot be recorded
in the emergency care dataset [30].

As pre-specified in our protocol, individuals were not eligible
for a diagnosis of GBS following a diagnosis of chronic inflamma-
tory demyelinating polyneuropathy (CIDP) recorded ever before
or during the study. Similarly, individuals were not eligible for a
diagnosis of transverse myelitis following a diagnosis of multiple
sclerosis or neuromyelitis optica, since episodes of transverse
myelitis symptoms may be differently or under-recorded among
patients with these conditions.

2.4.3. Covariates
Confounding factors which do not vary over the study period,

such as baseline age and co-morbidities, were automatically con-
trolled for by the SCCS study design. Age was described on 31
March 2021 for consistency with national vaccine eligibility crite-
ria. A history of COVID for stratified analysis was ascertained from
a positive COVID-19 PCR test result prior to the vaccination date,
obtained from SGSS. Health and social care worker status for sen-
sitivity analysis used self-reported occupation in the NIMS dataset.

2.5. Statistical methods

A separate analysis was conducted for each combination of vac-
cine brand and outcome.

The primary analysis was an unadjusted conditional Poisson
regression comparing time periods of interest with baseline time
for the same individual to calculate incidence rate ratios. Time
windows were defined relative to the individual’s vaccination date
(Fig. 1). The pre-specified risk window of interest for post-
vaccination exposure was 4─42 days after first dose vaccination
for GBS and 4─28 days after first dose vaccination for transverse
myelitis and Bell’s palsy, with longer risk windows considered in
sensitivity analysis, informed by Brighton Collaboration guidance
[31–34]. The risk window was not further subdivided due to the
small numbers of cases.

If vaccination is deferred while unwell with neurological symp-
toms this may violate the assumption of the SCCS design that an
outcome event (such as GBS) should not alter the probability of
subsequent exposure to vaccination [22,35]. To allow for this, we
defined a separate pre-vaccination window of four weeks for trans-
verse myelitis and Guillain-Barré syndrome, and two weeks for
Bell’s palsy. During this pre-vaccination window a lower rate of
outcomes is expected, as people experiencing study outcomes are
likely to defer vaccination. Defining this period as a separate pre-
vaccination window (rather than including it in the baseline time)
aims to avoid underestimation of baseline rates. We also defined
the day of vaccination as a separate risk window, to exclude oppor-
tunistic recording of outcomes on the day of vaccination from the
pre-vaccination period (days 0 and 1–3 results not reported due to
small numbers, to protect patient confidentiality, but please see
Fig. S2 for the distribution of events over time relative to vaccina-
tion) [36].

The unexposed baseline time period combined time pre-
vaccination (1 July 2020 to the start of the individual’s pre-
vaccination window), with time after vaccination (the end of the
individual’s post-vaccination risk window until the end of follow-
up).

To explore potential changes in ascertainment over time such as
under-recording of recent events due to data lags, we explored
adjusting for calendar time by week and by fortnight (we report
by fortnight as weekly adjustment did not further change results).
To investigate any potential interactions with age or previous
exposure to SARS-CoV-2 we stratified primary analysis by a history
of COVID-19 infection prior to vaccination and by age group.
4481
Data management was performed using Python, with analysis
carried out using Stata 16.1 MP.
2.5.1. Secondary analyses
As a secondary analysis, we considered the second dose of vac-

cination as a separate risk window. In this analysis, day 4 post sec-
ond dose of vaccination started a separate second-dose post-
vaccination risk window, censoring the first-dose risk window if
needed. Pre-exposure, day 0 and days 1–3 windows were included
for second dose vaccination only if and when the post-vaccination
risk window from the first dose had ended.

