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ABSTRACT

Background: Patients with autoimmune disease and on immunotherapy were largely excluded from seminal anti-SARS-CoV-2 vaccine trials. This has led to significant
vaccine hesitancy in patients with neuroinflammatory diseases (NID); including, but not limited to: multiple sclerosis (MS), neuromyelitis optica spectrum disorders
(NMOSD), neurosarcoidosis and myelin oligodendrocyte antibody-mediated disease (MOG-AD). Data is urgently needed to help guide clinical care in the NID
population.

Methods: This was a cross-sectional observational study evaluating adults with a neurologist-confirmed diagnosis of a neuroinflammatory disease (NID) and a
neurologically asymptomatic control population. Participants were recruited from multiple academic centers participating in the MS Resilience to COVID-19
Collaborative study. We analyzed participant responses from a vaccine-specific questionnaire collected between February and May 2021.

Results: 1164 participants with NID and 595 controls completed the vaccine survey. Hesitancy rates were similar between NID and control groups (n = 134, 32.7%
NID vs. n = 56, 30.6% control; p = 0.82). The most common reasons for hesitancy in NID participants were lack of testing in the autoimmune population and fear of
demyelinating/neurologic events. Unvaccinated patients who had discussed vaccination with their doctor were less likely to be hesitant (n=184, 73.6% vs. n=83,
59.7%; p = 0.007). 634 NID patients and 332 controls had received at least one dose of a vaccine against SARS-CoV-2 at the time of survey completion. After
adjusting for age, BMI, and comorbidities, there was no difference in self-reported side effects (SE) between groups with the first dose (n = 256, 42.2% NID vs. 141,
45.3% control; p = 0.20) or second dose (n = 246, 67.0% NID vs. n = 114, 64.8% control, p = 0.85) of the mRNA vaccines nor with the viral-vector vaccines (n = 6,
46% NID vs. n = 8, 66% control; p = 0.39). All reported SEs fell into the expected SE profile. There was no difference in report of new/recurrent neurologic symptoms
(n =110, 16.2% vaccinated vs. 71, 18.2% unvaccinated; p = 0.44) nor radiologic disease activity (n = 40, 5.9% vaccinated vs. n = 30, 7.6% unvaccinated) between
vaccinated and unvaccinated NID participants.

Conclusions: We found no difference in patient-reported vaccine side effects and no evidence of NID worsening after vaccination. Large-scale real-world evidence is
needed for further validation.

1. Introduction top threat to global health by the World Health Organization (WHO)
(World Health Organization 2019). Hesitancy is especially apparent in

Achieving herd immunity against Severe Acute Respiratory Syn- patients with autoimmune diseases, such as multiple sclerosis (MS), who
drome Coronavirus 2 (SARS-CoV-2) is a vital component to overcoming were largely excluded from vaccine seminal trials and are often on
the Coronavirus Disease of 2019 (COVID-19) pandemic. Vaccine hesi- immunotherapy that may reduce vaccine response (Marsh et al., 2021).
tancy is a major barrier to accomplishing this goal and is considered a Preliminary data suggest that hesitancy in the autoimmune population is
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primarily due to fear of side effects and worsening of their underlying
disease (Boekel et al., 2021; Doornekamp et al., 2020).

While data relating to COVID-19 vaccines remain limited in the
neuroinflammatory disease population, one study to date in MS reported
no safety concerns nor increased risk of MS relapse after the Pfizer/
BioNTech BNT162b2 vaccine (Achiron et al., 2021). For many other
well-established vaccines, it has been shown that the benefits of vacci-
nation in patients with MS and related disorders strongly outweigh the
risks of contracting the associated infection (Farez et al., 2019; Hapfel-
meier et al., 2019). Accordingly, the WHO and Centers for Disease
Control (CDC) have encouraged vaccination against COVID-19 for pa-
tients with autoimmune disease, as has the National MS Society (NMSS)
for those with MS (Center for Disease Control and Prevention 2021;
National Multiple Sclerosis Society 2021; World Health Organization
2021).

In this study, we assessed vaccine hesitancy and evaluated early
vaccine safety/tolerability in patients with MS and other neuro-
inflammatory diseases (NID) by leveraging an existing network of MS
Centers that are part of the MS Resilience to COVID-19 (MSReCOV)
Collaborative.

