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Abstract
The availability of vaccines against the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), provides hope 
towards mitigation of the coronavirus disease 2019 (COVID-19) pandemic. Vaccine safety and efficacy has not been estab-
lished in individuals with chronic autoimmune diseases such as multiple sclerosis (MS). Anecdotal reports suggest that the 
vaccines may be associated with brain, spinal cord, peripheral nervous system, and cardiac inflammation. Based on the high 
morbidity and unpredictable course of COVID-19, and the need to achieve herd immunity, vaccination has been recom-
mended for patients with MS. We report clinical and MRI features of seven individuals who received the Moderna (n = 3) or 
Pfizer (n = 4) SARS-CoV-2 mRNA vaccines. Within one to 21 days of either the first (n = 2) or second (n = 5) vaccine dose, 
these patients developed neurologic symptoms and MRI findings consistent with active CNS demyelination of the optic nerve, 
brain, and/or spinal cord. Symptoms included visual loss, dysmetria, gait instability, paresthesias, sphincter disturbance, and 
limb weakness. Age ranged from 24 to 64 (mean 39.1) years; five were woman (71.4%). The final diagnosis was exacerbation 
of known stable MS (n = 4, two were receiving disease-modifying therapy at the time of vaccination), new onset MS (n = 2), 
or new onset neuromyelitis optica (n = 1). All responded to corticosteroid (n = 7) or plasma exchange (n = 1) therapy, with 
five returning to baseline and two approaching baseline. Large prospective studies are required to further investigate any 
possible relationship between COVID-19 vaccines and acute CNS demyelination.

Keywords  COVID-19 · SAR-CoV-2 · Vaccination · Multiple sclerosis · Neuromyelitis optica · Demyelination · 
Inflammation

Introduction

In late 2019, an outbreak due to a severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) led to the coro-
navirus disease 2019 (COVID-19) global pandemic and 
claimed many lives, especially in patients with comorbidities 
[1]. Early reports suggested that individuals with multiple 

sclerosis (MS) had an increased risk for a worse outcome 
after contracting COVID-19, based on certain disease char-
acteristics and treatments [2–4] while other studies disputed 
these claims [5–7]. A recent study suggested no significant 
effects on MS relapse rates after COVID-19 infection [8]. 
Nonetheless, it is well recognized that in people without 
previous neurologic diseases, COVID-19 infection can cause 
a wide range of neurological complications affecting both 
the central and peripheral nervous system [9–17], including 
cases of new onset demyelinating disease or MS following 
COVID-19 infection [18–20].

In late 2020, the first vaccines for preventing SARS-
CoV-2 infection became available with their mechanisms 
of action based on introducing the inactivated spike pro-
tein viral antigen to the host [21, 22]. While the COVID-19 
vaccines have been shown to be remarkably safe and effec-
tive [23], there are rare reports of presumed post-vaccina-
tion neurologic conditions such as Bell’s palsy [24–26], 
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Guillain–Barre syndrome (GBS) [22, 27, 28], transverse 
myelitis [15, 29–32], and the first manifestation of MS [33], 
or MS relapse [34, 35]. Cases of cardiac inflammation have 
also been reported after COVID-19 vaccination [36–42]. 
The pivotal clinical trials conducted on the safety and effi-
cacy of the four major COVID-19 vaccines [Pfizer-BioN-
Tech (BNT162b2), Moderna (mRNA-1273), Johnson & 
Johnson/Janssen (JNJ-78436735) and Oxford-AstraZeneca 
(ChAdOx1-S/nCoV-19, AZD1222)] excluded patients with 
major immunologic or infectious co-morbidities, including 
MS [30, 43–45]. Therefore, it is largely unknown to what 
extend COVID-19 vaccines are safe and effective in the MS 
population.