Another secondary analysis compared first dose of ChAdOx1
vaccine to first dose of BNT162b2 vaccine head-to-head as an
active comparator, using a ratio-of-ratios approach. This analysis
was limited to vaccinations from 1 January 2020, the period in
which both vaccines were available.
2.5.2. Sensitivity analyses
We conducted a number of descriptive and sensitivity analyses

to test the study assumptions. We checked for event-dependent
censoring of observation time using histograms describing time
from outcome to end of follow-up, and used exposure-centred
interval plots to assess the suitability of the duration of the pre-
vaccination and post-vaccination risk windows.

Pre-specified sensitivity analyses included not removing a pre-
exposure window, extending the length of the risk window to
42 days for Bell’s palsy and transverse myelitis and 90 days for
GBS, using only post-vaccination follow-up time as the baseline
comparator period, and excluding health and social care workers
(details in Supplement B).
2.5.3. Post-hoc sensitivity analyses
Adjusting for calendar time slightly increased the incidence rate

ratio for transverse myelitis following ChAdOx1 vaccine (Table 1).
Examining transverse myelitis incidence over time, week 44 was
an outlier with approximately double the average number of
weekly cases. We excluded week 44 from the ChAdOx1 and trans-
verse myelitis analysis to explore the sensitivity of results to this
outlier.

To explore whether the association between first dose of ChA-
dOx1 vaccine and Bell’s palsy could be explained by misdiagnosis
of GBS presenting with facial diplegia, we restricted analyses of
Bell’s palsy to cases recorded in primary care, as primary care Bell’s
palsy diagnoses have previously been found to have a high positive
predictive value.[36].

In the secondary analysis considering the second dose of vacci-
nation as a separate exposure, we added a post hoc sensitivity anal-
ysis in case an event after a first dose of vaccine altered the
probability of a second dose of vaccine. To do this, we censored
the first-dose baseline time at 12 weeks after the first dose (the
point at which individuals were routinely eligible for a second
dose), so that the baseline time used to calculate risk following
the first dose of vaccine would not be affected by different uptake
or timing of the second dose of vaccine among people who had
already experienced an outcome. We also limited the second-
dose baseline time to time after a second dose of vaccination, so
that the analysis of risk following the second dose was indepen-
dent of previous events.
2.5.4. Ethics committee approval
This study was approved by the Health Research Authority (REC

reference 20/LO/0651) and by the LSHTM Ethics Board (reference
21863).



Fig. 1. Illustration of time-windows for self-controlled case series.
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3. Results

Among 7,783,441 recipients of ChAdOx1 vaccine, we included
517 adults with a new episode of GBS at any point during the study
period (before or after vaccination), 199 with transverse myelitis,
and 5,350 with Bell’s palsy (Table 1). Among 5,729,152 recipients
of BNT162b2 vaccine, 283 individuals had new episodes of GBS,
109 transverse myelitis, and 3,609 Bell’s palsy. Among 255,446
recipients of mRNA-1273 vaccine, 78 individuals had Bell’s palsy,
and there were too few outcomes to investigate GBS or transverse
myelitis. There were 36 ChAdOx1 vaccinees and six BNT162b2 vac-
cinees with a diagnosis of both Bell’s palsy and GBS during the
study.

Most GBS and transverse myelitis cases were recorded in hospi-
tal records (Table S1). For Bell’s palsy, in the ChAdOx1 analysis 27%
of cases were recorded only in primary care, 12% only in emer-
gency care and 27% only in hospital admissions, and the remainder
in more than one data source. Among the 38% of Bell’s palsy cases
with an emergency care attendance, most (63%) also had a primary
care record. The distribution was similar for BNT162b2 vaccine.
3.1. ChAdOx1 vaccination

During the post-vaccination risk window following ChAdOx1
vaccination there was an increased incidence of GBS (incidence
rate ratio, IRR 2�85; 95% confidence interval 2�33–3�47) and Bell’s
palsy (1�39; 1�27–1�53). The attributable risk was estimated as
11�0 per one million vaccinees for GBS and 17�9 per one million
vaccinees for Bell’s palsy.

