Occurrence and Severity

of Coronavirus Disease 2019

Are Associated With Clinical Disability Worsening in

Patients With Multiple Sclerosis

Gertjan Peeters, MD, Ann Van Remoortel, MNW, Guy Nagels, MD, PhD, Ir, Jeroen Van Schependom, PhD, Ir,
and Miguel D'haeseleer, MD, PhD

Neurol Neuroimmunol Neuroinflamm 2023;10:¢200089. doi:10.1212/NXI.0000000000200089

Abstract

Background and Objectives

Large-scale observational studies have shown that, in patients with multiple sclerosis (MS), the risk of
becoming more severely ill from coronavirus disease 2019 (COVID-19) is determined by older age,
male sex, cardiovascular comorbidities, African American ethnicity, progressive disease, recent use of
corticosteroids, and B cell-depleting disease-modifying treatment. In contrast, the effect of COVID-
19 on the disease course of MS has been studied much less extensively. Our main goal was to explore
whether COVID-19 is associated with accelerated clinical disability worsening in patients with MS.

Methods

Since March 2020, demographics and infectious outcome (categorized as ambulatory, hospital-
ized, and/or death) of patients with MS who developed COVID-19 have been collected at the
Belgian National MS Center in Melsbroek. On February 28, 2022, this database was locked and
complemented with clinical disability measures—Expanded Disability Status Scale (EDSS),
Timed 25-Foot Walk Test (T2SFWT), 9-Hole Peg Test (9HPT), and Symbol Digit Modalities
Test (SDMT)—that were available from a larger local database, obtained during routine medical
follow-up. For each parameter, the first 2 assessments before COVID-19 diagnosis (T0 and T1;
T1 is the closest to COVID-19 diagnosis), and the first thereafter (T2), were retrieved.

Results

We identified 234 unique cases of COVID-19. Thirty-one patients were hospitalized (13.2%),
and S died (2.1%) as a result of their infection. Among survivors with complete EDSS results
(N =138), mean annualized T1-to-T2 EDSS worsening was more pronounced, compared with
the respective change between TOand T1 (0.3 £ 0.9 vs 0.1 £ 0.9, p = 0.012). No such differences
were found for the T2SFWT, 9HPT, and SDMT scores. Severe COVID-19 (hospitalization)
was associated with clinically relevant T1-to-T2 EDSS worsening (OR 2.65, p = 0.042). Vac-
cination coverage in the total cohort was 53.8%. Being unprotected by vaccination at the time of
infection was associated with a worse COVID-19 outcome (hospitalization and/or death; OR
3.52, p = 0.002) but not with clinically relevant T1-to-T2 EDSS worsening.

Discussion

The occurrence and severity of COVID-19 are both associated with clinical disability worsening
in patients with MS. Vaccination protects against a more severe course of COVID-19 in this
specific population.

Trial Registration Information
The study has been registered at ClinicalTrials.gov (study registration number: NCT05403463).
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Glossary

COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; MS = multiple
sclerosis; EDSS = Expanded Disability Status Scale; DMT = disease-modifying treatment; T2SFWT = Timed 25-Foot Walk
Test; 9HPT = 9-Hole Peg Test; SDMT = Symbol Digit Modalities Test.

The coronavirus disease 2019 (COVID-19) is a highly con-
tagious disorder caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Viral spreading is
mainly mediated by transmission of respiratory particles from
one individual to the other through direct contact or via the
airborne route. Although the majority of infections remain
asymptomatic or result in a clinical presentation of merely
modest severity (e.g, febrile syndrome, headache, upper re-
spiratory tract involvement, and mild pneumonia), more ag-
gressive forms (with hypoxia, respiratory failure, septic shock,
and/or multiple organ dysfunction) have been reported in up
to 20% of affected individuals. The first official case was
identified in the Chinese city of Wuhan in December 2019,
and less than 4 months later, COVID-19 was officially de-
clared a pandemic by the World Health Organization."* Daily
life has been deeply disrupted ever since and the confirmed
death toll has already well exceeded the 6 million mark.?

