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Abstract
Background: The relationship between coronavirus disease 2019 (COVID-19) infection and 
multiple sclerosis (MS) relapse and disease progression remains unclear. Previous studies 
are limited by small sample sizes and most lack a propensity-matched control cohort.
Objective: To evaluate the effect of COVID-19 infection on MS disease course with a large 
propensity-matched cohort.
Design: This multi-centre cohort study analysed relapse and disability outcomes post-
COVID-19 infection after balancing covariates using a propensity score matching method. The 
study period was from the 11th of September 2019 to the 16th of February 2023. The mean 
follow-up period was 1.7 years.
Methods: Data were retrieved from the MSBase Registry. Propensity scores were obtained 
based on age, sex, disease duration, baseline Expanded Disability Status Scale (EDSS), MS 
course, relapses pre-baseline, disease-modifying therapy (DMT) class and country. Primary 
outcomes were time to first relapse, annualised relapse rate (ARR) and time to confirm EDSS 
progression. Secondary outcomes were time to EDSS of 3, 4 or 6. Sensitivity analyses with 
baseline DMT classes were performed.
Results: The study included 2253 cases and 6441 controls. After matching, there were 2161 
cases and an equal number of matched controls. Cases had a significantly higher ARR 
(ARR = 0.10 [95% CI 0.09–0.11]) compared to controls (ARR = 0.07 [95% CI 0.06–0.08]). Cases 
had a significantly greater hazard of time to first relapse compared to controls (hazard ratio 
(HR) = 1.54 [95% CI 1.29–1.84]). There was no association between COVID-19 infection and 
24-week EDSS progression (HR = 1.18 [95% CI 0.92–1.52]), or time to EDSS of 3, 4 or 6. For 
patients on interferons and glatiramer acetate (BRACE), COVID-19 infection was associated 
with a greater hazard of time to first relapse (HR = 1.83 [95% CI 1.25–2.68]) and greater hazard 
of time to EDSS of 3 (HR = 2.04 [95% CI 1.06–3.90]) compared to patients on BRACE therapy 
without COVID-19 infection.
Conclusion: COVID-19 infection was associated with a significantly increased MS relapse 
rate and a shorter time to first relapse. There was no effect on confirmed EDSS progression 
over the short term. These results support ongoing COVID-19 risk minimisation strategies to 
protect patients with MS.
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Background
Coronavirus disease 2019 (COVID-19) is an 
infectious disease caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). 
It was declared a public health emergency of 
international concern by the World Health 
Organization (WHO) in January 2020 and has 
caused nearly 7 million deaths worldwide.1

Previous studies have shown an association 
between viral infections, multiple sclerosis (MS) 
relapses and MRI lesions.2–4 While the exact 
mechanism is unclear, infections are thought to 
cause a systemic inflammatory response, leading 
to an increased expression of pro-inflammatory 
cytokines and chemokines. The alterations in the 
inflammatory mediators are crucial in the patho-
genesis of COVID-19 symptoms and possibly 
could increase susceptibility to MS relapse.5,6 
Given previous reports of viral infections as a trig-
ger for demyelination, it is important to explore 
whether COVID-19 infection can lead to an 
increase in the rate of MS relapse or disability 
progression.4

The effect of COVID-19 on MS disease activity is 
unclear. Previous studies have shown inconsistent 
results likely due to their retrospective nature, 
small sample sizes and lack of propensity-matched 
controls.7–15 This study addresses these limita-
tions by evaluating the effect of COVID-19 infec-
tion on MS disease course using a matched cohort 
study design.

Methods

Standard protocol approvals, registrations and 
patient consent
The MSBase Registry is an international obser-
vational cohort study of patients with MS 
(pwMS) established in 2000.16 The MSBase 
COVID-19 Substudy is an ongoing international 
and multi-site observational cohort substudy of 
MSBase comprising pwMS who have been 
infected (confirmed and suspected) with 
COVID-19. It was established in July 2020. Data 
for the analysis were extracted on the 16th of 
February 2023.

