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A B S T R A C T   

Background: Since the emergency use approval of different types of COVID-19 vaccines, several safety concerns 
have been raised regarding its early and delayed impact on the nervous system. 
Objective: This study aims to systematically review the reported cases of CNS demyelination in association with 
COVID-19 vaccination, which has not been performed, to our knowledge. 
Methods: A systematic review was performed by screening published articles and preprints of cases of CNS 
demyelination in association with COVID-19 vaccines in PubMed, SCOPUS, EMBASE, Google Scholar, Ovid and 
medRxiv databases, until September 30, 2021. This study followed PRISMA guidelines. Descriptive findings of 
reported cases were reviewed and stratified by demographic and clinical findings, diagnostic work-up, man-
agement, and overall outcome. 
Results: A total of 32 cases were identified, with female predominance (68.8%) and median age of 44 years. 
Eleven cases were reported after Pfizer vaccine, 8 following AstraZeneca vaccine, 6 following Moderna, 5 
following Sinovac/ Sinopharm vaccines, and one following each of Sputnik and Johnson&Johnson vaccines. The 
majority of cases (71.8%) occurred after the first dose of the vaccine, with neurological symptoms manifesting 
after a median of 9 days. The most common reported presentations were transverse myelitis (12/32) and MS-like 
pictures (first diagnosis or a relapse) in another 12/32 cases, followed by ADEM- like (5/32), and NMOSD- like 
(3/32) presentations. History of a previous immune-mediated disease was reported in 17/32 (53.1%) cases. The 
mRNA-based vaccines resulted in the greatest number of demyelinating syndromes (17/32), followed by viral 
vector vaccines (10/32), and inactivated vaccines (5/32). Most MS-like episodes (9/12) were triggered by 
mRNA-based vaccines, while TM occurred following both viral vector and mRNA-based vaccines. Management 
included high dose methylprednisolone, PLEX, IVIg, or a combination of those, with a favorable outcome in the 
majority of case; marked/complete improvement (25/32) or stabilized/ partial recovery in the remaining cases. 
Conclusion: This systematic review identified few cases of CNS demyelination following all types of approved 
COVID-19 vaccines so far. Clinical presentation was heterogenous, mainly following the first dose, however, half 
of the reported cases had a history of immune-mediated disease. Favorable outcome was observed in most cases. 
We suggest long-term post-marketing surveillance for these cases, to assess for causality, and ensure the safety of 
COVID-19 vaccines.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) pandemic, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), had a devas-
tating impact on public health, global economy, and social life world-
wide. In response, there has been an unprecedented effort for the rapid 
development of vaccines, as the most effective tool in reducing 

morbidity and mortality (World Health Organisation, 2021). 
Despite the challenges related to the development of the vaccine, an 

emergency use approval has been granted for COVID-19 vaccines by the 
end of 2020, by different regulatory authorities around the world before 
the completion of conventional phases of clinical trials. 

Currently, there are four types of vaccines against COVID-19; whole 
virus (live attenuated, inactivated), nucleic acid (mRNA, DNA), viral 
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vector (non-replicating, replicating), and protein-based (subunit, virus- 
like particle) vaccines. Whole virus vaccines use a weakened or inacti-
vated form of SARS-CoV-2 to trigger protective immunity; the nucleic 
acid vaccines introduce mRNA or DNA coding for SARS-CoV-2 spike 
protein into the cells, to induce cells to produce antibodies; viral vector 
vaccines use a chemically weakened virus (e.g. adenovirus) to insert the 
code for SARS-CoV-2 antigens into the cells; while protein subunit 
vaccines are based on the Spike protein or its antigenic fragments (Nagy 
and Alhatlani, 2021). 

As of July 2021, there are 18 approved COVID-19 vaccines in use 
around the world, 184 COVID-19 vaccine candidates in pre-clinical 
development, and 105 in clinical development (Ndwandwe and Wiy-
songe, 2021). Although initial data on efficacy and safety were 
encouraging, several concerns have been raised regarding its immediate, 
intermediate, and long-term sequelae. The commonly reported adverse 
events are usually mild and self-limited, including injection site reac-
tion, headache, fever, fatigue, and myalgia (Hernández et al., 2021). 
However, and as global vaccination advanced, several cases of neuro-
logical syndromes have been reported in temporal relationship with the 
vaccination, although causality could not be made with absolute cer-
tainty (Goss et al., 2021; Lu et al., 2021a). 

Interim reports of safety data from the clinical trials of several 
approved vaccines have been published. Recombinant ChAdOX1 nCoV- 
19 vaccine had been associated with three instances of acute transverse 
myelitis (ATM) during the trial phase (Mahase, 2020; Ling et al., 2021). 
Moreover, Centers for Disease Control (CDC)’s Vaccine Adverse Event 
Reporting System (VAERS) reported neurological complications in 
relation to Pfizer-BioNTech, Moderna and Johnson & Johnson’s COVID- 
19 vaccines in 254 cases (2.69%); of which, 9 had ATM, and 6 had acute 
disseminated encephalomyelitis (ADEM) (Goss et al., 2021). 

In literature, a wide variety of autoimmune neurological syndromes 
have been reported following different types of viral vaccinations. The 
most commonly reported vaccines that were associated with CNS 
demyelination were influenza, human papilloma virus (HPV), hepatitis 
A or B, rabies, measles, and rubella (Karussis and Petrou, 2014a). 

As it is crucial to evaluate the long-term post-marketing safety data, 
particularly events affecting the nervous system, we systematically 
reviewed the current literature of reported cases of CNS demyelination 
post-COVID-19 vaccination. This review described their clinical, labo-
ratory, and imaging findings, in addition to their diagnostic work-up and 
management, which has not been performed, to the best of our 
knowledge. 

2. Methods 

2.1. Design 

This systematic review was carried out in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 
guidelines. Data from PubMed, SCOPUS, EMBASE, Google Scholar, 
Ovid, and medRxiv databases were searched. We aimed to identify 
relevant articles reporting any form of CNS demyelination in association 
with any type of approved COVID-19 vaccines, until September 30, 
2021. 

2.2. Search strategy 

A pre-specified searching strategy consisted of a variation of key-
words of relevant medical subject headings (MeSH) and keywords, 
including: “COVID-19”, “SARS-CoV-2”, “vaccine”, “vaccination”, 
“mRNA vaccine”, “AstraZeneca COVID-19 vaccine”, “ChAdOx1 nCoV- 
19 vaccine”, “AZD1222 vaccine”, “Janssen COVID-19 vaccine”, 

“Johnson & Johnson COVID-19 vaccine”, “Ad26.COV2 vaccine”, 
“Pfizer-BioNTech COVID-19 vaccine”, “BNT162b2”, “Moderna COVID- 
19 vaccine”, “ Sinovac COVID-19 vaccine”, “demyelinating disease”, 
“demyelination”, “acute disseminated encephalomyelitis”, “transverse 
myelitis”, “multiple sclerosis”, “neuromyelitis optica”. Moreover, we 
hand-searched additional relevant articles that were referenced in the 
included studies. 

2.3. Inclusion criteria 

We included all peer-reviewed publications and preprints that re-
ported any form of CNS demyelination in association with any type of 
COVID-19 vaccines, including but not limited to case reports and case 
series that met the following criteria: (i) reports of early or delayed CNS 
demyelination after COVID-19 vaccine; (ii) reports of possible associa-
tion of cases fulfilling the diagnostic criteria of multiple sclerosis (MS), 
transverse myelitis (TM), neuromyelitis optica spectrum disorder 
(NMOSD), or myelin oligodendrocyte glycoprotein antibody disease 
(MOGAD), and COVID-19 vaccines; and (iii) studies published in 
English. 

