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Abstract:
Background: The effects of the SARs-CoV-2 vaccination and infection on clinical outcomes,
including relapse risk, have been insufficiently explored in people with MS (PwMS). The
objectives of this study were to determine the incidence of new neurologic symptoms or
symptom recrudescence among PwMS who received the SARs-CoV-2 vaccine, characterize
outcomes following SARs-CoV-2 infection, and assess MS-specific determinants of vaccine
hesitancy.
Methods: Online surveys that assessed incidence and severity of SARs-CoV-2 infection,
vaccination status/type, reasons for vaccine deferral, and post-vaccination symptoms were
administered to PwMS. Medical charts were reviewed for consenting respondents.
Associations between infection, post-vaccination outcomes, and clinical characteristics were
compared using chi-square tests, 2-sample T-tests, and adjusted logistic regression models.
Results: n=292 of 333 respondents were vaccinated, of which 58% reported post-vaccination
side effects, most commonly among mRNA vaccine recipients (p=0.02), younger patients
(p<0.01), and relapsing-remitting MS (p=0.03). Twelve percent endorsed recrudescence of
existing MS symptoms, while 3% endorsed new neurologic symptoms post-vaccination. N=62
reported SARs-CoV-2 infection since the start of the pandemic, more frequent in younger
individuals (1-year OR=0.958, 10-year OR=0.649, p<0.01). Neither DMT nor B-cell therapies
specifically were associated with vaccine side effects, neurologic symptoms, or SARs-CoV-2
infection. Twenty-one percent of unvaccinated cited a desire for provider guidance prior to
vaccination.
Conclusion: Our findings provide new data to suggest that among PwMS who received SARsCoV-2 vaccination, clinical disease worsening is rare and mostly associated with symptom
recrudescence, as opposed to new relapses. Post-vaccination side effects may occur more
often among mRNA vaccine recipients, and in younger individuals.
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Introduction:
Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system
that causes demyelination and axonal degeneration. Although disease modifying therapies
(DMTs) effectively reduce the likelihood of MS disease progression,1 some DMTs have the
potential to increase vulnerability to infection,2 highlighting the importance of SARs-CoV-2
vaccination (and vaccination in general) in this population.3 That said, data regarding postvaccination outcomes in people with MS (PwMS) is scarce, and SARs-CoV-2 vaccine
acceptability remains variable.4,5 An improved understanding of post-vaccination neurological
outcomes in PwMS and MS-specific determinants for vaccine hesitancy are necessary to guide
informed vaccine discussions between providers and PwMS. Additional data on outcomes
following SARs-CoV-2 infection in PwMS on disease modifying therapy are also needed.
The objectives of this study were to 1) determine incidence of new neurologic
symptoms or recrudescence of MS symptoms among PwMS who received the SARs-CoV-2
vaccine; 2) examine MS-specific determinants of vaccine hesitancy, in a cohort of PwMS
followed at a tertiary care center; and 3) analyze outcomes following SARs-CoV-2 infection in
PwMS.
Methods:
Study design and participant description
A 31-item online survey was created and delivered using REDCap (Research Electronic
Data Capture) web-based platform to patients followed in the Michigan Medicine Multiple
Sclerosis Clinic. Respondents ≥ 18 years old who endorsed a self-reported MS diagnosis, of any
subtype, were invited to complete the online questionnaire via smartphone, tablet, or
computer. Survey items included questions regarding the prevalence and severity of SARs-CoV2 infection, vaccination status, vaccine type, reasons for vaccine deferral, and post-vaccination
symptoms and side effects.
Eligible participants were recruited (Figure 1) from June 18, 2021, to July 20, 2021. The
main method of recruitment was via email with our established patients at the Michigan
Medicine Multiple Sclerosis Center. Using DataDirect, a self-serve tool from the University of
Michigan Office of Research that enables access to clinical data on patients seen at Michigan
Medicine, we obtained emails addresses of the established patients (defined as at least one
return MS clinic visit) seen by our neuroimmunology physicians from the start of SARS-CoV-2
pandemic in March 2020 to June 2021 (n=1,242). Additionally, fliers were distributed to eligible
participants during routine face-to-face visits in the MS clinic and the study was posted on the
University of Michigan Health Research online web source at www.umhealthresearch.org,
which allows interested participants to be involved in ongoing studies at Michigan Medicine.
Participants received no financial compensation for their participation.
Standard Protocol Approvals, Registrations, and Patient Consents
This study was approved by the University of Michigan Intuitional Review Board
(IRBMED) prior to initiation of any study activities.

