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Abstract
Background and purpose: COVID-19 continues to challenge neurologists in counseling 
persons with multiple sclerosis (pwMS) regarding disease-modifying treatment (DMT) 
and vaccination. The objective here was to characterize predictors of COVID-19 outcome 
in pwMS.
Methods: We included pwMS with polymerase chain reaction-confirmed COVID-19 diag-
nosis from a nationwide population-based registry. COVID-19 outcome was classified as 
either mild or severe. Impact of DMT, specifically anti-CD20 monoclonal antibodies (anti-
CD20), and vaccination on COVID-19 outcome was determined by multivariate models 
adjusted for a priori risk (determined by a cumulative risk score comprising age, disability, 
and comorbidities).
Results: Of 317 pwMS with COVID-19 (mean age = 41.8 years [SD = 12.4], 72.9% female, 
median Expanded Disability Status Scale = 1.5 [range = 0–8.5], 77% on DMT [16% on 
anti-CD20]), 92.7% had a mild course and 7.3% a severe course, with 2.2% dying from 
COVID-19. Ninety-seven pwMS (30.6%) were fully vaccinated. After a median 5 months 
from vaccination to SARS-CoV-2 infection (range = 1–9), severe COVID-19 occurred in 
2.1% of fully vaccinated pwMS compared to 9.5% in unvaccinated pwMS (p = 0.018).
A priori risk robustly predicted COVID-19 severity (R2 = 0.605, p < 0.001). Adjusting for a 
priori risk, anti-CD20 treatment was associated with increased COVID-19 severity (odds 
ratio [OR] = 3.3, R2 = 0.113, p = 0.003), but exposure to any other DMT was not. Fully 
vaccinated pwMS showed a significantly decreased risk for severe COVID-19 (OR = 0.21, 
R2 = 0.144, p < 0.001).
Conclusions: In a population-based MS cohort, COVID-19 course is primarily predicted 
by a priori risk (depending on age, disability, and comorbidities) explaining about 60% of 
variance. Anti-CD20 treatment is associated with a moderately increased risk, whereas 
reassuringly vaccination provides protection from severe COVID-19.
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INTRODUC TION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
associated disease (coronavirus disease 2019 [COVID-19]) continues 
to challenge neurologists in counseling patients with multiple scle-
rosis (pwMS).

There is robust evidence that the risk for severe COVID-19 in 
pwMS is—similar to the general population—primarily determined 
by age and comorbidities [1–4]. Whereas higher physical disability 
represents an additional MS-specific risk factor, MS itself is not as-
sociated with increased risk of severe COVID-19 [1–4]. Reassuringly, 
B-cell-depleting anti-CD20 monoclonal antibodies (anti-CD20) re-
main the only treatment class among disease-modifying treatment 
(DMT) in MS associated with moderately increased COVID-19 se-
verity [1, 5].

As a result of an unprecedented worldwide scientific effort, 
several vaccines against SARS-CoV-2 have been developed, relying 
on the concepts of mRNA- or adenovirus vector-based vaccination, 
with reported success rates of approximately 90% in phase 3 pivotal 
trials [6]. A number of studies have shown that immune response to 
SARS-CoV-2 vaccination is adequate under most DMTs, but consis-
tently found impaired response in pwMS receiving anti-CD20 and 
sphingosine-1-phosphate receptor modulators (S1PM), although 
mostly focusing on humoral response [7–10]. More recently, stud-
ies have indicated that cellular response, mostly driven by T cells, is 
often intact when humoral response fails and might even compen-
sate for the lack of humoral immune response [11, 12].

However, data on the impact of SARS-CoV-2 vaccines on the 
clinical severity of COVID-19 in pwMS are currently very scarce.

The objective of this study was to reevaluate predictors of 
COVID-19 outcome in pwMS in a nationwide population-based 
study, specifically focusing on the impact of vaccination.