The clinical course of multiple sclerosis (MS), a chronic in-
flammatory demyelinating disorder of the CNS, is typically
characterized by subacute exacerbations of neurologic dys-
function (termed relapses) and/or by a more slowly yet
continuously manifesting accumulation of neurologic dis-
ability, classified as progressive disease.” Systemic infections
have been associated with an increased risk of concurrent
relapse and MRI activity,S but their precise effect on the rate of
subsequent physical and/or cognitive disability progression
remains unknown. Of interest, a population-based retro-
spective cohort study performed in Canada (using data from
2009 to 2014) demonstrated that, following acute hospitali-
zation regardless of the cause, individuals with MS experi-
enced a significant step worsening of global clinical
impairment, as measured with the Expanded Disability Status
Scale (EDSS),° equivalent to 2.5 years of the average time-
related disease progression, while the pace of subsequent
disability worsening remained unaltered.”

The overarching COVID-19/MS research agenda has, so far,
mainly been focusing on (1) defining the risk for having a
more severe course of COVID-19, (2) understanding the
immunologic response after natural infection and/or vacci-
nation, and (3) deciphering the influence of disease-
modifying treatment (DMT) for MS with regard to points
(1) and (2) above. Reassuringly, evidence from large-scale
observational studies has generally shown that having MS
itself does not make affected patients more susceptible to
contract COVID-19 or to become severely ill from the in-
fection, compared with the general population. Risk factors
are similar in both settings and, for patients with MS, include
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older age, male sex, cardiovascular comorbidities, African
American ethnicity, progressive disease, recent use of corti-
costeroids, and B cell-depleting DMT.®'3 However, the re-
verse relationship—i.e., the effect of COVID-19 on clinical
disability related to MS—is less well described and therefore
forms the subject of our study.

Methods
Study Design

We have conducted a retrospective observational cohort
study at the Nationaal Multiple Sclerose Centrum (NMSC)
Melsbroek (Belgium), which is a large center specifically fo-
cusing on neurologic management, multidisciplinary care,
and/or rehabilitation in patients with MS. Our main goal was
to investigate the effect of contracting COVID-19, as well as
infection severity, on clinical disability worsening in patients
with MS. The study has been registered at ClinicalTrials.gov
(study registration number: NCT05403463) and followed
the Strengthening the Reporting of Observational Studies in
Epidemiology data reporting guidelines.

Data Collection

Since March 2020 (i.e., the onset of the first wave of spiking
COVID-19 cases in Belgium),3 clinical information of pa-
tients followed at the NMSC Melsbroek has been collected
in a local database in case of COVID-19 diagnosis, as con-
firmed by positive PCR testing for SARS-CoV-2. The fol-
lowing variables were recorded: patient identification
number and date of COVID-19 diagnosis; age, sex, MS
duration, clinical subtype, and DMT regimen at the time of
COVID-19 diagnosis; COVID-19 severity (ambulatory care
vs hospitalization vs death) and outcome (recovery vs
death); and vaccination status (nonvaccinated vs fully vac-
cinated vs fully vaccinated + booster) at the time of COVID-
19 diagnosis. On February 28, 2022, this database was locked
for the present study and consisted of 234 unique COVID-
19 cases.

The NMSC Melsbroek features a second and more extensive
database containing a broad variety of (para)clinical in-
formation gathered during routine medical follow-up, which
includes regular testing of general disability with the EDSS,
leg function/ambulation with the Timed 25-Foot Walk Test
(T2SFWT), dominant hand function/dexterity using the
9-Hole Peg Test (9HPT), and cognition/information pro-
cessing speed with the Symbol Digit Modalities Test
(SDMT). For each of these parameters, the first 2 available
results before COVID-19 diagnosis (labeled TO and TI,

May 2023 Neurology.org/NN


http://ClinicalTrials.gov
http://neurology.org/nn

respectively; T1 being the closest to COVID-19 diagnosis),
and the first thereafter (labeled T2), were retrieved for each
patient in our COVID-19 database (Figure). If clinical mea-
surements were performed during an in-house stay for re-
habilitation purposes, only those performed on admission
were retained (thus not necessarily the closest to positive
COVID-19 testing) to avoid bias due to the effects of in-
tensive exercise treatment. Neurologist-reported relapses and
self-reported worsening of neurologic symptoms during the
T1-T2 interval were recorded from the medical patient files.

