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Abstract

Introduction Vaccination against the coronavirus disease 2019 (COVID-19) is recommended for patients with multiple
sclerosis (MS), neuromyelitis optica spectrum disorder (NMOSD), and myelin oligodendrocyte glycoprotein antibody-
associated disease (MOGAD). However, vaccine safety in these patients taking immunotherapeutic agents is unclear as they
were not included in the vaccine trials.

Objectives To evaluate the safety of COVID-19 vaccines in patients with MS, NMOSD, and MOGAD.

Methods We reviewed the medical records of MS, NMOSD, and MOGAD patients at the Keimyung University Dongsan
Hospital. Information regarding vaccination schedules and adverse events was collected.

Results A total of 56 patients (19, 22, and 15 patients with MS, NMOSD, and MOGAD, respectively) with a median age
of 48.18 £ 15.72 years (range, 16-81 years) were included. Of them, 42 (75.0%) were female. In total, 76.8% (43/56) of
all patients were vaccinated, and the vaccination rate was the highest for NMOSD patients (81.8%) and the lowest for MS
patients (68.4%). All vaccinated patients were administered mRNA vaccines at least once in single or multiple vaccination
doses. Only 3 of 43 (7.0%) vaccinated patients experienced clinical relapse following vaccination. Facial sensory changes
with a brainstem lesion developed in an MS patient taking dimethyl fumarate, while myelitis occurred in a MOGAD patient
receiving azathioprine maintenance therapy. The first episode of optic neuritis occurred in a patient who was later diagnosed
with MOGAD.

Conclusions Our study demonstrated a favorable safety profile with no serious adverse events associated with COVID-19
vaccines in patients with MS, NMOSD, and MOGAD.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is a
global challenge that has placed a significant burden not only
on public health care, but also on the society and economy.
As a protective measure, mass vaccination and herd immu-
nity have been emphasized by the World Health Organiza-
tion (WHO) [1]. Vaccines against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have been proven
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safe and effective in the general population [2—-6]. In South
Korea, five types of vaccines have been approved by the
government: BNT162b2, Pfizer-BioNTech; mRNA-1273,
Moderna; Ad26.COV2.S, Janssen; ChAdOx1, AstraZen-
eca; and NVX-CoV2373, Novavax; among these, ChAdOx1,
BNT162b2, and mRNA-1273 are the most administered.

Patients with central nervous system (CNS) demyelinating
diseases such as multiple sclerosis (MS), neuromyelitis optica
spectrum disorders (NMOSD), and myelin oligodendrocyte
glycoprotein antibody—associated disease (MOGAD) can
experience disease exacerbation or clinical relapse follow-
ing SARS-CoV-2 infection [7, 8]. In addition, it is expected
that patients with underlying neurological disabilities might
be prone to severe COVID-19 infection [9—12]. Therefore,
they are considered high-risk groups and are prioritized in
vaccination according to the Centers for Disease Control and
Prevention (CDC) recommendations [13].
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Vaccination against COVID-19 is an important strategy to
overcome the pandemic. However, because patients with CNS
demyelinating disease were not included in previous vaccine
trials, vaccine safety is not yet fully established. In addition,
vaccination is a complex issue in this population considering
that these patients are frequently subjected to immunomodula-
tory or immunosuppressive treatments. A number of recent
studies of patients with MS have shown that COVID-19 vac-
cination does not increase the risk of clinical relapse and seri-
ous adverse events, suggesting favorable safety of COVID-19
vaccine in MS patients [14—16]. The issue of immunogenicity
of COVID-19 vaccines in relation to MS medications has also
been evaluated in some studies [17, 18]. They reported that
some disease-modifying therapies for MS, such as fingoli-
mod and ocrelizumab, can reduce the humoral response to
COVID-19 vaccine, which may negatively affect vaccine effi-
cacy. Patients with NMOSD and MOGAD showed a tolerable
safety profile for the COVID-19 vaccine in two recent studies
[19, 20]. However, compared to MS patients, studies on these
patients are still insufficient to draw any substantive conclu-
sions regarding the safety of COVID-19 vaccines. Therefore,
this study aimed to evaluate the current vaccination status
and safety profile of COVID-19 vaccines in MS, NMOSD,
and MOGAD patients by examining post-vaccination adverse
events and related clinical relapses.

