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ABSTRACT

Neurological adverse events have been reported rarely following COVID-19 vaccination. This study describes the characteristics of adolescents and adults assessed in
the Canadian Special Immunization Clinic (SIC) Network for neurological adverse events following immunization (AEFIs) and outcomes of revaccination. Among 60
participants enrolled from January 2021 to February 2023, paresthesia/anesthesia was the most common diagnosis (15/60; 25.0 %), followed by Bell’s Palsy (6/60;
10.0 %). Twenty-eight percent (17/60) of participants were hospitalized for their AEFI. Revaccination was recommended to 32/46 (69.6 %) participants due for
subsequent doses when assessed in the SIC. Twenty-three participants were revaccinated and 4/23 (17.4 %) had recurrent symptoms of the AEFI; three were milder
than the first event and none required hospitalization. Revaccination was generally safe in selected patients after a neurological AEFI. Expert assessment of patients
with neurological AEFIs may help to support further vaccination.
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1. Introduction

COVID-19 vaccines are highly effective in preventing severe COVID-
19 and are safe, having been monitored rigorously for safety before and
after implementation in public health programs. [1,2] Several neuro-
logical adverse events following immunization (AEFIs) were identified
as “adverse events of special interest” (AESI) for additional monitoring
given associations with COVID-19 or with other vaccines, including
Bell’s/facial palsy, seizure, Guillain-Barré Syndrome (GBS), acute
disseminated encephalomyelitis (ADEM), and transverse myelitis. [3] A
small increased risk of GBS has been associated with COVID-19 viral
vector vaccines ChAdOx1-S (AstraZeneca & Serum Institute of India)
and Ad26.COV-S (Janssen). [4-6] In addition, Bell’s palsy has been re-
ported following mRNA vaccines while paresthesias have been reported
following both mRNA and viral vector vaccines though a causal asso-
ciation with vaccination has not been confirmed. [7-9] Nonetheless, the
risk of neurological complications from SARS-CoV-2 infection was sub-
stantially higher than the risk associated with vaccination. [4,7]

When a person experiences a neurological event following vaccina-
tion, (whether it is confirmed to be caused by the vaccine or is only
temporally associated) both the patient and their healthcare provider
may have concerns about the safest way to revaccinate with the same
vaccine. The Canadian Special Immunization Clinic (SIC) Network has
been conducting expert assessment of adults and children who have
experienced an AEFI and need further doses of the same vaccine since
2013. [10] The SIC network began accepting referrals for patients with
adverse events following COVID-19 vaccination in January 2021, when
COVID-19 vaccination was available to priority groups. Both mRNA
vaccines and the ChAdOx1-S viral vector vaccine were introduced for
the Canadian general population by March 2021. By December 31,
2022, 96.3 million doses had been administered in Canada, comprising
of approximately 67 % BNT162b2, 30 % mRNA-1273, and 3 %
ChAdOx1-S. [11]

This study sought to describe the clinical characteristics, revaccina-
tion recommendations and frequency of AEFI recurrence among ado-
lescents and adults with neurological adverse events following COVID-
19 mRNA vaccination and viral vector vaccination assessed in the SIC
Network.

2. Methods

Study design and participants: This was a longitudinal study of par-
ticipants 12 years and older who were referred to one of 15 SIC sites by a
healthcare provider from January 1, 2021 to December 31, 2022, and
had a final physician diagnosis of neurological AEFI following COVID-19
vaccination after SIC assessment.

Patients underwent standardized assessment by a SIC physician,
including review of clinical data and laboratory investigations related to
the AEFIL, and risk-benefit assessment of revaccination, as described
previously. [10] Recommendations for revaccination were made based
on network and public health guidance in partnership with the patient,
with the patient making the final decision. Participants were followed
up approximately 7 and 42 days after revaccination to capture AEFIs.

Data source: Socio-demographic data, medical history, and details of
the AEFI were collected from the participant and medical records where
available, and immunization records were reviewed. The impact of the
AEFI on daily activities and level of medical attention required was re-
ported as low, moderate, high impact, and serious (Supplementary
Table 1). [12] Following individual consent, de-identified data were
transferred to a central database.