This study followed the Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guidelines 
(Supplemental Material).

Study inclusion criteria, data collection and 
definitions
Inclusion criteria for this study were as follows: (1) 
Definite diagnosis of MS; (2) Expanded Disability 
Status Scale (EDSS) baseline recorded within 
6 months of the declaration of COVID-19 as a pan-
demic by the WHO (11 March 2020) for the con-
trol cohort17; (3) complete information for sex, age, 
duration of disease, the date of starting and/or stop-
ping disease-modifying therapies (DMTs), EDSS 
assessments and dates of relapses for the duration of 
the study; (4) at least two follow-up visits with a 
minimum 6-month gap and complete EDSS assess-
ments to allow for the calculation of confirmed dis-
ability progression (CDP); and (5) 18 years of age or 
over. Exclusion criteria for this study were diagnosis 
of neuromyelitis optica spectrum disorder 
(NMOSD), myelin oligodendrocyte glycoprotein 
antibody disorder (MOGAD) or radiologically iso-
lated syndrome (RIS). All MSBase members were 
invited to participate in this study, with 25 centres 
accepting the invitation. We included pwMS diag-
nosed with COVID-19 on polymerase chain reac-
tion (PCR) or rapid antigen (RAT) tests. Cases 
were included from the time of COVID-19 infec-
tion to the time of their last recorded registry visit if 
they met inclusion criteria. Patients from the partici-
pating MSBase COVID-19 Substudy centres meet-
ing the above criteria but without documented 
COVID-19 infection were used as a control cohort.

These medications – natalizumab, ocrelizumab, 
rituximab, alemtuzumab, cladribine, fingolimod, 
siponimod and ofatumumab – were classified as 
high-efficacy DMTs. All others were classified as 
low-moderate efficacy DMTs.

DMT classes described for each patient were 
recorded at baseline.

Patient data were recorded during routine clinical 
visits at participating centres via the locally installed 
iMed or MSBase data entry systems (MDS).
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Baseline EDSS for the control cohort was defined 
as the closest visit within 6 months of the declara-
tion of COVID-19 as a pandemic by the WHO 
(11 March 2020). Cases were included from the 
date of their infection and subsequently followed 
up.

Study endpoints
The primary study outcomes were annualised 
relapse rate (ARR, calculated by dividing the total 
number of relapses by the total number of per-
son-years at risk), time to first relapse and 24-week 
CDP.

CDP was defined as an increase of ⩾1.5 EDSS 
steps from a baseline score of 0, 1 step from base-
line scores 1.0–5.5 or 0.5 step from a baseline 
score ⩾5.5, sustained at two or more consecutive 
visits separated by ⩾180 days.18

Relapse was defined as a clinical episode lasting at 
least 24 h, in the absence of fever, infection or 
acute concurrent medical illness. There also must 
have been a preceding 30-day period without 
clinical relapse.

Secondary outcomes were time to EDSS of 3, 4 
or 6. We also repeated the primary and secondary 
outcomes stratified by baseline DMT classes. 
DMTs were categorised as glatiramer acetate/
interferon beta-1 (BRACE), teriflunomide, dime-
thyl fumarate, sphingosine-1-phosphate receptor 
antagonists (fingolimod, siponimod, ponesimod, 
ozanimod), anti-CD20s (ocrelizumab, ofatu-
mumab, rituximab) and other monoclonal anti-
bodies (natalizumab, alemtuzumab).

Statistical analysis
The demographic information and the baseline 
characteristics were reported as numbers and per-
centages for discrete variables and as mean 
(standard deviation (SD)) or median (interquar-
tile range (IQR)) for continuous variables, as 
appropriate.