Survey Content
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Survey respondents who self-endorsed a diagnosis of MS were allowed to proceed with
the remainder of the questionnaire. Information obtained included age, gender, MS subtype
(relapsing-remitting, secondary progressive, or primary progressive), disease duration from
diagnosis (< 1 year, 1-5 years, 6-10 years, 11-20 years, or > 20 years), current DMT chosen from
list of all available DMTs (later categorized into no DMT, low potency DMT, and high potency
DMT as shown in Table 1), SARs-CoV-2 vaccination status, vaccine type, and history of SARsCoV-2 infection. Using branching logic, unvaccinated respondents were prompted to provide a
reason. Vaccinated respondents were queried about post-vaccination side effects and postvaccination neurological symptoms including recrudescence of chronic MS symptoms,
development new neurologic symptoms after vaccination, and length of these symptoms (< 24
hours, 24-48 hours, 48 hours-1 week, or > 1 week). We defined recrudescence as both pseudorelapse (recurrence of prior symptoms) and worsening of a patient’s chronic MS symptoms (e.g.
fatigue).
The survey was anonymous; however, the last question gave participants the option to
provide their personal identifying information and consent to allow the study team to review
their medical records for confirmation of results. For those who consented charts were
reviewed for patient correspondence regarding post-vaccination or infection symptoms,
diagnostic testing ordered, and any related changes in DMT for MS treatment.
Statistical analysis
Summary statistics for demographic and clinical data are presented as mean and
standard deviation (SD) for continuous variables, and frequency and percentage for categorical
variables. T-tests, chi-squared tests, and Fisher’s exact tests (when cells included less than 5
respondents) were used to examine bivariate associations between SARs-CoV-2 vaccination
status/type, SARs-CoV-2 infection, demographic, and clinical variables (e.g. DMT use, including
B-cell depleting vs non B-cell depleting therapy). We then constructed two logistic regression
models with SARs-CoV-2 infection and new neurological symptoms as separate dependent
variables, and age, gender, and DMT use as the independent variables. To avoid collinearity, we
fitted subsequent models, replacing age with disease duration, and treatment with B-cell
depleting therapy. All statistical procedures were performed using SAS software version 9.4.6
Tests were two-sided with a level of statistical significance set at 0.05.
Data Availability
Further anonymized data can be made available to qualified investigators upon request
to the corresponding author.
Results
Demographics of survey participants
A total of n=333 responses were included in the analytic sample. The average age was
49.8+12.5 years, 79.6% were female, and 72.4% had relapsing-remitting multiple sclerosis.
Approximately 43% reported using a low potency DMT, 36.9% used high potency DMT, and
17.1% reported no maintenance or long-term DMT use (Table 1). Of the n=333 responses,
n=292 were vaccinated, n=38 were unvaccinated, and n=3 did not respond.
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Among vaccinated individuals, the average age was 50.4+12.4 years and 81.4% were
female. Ninety-three percent of participants received an mRNA vaccine (either Pfizer-BioNTech
or Moderna) compared to 6.8% who received a non-mRNA vaccine (Janssen/Johnson &
Johnson).
Post-vaccination outcomes
Average time interval between vaccine and survey administration was four months. Of
the n=292 who were vaccinated, n=175 (60%) reported side effects (Table 1), with an average
of three side effects per individual. The most commons side effects included fatigue, arm pain,
and myalgias. Post-vaccination side effects were most common among those who received
mRNA vaccines (p=0.02), younger patients (p<0.01), and people with relapsing-remitting MS
(p=0.03).
N=34 (11.6% of those vaccinated) reported recrudescence of their chronic MS
symptoms after vaccination (Table 2). The most commonly reported symptoms were worsening
MS fatigue and pain. Most symptoms lasted 24-28 hours, or greater than one week. Eight
participants reported talking with their doctor about these symptoms. Of the 25 participants in
this group who consented to chart review, no participant required updated imaging, high dose
steroid use, or change in their DMT due to worsening MS symptoms.
N=8 (2.7%) reported development of new neurologic symptoms after vaccination (Table