2.4. Exclusion criteria 

Reports that lacked supporting imaging findings, laboratory, or 
clinical evidence of CNS demyelination after vaccination were excluded 
from this study. We also excluded review papers, viewpoints, com-
mentaries, and editorials, unless reporting a case of demyelination. 
Reports of CNS demyelination during clinical trials were also excluded 
due to lack of clinical data. The review was restricted to studies pub-
lished in English. 

2.5. Data extraction 

Titles and abstracts of all identified studies were screened for rele-
vance by the two reviewers, followed by full-text screening of the 
deemed eligible articles. The same reviewers then extracted data on the 
following parameters: article title, authors, publication year, age and 
gender of the patients, COVID-19 vaccine related information, onset of 
neurological symptoms, findings of neurological examination, MRI 
findings, laboratory work-up, CSF analysis, treatment, and clinical 
outcome. 

2.6. Statistical analysis 

Qualitative data were described in percentages and numbers. 
Quantitative data were described using range (minimum and 
maximum), and median. Significance of the obtained results was judged 
at the 5% level, but it could not be calculated due to insufficient data. A 
meta-analysis was planned to evaluate the association of the de-
mographic findings, clinical, radiological and laboratory findings and 
outcomes, but it could not be performed due to lack of sufficient data. 

3. Results 

Our systematic search resulted in an initial number of 506 of 
potentially relevant articles, following duplicates removal. Articles were 
screened by title and abstract, and 42 articles were deemed eligible, after 
applying the inclusion/exclusion criteria to the full-text documents. Of 
which, 25 single-case reports and 1 case-series were included in the final 
systematic review. The flowchart for the study selection is shown in 
Fig. 1. 
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3.1. Demographic data 

A total of 32 cases were reported as of September 30, 2021; 11 cases 
occurred following Pfizer-BioNTech vaccine, 8 following Oxford- 
AstraZeneca vaccine, 6 following Moderna, 5 following Sinovac/ Sino-
pharm vaccines and one following each of Sputnik and Johnson & 
Johnson vaccines. The majority of cases were females; 22/32 (68.8%), 
with a ratio of (2.2:1). The reported cases came from 12 countries; 11 
cases from USA, 4 from Italy, 3 from Germany; 2 from India, Iran, China, 
Taiwan and Turkey; and 1 case from each of UK, Israel, Bangladesh, and 
KSA. 

The median age of patients was 44 years (24–78 years), while the 
median duration between vaccination and onset of clinical symptoms 
was 9 days (1–30 days). In 23/32 patients (71.8%), the onset of 
neurological symptoms followed the first dose of the vaccine, while only 
9/32 (28.1%) developed the symptoms after the second dose. 

During their current illness, a negative nasopharyngeal swab for 
SARS-CoV-2-RT-PCR was reported in 13/32 cases (40.6%). Meanwhile, 
3 cases reported no previous history of COVID-19 infection, while the 
data was missing for the remaining cases. 

Interestingly, 17/32 (53.1%) had history of a previously diagnosed 
immune-mediated condition; 7 patients had MS, one had CIS suggestive 
of MS (Patient 28), 2 had a history of recurrent neurological symptoms; 
one was diagnosed as MS in the current illness (Patient 19), while the 
other was diagnosed as TM (Patient 12), 3 reported a history of thyroid 
dysfunction (Hashimoto’s thyroiditis in Patient 1 and hypothyroidism in 

Patient 16 and Patient 20), 1 (Patient 3) had post-infectious rhomben-
cephalitis, 1 (Patient 7) had atopic dermatitis, 1 had sarcoidosis (Patient 
14), and 1 had Sjogren’s disease (Patient 32). 

In addition, one patient (Patient 18) reported a family history of MS, 
one had a history of cancer breast (Patient 10) and one had a history of 
cervical cancer (Patient 16). 

A summary of the clinical characteristics is presented in Table 1. 

3.2. Clinical, laboratory and radiological data 

When looking at the clinical pictures, the most common pre-
sentations were transverse myelitis (12/32), and MS- like (first diagnosis 
or relapse) pictures (12/32), followed by ADEM- like (5/32), and 
NMOSD- like (3/18) presentations. 

Transverse myelitis presentation was reported in 12 patients, 6 
males and 6 females, with a median age of 44.5 years (36–78 years). 
There was a median interval of 6.5 days (1− 21) between receiving the 
vaccine and onset of symptoms. CSF analysis in this group showed 
pleocytosis in 6/12 patients with a median of 15 cells (6–481 cells/μl). 
Lymphocytes were the predominant cells in 4/6, while poly-
morphonuclear cells predominated in 2 patients. In addition, high pro-
tein level was reported in 8/12 cases, with a median of 0.596 g/L 
(0.44–1.68 g/L). 

On spinal MRIs, simultaneous thoracic and cervical spinal cord 
involvement was reported in 6/12 cases, followed by isolated thoracic 
cord affection in 5/12 patients. On the other hand, isolated cervical cord 

Fig. 1. Flowchart of literature inclusion in accordance with PRISMA guidelines.  
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Table 1 
Characteristics of cases presenting with CNS demyelination in relation to COVID-19 vaccines (Alshararni, 2021; Cao et al., 2021; Chen et al., 2021; Erdem et al., 
2021; Etemadifar et al., 2021; Fitzsimmons and Nance, 2021; Gao et al., 2021; Havla et al., 2021; Helmchen et al., 2021; Hsiao et al., 2021; Khan et al., 2021; Khayat- 
Khoei et al., 2021; Maniscalco et al., 2021; Mathew and John, 2021; Malhotra et al., 2021; McLean and Trefts, 2021; Notghi et al., 2021; Ozgen Kenangil et al., 2021; 
Pagenkopf and Südmeyer, 2021; Raknuzzaman et al., 2021; Rinaldi et al., 2021; Seyed Ahadi et al., 2021; Tahir et al., 2021; Vegezzi et al., 2021; Vogrig et al, 2021; 
Watad et al., 2021). 

Author Age/Ge
nder

Comorbid
ities

COVID-19 
infection

Name of 
vaccine/ 
Manufacturer

Vaccine 
type

Dose Time 
relati
on 
betw
een 
vacci
ne 
and 
symp
toms

CNS 
demyeli
nation 
type

Clinical 
picture

Laborat
ory 
investiga
tions

CSF MRI Treatment Outcome

1-

Kenangil 

et al.32

46/F Hashimoto'

s 

thyroiditis.

Smoker.

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR

Sinovac 
4 μg (Vero 

Cells, 

Beijing 

Institute of 

Biological 

Products Co., 

Ltd., Beijing, 

China)

Inactiv

ated 

vaccin

e

2nd 30 

days
ADEM-
like

First GTCs. Positive:
ANA 

and 

Anti-

SOX1 

Abs 

Negative

:

anti-ds 

DNA. 

Negative

: AQP4 

MOG 

Abs in 

serum.

Routine: 

normal.

OCBs: 

negative.

Brain 
MRI:

Multiple 

T2 and 

FLAIR 

hyperinte

nse 

lesions in 

the LF 

thalamus, 

bilateral 

corona 

radiata, 

LF 

diencepha

lon, and 

RT 

parietal 

cortex. 

Some 

showing 

mild 

IVMP 

1 g/day 

for 7 days.

Levothyro

xine.

Stable.

No seizures 

recurrence

restricted 

diffusion 

on DWI, 

No 

enhancem

ent.

2- Cao et 

al. 33

24/F None. Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR

Sinovac 4 μg 

(Vero Cells, 

Beijing 

Institute of 

Biological 

Products Co., 

Ltd., Beijing, 

China).

Inactiv

ated 

vaccin

e

1st 14 

days
ADEM Memory decl

ine, 

headache, 

low-grade 

fever, muscle 

stiffness, 

extremity 

weakness, 

and reduced 

appetite.