Evaluations

We have described the basic characteristics of our total cohort
of 234 patients with MS who developed COVID-19, including
infection severity and related mortality. The difference be-
tween the values measured at TO and T1 (i.e., before COVID-
19) was compared, using annualized changes at the individual
level (calculated with the following formula: [clinical measure
at last date — clinical measure at first date] x 12 months/
interval in months) to adjust for any potential variability in
interval duration, with the difference between the respective
values measured at T1 and T2 (i.e., after COVID-19) for the
EDSS, T2SWT, 9HPT, and SDMT scores, only in patients
who survived COVID-19 and for whom all 3 measurements
were available per test. We hereby aimed to answer our pri-
mary research question—whether COVID-19 leads to ac-
celerated clinical disability worsening in MS. As secondary
outcomes, we have explored whether (1) a relationship exists
between COVID-19 severity and T1-to-T2 clinical disability
worsening, (2) vaccination status affects COVID-19 severity,
and (3) vaccination status influences T1-to-T2 clinical dis-
ability worsening.

Standard Protocol Approvals, Registrations,
and Patient Consents

Approval for this study was granted by the local ethics com-
mittee (institutional authorization number: OG 033; internal
reference number: EC2022/07) on April 13,2022. According
to the Belgian law, retrospective studies do not require par-
ticipant consent.

Figure Sequence of Clinical Evaluations During the Study
Period

COVID-19

Time
= ||

13 £ 7 months*

13 £ 7 months*

Clinical data were collected at 2 separate moments before (TO and T1) and 1
(T2) after the diagnosis of the coronavirus disease 2019 in each patient with
multiple sclerosis. *Interval duration based on the subcohort with complete
Expanded Disability Status Scale data (N = 138).
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Statistics

All statistical procedures were performed with GraphPad
Prism version 9.3.1 (GraphPad Software; San Diego, CA). All
data representing clinical disability (changes) followed a non-
normal distribution pattern, as demonstrated by Shapiro-Wilk
testing. Group differences were assessed by means of Wil-
coxon signed rank or y” tests, where appropriate. The effect of
COVID-19 severity on clinical disability progression was
evaluated using multivariate logistic regression. All reported p
values are 2 tailed and were considered statistically significant
at the 0.05 level.

Data Availability

Anonymized data supporting the findings of this study will be
shared on reasonable request from a qualified investigator and
after approval by the ethics committee of the NMSC Melsbroek.

Results

Patient Characteristics and COVID-19 Outcome
Demographic data of our total cohort (N = 234) are shown in
Table 1. Thirty-one patients were hospitalized (13.2%), and S
died (2.1%) as a result of COVID-19. There was 1 individual
from the group of deceased patients who was not admitted to
the hospital and died at her residential care center. One pa-
tient died of progressive bladder cancer approximately 4
months after infection with SARS-CoV-2, which was con-
sidered an event unrelated to COVID-19.

COVID-19 and Clinical Disability

Complete EDSS, T2S5FWT, 9HPT, and SDMT data sets
(i.e., measurements at TO, T1, and T2) were available for 138,
120, 117, and 78 individuals, respectively. A significantly more
pronounced annualized EDSS worsening was observed in the
T1-T2 interval, compared with the change in the T0-T1 in-
terval. No such differences were found for the other clinical
disability measures (Table 2). For the EDSS evaluations, the
mean score was 5.5+2.2atT0,5.6£2.2atTl,and 5.8 +2.2 at
T2, whereas the mean duration of the TO-T1 and T1-T2
interval was 13 + 7 months for both (the mean time from T1
to COVID-19 was 8 + 6 months, and the mean time from
COVID-19 to T2 was S + 4 months); mean age (54 + 12
years), sex distribution (99/138 = 71.7% females), mean MS
disease duration (24 * 12 years), MS clinical phenotype dis-
tribution (relapsing—remitting: 65/138 = 47.1%, secondary
progressive: 51/138 = 37.0%, primary progressive: 22/138 =
15.9%), and DMT coverage (69/138 = 50.0%) were globally
comparable between this subcohort and the total cohort.