2. Methods

This was a cross-sectional observational study evaluating partici-
pants recruited from multiple MS centers participating in the MSReCOV
Collaborative (Levin et al., 2021), including Columbia University Irving
Medical Center, University of Pittsburgh Medical Center, University of
Pennsylvania School of Medicine, Yale University School of Medicine,
State University of New York at Buffalo, University of Rochester Medical
Center, University of Toronto and The Multiple Sclerosis Center of
Northeastern New York. Participants were 18 years or older with a
diagnosis of a neuroinflammatory disease or were part of the neuro-
logically asymptomatic control group. Neuroinflammatory disease was
defined as a neurologist-confirmed diagnosis of an autoimmune and/or
demyelinating condition affecting the central nervous system; this
included participants with multiple sclerosis (MS), neuromyelitis optica
spectrum disorder (NMOSD), myelin oligodendrocyte antibody-
mediated disease (MOG-AD), neurosarcoidosis, transverse myelitis,
optic neuritis, or an autoimmune encephalitis. A subset of the control
group included subjects from the Genes & Environment in MS (GEMS)
study which recruits asymptomatic first-degree relatives of MS patients
(Xia et al., 2016). Participants completed online surveys using the
Research Electronic Data Capture (REDCap) platform, including a
vaccine-specific questionnaire (Supplemental Material). Ethics boards
of each institution approved the study protocol. All participants pro-
vided electronic consent.

We sent participants an initial vaccine questionnaire between
February and May of 2021 with a plan for repeat deployment every three
months. Data from the initial vaccine survey distribution are included in
this analysis. Baseline demographic and clinical factors were obtained
from surveys that participants completed upon enrollment in the um-
brella MSReCOV collaborative study, with enrollment dates ranging
from April 2020 to May of 2021. The Charlson Comorbidity Index (CCI)
was used to classify the number and severity of comorbid conditions
(Charlson et al., 1987). Functional status for NID participants was ob-
tained using Patient Determined Disease Steps (PDDS), which correlates
with Expanded Disability Status Scale (EDSS) and is a validated
patient-reported outcome of MS disability (Hohol et al., 1995; Lear-
month et al., 2013). The PDDS scoring scale ranges from 0 to 8, based on
patient’s response to prompts about severity of their disease-related
physical symptoms. Scores include: 0, normal; 1, mild disability; 2,
moderate disability; 3, gait disability; 4, early cane use; 5, late cane use;
6, bilateral support; 7, wheelchair/scooter use; and 8, bedridden. Pa-
tients were considered to be hesitant if they responded either “No” or
“Not Sure” to the survey question: “Do you plan to be vaccinated once a
COVID-19 vaccine is made available to you?”. When determining the
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effect of disease modifying therapy (DMT) on the rate of vaccine side
effects, patients were grouped as either being on high-efficacy therapy
(ocrelizumab, rituximab, ofatumumab, alemtuzumab, cladribine, fin-
golimod, ozanimod, siponimod, natalizumab), standard-efficacy ther-
apy (glatiramer acetate, interferons, teriflunomide, dimethyl fumarate,
diroximel fumarate) or no therapy at the time of vaccination. Groupings
were based on mechanism of action and available evidence regarding
the effect of each medication on vaccine responses (2; Doornekamp
et al., 2020; Achiron et al., 2021; Arnold et al., 2021).

Descriptive analyses were performed using R 3.6.3 (https://www.
r-project/). Differences in measured variables by two groups were
assessed using an independent T-test for continuous variables with a
normal distribution and non-parametric equivalent Wilcoxon Ranked-
Sum Test for continuous variables without a normal distribution.
When comparing categorical variables between two groups, a Pearson’s
Chi-squared Test or Fisher’s Exact Test was used based on sample size.
Logistic regression was used to control for covariates that may confound
vaccine side effects, such as age, comorbidities, disability level, DMT
and vaccine type. A p-value of <0.05 was considered statistically
significant.

3.0. Results
3.1. Participant Characteristics

1164 patients with NID and 595 neurologically asymptomatic con-
trol patients completed the initial vaccine survey. Sociodemographic
information, neurologic history and functional status are provided in
Table 1. Notably, patients in the NID group were older, had a higher
mean CCI, and lower mean BMI than control patients. These factors were
controlled for in subsequent analyses. NID patients had a mean disease
duration of 18.8 (SD +13.3) years and mean PDDS of 2.21 (SD =+ 2.5).

