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Abstract

Background: Hesitancy to receive COVID-19 vaccination is a major public health concern. COVID-19
vaccine willingness and the factors contributing to willingness in adults with multiple sclerosis (MS) is
unknown.

We administered an online survey from 1 December 2020 to 7 January 2021 to adults with MS to
estimate COVID-19 vaccine willingness among adults with MS. Bivariate analysis with chi-square
testing compared categorical variables associated with vaccine willingness.

Results: Of 401 respondents, 70.1% were willing to receive an authorized COVID-19 vaccination if it
was available to them, 22.7% were unsure, and 7.2% were unwilling. The most frequent concern for
those unsure was vaccine safety. Vaccine willingness was associated with increased perceived personal
risk of COVID-19 (3> =45.4; p <0.0001), prior influenza vaccine acceptance (x> =97.6; p <0.0001),
higher educational level (x*=50.2; p < 0.0001), and if respondents discussed or planned to discuss the

COVID-19 vaccine with their neurologists (x> = 64.3; p < 0.0001).

Conclusion: While COVID-19 vaccination willingness is high among people with MS, nearly 30% were
either unwilling or unsure about being vaccinated. Neurologists should be aware of patient-centered
factors associated with COVID-19 vaccine willingness and address COVID-19 vaccine safety concerns
in discussions with their vaccine-unsure MS patients.

Keywords: Multiple sclerosis, COVID-19, vaccine willingness, vaccine readiness, vaccine hesitancy,
vaccine acceptance

Date received: 8 February 2021; accepted: 22 April 2021

Introduction

Uncontrolled spread of coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) is causing
significant morbidity and mortality as well as sub-
stantial psychological and economic costs world-
wide.! Case series and MS registries indicate that
older people with multiple sclerosis (MS), particu-
larly those with progressive disease and greater dis-
ability, are at increased risk of COVID-19
complications.”

Widespread COVID-19 vaccination will directly
protect immunized individuals and likely indirectly

protect the whole community by slowing virus trans-
mission. Because it is unknown how many people
with MS were included in the Pfizer-BioNTech and
Moderna vaccine clinical trials, and people taking
immunosuppressive agents were specifically exclud-
ed, safety of the vaccines in the MS population is
unknown. However, based on a low theoretical risk
and the high potential benefit of vaccination, a panel
convened by the National MS Society strongly rec-
ommended that those with MS receive the COVID-
19 vaccine.’

One obstacle to widespread COVID-19 vaccination
is vaccine hesitancy, defined as “delay in acceptance
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or refusal of vaccination despite availability”.®

Vaccine hesitancy is a behavior influenced by a
range of variables, such as knowledge, past experi-
ence, and perceived risks of vaccination.” Common
concerns associated with vaccine hesitancy encom-
pass a broad spectrum, including skepticism about
vaccine safety, vaccine effectiveness, discomfort
with vaccine policies, and those who do not perceive
infection as a considerable risk.” Identifying the
most salient concerns of those within this spectrum
who may become more willing to accept the vaccine
after additional counseling may be helpful. People
with MS may specifically be concerned about effects
of a vaccine because of the immune-mediated nature
of MS and the immune-modulating to immunosup-
pressive nature of MS treatments. Therefore, assess-
ing vaccine willingness and understanding sources
of vaccine hesitancy in people with MS will help
MS providers more effectively approach patients to
encourage COVID-19 vaccination while respecting
patient autonomy.

The objectives of our study are to estimate
COVID-19 vaccine willingness among adults with
MS and explore the factors associated with willing-
ness to be vaccinated against COVID-19.

Materials and methods

Study design, setting, and respondents

This was a single center, observational, cross-
sectional study. The study was approved by the
Oregon Health & Science University (OHSU)
Institutional Review Board.

We recruited respondents through a link posted on the
National MS Society (NMSS) website, an e-mail sent
to a list-serve for NMSS support groups in Oregon
and Southwest Washington, and at the OHSU
MS Center. In addition, patients of the OHSU MS
Center with a diagnosis of MS seen within the last
two years were sent a link to the survey through their
electronic health record. Consented respondents were
included in analyses if they were adults with a self-
reported diagnosis of MS.

The survey

Between 1 December 2020 and 7 January 2021,
respondents completed electronic surveys through
REDCap, an online platform designed for electronic
data capture.® Respondents given the link to the
survey were directed to fill in responses directly
into REDCap, either by themselves or with
assistance.

