
Eur J Neurol. 2022;00:1–11.    | 1wileyonlinelibrary.com/journal/ene

Received: 3 May 2022  | Accepted: 21 June 2022

DOI: 10.1111/ene.15477  

O R I G I N A L  A R T I C L E

Long- term outcome after COVID- 19 infection in multiple 
sclerosis: A nation- wide multicenter matched- control study

Gabriel Bsteh1  |   Hamid Assar2 |   Christiane Gradl3 |   Bettina Heschl4 |    
Maria- Sophie Hiller5 |   Nik Krajnc1 |   Franziska Di Pauli6  |   Harald Hegen6  |   
Gerhard Traxler7 |   Fritz Leutmezer1 |   Peter Wipfler8 |   Gudrun Zulehner1 |   
Michael Guger7,9  |   Christian Enzinger4 |   Thomas Berger1 |   for the AUT- MuSC- 19 
investigators

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

AUT- MuSC- 19 investigators listed in Appendix B  

1Department of Neurology, Medical 
University of Vienna, Vienna, Austria
2Department of Neurology, Kepler 
University Hospital, Linz, Austria
3Department of Neurology, Medical 
University of St. Pölten, St. Pölten, Austria
4Department of Neurology, Medical 
University of Graz, Graz, Austria
5Department of Neurology, Barmherzige 
Brüder Hospital, Eisenstadt, Austria
6Department of Neurology, Medical 
University of Innsbruck, Innsbruck, Austria
7Clinic for Neurology 2, Med Campus III, 
Kepler University Hospital GmbH, Linz, 
Austria
8Department of Neurology, Paracelsus 
Medical University of Salzburg, Salzburg, 
Austria
9Department of Neurology, Pyhrn- 
Eisenwurzen Hospital Steyr, Steyr, Austria

Correspondence
Gabriel Bsteh, Department of Neurology, 
Medical University of Vienna, Währinger 
Gürtel 18- 20, 1090 Vienna, Austria.
Email: gabriel.bsteh@meduniwien.ac.at

Abstract
Background and purpose: Long- term outcome after COVID- 19 in patients with multiple 
sclerosis (pwMS) has scarcely been studied, and controlled data are lacking. The objective 
of this study was to compare long- term outcome after COVID- 19 in pwMS to a matched 
control group of pwMS without COVID- 19.
Methods: We included pwMS with polymerase chain reaction- confirmed diagnosis of 
COVID- 19 and ≥6 months of follow- up and, as a control group, pwMS matched 1:1 for 
age, sex, disability level, and disease- modifying treatment type.
Results: Of 211 pwMS with COVID- 19 (mean age = 42.6 years [SD = 12.2], 69% female, 
median Expanded Disability Status Scale = 1.5 [range = 0– 7.5], 16% anti- CD20), 90.5% in-
itially had a mild COVID- 19 course. At follow- up, 70% had recovered completely 3 months 
(M3) after COVID- 19, 83% after 6 months (M6), and 94% after 12 months (M12). Mild 
initial COVID- 19 course was the only significant predictor of complete recovery (odds 
ratio [OR] = 10.5, p < 0.001). The most frequent residual symptoms were fatigue (M3: 
18.5%, M6: 13.7%, M12: 7.3%), hyposmia (M3: 13.7%, M6: 5.2%, M12: 1.7%), and dysp-
nea (M3: 7.1%, M6: 6.6%, M12: 2.8%). Compared to matched controls, fatigue, hyposmia, 
and dyspnea were significantly more frequent at M3 and still slightly more frequent at 
M6, whereas there was no difference at M12. pwMS with COVID- 19 had neither a signifi-
cantly increased risk for relapses (OR = 1.1, p = 0.70) nor disability worsening (OR = 0.96, 
p = 0.60).
Conclusions: Long- term outcome of COVID- 19 is favorable in a large majority of pwMS, 
with only a small proportion of patients suffering from persistent symptoms usually re-
solving after 3– 6 months. COVID- 19 is not associated with increased risk of relapse or 
disability.
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INTRODUC TION

The severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 
2)- associated disease (coronavirus disease 2019 [COVID- 19]) has 
caused >5.9 million deaths worldwide (as of 23 February 2022), with 
mortality and clinical severity of COVID- 19 strongly depending on 
age and comorbidities [1].

