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Abstract

Background: Complete vaccination coverage is recommended by multiple sclerosis (MS)
societies for patients with multiple sclerosis (pwMS] to mitigate infection risks associated with
disease-modifying therapies (DMTs]).

Objectives: To analyze vaccination coverage and its determinants in pwMS compared to
healthy controls, considering vaccination hesitancy, MS-specific vaccination beliefs, trust in
information sources, and the role of general practitioners (GPs).

Methods: This cross-sectional multicenter observational study was conducted in six

German MS centers. The primary endpoint was a vaccination index (VI) comprising eight
standard vaccinations (range 0-1, with higher VI indicating better vaccination coverage).
Secondary endpoints included validated measures of general vaccination hesitancy, MS-
specific vaccination beliefs, and trust in information sources. Data were collected through
questionnaires, vaccination card analysis, and a survey of GPs who vaccinate pwMS.
Results: VI tended to be lower in pwMS (n=397) compared to healthy controls (n=300;

0.58 = 0.30 vs 0.62 +0.31, p=0.057]. In pwMS receiving highly effective DMTs, VI did not differ
significantly from those on no/platform DMTs. Vaccination hesitancy was comparably low,
with no differences between pwMS and controls. Vaccination hesitancy, beliefs, and trust in
information sources explained only 10%-16% of the variance in VI. Among 109 GPs, 82% cited
reluctance to vaccinate pwMS due to concerns about MS-related side effects or interactions
with DMTs.

Conclusion: Despite clear recommendations from MS societies for full vaccination of all
pwMS, vaccination coverage remains worryingly low. Approximately half of the patients lack
standard vaccination coverage, even those on highly effective DMTs. In fact, vaccination
coverage in pwMS tended to be even lower than in healthy controls. Vaccination hesitancy
and other intrinsic factors do not sufficiently explain the low vaccination rates. Inconsistent
vaccination recommendations from GPs due to uncertainties about vaccine safety and DMT
interactions likely contribute.

Plain language summary

Vaccination coverage in multiple sclerosis patients: what influences it and why it
matters

Vaccinations are crucial for people with multiple sclerosis (MS] to protect them from
infections that may worsen their condition, especially during certain treatments.
However, many MS patients are not fully vaccinated. This study examines vaccination
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rates and factors that affect whether MS patients receive vaccines. We found that general
practitioners often hesitate to recommend vaccines due to concerns about safety and
treatment interactions. Our results suggest that vaccinations should be administered by
specialized vaccination centers to ensure patients receive the appropriate care.

Keywords: disease modifying treatment, infection risks, multiple sclerosis, vaccination,

vaccination hesitancy
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Introduction

Multiple sclerosis (MS) is one of the most com-
mon neurological diseases.! Over the last decade,
numerous highly effective disease-modifying
therapies (DMT's) have been approved. However,
advances in disease control through immunosup-
pression have increased infection risks.?

As a crucial component of managing infection
risks in patients with MS (pwMS), vaccinations
have become an integral part of routine clinical
MS care, leading to the publication of extensive
guidelines on MS vaccine management.>® These
guidelines generally recommend complete basic
vaccination coverage for all pwMS with addi-
tional indication-specific vaccinations depending
on the degree of immunosuppression. However,
it is unclear whether these recommendations are
effectively implemented in routine care, as com-
prehensive data on actual vaccination coverage
among pwMS and its influencing factors are
lacking.

Vaccination coverage is influenced by a complex
interplay of factors, with vaccination hesitancy
thought to play the most prominent role.® Vaccine
hesitancy has steadily grown in the general popu-
lation and is a top global health threat according
to the World Health Organization.!® However, it
is unknown if vaccine hesitancy is also an issue
among pwMS affecting their vaccination status.
Another factor thought to influence vaccination
coverage in pwMS is the prevalence of “vaccina-
tion myths,” such as the belief that vaccination
may trigger MS exacerbations.”!1-12 Additionally,
initial indications suggest that MS-specific beliefs
are also prevalent among general practitioners
(GPs) who vaccinate pwMS, potentially influenc-
ing their vaccination recommendations.!?

This study aimed to analyze vaccination coverage
and its determinants in pwMS. We hypothesized
that due to regular medical care and the present
of extensive guideline recommendations, vaccina-
tion coverage in pwMS would be higher than in
healthy controls. To determine potential factors
associated with vaccination coverage, we further
investigated vaccine hesitancy, MS-related vacci-
nation beliefs, trust in information sources, and
the MS-specific vaccination recommendations
and beliefs of GPs who vaccinate pwMS.

Methods

Study design

This cross-sectional multicenter observational
study aimed to analyze vaccination coverage and
its influencing factors in pwMS compared with
healthy controls. The study was performed in six
German MS-centers and affiliated nonneurologi-
cal outpatient clinics and neurological practices
(see Appendix). The reporting of this study con-
forms to STROBE guidelines. !4

Recruitment strategy

Study participants were recruited between June
2022 and May 2023 through outpatient consulta-
tions at the participating study centers, following
an initial phone contact. MS group participants
were specifically recruited from MS consultations,
while control group participants were selected
from general neurology or trauma surgery consul-
tations. The proportion of controls was generally
matched to the size of the MS group at each center
and balanced with the MS group by age (=5 years)
and sex to ensure comparability between the
groups. Written informed consent was obtained,
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and vaccination documents were copied.
Participants completed a questionnaire that col-
lected demographic variables, socioeconomic
data, information about their vaccinating GP,
details of their last vaccination checkup, and
responses to a validated vaccine hesitancy assess-
ment.!> MS-related information was collected
from medical records. Participants’ MS-specific
vaccination beliefs and their trust in various vac-
cination information sources were assessed using
a custom-developed questionnaire (see Appendix).