The primary outcome for the survey was vaccine
willingness, assessed by the question: “Would you
be willing to get vaccinated against COVID-19 if a
vaccine was available for you?” Possible responses
included: “Yes, I would be willing to be vaccinated
against COVID-19,” “No, I would not be willing to
get vaccinated against COVID-19,” and “I am
unsure if [ would be willing to get vaccinated against
COVID-19.” The respondent then selected up to 3 of
the most important reasons influencing their vaccine
willingness, including an “Other” which allowed a
write-in response. The answer choices for this ques-
tion were specific for COVID-19 and based on the
vaccine hesitancy determinants matrix developed for
the World Health Organization (Supplementary
Table 1).%° Write-in responses were recategorized
by the investigators, if appropriate.

The survey also queried demographics (sex, gender,
race, ethnicity, education, household income, zip
code, and health insurance); MS characteristics (sub-
type, duration); prior declined vaccines in adulthood;
frequency of visits with their primary care provider;
prior discussion or plans to discuss the COVID-19
vaccine with their neurologist; personal and/or social
network history of COVID-19 infection, complica-
tions, and/or death; self-perceived risk for contract-
ing COVID-19; home and work exposure risks; and
social distancing practices. MS disease severity was
captured in self-reported disability category scale
correlating with the Expanded Disability Status
Scale (r=0.85)."" Additionally, we captured and
categorized disease modifying therapies (DMT) as
“high efficacy” (B-cell therapies, alemtuzumab, cla-
dribine, or natalizumab) or “low efficacy” (glatir-
amer acetate, interferons, sphingosine 1-phosphate
receptor modulators,'" dimethyl fumarate and other
biosimilars). Finally, we inquired about the presence
of medical co-morbidities that could increase the
risk of COVID-19 complications, including: hyper-
tension, pre-diabetes/diabetes, heart disease, heart
failure, stroke, asthma, emphysema, kidney and
liver disease, cancer, humman immunodeficiency
virus (HIV), obesity, sickle cell disease, prior solid
organ or bone marrow transplant, immune deficien-
ces, cystic fibrosis, and/or thalassemia. The com-
plete survey is included in Supplemental Materials.

Statistical methods

We reported demographics, disease characteristics,
and key survey responses with descriptive statistics
(mean or median and standard deviation for contin-
uous variables and percentage for categorical varia-
bles). Respondents who completed the survey but
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who did not have a diagnosis of MS were excluded
from statistical analysis. Our primary outcome vari-
able, COVID-19 vaccine willingness, is a categorical
variable measured at three levels (yes, no, unsure).
Consequently, chi-square analyses were chosen to
test associations between three levels of vaccine
willingness and categorical predictor variables. We
selected comparisons between outcome and predic-
tor variables that were hypothesized to be the most
important as they related to this specific population.
These variables included formal education level,
age, sex, presence of a high risk co-morbidity for
severe COVID-19, disability, MS duration, MS sub-
type, current DMT use, personal concern for getting
COVID-19, personal history of suspected or con-
firmed COVID-19, personally knowing someone
who had COVID-19 or was hospitalized for
COVID-19, if MS increased the respondent’s con-
cerns about COVID-19 infection, social distancing
practices, discussion or plan to discuss COVID-19
vaccine with their MS doctor; prior acceptance of
the influenza vaccine, employment location, and
employment status. A p-value of 0.05 or lower was
considered statistically significant. No alpha adjust-
ments were made since these analyses were explor-
atory. Statistical analysis was conducted using
STATA16."”

Results

Survey invitations were sent to 31 NMSS group
leaders who covered 24 NMSS groups in Oregon
and 1920 people were sent an invitation to partici-
pate in the survey through their electronic medical
record; 477 people opened the REDCap link and
86% of these (n=410) completed the survey. Of
these 410 respondents, 9 did not report a diagnosis
of MS and were therefore excluded. Overall, 401
respondents were included in the statistical analysis.

The majority of survey respondents were white
(87.6%), female (76.1%), and college educated
(64%; Table 1). Their median age was 51 years,
and 17.8% were age 65 or older. Most respondents
had relapsing MS (70.7%), and 22.2% had “none/
minimal” disability, 29.5% had mild disability, and
21% had moderate disability. At the time of the
survey, 110 respondents (27.8%) were not taking a
DMT. The most common DMTs reported were ocre-
lizumab/rituximab (26.4%), dimethyl fumarate/
diroximel fumarate (16.1%), and glatiramer acetate
(8.3%). Overall, 157 (40.1%) were taking a low
efficacy DMT, and 126 (32.1%) were taking a
high efficacy DMT. The median annual income
was $50,000-100,000 and nearly all respondents

had health insurance (99.2%); 44.4% of respondents
were working, and 38.4% were working outside the
home at least 50% of the time.