3). The most common symptoms were weakness, dizziness/vertigo, and paresthesias. Three
reported new neurologic symptoms within two days of vaccination, two reported within three
weeks of vaccination and one reported within two months of vaccination. On average, these
new neurologic symptoms lasted for greater than one week, although one participant reported
symptoms for less than one day. Of the five participants in this group who consented to chart
review, no participant required updated imaging, laboratory testing (including blood, urine, or
cerebral spinal fluid), high dose steroid use, or change in their DMT due to new neurologic
symptoms.
Neither MS subtype, DMT use in general, nor B-cell based therapy use were associated
with recrudescence of MS symptoms or new neurologic symptoms. Similarly, vaccine type was
not significantly associated with MS-specific outcomes.
SARs-CoV-2 infection
A total of n=62 participants reported SARs-CoV-2 infection since the start of the
pandemic. The average age was 45.4+11.9 years and 77.8% were female. Most reported SARSCoV-2 symptoms lasted less than one week or a few weeks to a month. Four participants
reported admission to the hospital and all four indicated the need for oxygen. No participants
reported admission to the intensive care unit (ICU) or need for intubation. Eight patients
reported SARS-CoV-2 infection despite vaccination, although not every participant provided
time of infection in comparison to time of vaccination. Not all comorbidities were captured, but
among the four participants who reported hospital admission and oxygen, two consented to
chart review. Of these, one had no comorbidities, and one had a history of diabetes, coronary
artery disease, hypothyroidism, and ovarian cancer.
In adjusted logistic regression models, for every 10-year increase an age, the odds of
infection decreased by 35% (10-year OR estimate 0.649, CI=0.507-0.832, p=0.0006). There was
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no significant association between SARs-CoV-2 infection and MS subtype, DMT use, B-cell
depleting therapy use, disease duration, or gender.
Unvaccinated PwMS
Thirty-eight participants reported they were not vaccinated. Descriptive responses are
reported in Table 4. Fifty-five percent of these respondents indicated no plan to get the vaccine,
citing concerns about making their multiple sclerosis or other medical conditions worse. Of
note, 21% reported a desire to speak to their doctor before receiving the SARs-CoV-2 vaccine.
Discussion
In this study of PwMS vaccinated and unvaccinated against SARs-CoV-2, postvaccination neurological symptoms were rare, and not associated with change in clinical care or
vaccine subtype. Importantly, neither MS subtype nor DMT use were associated with postvaccination neurological symptoms. Younger adults with MS were more likely to report SARsCoV-2 infection than older adults. Although vaccine acceptance was high among respondents,
concerns regarding vaccine-related worsening of MS or other health issues and further need for
provider guidance on vaccination were overarching reasons for vaccine avoidance. These data
obtained from a representative sample of PwMS address recent knowledge gaps regarding the
differential effects of SARs-CoV-2 vaccination on MS outcomes and highlights the importance of
healthcare provider input on this issue.
Respondents in our study who received the SARs-CoV-2 vaccine had similar incidence of
typical systemic side effects compared to those included in the vaccine clinical trials,7,8,9 and
similar to these trials, younger patients were more susceptible to these side effects. PwMS
were not explicitly included in the SARs-CoV-2 vaccine trials and our data suggest that the MS
population does not fare worse than the general population in regard to immediate postvaccination symptoms.
Despite evidence to the contrary and published guidelines,10 potential for neurological
deterioration following vaccination remains a pernicious concern among some PwMS. As seen
in our sample, one fifth of PwMS who had not yet received the vaccine reported concerns that
the SARs-CoV-2 vaccination could make their MS worse. Our findings provide additional
evidence to allay this concern. Among worsening chronic MS symptoms post-vaccination, the
most frequently reported symptom was fatigue. However, fatigue was also the most frequently
reported side effect of the vaccine, independent of neurological symptom recrudescence, in