Analysis: Clinical and demographic characteristics, vaccination and
AEFI details, revaccination recommendations and AEFI recurrence were
extracted from the SIC network database. The final AEFI diagnosis made
by the SIC physician was based on a priori diagnostic categories listed on
the SIC case report form: seizure, GBS, ADEM/myelitis/encephalitis,
Bell’s/facial palsy, paresthesia/anesthesia, and other neurological
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events with acute onset. Analysis was stratified by the final physician
diagnosis of the AEFI after SIC assessment as this diagnosis guided
revaccination recommendations. Summary statistics were used to
describe socio-demographics, referral AEFI characteristics, and revac-
cination recommendations. Revaccination outcomes were summarized
for participants recommended for additional COVID-19 vaccination.
Brighton Collaboration case definitions (BCCD) were applied retro-
spectively to cases of GBS, ADEM/myelitis/encephalitis and facial palsy.
[13-15] Details of participants experiencing an AEFI following COVID-
19 revaccination were presented as a case series. All analyses were
performed using SAS v 9.4 (SAS Institute Inc., Cary, NC).
Ethics: Ethics approval was obtained from all participating sites.

3. Results

In total, of 481 eligible referrals to the SIC Network, 60 participants
had a final diagnosis of neurological event following COVID-19 vacci-
nation (Supplementary Fig. 1). Thirty-nine (65.0 %) participants were
adults aged 31 to 60 years and 44 (73.3 %) were females (Table 1). The
AEFI was of high impact for 20/60 (33.3 %) participants (e.g., requiring
multiple physician visits, disability lasting 4-14 days), and serious in
18/60 (30.0 %) (e.g., requiring hospitalization or leading to permanent
disability).

Paresthesia/Anesthesia was the most common neurological AEFI
diagnosed in 15/60 (25.0 %) participants and was reported in associa-
tion with other symptoms in ten participants diagnosed with other
neurological AEFI (Table 1 & Supplementary Table 2). Paresthesia was
most frequently associated with BNT162b2 (9/15, 60.0 %) or mRNA-
1273 (5/15, 33.3 %). Though most cases were low to moderate
impact (10/15, 66.7 %), two participants were hospitalized. Among
participants with paresthesia and other symptoms, headache (7/10,
70.0 %), fatigue or weakness (6/10, 60.0 %), and vertigo (3/10, 30.0 %)
were reported most frequently.

Bell’s palsy was reported by 6/60 (10.0 %) of participants, five of
whom had received BNT162b2; three cases met the BCCD. Four par-
ticipants had a physician diagnosis of GBS, three of whom had received
ChAdOx-1.S; none met the BCCD.

Forty-six participants (76.7 %) required additional doses of a COVID-
19 vaccine, of which 32/46 (69.6 %) were recommended for further
vaccination (see Table 2). Four of 46 participants (8.7 %) were recom-
mended against revaccination: one participant with physician-
diagnosed GBS, one with paresthesia/anesthesia, one with functional
neurological disorder, and one with vestibular neuritis. A revaccination
recommendation was deferred pending further assessment for nine
participants and unknown for one.

Twenty-three participants were revaccinated. Most participants (13/
23, 56.5 %) received the same mRNA vaccine product associated with
their first AEFI, including four participants who developed recurrent
symptoms of the AEFI. The AEFIs experienced by the four participants
with recurrences were: 1) paresthesia/anesthesia, 2) Bell’s palsy, 3)
extreme fatigue, headache and difficulty with concentration after dose 1
with recurrence of extreme fatigue, and 4) diplopia six weeks after dose
1 that worsened after dose 2, following initial improvement (but not
resolution) between doses 1 and 2 (Table 3). No participant was hos-
pitalized for their recurrence.

4. Discussion

In this national study of individuals 12 years of age and older eval-
uated for adverse events following COVID-19 vaccination, neurological
adverse events represented only 13 % of eligible referrals to the SIC
Network. However, the burden of such events was high with 63 % of
participants requiring multiple medical visits and/or reporting several
days to weeks of disability. Reassuringly, most participants who were
revaccinated (83 %) had no recurrence of their AEFI and events that
recurred were generally milder than the first event. Similar to prior
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Table 1
Characteristics of participants diagnosed with a neurological AEFI following COVID-19 vaccination, stratified by final diagnosis category.
Characteristic Any neurological Final Diagnosis of Neurological Event
AEFI . . ] , 1
(N = 60) Seizure GBS ADEM/Mye-h-tls/ Bell’s ParestheS{a/ Other
(N=2) (N=4) Encephalitis Palsy Anesthesia (N=27)
(N=6) (N =6) (N =15)