Materials and methods
Study design and participants

This retrospective study evaluated data of patients from the
CNS demyelinating disease registry of Keimyung University
Dongsan Hospital. The study included patients diagnosed
with MS based on the 2017 revised McDonald criteria [21],
patients diagnosed with NMOSD based on the 2015 Interna-
tional Panel for NMO Diagnosis NMOSD diagnostic crite-
ria [22], and patients diagnosed with MOGAD based on the
2018 proposed diagnostic criteria for MOGAD by Lépez-
Chiriboga et al. [23]. Those who did not visit the hospital
after January 2021, the beginning period of COVID-19 mass
vaccination in South Korea, and those without sufficient vac-
cination data were excluded. Finally, 56 patients (19 (33.9%),
22 (39.3%), and 15 (26.8%) patients with MS, NMOSD, and
MOGAD, respectively) were enrolled in the study.

Data collection

Data were collected from the patients’ medical records and
included age, sex, medical history, prescribed medications,
and neurological status measured using the Expanded Dis-
ability Status Scale (EDSS). Data on COVID-19 infection
and vaccination were also collected. The vaccination status
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with detailed schedules, types of vaccines administered,
occurrence of adverse events including relapse, and/or
COVID-19 infection following vaccination were investigated
in individual patients. Vaccine-related adverse events were
categorized as short-term local and systemic reactions and
clinical relapse. Local (e.g., injection site pain, swelling, or
redness) and systemic (e.g., febrile sensation, myalgia, head-
ache, or dizziness) reactions were collected that occurred
within 7 days after each dose vaccination [2—4]. Clinical
relapses were considered vaccine-related if they occurred
within 42 days of each dose vaccination [24-26].

Statistical analysis

Descriptive analyses of the variables were performed. The
patients were stratified by diagnosis into MS, NMOSD, and
MOGAD groups. Statistics were calculated for the clinical
characteristics and COVID-19 vaccination data. Age and
EDSS scores were described as means with standard devia-
tions. Analysis of variance was performed to compare the
means of the three groups. Disease duration was shown as
the median with interquartile range. The Kruskal-Wallis test
was used for non-parametric analysis to determine the dif-
ferences among the three subgroups. All statistical analyses
were performed using SPSS Statistics IBM Corp. Released
2019. IBM SPSS Statistics for Windows, Version 26.0.) and
Microsoft Excel (Microsoft Corp. Released 2016. Microsoft
Excel). Statistical significance was set at p <0.05.

Results
Patient demographics and disease parameters

The mean patient age was 48.18 +15.72 years. The clinical
demographics and disease parameters are shown in Table 1.
NMOSD patients were older than MS and MOGAD patients
(55.64+16.29 years vs 40.16 + 13.64 and 47.40 + 12.56 years,
p=0.005). The majority of NMOSD patients (90.9%) were
women. Other groups also showed female predominance,
but not as definite as that in NMOSD. In total, 19 (86.4%) of
NMOSD patients were seropositive for aquaporin-4 antibody,
whereas all MOGAD patients were positive for MOG antibody.
The median disease duration of CNS demyelinating disease
from the first onset of neurologic symptoms was 33.0 (range,
14.0-88.3) months for the entire patient. The disease dura-
tion was longer in NMOSD patients than in MS and MOGAD
patients (82.0 (range, 38.5-141.3) months vs 29.0 (range,
9.0-86.0) months and 17.0 (7.0-30.0) months, p=0.002).
Similarly, the EDSS score was also higher in NMOSD patients
than in MS and MOGAD patients (3.21+2.59 vs 1.66+1.60
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Table 1 Clinicodemographic patient characteristics
Total (n=56) MS (n=19) NMOSD (n=22) MOGAD (n=15) P
Age 48.18+15.72 40.16 +13.64 55.64+16.29 47.40+12.56 0.005*
Sex
Male 14 (25.0) 7 (36.8) 2(9.1) 5(33.3)
Female 42 (75.0) 12 (63.2) 20 (90.9) 10 (66.7)
Antibody status’
Positive N/A 19 (86.4) 15 (100)
Negative N/A 3(13.6) 0(0)
Disease duration (months) 33.0 (14.0-88.3) 29.0 (9.0-86.0) 82.0 (38.5-141.3) 17.0 (7.0-30.0) 0.002*
EDSS 2.26+2.26 1.66+1.60 3.21+2.59 1.63+£2.11 0.039%*
DMT
No 1
Interferon beta-1b 10
Glatiramer acetate 1
Teriflunomide 4
Dimethyl fumarate 2
Cladribine 1
Immunosuppressant
No 0 2
Prednisolone 11 9
Azathioprine 10 8
Mycophenolate 0
Rituximab 0