METHODS

Patients and definitions

The Austrian MS-COVID-19 (AUT-MuSC) registry comprises pa-
tients with a confirmed diagnosis of MS aged ≥18 years and with a di-
agnosis of COVID-19 (defined by a positive SARS-CoV-2 polymerase 
chain reaction [PCR]) recruited in an ongoing nationwide multicenter 
prospective observational study. Details of the study design and the 
data collected are described elsewhere [3, 13].

For the present study, we included all patients from AUT-MuSC 
with (i) COVID-19 diagnosis established between 1 January 2020 
and 28 February 2022, and (ii) complete data available.

Patients were classified regarding their a priori risk of COVID-19 
severity according to an established risk score (MS-COV-risk; range 
from −6 to 15, with higher scores predicting increased COVID-19 

severity) taking into account age, physical disability as measured by 
the Expanded Disability Status Scale (EDSS), smoking status, obesity 
(body mass index ≥30), arterial hypertension, cardiovascular disease 
(coronary heart disease and/or ischemic heart failure and/or car-
diac valve disease), chronic pulmonary disease (asthma, obstructive 
pulmonary disease, or pulmonary fibrosis), diabetes mellitus, and 
chronic kidney disease [14].

The endpoint was severe COVID-19 defined as the clinical sta-
tus at the most severe point requiring hospitalization and fulfilling at 
least one of five criteria (breathing rate > 30/min; SpO2 ≤ 93%; PaO2/
FiO2 ratio < 300; pulmonary infiltrate >50% within 24–48 h; require-
ment of noninvasive ventilation, high-flow oxygen, mechanical ven-
tilation, or extracorporeal membrane oxygenation).

To account for differences in the risk for COVID-19 severity 
as well as differences in efficacy in preventing MS disease activ-
ity, DMT status was classified at the time of SARS-CoV-2 infection 
as either receiving no DMT, moderately effective DMT (M-DMT; 
comprising dimethyl fumarate, glatiramer acetate, interferon-beta 
preparations, and teriflunomide); highly effective DMT (H-DMT; 
comprising alemtuzumab, cladribine, fingolimod, natalizumab, ozan-
imod, ponesimod, and siponimod), or anti-CD20 (comprising ocreli-
zumab, ofatumumab, and or rituximab).

Full vaccination was defined as patients having received two 
doses of BNT162b2 (Pfizer-BioNtech), mRNA-1273 (Moderna), or 
ChAdOx nCoV-19 (Astra-Zeneca); or one dose of Ad26.COV2.S 
(Janssen). Booster vaccination was defined as fully vaccinated pa-
tients who had received another dose of either of the four SARS-
CoV-2 vaccines.

Statistical analysis

Statistical analysis was performed using SPSS 26.0. Categorical vari-
ables were expressed in frequencies and percentages. Continuous 
variables were tested for normal distribution by Shapiro–Wilk test 
and expressed as mean and SD or median and range as appropriate. 
Univariate group comparisons were conducted by t-test, analysis of 
variance, Mann–Whitney U-test, Kruskal–Wallis test, or chi-squared 
test as appropriate. Univariate correlation analyses were calculated 
by Pearson or Spearman test as appropriate.

To investigate predictors of severe COVID-19, we performed 
multivariate binary logistic regression models with COVID-19 sever-
ity as the dependent variable and a priori risk (MS-COV-risk score), 
DMT groups (reference category: no DMT), and full vaccination (ref-
erence category: unvaccinated) as independent variables adjusted for 
sex (age is already included in the MS-COV-risk score). Contribution 
of variables of interest to explanation of variance was assessed by 
change in R2 through stepwise removal from the regression models.

We conducted sensitivity analyses evaluating the robustness of 
results to the impact of any single DMT substance or vaccine type by 
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stepwise removal from analyses. Robustness of the statistically sig-
nificant differences to unidentified confounders was quantified with 
Rosenbaum sensitivity test for Hodges–Lehmann Γ [15]. Missing val-
ues were handled by multiple (20 times) imputation using the miss-
ing not at random approach with pooling of estimates according to 
Rubin's rules [16]. A two-sided p-value <0.05 was considered statis-
tically significant.