GTCs after 

1 week.

Positive:
SARS-

CoV-2 

IgG.

Negative

: AQP4, 

MOG, 

and anti-

GFAP. 

Negative

: 

autoimm

une 

encephal

itis, and 

paraneop

lastic 

syndrom

es 

panels. 

Negative 

for

HIV, and 

vasculitis

.

Routine: 

WBC count 

of 25 ×

106/L. 

Negative 

for 

antibodies 

to major 

pathogens 

and cultures

of bacteria 

and fungi.

Negative 

for OCBs. 

Brain 
MRI:

Abnormal 

signals in 

the 

bilateral 

temporal 

cortex. 

Repeat 

brain 

MRI on 

day 10 

showed 

increased 

number 

of lesions.

Complete 

resolution 

after 1 

month.

IV 

ceftriaxon

e 2 g/day 

for 

12 days 

and 

acyclovir 

1.5 g/day 

for 

16 days. 

IV 

diazepam, 

oral 

levetiracet

am 

1 g/day.

IVIG 

20 g/day 

for 5 days

Marked 

improvement.

No seizures.
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5-

Rinaldi et 

al.36

45/M None NA ChAdOx1 

nCoV-19 

Corona virus 

vaccine

Viral 

vector

1st 12 

days 
ADEM Numbness

of all the 

upper limbs, 

trunk, and 

legs and 

progressive 

reduced 

visual acuity, 

dysarthria, 

dysphagia, 

clumsy right-

hand 

movements,

and urge 

incontinence.

Normal:

Blood 

count, 

ESR, and

CRP.

Negative

: 

infectiou

s serum

screenin

g for 

HSV, 

HIV,

Mycopla

sma 

Routine: 

mild 

lymphocyto

sis (44 

leucocytes, 

98% 

mononuclea

r cells).

Normal: 

protein, 

cytology, 

and no 

bacterial or 

viral 

infection.

Brain 
MRI:
large,

poorly 

marginate

d T2-

weighted 

hyperinte

nsities in

the pons,

right 

cerebellar

peduncle, 

right 

thalamus, 

and 

multiple 

IVMP 

1 g/day 

for 5 days 

followed 

by oral 

prednisolo

ne.

Complete 

recovery.

pneumon

iae, and 

Borrelia 

burgdorf

eri.

Negative

: AQP4, 

MOG 

antibodie

s

Negative

: ANA, 

anticardi

olipin 

antibodie

s.

Negative: 

OCBs

spinal 

cord

segments 

(at the 

cervical, 

dorsal, 

and conus 

medulla

ris level).

All 

lesions, 

except the 

thalamic 

one and a

single 

dorsal 

spinal 

area, 

showed 

blurred 

gadoliniu

m

enhancem

ent on 

T1-

weighted 

images

6-

Malhotra 

et al. 37

36/M None NA Recombinant 

ChAdOX1 

nCoV-19 

(Oxford/Astr

aZeneca, 

COVISHIEL

DTM) 

vaccine.

Viral 

vector

1st 8 

days
TM Abnormal 

sensations in 

both lower 

limbs, 

ascending to 

the trunk.

Negative

: AQP4 

and 

MOG 

Abs.

Negative

: Abs for 

vasculitis 

and 

connecti

Routine: 

Increased 

protein 

(54 mg%), 

normal for 

other 

parameters. 

Normal 

panel for 

Cervical 
spine 
MRI:
Ovoid 

T2-

hyperinte

nse lesion 

in the 

dorsal 

aspect of 

spinal 

Oral 

methylpre

dnisolone 

(16 mg; 

12 hourly) 

for a 

week.

IVMP 

Improvement.

ve tissue 

disorders

.

infection 

screening.

cord at 

C6 and 

C7 

vertebral 

levels,

showed 

mild to 

moderate 

peripheral 

enhancem

ent.

Brain 
MRI:
normal.

1 g/day 

for five 

days.
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7-

Pagenko

pf et al. 38

45/M Atopic 

dermatitis.

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR, 

no 

previous 

history of 

infection.

AstraZeneca 

(AZD1222) 

Viral 

vector

1st 11 

days
TM 
(LETM)

Chills, 

headache, 

thoracic and 

back pain, 

and 

generalized 

weakness.

Negative

: 

vasculitis 

profile, 

anti-

neuronal 

Abs, and 

connecti

ve tissue 

diseases 

Abs.

Negative

: AQP4 

and 

MOG-

Abs in

serum 

and CSF.

Positive: 

SARS-

CoV-2-

Routine: 

Predominan

tly 

polymorpho

nuclear 

pleocytosis 

(481 

cells/μl), 

increased 

protein 

(1.4 g/l), 

and 

decreased 

glucose 

(CSF/serum 

ratio 0.43). 

Negative: 

IgG index 

and OCB.

Negative: 

RT-PCR 

Spinal 
MRI:
LETM 

lesion 

showing 

T2 

hyperinte

nse signal 

of the 

spinal 

cord from 

C3 to Th2 

without 

gadoliniu

m 

enhancem

ent. 

Brain 
MRI: 

was 

normal.

Acyclovir, 

ceftriaxon

e and 

ampicillin

. 

IVMP 

1 g/day 

for five 

days, 

followed 

by oral 

tapering.

Marked 

improvement.

IgG 

antibody.

for SARS-

CoV-2-

RNA and 

SARS-

CoV-2 Abs.

8-

Fitzsimm

ons et al.
39

36/M None Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Moderna 

(Lot 

036A21A)

mRN

A-

based 

vaccin

e

2nd 1 day TM Lower limb 

numbness, 

low back 

pain, 

paresthesia, 

involuntary 

erection, 

urination, 

and 

constipation.

Normal: 

CBC, 

ESR, 

CRP and 

biochemi

stry 

profile. 

Routine: 

normal 

(Glucose:74

, Protein: 

37, cells:3) 

Negative: 

autoantibod

ies (AQP4, 

MOG).

Positive:
SSA Abs.

Thoracic 
spinal 
MRI: 
Increased 

T2 cord 

signal in 

the distal 

spinal 

cord and 

conus 
with 

associated 

enhancem

ent.  

Brain 
MRI:  

few non-

specific 

hyperinte

nsities, 

with no 

enhancem

ent or 

restriction

.

Cervical 
and 
lumbar 
spinal 
MRI:
Normal.

IVIG 0.5 

g/kg. 

IVMP 

1 g/day 

for 5 days, 

followed 

by oral 

prednison

e.

Improvement.

9- Tahir 

et al. 40

44/F None Negative 

SARS-

CoV-2 

nucleic 

acid 

amplifica

tion test.

Johnson and 

Johnson 

COVID-19 

vaccine

Viral 

vector 

(non-

replica

ting)

1st 10 

days
TM Low-grade 

fever, chills, 

body aches, 

back pain, 

nausea, 

urinary 

retention, 

numbness 

and 

weakness in 

both lower 

extremities.

Bell’s palsy 

during PLEX 

therapy. 

Normal 

CBC, 

and 

metaboli

c profile. 

Routine:

WBCs (227 

μ/L, 96% of 

lymphocyte

s), glucose 

(71 mg/dL), 

protein (43 

mg/dL). 

Normal: 

workup for 

bacterial, 

viral, and 

fungal 

infection. 

Negative: 

AQP4 

antibody.

MBP (2.8 

mcg/L), 

IgG index 

(0.67). 

Positive: 

OCBs.

Spinal 
MRI:
Increased 

signal 

throughou

t the 

spinal 

cord 

extending 

from the 

C2-3 

segment 

into the 

upper 

thoracic 

spine.

Brain 
MRI:
with and 

without 

contrast, 

was 

normal

High-dose 

methylpre

dnisolone 

therapy 

for three 

days.