A broad body of evidence indicates that in patients with multiple 
sclerosis (pwMS), COVID- 19 severity is also primarily determined by 
age and concomitant comorbidities, but also the degree of physi-
cal disability, whereas multiple sclerosis (MS) itself is not associated 
with increased risk of severe COVID- 19 [2– 5]. Reassuringly, most 
immunotherapies used for disease- modification (disease- modifying 
therapy [DMT]) in MS are not associated with COVID- 19 severity, 
although B- cell- depleting anti- CD20 monoclonal antibodies seem to 
be associated with a moderately increased risk [2, 6].

Whereas it is well established that the large majority of pwMS 
have a mild initial COVID- 19 course evading hospitalization or worse, 
long- term outcome of pwMS surviving COVID- 19 is scarcely studied 
and controlled data are lacking [5, 7]. Thus, it is not clear whether 
pwMS display differences in the degree of long- term sequelae or 
speed of recovery, nor whether COVID- 19 influences parameters 
of MS outcome such as frequency of relapses or physical disability. 
Some reports have hinted at an increased risk of MS relapse in rela-
tion to SARS- CoV2 infection, but these studies are hampered by low 
sample size and lack of a control group [8, 9].

The objective of this study was therefore to describe long- term 
outcome after COVID- 19 in pwMS in comparison to a matched con-
trol group of pwMS without COVID- 19.

METHODS

Patients and definitions

The Austrian MS- COVID- 19 registry (AUT- MuSC) comprises pa-
tients with a confirmed diagnosis of MS aged ≥18 years and with a 
diagnosis of COVID- 19 (defined by a positive SARS- CoV- 2 polymer-
ase chain reaction [PCR]) recruited in an ongoing nationwide multi-
center observational study. Details of the study design and the data 
collected are described elsewhere [4, 10].

For the present study, we included all patients from AUT- MuSC 
with (i) symptomatic and survived PCR- confirmed diagnosis of 
COVID- 19 established between 1 January 2020 and 30 June 2021 
and (ii) clinical follow- up of ≥6 months.

As a control cohort, we included patients from the Vienna MS data-
base with (i) confirmed MS diagnosis according to McDonald criteria and (ii) 
no history of a positive SARS- CoV- 2 PCR or clinical suspicion of COVID- 19, 
who were matched with the AUT- MuSC cohort for age (±5 years), sex, dis-
ability (Expanded Disability Status Scale [EDSS] ± 0.5 if AUT- MuSC EDSS 
was <4 and EDSS ± 0 if AUT- MuSC EDSS was ≥4), and DMT group.

The primary endpoint for long- term COVID- 19 outcome was de-
fined as complete recovery of all COVID- 19- associated symptoms at 

3 (M3), 6 (M6), and 12 (M12) months of follow- up after SARS- CoV2 
infection. As secondary endpoints, specific COVID- 19- associated 
symptoms (new or increased hyposmia, new or increased dyspnea, 
new or increased fatigue) were assessed at M3, M6, and M12 and 
classified as either completely remitted or persistent.

Endpoints for long- term MS outcome were occurrence of relapse 
(defined as patient- reported symptoms with objectively confirmed 
signs typical of an acute central nervous system inflammatory demy-
elinating event with a duration of at least 24 h in the absence of fever 
or infection, separated from the last relapse by at least 30 days) and 
disability worsening (defined as a confirmed EDSS increase of ≥1.5 
points in patients with a baseline score of 0, ≥1.0 points in patients 
with a baseline score of 1.0– 5.5, or ≥0.5 points in patients with a 
baseline score of >5.5 sustained for at least 3 months) [11, 12].

DMT groups were defined according to DMT status at the time 
of SARS- CoV- 2 infection as receiving either no DMT, moderately 
effective DMT (comprising dimethyl fumarate, glatiramer acetate, 
interferon- beta preparations, and teriflunomide); highly effective 
DMT (comprising alemtuzumab, cladribine, fingolimod, natalizumab, 
ozanimod, and siponimod), or anti- CD20 monoclonal antibodies 
(CD20; comprising ocrelizumab, ofatumumab and rituximab) to ac-
count for differences in the risk for severe COVID- 19 course as well 
as differences in efficacy in preventing MS disease activity.