Inclusion/Exclusion criteria

Study participants were required to be older than
18years and possess a German vaccination card.
Additional inclusion criteria for the MS group
included a diagnosis of MS according to the
McDonald criteria valid at the time of diagno-
sis.16 Exclusion criteria for the MS group included
a diagnosis made <3 months before participation.
The exclusion criteria for the control group were
designed to capture a cross-section of an other-
wise healthy population by excluding chronic
neurological, internal, dermatological, rheumato-
logical, or oncological conditions that could
impact an intact health span!? (see Appendix).
Consequently, control group participants pre-
sented to the study centers with uncomplicated
nonchronic issues, such as mild cephalgia, acute
back pain, nerve compression syndromes, or
minor posttrauma concerns.

Outcome measures

Vaccination coverage and calculation of vaccination
index [primary endpoint). Vaccination documents
were reviewed, and full vaccination coverage was
assumed if the documented vaccinations fulfilled
the recommendations of the German Standing
Committee on Vaccination (STIKO)!® (see
Appendix). Vaccinations were categorized into
standard vaccinations (tetanus, diphtheria, polio,
pertussis, measles, mumps, rubella, COVID-19),
which are recommended for all adults in the con-
trol and MS group, and indication-specific vacci-
nations (pneumococcal, meningococcal, hepatitis
A, hepatitis B, seasonal influenza, herpes zoster)
which are recommended for adults with certain
predisposing conditions or those under immuno-
suppression.18 Vaccination coverage for standard
vaccinations was compared between the two
study groups by means of a vaccination index
(VI), which served as the primary endpoint. To

calculate this index, the sum of each completed
standard vaccination (yes=1/no=0) was divided
by eight. Therefore, a higher VI indicates better
vaccination coverage.

Vaccination hesitancy. Vaccination hesitancy was
measured using the 7C scale, a validated ques-
tionnaire that assesses seven psychological ante-
cedents influencing one’s general decision to
receive vaccinations: confidence, complacency,
constraints, calculation, collective responsibility,
compliance, and conspiracy.!®> The questionnaire
includes 21 items, with three questions for each
psychological antecedent. Mean scores of items
for each psychological antecedent and a total
score were computed, with lower scores indicat-
ing higher vaccination hesitancy.

MS-specific vaccination beliefs and trust of pwMS
in information sources. We developed two ques-
tionnaires to evaluate individual information
knowledge regarding MS-specific vaccinations
and vaccination beliefs (11-items) and pwMS’
confidence in different information sources (10-
items), adapted from previous studies.!!:13:19 After
pilot testing, responses were collected using a
7-point Likert scale (see Appendix).

MS-specific vaccination recommendations among
pwMS’™ GPs. GPs were contacted via postal mail
and invited to participate in the study by complet-
ing an anonymized questionnaire. This question-
naire addressed the GP’s MS-specific vaccination
recommendations and their beliefs regarding vac-
cinations for their pwMS (see Appendix).

Statistical analysis. The sample size was calcu-
lated a priori based on anticipated tetanus vacci-
nation coverage rates, assuming a 10% difference
in coverage rates between groups. Using a two-
sided Chi-square test at a 0.05 significance level,
we determined that 323 participants per group
would provide 80% power to detect this differ-
ence. All collected data were analyzed descrip-
tively. Categorical variables were presented as
both absolute and relative frequencies. Metric
variables were described using the median, arith-
metic mean, minimum and maximum values, and
standard deviation. For the primary endpoint VI,
the Wilcoxon two-sample test was employed to
compare the MS and control groups after QQ
plot inspection revealed deviations from normal-
ity, warranting a nonparametric approach. For
vaccination hesitancy, a two-sided z-test assessed
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group differences, while three separate linear
regression models evaluated the associations
between VI and (a) vaccination hesitancy, (b)
knowledge and vaccine-related beliefs, and (c)
trust in information sources. Each model was
adjusted for age, sex, education, and the size and
geographical region of residence. Multicollinear-
ity was assessed using Variance Inflation Factor
scores, with all values below 4, indicating no sig-
nificant multicollinearity. Secondary analyses,
including z-tests and linear regression models, did
not undergo normality checks due to the large
sample size, which supports robustness in para-
metric tests even with minor assumption viola-
tions.2? No formal statistical testing was performed
for group differences in vaccination coverage for
specific standard and indication-specific vaccina-
tions. The level of significance (p<0.05) was not
adjusted for multiple outcomes.?! All analyses
were performed using SAS 9.4.

Results

Study cohorts

PwMS and control group. Of the initially 420 con-
tacted subjects, 397 (94.5%) in the MS group
and 300 (90.3%) in the control group met the
inclusion criteria and agreed to participate. Both
groups were well-balanced in age, sex, socioeco-
nomic status, and geographical region though
pwMS tended to live in smaller towns (Table 1).

General practitioners. Out of 397 pwMS, 230
provided their GPs’ contact details. Among 230
GPs contacted, 109 (47.4%) participated, with an
average age of 52years (SD 8.7), and 52 (47.7%)
were female. The median number of pwMS
treated by each GP was 7 (IQR 4-10).

VI for standard vaccinations (primary endpoint]

PwMS had their vaccination status checked
slightly more recently compared to the control
group (Table 1). The VI tended to be lower in
pwMS than in controls (0.58 £ 0.30vs 0.62 = 0.31
(mean = standard deviation), p=0.057; Table 2).
Among pwMS receiving highly effective DMTs,

the VI did not differ significantly from controls or
from pwMS on no/platform DMTs (Table 2).

Vaccination coverage for specific standard

and indication-specific vaccinations

For all standard vaccinations except COVID-19,
vaccination coverage was numerically lower in
pwMS compared to controls (Table 3). A similar
pattern was observed for pwMS receiving highly
effective DMT's compared to controls (Table 3).
There was no relevant difference in vaccination
coverage for all standard vaccinations between
pwMS receiving highly effective DMT's and those
on no/platform DMTs (Table 3).

For indication-specific vaccinations against pneu-
mococcal diseases, influenza, herpes zoster, and
tick-borne encephalitis, vaccination coverage in
pwMS was numerically higher than in controls
(Table 3). In subgroups, pwMS on highly effec-
tive DMTs had better vaccination coverage than
controls for three out of nine indication-specific
vaccinations (Table 3). Again, there was no rele-
vant difference in vaccination coverage for indica-
tion-specific ~ vaccinations between pwMS
receiving highly effective DMT's and no/platform
DMTs, except for HPV vaccination (18.7% vs
9%; Table 3).