PLEX for 

5 

treatments 

over 10 

days after 

pulse 

therapy. 

Improvement.
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10-

Erdem et 

al. 41

78/F HTN.

DM.

Negative 

nasophar

yngeal 

swab for 

Corona VAC 

vaccine 

(Sinovac Life 

Inactiv

ated 

vaccin

e

2nd 21 

days

TM

(LETM)

Tetra paresis, 

paresthesia 

of bilateral 

upper 

Negative

: 

vasculitis

, 

Routine: 

Normal cell 

count, 

elevated 

Spinal 
MRI: 

LETM 

from the 

IVMP 

1 g/day 

for 4 days, 

Improvement. 

Breast 

cancer.

SARS-

CoV-2-

RT-PCR.

Sciences, 

China).

extremities, 

and urinary 

retention

infection

s, and 

malignan

cy 

profiles. 

Negative

: AQP4 

and 

MOG 

Abs.

protein 

level (56 

mg/dL), 

normal 

glucose. 

Negative: 

OCB, and 

IgG index

C1 to the 

T3 spinal 

cord 

segment. 

Brain 
MRI: 
normal

followed 

by PLEX.

11-

Veggezzi 

et al. 42

44/F None Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

ChAdOx1 

nCoV-19 

vaccine

(Batch 

ABV2856)

Viral 

vector

1st 4 

days
TM Bilateral 

ascending 

paresthesia 

over 3 days. 

Reduced 

sensation in 

lower back 

and during 

micturition.

Negative

: AQP4 

and 

MOG 

Abs.

Negative

: anti-

neuronal 

surface 

and 

onconeur

al Abs. 

Negative

: SARS-

CoV-

2 IgG 

Abs.

Routine: 

Mildly 

elevated 

protein 

(76.7 mg/dl

), 

lymphomon

ocytes 

(6/mm3), 

undetectabl

e lactate 

Negative: 

OCBs and 

IgG index.

Spinal 
MRI:
Two 

lesions, in 

the 

posterior 

paramedi

an cord at 

D7-D8 

level and 

in the LF 

lateral 

cord at 

D10-D11 

level, 

with mild 

and 

patchy 

enhancem

ent. 

Brain 
MRI: 
normal. 

IVMP 

1 g/day 

for 5 days, 

followed 

by oral 

tapering 

starting 

from 

1 mg/kg/d

ay.

Significant 

improvement. 

Followed by 

complete 

recovery.

12-

Alsharar

ni et al.43

38/M Recurrent 

attacks of 

lower limb 

numbness 

and 

weakness

NA Pfizer-

BioNTech 

COVID-19

mRN

A-

based 

vaccin

e

1st 2 

days
TM Headache, 

pain and 

weaknesses 

of lower 

extremities.

Normal 

routine 

analysis. 

Routine: 

Elevated 

protein 

(621 mq/L), 

normal 

glucose.

Spinal 
MRI:
expanded 

edematou

s, faint, 

enhancing 

lesion at 

D11

and D12. 

NA NA

13- Khan 

et al.44

67/F IHD

CKD

NA Moderna 

(Lot 

036A21A)

mRN

A-

based 

vaccin

e

1st 1 day TM

(LETM)

Bilateral 

upper and

lower 

extremity 

weakness 

right more 

than left

Anemia: 

8.5 g/dL 

Negative

: MOG 

and 

AQP4 

autoantib

odies 

Negative

: ANA, 

p-

ANCA, 

and c-

ANCA

Routine:

Normal

Negative 

OCBs

IgG index 

0.48. 

Brain 
MRI:
Scattered 

patchy 

foci (non-

specific)

Cervical 
spine
MRI:
hyperinte

nse 

lesions in 

the upper 

cervical 

spine and 

cord 

edema 

extending 

from C1-

C3 with 

patchy 

post-

contrast 

enhancem

ent.

IVMP 

1 g/day 

for 3 days, 

followed 

by PLEX

Improvement.
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14-

Notghi et 

al.45

58/M Sarcoidosis

. 

DM

NA AstraZeneca 

COVID-19 

vaccine

Viral 

vector

1ST 7 

days

TM

(LETM)

Progressive 

numbness in 

his lower 

limbs over 3 

days, 

allodynia up 

to chest 

level, genital 

dysesthesia, 

and an 

episode of 

urinary 

incontinence.

Normal Routine: 

elevated 

protein 

(1.68 g/L), 

lymphocyti

c 

pleocytosis 

Negative: 

OCBs

Whole 
spinal 
MRI:
LETM 

from T2-

T10 

Prominen

t flow 

voids in 

the spinal 

canal at 

T9 level 

raised 

suspicion 

of DAVF.

GAD: 

two 

separate 

foci of 

enhancing 

myelitis 

opposite 

T3-T4 

and T9-

T10 

Follow 

up: More 

extensive

hyperinte

nse signal 

abnormali

ty up to 

C1 level

IVMP 

1 g/day 

for 5 days, 

followed 

by oral 

taper for 

10 days.

PLEX

Marked 

improvement.

15- Hsiao 

et al.46

41/M DM Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

ChAdOx1 

nCOV-19 

vaccine 

(AZD1222)

Viral 

vector

1st 7 

days

TM

(LETM)

Tingling 

sensation 

over T4 

dermatome, 

followed by 

progressive 

paresthesia 

below T4, 

along with 

lower-limb 

weakness 

and 

clumsiness

Normal: 

CBC, 

metaboli

c profile.

Negative 

paraneop

lastic 

and 

autoimm

une 

profiles.

Negative

: AQP4 

antibodie

s

Routine:

mild 

pleocytosis 

(WBC:11/u

L) with 

predominan

t 

lymphocyte

s 100%) 

Mild 

elevated 

protein 

levels (44.3 

mg/dL). 

Negative: 

for bacterial 

or viral 

CNS 

infection.

Spinal 
MRI: an 

intramedu

llary-

enhancing 

lesion at 

T1 to T6 

vertebral 

levels. 

Brain 
MRI:
normal

IVMP 

1 g/day 

for 5 days 

followed 

by oral 

taper.

Marked 

improvement.

16-

McLean 

et al.47

69/F Cervical 

cancer. 

Hypothyroi

dism. 

Restless 

leg 

syndrome

NA Pfizer-

BioNTech 

mRN

A-

based 

vaccin

e

1st 2 

days

TM

(LETM)

Lower 

extremity 

weakness 

and 

paresthesia 

extended to 

her hands 

bilaterally, 

incontinence, 

and 

incoordinatio

n. 

Normal: 

routine, 

metaboli

c, 

vasculitis

, and 

paraneop

lastic 

profiles. 

Negative 

virology 

screenin

g.

Negative

AQP4 

Routine:

Normal cell 

count, 

protein, and 

glucose.

Negative: 

VDRL, 

HSV, and 

Lyme. 

Negative: 

OCBs.

Brain 
MRI: 
Normal

Spinal 
MRI: 
extensive 

T2 signal 

abnormali

ties seen 

particularl

y in the 

anterior 

aspect, as 

well as 

the mid-

cord 

IVMP 

1 g/day 

for 5 days.

Partial 

improvement.

and 

MOG 

autoantib

odies

extending 

from C3-

4 down to 

T2-3
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17- Gao 

et al.48

76/F Vitamin 

B12 

deficiency. 

NA Moderna 

(mRNA-

1273)

mRN

A-

based 

vaccin

e

1st 6 

days

TM

(LETM)

Unsteadiness 

and 

abnormal 

sensation in 

the limbs, 

predominantl

y on the right 

side, and 

sacral 

paresthesia

Negative

: RF, and 

ANA

Negative

: AQP4 

antibodie

s 

Routine: 

mild 

pleocytosis 

(15/µL) 

with 

neutrophil 

predominan

ce (73%) 

and 

increased 

protein 

levels (57.2 

mg/dL

Negative: 

CNS 

infection.