Severity of initial COVID- 19 was defined as the clinical sta-
tus at the most severe point of COVID- 19 course as either a mild 
course (no pneumonia or mild pneumonia without hospitalization) 
or a severe course 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; requirement 
of noninvasive ventilation, high- flow oxygen, mechanical ventilation, 
or extracorporeal membrane oxygenation).

A priori risk of COVID- 19 severity was quantified according to an 
established risk score (MS- COV- risk; range from −6 to 15, with higher 
scores predicting an increased COVID- 19 severity) taking into account 
age, EDSS, smoking status, obesity (body mass index ≥ 30), and pres-
ence of cardiovascular disease (coronary heart disease and/or ischemic 
heart failure and/or cardiac valve disease), arterial hypertension, chronic 
kidney disease, chronic pulmonary disease (asthma, chronic obstructive 
pulmonary disease, or pulmonary fibrosis), and diabetes mellitus [13].

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM). Categorical var-
iables were expressed in frequencies and percentages. Continuous vari-
ables were tested for normal distribution by Lilliefors test and expressed 
as mean and SD or median and range as appropriate. Univariate group 
comparisons were conducted by independent t- test, Mann– Whitney U- 
test, or chi- squared test as appropriate. Univariate correlation analyses 
were calculated by Pearson or Spearman test as appropriate.

To investigate predictors of long- term COVID- 19 outcome, we 
performed a multivariate binary logistic regression model in the 
MS + COVID group with complete recovery as the dependent variable 
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and a priori risk of COVID- 19 severity (MS- COV- risk), sex (age and 
EDSS are already included in the MS- COV- risk score), severity of ini-
tial COVID- 19, MS disease course (relapsing– remitting vs. progressive 
MS), MS disease duration, and DMT group as independent variables.

To assess predictors of long- term MS outcome, we calculated 
multivariate binary logistic regression models with relapse and dis-
ability worsening as dependent variables and group (MS + COVID vs. 
controls) as the independent variable adjusted for sex, MS- COV- risk 
score (age and EDSS are already included in the MS- COV- risk score), 
severity of initial COVID- 19, MS disease course (relapsing– remitting 
vs. progressive MS), MS disease duration, and DMT group.

Robustness of the statistically significant differences to uniden-
tified confounders was quantified with Rosenbaum sensitivity test 
for Hodges– Lehmann Γ [14]. Missing values were handled by multi-
ple (20 times) imputation using the missing not at random approach 
with pooling of estimates according to Rubin's rules [15]. A two- 
sided p- value < 0.05 was considered statistically 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 (Table A1 in Appendix A) and was approved 
by the ethics committee of the Medical University Vienna (ethical ap-
proval number: EK 1338– 2020). Patients included were informed about 
the objective of the study, and written informed consent was obtained.

RESULTS

Of 320 eligible pwMS, we included 211 pwMS with COVID- 19 
(MS + COVID) from the AUT- MuSC registry, and recruited 211 matched 
controls. Overall characteristics of the study groups are given in Table 1.

TA B L E  1  Characteristics of MS patients with COVID- 19 and MS 
controls

Characteristic
MS + COVID, 
n = 211

MS controls, 
n = 211 p

Femalea 146 (69.2) 146 (69.2) 0.999d

Age, yearsb 42.6 (12.2) 43.4 (12.6) 0.508e

BMIb 24.7 (4.4) 25.1 (4.9) 0.378e

Smokersa 33 (15.8) 36 (17.1) 0.793d

Ethnicitya

Caucasiana 208 (98.6) 205 (97.2) 0.503d

Othera 3 (1.4) 3 (2.7)

Disease duration, yearsb 12.1 (9.3) 11.2 (10.4) 0.349e

Disease coursea

RRMSa 170 (80.6) 172 (81.5) 0.963d

SPMSa 30 (14.2) 29 (13.7)

PPMSa 11 (5.2) 10 (4.7)