both our sample and the mRNA clinical trials. These collective findings suggest that occurrence
of this symptom is not unique to PwMS.7,8
Of the eight participants with MS who reported new neurologic symptoms following
SARs-CoV-2 vaccination, none underwent diagnostic testing, acute treatment with steroids, or
change in DMT per their medical record. These findings are consistent with literature reviews
and prior studies, which did not show an increased risk of MS relapse following influenza
vaccinations.11 This highlights the importance of the distinction between MS relapse and MS
symptom recrudescence (i.e., pseudo-relapse), which is characterized by an unmasking of prior
relapse symptoms as opposed to new inflammatory activity. Common triggers for
recrudescence include metabolic derangements and infection.12 Conduction blocks in
demyelinated axons are a postulated cause. Even in cases of axonal repair, the myelin remains
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thinner with fewer folds and shorter intermodal distances, making it more susceptible to
dysfunction with potential triggers.13
Our findings build upon this evidence to inform provider-patient discussions regarding
the safety of SARs-CoV-2 vaccination in PwMS, and provide additional data about risk of
neurologic worsening based on MS subtype and DMT use. Although our findings also suggest
no association between type of DMT use and post-vaccination outcomes (neurologic
worsening), given the low number of participants who reported new neurologic symptoms and
low power to detect associations in this small group, the findings should be interpreted with
caution.
Upon submission of this manuscript, two studies have been published on SARS-CoV-2
vaccination in PwMS.14,15 Data from Achiron et al studied the Pfizer-BioNTech vaccination in
PwMS at Sheba Medical Center in Israel. Although the investigators utilized objective
demographic data from medical records and face-to-face follow-up neurologic exams, this
study did not stratify findings based on DMT usage, disease duration, MS subtype, nor did they
define what constituted an acute MS relapse or recrudescence. Additionally, there was a
relatively short follow-up period between first (20 days) or second (38 days) vaccine dose and
side effect reporting.14 Findings from Allen-Philbey et al regarding the AstraZeneca vaccine in
the United Kingdom included data from a small sample (n=33) of PwMS. However, this study
focused primarily on systemic side effects from vaccination rather than neurologic outcomes.
Additionally, this study did not include objective clinical data.15 Our study expands upon these
prior findings with comparison of all three FDA approved or emergency authorized approved
vaccines in relation to MS, specifically focusing on DMT significance and MS clinical
characteristics (disease duration and subtype) supported by objective data from medical chart
review.
Reassuringly, no respondents who had SARS-CoV-2 infection required ICU admission or
intubation. Somewhat surprisingly, older age was associated with reduced incidence of
reported SARS-CoV-2 infection. This finding remained significant after adjusting for high
potency DMT use, which would be expected to be utilized more often for younger patients with
relapsing MS and could increase susceptibility to infection. While reasons for this observation
are speculative, it is possible that younger patients in the sample had less access or later access
to vaccination during the survey period, or may have been less adherent to social distancing
and public safety precautions in comparison to their older counterparts.16, 17 Additional work is
necessary to understand the relationship between age and SARS-CoV-2 vulnerability in PwMS.
Of note, findings from a recently published systemic review18 suggest an association between
increasing age and adverse outcomes in PwMS who experience SARS-CoV-2 infection.
Our study also adds new information to a growing body of literature focused on vaccine
willingness and hesitancy among PwMS during the SARS-CoV-2 pandemic. 4,5,19,20 Our data
suggests an underlying desire for provider guidance among PwMS who are considering SARSCoV-2 vaccination. Recent data from Edhe et al suggest that vaccine willingness in PwMS is in
part influenced by information source and that advice is more likely to be accepted from
healthcare providers as opposed to other sources.4,5 Providers should be prepared to counsel
patients on vaccine timing and selection, incorporating available data regarding post-