To explore whether the accelerated T0-to-T1 vs T1-to-T2
EDSS worsening was driven by one disease phenotype in
particular, this comparative analysis was repeated in patients
with relapsing-remitting and progressive MS separately. For
those with a relapsing-remitting course (N = 65), annualized
TO-to-T1 EDSS worsening was 0.13 + 0.91, compared with
0.30 + 0.78 during the T1-T2 interval (p = 0.189). The
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Table 1 Demographic Data of the Total Study Cohort

Table 2 Annualized Changes in Clinical Disability

(N =234) Measures Across the Study Period
Variable® Value TO-T1interval®*  T1-T2interval®  p Value
Mean age, y (SD) 54 (13) EDSSE [N = 138] 0.1+09 0.3+09 0.012
Females, N (%) 156 (63.9) T25FWT (s)° [N = 120] 5.6 +43.0 40+17.9 0.097
Mean MS disease duration, y (SD) 23 (13) 9HPT (s)° [N = 117] -3.2+30.6 79+416 0.240
Clinical MS subtype, N (%) SDMT€ [N = 78] -0.6+6.1 -0.7+10.9 0.913
Relapsing-remitting 111 (47.4) Abbreviations: 9HPT = 9-Hole Peg Test; EDSS = Expanded Disability Status
N Scale; SDMT = Symbol Digit Modalities Test; T25FWT = Timed 25-Foot Walk
Secondary progressive 84 (35.9) Test.
2 Data expressed as mean + SD.
Primary progressive 39(16.7) ® Time period without the occurrence of the coronavirus disease 2019.
¢Time period during which the patients tested positive for the coronavirus
Patients under DMT, N (%) disease 2019. The mean duration of the TO-T1 and T1-T2 interval was 13 + 7
months for all subcohorts, except for the T1-T2 interval of the SDMT sub-
Total 130 (55.6) cohort (14 + 6 months).
Interferon beta 9(3.8)
Glatiramer acetate 7 (3.0) . . .
positive for COVID-19 (T1-T2). Sixteen patients (16/138)
Teriflunomide 6(2.6) developed clinically relevant EDSS worsening, according to
Dimethyl fumarate 25(10.7) the applied definition, in the TO-T1 interval, which is signif-
icantly less, compared with those who did so in the T1-T2
Siponimod 2(0.9) . . .
interval (33/138, p = 0.007). The proportion of patients who
Fingolimod 9(3.8) had had a more severe course of COVID-19 (hospitalization)
Cladribine 3(13) was higher in those who developed clinically relevant T1-to-
T2 EDSS worsening, compared with those who did not (9/33
Natalizumab 12604 y513/105; OR 2.65, 95% CI 1.06-6.84, p = 0.042). COVID-19
Ocrelizumab 45(19.2) severity (hospitalization) was identified as a borderline predictor
. . . o
Rittuximab 5@ of clinically relevant T1 t? T2 EDSS worsening (OR 2.73, 95%
CI0.98-7.45, p = 0.050) in a model corrected for EDSS score at
Alemtuzumab 3(1.3) T1 and age, sex, and MS subtype (relapsing vs progressive) at the
AHSCT 1(0.4) time of COVID-19 infection.
Vaccinati tatus, N (% . .
accinatlon status, N (%) To date, anti-CD20 agents are the only DMT group consis-
Unvaccinated 9 (41.0)  tently associated with a worse outcome of COVID-19 in pa-
. . 10,11,13 . . .
Fully vaccinated s0(21.4)  tients with MS. To adjust for their potential
confounding effect, analyses that previously yielded statisti-
Fully vaccinated + booster 88 (37.6)

Abbreviations: AHSCT = autologous hematopoietic stem cell trans-
plantation; DMT = disease-modifying treatment; MS = multiple sclerosis.
@ Data recorded at the time of coronavirus disease 2019 diagnosis.

respective changes were 0.06 + 0.86 and 0.33 + 0.92 (p =
0.006) for the patients with progressive MS. These data show
a temporal pattern of clinical worsening in both phenotypes,
yet one that is more pronounced (5.5- vs 2.3-fold) in the
latter. Thus, the statistical effect observed in our total EDSS
subcohort of 138 individuals seems to be principally attrib-
utable to the subgroup with progressive MS.