Vaccination hesitancy

Vaccine hesitancy, as measured by the 7C scale,
did not differ between the study groups for any of
the seven psychological antecedents or the total
score (Table 4).

Level of information and MS specific

vaccination beliefs among MS patients

A total of 68% of pwMS reported being ade-
quately informed about vaccinations and MS, and
76% were generally willing to receive all recom-
mended vaccinations. Additionally, 69% believed
they had complete vaccination coverage (Figure
1(a)). Regarding MS relapses, 57% agreed that
infections could trigger relapses, and 23% that
vaccinations could do the same (Figure 1(a)).
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Table 1. Cohort characteristics.

Demographic and socioeconomic data MS (n=397) Controls (n=300)
Age [years], mean (SD] 42.6 (12.4) 41.0 (13.9)
Female sex, n (%) 303 (76.7) 224 (74.9)
Socioeconomic status, n (%)
Unemployed? 116 (29.6) 78 (26.4)
Net household income >3000 € 133 (34.3) 97 (32.8)
University degree 115 (29.2) 108 (36.2)
Size of city of residence, n (%)
Population >100,000 107 (27.2) 131 (43.8)
Population 20,000-100,000 129 (32.7) 89 (29.8)
Population <20,000 158 (40.1) 79 (26.4)
Geographical region, n (%)
Eastern Germany 201 (51.4) 153 (52.6)
Western Germany 190 (48.6) 138 (47.4)
Last check of vaccination status
<1year 229 (58.6) 146 (50.5)
=1year 117 (29.9) 110 (38.1)
Not known/Never checked 45(11.5) 33(11.4)
MS disease characteristics
MS course
Relapsing-remitting MS, n (%) 321 (86.1)
EDSS score, median (range) 2 (0-7.5)
Disease duration (years), mean (SD) 10.4 (8.3)
Disease activity (previous year), n (%)
Relapse 129 (32.5)
Progression (EDSS increase >1) 60 (15.1)
MRI activity (new or expanding lesions]) 80 (19.9)
Disease modifying treatment, n (%)
None 39 (9.9
Platform DMT 116 (29.2)
Highly effective DMT 225 (57.2)

DMT, disease-modifying therapy; EDSS, expanded disability status scale; platform DMT: Dimethyl-/Diroximel fumarate,
Teriflunomide, Interferons, Glatirameracetate; highly effective DMT: Cladribine, S1P-receptor modulators, Ocrelizumab,

Ofatumumab, Alemtuzumab, Natalizumab; GP, general practitioner.
a“Unemployed” also includes subjects with disability pension, regular pensioners, and students.
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Table 2. Vaccination index for standard vaccinations.
Demographic and clinical subgroups MS (mean=SD)  Controls [mean=SD)  p Value?
Total cohort 0.58 (0.30) 0.62(0.31) 0.057
Subgroups
DMT
No/Platform DMT 0.57 (0.30) 0.62(0.31) 0.02
Highly effective DMT 0.58 (0.30) 0.62(0.31) 0.12
Geographical region
Eastern Germany 0.58 (0.29) 0.65(0.31) 0.02
Western Germany 0.58 (0.31) 0.59 (0.32) 0.81
Educational background
Nonuniversity degree 0.56 (0.30) 0.58 (0.31) 0.58
University degree 0.62(0.29) 0.71(0.31) 0.009
Size of city of residence
Population >100,000 0.58 (0.32) 0.65(0.31) 0.07
Population 20,000-100,000 0.56 (0.31) 0.59 (0.32) 0.41
0.60(0.29) 0.61(0.30) 0.83

Vaccination index comprising eight standard vaccinations (range 0-1, with higher VI indicating better vaccination coverage).

aBased on the Wilcoxon two-sample test.
DMT, disease-modifying therapy; SD, standard deviation.

Only 11% and 19%, respectively, feared that vac-
cinations interfere with their DMT or be ineffec-
tive due to DMT treatment (Figure 1(a)).

Trust of MS-patients in information sources

The majority of pwMS trust the vaccination rec-
ommendations of their neurologist (93%), pri-
mary care physician (81%), or the German MS
Society (75%; Figure 1(c)).

Factors predicting VI

The three regression models accounted for only
10%—-16% of the variance in the VI (Table 5). In
the knowledge and vaccine-related beliefs model,
the general fear of vaccination side effects nega-
tively predicted VI (=-0.04, p=0.01). In the
trust in information sources model, trust in vac-
cination recommendations by GPs ($=0.04,
p»=0.01) and by pharmaceutical companies
(B=0.03, p=0.03) positively predicted VI, while

trust in vaccination recommendations by friends
and family negatively predicted VI (=-0.03,
$»=0.03). None of the components of the 7C
scale in the vaccination hesitancy model were
found to be significant predictors of VI.

MS-specific vaccination recommendations

among GPs of pwMS

About 28% of GPs agreed that vaccinations trig-
ger MS relapses, while 24% remained neutral
(Figure 2(a)). Between 76% and 95% of GPs fre-
quently recommend standard inactivated vac-
cines to pwMS, regardless of their immunotherapy
status (Figure 2(b)). Only 50% suggested mumps,
measles, or rubella vaccines. Indication-specific
vaccination recommendations, such as for human
papillomavirus (least recommended at 16%) and
pneumococcal vaccines (most recommended at
86%), were lower than those for standard vacci-
nations (Figure 2(c)). Notably, 89 (82%) GPs
cited significant reluctance to vaccinate pwMS,
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Table 3. Descriptive data on full vaccination coverage for standard and indication-specific vaccinations.