We applied 1:1 propensity score matching to 
match COVID-19 cases and controls to mitigate 
baseline differences between the groups and selec-
tion bias.19 The matching method used was 
k-nearest neighbour matching with a caliper of 
0.05. The propensity score was calculated using 
logistic regression with COVID-19 infection as 

the dependent outcome variable and the following 
baseline predictors as explanatory covariates: age, 
sex, disease duration, baseline EDSS, MS course, 
relapses pre-baseline, DMT class and country. 
The covariate balance was evaluated using the 
absolute standardised difference (ASD) measure, 
where ASD > 0.1 indicates an imbalance.20

A negative binomial model was used to compare 
ARRs, with the relapse count as a dependent vari-
able, and COVID-19 as an independent variable, 
offset by the follow-up time. We used marginal 
Cox regression models with robust standard 
errors and Kaplan–Meier cumulative hazard 
curves to assess and visualise differences between 
cases and controls for the time-to-event out-
comes. Participants were censored at the time of 
the event or the last available follow-up visit in 
those without an event.

We then ran a sensitivity analysis for the relaps-
ing–remitting multiple sclerosis (RRMS) sub-
group to assess the potential impact of 
confounding errors that may result from the 
inclusion of different MS subtypes.

All statistical tests were two-sided with a statisti-
cal significance defined as p < 0.05. All analyses 
were performed in R, V.4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Participants
A total of 2253 cases and 6441 controls were 
included (baseline characteristics in Table A1). At 
baseline, COVID-19 cases were younger, had 
shorter disease duration, had lower baseline EDSS, 
had lower pre-baseline relapse activity and were 
more likely to be on high-efficacy DMTs. After 
propensity score matching, 2161 cases and an 
equal number of controls were identified. Baseline 
characteristics of the matched study population are 
presented in Table 1. After matching, all baseline 
covariates were balanced (ASD < 0.1). In all, 239 
patients infected with COVID-19 were excluded 
because they had no baseline EDSS recorded 
(Figure 1). The distribution of COVID-19 severity 
in the cohort was: 2.64% had severe COVID-19 
infection (ICU admission), 10.00% had moderate 
severity COVID-19 infection (inpatient admis-
sion), 80.66% had mild COVID-19 infection (out-
patient setting) and 6.71% had no severity reported.
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Table 1.  Baseline characteristics of the matched study population by COVID cases versus controls.

Baseline factor Category/metric Cases (n = 2161) Controls (n = 2161) Standardised 
difference

Age Mean (SD) 40.63 (11.41) 40.45 (11.68) 0.02

Sex Female 1506 (69.7) 1515 (70.1) −0.01

Male 655 (30.3) 646 (29.9)

Disease duration (years) Mean (SD) 9.71 (8.18) 9.94 (7.23) −0.03

Baseline EDSS Median (IQR) 1.5 (1–3) 1.5 (1–3) 0.02

MS course CIS 177 (8.2) 154 (7.1) 0.03

PP 76 (3.5) 139 (6.4)

PR 24 (1.1) 21 (1.0)

RR 1751 (81.0) 1733 (80.2)

SP 133 (6.2) 96 (4.4)

Not reported 0 (0.0) 18 (0.8)

Relapses 1-year pre-baseline Mean (SD) 0.07 (0.30) 0.07 (0.29) −0.02

Relapses 2-year pre-baseline Mean (SD) 0.10 (0.43) 0.11 (0.39) −0.03

DMT class High efficacy 1058 (49.0) 1109 (51.3) 0.03

Low-moderate efficacy 746 (34.5) 686 (31.7)

No baseline DMT 357 (16.5) 366 (16.9)

Country Argentina 20 (0.9) 67 (3.1) −0.03

Australia 254 (11.8) 271 (12.5)

Belgium 52 (2.4) 109 (5.0)

Brazil 21 (1.0) 19 (0.9)

Spain 231 (10.7) 177 (8.2)

Croatia 179 (8.3) 7 (0.3)

Italy 285 (13.2) 93 (4.3)

Kuwait 137 (6.3) 363 (16.8)

Mexico 3 (0.1) 2 (0.1)

Romania 3 (0.1) 2 (0.1)