EDSSc 1.5 (0– 7.5) 2.0 (0– 7.5) 0.498f

On DMTa 158 (74.9) 158 (74.9) 0.999d

Moderately effective 76 (36.0) 76 (36.0) 0.999d

Interferon- betaa 16 (7.6) 8 (3.8) 0.359d

Glatiramer acetatea 16 (7.6) 18 (8.5)

Dimethyl fumaratea 36 (17.1) 40 (19.0)

Teriflunomidea 8 (3.8) 10 (4.7)

Highly effective 48 (22.8) 48 (22.8) 0.999d

Natalizumaba 19 (9.0) 21 (10.0) 0.804d

Fingolimoda 20 (9.5) 18 (8.5)

Siponimoda 1 (0.5) 2 (1.0)

Cladribina 5 (2.4) 6 (2.8)

Alemtuzumaba 3 (1.4) 1 (0.5)

CD20a 34 (16.1) 34 (16.1) 0.999d

Ocrelizumaba 16 (7.6) 13 (6.2) 0.758d

Ofatumumaba 1 (0.5) 1 (0.5)

Rituximaba 17 (8.1) 20 (8.5)

Lymphopenia at last lab 
before SARS- CoV- 2 
infectiona

28 (13.3) 26 (12.3) 0.884d

Grade 3 or lowera 16 (7.6) 15 (7.1) 0.999d

Comorbidities

Anya 71 (33.6) 68 (32.2) 0.836d

Cardiovascular diseasea 6 (2.8) 8 (3.8) 0.787d

Arterial hypertensiona 27 (12.8) 31 (14.7) 0.573d

Diabetes mellitusa 7 (3.3) 6 (2.8) 0.999d

Chronic kidney diseasea 5 (2.4) 6 (2.8) 0.999d

Obesity [BMI > 30]a 35 (16.6) 38 (18.0) 0.797d

Chronic pulmonary 
diseasea

5 (2.4) 8 (3.8) 0.575d

A priori risk score 
of COVID- 19 
[MS- COV- risk]e

0 (−6 to 11) 0 (−6 to 12) 0.763f

Initial COVID- 19 course
(Continues)

Characteristic
MS + COVID, 
n = 211

MS controls, 
n = 211 p

Mild coursea 191 (90.5) NA NA

Severe coursea 20 (9.5) NA

Abbreviations: BMI, body mass index; CD20, anti- cluster of 
differentiation 20 monoclonal antibodies (ofatumumab, ocrelizumab, 
rituximab); DMT, disease- modifying treatment; EDSS, Expanded 
Disability Status Scale; MS, multiple sclerosis; PPMS, primary 
progressive MS; RRMS, relapsing– remitting MS; SPMS, secondary 
progressive MS.
aAbsolute number and percentage.
bFisher exact test.
cMean and standard deviation.
dIndependent t- test.
eMedian and minimum– maximum range.
fMann– Whitney U- test.

TA B L E  1  (Continued)
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COVID- 19 outcome

At follow- up, the MS + COVID group had achieved complete recov-
ery in 70.1% (148/211) at M3 after COVID- 19, 83.4% (176/211) at 
M6, and 93.8% (167/178) at M12 (Figure 1a).

The most frequently reported residual symptom in the 
MS + COVID group was new or increased fatigue, in 18.5% (39/211) 
at M3, in 13.7% (29/211) at M6, and in 7.3% (13/178) at M12 
(Figure 1b). In MS controls, new or increased fatigue occurred in 
7.1% (15/211), which differed significantly from frequency of fatigue 
in the MS + COVID group at M3 (p < 0.001) and at M6 (p = 0.037), 
but not at M12 (p > 0.99).

New or increased hyposmia was reported by MS + COVID 
patients in 13.7% (29/211) at M3, in 5.2% (11/211) at M6, and in 
1.7% (3/178) at M12 (Figure 1c). Compared to MS controls (0.9% 
[2/211]), there was a significant difference at M3 (p < 0.001) and M6 
(p = 0.021), but not at M12 (p = 0.67).

New or increased dyspnea was reported by MS + COVID pa-
tients in 7.1% (15/211) at M3, in 6.6% (14/211) at M6, and in 2.8% 
(5/178) at M12 (Figure 1d). In comparison to MS controls (1.4%, 
3/211), this was significantly more frequent at M3 (p < 0.001) and at 
M6 (p = 0.037), but not at M12 (p > 0.99).