Vaccination category MS

Controls (n=300)

Total cohort

No/platform DMT

Highly-effective

(n=397) (n=155) DMT (n=225)

Standard vaccinations, n (%)
Diphtheria 234 (60.3) 91(60.7) 131 (59.3) 178 (61.2)
Tetanus 240(61.9) 93 (62.0) 135 (61.1) 181 (62.2)
Pertussis 118 (30.4) 41(27.3) 73 (33.0) 111 (38.1)
Poliomyelitis 223 (57.5) 85 (56.7) 129 (58.4) 174 (59.8)
Mumps 221 (56.7) 83 (55.3) 124 (55.6) 178 (61.2)
Measles 243 (62.3) 89 (59.3) 140 (62.8) 231 (79.4)
Rubella 223(57.2) 83 (55.3) 126 (56.3) 180 (61.9)
Covid-19 313(80.7) 116 (77.3) 180 (81.4) 217 (74.6)

Indication-specific vaccinations, n (%)
Pneumococcal 26 (6.7) 5(3.3) 21(9.5) 1(0.3)
Meningococcal 57 (14.7) 25(16.7) 28 (12.7) 52 (17.9)
Hepatitis A 114 (29.4) 43 (28.7) 68 (30.8) 100 (34.4)
Hepatitis B 200 (51.5) 71 (47.3) 120 (54.3) 162 (55.7)
Seasonal influenza 82 (21.1) 33 (22.0) 45 (20.4) 40 (13.7)
Herpes zoster 41 (10.¢) 13 (8.7) 27 (12.2) 14 (4.8)
TBE® 65 (29.3) 31(33.7) 34.(26.8) 44.(28.0)
HPV 50 (12.9) 28 (18.7) 20 (9.0) 57 (19.6)
Hib 87 (22.4) 37 (24.7) 46(20.8) 75 (25.8)

Bold values indicate a numerically higher relative vaccination coverage in the MS groups versus controls.
20nly for participants living in TBE risk areas (total MS group n=231; Control group n=1646).
Hib, Haemophilus influenzae type b; DMT, disease modifying therapy; HPV, human papillomavirus; MS, multiple sclerosis;

TBE, tick-borne encephalitis.

primarily due to concerns about potential side
effects related to MS (42.5%) and interactions
with DMTs (40.7%; Table 6).

Discussion

This study is the first comprehensive multicenter
analysis comparing vaccination coverage in
pwMS to healthy individuals while examining
factors that influence vaccination status, includ-
ing a survey among their GPs who vaccinate
pwMS. Previous research has largely been limited

to specific vaccines,?2-28 single study centers,23:25:29
or small?3:25 and localized cohorts,23-25:29:30 with-
out considering determinants of vaccination cov-
erage, which hampers generalizability.

Our main finding revealed that vaccination cover-
age for standard vaccinations in pwMS, as meas-
ured by the VI, is disconcertingly low and not
significantly different from that of healthy indi-
viduals. In fact, the VI tended to be lower in
pwMS compared to healthy controls. This result
contradicts the expectation that pwMS, who are
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Table 4. Vaccination hesitancy (7C scale).

7C scale components MS (n=397), mean (SD) Controls (n=300), mean (SD) p Value?

Total score 4.8(0.8) 4.7(0.8) 0.75

Subscales
Confidence 4.7(1.1) 4.7(1.2) 0.99
Complacency 6.0 (1.0) 5.9 (1.0) 0.56
Constraints 5.0 (1.1) 5.0 (1.1) 0.38
Calculation 3.1(1.1) 3.1(1.0) 0.46
Collective responsibility 5.6 (1.2) 5.7(1.2) 0.41
Compliance 3.6(1.4) 3.4 (1.4) 0.19
Conspiracy 5.2(1.3) 5.3(1.2) 0.26

Responses are based on a seven-point Likert scale. Lower scores indicating higher vaccination hesitancy.

aBased on a two-sided t-test.

under close medical supervision, would have
higher vaccination rates. Notably, pwMS reported
more frequent monitoring of their vaccination sta-
tus by physicians than controls. Although most of
the standard vaccines included in the VI are rou-
tinely administered during childhood, prior to MS
diagnosis, any missing or undocumented vaccina-
tions should be supplemented or boosted in adult-
hood. However, this supplementation appears to
occur no better—or even worse—among pwMS
compared to healthy controls. These findings are
consistent with those observed in other autoim-
mune diseases. For instance, a Slovenian study
found that only 64.7% of young adults with rheu-
matological diseases had coverage for mandatory
vaccines, significantly lower than the general pop-
ulation.3! Similarly, a German study showed that
vaccination coverage for tetanus and diphtheria in
adolescents with idiopathic arthritis was 24% and
79%, respectively, compared to 46% and 95% in
healthy peers, mainly due to doctors advising
against vaccination.3?

A comparison of our findings with previous studies
revealed discrepancies in the coverage rates for cer-
tain standard and indication-specific vaccines. For
example, a single-center study from Austria
reported about 30% higher vaccination rates for
diphtheria, tetanus, pertussis, and poliomyelitis in
pwMS than in our cohort.?® These differences
likely stem from methodological variations. Berek
et al. considered a single booster sufficient for full

vaccination, whereas our study included basic vac-
cinations. Similarly, a local study from Eastern
Germany, which also considered basic vaccina-
tions, reported a 64.5% tetanus vaccination rate in
pwMS,24 aligning with our results. However, this
study also reported a 74.8% pertussis vaccination
rate, which is higher than our rates (30.4% in
pwMS, 38.1% in controls) and those in the general
German population (49.8%). Reports on influenza
vaccination coverage vary widely, ranging from
13.5% in a cohort from Eastern Germany?* to
42% in Spain,?> and up to 80% among elderly
pwMS in the United States,3° reflecting geographic
and cohort differences. Consistent with our find-
ings, data from German health insurance claims
estimated that about 19% of pwMS receive sea-
sonal influenza vaccinations.??