Vaccination has been generally recommended for 
patients with MS, based on the high morbidity associated 
with COVID-19, the unpredictable course of the disease, 
and the need for widespread immunization to achieve herd 
immunity, [46–52]. However, considering the paucity of 
safety data, some COVID vaccine hesitancy persists among 
patients with MS [53–55]. A recent report on COVID-19 
vaccine safety in 555 MS patients suggested no increase in 
post-vaccination relapse rate [56].

Here we report the clinical and MRI features of seven 
individuals who received SARS-CoV-2 mRNA vaccines 
and, within a few weeks of either the first or second dose, 
developed new neurologic symptoms and MRI findings 
consistent with active CNS demyelination. This was either 
new onset demyelinating disease (MS, n = 2 or neuromyelitis 
optica-NMO, n = 1) or exacerbation of known MS (n = 4). 
All patients responded to corticosteroids (n = 7) or other 
(n = 1) immunotherapy, with five returning to baseline and 
two with partial recovery.

Case reports

The cases are summarized in Table 1. None of these indi-
viduals had any history of COVID-19 infection. Cerebro-
spinal fluid (CSF) analysis, performed in Cases 2, 4, and 
5, is shown in Table 2. A narrative of each case is provided 
below. In the Albany, NY and Boston, MA areas, COVID-19 
vaccination was made available to the public on December 
14 and 15, 2020, respectively.

Case 1

A 35-year-old Caucasian woman was initially diagnosed 
with clinically isolated demyelinating syndrome (CIS) 
11 years ago after she developed a left optic neuritis and 
brain MRI lesions. She was placed on weekly intramuscu-
lar interferon beta-1a. Despite starting disease-modifying 
therapy, she developed new brain lesions 10 months later, 
and she was diagnosed as converted to relapsing–remitting 

multiple sclerosis (RRMS). She preferred to remain on the 
same therapy. She was stable for 3 years and then devel-
oped a symptomatic partial myelitis associated with an 
acute enhancing MRI lesion in the cervical spinal cord. 
Her symptoms resolved after 3 days of high dose (1000 mg 
daily) intravenous methylprednisolone (IVMP). Her disease-
modifying therapy was switched to natalizumab which led to 
a long period of disease stability at an Expanded Disability 
Status Scale (EDSS) score [57] of 1.0 with no evidence of 
clinical or MRI disease activity over the next 7 years. She 
received the first dose of the Moderna COVID-19 vaccine 
on January 5, 2021, and the second dose 28 days later. The 
second dose led to mild systemic side effects lasting only for 
1 day. Twenty-one days after the second dose, she developed 
new neurologic symptoms; neurologic examination showed 
ataxia/dysmetria in the right upper extremity, and mild gait 
ataxia, with an EDSS score of 2.5. She received 2 days of 
1000 mg IVMP per day based on the assumption that this 
was an MS relapse. MRI showed a new T2 hyperintense 
lesion in the right cerebellum that enhanced with gadolinium 
(Fig. 1). There were no other MRI changes compared to pre-
pandemic imaging (Fig. 1). Serum JC virus and natalizumab 
neutralizing antibodies were negative. She then received 3 
more days of high dose IVMP with rapid improvement of 
neurologic symptoms. Follow up MRI, 30 days after symp-
tom onset, showed nearly complete resolution of the cer-
ebellar lesion gadolinium enhancement (Fig. 1). During this 
entire episode she remained on monthly natalizumab and 
was able to work full time, having missed only 1 day of work 
during this period. Follow-up examination, 62 days after 
symptom onset, showed return of EDSS score back to the 
1.0 baseline. She reported that all new neurologic symptoms 
had fully resolved.