Both associations were unchanged by adjustment for calendar
time and remained among individuals with no known history of
COVID. (Table 1). The relative increase in both GBS and Bell’s palsy
post-vaccination was higher among individuals aged 40–64 years
compared to those over 65 years, although confidence intervals
were broad in stratified analysis for GBS. The post-hoc analysis lim-
ited to episodes recorded in primary care did not change the asso-
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ciation of first dose of ChAdOx1 vaccine with Bell’s palsy (IRR 1�53,
95% CI 1�36–1�72, Table S2).

There was no clear evidence of an increased incidence of trans-
verse myelitis in the primary analysis (unadjusted IRR 1�51; 0�96–
2�37). Adjustment for calendar period by fortnight suggested some
borderline evidence of increased incidence in the risk window (ad-
justed IRR 1�96; 1�09–3�52), which remained when removing the
outlier week 44 in post-hoc sensitivity analysis (Table S2).
3.2. BNT162b2 vaccination

There was no difference in the incidence for any study outcome
during the post-vaccination risk window following BNT162b2 vac-
cination, and this remained unchanged by adjustment for calendar
time and stratification by history of COVID-19 infection and age
(Table 2).
3.3. mRNA-1273 vaccination

There was no evidence of an increased incidence of Bell’s palsy
following a first dose of mRNA-1273 vaccination (Table 3). Further
analysis was not undertaken due to limited power.
3.4. Secondary analyses

After a second dose of ChAdOx1 vaccine (Table 1) there was
some evidence of an increased incidence of Bell’s palsy (IRR 1�43;
95% CI 1�08–1�88), but this was less clear after adjustment for cal-
endar time (1�32; 0�99–1�75) and was no longer present in sensi-
tivity analysis using only post-second dose vaccination time as
baseline (0.92; 0.60–1.39) (Table S2). There was no clear evidence
of increased incidence of GBS after a second dose of ChAdOx1 vac-
cine (2�13; 0�94–4�83), and too few events to estimate risk of trans-
verse myelitis.

There was no evidence of increased incidence of any outcome
following the second dose of BNT162b2 vaccine (Table 2).



Table 1
Characteristics of cases in ChAdOx1 vaccine analyses and incidence rate ratios of Guillain-Barré Syndrome, transverse myelitis and Bell’s palsy following ChAdOx1 vaccination.

Guillain-Barré Syndrome Transverse myelitis Bell’s palsy

Total cases N 517 199 5,350
Age (years) median [IQR] 62 [52–72] 56 [45–65] 59 [49–71]
Female n (%) 229 (44�3) 106 (53�3) 2,558 (47�8)
Analysis Exposure period IRR (95% CI) IRR (95% CI) IRR (95% CI)

First vaccine dose (primary analysis)
First vaccine dose, unadjusted (primary analysis) Baseline 1 (reference) 1 (reference) 1 (reference)

Pre-exposure1 0�69 (0�45–1�05) 0�26 (0�10–0�69) 0�71 (0�60–0�84)
Post-vaccination2 2�85 (2�33–3�47) 1�51 (0�96–2�37) 1�39 (1�27–1�53)

adjusted for calendar time (fortnight) Baseline 1 (reference) 1 (reference) 1 (reference)
Pre-exposure1 0�67 (0�42–1�09) 0�32 (0�11–0�93) 0�69 (0�58–0�83)
Post-vaccination2 2�46 (1�82–3�32) 1�96 (1�09–3�52) 1�31 (1�18–1�46)

Primary analysis, stratified by history of COVID-19 infection
History of COVID-19 infection N (%) 59 (10�1) 18 (9�1) 381 (7�3)

Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 1�15 (0�49–2�72) 2�51 (0�73–8�67) 1.11 (0�76–1�63)

No history of COVID-19 infection Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 3�06 (2�49–3�76) 1�41 (0�87–2�30) 1�41 (1�29–1�56)

Primary analysis, stratified by age
18–39 years N (%) 35 (6�8) 26 (153�1) 561 (10�5)

Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 2�56 (1�15–5�71) 1�70 (0�51–5�68) 1�73 (1�33–2�25)

40–64 years N (%) 255 (49�3) 121 (69�8) 2,782 (52�0)
Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 3�65 (2�78–4�79) 1�55 (0�87–2�76) 1�62 (1�43–1�83)

65–105 years N (%) 227 (43�9) 52 (26�1) 2,007 (37�5)
Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 2�12 (1�53–2�93) 1�32 (0�52–3�33) 1�01 (0�85–1�20)

First and second doses as separate exposures
First and second dose, unadjusted Baseline 1 (reference) 1 (reference) 1 (reference)

D1 Pre-exposure1 0�69 (0�45–1�06) 0�25 (0�09–0�68) 0�71 (0�60–0�84)
D1 Post-vaccination2 2�87 (2�35–3�51) 1�49 (0�95–2�34) 1�40 (1�27–1�53)
D2 pre-vaccination3 0�80 (0�19–3�37) 0�57 (0�08–4�27) 0�60 (0�36–1�00)
D2 post-vaccination4 2�13 (0�94–4�83) N/A 1�43 (1�08–1�88)

Adjusted for calendar time (fortnight) Baseline 1 (reference) 1 (reference) 1 (reference)
D1 Pre-exposure1 0�67 (0�42–1.09) 0�32 (0�11–0.91) 0�69 (0�58–0�83)
D1 Post-vaccination2 2�46 (1�82–3�33) 1�89 (1�05–3�39) 1�31 (1�18–1�46)
D2 pre-vaccination3 0�64 (0�15–2�70) 1�47 (0�06–3�60) 0�55 (0�33–0�92)
D2 post-vaccination4 1�73 (0�75–3�99) N/A 1�32 (0�99–1�75)

IQR, 1st and 3rd quartile points; IRR, conditional incidence rate ratio; 95% CI, 95% confidence interval; D1, first dose; D2, second dose; N/A, model could not be run due to
small number of events.
1. Pre-vaccination window defined as 28 days before vaccination for GBS and transverse myelitis, 14 days for Bell’s palsy.
2. Post-vaccination risk window defined as 4–42 days post vaccination for GBS, 4–28 days for transverse myelitis and Bell’s palsy.
3. Second dose pre-vaccination window started only if and when the first dose post vaccination risk window was completed.
4. Second dose post-vaccination risk window defined as 4–42 days post second-dose vaccination for GBS, 4–28 days for transverse myelitis and Bell’s palsy.
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A ratio-of-ratios comparison found that the increase in post-
vaccination rate of GBS compared to baseline was twice as high
for ChAdOx1 as for BNT162b2 vaccine (ratio of IRRs 2�40, 95% CI
1�57–3�66), and almost 50% higher for Bell’s palsy (1�48, 1�25–1�7
6) (Table 4).
3.5. Sensitivity analyses

There was no evidence of event-dependent censoring shortly
after the outcome events (Fig. S1). The exposure-centred interval
plots (Fig. S2) suggested the pre-specified pre-vaccination and risk
windows were appropriate and there was no evidence of any
spikes in outcomes during days 0–3. Consistent with this, a
reduced incidence rate ratio was seen during the pre-vaccination
window for all outcomes other than transverse myelitis prior to
BNT162b2 vaccination (Tables 1 and 2). Extending the post-
vaccination risk window to 4–90 days after vaccination slightly
attenuated the association of ChAdOx1 with GBS. Otherwise the
main analysis results were robust to sensitivity analyses (Tables
S2 and S3). All results are available on our github repository:
https://github.com/opensafely/covid-vaccine-neuro-research.
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4. Discussion

This large self-controlled case series study found a short-term
increased incidence of Guillain-Barré syndrome and Bell’s palsy
following a first dose of ChAdOx1 vaccine. There was no clear evi-
dence of any association of transverse myelitis with either ChA-
dOx1 or BNT162b2. There was no evidence of increased
incidence of GBS or Bell’s palsy following first or second dose of
BNT162b2 vaccination, nor of any increased incidence of Bell’s
palsy after mRNA-1273 vaccination.