Clinically relevant EDSS worsening (defined as a 1.5-point
increase if the baseline score was 0, 1.0-point increase if the
baseline score ranged from 1.0 to 5.5, or 0.5-point increase if
the baseline score was above 5.5)14 was observed in 33/138
(23.9%) patients for the interval during which they tested
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cally significant results were repeated in the EDSS subcohort,
after exclusion of all patients under anti-CD20 DMT (i.e., 25
individuals on ocrelizumab and 4 on rituximab). For this
adjusted subcohort (N = 109), annualized EDSS worsening
was 0.07 £ 0.71 in the TO-T1 interval, compared with 0.27 +
0.77 in the T1-T2 interval (p = 0.020). The proportion of
patients with a more severe COVID-19 course (hospitaliza-
tion) was higher, yet without reaching statistical significance,
in those who developed clinically relevant T1-to-T2 EDSS
worsening, compared with those who did not (7/23 vs 13/86;
OR 2.46, 95% CI 0.92-6.62, p = 0.092).

In our total cohort (N = 234), there were 17 patients (7.3%)
with a neurologist-reported relapse and 96 (41.0%) with self-
reported worsening of neurologic symptoms during the T1-
T2 interval; S patients with a neurologist-reported relapse
received pulse treatment with corticosteroids. For the sub-
cohort of patients with available EDSS results (N = 138), the
respective numbers were 7 (5.1%) and 63 (44.9%). The
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proportion of patients who experienced a relapse in the T1-
T2 interval was comparable between those who developed
clinically relevant EDSS worsening over the same period,
compared with those who did not (1/33 vs 6/10S; OR 0.52,
95% CI 0.04-3.40, p = 0.540).

Vaccination

At the time of testing positive for COVID-19, 126/234
(53.8%) patients were considered to be protected by vacci-
nation, defined as (1) being fully vaccinated and (2) having
tested positive for COVID-19 in the period ranging from 14
days to 6 months after the last administered vaccine dose
(which could also be a booster).'> The proportion of un-
protected patients was higher (respectively, 23/32 vs 85/202,
OR3.52,95% CI1.60-8.25,p = 0.002) in the severe COVID-
19 group (hospitalized and/or death), compared with the
mild COVID-19 group (ambulatory care). In the group that
developed clinically relevant T1-to-T2 EDSS worsening, the
proportion of unprotected patients was similar to the group
that did not (respectively 17/33 vs 59/105, OR 0.83, 95% CI
0.37-1.77, p = 0.638).

Discussion

In this retrospective observational cohort study, performed at
a large tertiary center in Belgium, we have investigated the
effect of COVID-19 on clinical disability, as well as the pro-
tective properties of vaccination against SARS-CoV-2, in pa-
tients with MS. Overall, most of our patients experienced a
mild infectious course, with death (2.1%) and hospitalization
(13.2%) rates falling in the lower range of percentages pre-
viously reported in the literature.* > These outcomes were
better than predicted by the relatively high age, level of dis-
ability, and proportion of patients under DMT with an anti-
CD20 agent, which are factors that all have been associated
with a worse COVID-19 prognosis in patients with MS.*"3
This beneficial discrepancy might be explained by the sub-
stantial vaccination coverage (59%) in our cohort at the time
of infection, since, interestingly, mortality (5.6%) and hospi-
talization (27.8%) rates were substantially higher in the 72
cases of COVID-19 that were diagnosed before March 2021
(ie., before vaccination against SARS-CoV-2 became avail-
able for patients with MS in Belgium). We observed that the
occurrence and severity of COVID-19 were both associated
with worsening of global disability, as measured with the
EDSS, over time in the individual patient trajectory. Mathe-
matically expressed, a more aggressive course of COVID-19
resulted in a more than 2.5-fold increase of the risk of sub-
sequent clinically relevant EDSS deterioration. Our findings
are in line with several other studies describing aggravation of
MS symptomatology after COVID-19, which appears to be
particularly associated with a higher premorbid EDSS score,
longer disease duration, and more severe COVID-19
course.""” In contrast, a recent nationwide Austrian study
did not witness a significantly increased risk for EDSS score
worsening after COVID-19 in patients with MS, compared
with matched noninfectious controls, but their samples, as
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opposed to our cohort, were characterized by a slightly more
favorable COVID-19 outcome and, more importantly, also by
a notably younger age, shorter disease duration, and lower
degree of clinical disability.*’