Ethics

The study was designed and conducted in accordance with the 
Declaration of Helsinki, the General Data Protection Regulations, 
and the STROBE (Strengthening Reporting of Observational 
Studies in Epidemiology) guidelines and was approved by the eth-
ics committee of the Medical University Vienna (ethical approval 
number: EK 1338–2020). Patients included were informed about 
the objective of the study, and written informed consent was 
obtained.

RESULTS

We included 317 pwMS, whose overall characteristics are given in 
Table 1.

Overall, 294 pwMS (92.7%) had a mild and 23 (7.3%) had a severe 
COVID-19 course, of whom seven (2.2%) died from COVID-19.

Of the seven deceased pwMS, all were ≥60 years old. Six pwMS 
had progressive MS (secondary progressive MS, n  =  4; primary 
progressive MS, n = 2), all with EDSS ≥6; of those, four were with-
out DMT and two were on rituximab, whereas one had relapsing–
remitting MS (RRMS; EDSS = 1.0, on interferon beta).

In univariate analyses, severe COVID course was strongly cor-
related with higher MS-COV-risk score (Spearman rho  =  0.506, 
p < 0.001) and moderately correlated with higher EDSS (Spearman 
rho = 0.312, p < 0.001), whereas sex and smoking status were not. 
Correspondingly, severe COVID-19 was significantly more fre-
quent in patients with progressive MS (13/52 [25.0%]) than those 
with RRMS (10/250 [4.0%], p  < 0.001). Treatment with anti-CD20 
was significantly associated with severe COVID-19 (8/52 [15.4%], 
p = 0.006) compared to M-DMT (3/109 [2.8%]) and H-DMT (4/83 

Abbreviations: anti-CD20, anti-CD20 monoclonal antibodies 
(ofatumumab, ocrelizumab, rituximab); BMI, body mass index; DMT, 
disease-modifying treatment; EDSS, Expanded Disability Status Scale; 
H-DMT, highly effective DMT, comprising alemtuzumab, cladribine, 
fingolimod, natalizumab, ozanimod, ponesimod, and siponimod; 
M-DMT, moderately effective DMT, comprising dimethyl fumarate, 
glatiramer acetate, interferon-beta preparations, and teriflunomide; MS, 
multiple sclerosis; PPMS, primary progressive MS; pwMS, patients with 
MS; RRMS, relapsing–remitting MS; SPMS, secondary progressive MS.
aAbsolute number and percentage.
bMean and SD.
cMedian and minimum–maximum range.

TA B L E  1  (Continued)TA B L E  1  Characteristics of 317 pwMS with COVID-19

N 317

Femalea 231 (72.9)

Age, yearsb 41.8 (12.4)

BMIb 25.2 (5.0)

Smokersa 45 (14.2)

Ethnicitya

Caucasiana 312 (98.4)

Othera 5 (1.6)

Disease duration, yearsb 11.5 (8.7)

Disease coursea

RRMSa 265 (83.6)

SPMSa 39 (12.3)

PPMSa 13 (4.1)

EDSSc 1.5 (0–8.5)

On DMTa 244 (77.0)

M-DMTa 109 (34.4)

Dimethyl fumaratea 51 (16.1)

Glatiramer acetatea 26 (8.2)

Interferon-betaa 20 (6.3)

Teriflunomidea 12 (3.8)

H-DMTa 83 (26.2)

Alemtuzumaba 3 (0.9)

Cladribinea 12 (3.8)

Fingolimoda 34 (10.7)

Natalizumaba 31 (9.8)

Ozanimoda 1 (0.3)

Ponesimoda 1 (0.3)

Siponimoda 1 (0.9)

Anti-CD20a 52 (16.4)

Ocrelizumaba 26 (8.2)

Ofatumumaba 1 (0.3)

Rituximaba 25 (7.9)

Lymphopenia at last lab before SARS-CoV-2 
infectiona

45 (14.2)

Grade 3 or lowera 22 (6.9)

Comorbiditiesa

Any 102 (32.2)

Coronary heart disease 14 (4.4)

Arterial hypertension 35 (11.0)

Diabetes mellitus 9 (2.8)

Chronic kidney disease 6 (1.9)

Obesity, BMI > 30 56 (17.7)

Chronic obstructive pulmonary disease 5 (1.6)

MS-COV-risk scorec 0 (−6 to 11)

Note: "MS-COV-risk score" indicates MS COVID-19 severity risk score 
(range from −6 to 15), with higher scores predicting an increased 
COVID-19 severity (see Bsteh et al. [14]).