Values in bold indicate statistically significant results
Results are shown as mean + SD, n (%) or median (Q1-Q4)

T Antibody status: anti-aquaporin-4 antibody for NMOSD and myelin oligodendrocyte glycoprotein antibody for MOGAD

“p<0.05

Abbreviations: MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; MOGAD, myelin oligodendrocyte glycoprotein anti-
body-associated disorder; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; N/A, not applicable

and 1.63+2.11, p=0.039). All MS patients, except one patient,
were on disease-modifying therapy. Only two MOGAD patients
were not on immunosuppressive drugs, and all NMOSD
patients were on immunosuppressive therapy.

Vaccination rate, immunization information,
and reason for suspending vaccination

Detailed vaccination information and reasons for suspending
vaccination are presented in Table 2. In total, 43 patients were
vaccinated at least once, yielding an overall vaccination rate of
76.8%. Among them, 39 and 27 patients received the second
and third booster doses, respectively. In all groups, the mRNA
vaccine BNT162b2 was the most frequently used type of vac-
cine, followed by the mRNA-1283 and ChAdOx]1. All patients
received mRNA vaccines at least once in single or multiple
vaccination doses. NMOSD patients showed the highest vac-
cination rate at 81.8%, and most of them received additional
doses. Of the 22 NMOSD patients, 16 and 14 patients received
a second and third dose of booster injection, respectively. MS

patients showed the lowest vaccination rate at 68.4%, indicat-
ing reluctance in these patients. There were 13 patients who
were vaccinated, but less than half of them (6 patients) chose
to receive the 3rd (booster) dose. Meanwhile, the vaccination
rate in MOGAD patients was 80.0%, comparable to that in
NMOSD patients. With respect to the reasons for suspending
vaccination, the most common was the hypothetical worry of
relapse, even without experiencing adverse symptoms. Six
patients were prevented from vaccination due to active neuro-
logic disease with preceding recent relapses. The other three
patients reported suspending booster injection because of the
fear of relapse as they experienced some form of a neurologic
symptom as a side effect of their prior vaccination.

Vaccine-related adverse events and breakthrough
infections

The patients reported several side effects following

vaccination. One-third (16/43, 37.2%) of the patients who
were vaccinated experienced minor symptoms following
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Table 2 Vaccination status

. Total (n=56) MS (n=19) NMOSD (n=22) MOGAD (n=15)
and reasons for suspending
vaccination COVID-19 vaccination
No 13 (23.2) 6 (31.6) 4(18.2) 3(20.0)
Yes
1st dose 43 (76.8) 13 (68.4) 18 (81.8) 12 (80.0)
2nd dose 39 (69.6) 11 (57.9) 16 (72.7) 12 (80.0)
3rd dose 27 (48.2) 6 (31.6) 14 (63.6) 7 (46.7)
Vaccine type'
BNT162b2 26 8 11 7
mRNA-1273 18 6 7 5
ChAdOx1 7 1 5 1
Ad26.COV2.S 1 0 0 1
Vaccination rate (%) 76.79 68.42 81.82 80.00
Reasons for suspending vaccination
COVID infection 2 1 1 0
Vaccine S/E (non-neurologic sx) 1 1 0 0
Vaccine S/E (neurologic sx) 3 2 0 1
Recent relapse (active ds) 6 3 1 2
Worry of relapse (without expe- 9 3 4 2
riencing vaccine S/E)
Others 4 1 1 2