National and international guidelines recom-
mend complete vaccination coverage, especially
for MS patients on highly effective DMTs, to
mitigate the increased infection risk due to immu-
nosuppression.3-8 Recent studies have shown that
sufficient seroconversion can be achieved even
under most DMTs without significant safety con-
cerns, as demonstrated for influenza, COVID-19,
and other vaccines.33-35 In our cohort, more than
50% of patients were on highly effective DMTs.
Despite these recommendations, our study found
that vaccination coverage for standard vaccines in
these patients was not significantly different from
that in healthy controls or other pwMS.
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(a) Informed about MS specific vaccinations 12% 68%
Have all recommended MS specific

SPECIC wym 00 9%
vaccinations

Willing to receive all regommengied ‘MS 14% B 76%
specific vaccinations
Infections trigger relapes 21% 57%
Vaccinations trigger relapses 57% 21% 23%
Vaccinations have other side effects 65% 21% 15%

Covid-19 triggers relapses 21% 39%

Covid-19 vaccination triggers relapses 18% 0 18%
Covid-19 vaccination has other side 18% 20%
effects

Vaccinations interfere with DMT 23% 1%

Vaccination not effective due to DMT [ N NN 22 19%
0% 50% 100%
m Disagree = Neutral =~ Agree
(b) Neurologist |7% 93%
General practitioner . 14% 81%
Other physicians m 40% 49%

Friends / family 39% 24%
Internet / social media 21% 11%
Television 27% 5%
prnt medin | S 7+
Pharmaceutical companies 36% 18%

Official recommendations 21% 64%
MS Society [JJ720% 75%
0% 50% 100%
mDisagree ®Neutral  Agree

Figure 1. Vaccination information status, beliefs, and trust in information sources in patients with MS.
“Disagree” comprises the categories: | do not agree at all, | do not agree, | somewhat disagree; “Agree”
comprises the categories: | somewhat agree, | agree, | fully agree. (a) To what extend do you agree or disagree
with the following statements about MS and vaccinations? and (b) When it comes to the topic of MS and

vaccinations, | trust in the recommendations of . . .
DMT, disease modifying therapy; MS, multiple sclerosis.

Additionally, coverage for six out of nine indica-
tion-specific vaccines recommended for immuno-
compromised individuals was even lower in
pwMS on highly effective DMTs compared to
healthy controls. This discrepancy is notable, as
few participants in the control group were likely
eligible for most indication-specific vaccinations,
unlike pwMS on highly effective DMTs.

To determine potential reasons for the lower vac-
cination coverage in pwMS, we analyzed three
clusters of intrinsic factors hypothesized to be
associated with vaccination coverage.

First, we assessed general vaccine hesitancy using
the validated 7C scale.!> A mean 7C score above
4 indicates high vaccination readiness or low
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Table 5. Regression models.

Predictor variables Estimate SE p Value

Model 1: Vaccination hesitancy/7C scale (R2=0.10, F (12/337)=3.24, p=<0.001)
Intercept 0.24 0.15 0.12
Confidence 0.02 0.02 0.20
Complacency 0.02 0.02 0.41
Constraints 0.03 0.02 0.07
Calculation 0.02 0.01 0.22
Collective responsibility -0.04 0.02 0.06
Compliance 0.01 0.01 0.55
Conspiracy 0.02 0.02 0.27

Model 2: Knowledge and vaccine-related beliefs (R2=.16, F(16/342)=3.95, p<0.001)
Intercept 0.81 0.15 <0.01
Informed about vaccinations and MS 0.01 0.01 0.64
Have all recommended vaccinations 0.01 0.01 0.54
Willing to receive all recommended vaccinations -0.02 0.01 0.25
Infections trigger relapses 0.02 0.01 0.14
Vaccinations trigger relapses -0.01 0.02 0.56
Vaccinations have other side effects than relapses -0.04 0.02 0.01
Covid-19 triggers relapses 0.00 0.01 0.88
Covid-19 vaccinations trigger relapses -0.02 0.02 0.24
Covid-19 vaccination has other side effects 0.00 0.02 0.24
Vaccinations interfere with DMT 0.00 0.01 0.94
Vaccination not effective due to DMT -0.01 0.01 0.27

Model 3: Trust in information sources (R?=.11, F(15/342)=2.71, p<.001)
Intercept 0.37 0.16 0.02
Neurologist -0.01 0.02 0.66
General practitioner 0.04 0.02 0.01
Other physicians 0.01 0.01 0.51
Friends/Family -0.03 0.01 0.03
Internet/Social media 0.01 0.01 0.31

[Continued]

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

P Schade, H Nguyen et al.

Table 5. (Continued)

Predictor variables Estimate SE p Value
Television -0.01 0.02 0.62
Print media 0.00 0.02 0.93
Pharmaceutical companies 0.03 0.01 0.03
Official recommendations 0.00 0.01 0.75
MS society 0.01 0.02 0.55

Each of the above models was additionally adjusted for age, sex, education, size, and geographical region.

MS, multiple sclerosis.

hesitancy,?® which was observed in both study
groups. Furthermore, there were no significant
differences between the MS and control groups in
total 7C scores or subscales. Our regression anal-
ysis revealed that none of the 7C components
were significant predictors of VI, suggesting that
general vaccine hesitancy is unlikely to be a rele-
vant factor influencing actual vaccination cover-
age. This contrasts with results from a smaller
Irish study conducted at the beginning of the
SARS-CoV-2 pandemic, which reported vaccine
hesitancy as a common phenomenon in pwMS,
affecting 10%—-20% of the cohort using nonvali-
dated questionnaires.3” It is conceivable that, in
our study conducted later in the pandemic,
increased public awareness of infection risks and
vaccine benefits contributed to lower hesitancy.33

Second, we investigated the level of information
and MS-specific vaccination beliefs. Over two-
thirds of pwMS reported being well informed and
willing to receive necessary vaccinations, con-
firming the low vaccination hesitancy as meas-
ured by the 7C scale. However, beliefs about
MS-specific vaccinations varied among the par-
ticipants. Although the majority of pwMS accu-
rately recognized that infections can trigger
relapses, a significant proportion (43%) were
unsure or disagreed. Similarly, while most MS
patients correctly disagreed that vaccinations trig-
ger relapses, a considerable percentage (44%)
were unsure or agreed. Concerns regarding DMT
treatment were generally low, with only 11%-—
19% assuming that vaccinations may interfere
with their DMT or may be ineffective. In our sec-
ond regression model, none of the MS-specific
vaccination beliefs were significant predictors of
VI. In contrast, the general fear of vaccination

side effects was a significant predictor, although it
accounted for a relatively small proportion of the
variance in VI. The results suggest that, despite a
relatively high number of pwMS believing in
MS-specific vaccination myths, these beliefs likely
do not significantly affect their vaccination
coverage.