A previous large self-controlled case series by Patone et al.
found an association between first dose of ChAdOx1 vaccine and
hospital admission for GBS (IRR 2.90; 95 %CI 2.15–3.92 at 15–
21 days after vaccination). [4] Primary care records have previously
been found to have good validity for a current episode of GBS [37].
We included GBS recorded in either primary care or hospital
admissions and independently replicated the finding. We found a
similar relative risk in our risk window of 4–42 days to the most
comparable risk window of 1–28 days in Patone et al (IRR 2.04;
95% CI1.60–2.60). Estimates of excess cases in Patone et al. were
lower (3.8/million vaccinated) than in our study, which may reflect
higher ascertainment of GBS in our study using linked data and
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Table 2
Characteristics of cases in BNT162b2 vaccine analyses and incidence rate ratios of Guillain-Barré Syndrome, transverse myelitis and Bell’s palsy following BNT162b2 vaccination.

Guillain-Barré Syndrome Transverse myelitis Bell’s palsy

Total cases N 283 109 3,609
Age (years) median [IQR] 70 [53–80] 54 [40–67] 62 [40–77]
Female n (%) 118 (41�7) 63 (57�8) 1,898 (52�6)
Analysis Exposure period IRR (95% CI) IRR (95% CI) IRR (95% CI)

First vaccine dose (primary analysis)
First vaccine dose, unadjusted (primary analysis) Baseline 1 (reference) 1 (reference) 1 (reference)

Pre-exposure1 0�60 (0�34–1�04) 1�16 (0�58–2�30) 0�72 (0�59–0�87)
Post-vaccination2 1�09 (0�75–1�57) 1�62 (0�86–3�03) 0�92 (0�80–1�06)

adjusted for calendar time (fortnight) Baseline 1 (reference) 1 (reference) 1 (reference)
Pre-exposure1 0�69 (0�36–1�32) 1�19 (0�55–2�60) 0�73 (0�59–0�90)
Post-vaccination2 1�00 (0�61–1�64) 1�49 (0�71–3�10) 0�89 (0�76–1�03)

Primary analysis, stratified by history of COVID-19 infection
History of COVID-19 infection N (%) 27 (9�5) �5 208 (5�8)

Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 0�69 (0�16–2�94) NR 0�60 (0�30–1�23)

No history of COVID-19 infection Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 1�13 (0�77–1�66) 1�69 (0�90–3�17) 0�94 (0�82–1�08)

Primary analysis, stratified by age
18–39 years N (%) 27 (9�5) 26 (23�8) 901 (25�0)

Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 1�29 (0�38–4�37) 1.15 (0�27–4�86) 0�63 (0�45–0�89)

40–64 years N (%) 87 (30�7) 49 (45�0) 1,048 (29�0)
Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 0�98 (0�49–1�96) 2�17 (0�91–5�16) 1�21 (0�98–1�52)

65–105 years N (%) 169 (59�7) 34 (31�2) 1,660 (46�0)
Baseline 1 (reference) 1 (reference) 1 (reference)
Post-vaccination2 1�11 (0�70–1�78) 1�32 (0�40–4�36) 0�88 (0�72–1�07)

First and second doses as separate exposures
First and second dose, unadjusted Baseline 1 (reference) 1 (reference) 1 (reference)