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vaccination relapse risk into these discussions. In particular, PwMS receiving infusion therapies
will need guidance on optimal timing of vaccination.
Some study limitations should be acknowledged. As data was based on self-report,
responses could have been subject to recall bias or memory decay. That said, more than half of
responses were verified by chart review. Referral bias is also a possibility, as patients who view
the SARS-CoV-2 vaccine favorably, or those who were more dissatisfied with the vaccine
experience, have selectively volunteered to complete the survey. Additionally, this study
included follow-up less than six months after vaccination; however, we do not anticipate that a
longer follow-up period would have substantively affected our findings, as the majority of
vaccine studies in MS focused on follow-up periods of about 90 days post-vaccination. Lastly,
our study required usage of internet and electronic device which could have excluded those of
lower socio-economic status and/or health literacy.
Our findings provide relevant new safety information regarding SARS-CoV-2 vaccination,
including the novel mRNA vaccines, indicating minimal changes to short-term MS disease
course and without change to MS clinical care or treatment. We also provide patient centered
data on MS-specific determinants of vaccine hesitancy, which will be essential for healthcare
providers to use in counseling those PwMS who have deferred vaccination. Our findings
promote and support the recommendation for vaccination of PwMS during the SARS-CoV-2
pandemic.21
Take-home Points
• Post-SARs-CoV-2 vaccination side effects experienced by people with MS are similar to
those reported in the SARs-CoV-2 vaccine clinical trials, and most common among
mRNA vaccine recipients and younger patients.
• Development of new neurologic symptoms following SARs-CoV-2 vaccine administration
are infrequent and not associated with a change in clinical care.
• Concerns regarding worsening of MS or other health issues and a desire to seek more
guidance from medical providers were primary reasons for vaccine deferral, highlighting
the importance of patient-provider communication in decision making regarding vaccine
timing and selection.
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Figures and tables
Figure 1. Selection of participants leading to responses analyzed and charts reviewed
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Table 1. Demographic and clinical characteristics of study participants
Total n (%)
Subtype
Relapsing-remitting multiple sclerosis (RRMS)
241 (72.4%)
Secondary progressive multiple sclerosis (SPMS)
38 (11.4%)
Primary progressive multiple sclerosis (PPMS)
32 (9.6%)
Unknown, unsure or no response
22 (6.6%)
Disease duration from diagnosis
< 1 year
15 (4.5%)
1-5 years
88 (26.4%)
6-10 years
60 (18.0%)
11-20 years
92 (27.6%)
> 20 years
78 (23.4%)
Age
Average age (n=323)
49.8 + 12.5
Gender
Male
63 (18.9%)
Female
265 (79.6%)
Non-binary/gender non-conforming
1 (0.3%)
No response
4 (1.2%)
Disease modifying therapy (DMT)*
No DMT
57 (17.1%)
Low potency DMT
144 (43.2%)
High potency DMT
123 (36.9%)
No response to DMT
9 (2.7%)
B-cell depleting therapy**
B-cell depleting agent
107 (32.1%)
Non B-cell depleting agent
217 (65.2%)
No response
9 (2.7%)
SARS-CoV-2 vaccine status
Vaccinated
292 (87.7%)
Unvaccinated
38 (11.4%)
No response
3 (0.9%)
Vaccine type and vaccine side effects of those vaccinated (n=292)
mRNA vaccine
272 (93.2%)
Pfizer-BioNTech
160 (54.8%)
Moderna
108 (35.6%)
Did not clarify which mRNA vaccine
4 (1.4%)
Non-mRNA vaccine
20 (6.8%)
Janssen/Johnson & Johnson
19 (6.5%)
Did not clarify which non-mRNA vaccine
1 (0.3%)
Did not experience side effects after the vaccine
117 (40.1%)
Did have side effects after the vaccine
175 (59.9%)
Fatigue
130 (44.5%)
Arm pain
122 (41.8%)
Muscle aches
86 (29.5%)
Headache
83 (28.4%)
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Chills
66 (22.6%)
Joint pain
39 (13.4%)
o
31 (10.6%)
Fever ≥ 100.4 F
GI issues
16 (5.5%)
Change in appetite
14 (4.8%)
Recrudescence of chronic MS symptoms
34 (11.6%)
Development of new neurologic symptoms
8 (2.7%)
SARS-CoV-2 infection status
Reported never having SARS-CoV-2 infection
270 (81.1%)
No response
1 (0.3%)
History of SARS-CoV-2 infection
62 (18.6%)
History of SARS-CoV-2 infection (n=62)
Admission to a hospital
4 (6.5%)
Required oxygen
4 (6.5%)
Admission to an ICU
0
Intubated or on ventilator
0
Steroids to treat SARS-CoV-2 infection
7 (11.3%)
Percentages out of n=333 unless otherwise specified