(Continues)
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[4.8%]; see Figure 1a), but not lymphopenia (5/45 [11.1%] vs. 18/272 
[6.6%], p  =  0.212) or lymphopenia >Grade 3 (3/22 [13.6%] vs. 
20/275 [7.3%], p = 0.232).

In the 51 patients receiving intravenous anti-CD20 (26 oc-
relizumab, 25 rituximab), the median time since last infusion 
was 5  months, with a range of 0–9  months (ocrelizumab: me-
dian  =  4  months [range  =  0–7]; rituximab: median  =  5  months 
[range  =  1–9]). Time since last infusion did not significantly differ 
between patients with mild (n = 44, median = 5 months) and severe 
COVID-19 (n = 8, median = 4 months; p = 0.892). Due to the low 
number of patients with severe COVID-19, subgroup analyses of pa-
tients on ocrelizumab and rituximab was not feasible.

Of all 317 pwMS included, 97 (30.6%) were fully vaccinated. 
Twenty-two (6.9%) had already received booster vaccination. After 
a median 5 months from first vaccination to SARS-CoV-2 infection 
(range = 1–9), severe COVID-19 occurred in 2.1% of fully vaccinated 
pwMS (compared to 9.5% in unvaccinated pwMS, p  =  0.018) and 
in 0% with booster vaccination (Figure 1b). There were no deaths 
among vaccinated patients. Time from first vaccination to SARS-
CoV-2 infection did not correlate with COVID-19 severity (Spearman 
rho = −0.017, p = 0.914).

Seventeen of 52 pwMS receiving anti-CD20 treatment were fully 
vaccinated. Of those, only two (11.8%) had severe COVID-19 com-
pared to six of 35 (17.1%) of anti-CD20-treated pwMS without full 
vaccination. In the subgroup of pwMS on S1PM, nine of 37 were fully 
vaccinated. There was no case of severe COVID-19 in the vaccinated 
or in the unvaccinated group.

Distribution of vaccine types used was as follows: 86 (88.7%) 
BNT162b2, two (2.3%) mRNA-1273, eight (8.2%) ChAdOx1-S, and 
one (1.0%) Ad26.COV2.S. Due to the low number of applied vaccines 
other than BNT162b2, we did not conduct further subgroup analy-
ses in this regard.

In the multivariate model (Table 2; Figure 2), MS-COV-risk score 
significantly predicted COVID-19 severity (odds ratio [OR] = 1.3 per 
1 point increase), explaining 60.5% of variability within the model. 
DMT status accounted for 11.3% of variability with anti-CD20 

treatment significantly associated with an increased risk for severe 
COVID-19 (OR = 3.3, p = 0.003), whereas vaccination status was re-
sponsible for 14.4% of variation and fully vaccinated pwMS showed 
a significantly decreased risk for severe COVID-19 (OR  =  0.21, 
p < 0.001). The number of booster vaccinated subjects (n = 22) did 
not allow for inclusion into a multivariate model.

DISCUSSION

From this study conducted in a nationwide population-based reg-
istry of PCR-confirmed COVID-19 in pwMS, we report three find-
ings: (i) COVID-19 severity is primarily predicted by a priori risk 
(depending on age, degree of disability, and comorbidities); (ii) anti-
CD20 treatment is associated with a moderately increased risk of 
severe COVID-19, whereas other DMTs are not; and (iii) fully vacci-
nated pwMS had an approximately fivefold decreased risk of severe 
COVID-19 compared to unvaccinated pwMS (2.1% vs. 9.5%) after 
adjusting for relevant covariates.