Although the precise cause remains unknown, reflection on
several hypotheses might help us to better understand the
underpinnings of post-COVID-19 neurologic deterioration
in patients with MS. First, COVID-19 can be accompanied by
a variety of neurologic manifestations, including headache,
encephalopathy, stroke, neuropsychiatric symptoms, and
hyposmia/dysgeusia. The exact way in which SARS-CoV-2
affects the CNS seems to rely for a large part on secondary
immunologic consequences (e.g., blood-brain barrier break-
down, tissue inflammation, hypoxia, and coagulopathy) rather
than direct viral invasion.”'>* Second, based on (1) obser-
vations in other upper respiratory infections, (2) the accu-
mulating number of acute demyelinating CNS episodes
associated with COVID-19, and (3) descriptions of potential
inflammatory crossroads between MS and SARS-CoV-2 in-
fection, it has been speculated that COVID-19 may increase
the risk of relapses in patients with MS.>*>® However, clinical
studies have provided conflicting results and, overall, have not
been able to confirm this association.””*”** With regard to
our cohort, post-COVID-19 relapse activity was comparable
with the existing literature but could not be identified as the
driving force behind the observed EDSS worsening. Third,
about half the participants in our study were classified as
having a progressive clinical phenotype, thus subject to the
more slowly but continuously evolving neurodegenerative
process of MS. In addition, disease progression independent
of relapse activity is becoming increasingly recognized as an
important contributor to confirmed disability accumulation in
relapsing-remitting patients as well.>® The pathologic mech-
anisms of progressive MS remain to be fully elucidated, but
evidence is currently evolving for a prominent role of a par-
ticular subset of focal demyelinating lesions with ongoing
inflammatory activity at the edges, driven by activated cells of
the innate immune system (macrophages and microglia),
coined as chronic active or smoldering lesions.>' Of interest,
hyperinflammatory dysregulation of the innate immune sys-
tem and pathologic microgliosis appear to contribute to CNS
toxicity in COVID-19,>** with direct viral inoculation (hu-
man microglia express SARS-CoV-2 entry factors such as
angiotensin-converting enzyme 2 and transmembrane pro-
tease serine subtype-2) and nod-like receptor pyrin domain
containing protein inflammasome activation among the po-
tential mechanisms.>>*° Fourth, the functional decline may
also have a more circumstantial origin because the COVID-19
crisis has a generally disruptive effect on health care service
delivery, DMT adherence, and rehabilitation treatment in
patients with MS,* all of which are factors expected to cul-
minate in a poorer clinical prognosis.

Efforts to contain and manage the ongoing pandemic heavily
depend on large-scale vaccination against SARS-CoV-2.
Currently available vaccines operate through mRNA- or
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nonreplicating adenoviral vector—based immunization against
coronavirus spike protein. Their protective effect against
various unfavorable COVID-19-related outcomes (e.g., in-
fection, hospitalization, and death) is very well established in
the general population®® but has been shown to weaken after
6 months.>>* Clinical efficacy data obtained specifically in
patients with MS are much more scarce. Our study helps to fill
that gap by showing that contracting COVID-19 in a state
defined as unprotected by vaccination (i.e., individuals who
were either unvaccinated or who had received their last dose
more than 6 months before positive PCR testing) is associ-
ated with a significantly elevated risk of a more aggressive
infectious course (hospitalization and/or death, OR 3.52).
These findings are in line with recent observations from the
Austrian MS-COVID-19 investigators who reported a sig-
nificantly decreased risk for severe illness after developing
COVID-19 (defined as the clinical status at the most severe
point requiring hospitalization and additionally meeting at
least 1 of 5 prespecified and objective respiratory distress
criteria) in fully vaccinated patients with MS (OR 021).%
Hesitancy and/or unwillingness to receive vaccination against
SARS-CoV-2 ranges between 15% and 30% in patients with
MS and is often instilled by safety concerns, despite the fact
that the current literature does not show an increased risk for
reactogenicity, serious adverse events, or relapse activity.24’25
Our cohort presented with a lower coverage rate, but data
collection started well before the rollout of the vaccination
campaign in Belgium. At present, COVID-19 vaccination is
strongly advised for most people with MS, as it is the general
view that potential benefits outweigh any possible risks in the
vast majority of cases.”*