COVID-19 exposure, practices, and beliefs

A minority of respondents (37, 9.3%) reported a
history of confirmed or suspected COVID-19 infec-
tion, and 2 (5.4%) required hospitalization
(Table 2). None required admission to the intensive
care unit (ICU). Almost 30% of respondents knew
someone who had been hospitalized for COVID-19,
and 18.5% knew someone who had passed away
from COVID-19.

Respondents were somewhat (31.9%), moderately
(31.9%), or extremely (12.5%) worried about per-
sonally contracting COVID-19, and 70.1% were at
least somewhat concerned about having severe com-
plications if they were to contract COVID-19. The
majority of respondents were either lot more
(30.7%) or a little more (46.6%) worried about
COVID-19 because of their MS, whereas only
19.7% reported their worries about COVID-19
were not affected by their MS.

The largest proportion (43.6%) of respondents were
not going to public places and only socializing vir-
tually with family or friends who live outside their
homes, and 28.7% reported there were not going to
public places but are socializing with family/friends
in either of their homes.

Eighty-nine percent of respondents reported their
vaccine practices and beliefs had not changed
because of COVID-19, whereas 9.0% were more
likely to receive a vaccine than before COVID-19.
The remaining 2.2% were less likely to receive a
vaccine.

COVID-19 vaccination willingness

Most respondents (70.1%, n=281) were willing to
receive the COVID-19 vaccine if it were available to
them (Table 3). The most common reasons cited
were to protect themselves (77.6%) and their
loved ones (58.7%) from getting COVID-19, and
to decrease risk of serious illness (53.4%)
(Table 3). A minority of respondents (7.2%,
n=29) were not willing to receive the vaccine, pri-
marily due to concerns that the vaccine was devel-
oped too rapidly and that there may be potential side
effects of the vaccine (both 55.2%). Over 22% of
respondents (n=91) were unsure if they would be
willing to receive the vaccine. The majority of these
respondents (57.1%) wanted more evidence to prove
the vaccine’s safety. The unsure respondents also
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Table 1. Demographic and clinical characteristics of survey respondents (N =401).
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Table 1. Continued.

Table 2. COVID-19 exposure, practices, and beliefs.
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Table 2. Continued.

Table 3. COVID-19 vaccination willingness.
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expressed concerns that political pressures rushed
the vaccine trials (37.4%) and thought that the gen-
eral population should be vaccinated before people
with MS due to concerns about safety of the vaccine
for people with MS (29.7%).

Variables associated with willingness to receive a
COVID-19 vaccine

We assessed demographic, exposure, practice, and
belief variables that were hypothesized to be the
most important as they related to this specific pop-
ulation with COVID-19 vaccine willingness (three
levels) using chi-square tests. COVID-19 vaccine
willingness was significantly associated with the fol-
lowing: higher personal concern for getting COVID-
19 (x*=45.4, p<0.0001); if MS increased the
respondent’s concerns about COVID-19 infection
(x> =28, p < 0.0001); more cautious social distanc-
ing practices (*=55.6, p < 0.0001); discussion or
plan to discuss COVID-19 vaccine with their MS
doctor (y*=64.3, p<0.0001); prior acceptance of
the influenza vaccine (x*=97.6, p<0.0001); cur-
rent use of any DMT (y>=8.8, p=0.01), and
higher levels of formal education (y%*>=350.2,
p <0.0001, Table 4). See Figure 1 for graphical rep-
resentation of these results. The variables that were
not associated with COVID-19 vaccine willingness
are summarized in Table 5. These variables included
age, disability, type of MS, presence of medical co-
morbidities, working outside the home >50% of
time, personal history of COVID-19, and high effi-
cacy vs low efficacy DMT use.

To further explore the variables associated with will-
ingness to receive a COVID-19 vaccine, we col-
lapsed the wunsure and unwilling categories
together. This allowed us to use logistic regression
to specifically predict willingness to get the COVID-
19 vaccine and assess odds ratios and 95% confi-
dence intervals associated with the predictor varia-
bles. Bivariate logistic regressions found COVID-19
vaccine willingness (two levels) was significantly
associated with the following predictor variables:
higher personal concern for getting COVID-19
x> =10.9, p<0.05) or severe COVID-19
(x*>=12.72, p < 0.05), more cautious social distanc-
ing practices (x*=28.20, p < 0.0001); discussion or
plan to discuss COVID-19 vaccine with their MS
doctor (y*=14.58, p < 0.001); and prior acceptance
of the influenza vaccine (y>=52.71, p <0.0001).
After testing several demographic variables, higher
levels of formal education (x> =237.22, p < 0.0001)
and age (x*=6.91, p <0.01) were found to be asso-
ciated with COVID-19 vaccine willingness (two

levels). Multivariate logistic regressions were per-
formed for each of the predictor variables while
adjusting for education and age. See Table 6 for
odds ratios and 95% confidence intervals for both
univariate and adjusted logistic regression models.