Our study reaffirms already robust evidence that the risk for se-
vere COVID-19 in pwMS is primarily determined a priori, with age, 
degree of physical disability, and relevant concomitant comorbidi-
ties (obesity, cardiovascular disease, arterial hypertension, chronic 
pulmonary disease, diabetes mellitus, and chronic kidney disease) all 
contributing to a priori risk [1–4]. Based on the MS-COV-risk score, 
which cumulatively quantifies these factors, a priori risk explained 
61% of variance in COVID-19 severity in pwMS [14].

In accordance with previous studies, anti-CD20 treatment was 
the only DMT class associated with an approximately threefold in-
creased risk of severe COVID-19, explaining an additional 11% of 
variance in COVID-19 severity [1, 5]. This revises an earlier report 
from our registry, where we did not find a significant association be-
tween DMT and COVID-19 severity [3]. Most likely that was due 
to a smaller sample size and the different grouping of DMTs, as an-
ti-CD20 were grouped together with other highly effective DMTs, 
which are not associated with COVID-19 severity [3]. Similar to 

F I G U R E  1  COVID-19 severity according to disease-modifying treatment (DMT) and vaccination status. antiCD20, anti-CD20 monoclonal 
antibodies, comprising ocrelizumab, ofatumumab, and rituximab; H-DMT, highly effective DMT, comprising alemtuzumab, cladribine, 
fingolimod, natalizumab, ozanimod, ponesimod, and siponimod; M-DMT, moderately effective DMT comprising dimethyl fumarate, 
glatiramer acetate, interferon-beta preparations, and teriflunomide. Probability values were calculated by chi-squared test
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other studies, we also did not find an association between lymph-
openia and COVID-19 severity [2, 17]. However, we did not have 
specific B-cell counts available for analysis, which might provide a 
means for further risk stratification specifically in pwMS on B-cell-
depleting anti-CD20 treatment. Time since last anti-CD20 infusion 
did not significantly differ between patients with mild and severe 
COVID-19 in our cohort. As the median time since last infusion was 
5 months, with a maximum of 9 months, most patients were not ex-
pected to have B cell repletion at the time of SARS-CoV-2 infection, 
which is the mechanism underlying the assumption of a correlation 
between time since last infusion and COVID-19 course. Therefore, 
and because of the low variation in time since last infusion, the lack 
of a correlation in our cohort is not surprising.

Looking at the protective effect of SARS-CoV-2 vaccination, fully 
vaccinated pwMS displayed severe COVID-19 in only 2% of cases as 
opposed to 10% in unvaccinated pwMS. After adjusting for a priori 
risk and DMT status in multivariate analyses, full vaccination was 
associated with a fivefold decreased risk of severe COVID-19, ex-
plaining another 14% of variation in COVID-19 severity in the overall 
cohort. This clearly shows that, albeit the majority of risk for severe 

COVID-19 is a priori determined, SARS-CoV-2 vaccination inde-
pendently further reduces this risk in pwMS.

Although immune response to SARS-CoV-2 vaccination is ade-
quate under most DMTs, anti-CD20 and S1PM reduce and some-
times even lack development of a measurable response in humoral 
immunity, namely, antiSARS-CoV-2 antibodies [7–10]. However, 
the important question here is if and how much an impairment of 
humoral response translates to a decrease in protection from se-
vere courses of COVID-19. That is particularly relevant because 
cellular response is often intact even in the absence of humoral re-
sponse, which might provide sufficient immunity to prevent severe 
COVID-19 [11, 12, 18, 19]. Specifically looking at subgroups of DMTs 
associated with decreased vaccine response in our cohort, severe 
COVID-19 occurred in 12% (2/17) of vaccinated and 17% (6/35) of 
unvaccinated pwMS on anti-CD20 treatment, whereas there were 
no severe COVID-19 courses observed among nine vaccinated and 
28 unvaccinated pwMS receiving S1PM. Although data on the im-
pact of SARS-CoV-2 vaccines on clinical severity of COVID-19 in 
pwMS are currently very scarce, this is in line with two recently 