D1 Pre-exposure1 0�61 (0�35–1�06) 1�12 (0�56–2�23) 0�71 (0�58–0�87)
D1 Post-vaccination2 1�12 (0�77–1�63) 1�57 (0�84–2�96) 0�92 (0�81–1�06)
D2 pre-vaccination3 0�71 (0�37–1�35) 0�76 (0�27–2�09) 0�82 (0�64–1�04)
D2 post-vaccination4 1�42 (0�95–2�13) 0�84 (0�30–2�31) 1�06 (0�90–1�24)

adjusted for calendar time (fortnight) Baseline 1 (reference) 1 (reference) 1 (reference)
D1 Pre-exposure1 0�67 (0�34–1�28) 1�08 (0�49–2�37) 0�72 (0�59–0�89)
D1 Post-vaccination2 0�93 (0�55–1�56) 1�34 (0�63–2�82) 0�88 (0�76–1�02)
D2 pre-vaccination3 0�58 (0�28–1�19) 0�52 (0�17–1�69) 0�70 (0�54–0�89)
D2 post-vaccination4 1�13 (0�67–1�90) 0�62 (0�20–1�95) 0�92 (0�78–1�10)

IQR, 1st and 3rd quartile points; IRR, conditional incidence rate ratio; 95% CI, 95% confidence interval; D1, first dose; D2, second dose; NR, not reported due to small number
suppression.
1. Pre-vaccination window defined as 28 days before vaccination for GBS and transverse myelitis, 14 days for Bell’s palsy.
2. Post-vaccination risk window defined as 4–42 days post vaccination for GBS, 4–28 days for transverse myelitis and Bell’s palsy.
3. Second dose pre-vaccination window started only if and when the first dose post vaccination risk window was completed.
4. Second dose post-vaccination risk window defined as 4–42 days post second-dose vaccination for GBS, 4–28 days for transverse myelitis and Bell’s palsy.
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including a longer time period which may be less affected by
reduced healthcare attendance during the pandemic. We addition-
ally found no evidence of increased risk of GBS after a second dose
of ChAdOx1. The relative increase in both GBS and Bell’s palsy post-
vaccination was higher among individuals aged 40–64 years com-
pared to those over 65 years, and age-specific estimates should be
considered for benefit-risk analyses of vaccination.

Based on clinical trials and case reports, we had hypothesised
that Bell’s palsy might be associated with mRNA vaccination but
not adenovirus-vectored vaccination. The previous finding by
Patone et al. of an association between first-dose ChAdOx1 vacci-
nation and Bell’s palsy hospital admissions was unexpected, and
could perhaps have been driven by GBS presenting with facial
diplegia [4,21]. Bell’s palsy is primarily managed in the community
and hospital admissions for Bell’s palsy may have been atypical.
However, we replicated this finding for Bell’s palsy cases present-
ing to any of primary care, emergency departments, or requiring
hospital admission, and found that the association remained even
when restricted to Bell’s palsy recorded in primary care. The asso-
ciation could still be driven by the Facial Diplegia with Paraesthe-
sias variant of GBS, and GBS should be carefully excluded in
patients presenting with bilateral facial palsy after ChAdOx1 vac-
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cine, by asking about parasthaesias and examining deep tendon
reflexes, which are typically absent in this GBS variant, but not in
Bell’s palsy.

The excess risk of GBS appears to apply only to the first dose of
ChAdOx1, but not the second dose. For Bell’s palsy, the evidence of
an association with second-dose of ChAdOx1 vaccination did not
remain in post hoc analysis designed to address potential bias if
events after a first vaccination affected the second dose uptake or
timing. Together with our finding that there was no evidence of
higher risk among people with a previous positive test for
COVID-19 infection, this suggests that previous exposure to
SARS-CoV-2 infection or vaccination may not increase the future
risk of acute neurological complications of vaccination, which is
tentatively reassuring for repeated doses of ChAdOx1 vaccine.

We believe this is the first hypothesis-testing study to investi-
gate transverse myelitis following ChAdOx1 or BNT162b2 vaccine.
Our results are reassuring, although as transverse myelitis is rare
the estimate is imprecise, and a small association cannot be
excluded. Adjustment for calendar time slightly increased the inci-
dence rate ratio for transverse myelitis following ChAdOx1. If there
is an increased risk of transverse myelitis, it remains too rare an



Table 3
Incidence rate ratios of Bell’s palsy relative to first-dose of mRNA-1273 vaccination.