"Vaccine type: total number of vaccines used in the patients, regardless of dosing sequences

Abbreviations: ds, disease; S/E, side effects; sx, symptoms

administration (e.g., febrile sensation, myalgia, dizziness,
or injection site pain) that resolved spontaneously after a
few days. Although small in number, 3/43 patients (7%)
had neurologic symptoms such as a tingling sensation in
the extremities or subjective weakness in the limbs. In
addition, another 3 (7%) vaccinated patients experienced
relevant clinical relapse following vaccination. Facial
sensory changes with a brainstem lesion developed in an
MS patient (34-year-old man) taking dimethyl fumarate
2 weeks following the first dose of the BNT162b2 vaccine,
while myelitis presented as a left-hand tingling sensation
in a MOGAD patient (30-year-old woman) receiving
azathioprine maintenance therapy 4 weeks after the second
dose of the BNT162b2 vaccine. The other patient was a
42-year-old woman who developed visual disturbance

1 week after the third dose of the BNT162b2 vaccine.
She was later diagnosed with left optic neuritis and
positive MOG-Ab. Breakthrough SARS-CoV-2 infection
occurred in 14 (32.6%) of 43 vaccinated patients. Of the
13 unvaccinated patients, 3 (23.1%) developed COVID-19
infection. Comparing vaccinated patients with breakthrough
SARS-CoV-2 infection with unvaccinated infected patients,
there was no difference in hospitalization rates for COVID-
19 infection (1/14 (7.1%) vs 0/3 (0%), respectively; p=1).
However, all three unvaccinated patients infected with
SARS-CoV-2 reported neurologic deterioration following
COVID-19 infection, whereas only 21.4% (3/14) of
vaccinated patients with breakthrough SARS-CoV-2
infection had it (p =0.029). The findings are presented in
Table 3.

Table 3 COVID-19 vaccine-
related side effects and

occurrence of COVID-19

infection in vaccinated patients

@ Springer

Total (n=43) MS (n=13) NMOSD (n=18) MOGAD (n=12)
Vaccine-related side effect 19 (44.2) 12 (92.3) 4(22.2) 3(25.0)
Relapse or new-onset disease 3(7.0) 1(7.7) 00 2 (16.7)
Neurologic symptoms 3(7.0) 3(23.1) 0 (0) 0(0)
Minor symptoms” 16 (37.2) 9(69.2) 4(22.2) 3(25.0)
COVID-19 infection
Vaccination (+) 14 6 5 3
Vaccination (—) 3 1 1 1

* . . . . . . . . . .
Minor symptoms: febrile sensation, myalgia, dizziness, injection site pain
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Discussion

Clinical trials of vaccines against SARS-CoV-2 infection
have shown their safety and efficacy. However, the safety
and efficacy of these vaccines in patients with CNS demy-
elinating disease are still unclear as previous studies only
involved healthy adults [4, 6] and excluded those on immu-
notherapy [5] or with chronic neurologic disease [2]. The
present study recruited 56 patients with MS, NMOSD, or
MOGAD. Almost all patients (94.6%) received immuno-
therapy during the period of mass vaccination. MS patients
were the most skeptical about vaccination, while NMOSD
patients showed the highest vaccination rate. The biggest
reason for suspending vaccination was the worry about
worsening of neurological status.

The estimated vaccination rate against SARS-CoV-2
in South Korea is 87.3%, according to a government
announcement in February 2022 [27]. The overall vac-
cination rate in the current study was 76.8%, lower than
that in the general population. This result may reflect the
prevalent vaccine hesitancy among the MS, NMOSD, and
MOGAD patients. A survey study on COVID-19 vaccina-
tion hesitancy in patients with chronic neurological disor-
ders conducted by the European Academy of Neurology
NeuroCOVID-19 Task Force [28] reported that patients,
particularly those with autoimmune CNS disorders and
MS, were reluctant to be vaccinated. Our study confirms
this tendency. In addition, the Task Force explained that
the most popular arguments against vaccination in these
patients were the probability of worsening of the neurolog-
ical disease; adverse reactions following vaccine injection;
and the possible interaction with their prescribed medica-
tions, including immunosuppressants. The most common
reason for suspending vaccination in the current study was
the concern about clinical relapse or neurological deterio-
ration, regardless of the presence of neurological symp-
toms. Interestingly, our subjects shared similar beliefs to
those in the European study despite substantial ethnic and
cultural differences.