Brain 
MRI: 
Normal

Cervical 
spinal 
MRI:
Extensive 

intramedu

llary 

hyperinte

nsity in 

the 

cervical 

cord at 

the C2–

C5 levels 

on T2-

weighted 

images, 

and at the 

C3 level 

with T1 

ring 

enhancem

ent. 

IVMP 

1 g/day 

for 5 days 

followed 

by oral 

prednisolo

ne.

Marked 

improvement.

18-

Havla et 

al. 49

28/F Family 

history was 

positive for 

MS

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Pfizer-

BioNTech 

COVID-19 

vaccine 

(BNT162b2, 

Comirnaty©, 

mRN

A-

based 

vaccin

e

1st 6 

days 
MS Left 

abdominal 

neuropathic 

pain, left leg 

paresis.

SARS-

CoV-2 S 

Abs 

(IgG) 

were 

detected 

in serum 

Routine: 

Mild 

pleocytosis 

(7 cells/µl).

Positive:
OCBs.

Spinal 
MRI:

Contrast-

enhancing 

lesion at 

T6 level. 

IVMP 

1 g/day 

for 5 days, 

followed 

by a 

second 

Partial 

improvement. 

BioNTech/Pf

izer)

(50.8 

U/ml, 

37 days 

after 

vaccinati

on). 

Brain 
MRI: 

multiple 

(> 20), 

partially 

confluent 

lesions 

with 

spatial 

dissemina

tion but 

without 

enhancem

ent.

cycle of 

IVMP 

2 g/day 

for 5 days.

PLEX

19-

Mathew 

et al. 50

24/F Two 

episodes of 

neurologic

al 

dysfunctio

n four 

years apart 

(Dissemina

tion in 

time)

NA ChAdOx1 

nCoV-19 

Corona virus 

vaccine

Viral 

vector

2nd 7 

days
MS Paresthesia 

of left upper 

and lower 

limbs, 

positive 

Lhermitte’s 

phenomena

NA NA Brain 
and 
spinal 
MRIs:
two 

lesions in 

the brain 

and one 

lesion in 

the spinal 

cord with 

enhancem

ent.

IVMP 

1 g/day 

for 5 days, 

followed 

by oral 

steroids at 

60 mg/ 

day.

Marked 

improvement.

20-

Watad et 

al. 51

45/F Hypothyroi

dism. 

No Pfizer-

BioNTech 

COVID-19 

vaccine 

(BNT162b2) 

vaccine 

mRN

A-

based 

vaccin

e

1st 7 

days
MS Left leg 

weakness 

disequilibriu

m, and lower 

limbs distal 

numbness 

Normal: 

CBC and 

biochemi

stry.

Positive:
OCBs.

Brain 
MRI:
multiple 

PV white 

matter 

changes.

IVMP 1 g 

daily for 5 

days, then 

prednison

e 60 mg 

daily with 

tapering 

dose.

Marked 

improvement.
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21-

Etemadif

ar et al. 52

34/F RRMS (for 

13 years, 

on 

rituximab, 

last 

infusion 3 

months)

No 

previous 

history of 

infection.

Gam-

COVID-Vac 

(Sputnik 

V) COVID-

19 vaccine

Viral 

vector

1st 3 

days
MS 
relapse

Fatigue, 

myalgia, 

generalized 

weakness, pr

ogressed to 

severe right 

hemiplegia 

and ataxia

Normal: 

routine 

investiga

tions.

Normal: 

serum 

anti-

SARS-

CoV-2 

IgG and 

IgM 

after 21 

days.

Not done. Brain 
MRI:
several 

new PV, 

juxtacorti

cal, 

brainstem

, and 

cerebellar 

peduncle 

lesions.

No Gd 

enhancem

ent.

IVMP 

1 g/day 

for 5 days, 

followed 

by oral 

steroids.

Marked 

improvement.

22-

Maniscal

co et al. 
53

26/F RRMS (for 

5 years, on 

cladribine)

NA BNT162b2 

COVID-19 

vaccine

mRN

A-

based 

vaccin

e

1st 2 

days
MS 
relapse

Paresthesia 

in her left 

arm followed 

by weakness 

in her left 

upper and 

lower limbs.

WBCs, 

levels of 

CD3,4,8,

19,20 

were 

normal 

before 

and after 

vaccine.

NA Brain 
MRI:
volumino

us 

enhancing 

lesions in 

frontal 

temporal 

cortices.

IVMP 

1 g/day 

for 5 days.

Complete 

recovery.

23-

Khayat-

Khoei et 

al.54

35/F RRMS (for 

11 years on 

Natalizuma

b)

NA Moderna 

(mRNA-

1273)

mRN

A-

based 

vaccin

e

2nd 21 da

ys
MS 
relapse

Right arm, 

dysmetria, 

impaired 

balance/gait

Negative

: Serum 

JC virus 

and 

natalizu

mab 

neutralizi

ng 

antibodie

s.

Not done Brain 
MRI: a 

new T2 

hyperinte

nse lesion 

in the 

right 

cerebellu

m that 

enhanced 

with 

gadoliniu

m

IVMP 

1 g/day 

for 5 days

Complete 

recovery.

24-

Khayat-

Khoei et 

al.54

26/F None Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Moderna 

(mRNA-

1273)

mRN

A-

based 

vaccin

e

2nd 14 da

ys 
MS Progressive 

blurred 

vision and 

pain of left 

eye

Negative

: ANA, 

C-

ANCA 

and 

Lyme 

titer

Routine: 

elevated 

cell count.

Elevated 

IgG index 

(CSF/serum 

at 1.27).

Negative 

OCBs.

Brain 
MRI:
multiple 

T2 

hyperinte

nse 

periventri

cular, 

subcortica

l, 

posterior 

fossa, and 

spinal 

cord 

lesions.

Two of 

the 

lesions 

enhanced 

after 

GAD 

administr

ation.

IVMP 

1 g/day 

for 5 days

Complete 

recovery.

25-

Khayat-

Khoei et 

al.54

24/F RRMS (for 

9 years on 

fingolimod

)

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Pfizer-

BioNTech 

(BNT162b2)

mRN

A-

based 

vaccin

e

2nd 1 day MS 
relapse

Vision 

changes and 

pain of left 

eye

Positive 

serum 

SARS-

CoV- 2 

spike 

antibody

Not done Brain 
and 
Orbit 
MRI: 

several 

new 

enhancing 

brain 

lesions 

without 

any optic 

abnormali

ties

IVMP 

1 g/day 

for 3 days

Complete 

recovery.
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26-

Khayat-

Khoei et 

al.54

33/M None NA Pfizer-

BioNTech 

(BNT162b2)

mRN

A-

based 

vaccin

e

2nd 1 day MS Unilateral 

painless 

blurring of 

vision

Negative

: AQP4 

antibody.

Routine:

Normal

Positive 

OCBs, with 

elevated

IgG index.

MRI 
Brain: 

Multiple 

T2 

hyperinte

nse white 

matter 

lesions 

with a 

single 

gadoliniu

m-

enhancing 

lesion.

IVMP 

1 g/day 

for 3 days

Complete 

recovery.

27-

Khayat-

Khoei et 

al.54

44/F RRMS

(for 24 

years, no 

treatment)

NA Moderna 

(mRNA-

1273)

mRN

A-

based 

vaccin

e

2nd 6 day

s
MS 
relapse

Ascending 

numbness, 

right sided 

weakness.

NA Not done Brain 
MRI:
new 

enhancing 

lesion in 

the brain

IVMP 

1 g/day 

for 3 days

Complete 

recovery.