Case 2

A 26-year-old white Hispanic woman presented with 2 
days of new visual symptoms involving the right eye. Her 
symptoms began with mild blurring, which progressed over 
the next few days to worsening blurriness and pain with 
eye movement OD. Fourteen days prior to symptom onset, 
she had finished a full COVID-19 vaccination course. She 
received the first dose of the Moderna COVID-19 vaccine 
on December 27, 2020, and the second dose 29 days later 
without any significant immediate side effects after vacci-
nation. She had a negative COVID-19 nasal PCR test on 
Jan 26, 2021, 1 day after the second vaccine dose. She had 
no significant past medical history. On examination, she 
had a relative afferent pupillary defect (RAPD), decreased 
visual acuity (20/50) and color desaturation OD. Visual field 
assessment showed a monocular central/inferior monocu-
lar deficit. MRI (Fig. 2) showed multiple T2 hyperintense 
periventricular, subcortical, posterior fossa, and spinal cord 
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lesions with morphology suggesting MS. After gadolinium 
administration, two of the lesions enhanced (one each in the 
brain and spinal cord). Other inflammatory and infectious 
blood studies including antinuclear antibody, anti-neutrophil 
cytoplasmic antibody, and Lyme titer were unremarkable. 
Lumbar puncture performed 4 days after symptom onset 
(Table 2), showed an elevated IgG index (CSF/serum) at 
1.27 (normal ≤ 0.85) and an elevated cell count. The CSF 
was otherwise normal on protein and glucose, without oli-
goclonal bands. She received 5 days of 1000 mg IVMP, 3 
days after symptom onset, leading to gradual improvement 
of her symptoms. At follow-up visit, 14 days after symptom 
onset, she had returned to baseline and neurologic examina-
tion was normal. Given her clinical presentation and MRI 
findings, she was diagnosed with RRMS and started MS 
disease-modifying therapy. She showed a positive serum 
SARS-CoV-2 spike antibody, suggesting humoral immunity 
to the SARS-CoV-2 virus, when checked 8 months after 
completing COVID-19 vaccination (608.70 U/mL–nega-
tive < 0.80 U/mL).

Case 3

A 24-year-old Vietnamese woman presented with new onset 
left eye vision changes. She had a history of RRMS with 
symptom onset 9 years previously with sensory symptoms/
paresthesias in the right face and upper extremity, followed 
by diplopia 5 years later. This second event led to an RRMS 
diagnosis. One year later, disease-modifying therapy with 
fingolimod was started. She had a stable disease course with 
no disability (EDSS 0), except for an episode of numbness 
in her left lower extremity with no new MRI lesions after 
2 years of fingolimod treatment. This resolved after 3 days 
of IVMP. In the fourth year of fingolimod treatment, she 
had routine MRI that showed stable MS findings (Fig. 3). 
Sixty days later, she had received two doses of the Pfizer 
COVID-19 vaccine, the first dose on April 10, 2021, and the 
second dose 21 days later, without any systemic side effects. 
One day after the second dose, she developed new visual 
symptoms in the right eye with blurred vision and pain on 
eye movement. When examined 5 days after symptom onset, 
monocular decreased visual acuity (20/30), RAPD, and red 
desaturation were noted OD. There were no other neurologic 
symptoms or abnormalities on examination. MRI of the 
brain and orbit showed several new enhancing brain lesions 
without any optic MRI abnormalities (Fig. 3). She had a 
negative COVID-19 nasal PCR test on May 8, 2021, 7 days 
after completing vaccination. She was treated with 3 days 
of 1000 mg IVMP and her visual acuity improved to 20/25 
OD. At follow-up, 11 days after discharge, she returned to 
baseline with a visual acuity of 20/20 bilaterally (EDSS 0). 
She showed a positive serum SARS-CoV- 2 spike antibody 
on May 20, 2021, (940.20 U/mL-negative < 0.80 U/mL) 

suggesting an adequate humoral immunity to the virus after 
vaccination.