Sociodemographic characteristics
Age at screening in years, N (%)

12-17 4(6.7) 0 0 0 1(16.7) 0 3(11.1)
18-30 8(13.3) 0 0 3 (50.0) 0 2(13.3) 3(11.1)
31-40 13 (21.7) 0 0 2(33.3) 0 4 (26.7) 7 (25.9)
41-50 12 (20.0) 1 (50.0) 1 1(16.7) 0 3(20.0) 6 (22.2)
(25.0)
51-60 14 (23.3) 1 (50.0) 1 0 2(33.3) 4(26.7) 6 (22.2)
(25.0)
Older than 60 9 (15.0) 0 2 0 3(50.0) 2(13.3) 2(7.4)
(50.0)
Sex, N (%)
Female 44 (73.3) 2 (100) 2 5(83.3) 5(83.3) 12 (80.0) 18
(50.0) (66.7)
Male 16 (26.7) 0 2 1(16.7) 1(16.7) 3(20.0) 9 (33.3)
(50.0)
Gender, N (%)
Woman 38 (63.3) 2 (100) 2 5 (83.3) 3 (50.0) 10 (66.7) 16
(50.0) (59.3)
Man 15 (25.0) 0 2 1(16.7) 1(16.7) 3(20.0) 8(29.6)
(50.0)
Other 7 (11.7) 0 0 0 2(33.3) 2(13.3) 3(11.1)
Self-reported race, N (%)
White 31 (51.7) 1 (50.0) 3 4 (66.7) 4 (66.7) 6 (40.0) 13
(75.0) (48.1)
Black 2(3.3) 0 0 0 0 0 2(7.4)
Asian 2(3.3) 0 0 1 (16.7) 0 0 1@3.7)
Not reported 25 (41.7) 1 (50.0) 1 1(16.7) 2(33.3) 9 (60.0) 11
(25.0) (40.7)
Diagnosis of any past medical condition, N (%)
No 19 (31.7) 0 3 2(33.3) 3 (50.0) 3(20.0) 8 (29.6)
(75.0)
Yes 41 (68.3) 2 (100) 1 4 (66.7) 3(50.0) 12 (80.0) 19
(25.0) (70.4)
Pre-existing neurological disorder” (different from 17 (28.3) 2 1 2(33.3) 1(16.7) 3(20.0) 8 (29.6)
neurological AEFI) (100.0) (25.0)
History of non-neurological condition 39 (65.0) 2 (100) 1 4 (66.7) 3(50.0) 12 (80.0) 17
(25.0) (63.0)
Vaccination and AEFI details
Brighton Collaboration level of diagnostic certainty” N/A N/A N/A
Level 1 2 (100) 0 0 0
Level 2 0 0 1(16.7) 0
Level 3 0 0 5(83.3) 3(50.0)
Level 4 0 4 (100) 0 3(50.0)
Dose number, N (%)
First 49 (81.7) 1 (50.0) 4 (100) 3(50.0) 6 (100) 13 (86.7) 22
(81.5)
Second 10 (16.7) 1 (50.0) 0 3 (50.0) 0 2(13.3) 4 (14.8)
Unknown 1(1.7) 0 0 0 0 0 1(3.7)
Product Received, N (%)
ChAdOx1-S 12 (20.0) 0 3 2(33.3) 1(16.7) 1(6.7) 5 (18.5)
(75.0)
mRNA-1273 9 (15.0) 1 (50.0) 0 1(6.7) 0 5(33.3) 2(7.4)
BNT162b2 38 (63.3) 1 (50.0) 1 3 (50.0) 5 (83.3) 9 (60.0) 19
(25.0) (70.4)
Unknown 11.7) 0 0 0 0 0 13.7)
Onset time, N (%)
<lh 11 (8.3) 0 0 0 1(16.7) 6 (40.0) 4 (14.8)
1-24h 9 (15.0) 1 (50.0) 1 0 1(16.7) 2(13.3) 4(14.8)
(25.0)
>24 h to <2 days 10 (16.7) 0 0 0 0 3(20.0) 7 (25.9)
>2 days 30 (50.0) 1 (50.0) 3 6 (100) 4 (66.7) 4(26.7) 12
(75.0) (44.4)
AEFI Impact, N (%)
Low 5(8.3) 0 0 0 0 1 (6.7) 4(14.8)
Moderate 17 (28.3) 2 (100) 0 0 2(33.3) 9 (60.0) 4(14.8)
High 20 (33.3) 0 1 1(16.7) 3 (50.0) 3(20.0) 12
(25.0) (44.9)
Serious 18 (30.0) 0 3 5(83.3) 1(16.7) 2(13.3) 7 (25.9)
(75.0)