3.2. Vaccine hesitancy

597 patients (34%) were unvaccinated at the time of survey
completion, including 413 (35.6%) NID patients and 184 (31.1%) con-
trols. Hesitancy rates among unvaccinated participants were similar in
the NID and control group (n=134, 32.7% NID vs. n=56, 30.6% control;
p=0.82). Among patients who planned to be vaccinated, a larger portion
of NID patients than controls were planning to delay vaccination once
eligible (n=47, 17.1% NID vs. n=6, 5.5% control, p=0.0026); the ma-
jority by 1-6 months (n=42, 89.4%), with 4 (8.3%) by 6-12 months, and
1 (2.1%) by > 1 year. Among NID patients who had not yet been
vaccinated, 250 (64%) had discussed vaccination with their neurolo-
gists. Hesitancy rates were lower among the NID participants who had
discussed vaccination with their neurologists (n=66, 26.4%) than the
NID participants who had not discussed vaccination with their neurol-
ogists (n=56, 40.2% hesitant); p=0.007. Among those who had the
discussion, hesitancy rates were lower among participants who reported
that vaccination was recommended by their neurologists during their
discussion than among those who reported that their neurologist did not
recommend vaccination or was unsure about what what recommenda-
tion to make (n=42, 19.3% hesitant when recommended vs. n=25,
78.0% hesitant when not recommended/unsure; p < 0.0001). [Fig. 1;
Al.

The most common reasons for hesitancy in NID patients were lack of
vaccine testing in the autoimmune population (n=37, 58.7%), fear of a
new demyelinating event and/or neurologic symptom (n=33, 52.4%),
and worry that the vaccines are too new (n=26, 41.3%) [Fig. 1; B].
Approximately half of NID patients (n=32, 50.8%) who did not plan to
be vaccinated did not previously receive the influenza and/or other
recommended vaccines, most commonly due to personal preference
(n=14, 45.2%) or fear of an autoimmune reaction (n=11, 35.5%).
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Table 1
Participant Characteristics
Sociodemographic Factor * MS/NID Control P
N (%) N (%)

Age: mean (SD)b 52 (£13.5) 47 (+£14.7) < 0.001

Sex: 0.002
Female 848 (79.9) 413 (72.7)

Male 213 (20.1) 152 (26.8)

Race: 0.123
African American, African 38 (3.6) 13 (2.3)

American Indian, Alaskan, Hawaiian 3(0.3) 5(0.9)
Asian” 10 (1.0) 1(0.2)
Caucasian 987 (92.8) 532 (94.2)
Multi-racial 11 (1.0) 9(1.6)
Other/Unknown 14 (1.3) 5 (0.8)

Ethnicity: 0.971
Hispanic/Latino 26 (2.4) 13 (2.3)
Non-Hispanic 1018 (95.7) 542 (95.9)

Unknown 20 (1.9) 10 (1.8)

BMI: mean (SD) 28.0 (+11.0) 29.2 (£7.9)  0.002

Comorbidities:“ 0.755
Cardiovascular 199 (20.2) 83 (14.8) 0.217
Diabetes 48 (4.5) 35 (6.1) 0.260
Pulmonary 18 (1.7) 15 (2.6) 1.0
Gl/Hepatobiliary 36 (3.4) 18 (3.2) 0.361
Renal 6 (0.57) 6(1.1) 0.311
Malignancy 25 (2.4) 31 (5.4) 0.010
Connective Tissue Disease 30 (2.8) 32 (5.6)

CCI: mean (SD) 1.2 (+1.28) 0.9 (£1.55) < 0.001

Smoking History:

Never Smoker 710 (66.8) 431 (76.3) < 0.001
Prior Smoker 287 (27.0) 114 (20.1) 0.320
Current Smoker 66 (6.2) 20 (3.5) 0.400

Location:

New York 327 (30.7) 185 (32.7) 0.005
Pennsylvania 436 (41.0) 20 (3.5)
Connecticut 94 (8.8) 27 (4.8)
Washington 5(0.5) 14 (2.5)
New Jersey 69 (6.5) 7(1.2)
Massachusetts 6 (0.6) 13(2.3)
1llinois 7 (0.7) 11 (1.9
Virginia 6 (0.6) 10 (1.8)
Other (US) 95 (8.9) 267 (47.3)
Canada 12 (1.1) 1(0.2)
Other (non-US) 3(0.3) 1(0.2)

Vaccination:

Yes 742 (64.1) 408 (68.9) 0.084
No 413 (35.7) 184 (31.1)
Not Sure/Clinical Trial 3(0.3) 0 (0.0)
Clinical Factor
Disease:
Multiple Sclerosis 1123 (96.4)
Neuromyelitis Optica 17 (1.5)
Other NeuroinﬂammatoryCl 24 (2.1)