Case 4

A 64-year-old Caucasian man with no history of neurologic 
diseases, received the first dose of the Pfizer COVID-19 vac-
cine on April 2, 2021 without any immediate side effects 
post vaccination. Eighteen days after the first vaccine dose, 
he developed pain and paresthesia in his upper abdomen. 
Over the next 4 days, he developed right lower extremity 
numbness and weakness. His symptoms progressed to pain 
and numbness in the bilateral lower extremities, saddle 
anesthesia, sphincter dysfunction, and balance/gait diffi-
culty. He required a cane to walk 200 feet. Brain and spinal 
cord MRI, 9 days after symptom onset, showed a minimally 
expansile central spinal cord edema-like T2 hyperintensity 
extending from the cervical spinal cord to the conus, with 
patchy areas of gadolinium enhancement, consistent with 
longitudinally extensive transverse myelitis (Fig. 4). Brain 
lesions were also demonstrated, suggesting demyelination 
(Fig. 4). Lumbar puncture, performed 9 days after symptom 
onset (Table 2), showed that CSF cells, protein, glucose, and 
IgG index were unremarkable, without oligoclonal bands. 
Neuromyelitis optica (NMO) antibody was strongly posi-
tive [serum titer > 1:100,000 (reference range < 1:5); CSF 
1:128 (reference range < 1:2)]. He had positive SS-A/SS-B 
antibodies and underwent a salivary gland biopsy, which was 
consistent with Sjogren’s disease (focal lymphocytic sialad-
enitis and mild atrophic changes). He had negative COVID-
19 nasal PCR tests on April 27, 2021 and May 1, 2021. The 
patient was treated with 3 days of 1 g IVMP with a partial 
response, followed by five sessions of plasma exchange. He 
showed improvement of his bowel/bladder symptoms and 

Table 2   Cerebrospinal fluid results

CSF was not obtained in Cases 1, 3, 6, and 7
WBC white blood Cells, CSF cerebrospinal fluid, IgG immunoglobu-
lin G, RBC red blood cells

CSF findings Case 2 Case 4 Case 5 Reference range (%/
units)

WBC count 19 1 4 0–5 /uL
Lymphocytes (%) 91 78 50 0–100%
Monocytes (%) 5 19 9 0–100%
Neutrophils (%) 0 2 41 0%
Glucose 94 89 88 50–75 mg/dL
Total protein 19 39 51 5–55 mg/dL
Oligoclonal bands 0 0  > 5 0
CSF/serum IgG 

index
1.27 0.68 5.3  <  = 0.85

RBC 7 None 133 0–5/uL
Serum glucose 131 157 130 70–110 mg/dL
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Fig. 1   Serial 3 T MRI scans in case 1. Axial (a) and sagittal (e) T2 
FLAIR MRI obtained 18  months prior to onset of new neurologic 
symptoms show two typical MS lesions in the corpus callosum, but 
no lesions in the cerebellum. Axial (b) and sagittal (f) T2 FLAIR 
and T1 post-gadolinium axial (c) and sagittal (g) MRI after COVID-
19 vaccination and new neurologic symptom onset showing a new 
1.5 × 1.4 × 1.9  cm T2 hyperintense lesion in the cerebellum with 
open-ring enhancement. Axial T1 post-contrast MRI (d) obtained 

30 days after symptom onset, and after high dose intravenous meth-
ylprednisolone, shows nearly complete resolution of the gadolinium 
enhancement of the lesion. Her other MS lesions remained stable: 
sagittal STIR (h) and axial T2 (i) of the cervical spinal cord show 
a T2 hyperintense demyelinating lesion (white arrow). T2 FLAIR of 
the brain (j–o) show numerous typical MS lesions including one in 
the right cerebellum (white arrow)
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pain, with EDSS score improved to 3.5 from 6.0 when he 
was symptomatic. Residual symptoms included moderate 
sensory symptoms, mild right sided weakness, and bladder 
symptoms. The patient did not receive a second dose of the 
vaccine upon advice from his neurologist. Treatment with 
rituximab was initiated.