Outcome Exposure period Bell’s palsy

Total cases N 78
Age (years) median [IQR] 34 [27–45]
Female n (%) 36 (46�2)
Analysis Exposure period IRR (95% CI)
Unadjusted (primary analysis) Baseline 1 (reference)

Pre-exposure1 0�66 (0�16–2�69)
Post-vaccination2 0�88 (0�32–2�42)

Adjusted for calendar time
(fortnight)

Baseline 1 (reference)
Pre-exposure1 0�59 (0�13–2�63)
Post-vaccination2 0�80 (0�24–2�62)

Post hoc analysis Limited to episodes
recorded in primary care
(unadjusted)

Baseline 1 (reference)
Pre-exposure1 0�47 (0�06–3�36)
Post-vaccination2 0�31 (0�04–2�23)

IRR, conditional incidence rate ratio; 95% CI, 95% confidence interval.
1. Pre-vaccination window defined as 14 days before vaccination.
2. Post-vaccination risk window defined as 4–28 days post-vaccination.
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outcome and too low a relative risk for the association to be
detected among the general adult population in our study.

Our findings are reassuring for the safety of mRNA vaccines
with respect to acute neurological outcomes. We add to the exist-
ing evidence on safety of BNT162b2 for GBS and Bell’s palsy
[4,14,19,20], and report first analyses of both BNT162b2 vaccine
and transverse myelitis, and mRNA-1273 with Bell’s palsy, both
reassuring although a small association cannot be ruled out.

Strengths of this study include the large and representative
study population with sufficient follow-up to assess the safety of
second dose of ChAdOx1 and BNT162b2 vaccine, and to include
mRNA-1273 vaccine. We believe these are the first hypothesis-
testing studies of transverse myelitis following ChAdOx1 and
BNT162b2, which is particularly useful since the high-profile pause
of clinical trials for this outcome may influence spontaneous
adverse event reporting used in surveillance [12]. The SCCS study
design is not susceptible to confounding by fixed individual char-
acteristics, even for characteristics which are unmeasured,
although it can be influenced by time-varying confounding which
we explored by adjusting for calendar time [22]. We used linked
primary and secondary data to enhance ascertainment of the study
outcomes, and also emergency care records for Bell’s palsy. We
found that Bell’s palsy cases present separately to each of primary
care, emergency care and hospital admissions, suggesting that this
data linkage is valuable for future research into Bell’s palsy. We
conducted multiple sensitivity analyses to explore how robust
our findings are to our assumptions and potential sources of bias.

Key limitations include the fact that despite the use of multiple
linked data sources, we may have under-ascertained outcomes,
Table 4
Ratio-of-ratios comparison of ChAdOx1 vaccine relative to BNT162b2 vaccine.

Outcome Exposure period Guill
Ratio
ChAd
BNT1

Unadjusted Baseline 1 (re
Pre-exposure1 1�06
Post-vaccination2 2�40

Adjusted for calendar time (fortnight) Baseline 1 (re
Pre-exposure1 0�95
Post-vaccination2 2�22

With interaction with calendar time (fortnight) Baseline 1 (re
Pre-exposure1 0�94
Post-vaccination2 2�34

IRR, conditional incidence rate ratio; 95% CI, 95% confidence interval.
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particularly if healthcare access was impacted by the COVID-19
pandemic. To minimise potential ascertainment bias, our pre-
vaccination comparison period did not include time pre-
pandemic, nor the early months of the pandemic in which primary
and secondary care attendance were reduced. There was a small
overlap of Bell’s palsy and GBS diagnoses and we do not have
access to free text in medical notes to investigate potential Bell’s
palsy misdiagnosis. Finally, some estimates are imprecise and we
cannot exclude a small increase in risk, particularly for the rare
outcome of transverse myelitis. However, our findings offer reas-
surance that the outcome was sufficiently rare and any increased
risk sufficiently small that it could not be detected in this large
study.