Discussion

We found COVID-19 vaccination willingness to be
high in this sample of people with MS, but nearly
30% were either unwilling or unsure about being
vaccinated. The variables associated with vaccine
willingness were personal concern for contracting
COVID-19, impact of their MS on their perceived
COVID-19 risk, social distancing practices, discus-
sion or plan to discuss the vaccine with their MS
doctor, prior influenza vaccine acceptance, current
DMT use, and education level.

Overall, the rate of COVID-19 willingness in our
study sample was similar to or higher than that of
the general adult population in the United States and
similar to a prior study of COVID-19 vaccine will-
ingness in people with MS."*'® Several national
surveys, with sample sizes of 316-7632, completed
between April and August 2020 found that 49-69%
of respondents intended to be vaccinated, 17-32%
were not sure, and 11-35% did not intend to be
vaccinated.'*"!” The prior study of vaccine willing-
ness among people with MS found that 66% of
respondents were willing and 15.4% were unwilling
to accept COVID-19 vaccination.'® A key difference
between our study and the others cited was that most
of our study was conducted after the first two mRNA
vaccines against COVID-19 were authorized for
emergency use by the FDA. FDA authorization
and imminent vaccine availability may have altered
willingness to receive the vaccine.

Respondents who were unsure about receiving the
COVID-19 vaccination wanted more evidence about
the safety of the vaccine in large populations. Those
who did not want the vaccine were primarily con-
cerned with the speed of vaccine development and
potential side effects. These reasons were similar to
prior COVID-19 vaccine willingness surveys of the
general public in the United States.'*'®! In our
survey, however, 29.7% of “unsure” respondents
were concerned about the safety of the vaccine spe-
cifically for people with MS. Moreover, discussion
or planned discussion of the COVID-19 vaccine with
a neurologist was associated with vaccine willing-
ness. This was in line with a prior study which
showed that patients were more likely to accept a
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Table 4. Variables associated with COVID-19 vaccine willingness.
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Figure 1. Graphical representation of six of the variables found to be significantly associated with COVID-19 vaccine willingness: higher

personal concern for getting COVID-19 (x> =45.4, p < 0.0001); if MS increased the respondent’s concerns about COVID-19 infection (3 =28,
p < 0.0001); more cautious social distancing practices (x> = 55.6, p < 0.0001); discussion or plan to discuss COVID-19 vaccine with their MS
doctor (x*=64.3, p < 0.0001), current use of any DMT (> =8.8, p =0.01), and prior acceptance of the influenza vaccine (x> = 97.6, p < 0.0001).

COVID-19 vaccination if they thought their health-
care provider would recommend it."?

The variables associated with COVID-19 vaccine
willingness in our study were similar to those
reported for the general population. Past vaccine
acceptance, especially for the influenza vaccine, as
well as the perceived risk of acquiring COVID-19,

were associated with COVID-19 vaccine willingness
in our study and several others.'*'>'? In our study,
however, the effect of increasing age on vaccine
willingness was minor in bivariate analysis and
was no longer statistically significant when other
factors such as education was controlled.
The presence of several other demographic charac-
teristics, co-morbidities, and conditions that increase
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Table 5. Variables not associated with COVID-19 vaccine willingness.

Variables not associated with COVID-19 vaccine

willingness Chi-square P
Current DMT use (high efficacy vs low efficacy) 9.1 0.06
Do you personally know anyone who has been hospitalized 4.8 0.09
for confirmed or suspected COVID-19?
Have you ever personally tested positive or has a physician 32 0.20
suspected you were positive for COVID-19?
Do you personally know anyone who has tested positive or 2.7 0.25
was suspected to be positive for COVID-19?
Disability (none/minimum, mild, moderate, some support 6.5 0.887
needed for walking, walker/two-handed crutch, wheel-
chair-bound, bed-bound)
Age (>65, 50-64, 18-49) 3.6 0.458
Sex 2.0 0.363
Presence of a high risk co-morbidity for severe COVID-19 3.6 0.728
Employment location (outside the home >50% of time) 1.2 0.537
MS duration 4.6 0.799
MS Subtype 5.4 0.496
Employment status (employed versus unemployed) 0.5 0.786