Case 5

A 33-year-old Caucasian man with no significant past medi-
cal history received the first dose of the Pfizer COVID-19 
vaccine on December 18, 2020, with limited side effects 
(arm pain). The second dose was administered 20 days later. 
One day after the second vaccine dose, he developed unilat-
eral painless blurring of vision. Examination showed a vis-
ual acuity of 20/50 OS. Brain MRI, 39 days after symptom 
onset, demonstrated multiple T2 hyperintense white matter 

lesions with a single gadolinium-enhancing lesion consistent 
with an active demyelinating process (Fig. 5). CSF studies, 
obtained 40 days after symptom onset (Table 2), showed 
more than five oligoclonal bands with elevated IgG index. 
He had a normal CSF cell count, protein, and glucose. NMO 
serum antibody was negative. He was treated with 3 days of 
1000 mg IVMP followed by an oral prednisone taper. Seven 
days later, left eye visual acuity improved to 20/30 OS with 
poor low contrast visual acuity but no red color desatura-
tion or RAPD. Thirty days later, visual symptoms returned 
to normal (acuity 20/20 OU), and he was started on disease 
modifying therapy.

Case 6

A 44-year-old Caucasian woman had her first MS symp-
toms at age 20 when she developed optic neuritis. She 

Fig. 2   Serial 3 T MRI scans in case 2, obtained 2 days after symp-
tom onset. Spinal cord sagittal STIR (a, d) and axial T2 (b) obtained 
3 days after symptom onset, motion degraded, showing T2 hyperin-
tense focal lesions suggestive of multiple sclerosis at C1-2 (d, blue 
arrow), C3-4 (a/b, white arrows), and T4-5 (a, blue arrow). After 
gadolinium administration, the spinal cord lesion at C4-5 enhanced 
on T1 images (c, white arrow). Brain sagittal (e–h) and axial (i, j) 
T2 FLAIR show multiple periventricular and subcortical lesions sug-

gestive of multiple sclerosis (white arrows), with one of them likely 
active (j, blue arrow) because of enhancement on axial T1 post con-
trast (k, white arrow) compared to isointense appearance on T1 non 
contrast images (l). Consistent with the acuteness of the enhancing 
lesion, note the reduced signal (restricted diffusion) on the apparent 
diffusion coefficient map (m, blue arrow). No clear right optic nerve 
T2 abnormality or enhancement was detected (not shown)
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was diagnosed with RRMS 2 years later but remained off 
disease-modifying therapy despite having active disease 
with several relapses. She started intramuscular interferon 
beta-1a at age 29 but this was poorly tolerated. One year 
later, she had an episode of myelitis and was place on glat-
iramer acetate for a few months and was again unable to 
tolerate injections. Her neurological complaints resolved, 
and she remained off disease-modifying therapy for the 
next 14 years with stable disease clinically (EDSS 0) and 
by MRI. She had a small gadolinium-enhancing lesion in 
the right pericallosal white matter reported on brain MRI 
2 years prior to this presentation but without any new neu-
rological symptoms, followed by stable subsequent imag-
ing. She received the first dose of the Moderna COVID-19 
vaccine on January 24, 2021, followed by a second dose 
30 days later. She had a transient low-grade fever after the 
second dose, but no other systemic symptoms. Six days 
after the second vaccine dose, she developed new neuro-
logical symptoms including numbness that ascended from 
her feet to the middle of her waist without any bowel or 
bladder incontinence. On exam, she had an EDSS score of 
1.5 with mild right deltoid and iliopsoas weakness, brisk 

deep tendon reflexes, and slightly diminished sensation to 
pinprick in the left back. MRI, 1 day after symptom onset, 
showed a new enhancing lesion in the brain (Fig. 6). She 
was treated with 3 days of 1000 mg IVMP and, 30 days 
later, the neurologic exam returned to normal (EDSS 0); 
she was started on disease-modifying therapy.