In univariate analyses, complete recovery at M6 was signifi-
cantly associated with severity of initial COVID- 19 course (89.9% 
after mild course vs. 50% after severe course, p < 0.001) and with 
a priori risk of COVID- 19 severity (ρ = −0.180, p = 0.049), but not 
with sex (15.8% in males vs. 16.9% in females, p > 0.999), disease 
course (15.3% in relapsing– remitting MS vs. 22.0% in progressive 
MS, p = 0.59), disease duration (ρ = −0.067, p = 0.54), or DMT 
group (p = 0.34).

The multivariate regression model identified severity of ini-
tial COVID- 19 course as the only significant predictor of com-
plete recovery, with a mild course indicating an approximately 
10- fold increased probability of complete recovery (odds ratio 
[OR] = 10.5, 95% confidence interval [CI] = 2.7– 55.6, p < 0.001) 
after adjusting for sex, a priori risk of COVID- 19 severity (which 
includes age and EDSS), MS course, disease duration, and DMT 
group (Table 2).

Sensitivity analyses evaluating the impact of vaccination by 
removal of vaccinated patients (n = 21) did not change results 
significantly.

MS outcome

Occurrence of relapse (11.8% [25/211] vs. 10.4% [22/211], p = 0.76) 
and disability worsening (6.2% [13/211] vs. 6.6% [14/211], p > 0.99) 
were not significantly increased in the MS + COVID group compared 
to the matched MS control group during the observation period 
(Figure 2).

DMT was changed in 7.6% (16/211) of MS + COVID patients and 
in 9.0% (19/211) of controls (p = 0.725), whereas employment status 
remained unchanged in 96.7% (204/211) after COVID- 19 and 97.2% 
(205/211) in controls (p > 0.99).

Multivariate regression models revealed that the MS + COVID 
group was prone to neither a higher likelihood for relapse 
(OR = 1.1, 95% CI = 0.67– 2.4, p = 0.70) nor disability worsening 
(OR = 0.96, 95% CI = 0.54– 2.1, p = 0.60) with reference to MS 
controls and after adjusting for sex, MS- COV- risk score, severity 
of initial COVID- 19, MS course, disease duration, and DMT group 
(Table 3).

DISCUSSION

In this nationwide multicenter study, we investigated long- term out-
come after COVID- 19 in pwMS in comparison to a closely matched 
group of pwMS without COVID- 19.

Complete recovery from COVID- 19- associated symptoms was 
found in 70% after 3 months, 83% after 6 months, and 94% after 
12 months.

A recent study in the UK using online questionnaires of self- 
reported symptoms showed complete recovery of COVID- 19 symp-
toms in 87% of pwMS after ≥12 weeks, with female sex, higher 
pre- COVID- 19 disability, and probable anxiety/depression as predic-
tors of incomplete recovery [7]. In our study, mild initial COVID- 19 
course was the only significant predictor of long- term outcome, in-
dicating a 10- fold increased likelihood of complete recovery, with 
no significant effect of sex, MS course, level of disability, or disease- 
modifying treatment. This discrepancy is most likely explained 
by the UK study excluding patients who were hospitalized due to 
COVID- 19, therefore excluding patients with severe course, and 
using reported (questionnaire) instead of confirmed data [7]. The 
rates of recovery are well within the margin reported in the general 

F I G U R E  1  Overall recovery and residual symptoms in multiple sclerosis (MS) patients after COVID- 19 compared to MS controls. M3, 
3 months after COVID- 19 diagnosis; M6, 6 months after COVID- 19 diagnosis; M12, 12 months after COVID- 19 diagnosis. Probability values 
were calculated by Fisher exact test comparing frequency at M3/M6/M12 in the MS + COVID cohort to MS controls
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population, although these vary significantly between 2% and 30% 
after 3 months, mostly depending on the method of assessment and 
definition of complete recovery [16– 18]. Whereas larger studies 
providing thorough and especially objective measures are needed 
to assess frequency and degree of COVID- 19 sequelae, neither MS 

itself nor immunotherapy seem to be associated with increased risk 
of incomplete recovery from COVID- 19.