Third, we examined trust in various information
sources. PwMS showed the highest levels of trust
in physician recommendations and official
sources. Our regression analysis indicated that
trust in GP recommendations and pharmaceuti-
cal companies was a positive but weak predictor
of VI, aligning with studies in healthy subjects.3?
Despite high trust in neurologists’ recommenda-
tions, this was not associated with VI, possibly
because vaccinations in Germany are adminis-
tered by GPs, not neurologists. This finding may
also indicate an interface problem between these
two medical specialties. It is conceivable that neu-
rologists’ recommendations are not implemented
by GPs, potentially due to their own hesitancies
and misconceptions with regard to MS or DMTs.
In this context, a French study reported that gen-
eral vaccine hesitancy is prevalent among GPs.!3
Specifically, 37% of the GPs surveyed in the
study did not regularly recommend hepatitis B
vaccines to seronegative adults, and 12% consid-
ered MS to be a potential side effect of this
vaccine.

To explore this assumption further, we surveyed
the GPs of our pwMS cohort and found that, like
the pwMS themselves, over half of the respond-
ents either mistakenly believed or were uncertain
that vaccinations could trigger MS relapses.
Additionally, only half of the GPs felt confident in
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(a) Knowledgeable to decide
on vaccinating pwMS

Know about vaccination 13%

recommendations for pwMS

Knowledgeable about
vaccine - DMT interactions

25%
Vaccinations can trigger
MS relapses

Vaccinations increase MS
risk in healthy individuals

14%

18% 68%
73%
22% 53%

24% 28%

0% 50% 100%
m disagree neutral agree
(b)
Mumps, Measels, Rubella 16% 50%
Tetanus || 95%
Diphtheria [Ja% 95%
Pertussis 5% 94%
Poliomyelitis &4 11% 82%
COVID-19 B 14% 8%
Seasonal influenza [6% 94%
TBE 15% 76%
0% 50% 100%
m never/rarely sometimes  often/always
(c) H. influenza B 16% 28%
Herpes zoster 16% 69%
Hepatitis A 26% 44%
Hepatitis B 25% 49%
HPV 19% 1 16%
Meningococcal 15% 38%
Pneumococcal & 10% 86%
0% 50% 100%
Hnever/rarely sometimes  often/always

Figure 2. MS-specific vaccination recommendations of general practitioners. “Disagree” comprises the
categories: | do not agree at all, | do not agree, | somewhat disagree; "Agree” comprises the categories:

| somewhat agree, | agree, | fully agree. (a) To what extent do you agree or disagree with the following
statements?, (b) How often do you recommend the following basic vaccinations to your MS patients without
adequate vaccination coverage, independently of immunotherapy?, and (c) How often do you recommend the
following indication-specific vaccinations to your MS patients without adequate vaccination coverage who

receive/will receive immunotherapy?

DMT, disease modifying therapy; HPV, human papilloma virus; MS, multiple sclerosis; TBE, tick-borne encephalitis.

their knowledge about the interactions between
vaccines and DMTs. This lack of confidence was
reflected in their MS-specific vaccination recom-
mendations. A majority of GPs did not regularly
recommend live attenuated or indication-specific
vaccines to their pwMS due to concerns about

potential MS-specific side effects and interactions
with DMT:s. This reluctance may be partly due to
the very small number of pwMS each GP man-
ages, compounded by the complexity of manag-
ing numerous licensed DMTs that fall outside
their specialty. These results are particularly
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Table 6. General practitioners’ reasons for not vaccinating patients with MS (n = 89).

If you would never or rarely recommend one or more vaccines to your MS Yes No
patients, what are the reasons? n (%)

The vaccine works poorly in MS patients 5(5.9) 80 (94.1)
| am afraid of the side effects because of the MS 37 (42.5) 50 (57.5)
| am afraid of interactions between the vaccine and the DMT 35(40.7) 51 (59.3)
For organizational reasons, | am only able to recommend vaccinations occasionally 14 (16.3) 72 (38.7)
| forget it regularly 20(20.3)  661(76.7)
My MS patients are not at risk from vaccine-preventable infectious diseases 15 (17) 73 (83)
It is sufficient if those MS patients who actively ask for the vaccines are vaccinated 4 (4.6) 83 (95.4)
The vaccines don’t seem worth the risk 7(8.1) 79 (91.9)

DMT, disease modifying therapies; MS, multiple sclerosiss.

concerning, as previous studies have shown that
recommendations of GPs play a key role in pro-
moting acceptance of vaccinations, including
among patients receiving immunotherapies.3%40

Our study has some limitations. The MS cohort
was recruited from specialized MS centers, which
may limit generalizability, as general neurologists
may handle vaccinations and DMTs differently.
Second, excluding MS patients without vaccina-
tion cards could lead to an overestimation of vac-
cination coverage.*! However, since more than
90% of contacted MS patients had vaccination
cards, significant bias is unlikely. Conversely, vac-
cination card records might underestimate cover-
age since not all vaccinations may be documented.
Nonetheless, a comprehensive meta-analysis found
only an 11% discrepancy between card-based and
medical provider records.#? Additionally, using a
VI instead of individual vaccinations in the regres-
sion analysis may result in some loss of informa-
tion, as patient attitudes toward different
vaccinations can vary. Lastly, while the 47%
response rate in our GP survey is generally regarded
as satisfactory, a nonresponder bias cannot be
excluded.