Case 7

A 48-year-old Caucasian woman was diagnosed with a 
clinically isolated demyelinating syndrome (CIS) in the 
setting of sensory complaints 8 years previously. Her MS 
disease-modifying therapy history included a 9-month 
course of dimethyl fumarate which was poorly tolerated, 
followed by 6 years of glatiramer acetate. At her last neu-
rologic visit (May 2019), she had clinical and MRI stabil-
ity. Her baseline MS symptoms included sensory symp-
toms, occasional Lhermitte's symptoms, and decreased 
visual acuity OD (20/25); her EDSS score was stable at 
1.0 for many years. When the pandemic started in early 
2020, she decided to discontinue disease-modifying ther-
apy. She received the first dose of the Pfizer COVID-19 

Fig. 3   Serial 3 T MRI scans in case 3. Baseline scan: sagittal STIR 
(a) and axial T2 (b) of the cervical spinal cord and axial (c–e, k, n) 
and sagittal (f) T2 FLAIR MRI of the brain obtained 70 days prior 
to onset of new neurologic symptoms, showing multiple T2 hyperin-
tense demyelinating lesions in the brain and one lesion in the spinal 
cord (blue arrows). Post-vaccination scan: axial (g–i, l, o) and sagit-
tal (j) T2 FLAIR of the brain 6 days after new neurologic symptom 

onset and 7 days after COVID-19 vaccination, showing multiple new 
T2 hyperintense lesions (white arrows: new lesions, blue arrows: old 
lesions). T1 post-gadolinium axial images (m, p) show enhancement 
(white arrows) of two of the new FLAIR lesions. Spinal cord imag-
ing was not obtained post vaccination due to the isolated visual symp-
toms
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Fig. 4   3 T MRI scans in case 
4. Cervical and thoracic spinal 
axial T2 (a) and sagittal STIR 
(b, d), obtained 8 and 9 days 
after neurologic symptom onset, 
show longitudinally extensive 
high signal abnormalities with 
cord swelling in the thoracic 
spinal cord (white arrows). 
Gadolinium-enhanced sagittal 
(c) and axial T1 (e–g) images 
show patchy posterior lesion 
enhancement at T1/2-T5 and 
T9-T10/11 (blue arrows). Brain 
axial (h, i) and sagittal (j, k) 
T2 FLAIR obtained 9 days 
after onset of new symptoms, 
showing multiple T2 white mat-
ter signal abnormalities in the 
corpus callosum with extension 
into the left frontal and parietal 
white matter, suggestive of 
demyelination. Brain imaging 
with gadolinium showed the 
lesions to be non-enhancing 
(not shown)
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Fig. 5   3  T MRI in case 5. Brain: axial (a–c) T2 FLAIR obtained 
39 days after new neurologic symptom onset, showing periventricu-
lar and juxtacortical T2 lesions typical of multiple sclerosis; note one 
of the lesions ring-enhances with gadolinium (d, white arrow). Spinal 

cord: thoracic sagittal STIR (e) shows a T2 hyperintense spinal cord 
lesion suggestive of multiple sclerosis (white arrow). No cervical 
spinal cord enhancing lesions or new cervical spinal cord T2 lesions 
were seen (not shown)

Fig. 6   3 T MRI scans in case 6. Axial (a) and sagittal (c) T2 FLAIR 
of the brain obtained 1 day after new neurologic symptom onset 
showing stable burden of periventricular and juxtacortical T2 lesions 
when compared to previous imaging 2 years prior to symptom onset 

(not shown). There is a new 3-mm gadolinium enhancing lesion in 
the centrum semiovale, adjacent to the falx in the left cerebral hemi-
sphere (b, white arrow). No new spinal cord lesions were noted by 
MRI during this episode (not shown)
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vaccine on March 5, 2021, which was initially well toler-
ated. Fifteen days after the first vaccine dose, she devel-
oped a painful sensation behind her right eye, worsening 
with eye movement. She also noted increased Lhermitte’s 
phenomenon and new balance difficulty with occasional 
tripping. Brain MRI showed three new T2 hyperintense 
white matter lesions compared to prior imaging 2 years 
earlier (Fig. 7). Gadolinium was not administered with 
the new scan. All post-vaccination neurologic symptoms 
showed improvement after 3 days of high dose oral cor-
ticosteroids (1000 mg methylprednisolone daily) but she 
continued to have persistent mild symptoms. She received 
the second dose of the vaccine, 30 days after the first dose, 
without any new symptoms. At follow-up, 90 days after 
the initial event, EDSS score was 1.5, and the patient 
reported improvement but felt worse than her pre-vacci-
nation baseline.