TA B L E  2  Multivariate regression model of risk for severe 
COVID-19

ORa 95% CI p
Change 
in R2

MS-COV-risk score, per 
point increaseb

1.33 1.16–1.53 <0.001 0.605

DMT

No DMT Reference 0.113

M-DMTc 0.82 0.20–3.33 0.782

H-DMTd 0.97 0.21–4.65 0.969

Anti-CD20e 3.25 1.17–9.34 0.003

Fully vaccinatedf 0.21 0.07–0.78 <0.001 0.144

Note: R2 overall: 0.862, p < 0.001. Values were calculated by a 
multivariate binary logistic regression model with severe COVID-19 
as the dependent variable adjusted for sex (age is already included in 
the MS-COV-risk score) and lymphopenia. Contribution of variables 
of interest to explanation of variance was assessed by change in R2 
through stepwise removal from the regression models.
Abbreviations: CI, confidence interval; DMT, disease-modifying 
treatment; OR, odds ratio.
aValues >/< 1 indicate higher/lower probability of severe COVID-19.
b"MS-COV-risk score" indicates MS COVID-19 severity risk score (range 
from −6 to 15), with higher scores predicting an increased COVID-19 
severity (see Bsteh et al. [14]).
cDefined as moderately effective DMT, comprising dimethyl fumarate, 
glatiramer acetate, interferon-beta preparations, and teriflunomide.
dDefined as highly effective DMT, comprising alemtuzumab, cladribine, 
fingolimod, natalizumab, ozanimod, ponesimod, and siponimod.
eDefined as anti-CD20 monoclonal antibodies, comprising ocrelizumab, 
ofatumumab, and rituximab.
fDefined as patients having received two doses of either BNT162b2 
(Pfizer-BioNtech), mRNA-1273 (Moderna), or ChAdOx1 nCoV-19 (Astra-
Zeneca); or one dose of Ad26.COV2.S (Janssen).

F I G U R E  2  COVID-19 severity is associated with a priori risk, 
anti-CD20 monoclonal antibody treatment, and vaccination in 
multivariate analyses. Values were calculated by a multivariate 
binary logistic regression model with severe COVID-19 as the 
dependent variable adjusted for sex (age is already included in the 
MS-COV-risk score). Values >/< 1 indicate higher/lower probability 
of severe COVID-19. "Fully vaccinated" indicates having received 
two doses of BNT162b2 (Pfizer-BioNtech), mRNA-1273 (Moderna), 
or ChAdOx1 nCoV-19 (Astra-Zeneca); or one dose of Ad26.
COV2.S (Janssen). "MS-COV-risk score" indicates MS COVID-19 
severity risk score (range from −6 to 15), with higher scores 
predicting increased COVID-19 severity, taking into account age, 
Expanded Disability Status Scale, smoking status, obesity, arterial 
hypertension, cardiovascular disease (coronary heart disease and/
or ischemic heart failure and/or cardiac valve disease), chronic 
pulmonary disease (asthma, obstructive pulmonary disease, or 
pulmonary fibrosis), diabetes mellitus, and chronic kidney disease 
[14]. antiCD20, anti-CD20 monoclonal antibodies, comprising 
ocrelizumab, ofatumumab, and rituximab; CI, confidence interval; 
H-DMT, highly effective DMT, comprising alemtuzumab, cladribine, 
fingolimod, natalizumab, ozanimod, ponesimod, and siponimod; 
M-DMT, moderately effective DMT comprising dimethyl fumarate, 
glatiramer acetate, interferon-beta preparations, and teriflunomide; 
OR, odds ratio
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published case series, where two of 10 and zero of 13 pwMS on 
anti-CD20, respectively, and zero of three and zero of four pwMS 
on S1PM required hospitalization, whereas none required intensive 
care unit admission [20, 21].

Nonetheless, larger prospective studies are needed to determine 
the clinical efficacy of SARS-CoV-2 vaccines in pwMS, especially 
those receiving anti-CD20 and S1PM treatment.