Conclusion

Vaccination coverage for pwMS is worryingly
inadequate, with roughly half of the patients lack-
ing full standard vaccination coverage. Despite
more intensive monitoring of vaccination status,

coverage in pwMS tended to be even lower than in
a control group of healthy individuals. Additionally,
PpwWMS receiving highly effective DMTs do not
show better vaccination coverage compared to
healthy controls or other pwMS, thereby increas-
ing their risk for vaccine-preventable infections.
General vaccination hesitancy and other intrinsic
factors do not sufficiently explain the low vaccina-
tion rates. Instead, our findings suggest a signifi-
cant influence of GPs, who may provide inadequate
or inconsistent vaccination recommendations due
to uncertainties about the safety of vaccinations
and interactions with DMTs. To enhance vaccina-
tion coverage in pwMS, a structured training pro-
gram for GPs could be implemented to ensure
familiarity with MS-specific vaccination needs.
However, given the limited number of pwMS seen
by individual GPs, centralized vaccination units —
either as independent centers or integrated within
MS clinics — may offer a more effective and sus-
tainable approach. This model would ensure con-
sistent, specialized care, and reduce the risk of
vaccine-preventable infections in this vulnerable
population.
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Name Location Geographical region Population covered® Type
Jena University Hospital ~ Jena, Thuringia Eastern Germany Urban/Rural MS-center
Heinrich-Braun-Hospital Zwickau, Saxony Eastern Germany Rural MS-center
Zentralklinikum Suhl Suhl, Thuringia Eastern Germany Rural MS-center
Dr. Elias-Hamp Hamburg, Hamburg Northern Germany  Urban Neurological practice
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Mind MVZ Stuttgart, Baden-Wuerttemberg ~ Southern Germany  Urban/Rural Neurological practice

aUrban: Study center covering cities with >100,000 population, rural: Study center not covering cities with >100,000 population. Because of the
large catchment area of Jena University Hospital and Mind MVZ, urban and rural areas are covered.
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Exclusion criteria for patients in the control group

Neurological conditions:

Stroke
Parkinson’s disease
Epilepsy [medication-treated)

Severe polyneuropathy (requires walking aids, wheelchair) including o

CIDP/GBS

Dementia

ALS (Amyotrophic lateral sclerosis)
Myasthenia gravis/Lambert-Eaton syndrome

Congenital or acquired immunodeficiencies:

Any congenital/acquired immunodeficiency

Long-term immunosuppressive therapy (including Prednisolone]) o

HIV

Asplenia

Complement deficiency
Hypogammaglobulinemia
Bone marrow transplantation
Organ transplantation

Dermatological conditions:

Severe atopic dermatitis (medication-treated)
Scleroderma

Rheumatological conditions:

e Lupus erythematosus

e Sarcoidosis

e Rheumatoid arthritis

Sjogren’s syndrome

e Vasculitis

e Polymyositis/Giant cell arteritis

Internal medicine conditions:
e Metabolic disorders
Kidney disease

e Cardiovascular diseases

e Liver diseases

e (Gastrointestinal diseases
e Lungdiseases

e Diabetes mellitus Type | / Il (medication-treated)

e Chronic kidney insufficiency
e Heart failure

e Hepatitis B, C, liver cirrhosis, liver insufficiency
e Crohn’s disease, Ulcerative colitis

e Bronchial asthma (medication-treated)

e Cystic fibrosis, COPD, Pulmonary emphysema

Neoplasms:
e Active malignant cancer

Questions to assess MS-specific vaccination
beliefs and trust in various sources of
information about MS-related vaccinations

The 7C of vaccination readiness scale. The follow-
ing statements refer to all infectious diseases for
which a vaccination is available and recom-
mended by health authorities. Please state how
much you agree with each of the statements. Rate
the statements from 1=“strongly disagree” to
7="“strongly agree”

Vaccination side effects occur rarely and are
not severe for me.

Political decisions about vaccinations are
scientifically grounded.

I am convinced the appropriate authorities
do only allow effective and safe vaccines.

I do not need vaccinations because infec-
tious diseases do not hit me hard.
Vaccinations are wunnecessary for me
because I rarely get ill anyway.

I get vaccinated because it is too risky to get
infected.

I make sure to receive the most important
vaccinations in good time.

Vaccinations are so important to me that I
prioritize getting vaccinated over other
things.

I sometimes miss out on vaccinations
because vaccination is bothersome.

I get vaccinated when I do not see disad-
vantages for me.

I only get vaccinated when the benefits
clearly outweigh the risks.

For each vaccine, I carefully consider
whether I need it.

I also get vaccinated because protecting
vulnerable risk groups is important to
me.

I see vaccination as a collective task against
the spread of diseases.

I also get vaccinated because I am thereby
protecting other people.

It should be possible to exclude people
from public activities (e.g., concerts) when
they are not vaccinated against a specific
disease.
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- The health authorities should use all possible
means to achieve high vaccination rates.

- It should be possible to sanction people
who do not follow the vaccination recom-
mendations by health authorities.

- Vaccinations cause diseases and allergies
that are more serious than the diseases they
ought to protect from.

- Health authorities knuckle under to the
power and influence of pharmaceutical
companies.

- Vaccinations contain chemicals in toxic
doses.

Level of information and MS specific vaccination
beliefs among MS patients. How much do you agree
with the following statements about vaccinations and
MS? Rate the statements from 1= “strongly disagree”
to 7= “strongly agree”

I feel sufficiently informed about vaccina-

tions in relation to MS.

- My vaccination coverage includes all vaccina-
tions recommended for me as an MS patient.

- I am willing to receive all vaccinations rec-
ommended for me as an MS patient.

- I fear that severe infections could trigger an
MS relapse in me.

- I fear that the vaccinations recommended
for me could trigger MS relapses.

- I fear that the vaccinations recommended
for me could have other serious side effects
besides MS relapses.

- I fear that a COVID-19 infection could
trigger an MS relapse in me.

- I fear that a COVID-19 vaccination could
trigger an MS relapse in me.

- I fear that a COVID-19 vaccination has
other serious side effects.

- I fear that my MS medication is not com-
patible with vaccinations.

- Ifear that vaccinations do not work because

of my MS medication.

Trust of MS-patients in information sources. When
1t comes to the topic of vaccination and MS, I trust the
recommendations Rate the statements from
1 ="strongly disagree”to 7 = “strongly agree”

- My neurologist.

- My general practitioner.
- Other doctors.

- My friends and/or family.

- Information from the internet (e.g., web-
sites, forums, Twitter, Instagram).

- TV programs.

- Newspapers/magazines.

- Pharmaceutical companies.

- The Standing Committee on Vaccination
(STIKO).