Discussion

We report seven cases of acute demyelinating disease of 
the CNS (optic nerve, brain, and/or spinal cord) following 
either the first (n = 2) or second (n = 5) dose of an mRNA 
COVID-19 vaccination (Moderna n = 3; Pfizer n = 4). All 
patients experienced new neurologic symptoms, occurring 
1–21 (mean 13.7) days after vaccination, attributable to 
involvement of the optic nerve, brain, and/or spinal cord, 
including visual loss, dysmetria, gait instability, pares-
thesias, sphincter disturbance, and limb weakness. The 
individuals ranged in age from 24–64 (mean 39.1) years. 
Five were woman (71.4%). Four persons had previously 
diagnosed demyelinating disease, either RRMS (n = 3) or 
CIS (n = 1). Two of these four individuals were receiv-
ing disease-modifying therapy at the time of COVID-19 
vaccination. The patients were stable in the years preced-
ing COVID-19 vaccination. They all had no evidence of 
disease activity by clinical or MRI measures for at least 
2 years. They were also free from MS clinical relapses 
for the previous 2.2 to 14 (mean 7.5) years. The other 
three patients in our case series had no previous history 
of demyelinating disease. The patients had low neurologic 
disability before vaccination with a normal neurologic 
examination (n = 5) or minimal abnormalities (EDSS = 1, 

n = 2). In the setting of new neurologic symptoms after 
vaccination, MRI with gadolinium was obtained in 6 
patients, and showed enhancing lesions involving the 
brain and/or spinal cord. One patient (case 7) who did not 
receive gadolinium, had new T2 hyperintense lesions in 
the brain compared to MRI obtained 2 years before the 
vaccine. The new MRI lesions cannot be definitely linked 
to vaccination, as they could have appeared any time since 
the last scan. All patients returned to baseline (n = 5) or 
close to baseline (n = 2) after high dose IV steroids (n = 6) 
or IV steroids followed by plasma exchange (n = 1). The 
final diagnosis in these individuals was exacerbation of 
known MS (n = 4), new onset RRMS (n = 2), or new onset 
NMO (n = 1). 

Our case series adds to other recently published reports 
of the first manifestation of MS after the Pfizer COVID-
19 vaccine [33], MS relapse 3 days after the Sputnik 
V COVID-19 vaccine [34], MS relapse after the Pfizer 
COVID-19 vaccine [35], and four cases of acute myelitis 
after the AstraZeneca COVID-19 vaccine [29, 30, 32].

Vaccines are key to preventing a range of infectious dis-
eases; failing to get vaccinated increases the risk of viral 
infections which may, in turn, lead to worsening of MS 
[4, 58, 59]. Rare cases of vaccination-associated demy-
elination of the peripheral nervous system (PNS) or CNS 
have been reported; including Bell’s palsy, GBS, myeli-
tis, and MS after vaccinations for influenza, hepatitis B, 
rabies, typhoid fever, smallpox, tetanus, polio, tuberculo-
sis [60–63] and, most recently COVID-19 [24–35]. These 
anecdotal reports raised concerns regarding the safety of 
vaccination in patients with MS [50–52, 64–69]. A small 
study of yellow fever vaccination and MS found increased 
MS relapses after vaccination with the live attenuated vac-
cine [70]. However, several large studies including double-
blind placebo-controlled studies on influenza vaccines as 
well as retrospective evaluations of numerous vaccines 
have failed to establish any causality between live or inac-
tivated vaccination and an increased risk of new onset MS 
or exacerbation of known MS [46–52, 64–69, 71–76].