Saudi Arabia 9 (0.4) 27 (1.3)

Turkey 967 (44.8) 1024 (47.4)

Values are expressed as n (%), median (IQR) or mean (SD). Standardised difference is the difference in means or proportions divided by the  
standard error. An imbalance was defined as an ASD > 0.10.
CIS, clinically isolated syndrome; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; IQR, interquartile range; MS, multiple 
sclerosis; PP, primary progressive; PR, progressive relapsing; RR, relapsing remitting; SD, standard deviation; SP, secondary progressive.
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Primary analyses
The total number of post-baseline relapses was 
380 in COVID-19 cases and 255 in controls. 
Follow-up person-years were 3689 and 3718 for 
COVID-19 cases and controls, respectively. 
COVID-19 infection in pwMS was associated 
with a significantly higher ARR (ARR = 0.10 

[95% CI 0.09–0.11]) compared to matched con-
trols without COVID-19 infection (ARR = 0.07 
[95% CI 0.06–0.08]). Consistent results were 
found for time to first relapse, with cases having a 
significantly greater hazard of time to first relapse 
compared to controls (hazard ratio (HR) = 1.54 
[1.29, 1.84]; Figure 2).

Figure 1.  Flow diagram of patients selected from the MSBase COVID-19 registry and 1:1 propensity score 
matching of cases and controls.
COVID-19, coronavirus disease 2019; EDSS, Expanded Disability Status Scale.

Figure 2.  Cumulative hazard of time to first relapse. Kaplan–Meier curves were applied to show the 
cumulative hazard of time to first relapse in COVID-19 cases (blue line) and controls (red line).

https://journals.sagepub.com/home/tan
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Sensitivity analysis of the RRMS subgroup dem-
onstrated no significantly different results. 
COVID-19 infection in pwMS with the RRMS 
subtype was associated with a significantly higher 
ARR (ARR = 0.1009 [0.0901, 0.1126]) com-
pared to matched controls without COVID-19 
infection (ARR = 0.0735 [0.0642, 0.0838]). 
Consistent results were found for time to first 
relapse, with cases having a significantly greater 
hazard of time to first relapse compared to con-
trols (HR = 1.40 [1.16, 1.69]).

Of the COVID-19 cases, 133 (6.2%) experienced 
a CDP event, while 111 (5.1%) controls experi-
enced a CDP event. There was no association 
between COVID-19 infection and 24-week 
EDSS progression (HR = 1.18 [0.92, 1.52]; 
Figure 3). The sensitivity analysis for the RRMS 
subtype also found no association between 
COVID-19 infection and 24-week EDSS pro-
gression (HR = 1.19 [0.86, 1.65]).

Secondary analyses
There was no association between COVID-19 
infection and time to EDSS of 3 (HR = 1.17 

[0.93, 1.49]), 4 (HR = 1.31 [0.99, 1.74]) or 6 
(HR = 0.84 [0.59, 1.19]; Figures A1–A3, 
respectively).

COVID-19 cases who were on interferons or glati-
ramer acetate (BRACE) had a greater hazard of 
time to first relapse (HR = 1.54 (95% CI 1.29–
1.84)) and time to EDSS of 3 (HR = 2.04 (95% 
CI 1.06–3.90)) compared to similarly treated con-
trols. There was no difference in the hazard of 
time to first relapse, CDP or time to EDSS or 3, 4 
or 6 for other intra-DMT comparisons (Table 2).

Discussion
In this large multi-national observational cohort 
study, we demonstrate that pwMS infected with 
COVID-19 have a significantly increased relapse 
rate and shorter time to first relapse than matched 
controls without COVID-19 infection. However, 
there is no difference in confirmed EDSS pro-
gression between the groups. This suggests that 
COVID-19 infection can acutely exacerbate neu-
rological symptoms. Our results suggest that 
COVID-19 potentially does not increase disabil-
ity progression over 1.7 years of follow-up. 