This study investigated the safety of ChAdOx1, BNT162b2 and
mRNA-1273 vaccines with respect to acute neurological events in
England. Our results support the previous finding of an association
of first dose of ChAdOx1 vaccination with GBS and Bell’s palsy. We
found that this appears to be specific to the first dose and not the
second dose for GBS, and potentially also for Bell’s palsy once the
second vaccine dose was considered independently of the first
dose. This is tentatively encouraging for repeated doses of ChA-
dOx1 vaccine. If the associations are causal, the absolute risks attri-
butable to vaccination are low (<1/100,000 for GBS and <1/60,000
for Bell’s palsy). It is possible that the increased incidence of Bell’s
palsy reflects presentation of GBS with facial diplegia, which
should be carefully excluded among patients with bilateral facial
palsy following ChadOx1 vaccination. Our other results were reas-
suring. The benefits of COVID-19 vaccination are well-established.
From the perspective of preventing acute neurological events,
increased rates of GBS, transverse myelitis and Bell’s palsy have
also been found after COVID-19 infection [14], which COVID-19
vaccines prevent [1–3]. Our findings should encourage continued
confidence in vaccination for policy-makers, vaccinators and the
public.
Data availability

The pre-specified study protocol is archived at https://github.com/
opensafely/Published-Protocols/blob/master/Vaccine%20safety%
20protocol_neuro_v1.0.pdf.
All data were linked, stored and analysed securely within the Open-
SAFELY platform https://opensafely.org/. Data include pseudony-
mised data such as coded diagnoses, medications and
physiological parameters. No free text data are included. All code-
lists and code for data management and analysis are shared openly
for review and re-use under MIT open license at https://github.com/
opensafely/covid-vaccine-safety-research. Detailed pseudonymised
patient data is potentially re-identifiable and therefore not shared.
ain-Barré Syndrome Transverse myelitis Bell’s palsy
of IRRs for
Ox1 compared to
62b2 (95% CI)

Ratio of IRRs for
ChAdOx1 compared to
BNT162b2 (95% CI)

Ratio of IRRs for
ChAdOx1 compared
to BNT162b2 (95% CI)

ference) 1 (reference) 1 (reference)
(0�54–2�13) 0�21 (0�06–0�69) 0�95 (0�73–1�24)
(1�57–3�66) 0�86 (0�40–1�88) 1�48 (1�25–1�76)
ference) 1 (reference) 1 (reference)
(0�47–1�93) 0�21 (0�06–0�71) 0�92 (0�70–1�19)
(1�44–3�41) 0�85 (0�38–1�88) 1�43 (1�20–1�71)
ference) 1 (reference) 1 (reference)
(0�41–2�16) 0�24 (0�06–0�90) 0�92 (0�70–1�22)
(1�29–4�27) 1�18 (0�45–3�07) 1�49 (1�23–1�81)

https://github.com/opensafely/Published-Protocols/blob/master/Vaccine%2520safety%2520protocol_neuro_v1.0.pdf
https://github.com/opensafely/Published-Protocols/blob/master/Vaccine%2520safety%2520protocol_neuro_v1.0.pdf
https://github.com/opensafely/Published-Protocols/blob/master/Vaccine%2520safety%2520protocol_neuro_v1.0.pdf
https://opensafely.org/
https://github.com/opensafely/covid-vaccine-safety-research
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Public Involvement
Public involvement events identified studies of COVID-19 vaccine
safety using anonymised patient records as a research priority for
the NIHR Health Protection Research Unit in Vaccines and Immuni-
sation. OpenSAFELY have developed a publicly available website
https://opensafely.org/ through which they invite any patient or
member of the public to make contact regarding the OpenSAFELY
project.
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