Disease Duration: mean (SD)
Disability Level®

18.8 y (+13.3)

PDDS 2.21 (2.5)
DMT'
No therapy 121 (17.6)
B-cell therapy 208 (30.2)
Interferons 82 (11.9)
Glatiramer Acetate 75 (10.9)
Natalizumab 52 (7.5)
Fumarates 50 (7.3)
S1P receptor modulators 44 (6.4)
Teriflunomide 28 (4.1)
Cladribine 7 (1.0)
Alemtuzumab 2(0.3)
Other 20 (2.9)

Abbreviations: MS= multiple sclerosis, NID= neuroinflammatory disease; SD=
standard deviation; BMI= Body Mass Index; CCI= Charlson Comorbidity Index;
PDDS: patient determined disease steps; DMT = disease modifying therapy.
S1P= sphingosine-1-phosphate.

@ Demographic information was not available for a subset of participants
(n=130, 3.8%) who completed the vaccine survey due to deployment issues. All
percentages are based on patients with available information.
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b Asian: Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese or
other.

b Disease Categories included: Cardiovascular (Hypertension*, Myocardial
Infarction, Congestive Heart Failure, Peripheral Vascular Disease), GI/Hep-
atobiliary (Ulcer, Liver disease, moderate or severe liver disease), Diabetes
(Diabetes without complications, Diabetes with end organ damage), Malignancy
(Solid tumor, Leukemia, Lymphoma, multiple myeloma, metastatic Tumor).
*Data not available for hypertension for 122 participants all at one site,
including 99 in the NID group and 24 in the control group. Percentages are based
on those who were asked about the diagnosis of hypertension only.

¢ Other NID included: MOG-AD, Neurosarcoidosis, Optic Neuritis (not part of
another disease), Transverse Myelitis (not part of another disease), Autoimmune
encephalitis, or other autoimmune disease of the central/peripheral nervous
system.

¢ Disability level was determined at the time of vaccine survey completion for
all participants using the patient determined disease steps (PDDS) scoring scale,
ranging from 0 (no disability) to 8 (bedridden) as outlined further in the
methods section of the main text.

f Disease modifying therapy at the time of vaccination is shown. B-cell ther-
apies included: ocrelizumab (n=168, 24%), rituximab (n = 38, 5.5%), ofatu-
mumab (n=2, 0.3%). Interferons included: interferon beta-1a IM (n=47, 6.28)
and SC (n=17, 2.5%), and pegylated interferon beta-1a (n=12, 1.7%), interferon
beta-1b (n=6, 0.9%). Fumarates included dimethyl fumarate (n=45, 6.5%) and
diroximel fumarate (n=>5, 0.7%). S1P receptor modulators included: fingolimod
(n=40, 5.1%), siponomid (n=3, 0.4%), and ozanimod (n=1, 0.2%).

3.3. Vaccination rate

742 (64.08%) NID patients and 408 (n=68.92) control participants
had received at least one dose of a vaccine against SARS-CoV-2 at the
time of survey completion. The majority of participants in both groups
had received a 2-dose mRNA-mediated vaccine, with either the Pfizer/
BioNTech (BNT162b2) or the Moderna (mRNA-1273) vaccine; however,
the proportion of the mRNA vaccination was slightly higher in the NID
group (n=624, 98.4%) than in the control group (n=317, 94.9%), p =
0.007. Due to survey completion errors, vaccine type was not available
for a subset of participants in the NID group (n=119, 16% vaccinated)
and control group (n=74, 18% vaccinated); these patients were
excluded from the safety/tolerability analysis.

Most NID patients were on DMT at the time of vaccination (n=568,
82.4%). The most commonly prescribed DMT mechanistic categories
were B-cell therapies (n=208, 30.2%), interferons (n=82, 11.9%), and
glatiramer acetate (n=75, 10.9%) [Table 2]. 111 (16.6%) NID patients
adjusted the timing of their DMT administration, and 6 (0.9%) switched
therapies entirely to be vaccinated. Ocrelizumab was the most common
DMT among participants who adjusted their DMT dosing administration
(n=46, 41.4%) ;with the median time from infusion to first vaccine dose
of 6.5 (IQR 5.4, 7.5) months.