Figure 3.  Cumulative hazard of time to CDP. Kaplan–Meier curves were applied to show the cumulative hazard 
of time to first relapse in COVID-19 cases (blue line) and controls (red line).
CDP, confirmed disability progression.

https://journals.sagepub.com/home/tan
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However, these analyses need to be repeated with 
longer follow-up times in the future.

The association of COVID-19 infection and 
higher ARR is consistent with previous reports of 
viral infections as a trigger for demyelination and 
clinical relapse in pwMS.2–4 Reports of other res-
piratory tract infections leading to an increased 
risk of relapse in pwMS are also consistent with 
our findings.2,3 Many pathophysiological pro-
cesses have been postulated to explain this pro-
cess. Preliminary studies looking at the effect of 
COVID-19 on the immune system have sug-
gested COVID-19 infection is characterised by 
misdirected host immune responses that can 
exacerbate pre-existing autoimmune disease.21 
Furthermore, the increased pro-inflammatory 
state caused by COVID-19 infection may lead to 
the recruitment and activation of pro-inflamma-
tory leucocytes ‘bystanders’ that can cross the 
blood–brain barrier, increasing the risk of clinical 
MS relapse.6 The literature on the relationship 
between COVID-19 and MS relapse has been 
controversial. For example, studies by Etemadifar 

et al.13 and Bsteh et al.22 found no association 
between COVID-19 and relapse, or even a lower 
exacerbation incidence in pwMS infected with 
COVID-19. However, these studies were limited 
by small sample sizes.

Including a time variable in our analysis allows us 
to evaluate the effect of COVID-19 on the time to 
first relapse. Other studies have used a binary 
relapse variable to assess the risk of relapse by 
comparing MS exacerbation in a cohort for a 
fixed time before the pandemic and a fixed time 
before and after COVID-19 infection.12,13

Our study found no association between COVID-
19 and EDSS progression. This is consistent with 
several smaller studies. However, these results 
contradict findings from Peeters et al.,7 who sug-
gest that COVID-19 is linked to clinical worsen-
ing in MS patients. This study had a relatively 
small sample size and no control group. A sys-
tematic review and meta-analysis by Aghajanian 
et al.23 indicated no impact of COVID-19 infec-
tion on MS relapse rates. However, the studies in 

Table 2.  Hazard ratios of COVID-19 cases versus controls for time to first relapse, confirmed disability progression and time to EDSS 
of 3, 4 and 6, stratified by DMT classes.

Outcomes Overall 
(n = 4322)

BRACE 
(n = 733)

Teriflunomide 
(n = 267)

DMF 
(n = 354)

S1PR 
modulators 
(n = 887)

Anti-CD20s 
(n = 882)

Other 
mAbs 
(n = 389)

Cladribine 
(n = 73)