28-

Khayat-

Khoei et 

al.54

48/F CIS (for 8 

years, was 

on 

glatiramer 

acetate)

NA Pfizer-

BioNTech 

(BNT162b2)

mRN

A-

based 

vaccin

e

1st 15 da

ys 
MS Pain with 

right eye 

movement, 

worsened 

Lhermitte’s, 

and 

balance/gait 

difficulty

NA Not done MRI 
Brain:
Three 

new T2 

hyperinte

nse white 

matter 

lesions.

Oral 

methylpre

dnisolone 

(1000 mg 

daily.

Marked 

improvement.

29-

Ahadi et 

al.55

42/F RRMS (for 

20 years, 

not on 

treatment)

NA Sinopharm 

vaccine 

(BBIBP-

CorV’s 

Beijing 

Institute of 

Inactiv

ated 

vaccin

e

1st 2 

days
MS 
relapse 

Progressive 

paraparesis 

without 

paresthesia

Normal: 

ESR, 

CRP, 

CBC, 

and urine 

analysis 

Not done MRI 
Brain 
and 
cervical 
spine:
periventri

cular, 

IVMP 

1 g/day 

for 5 days

Improvement.

Biological 

Products)

and 

culture.

anterior 

temporal, 

cerebellar 

and 

anterior 

medullary 

white 

matter 

hyper-

intensities 

Nodular 

enhancem

ent in 

brainstem 

plaque.

30-

Helmche

n et al. 56

40/F RRMS (for 

21 years, 

on 

natalizuma

b)

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Astra 

Zeneca, 

COVID19 

Vaccine®; 

Vaxzevria®)

Viral 

vector

1st 14 

days
NMOSD
-like 
relapse

(ON/LE
TM)

Paraplegia, 

loss of 

sensory 

function 

below T5, 

and 

incontinence

, rapidly 

progressing 

binocular 

blindness, 

back pain, 

and inability 

to walk.

Negative

: MOG, 

GFAP, 

AQP4 in 

serum 

and CSF.

Negative

: virus 

antigens, 

vasculitis

, and 

infection 

profiles.

Negative

: MRZ 

reaction,

NAT and 

JC virus 

antibodie

s.

Routine: 

Severe 

pleocytosis 

(524 

leucocytes/

µl, 98% 

neutrophil 

granulocyte

s), 

increased 

lactate 

(6.6 mmol/l

) and 

strongly 

elevated 

protein 

(2.2 g/l).

Brain 
MRI:
numerous 

old WM 

lesions 

compatibl

e with 

MS.

Increased 

signal 

intensity 

in the 

chiasm 

and optic 

nerves 

and tracts, 

with mild 

chiasmal 

enhancem

ent. 

IVMP 

2 g/day 

for 5 days, 

followed 

by PLEX, 

and 

immunoad

sorption.

Improved visual 

acuity but 

unchanged 

paraplegia.

Spinal 
MRI:
LETM at 

TH7-10, 

and in the 

conus, 

and other 

lesions in 

C4/C5.
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was noted in 2 patients, while conus medullaris involvement was re-
ported in only one patient. Longitudinally extensive transverse myelitis 
(LETM) was the main radiological feature in 7/12 patients, while short 
segment involvement was reported in 5/12. In patient 8, conus pathol-
ogy was part of a lesion involving the thoracic cord, however, serolog-
ical testing for AQP4 and MOG antibodies was negative. Brain MRI was 
abnormal in only two of the myelitis patients with non-specific hyper-
intensities showing neither restriction nor contrast enhancement. 

MS-like presentation was reported in 12 patients, of which, 6 had a 
well-established diagnosis of MS prior to vaccination, and the vaccine 
was hypothesized to have triggered a relapse, while 4 patients experi-
enced their first episode post-vaccination. Additionally, one patient had 
a history of previous episodes of neurologic dysfunction without 
receiving a diagnosis of MS (Patient 19) and one patient (Patient 28) was 
diagnosed as CIS suggestive of MS. Eleven were females as opposed to 
only one male. Their median age was 33.5 years (24–48 years). The 

median interval between vaccination and symptoms development was 6 
days (1–21 days). Half of the patients (6/12) developed their symptoms 
after the 1st dose of vaccination. Brain MRI depicted demyelinating le-
sions in all patients (12/12), while spinal cord involvement was reported 
in (3/12) patients (Patients 18, 19 and 24), was unremarkable in one 
(Patient 29) and not assessed in the rest. The diagnosis of MS was sup-
ported by positive oligoclonal bands (OCBs) in 3/12 patients (Patients 
18, 20 and 26). 

ADEM-like presentation was reported in 5 patients (3 females, 2 
males), with a median age of 46 years (24–56 years). The time interval to 
symptom development was longer than other presentations, with a 
median of 14 days (12–30 days). 

Generalized tonic-clonic seizures (GTCS) were reported in 3/5 pa-
tients, while confusion and headache were seen in 2/5 patients. Sero-
logical testing for AQP4 and MOG antibodies was negative in 4 patients 
and was not tested in the fifth. CSF analysis showed pleocytosis in 3/5 
patients (Patient 2, 4 and 5), while elevated protein was reported in only 

31- Chen 

et al. 57

Middle-

aged/F

None NA Probable 

Sinovac or 

Sinopharm 

vaccine 

(China)

Inactiv

ated 

vaccin

e

1st 3 

days
NMOSD Fever, 

vomiting, 

diarrhea, 

cough, 

dizziness, 

and unsteady 

gait.

Leucope

nia 

(2.36 × 1

09/L), 

and 

Positive:
AQP4, 

ANA, 

SSA, 

SSB, Ro-

52, and 

p-ANCA 

Abs.

Routine: 

WBCs 

31 × 106/L, 

all 

mononuclea

r cells, 

normal 

glucose, 

and protein.

Negative: 

OCBs.

Brain 
MRI: 

area 

postrema 

and 

bilateral 

hypothala

mus 

lesions 

without 

Gd 

enhancem

ent.

Orbit 
and 
spinal 
MRIs:
normal.

IVMP 

500 mg/ 

day for 

5 days.

Marked 

improvement.

32-

Khayat-

Khoei et 

al.54

64/M Sjogren’s 

disease

Negative 

nasophar

yngeal 

swab for 

SARS-

CoV-2-

RT-PCR.

Pfizer-

BioNTech 

(BNT162b2)

mRN

A-

based 

vaccin

e

1st 18 da

ys
NMOSD

(LETM)

Pain, 

paresthesia, 

urinary 

retention, 

constipation, 

impaired 

balance/gait

Positive: 

AQP4 

and SS-

A/SS-B 

antibodie

s

Routine:

Normal

Positive: 

AQP4 

antibodies.

Negative:

OCBs and 

IgG index.

MRI 
spinal 
cord: 

minimally 

expansile 

central 

spinal 

cord T2 

hyperinte

nsity 

extending 

IVMP 

1 g/day 

for 3 days, 

PLEX.

Partial recovery.

from the 

cervical 

cord to 

the conus, 

with 

patchy 

areas of 

gadoliniu

m 

enhancem

ent. 

MRI 
Brain: 

Demyelin

ating 

lesions.