3.4. Vaccine Safety/Tolerability

There was no difference in self-reported side effects between the NID
and control group with the first (n=256, 42.2% NID vs 141, 45.3%
control; p=0.41) and second doses of the mRNA vaccines (n= 246, 67%
NID vs n=114, 64.8% control; p=0.67) nor the only dose of the viral-
vector vaccines (n=6, 46% NID vs. n=8, 66% control; p=0.31). After
adjusting for age, BMI, and comorbidities to control for differences be-
tween groups, there was still no difference in reported side effect rates
between the NID and control group with any dose. Headache was more
common in the NID participants after the mRNA vaccine , although no
other difference was seen in the side effect profile between groups
[Table 2]. No patients reported an episode of transverse myelitis,
Guillain-Barre syndrome, or Bell’s Palsy in either group. In both the NID
and control groups, younger age correlated with an increased rate of
reported side effects with the first (p=<0.0001) and second (p=0.03)
dose of the mRNA vaccines.

Within the NID group, there was no correlation seen between
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Fig. 1. Vaccine Hesitancy. (A): Vaccine Discus-
sion and Hesitancy Rate. NID participants who had
discussed vaccination with their neurological

No vaccine discussion
n= 140, 36%

healthcare professional were less hesitant than the
participants who had not discussed vaccination

" 4N partc
n=413
Vaccine discussion with provider
n=250, 64%

i
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Vaccine recommended Not recommended/Unsure
n=218,87% n=32, 13%

3 Hesitant Not Hesitant Hesitant Not Hesitant
1 n=42,19% n=176, 81% n=25,78% n=7,22%
L e e

P<0.001

with their neurologists p=0.007. Among those who
had the discussion, the hesitancy rate was lower
when the neurologists recommended vaccination
during their discussion (p < 0.0001). P-values in
the figure refer to comparison of hesitancy rates
between indicated groups. *23 patients were not
sure if they had discussed the vaccine with their
neurologists and were excluded from this figure.
(B) Vaccine Hesitancy Reasons. Patients who
responded “No” to the question, “Do you plan to be
vaccinated against COVID-19?” were asked to
select the reason(s) why they did not want to be
vaccinated. Participants were able to select more
than one reason. Responses from both the MS/NID
group (navy, n= 134) and control group (n=56)
are displayed here. MS/NID patients were more
likely to report fear of a neurologic and/or demy-
elinating event as reasons they would not get
vaccinated. *Answers provided as free text for

Not Hesitant
n=284,60%

Reasons for Vaccine Hesitancy
Fear of Neurologic/Demyelinating Event

365 p=10

Non-Neurologic Risks 303

Worry Vaccine Will Not Be Effective p=0.56

25

Vaccines Are Too New —

Not tested in autoimmune population
Recent COVID-19 Infection p=067

Prior Vaccine Reaction 71 p=024

Other ol p=046

0 10 20 30 40

®|MS/NID Control % of participants

“Other” in both groups most commonly included:
perceiving oneself as low risk for contracting
p=0.005 COVID-19, vaccines only having emergency use
authorization, and fear of unknown long term side
effects. Abbreviations: MS (multiple sclerosis), NID
(neuroinflammatory disease).

p=0.29

57.4 p=068

60 70 80

disability level and reported side effects with any dose of the vaccine
after adjusting for age, BMI, and comorbidities. With the second dose of
the mRNA vaccines, NID patients on high-efficacy therapy had a lower
rate of reported side effects (n=39, 23.6%, RR 0.51, p=0.002) than NID
patients not on medication at the time of vaccination (n=27, 46.6%).
There was no difference in rate of reported side effects for those on
standard-efficacy therapy (n=31, 37.6%, RR 0.81, p=0.34) compared to
those not on medication for the second dose. However, when adjusting
for age, BMI, and comorbidities, treatment with standard-efficacy
therapy was associated with a lower risk of reported side effects
(p=0.03) than NID patients not on medication for the mRNA vaccines,
and there was no longer an association between high-efficacy therapy
and reported side effects with any dose.

3.5. Vaccinated vs Unvaccinated NID

All NID participants evaluated here were enrolled in the previously
established MSReCOV study, which regularly deploys surveys at pre-
determined time intervals. At the time of the vaccine survey completion,
all NID participants were asked about interval neurologic symptoms,
MRI results, and COVID diagnoses since completion of their most recent
study survey. The inter-survey time interval in the vaccinated NID group

(mean 11.4 weeks, SD 2.5) was slightly longer than the inter-survey time
interval in the unvaccinated NID group (mean 10.6 weeks, SD 2.5;
p=<0.001).