In the present cohort, the most frequently reported residual 
symptoms of COVID- 19 were new or increased fatigue, hyposmia, 
and dyspnea. Against the background of frequencies in the MS 

Predictor

Probability of complete recovery

ORa 95% CI p

Sex

Male Reference

Female 0.98 0.90– 1.10 0.903

MS- COV- risk score (per point)b 0.89 0.75– 1.16 0.367

MS disease course

RRMS Reference

PMS 0.74 0.55– 1.22 0.403

MS disease duration (per year) 0.98 0.88– 1.07 0.837

DMT

No DMT Reference

M- DMTc 1.04 0.82– 1.31 0.782

H- DMTd 1.01 0.80– 1.28 0.971

Anti- CD20e 0.92 0.56– 1.53 0.231

Initial COVID- 19 course

Severe course Reference

Mild course 10.5 2.7– 55.6 <0.001

Overall R2 overall = 0.671, p < 0.001

Note: Calculated by a multivariate binary logistic regression model with complete recovery as the 
dependent variable and a priori risk of COVID- 19 severity (MS- COV- risk), sex (age and Expanded 
Disability Status Scale are already included in the MS- COV- risk score), severity of initial COVID- 19, 
MS disease course (RRMS vs. PMS), MS disease duration, and DMT group as independent 
variables.
Abbreviations: CI, confidence interval; DMT, disease- modifying treatment; MS, multiple sclerosis; 
OR, odds ratio; PMS, progressive MS; RRMS, relapsing– remitting MS.
aValues >/< 1 indicate higher/lower probability of complete recovery from COVID- 19 symptoms.
bMS- COV- risk score: MS COVID- 19 severity risk score (range from −6 to 15), with higher scores 
predicting an increased COVID- 19 severity (see Rosenbaum and Rubin [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.

TA B L E  2  Predictors of recovery from 
COVID- 19 in patients with MS

F I G U R E  2  Frequency of relapse (a) 
and disability worsening (b) in multiple 
sclerosis (MS) patients with COVID- 19 
compared to MS controls. Probability 
values were calculated by Fisher exact 
test
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control cohort, which was matched for age, sex, disability, and DMT, 
all three symptoms were significantly more frequent after 3 months 
and still slightly more frequent after 6 months, but not more frequent 
after 12 months. Thus, COVID- 19 sequelae seem to resolve after 
3– 6 months in most patients. However, further studies with larger 
sample size and control groups of previously healthy COVID- 19 pa-
tients and pwMS without COVID- 19 are needed to establish the risk 
of COVID- 19 sequelae in MS.

In addition to the question of the risk for direct COVID- 19 se-
quelae in pwMS, concerns have been raised regarding whether 
SARS- CoV2 infection could cause an increase of MS disease activity, 
that is, relapses or disability progression. Experimental studies sug-
gested that SARS- CoV2 may misdirect host immune responses and 
may therefore exacerbate preexisting autoimmunity [19, 20]. One 
study reported that 20% of pwMS develop new MS symptoms, and 
another showed a twofold increased risk of relapse within 2 weeks 

before and 4 weeks after SARS- CoV2 infection [8, 9]. However, 
these studies are hampered by a low sample size, lack of a control 
cohort, and lack of objective assessment of symptoms, probably 
explaining the increased relapse rate. In our study, which includes 
a closely matched control cohort of pwMS without COVID- 19, we 
found neither a significant increased risk of relapses (OR = 1.1) nor 
disability worsening (OR = 0.96).

Previous studies have suggested an increased risk of MS ex-
acerbations associated with other infections. However, these 
studies were uncontrolled and lacked methodologically sound dis-
tinction of relapses from pseudorelapses, that is, Uhthoff's phe-
nomena, typically occurring in association with infection- induced 
fever [21– 25]. The consistently reported absence of an association 
between infections and occurrence of new magnetic resonance 
imaging lesions— an objective measure of MS disease activity— 
portends that the apparent increase of MS exacerbations in timely 

TA B L E  3  Predictors of relapse and disability worsening in MS patients with COVID- 19 and matched MS controls