COVID-19: Coronavirus disease 2019, SARS-CoV-2: severe acute respiratory syndrome- related coronavirus 2, RT-PCR: reverse transcriptase polymerase chain 
reaction, NP: nasopharyngeal, Abs: antibodies, Q.D: quarter in die (four times a day), GTCs: Generalized tonic- clonic convulsions, ANA: antinuclear antibody, SOX- 
1: SRY-BOX Transcription Factor 1, AQP4: aquaporin 4, MOG: myelin oligodendrocyte glycoprotein, LF: left, RT: right, CSF: cerebrospinal fluid, HIV: human im-
munodeficiency virus, IV: intravenous, IgG: immunoglobulin G, MRI: magnetic resonance imaging, FLAIR: fluid attenuated inversion recovery, DW: diffusion 
weighted, mRNA: messenger ribonucleic acid, 
IVMP: intravenous methyl prednisolone, TM: transverse myelitis, LETM: longitudinally extensive transverse myelitis, OCBs: oligoclonal bands, ADEM: acute 
disseminated encephalomyelitis, Anti- ds DNA: anti- double stranded DNA, MMSE: Mini-Mental State Examination, GFAP: glial fibrillary acidic protein, MS: multiple 
sclerosis, WM: white matter, IVIG: intravenous immunoglobulins, GCS: Glasgow coma scale, ESR: erythrocyte sedimentation rate, NMOSD: neuromyelitis optica 
spectrum disorder, PLEX: plasma exchange, CBC: complete blood count, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, p-ANCA: WBC: white blood 
count, OCBs: oligoclonal bands, IgG index: immunoglobulin G, PV: periventricular, GFAP: glial fibrillary acidic protein, MRZ: measles, rubella, zoster, CIS: clinically 
isolated syndrome, DAVF: dural arteriovenous fistulae, IHD: ischemic heart disease. 
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one patient (0.75 g/L). Moreover, OCBs were tested in 4/5 patients and 
were negative. 

All reported MRI lesions were supratentorial. Some lesions showed 
contrast enhancement (Patient 5). Additionally, spinal cord was 
involved in the form of multifocal lesions in one case (Patient 5). 

NMOSD-like presentation was reported in 3 cases. One of them 
(Patient 30) was previously diagnosed with MS, and was on natalizumab 
for 21 years, when she suffered simultaneous optic neuritis and LETM. 
Even though she tested negative for AQP4 antibody in serum and CSF, 
her imaging features were more in favor of NMOSD rather than MS. 
Moreover, her CSF showed severe pleocytosis (542 cells/μl) with neu-
trophils predominance and markedly elevated protein (2.2 g/L). Un-
fortunately, testing for MOG antibody and OCBs in CSF was not 
reported. The other patient (Patient 31) presented by the characteristic 
area postrema syndrome that was supported by MRI data and positive 
serology for AQP4 antibodies. CSF analysis had elevated white blood 
cells count of (31 cells/μl), with mononuclear cells as the predominant 
type. The third patient (Patient 32) was a 64-year-old male with a his-
tory of Sjogren’s disease. His presentation suggested spinal cord 
involvement which was supported radiologically by extensive cord 
involvement from cervical region to conus. Serological testing was 
positive for AQP4 antibodies. Brain MRI showed demyelinating patches 
as well. 

3.3. Treatment and outcome 

When addressing the management plans, treatment comprised high 
dose methylprednisolone (with or without oral tapering), PLEX, IVIG, or 
a combination of those. Antiviral/ antibiotics were also given in few 
cases. Fortunately, interventions achieved either marked/complete 
improvement in 25/32 (78.1%) cases, stabilized or resulted in partial 
recovery in the rest. 

Finally, to further characterize the cases, we classified them based on 
the received vaccine type (Table 2). CNS demyelination was reported 
after all types of vaccines in the literature. The mRNA-based vaccines 
resulted in the greatest number of demyelinating syndromes (17/32), 
followed by viral vector vaccines (10/32) as opposed to 5 cases 
following inactivated vaccines. Similarly, most MS-like episodes (9/12) 
were triggered by mRNA-based vaccines. 

However, in TM cases, viral vector vaccines were associated with 
demyelination in 6/12 cases, followed by mRNA-based vaccines (5/12), 
and only one case following inactivated vaccines. Furthermore, the 
median interval between receiving inactivated COVID-19 vaccines and 
symptom development was longer; 14 days, as opposed to 7.5 and 6 days 
for viral vector and mRNA vaccines, respectively. 

Data regarding the second dose of vaccination, for those who 
developed symptoms after the first dose, was available for only 9/23 
cases; 4 cases did not adhere to the vaccination schedule, 3 cases 
switched from viral vector to an mRNA vaccine, and 2 cases received the 
second dose without any new symptoms. 

4. Discussion 

Since the early 1800s, vaccines have been the most efficient solution 
in preventing viral infections. However, in rare occasions, vaccines 
induced unexpected inflammatory reactions, or has been associated 
with manifest autoimmune diseases, within a short period of time 
following their administration (Lu et al., 2021b). 

In order to be defined as vaccine-induced, the WHO had suggested 
certain criteria to be met (Wraith et al., 2003), including: (1) temporal 
relationship (vaccination must precede the occurrence of the event), (2) 
consistency of evidence (similar or same results generated by studies 
using different methods in different settings), (3) strength of association 
(statistical significance to demonstrate that it was not a chance occur-
rence), (4) specificity (vaccine is the only cause of the event), and (5) 
biological plausibility and coherence (there must be a biologically 
plausible mechanism between cause and effect). Such strict criteria were 
rarely met in the majority of cases in the literature, similar to our review, 
making inference of causation a challenge. In literature, few post- 
vaccination autoimmune diseases were firmly and reliably considered 
as vaccine-associated, such as GBS cases following 1976 swine influenza 
vaccine. However, other suspected associations, such as the hepatitis B 
vaccine and MS, and HPV vaccine and ADEM, have not been strongly 
confirmed (Salemi and D’Amelio, 2010). 

A PubMed search from 1979 to 2013 by Karussis and colleagues 
(Karussis and Petrou, 2014a), revealed 71 documented cases of post- 
vaccination CNS demyelination. The most reported vaccines were 
influenza, HPV, and hepatitis A or B vaccines. Symptoms usually 
appeared within 2 weeks (mean: 14.2 days), however, delayed presen-
tation (4 weeks and up to 5 months post-vaccination) has been reported. 
The commonest clinical presentations were optic neuritis, multifocal 
disseminated demyelination, TM, and encephalitis. Furthermore, 
Agmon-Levin and colleagues (Agmon-Levin et al., 2009) reported only 
37 cases, from 1970 to 2009, in association with several vaccines, 
including hepatitis B, measles-mumps-rubella, and diphtheria-tetanus- 
pertussis. 

The concern of a potential association of CNS autoimmune inflam-
mation and COVID-19 vaccines has been recently raised, as cases began 
to unfold. According to the interim analysis of four randomized 
controlled trials of ChAdOx1 nCoV-19 vaccine (AZD1222), 3 cases of 
ATM were reported, from 11, 636 participants included. One case was 
considered to be an idiopathic demyelination that is possibly related 
to the vaccine, while the other two were most likely a pre-existing or 
previously unrecognized MS (Voysey et al., 2021). However, in a recent 
review of 11 COVID-19 vaccine candidates (Lu et al., 2021a), the pre-
liminary official data from the vaccine manufactures and the drug au-
thorities suggested that neurologic adverse events were rare, and cases 
of CNS demyelination were reported in association with viral vector 
vaccine only. 

In our review, CNS demyelination was reported following all types of 
approved COVID-19 vaccines (no protein-based vaccine was approved at 
the time of writing). Neurological symptoms appeared within the first 
1–2 weeks in most cases. Females comprised the majority of cases, which 
agrees with data in literature, where around 85% of immune-mediated 

Table 2 
Classification of cases based on the received vaccine type.  