the risk of severe COVID-19 (e.g. disability, high-
risk comorbidities, and working outside the home)
were not associated with vaccine willingness. This
highlights a disconnect between how objective risk
factors and subjective risk perception influenced
respondents’ willingness to receive a COVID-19 vac-
cination, which was also shown in the prior study of
vaccine willingness among people with MS.'® MS
providers need to recognize this disconnect when
discussing COVID-19 vaccination to provide person-
alized and MS-specific information in order to pro-
mote vaccination. Independent of the content, the
approach to the vaccination discussion can also influ-
ence vaccine willingness. Hofstetter et al. observed
that parental influenza vaccination acceptance for
their children was higher when healthcare providers
initiated the vaccine discussion using a presumptive
approach (e.g. “today we’re going to do the flu
vaccine”, 72% acceptance) as opposed to a partici-
patory approach (e.g. “are we going to do the flu
vaccine today?”, 17% acceptance).”’ While these
approaches were effective in a small pediatric popu-
lation, we do not know if or how these techniques
would translate to adult vaccine counseling; educa-
tion initiatives using personalized risk stratification
incorporating these approaches could be promising
directions for future research.

Our study has a number of strengths. Our study is
one of the only studies so far to explore COVID-19
vaccine willingness among adults with MS and in a

population with a chronic medical condition.?! Our
results support the findings reported in the prior
study of COVID-19 vaccine willingness in people
with MS."® A major difference between the two
studies is the survey window, which was shorter
and allowed us to explore a period of time where
two COVID-19 vaccines were approved, but before
COVID-19 vaccines were offered to most respond-
ents, reducing the potential impact of a changing
vaccine landscape during the study window. Our
study also examined the reasons for vaccine willing-
ness and hesitancy as well as more demographic,
behavioral, and MS-related variables. Our number
of respondents was similar to other published sur-
veys of both the general public and specific popula-
tions in the US.'®!%-%

Our study also has a number of limitations, primarily
related to generalizability. The response rate to the
survey within OHSU was low at 21.3% which may
increase the risk of sampling bias. A link to the
survey was distributed nationally on the NMSS web-
site. which makes it difficult to assess the overall
response rate to the survey, although 86.5% of our
respondents resided in Oregon and Southwest
Washington. Additionally, the number of individuals
not using DMT (28%) was higher than expected.
Because a self-reported diagnosis of MS was
required for participation, some patients may not
have actually met diagnostic criteria, although all
patients who were invited via a link sent to their
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Table 6. Univariate and adjusted odds ratios for COVID-19 vaccine willingness.
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electronic medical record had an ICD10 diagnosis
code of MS. While the rates of vaccine willingness
in our study were similar to national polling data,
Oregon has historically had one of the highest rates
of vaccine hesitancy among its general population —
only 71% of 2-year-olds were up to date on their
childhood vaccinations in 2019.%* The survey was
only offered online, which could have excluded
socioeconomically underserved populations; this
bias was likely reflected in the high education and
income levels of our respondents. There was a pos-
sibility of selection bias as potential respondents dis-
trustful of a vaccine might have been less likely to
participate in this research survey regarding vac-
cines. Most respondents identified as White
(87.6%), so we could not perform any secondary
analyses related to race/ethnicity. This major limita-
tion to our study was especially unfortunate given
that COVID-19 has disproportionately affected
racial and ethnic minority groups®* and because sev-
eral studies suggested that vaccine acceptance may
be lower amongst Black Americans.'*'> More
research on sources of vaccine hesitancy amongst
racial and ethnic minority groups is imperative.
Finally, the survey period of our study closed shortly
before the National MS Society released their rec-
ommendations stating that the COVID-19 vaccines
developed by Pfizer-BioNTech and Moderna are
safe for people with MS, safe to use with MS med-
ications, and that people with MS should therefore
receive a COVID-19 vaccine.” The National MS
Society guidance was based on data from the general
population in the vaccine clinical trials and from
studies of other vaccines in people with MS. It is
possible that these Society recommendations would
address some of the concerns for people with MS
and increase vaccine willingness rates.

In summary, our study in people with MS found that
over 70% of respondents were willing to receive a
COVID-19 vaccine. Important variables associated
with vaccine willingness were personal concern for
getting COVID-19, discussing or planning to discuss
COVID-19 vaccine with their MS doctor, and past
vaccine acceptance. Respondents who were unsure if
they were willing to receive a COVID-19 vaccine
had significant uncertainty about the safety of the
vaccine specifically for people with MS. Patient
desire for MS-specific safety data could reflect a
research priority for the future. Our study highlights
the importance of patient-centered factors associated
with COVID-19 vaccine willingness that may be
used to guide personalized discussions with
vaccine-unsure MS patients.
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