Infection by the SARS-CoV-2 virus may lead to an 
overactive immune system response, triggering both adap-
tive and innate immune activation, particularly in suscep-
tible individuals [4, 77]. It is not clear whether COVID-19 
vaccines may also induce an overactive immune response 
in a subset of recipients. While autoimmune sequelae have 
been anecdotally reported after COVID-19 vaccination, 
including thrombotic thrombocytopenia [78], myelitis 
[29–32], new onset MS [33], MS relapse [34, 35], and per-
icarditis/myocarditis [36–42], there is no clear consensus 
that COVID-19 vaccines increase these risks beyond the 
expected (normal) background rate of these occurrences. 
The rarity of diseases such as GBS after COVID-19 vac-
cination, argues against a causal relationship between the 

Fig. 7   Serial 3 T MRI brain scans in case 7. Baseline (2 years prior 
to COVID-19 vaccination): T2 FLAIR of the brain (a–c) show three 
typical MS lesions (white arrows). Sagittal T2 FLAIR brain scans (d, 
f, h), also obtained at baseline, without any lesions. Post-vaccination: 
sagittal T2 FLAIR (e, g, i) obtained at the time of new neurologic 
symptoms following COVID-19 vaccination. Note three new lesions 
with typical multiple sclerosis morphology (white arrows). Also note 
that one of the lesions seen on image g (blue arrow), is an extension 
of the same lesion seen on image e 

◂
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two [22, 27]. More recent studies have shown an increased 
risk of GBS in the 6 weeks after receiving the Johnson & 
Johnson COVID-19 vaccine, while no increased risk for 
GBS has been observed with the mRNA-based vaccines 
[79, 80]. This has led to a change in the prescribing infor-
mation for the Johnson & Johnson vaccine by the U.S. 
Food and Drug Administration, which was preceded by a 
similar warning from European regulators for the Astra-
Zeneca COVID-19 vaccine [79].

Our observations suggest that, in some individuals, 
COVID-19 vaccination may carry a short-term risk of CNS 
demyelination. This is in contrast with a recent study per-
formed in Israel on 555 individuals with MS who received 
the Pfizer COVID-19 vaccine [56]. The authors reported a 
similar relapse rate after vaccination compared to the 3-year 
relapse rate prior to vaccination. This study may have been 
limited by the sample size, lack of a comparison group of 
unvaccinated MS patients from the pandemic time period, 
the ascertainment of relapses by telemedicine, and the 
absence of MRI scans. In our study, as well as in the only 
available case reports of MS activity after COVID-19 vac-
cination [33–35], MRI has been an integral tool to define the 
presence of new/active inflammatory demyelination, with 
gadolinium administered to all patients except one.

Our report is anecdotal and does not prove a cause-and-
effect relationship between SARS-CoV-2 mRNA vaccines 
and active CNS demyelinating disease. We do not know the 
number of people with MS who were vaccinated against 
COVID-19 in the communities from which these cases were 
derived (Boston, MA and Albany, NY). We do not present 
any calculation of the rate of side effects in proportion to the 
total people with MS who were vaccinated, as these data are 
not readily available. A claim of causality has an inherent 
ascertainment bias, as we are only reporting adverse cases 
that came to our attention.

In conclusion, we present a case series of seven individu-
als with CNS demyelination following COVID-19 vaccina-
tion. Symptoms were transitory and responsive to corticos-
teroid therapy alone (n = 6) or corticosteroids followed by 
plasma exchange therapy (n = 1). Given the large number of 
patients with MS who have received COVID-19 vaccination, 
it is notable that there are only a few reports of individuals 
experiencing new CNS inflammatory disease activity after 
vaccination. Large prospective controlled studies/formal 
registries are required to establish a possible relationship 
between COVID-19 vaccines and acute CNS demyelina-
tion. At the present time, it would seem that the benefits of 
COVID-19 vaccination outweigh any potential risks to the 
MS population.
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