Vaccine Number of demyelination 
cases 

Median age 
(years) 

Median interval 
(days) 

TM ADEM- 
like 

MS- 
like 

NMOSD- 
like 

Immune- mediate 
conditions 

mRNA (Pfizer, Moderna) 17 44 (24–76) 6 (1–21) 5 2 9 1 10 
Viral vector (Astra, Sputnik, 

J&J) 
10 42.5 (24–58) 7.5 (3–14) 6 1 2 1 5 

Inactivated (Sinopharm, 
Sinovac) 

5 44 (24–78) 14 (2− 30) 1 2 1 1 2  
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diseases affects women (Angum et al., 2020). This has been attributed to 
greater immune responses against foreign and self-antigens in women 
compared to men. Furthermore, more than half of the cases had history 
of probable or definite autoimmune diseases, which could make them 
liable to increased risk of developing other immune-mediated diseases 
(Somers et al., 2009). 

The mRNA-based vaccines resulted in the greatest number of 
demyelinating syndromes (53.1%), followed by viral vector vaccines 
(31.2%), as opposed to (15.6%) following inactivated vaccines. Simi-
larly, 75% of MS-like episodes were triggered by mRNA-based vaccines. 
However, it should be noted that more patients with immune-mediated 
diseases received mRNA-based vaccines compared to the other types 
combined (10 vs 7 cases, respectively). Furthermore, TM cases were 
associated with both viral vector and mRNA-based vaccines (50% vs 
41.6%, respectively), contrary to earlier published data, which limited 
TM to viral vector vaccines only (Lu et al., 2021a). 

As of September 2021, VAERS database had 328 reports of suspected 
cases of TM worldwide, following all types of vaccines. However, a 
recent analysis of VAERS data revealed no increased risk of neuro-
autoimmune adverse events from COVID-19 vaccines compared to other 
vaccines (von Csefalvay, 2021). 

At the time of writing, 6.4 billion doses of COVID-19 vaccines have 
been given, and 2.7 billion were fully vaccinated. Considering the 
annual incidence of TM of 1.34 to 4.60/ million in general population, 
24.6/ million in cases of acquired demyelination (Beh et al., 2013), and 
0.5/million in COVID-19 patients (Román et al., 2021), the current 
incidence of post-vaccination TM would be considered low. 

Moreover, few cases of ADEM were reported, given that ADEM is the 
prototype and one of the most common white matter diseases associated 
with vaccines. ADEM is usually monophasic with a widely variable 
clinical presentation and favorable outcome, which was seen in our 
cases (Karussis and Petrou, 2014a). 

Six MS patients had clinical relapses, while another 6 were newly 
diagnosed with MS following vaccination. Vaccines had long been 
incriminated in the development of MS, or in triggering MS relapses. 
However, pooled analysis from multiple studies found no sufficient ev-
idence to support a causal relationship between the onset of MS and 
various common vaccinations (Farez and Correale, 2011). Moreover, a 
2017 systematic review of more than 50 articles (Mailand and Freder-
iksen, 2017) found no increased risk in developing MS and in relapses 
after vaccination. 

As regards to COVID-19, Achiron and colleagues (Achiron et al., 
2021) found no increased risk of relapse activity in MS patients who 
received BNT162b2 vaccine as well. The relapse rate was higher 
following the first dose than the second dose (2.1% and 1.6%, respec-
tively), which was similar to the rate in non-vaccinated patients during 
the corresponding period. However, in our review, MS relapse rate 
occurred following first and second doses equally. Moreover, they found 
that relapse rate was slightly higher in younger patients and in those 
treated with immunomodulatory drugs. However, their review was 
limited to cases who received BNT162b2 COVID-19 vaccine only, with a 
relatively short follow-up period. 

Interestingly, NMOSD-like presentation was reported in 3 cases, 
raising the possibility of cross-reactivity between the used viral antigens 
and aquaporin-4. This predisposition to the spinal cord and the optic 
nerves has also been reported following other vaccines (e.g. HPV) vac-
cine (Karussis and Petrou, 2014b). 

A favorable outcome was noted in the majority of the reported cases, 
which was similar to the findings of a recent nationwide study (García- 
Grimshaw et al., 2021), where most patients with neurological com-
plications experienced complete recovery within days to weeks without 
long-term sequalae. 

The exact mechanism of demyelination after COVID-19 vaccines 
remains poorly understood, however, it is postulated that a combination 
of vaccine-related factors, in addition to susceptibility of the patients, 
could be involved. Molecular mimicry represents one of the main 

immunopathogenic factors, where similarity between the proteins of the 
viruses used for the vaccination and self-antigens (e.g. myelin) triggers 
an undesired immune-response (García-Grimshaw et al., 2021). 

In ChAdOx1 vaccine (AZD1222); a SARS-CoV-2 structural surface 
vector glycoprotein antigen (spike protein; nCoV-19) gene is included in 
a replication-deficient chimpanzee adenovirus, which could be a 
possible trigger of demyelination (CDC, 2021; Knoll and Wonodi, 2021). 

Another important factor is the pathogenic role of immunologic 
adjuvants (substances that are used to enhance the antigen-specific 
immune responses), which can mimic evolutionarily conserved mole-
cules activating both the innate and adaptive immune systems (Vera- 
Lastra et al., 2013). The mRNA vaccine exhibits a property of self- 
adjuvantation, where the mRNA acts as both antigen and adjuvant. A 
theoretical risk of inducing an autoimmune reaction could be related to 
activation of toll-like receptors TLR7 and TLR8, resulting in type I 
interferon production, and eliciting robust T and B cell responses, thus 
activating bystander autoreactive lymphocytes (Velikova and Georgiev, 
2021). This bystander activation, along with macrophages secreting 
cytokines, can results in local inflammation and the recruitment of 
additional T-helper cells (Aharon-Maor and Shoenfeld, 2000). 

Other etiologies include vaccine-related factors such as the type, 
dose and the route of administration (Velikova and Georgiev, 2021), in 
addition to a possible immunological and genetic susceptibility of the 
patients. 

Finally, in a recent review (Ismail and Salama, 2021), 102 cases of 
CNS demyelination were reported in association with COVID-19 infec-
tion, from January 1, 2020, until June 15, 2021, while only 32 cases in 
association with COVID-19 vaccine were reported in a 10-month period. 
This is in line with robust evidence in literature, which documents a 
substantially higher risk of demyelination following infections, 
compared to the different types of vaccines (García-Grimshaw et al., 
2021; De Martino et al., 2013). Although non-negligible, COVID-19 
vaccine-associated CNS demyelination is still relatively low, and the 
benefits of vaccinations surpass the potential risks of CNS inflammation. 

4.1. Limitations 

This systematic review has some limitations. Since all available 
literature were reported as single case reports and one case series so far, 
there could be some sort of reporting and/or publication bias. In addi-
tion, we presented the reports as a set of cases for practical reasons, 
however, one should be wary of interpreting the data as coming from a 
uniform cohort, and inferring direct causality from the anecdotal data 
provided. Moreover, the small number of reported cases, the heteroge-
neity of clinical data, or the incomplete work-up in some cases, hindered 
the ability to perform a meta-analysis. Despite these shortcomings, the 
current review represents the first preliminary data on the association of 
COVID-19 vaccination and CNS demyelination, which can help future 
research. 

5. Conclusion 

In this review, CNS demyelination occurred following all types of 
approved COVID-19 vaccines. Clinical presentation was heterogenous, 
including TM, MS, ADEM and NMOSD. Symptoms occurred within 1–2 
weeks, mainly following the first dose of vaccine. Interestingly, more 
than half of the reported cases had history of immune-mediated diseases. 
A favorable outcome was observed in the majority of cases after treat-
ment. Currently, the world is facing the largest mass vaccination 
campaign in history, and cases of demyelination will inevitably occur, 
either directly following vaccination, or by chance. However, the inci-
dence appears to be low, in comparison to demyelination following 
COVID-19 infection. Although association does not always imply 
causation, long-term post-marketing surveillance for cases of demye-
lination is warranted, to assess for causality, and ensure the safety of 
COVID-19 vaccines. 
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