(continued on next page)



T. Fitzpatrick et al.

Table 1 (continued)

Vaccine 59 (2025) 127254

Characteristic Any neurological Final Diagnosis of Neurological Event
AEFI
N = 60) Seizure GBS ADEM/Myelitis/ Bell's Paresthesia/ Other'
- (N=2) (N=4) Encephalitis Palsy Anesthesia (N=27)
(N=6) (N=6) (N=15)
Hospitalized, N (%) 17 (28.3) 0 3 3(50.0) 1(16.7) 2(13.3) 8(29.6)
(50.0)
Due for subsequent dose(s)?, N (%)
No 14 (23.3) 1 (50.0) 0 4 (66.7) 1(16.7) 4(26.7) 4(14.8)
Yes 46 (76.7) 1 (50.0) 4 (100) 2(33.3) 5(83.3) 11 (73.3) 23
(85.2)

ADEM, acute disseminated encephalomyelitis; AEFI, adverse event following immunization; N/A, not applicable.

! Includes: functional neurological disorder (4), ataxia (2), ataxia with other symptoms (1), acute cerebellitis (1), vestibular neuronitis (2), acute third nerve palsy
(1), diplopia (1), extreme fatigue with other symptoms (1), severe headache with other symptoms (1), paresthesia with other symptoms (8), fasciculations/fatiguability
(1), unilateral hearing loss (1), vertigo with blurred vision (1), axonal sensorimotor polyneuropathy (1), neuropathic pain (1).

2 Includes: dystonia, concussion, anxiety, depression, Horner’s syndrome, attention deficit hyperactivity disorder, traumatic brain injury, migraine, vertigo, cerebral
palsy, multifocal acquired demyelinating sensory motor neuropathy, chronic inflammatory demyelinating polyneuropathy.

3 Levels of diagnostic certainty were applied as reported in refs 13-15, where Levels 1-3 meet the BCCD and Level 4 is a physician diagnosed case not meeting the

BCCD.

4 Based on recommendations at time of SIC assessment. Some provincial guidelines considered one vaccine dose sufficient for individuals with history of SARS-CoV-2

infection prior to or following the first COVID-19 vaccination.

Table 2

Revaccination recommendations and outcomes among participants due for subsequent COVID-19 vaccination dose(s) stratified by type of neurological AEFI.

Characteristic Any neurological Final Diagnosis of Neurological Event

(NAEF‘: 6) Seizure GBS ADEM/Myelitis/ Bell’s Paresthesia/ Other

N=1) (N=4) Encephalitis Palsy Anesthesia (N =23)
N=2) (N=5) (N=11)
Vaccination recommended, N (%)
No 4(8.7) 0 1(25.0) 0 0 1(9.1) 2(8.7)
Yes 32 (69.6) 1(100) 2(50.0) 1 (50.0) 5(100.0) 8(72.7) 15 (65.2)
Decision deferred pending further 9 (19.6) 0 1(25.0) 1 (50.0) 0 2(18.2) 5(21.7)
assessment
Unknown 1(2.2) 0 0 0 0 0 1(4.3)
Revaccination intentions among those recommended for vaccination
Willing to be revaccinated
No 6 (18.8) 0 0 1 (100) 0 0 5(33.3)
Yes 14 (43.8) 0 1(50.0) 0 3(60.0) 3(37.5) 7 (46.7)
Decision deferred 11 (34.9) 1(100) 1 (50.0) 0 2 (40.0) 5 (62.5) 2(13.3)
Unknown 1(3.1) 0 0 0 2 (40.0) 0 1 (6.7)
Revaccination outcomes among revaccinated participants
Total revaccinated 23 (50.0) 1(100) 1(25.0) 0 3 (60.0) 5(45.5) 13(56.5)
Product received, N (%)
mRNA-1273 5(21.7) 1 (100) 0 0 1(33.3) 2 (40.0) 1(7.7)
BNT162b2 17 (73.9) 0 1 (100) 0 2 (66.7) 3(60.0) 11 (84.6)
ChAdOx-1-S 1(4.3) 0 0 0 0 0 1(7.7)
AFFI following revaccination, N (%)
No 15 (65.2) 0 1 (100) 0 2 (66.7) 4 (80.0) 8 (61.5)
Yes 6 (26.1) 1 (100) 0 0 1(33.3) 1 (20.0) 3(23.1)'
Unknown 2(8.7) 0 0 0 0 0 2(15.4)
Revaccination AEFI Characteristics