During this inter-survey time interval, there was no difference in the
rates of reported new or recurrent neurologic symptoms between the
vaccinated and unvaccinated NID groups (n=110, 16.2% vaccinated vs.
71, 18.2% unvaccinated; p=0.44). There was also no difference in the
type of new neurologic symptoms reported between groups. Among
vaccinated patients reporting an interval new neurologic symptom,
onset occurred after vaccination in 10 (1.5%) participants, with median
time of onset of 33 [IQR 16, 53] days after vaccination. Symptoms re-
ported by these 10 individuals included: sensory changes (n=4; 1
described “MS hug”, the others did not specify), weakness (n=1); sen-
sory changes and weakness (n=2), difficulty with walking (n=1),
weakness and vision changes (n=1), "other" (n=1; described in free text
as difficulty with speech). 3 of the 10 patients had adjusted the timing of
their DMT for vaccination (1 rituximab, 1 natalizumab, 1 interferon-beta
IM) and 1 required acute treatment with steroids/PLEX for their symp-
toms (weakness/vision changes, onset 42 days after vaccination, no
DMT adjustment for vaccine). 6 of these patients underwent MRI due to
the new neurological symptom, including the patient who required
acute treatment. None of the MRI showed a new or enhancing lesion.
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Table 2
Vaccine Safety/Tolerability
Factor MS/NID Control P
N(%) N (%)
Vaccine Type”
Pfizer/BioNTech 357 169 0.009
Moderna (56.3) (50.6)
AstraZeneca 267 148
Johnson & Johnson (42.1) (44.3)
Not Sure/Clinical Trial 0 (0.0) 2(0.6)
9(1.49 13 (3.9)
1(0.2) 2(0.6)
Side effects with the 1° dose of a 2-dose
vaccine?: 256 141 0.410°
Yes (42.2) (45.3)
No 350 170
(57.8) (54.7)
Side effect type: 225 127 0.345
Arm soreness (37.1) (40.8) 0.948
Fevers, chills, aches, flu-like 72 (11.8) 38 (12.2) 0.237
Allergic Reaction 6 (0.9) 6(1.9) 0.555
Neurologic complications 1(0.2)¢ 0 (0) 0.214
Fatigue 18 (2.9) 15 (9.3) 0.022
Headache 35 (5.7) 6 (1.9) 0.170
Other® 36 (5.9) 11 (3.5)
Side effect timing: 1.0
Within 1 week 244 136
1-4 weeks (95.3) (96.5)
2-6 months 7 (2.7) 4(2.8)
>6 months 0 (0) 0 (0)
0(0) 0(0)
Side effects with 2"’ dose of a 2-dose
vaccine? 246 114 0.672"
Yes (67.0) (64.8)
No 121 62 (35.2)
(33.0)
Side effect type: 191 97 (55.1) 1.0
Arm soreness (52.0) 85 (48.3) 0.454
Fevers, chills, aches, flu-like 150 1 (0.6) 1.0
Allergic Reaction (40.9) 1 (0.6) 0.280
Neurologic complications 2(0.5) 13 (7.4) 0.455
Fatigue 6 (1.6)° 3(1.7) 0.006
Headache 34 (9.2) 8 (4.5) 0.229
Other® 30 (8.1)
27 (7.4)
Side effect timing: 0.330
Within 1 week 243 110
1-4 weeks (98.8) (96.5)
2-6 months 2(0.8) 3(2.6)
>6 months 1(0.4) 0 (0)
0 (0 0 (0
Side effects with a 1-dose vaccine?
Yes 6 (46.2) 8 (66.7) 0.310°
No 7 (53.8) 4(33.3)
Side effect type: 4 (30.8) 5(38.5) 0.176
Arm soreness 3(23.1) 4(30.8) 0.236
Fevers, chills, aches, flu-like 0 (0) 0 (0) 1.0
Allergic Reaction 0 (0) 0 (0) 1.0
Neurologic complications 1(16.7) 2 (25) 0.593
Fatigue 1(16.7) 3(37.5) 0.322
Headache 1(16.7) 2 (25) 0.593
Other ¢
Side effect timing: 0.593
Within 1 week 6 (100) 8 (100)
1-4 weeks 0 (0) 0 (0)
2-6 months 0(0) 0(0)
>6 months 0 (0) 0 (0)

Comparison of patient-reported side effects following all doses of vaccination
against SARS-CoV-2 are reported here. p-values represent comparison between
the NID and control group. There were no significant differences in reported side
effect rates between the groups. However, when adjusting for age,
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comorbidities, and vaccine type, there was a higher rate of side effects reported
after the second dose of the mRNA vaccines. The only difference in side effect
type between groups was an increase in headaches reported by the NID group
after the mRNA vaccines.