There was a conspicuous difference in vaccination rates
between the MS and NMOSD groups. MS patients were
more hesitant about getting vaccinated than NMOSD
patients. MS patients were significantly younger than
NMOSD patients, and this age factor might have influenced
decision-making. Previous studies have proven that younger
people are more reluctant about COVID-19 vaccination [29,
30]. In addition, it is suggested that the “infodemic,” which
means the superfluous information of unreliable and unveri-
fied contents from the Internet or social media channels, can
lead to fallacy among the young population [28]. In addition,
NMOSD patients had a longer disease duration and a higher
degree of disability than MS patients. This finding is in line

with a previous CDC report [31] that people with disabilities
are more willing to be vaccinated. Skepticism about vaccine
safety might be decreased by a stable neurological status in
chronic disease.

Among the MS, NMOSD, and MOGAD patients, the
decision about getting COVID-19 vaccination is mostly
affected by concerns regarding vaccine safety [28]. There
have been reports describing aggravation or reactivation of
CNS demyelinating disease following vaccinations [32-34].
Specifically, new-onset MOGAD appeared to be a reason-
able adverse event [35, 36] of COVID-19 vaccination. In
the current study, one patient was newly diagnosed with
MOGAD with optic neuritis 1 week after the third dose of
the BNT162b2 vaccine. Another patient with MOGAD had a
relapse with myelitis. Three patients with MS complained of
neurological symptoms, but only one had an actual clinical
relapse. In our study, all patients except three were treated
with immunosuppressive or immunomodulatory therapy
to control disease activity. Given that most patients require
such treatment to prevent relapses, relapses may be frequent
due to the disease activity itself, regardless of COVID-19
vaccination. However, most patients in this study had stable
disease that was well controlled with low or intermediate
efficacy therapy at the time of vaccination, suggesting a low
risk of relapse due to the disease itself. In particular, among
the three patients with clinical relapse after COVID-19 vac-
cination, one was a newly developed MOGAD patient, and
the other two (one MS patient and one MOGAD patient) had
no relapse at all for 1 year before vaccination. Therefore,
relapse in these patients may be more likely to be related
to vaccination rather than due to the activity of the disease
itself. However, since our study defined the association
between COVID-19 vaccination and clinical relapse only
as a temporal relationship, additional research is needed on
the significance of relapse after vaccination.