Recurrence of referral AEFI, N (%)
No 2 (33.3 %) 1 (100) 0 0 0 0 1(33.3)
Yes 4 (66.7 %) 0 0 0 1 (100) 1 (100) 2 (66.7)

ADEM, acute disseminated encephalomyelitis; AEFI, adverse event following immunization.
! Includes diplopia (1), hearing loss (1) and extreme fatigue, headache and difficulty with concentration (1).

studies, participants experienced a range of AEFIs including GBS, Bell’s/
facial palsy, paresthesia/anesthesia, ADEM, functional neurological
disorders, and vestibular disturbances. [4-7,9,16-18]

Though referrals for neurological AEFI were uncommon in this
study, symptoms such as paresthesia and hypoesthesia were among the
most common AEFIs reported to passive surveillance systems in Canada,
accounting for 22 % of over 53,000 reports received from 2020 to 2022.
[2] It may be that most such events were mild and self-limited, and
public health professionals felt comfortable to recommend revaccina-
tion without need for SIC referral. SICs with limited capacity may also
have triaged referrals to prioritize those with the most severe or serious
presentations.

Notably, only 50 % of participants who required additional doses of a

COVID-19 vaccine to complete a primary series received subsequent
vaccination. In contrast, in a study from Singapore 77 % of individuals
who were hospitalized for a neurological event within 6 weeks after
their first COVID-19 vaccination, received a second dose. [18] However,
those with greater disability following their AEFI were less likely to
accept revaccination. In our study, most participants not recommended
for revaccination and most who refused revaccination had high and
serious impact AEFIs. Our results are similar to prior studies of non-
COVID vaccines, which have generally shown lower acceptance of
revaccination among those with neurological AEFIs and events that are
serious or require medical attention. [19,20] The impact of a serious
and/or neurological adverse event on the individual may lead them to
weigh the risks of vaccination as being higher than the risk of the
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Table 3

Case series of participants experiencing recurrent symptoms of their AEFI following COVID-19 revaccination.
Characteristic Case 1 Case 2 Case 3 Case 4
Age 31-40 31-40 51-60 18-30
Sex Female Female Female Female
Gender Woman Woman Woman Woman
Race Unknown White White White

Medical History

Vaccine associated
with initial AEFI
Final AEFI diagnosis

AEFI description

Initial AEFI time to
onset

Acute management of
AFEFI

AEFI Impact
Medical attention
required
Duration of AEFI
Product for
revaccination
Vaccine dose for
revaccination
Final diagnosis after
revaccination
Revaccination AEFI
description

Time to AEFI onset

Acute management of
AEFI

AEFI Impact

Severity of recurrent
AFEFI compared to
initial AEFI

Duration of AEFI

Mononucleosis (EBV), prior
concussion, allergies (food, pollen,
animals)

BNT162b2

Other neurological event (extreme
fatigue, headache and difficulty
with concentration)

Headache on day 1

-Fatigue, diarrhea, fever, delay of
menstrual cycle, palpebral edema
from day 5

-Headache persisted with night
sweats and weight loss
-Difficulties in concentration

24 h

-Acetaminophen
-Ibuprofen
-Clonazepam

High

Consulted a physician

Not reported
BNT162b2

Recurrence of referral AEFI

Extreme fatigue the first day
following vaccination, muscular
pain during the first 24 h following
vaccination