- MS specialist societies.

Questions to assess MS-specific vaccination
recommendations and beliefs in General
Practitioners

If you would never or rarely recommend one or
more vaccines to your MS patients, what are the
reasons? [yes/no)

- The vaccine works poorly in MS patients.

- I am afraid of the side effects due to MS.

- I am afraid of interactions between the rec-
ommended vaccines and the existing MS
medication.

- Due to organizational reasons, I can only
occasionally recommend vaccinations.

- I regularly forget it.

- The aforementioned infectious diseases do
not pose a risk to my MS patients.

- It is sufficient if those MS patients who
actively ask for the vaccines are
vaccinated.

- When weighing the risks and benefits, the
vaccines do not fare well.

To what extent do you agree with the following state-
ments? Rate the statements from 1= “strongly disa-
gree” to 7= “strongly agree”

- I know enough about MS to make an
informed decision about whether to vacci-
nate my MS patients or not.

- I know enough about the vaccinations rec-
ommended for MS to make an informed
decision about whether to vaccinate my MS
patients or not.

- I know enough about the interactions
between the vaccinations recommended for
MS and MS medications to make an
informed decision about whether to vacci-
nate my MS patients or not.

- Vaccinations can trigger an MS relapse.

- Vaccinations can increase the risk of develop-
ing MS in previously healthy individuals.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

P Schade, H Nguyen et al.

Criteria for complete vaccinations

Vaccination

Full vaccination coverage assumed when the following criteria have
been fulfilled

Standard vaccinations

Tetanus

Diphtheria

Pertussis

Poliomyelitis

Measles

Mumps

Rubella

Covid-19

e Basic immunization with three injections of tetanus vaccine
e At least one booster vaccination every 10years

Basic immunization with three injections of diphtheria vaccine
At least one booster vaccination every 10years

e |f the vaccination schedule was initiated <18years of age:

o Basic immunization with three injections of pertussis vaccine
o At least one additional booster vaccination 10years after the last
vaccination

e |f the vaccination schedule was initiated >18years of age:

o One injection of pertussis vaccine (Catch-up vaccination)
o At least one additional booster vaccination 10years after the last
vaccination

Basic immunization with three injections of poliomyelitis vaccine
At least one additional booster vaccination 10years after the last
vaccination

e [f the vaccination schedule was initiated <18years of age:
o Basic immunization with two injections of measles vaccine
e |f the vaccination schedule was initiated >18years of age:

o If the patient was born after 1970: one injection with measles
vaccine if the:

m Patient did not receive measles vaccination in childhood
m Patient received only one measles vaccination in childhood
m Vaccination status is unclear

If the patient was born before 1970: natural immunity, no vaccination
necessary

e [f the vaccination schedule was initiated <18years of age:
o Basic immunization with two injections of Mumps vaccine
e |f the vaccination schedule was initiated >18years of age:

o If the patient was born before 1970: natural immunity, no
vaccination necessary

e |f the vaccination schedule was initiated <18years of age:
o Basic immunization with two injections of Rubella vaccine
e |[f the vaccination schedule was initiated >18years of age:

o If the patient was born before 1970: natural immunity, no
vaccination necessary

o If the patient was in childbearing age (15-49): Basic immunization
with two injections of Rubella vaccine

Basic immunization with two injections of Covid-19 vaccine
At least one additional booster vaccination with a Covid-19 vaccine

(Continued)
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Vaccination Full vaccination coverage assumed when the following criteria have
been fulfilled

Indication-specific vaccinations

Hib e If the vaccination schedule was initiated <1year of age:
o Basicimmunization at the age of 2, 4, and 11 months
e |f the vaccination schedule was initiated after >1year of age
o Immunization with a single injection of Hib vaccine

Seasonal influenza Annual vaccination with one injection of a seasonal influenza vaccine

VZvV e Basic immunization with two injections of a VZV vaccine
Medically documented infection or titer determination replace
vaccinations and are considered as a complete immunization

Pneumococcus e MSgroup:

o Complete immunization, if: sequential vaccination with the PCV13
followed by the PPSV23
o Additional booster vaccination with PPSV23 vaccine every éyears

e Control group:
o Immunization with one injection of a Pneumococcal vaccine

Meningococcus B Immunization with two injections of Meningococcal B vaccine
Meningococcus ACWY Immunization with one injection of Meningococcal ACWY vaccine
Meningococcus C e |[f the vaccination schedule was initiated <4 months of age:

o Basic immunization with two injections of Meningococcal
C vaccine with a minimum time interval between the single
injections of 2months

e [f the vaccination schedule was initiated >4 months of age:
o Basic immunization with one injection of a Meningococcal C

vaccine
Hepatitis B e Basic immunization with three injections of Hepatitis B vaccine
Hepatitis A e Basic immunization with two injections of pure Hepatitis A vaccine

Basic immunization with three injections of combination vaccines for
Hepatitis A and Hepatitis B

HPV e |f the vaccination schedule was initiated between >9 and <15years of
age:
o Basic immunization with two injections of HPV vaccine
e |f the vaccination schedule was initiated >15years of age:
o Basic immunization with three injections with HPV vaccine

TBE e Basic immunization with three injections of TBE vaccine
At least one additional booster every éyears
Patients >50years of age need a booster every 3years

Herpes zoster e Basic immunization with two injections of Herpes Zoster vaccine

Hib, hemophilus influenzae type B; HPV, human papillomaviruses; MS, multiple sclerosis; PCV13, 13-valent conjugate
vaccine; PPSV23, 23-valent polysaccharide vaccine; TBE, tick borne encephalitis; VZV, Varicella-zoster virus.
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Abbreviations MS multiple sclerosis
7C Seven Psychological Antecedents of pwMS people with multiple sclerosis

Vaccination Readiness QQ quartile-quartile plot
DMT  disease-modifying therapy STIKO German Standing Committee on Viei ) )

. [ . . isit Sage journals online

EDSS  expanded disability status scale Vaccination journals.sagepub.com/
GP general practitioner TBE tick-borne encephalitis homeftan
HPV human papillomavirus VI vaccination index SSagejournals
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