@ Vaccine types included: Pfizer/BioNTech sponsored (BNT162b2), Moderna
sponsored (mRNA-1273), Johnson & Johnson/Janssen sponsored (Ad26.COV2.
S), and AstraZeneca sponsored (ChAdOx1 nCoV-19).

> When adjusting for age, comorbidities, BMI, and vaccine type there was no
difference in side effect rate between NID and controls with the first dose
(p=0.205) or second dose (p=0.846) of the 2-dose mRNA vaccines. When
adjusting for age, comorbidities, BMI and vaccine type there was no difference in
side effect rate with the 1-dose viral-vector vaccines (p=0.393). .

¢ “Other” free text responses for all vaccine doses fell into the categories of:
lymphadenopathy, joint pain, myalgias, chest pain, light-headedness/dizziness
and rash. There were no differences between sub-categories of “other” re-
sponses between NID and control.

4 Neurologic complications listed by the MS/NID group in free text form who
indicated a neurologic complication as side effect of a 2-dose vaccine series
included “worsening of numbness and coordination”, “worsening of MS symp-
toms - weakness of muscles and loss of balance”, and “mental pain related to
MS.” The remaining participants (n=1 first dose, and n=4 second dose) did not
specify.

Similarly, there was no difference in reported radiologic disease
activity among the vaccinated and unvaccinated NID participants during
the inter-survey time interval: 40 (5.9%) vaccinated and 30 (7.6%)
unvaccinated NID participants reported new or enhancing lesions on an
interval MRI (p=0.32). The majority of MRIs with evidence of disease
activity in the vaccinated NID participants were obtained prior to
vaccination, though 10 (1.5%) vaccinated NID participants had an MRI
with new or enhancing lesion at some point after vaccination, with a
median time from vaccine to MRI of 21 days [IQR 12.8, 45]. None of
these 10 patients reported new neurologic symptoms during the same
time interval.

Lastly, fewer vaccinated NID participants reported an interval
COVID-19 diagnosis (n=12, 1.6% vaccinated vs n=25, 6.0% unvacci-
nated; p = 0.001). All COVID-19 diagnoses in the vaccinated NID group
occurred before their first vaccine dose, except for one NID participant
who contracted COVID-19 within days of the first dose of a 2-dose
mRNA vaccine. The control group exhibited similar patterns of
COVID-19 diagnosis (n=8, 2.0% vaccinated vs. n=13, 7.1% unvacci-
nated; p=0.003). All infections in the vaccinated control group occurred
prior to the participants’ first or only vaccine dose.

4.0. Discussion

The lack of available data evaluating the effect of vaccines against
SARS-CoV-2 in patients with neuroinflammatory disease is a major
cause of vaccine hesitancy and a potential obstacle to optimizing patient
safety and public health. In our study, we found similar rates of hesi-
tancy between a large group of patients with NID and a neurologically
asymptomatic control group. Our results confirmed that the most com-
mon reasons for vaccine hesitancy in the NID group were related to lack
of data in the autoimmune population and fear of worsening of under-
lying neurologic disease. Importantly, we found a lower vaccine hesi-
tancy rate among participants who had discussed vaccination with their
neurologic healthcare provider than those who did not have such dis-
cussion. The difference in vaccine hesitancy rate was also more pro-
nounced when the clinicians had recommended vaccination. Taken
together, our findings suggest that clinicians can decrease vaccine hes-
itancy in the NID population through patient education and counseling.
Our results highlight the need for further SARS-CoV-2 vaccine studies in
the NID population to improve patient reassurance.

In our early analysis, we found no overall difference in reported side
effect rates between the NID and control group for all vaccine types and
doses. This remained true after adjusting for population differences,
including age, BMI, and comorbidities. When examining the side effect
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profiles, headache was the only side effect reported at higher rates in
NID patients than the controls. This finding could be due to worsening of
underlying headache disorders, which are more prevalent in patients
with multiple sclerosis (i.e. majority of the NID group) (Mirmosayyeb
et al., 2020). Notably, there was no new side effect signal for either the
NID or control group when compared to published SARS-CoV-2 vaccine
trials (Baden et al., 2020; Folegatti et al., 2020; Polack et al., 2020;
Voysey et al., 2021).