24 h

No treatment given

Low
Milder

2 days

Prior history of myelitis,
potential Crohn’s, Irritable
bowel syndrome, eczema,

Psoriatic arthritis, Psoriasis, drug allergy Cyclic vomiting

allergic rhinitis, drug allergies

BNT162b2

Paresthesia/Anesthesia (Left

hemiface paresthesia)

Left hemifrontal headache with
left hemiface paresthesia

20 min

No treatment given
Low

None

Not reported
BNT162b2

2

Recurrence of referral AEFI

Numbness in left cheek, less
intense than after first dose, no

headache reported

40 min
No treatment given

Low
Milder

5 days

BNT162b2 BNT162b2

Bell's/facial palsy Other neurological reaction
(diplopia)

-Dizziness, tongue and throat swelling
-Transferred to ED

-Developed fatigue, headaches, nausea
and chest pain

—3 weeks post- vaccination, facial
hypoesthesia on left face with pain,
evolved to Bell’s palsy

6 weeks post- vaccination,
developed occasional diplopia to
movement such as when driving

5 min 42 days

Unknown No treatment given
High Low

Consulted a physician None

30 days Not reported
BNT162b2 BNT162b2

2 2

Recurrence of referral AEFI Recurrence of referral AEFI
One hour after vaccination, developed
hypoesthesia on left face. 3 weeks later
Bell’s palsy recurred, milder than the first

Persistence of occasional diplopia
on movement with same severity
as the initial AEFI. Reassessed by

with headaches and facial swelling
1h
No treatment given

optometrist
0 min
No treatment given

Moderate Moderate
Milder Same
Unknown Unknown

AFEFI, adverse event following immunization; ED, Emergency Department; N/A, not available.

disease, particularly among younger individuals who may perceive the
risk of COVID-19 as low. Further studies of attitudes and perceptions of
vaccine safety and confidence in this patient population are needed to
improve counselling and risk communication to support vaccination
where appropriate.

Overall, AEFI recurrence is uncommon, as demonstrated in prior
studies of a range of vaccines. [10,19] In the Singaporean study
mentioned above only 2 % of individuals had a recurrence of their
neurological symptoms after COVID-19 revaccination. [18] However,
few studies have examined recurrence of neurological AEFIs with
COVID-19 vaccines. Moreover, too few patients with neurological
adverse events of special interest were revaccinated to assess recurrence
of specific AEFIs (e.g., GBS, Bell’s palsy). Reassuringly, for those who did
have a recurrence in our study, the recurrent event was generally re-
ported to be milder than the first event.

This study had limitations. The SIC Network relies on referrals from
healthcare providers and only four sites, all in tertiary care centres,
recruited adults with neurological AEFIs. This likely led to referral bias
toward more severe and complex patients located near tertiary centers.
Availability of more adult sites might have contributed to increasing the
sample size and improving generalizability of the results. Individuals

who chose to be assessed in the SIC network and consented to the study
may have been more likely to accept vaccination than the general
public. However, some participants may have felt compelled to undergo
SIC assessment and/or receive vaccination due to vaccine mandates
introduced in most jurisdictions by September 2021 that required proof
of primary COVID-19 vaccination or a medical exemption to travel,
work in certain sectors, or engage in many leisure activities. [21] These
mandates may also have driven the relatively large number of referrals
for patients with AEFIs following their first dose compared to the second
dose. The case report form was developed before COVID-19 vaccines
were implemented which led to heterogeneity in the reporting of the
final diagnosis in some cases (e.g., vertigo versus vestibular neuritis),
and medical records were not always available to confirm details of the
AEFI or extract data needed to apply Brighton Collaboration case defi-
nitions. Finally, the sample size was insufficient to assess revaccination
outcomes by AEFI type or among adolescents.

Strengths included the study’s longitudinal, multi-centre design
which enabled follow up of revaccination outcomes and supported
generalizability of the results of these rare AEFIs.



T. Fitzpatrick et al.

5. Conclusion

The results support that clinically significant neurological events
after COVID-19 vaccination are an uncommon reason for referral to
SICs, and that patients with neurological AEFIs can be safely revacci-
nated. Expert assessment of patients with neurological AEFIs in SICs may
help to support safe revaccination.
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