*DMT categories:
No maintenance or long-term DMT: none, scheduled steroids, IVIg, plasmapheresis
Low potency DMTs:
Avonex (interferon beta-1a), Betaseron (interferon beta-1b), Plegridy (pegylated
interferon beta-1a), Rebif (interferon beta-1a)
Copaxone/Glatopa (glatiramer acetate)
Gilenya (fingolimod), Mayzent (siponimod), Zeposia (ozanimod)
Bafiertam (monomethyl fumarate), Tecfidera (dimethyl fumarate), Vumerity (diroximel
fumarate)
Aubagio (teriflunomide)
High potency DMTs: Mavenclad (cladribine), Kesimpta (ofatumamab), Lemtrada (alemtuzumab),
Rituxan (rituximab), Ocrevus (ocrelizumab), Tysabri (natalizumab)
**B- cell depleting therapies: Kesimpta (ofatumamab), Rituxan (rituximab), Ocrevus
(ocrelizumab)
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Table 2. Symptoms of recrudescence or worsening of chronic MS symptoms reported by 34
people with MS following SARS-CoV-2 vaccination
Chronic MS symptom*

Reported out of total vaccinated
(n=292)

Fatigue

20 (6.8%)

Pain

11 (3.8%)

Gait difficulty, imbalance

9 (3.1%)

Weakness

9 (3.1%)

Paresthesias, numbness

8 (2.7%)

Migraine, headache

4 (1.4%)

Spasms

4 (1.4%)

Cognitive difficulty

4 (1.4%)

Vision change**

2 (0.7%)

*Summary of the free text patient reported responses
**(double vision, vision loss, blurred vision)
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Table 3. New neurologic symptoms reported by 8 people with MS following SARS-CoV-2
vaccination
New neurologic symptom

Reported out of total vaccinated
(n=292)

Weakness

4 (1.4%)

Dizziness or vertigo

4 (1.4%)

Numbness or tingling

4 (1.4%)

Impaired coordination

3 (1.0%)

Vision change*

2 (0.7%)

Spasms

2 (0.7%)

Tinnitus

1 (0.3%)

*(double vision, vision loss, blurry vision)
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Table 4. Reasons for not receiving SARS-CoV-2 vaccine in unvaccinated people with MS
Reason for not being vaccinated

Number of unvaccinated
participants (n=38)

I plan to get the vaccine but have not been offered it yet

1 (2.6%)

I am scheduled for the vaccine but have not received my first dose yet

1 (2.6%)

I plan to get the vaccine, but I do not know where to go to get it

0

I want to speak to my doctor first

8 (21.1%)

I currently have SARS-CoV-2 infection

0

I have received SARS-CoV-2 monoclonal antibodies in the past 90 days

2 (5.3%)

I am pregnant or breastfeeding

2 (5.3%)

I do not plan to get the vaccine*

21 (55.3%)

Concerned about making my multiple sclerosis worse

8

Concerned about making my other health issues worse

8

History of severe allergic reaction (ie anaphylaxis)
from a previous SARS-CoV-2 vaccine dose or its components

0

Waiting on full FDA approval rather than emergency authorization

2

Reservations on vaccine production or limited long-term data

5

Waiting to until prior to next infusion

1

Undecided

1

*Summary of free text options from those who chose “I do not plan to get the vaccine”
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