Predictor

Probability of relapse Probability of disability worsening

ORa 95% CI p ORa 95% CI p

Sex

Male Reference Reference

Female 1.03 0.94– 1.15 0.818 0.94 0.79– 1.07 0.635

MS- COV- risk score (per point)b 0.89 0.75– 1.16 0.367 1.11 0.87– 1.33 0.353

Initial COVID- 19 course

Severe course Reference Reference

Mild course 1.10 0.62– 2.11 0.721 0.97 0.54– 1.81 0.762

MS disease course

RRMS Reference Reference

PMS 0.53 0.26– 0.81 <0.001 2.56 1.78– 4.62 <0.001

MS disease duration (per year) 0.98 0.88– 1.07 0.837 1.14 0.90– 1.40 0.252

DMT

No DMT Reference Reference

M- DMTc 0.93 0.84– 1.03 0.128 0.97 0.80– 1.13 0.415

H- DMTd 0.74 0.60– 0.87 <0.001 0.86 0.74– 0.97 0.021

Anti- CD20e 0.73 0.58– 0.91 <0.001 0.83 0.67– 0.99 0.049

Initial COVID- 19 course

MS controls Reference Reference

MS + COVID 1.10 0.67– 2.4 0.698 0.96 0.54– 2.1 0.597

R2 overall = 0.724, p < 0.001 R2 overall = 0.645, p < 0.001

Note: Calculated by a multivariate binary logistic regression model with relapse/disability worsening as the dependent variable and group 
(MS + COVID vs. controls) as the independent variable adjusted for sex, MS- COV- risk score (age and Expanded Disability Status Scale are already 
included in the MS- COV- risk score), severity of initial COVID- 19, MS disease course (RRMS vs. PMS), MS disease duration, and DMT group.
Abbreviations: CI, confidence interval; DMT, disease- modifying treatment; MS, multiple sclerosis; OR, odds ratio; PMS, progressive MS; RRMS, 
relapsing– remitting MS.
aValues >/< 1 indicate higher/lower probability of severe COVID- 19.
bMS- COV- risk score: MS COVID- 19 severity risk score (range from −6 to 15), with higher scores predicting an increased COVID- 19 severity (see 
Rosenbaum and Rubin [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.
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association with infections is probably not caused by aggravated 
autoimmunity [21, 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. We have 
to acknowledge some potential limitations inherent to the study 
design.

The endpoints of incomplete/complete recovery were primarily 
based on patient reports rather than objective testing. This is espe-
cially important for symptoms such as dyspnea or hyposmia, where 
subjective perception and objective degree of impairment may vary. 
Also, we were unable to investigate or adjust for the effect of SARS- 
CoV2 vaccines, as there were only 21 patients with complete vac-
cination included in the MS + COVID cohort, which did not allow 
inclusion into the regression models as this would have resulted in 
overfitting. However, we conducted sensitivity analyses evaluating 
the robustness of results to the impact of vaccination by removal of 
vaccinated patients, which did not indicate a significant change in re-
sults. Also, we could not consider the effect of reinfection, as there 
were no reinfections included in the cohort. Similarly, we did not 
have PCR sequencing results available and therefore could not in-
vestigate the potential effect of different subtypes of SARS- CoV- 2. 
Due to the study period, our cohort likely comprises the wild- type as 
well as the Delta variant.

There may also be confounders influencing long- term outcome 
of COVID- 19 in pwMS unaccounted for in this study. However, 
Rosenbaum bounds indicated only a small potential impact of hidden 
bias not accounted for in the multivariate models [14].

CONCLUSIONS

We showed in a population- based cohort of pwMS suffering from 
COVID- 19 that long- term outcome is generally favorable in a large 
majority of pwMS, with only a small proportion of patients suffer-
ing from prolonged symptoms usually resolving after 3– 6 months. 
Against the background of a closely matched MS control group, 
COVID- 19 is not associated with increased risk of relapse or 
disability.
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APPENDIX A

TA B L E  A 1  STROBE statement: Checklist of items that should be included in reports of observational studies

Section Item Recommendation Page No.
Relevant text 
from manuscript

Title and abstract 1 (a) Indicate the study's design with a commonly used term in 
the title or the abstract