  Hazard ratio 
(95% CI)  
p value*

Hazard 
ratio  
(95% CI)  
p value*

Hazard ratio 
(95% CI)  
p value*

Hazard 
ratio (95% 
CI) p value*

Hazard ratio 
(95% CI)  
p value*

Hazard 
ratio  
(95% CI)  
p value*

Hazard 
ratio  
(95% CI)  
p value*

Hazard 
ratio (95% 
CI) p value*

Time 
to first 
relapse

1.54 (1.29, 
1.84) <0.001

1.83 (1.25, 
2.68) 0.002

1.60 (0.87,  
2.95) 0.134

1.71 (0.92, 
3.19) 0.092

1.25 (0.86, 
1.84) 0.246

1.50 (0.89, 
2.54) 0.132

1.74 (0.86, 
3.52) 0.126

2.16 (0.43, 
10.70) 0.347

24-week 
CDP

1.18 (0.92, 
1.52) 0.198

1.02 (0.36, 
2.93) 0.963

0.98 (0.34,  
2.80) 0.975

1.25 (0.44, 
3.54) 0.679

1.13 (0.58, 
2.20) 0.710

0.86 (0.57, 
1.30) 0.466

1.99 (0.78, 
5.04) 0.149

0.72 (0.10, 
5.14) 0.747

Time to 
EDSS ⩾ 3

1.17 (0.93, 
1.49) 0.181

2.04 (1.06, 
3.90) 0.032

0.53 (0.21,  
1.33) 0.177

0.81 (0.37, 
1.77) 0.596

1.13 (0.65, 
1.94) 0.671

0.79 (0.47, 
1.35) 0.390

1.73 (0.85, 
3.50) 0.129

0.78 (0.15, 
3.94) 0.761

Time to 
EDSS ⩾ 4

1.31 (0.99, 
1.74) 0.062

1.85 (0.78, 
4.43) 0.164

0.90 (0.32,  
2.48) 0.834

0.75 (0.27, 
2.10) 0.581

1.93 (0.96, 
3.88) 0.065

0.90 (0.50, 
1.60) 0.712

0.83 (0.35, 
1.97) 0.677

0.37 (0.03, 
4.27) 0.426

Time to 
EDSS ⩾ 6

0.84 (0.59, 
1.19) 0.321

1.66 (0.40, 
6.95) 0.488

0.34 (0.04,  
3.25) 0.347

0.58 (0.04, 
9.20) 0.696

1.67 (0.53, 
5.26) 0.381

0.63 (0.38, 
1.04) 0.072

0.72 (0.24, 
2.22) 0.572

1.28 (0.12, 
14.18) 0.841

Values are expressed as hazard ratio (95% CI) p value. Controls (pwMS without COVID-19) were taken to be the reference group in the above 
analyses. Bold values indicate statistical significance at p < 0.05.
BRACE, glatiramer acetate/interferon beta-1; CDP, confirmed disability progression; DMF, dimethyl fumarate; DMT, disease-modifying therapy; 
EDSS, Expanded Disability Status Scale; mAbs, monoclonal antibodies; MS, multiple sclerosis; S1PR, sphingosine-1-phosphate receptor; SD, 
standard deviation
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this review had small sample sizes, limited follow-
up duration and did not evaluate incidence 
through time-to-event analyses. Similarly, a pro-
pensity score-matched case-control study by 
Vercellino et al.24 found no differences in relapse 
or MRI activity post-COVID-19 infection, 
though it also did not analyse relapse incidence 
through time-to-event methods.24

Our study also looked at the effect of DMTs on 
outcome measures. Patients with COVID-19 on 
BRACE therapies demonstrated a reduced time 
to first relapse and time to EDSS of 3. Low-
efficacy medications are not as effective as other 
DMTs in suppressing MS activity. As a result, a 
viral infection like COVID-19 could exacerbate 
partially controlled MS-related inflammatory 
activity and result in a relapse. However, these 
findings must be interpreted with caution, as 
other unmeasured confounding factors could 
influence DMT choice and relapse activity in this 
cohort. For example, insurance status, variation 
in prescribing at a site level, smoking and obesity 
were not measured. The BRACE analysis find-
ings should be understood in the context of 
reports that COVID-19 infection may be less 
severe in pwMS on BRACE therapy.25 Our study 
suggests that the benefit of less severe COVID-19 
infection in these patients must be balanced 
against the increased possibility of MS relapse 
triggered by COVID-19.

A substantial body of literature suggests that anti-
CD20 therapies can worsen the severity of 
COVID-19.26–31 However, other studies suggest 
that ocrelizumab is not a risk factor for severe 
COVID-19 infection, indicating the need for fur-
ther research.32 We did not find an association 
between COVID-19 infection and MS disease 
course for pwMS on anti-CD20 therapies. This 
may suggest that anti-CD20 therapies effectively 
suppress MS disease activity, limiting infection-
related relapse activity. Again, this calls for a bal-
ance between minimising the severity of 
COVID-19 infection and mitigating MS disease 
progression and relapse.