In the meantime, benefit–risk ratio is clearly in favor of con-
tinuing DMT while conducting SARS-CoV-2 vaccination, including 
anti-CD20 and S1PM when indicated by MS course in the respec-
tive individual pwMS. In case of little or no (humoral) response 
after complete antiSARS-CoV-2 vaccination including a booster, 
anti-SARS-CoV-2 monoclonal antibodies may represent a viable 
option in pwMS considered at high a priori risk of suffering severe 
COVID-19 if contracting the virus, either as early treatment or 
even as pre-exposition prophylaxis. The MS-COV-risk score pro-
vides an easily applicable tool for risk stratification in that regard 
[14]. Before initiating DMT, pwMS should be explicitly advised to 
complete vaccinations including anti-SARS-CoV-2 vaccination ac-
cording to national vaccination guidelines. Consequently, most ex-
pert committees including the announced European Committee for 
Treatment and Research in Multiple Sclerosis–European Academy of 
Neurology consensus on vaccination in pwMS emphasize the need 
for evaluating immunization status, informing on the importance of 
vaccinations, and completing immunization as early as possible after 
diagnosis in all pwMS, while acknowledging the paramount need for 
ensuring optimal treatment of MS [22].

Strengths and limitations

The main strengths of this study are its population-based approach 
and the detailed characterization of the study cohort provided by 
the high-quality data from certified specialized MS centers. The 
AUT-MuSC-19 registry is likely to include most pwMS with symp-
tomatic SARS-CoV-2 infections in Austria and is representative of a 
central European, primarily Caucasian MS population [3].

In addition to the limitations discussed above, some limitations 
inherent to the study design are acknowledged. Due to the sample 
size, results have to be interpreted with caution. There may be re-
ferral bias, as severe COVID-19 courses may be more likely to be re-
ported. On the other hand, patients with advanced and progressive 
MS or patients not receiving DMT are less frequently seeing a neu-
rologist regularly, and thus, this cohort might be underrepresented 
in this study.

We could not investigate the efficacy of vaccines against con-
tracting SARS-CoV-2 or against having mild COVID-19, as we did 
not have a sufficient control group available. Also, we did not have 
sufficient sample size to examine the effect of booster vaccina-
tion in the multivariate model, and there was insufficient data to 
investigate the value of postvaccination and preinfection antibody 
levels or parameters of T-cell response, which could contribute to 

understanding the COVID-19 outcome in patients with MS. As our 
study covers the whole duration of the pandemic, the cohort likely 
comprises infection with SARS-CoV-2 wild-type as well as a vari-
ety of variants. In Austria, delta and omicron variants caused the 
most significant waves of infection; therefore, we believe these 
variants encompass the majority of cases in the AUT-MuSC reg-
istry. However, we did not have PCR sequencing results available 
and therefore could not investigate the potential effect of SARS-
CoV-2 variants. This may have influenced the results, potentially 
artificially enlarging the protective effect of vaccination, as vac-
cinated pwMS are more likely to be exposed to the omicron sub-
type, which is associated with less severe COVID-19 courses [23]. 
On the other hand, available SARS-CoV-2 vaccines are less effec-
tive against the omicron variant [24].

Our study is not sufficiently powered to investigate differences 
in the efficacy of single DMT substances or different SARS-CoV-2 
vaccines applied. However, we conducted sensitivity analyses eval-
uating the robustness of results to the impact of single DMT sub-
stances and single vaccine types by stepwise removal, which did not 
indicate a significant change of results. There may also be other con-
founders influencing outcome of COVID-19 in pwMS unaccounted 
for in this study. However, Rosenbaum bounds did indicate only a 
small potential impact of hidden bias not accounted for in the multi-
variate models [15].

CONCLUSIONS

In a population-based MS cohort, COVID-19 course is primarily pre-
dicted by a priori risk (depending on age, degree of disability, and 
comorbidities), explaining about 60% of variance. Anti-CD20 treat-
ment is associated with a moderately increased risk, whereas re-
assuringly vaccination provides protection from severe COVID-19. 
All pwMS should be vaccinated against SARS-CoV-2, and DMT 
decisions should then be focused on treating MS rather than the 
pandemic.
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