In conclusion, our study demonstrated that the occurrence
and severity of COVID-19 are associated with disability
worsening in patients with MS. Vaccination protected against
hospitalization and death due to the infection, in the 6 months
following administration. These findings help close an actual
and relevant knowledge gap. Our analyses were executed on
relatively large samples, while diagnostic specificity, cohort
characterization, and clinical assessments should be of suffi-
cient quality because data collection took place in a tertiary MS
center. Nonetheless, this study is not without limitations. First,
the design was retrospective, and although the outcome of
each reported COVID-19 case was rigorously verified, we
might not have captured every patient who had a fatal out-
come. EDSS scoring may be biased by interrater variability,
and we cannot clearly explain why COVID-19 (severity) did
not affect the other, more objective, clinical test results, aside
from a potential overachievement effect during performance
testing. Identification of neurologist-reported relapses and
patient-reported worsening of neurologic symptoms during
the T1-T?2 interval was based on the study team’s a posteriori
interpretation of the medical records, without the use of strict
definitions. Second, although the mean time from COVID-19
to T2 was 5 + 4 months in our EDSS subcohort (N = 138), we
cannot exclude the possibility that clinically relevant EDSS
worsening from T1 to T2 manifested as an infection-
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associated effect of short duration, particularly in those with
less time between COVID-19 and T2. Follow-up T3 mea-
surements (following the same methodological principles as
for defining the TO, T1, and T2 visits; mean T2-T3 interval
duration was 13 + 6 months) are currently available in our
database for 46 patients out of the EDSS subcohort. In this
group, there were 14 patients with clinically relevant EDSS
worsening between T1 and T2, which was sustained at T3 for
the majority of them (12/14 = 86%). Third, our logistic re-
gression model assessing the relationship between COVID-19
severity and T1-to-T2 EDSS progression, controlled for fac-
tors potentially influencing both the predictor and outcome
measure, yielded a result that was only borderline statistically
significant. DMT was not included in this model, which can be
seen as a limitation of the study. At present, medication di-
rected against CD20 is the only drug class consistently asso-
ciated with a worse COVID-19 outcome in patients with MS,
but their effect on the risk of T1-to-T2 EDSS worsening re-
mains up for debate (i.e., representation of patients with a
worse prognosis due to a more aggressive disease course or, in
contrary, patients with a better prognosis due to a more potent
treatment effect?). Results in the EDSS subcohort in which
patients treated with an anti-CD20 agent were excluded (N =
109) showed the same trend as those obtained in the entire
EDSS subcohort (N = 138), suggesting (while also taking the
increased risk of statistical type II error in this smaller sample
into account) that our initial observations were not pre-
dominantly driven by the effect of anti-CD20 agents. Finally,
we did not use matched controls but relied on multiple lon-
gitudinal evaluations in each individual to evaluate the effect of
COVID-19 on clinical disability. We believe that the differ-
ences in clinical evolution, as witnessed between 2 consecutive
time periods of approximately 1 year, are more likely to reflect
the effect of COVID-19 than merely the natural history of MS
and, moreover, compelling a truly COVID-19-negative MS
group risks to be difficult since the number of (asymptomatic)
undiagnosed infections is estimated to be high.****
phase, it would be interesting to see whether our findings can
be validated in future prospective studies, and it may also be
worth further exploring if and how MS and COVID-19 pa-
thology converge through innate immune responses.
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