These results support COVID-19 risk minimisa-
tion strategies to protect pwMS from neurological 
exacerbation and relapse. It is also important that 
pwMS are aware of the risk of infection with 
COVID-19 on MS relapse and neurological exac-
erbation to make informed decisions about their 
lifestyle and health. These decisions should also 

consider the specific DMT therapy the patient is 
on and include other disease-related factors such 
as age, sex, disease duration, MS course and his-
tory of past relapse. While the WHO has declared 
that COVID-19 is no longer a global health emer-
gency, it remains important for pwMS and health-
care providers to be vigilant about the continued 
presence of this disease in the community.33

Strengths and limitations
The strengths of this study include the analysis of 
data from 25 sites incorporating populations from 
12 countries. Including multiple sites increases 
the generalisability of these findings and the large 
sample size reduces selection bias and improves 
the accuracy of results. The propensity-matched 
control cohort mitigated confounding factors 
such as age, sex, history of relapse, disease dura-
tion, baseline EDSS, MS course, DMT class 
(high efficacy, low-moderate efficacy, no baseline 
DMT) and country.34–39 Including a time variable 
allowed for the calculation of the hazard ratio, 
which is a unique outcome variable of this paper.

There are some limitations to our study. A lack of 
PCR sequencing means that results cannot be 
stratified to different strains of COVID-19. 
Inconsistent vaccine data across sites meant we 
could not assess the effect of COVID-19 vaccina-
tion on relapse and disability. Although we were 
unable to incorporate vaccination data in our 
analysis, it is important to address potential inter-
actions between vaccination and our outcomes of 
interest. This retrospective, observational cohort 
study found a mild increase in ARR after vaccina-
tion.40 However, more recent studies have not 
found increased relapse activity after COVID-19 
vaccine administration.41 A systematic review and 
meta-analysis by Stefanou et al.42 included 19 
observational studies consisting of 14,755 pwMS 
and concluded that COVID-19 vaccination did 
not appear to increase the risk of relapse. A limi-
tation of this review is that it only consists of 
observation studies and so results are only single-
arm estimates due to the lack of robust control 
cohorts.

Additional potential confounders that may 
affect outcomes post-COVID-19, such as 
comorbidities, frailty and body composition, 
were not controlled for in our study.38,43–46 
Confounders described to be associated with an 
increased risk of hospitalisation in pwMS and 
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COVID-19 such as diabetes, smoking history 
and hypertension were not accounted for in our 
analysis.47

There is a lack of Multiple Sclerosis Functional 
Composite score which could indicate the possi-
bility of progression independent of relapse activ-
ity. We could not corroborate relapse with MRI 
findings. It is possible that some members of the 
MSBase control cohort, who were not reported to 
have COVID-19, may have had an unknown or 
unreported past infection. To minimise the risk of 
selecting patients with unknown COVID-19 
infection, controls were retrieved from sites par-
ticipating in the MSBase COVID-19 Substudy. 
Additionally, there may be a reporting bias of 
COVID-19 in patients presenting with relapse. 
We conducted a sensitivity analysis for the RRMS 
subgroup to assess the potential impact of con-
founding errors that may result from the inclusion 
of different MS subtypes. This demonstrated no 
significant difference in results compared to the 
total cohort. We have also not included the sever-
ity of COVID-19, so we cannot comment on its 
relationship with the MS disease course. The 
severity and duration of relapse were not repre-
sented in our study. Some countries had different 
quarantine measures based on age. This may 
have impacted exposure to COVID-19 infection, 
as well as access to MS services or pharmacies to 
receive usual (prescribed) MS DMTs. This study 
only analysed the effect of baseline DMTs. It did 
not consider the duration or proportion of time a 
patient was on specific DMT therapies. The 
interpretation of the outcome measure of CDP 
may also be limited in this paper given the rela-
tively short follow-up period of 1.7 years. The 
cessation of DMTs and irregular compliance 
were not accounted for in our analysis. If treat-
ment was interrupted due to infection, reported 
increased relapse rates may be confounded by 
MS disease activity rather than be caused by 
COVID-19 directly.