There are quite a number of studies on the safety of the
COVID-19 vaccine in patients with MS. In a Polish study
of 2261 MS patients who received the COVID-19 vaccine,
70.6% (1597/2261) of patients experienced side effects after
vaccination, but most of them were mild symptoms such as
flu-like symptoms and injection site pain [15]. In addition,
only 4.4% (99/2261) of patients experienced a relapse after
vaccination. A recent systematic review and meta-analysis
of 19 studies comprising 14,755 SARS-CoV-2-vaccinated
patients with MS also found that the pooled proportion of
MS patients with relapse after vaccination was only 1.9%
[16]. Moreover, the proportion of patients with serious
adverse events was as low as 0.1%. The National MS Soci-
ety recently announced that both BNT162b2 and mRNA-
1273 vaccines are safe for MS patients and not related to
neurological exacerbations or long-term disease progression
[37]. In our study, although the number of MS patients who
received the COVID-19 vaccine at least once was small at
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13 to evaluate the safety of the vaccine, only 1 patient expe-
rienced a relapse after vaccination, and there were no serious
adverse events. Our results along with previous findings sug-
gest that the risk of relapse and serious adverse events after
COVID-19 vaccination in MS patients is low, indicating that
the COVID-19 vaccine is safe for most patients with MS.
There are scant data provided from controlled studies
supporting the safety of the COVID-19 vaccine in patients
with NMOSD and MOGAD. Recently, a survey study on
COVID-19 vaccination in 242 patients with NMOSD, 99
with MOGAD, and 79 with transverse myelitis showed a
relatively low rate (16.7% of all patients) of new or worsen-
ing neurologic symptoms after vaccination [19]. Moreover,
the severity of those symptoms was mild, requiring medi-
cal treatment in only 17.8% of patients with neurological
deterioration. In an Italian study that investigated the risk
of relapse within 1 month after COVID-19 vaccination in
26 patients with NMOSD and 30 with MOGAD, relapse
occurred in only 1 patient (4%) with NMOSD and none
with MOGAD [20]. In the present study, the majority of
the vaccine-related complaints in patients with NMOSD
and MOGAD were early reactions like injection site pain or
minor systemic side effects such as febrile sensation, myal-
gia, and dizziness which spontaneously resolved after a few
days. Even their overall rate of vaccine-related side effects
was lower than that of MS patients. Relapse or new-onset
disease after vaccination was not found in patients with
NMOSD, but in 2 patients (16.7%) with MOGAD. This was
similar to or slightly lower than the results of previous stud-
ies. Our findings support previous results on the safety of
COVID-19 vaccines in patients with NMOSD and MOGAD.
COVID-19 vaccine efficacy is another important issue
in patients with MS, NMOSD, and MOGAD because
many of these patients are on immunotherapies. Reduced
immunogenicity of the COVID-19 vaccine in patients with
chronic inflammatory diseases, including those with MS
and NMOSD who are taking immunotherapy drugs, has
been reported in previous studies [17, 18, 38, 39]. Particu-
larly in MS patients receiving fingolimod, alemtuzumab,
or anti-CD20 monoclonal antibodies (ocrelizumab and
rituximab), consideration of the timing of vaccine admin-
istration is required due to the potential for reduced vaccine
efficacy associated with these drugs [37]. Immunogenicity
to vaccination may also be reduced when corticosteroids
are used continuously for more than 14 days in high doses
of 20 mg/day or more in patients with NMOSD [40]. In
the current study, all except three patients were on immu-
nomodulatory or immunosuppressive therapy. Overall, 14
vaccinated patients (32.6%) had breakthrough COVID-19
infection. While it is unsatisfactory for reported vaccine effi-
cacy in previous phase 3 clinical trials [2, 41], we assumed
that these breakthrough infections also occurred in part by
reduced immunogenicity and, more importantly, because of
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the spread of the omicron variant in South Korea. Among
the 14 vaccinated patients with breakthrough infection, only
1 patient (7.1%) was hospitalized. In addition, all unvac-
cinated infected patients had neurologic deterioration after
COVID-19 infection, but only 21.4% of vaccinated patients
with breakthrough infection reported worsening of neuro-
logic symptoms. The findings of this study support previous
observations that vaccines play a preventive role in severe
COVID-19 infections, of which patients with CNS demyeli-
nating disease are at high risk [9, 12]. Thus, it is essential for
them to be vaccinated.

The present study had some limitations. First, it was
designed in a retrospective manner, and patients were
recruited from a single tertiary center. In addition, the sam-
ple size was small, and thus, the results may have limited
generalizability. The association between COVID-19 vac-
cination and adverse symptoms was defined only by a tem-
poral relationship. The exact causality should be examined
to confirm the adverse effects of vaccination. Nonetheless,
it was valuable to identify concerns regarding COVID-19
vaccination among MS, NMOSD, and MOGAD patients and
to evaluate the actual vaccination status in these patients.
To our best knowledge, this is the first study on the actual
outcome and patients’ attitudes to COVID-19 vaccination
in patients including NMOSD and MOGAD in addition to
MS. A number of researches were carried out to investigate
the safety and efficacy of COVID-19 vaccines in MS. How-
ever, not much is determined in NMOSD and MOGAD on
this topic. The strength of our study resides in including
NMOSD and MOGAD patients and exploring the similar
concerns among them.

In conclusion, the present study demonstrated a relatively
favorable safety profile of COVID-19 vaccines without seri-
ous adverse events in patients with NMOSD and MOGAD
as well as in those with MS.
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