With the second dose of the mRNA vaccines, we found that being on
high-efficacy therapy (prior to adjustment for population differences) or
standard-efficacy therapy at the time of vaccination correlated with a
lower rate of side effects. While difficult to know based on our current
study, we speculate that this finding could be related to an attenuated
immune response. Thus far, decreased humoral response to the COVID-
19 mRNA vaccine has been most convincingly shown for certain high-
efficacy therapies, such as B-cell depleting therapies, S1P-receptor
modulating therapies, and within the first four months of cladribine
dosing (Achiron et al., 2021). Further studies will be needed to deter-
mine the impact of immunotherapy on the rate and severity of side ef-
fects experienced.

There was no difference in the rate of recurrent/new neurologic
symptoms or radiologic disease activity between vaccinated and un-
vaccinated patients with NID during the inter-survey time interval
within the MSReCOV study. Among those who experienced new symp-
toms, the types of symptoms reported were also the same between
vaccinated and unvaccinated participants. However, we note that for
this initial evaluation, a large proportion of the inter-survey time in-
terval occurred prior to vaccination and therefore may not accurately
represent the effect of vaccination on underlying disease activity.
Continued monitoring is necessary prior to drawing any conclusions.
When honing in on the small subset of patients (1.5%) with onset of a
neurologic symptom after vaccination, we could not conclude whether
these symptoms were vaccine-related. It is reassuring that the majority
of these events occurred at least one month after vaccination (60%) and
had no known MRI correlation. Further, 9 out of 10 individuals did not
require any acute symptomatic treatment.

In our study, no patients with NID were diagnosed with COVID-19
after completing their vaccination. It is worth noting that many pa-
tients were on DMTs that could reduce vaccine efficacy (2; Achiron
et al., 2021; Arnold et al., 2021; Kelly et al., 2021; Ruddy et al., 2021).
We note the relatively short follow-up duration and therefore strongly
caution against false reassurance from our results, as our goal of this
initial report is for timely dissemination of early findings to guide clin-
ical care.

Several strengths of this study are worth noting. For one, we lever-
aged a previously established network of MS centers (e.g. the MSReCOV
Collaborative) for wide and rapid survey deployment. This enabled us to
generate prompt real-world data focused on the understudied topic of
COVID-19 vaccination in patients with NID. Second, our cohort was
large and had detailed information available regarding demographics,
clinical history, disability level and several vaccine-related topics.
Finally, we utilized a sizable population of neurologically asymptomatic
participants as a control group, allowing us to assess if any vaccine-
related side effects were unique to the NID population.

Our study also had several limitations. First, patients with NID
differed from controls in age and comorbidities, both of which may
affect side effect rates. We controlled for these differences when evalu-
ating side effect profiles to reduce confounding. Second, our findings
may have limited generalizability, as study participants predominantly
identified as being of non-Hispanic European descent and a subset of the
control participants were neurologically asymptomatic first-degree rel-
atives of individuals with autoimmune disease. Third, the findings
described here relied on self-report; though we note that survey response
is a reasonable research method that enables rapid data collection for a
timely investigation. Fourth, there may be recall bias as a large pro-
portion of patients had been vaccinated prior to survey distribution,
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again highlighting the choice for survey deployment in existing research
participants. Lastly, in attempt for prompt data acquisition, the overall
follow up time after vaccination is limited. As the pandemic persists and
the need for booster rises, we are continuing with longitudinal follow-up
to evaluate the safety/tolerability and efficacy of SARS-CoV-2 vaccines
in this patient population.

5. Conclusions

Overall, our findings suggest that SARS-CoV-2 vaccines in patients
with neuroinflammatory disease are safe and unlikely to worsen un-
derlying disease activity. This is consistent with evidence from other
vaccines in MS (Farez et al. 2019; Hapfelmeier et.al. 2019, 2; Achiron
et al., 2021). In contrast, we note that COVID-19 is associated with a
variety of inflammatory and non-inflammatory neurologic complica-
tions, which should be considered in the risk/benefit discussion
regarding vaccination (Ellul et al., 2020; Guilmot et al., 2021; Key-
hanian et al., 2020). Our study highlights the utility of patient education
by clinicians and the need for inclusion of this population in future
vaccine trials to ensure that the vast majority of this vulnerable popu-
lation is well protected from novel infections.
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