Conclusion
In our study, COVID-19 infection was associated 
with a significantly increased MS relapse rate and 
a shorter time to first relapse. There was no dif-
ference in confirmed EDSS progression over a 
short follow-up period of 1.7 years. BRACE ther-
apy was associated with a greater hazard of time 
to first relapse and time to EDSS of 3 in cases 
compared to controls.
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Appendix

Table A1.  Baseline characteristics of unmatched study population by COVID cases versus controls.

Baseline factor Category/metric Cases (n = 2253*) Controls (n = 6441) Standardised 
difference

Age Mean (SD) 40.26 (11.45) 43.03 (12.59) −0.230

Sex Female 1576 (70.0) 4474 (69.5) 0.011

Male 677 (30.0) 1967 (30.5)

Disease duration (years) Mean (SD) 9.45 (8.14) 11.34 (8.99) −0.221

Baseline EDSS Median (IQR) 1.5 (1, 3) 2 (1, 4) −0.130

MS course CIS 254 (11.3) 301 (4.7) −0.257

PP 85 (3.8) 292 (4.5)

PR 24 (1.1) 70 (1.1)

RR 1757 (78.0) 5109 (79.3)

SP 133 (5.9) 530 (8.2)

Not reported 0 (0.0) 139 (2.2)

Relapses 1-year pre-baseline Mean (SD) 0.06 (0.29) 0.21 (0.50) −0.353

Relapses 2-year pre-baseline Mean (SD) 0.10 (0.42) 0.39 (0.72) −0.496

DMT class High efficacy 1125 (49.9) 2403 (37.3) −0.331

Low-moderate efficacy 771 (34.2) 2182 (33.9)

No baseline DMT 357 (15.9) 1856 (28.8)

(Continued)
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Baseline factor Category/metric Cases (n = 2253*) Controls (n = 6441) Standardised 
difference

Country Argentina 20 (0.9) 158 (2.5) −0.257

Australia 265 (11.8) 984 (15.3)

Belgium 52 (2.3) 364 (5.7)

Brazil 21 (0.9) 65 (1.0)

Spain 231 (10.3) 865 (13.4)

Croatia 214 (9.5) 24 (0.4)

Italy 296 (13.1) 392 (6.1)

Kuwait 149 (6.6) 821 (12.8)

Mexico 3 (0.1) 8 (0.1)

Romania 3 (0.1) 2 (0.0)

Saudi Arabia 9 (0.4) 66 (1.0)

Turkey 990 (43.9) 2692 (41.8)

Values are expressed as n (%), median (IQR) or mean (SD). Standardised difference is the difference in means or proportions divided by the  
standard error. An imbalance was defined as an ASD > 0.10, indicated in bold.
*239 of the original 2492 cases were excluded for not having a baseline EDSS
ASD, absolute standardised difference; CIS, clinically isolated syndrome; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; 
MS, multiple sclerosis; PP, primary progressive; PR, progressive relapsing; RR, relapsing remitting; SP, secondary progressive;  
SD, standard deviation.

Figure A1.  Cumulative hazard of time to EDSS equal or greater than 3. Weighted Kaplan–Meier curves were 
applied to show the cumulative hazard of time to first relapse in COVID-19 cases (blue line) and controls (red 
line).
EDSS, Expanded Disability Status Scale.

Table A1. (Continued)
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Figure A2.  Cumulative hazard of time to EDSS equal or greater than 4. Weighted Kaplan–Meier curves were 
applied to show the cumulative hazard of time to first relapse in COVID-19 cases (blue line) and controls (red 
line).
EDSS, Expanded Disability Status Scale.

Figure A3.  Cumulative hazard of time to EDSS equal or greater than 6. Weighted Kaplan–Meier curves were 
applied to show the cumulative hazard of time to first relapse in COVID-19 cases (blue line) and controls (red 
line).
EDSS, Expanded Disability Status Scale.
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