3

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found

3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the 
investigation being reported

4

Objectives 3 State specific objectives, including any prespecified 
hypotheses

4

Methods

Study design 4 Present key elements of study design early in the paper 5– 7

Setting 5 Describe the setting, locations, and relevant dates, including 
periods of recruitment, exposure, follow- up, and data 
collection

5

Participants 6 (a) Cohort study: Give the eligibility criteria, and the sources 
and methods of selection of participants; describe 
methods of follow- up

5

Case– control study: Give the eligibility criteria, and the 
sources and methods of case ascertainment and control 
selection; give the rationale for the choice of cases and 
controls

Cross- sectional study: Give the eligibility criteria, and the 
sources and methods of selection of participants

(b) Cohort study: For matched studies, give matching criteria 
and number of exposed and unexposed

Case– control study: For matched studies, give matching 
criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers; give diagnostic criteria, 
if applicable

5– 6

Data sources/measurement 8a For each variable of interest, give sources of data and details 
of methods of assessment (measurement); describe 
comparability of assessment methods if there is more than 
one group

5

Bias 9 Describe any efforts to address potential sources of bias 6– 7, 12– 13

Study size 10 Explain how the study size was arrived at 6– 7, 9

Quantitative variables 11 Explain how quantitative variables were handled in the 
analyses; if applicable, describe which groupings were 
chosen and why

6– 7

Statistical methods 12 (a) Describe all statistical methods, including those used to 
control for confounding

6– 7

(b) Describe any methods used to examine subgroups and 
interactions

6– 7

(c) Explain how missing data were addressed 7

(d) Cohort study: If applicable, explain how loss to follow- up 
was addressed

Case– control study: If applicable, explain how matching of 
cases and controls was addressed

Cross- sectional study: If applicable, describe analytical 
methods taking account of sampling strategy

(e) Describe any sensitivity analyses 7

(Continues)
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Section Item Recommendation Page No.
Relevant text 
from manuscript

Results

Participants 13a (a) Report numbers of individuals at each stage of study— -
e.g., numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing 
follow- up, and analyzed

9– 10

(b) Give reasons for nonparticipation at each stage

(c) Consider use of a flow diagram

Descriptive data 14a (a) Give characteristics of study participants (e.g., 
demographic, clinical, social) and information on 
exposures and potential confounders

9, Table 1

(b) Indicate number of participants with missing data for each 
variable of interest

9– 10

(c) Cohort study: Summarize follow- up time (eg, average and 
total amount)

9

Outcome data 15a Cohort study: Report numbers of outcome events or 
summary measures over time

9– 10

Case– control study: Report numbers in each exposure 
category, or summary measures of exposure

Cross- sectional study: Report numbers of outcome events or 
summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 
adjusted estimates and their precision (e.g., 95% 
confidence interval); make clear which confounders were 
adjusted for and why they were included

9– 10, 
Figures 1 
and 2

(b) Report category boundaries when continuous variables 
were categorized

9– 10, 
Figures 1 
and 2

(c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period

NA

Other analyses 17 Report other analyses done— e.g., analyses of subgroups and 
interactions, and sensitivity analyses

10

Discussion

Key results 18 Summarize key results with reference to study objectives 11– 13

Limitations 19 Discuss limitations of the study, taking into account sources 
of potential bias or imprecision; discuss both direction and 
magnitude of any potential bias

12– 13

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

11– 13

Generalizability 21 Discuss the generalizability (external validity) of the study 
results

11– 13

Other information

Funding 22 Give the source of funding and the role of the funders for the 
present study and, if applicable, for the original study on 
which the present article is based

14

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of 
transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the websites of PLoS Medicine at http://
www.plosm edici ne.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on 
the STROBE Initiative is available at www.strobe- statement.org.Abbreviation: STROBE, Strengthening the Reporting of Observational Studies in 
Epidemiology.
aGive information separately for cases and controls in case– control studies and, if applicable, for exposed and unexposed groups in cohort and cross- 
sectional studies.

TA B L E  A 1  (Continued)

http://www.plosmedicine.org/
http://www.plosmedicine.org/
http://www.annals.org/
http://www.epidem.com/
https://www.strobe-statement.org
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