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Summary

During the COVID-19 pandemic, people with multiple sclerosis (MS) and their healthcare providers have faced unique
challenges related to the interaction between SARS-CoV-2, underlying neurological disease and the use of disease-
modifying treatments (DMTs). Key concerns arose, primarily related to the possibility that SARS-CoV-2 infection could
trigger the initial demyelinating event or exacerbate disease activity. Another major concern was the safety and efficacy of
the COVID-19 vaccines, especially for patients undergoing specific treatments that could weaken their antibody responses.
In the post-infection phase, identifying long COVID in patients with MS has been complicated due to the large overlap
between post-infection sequelae and MS symptoms. In addition, disruptions in health and rehabilitation services have
made it difficult for MS patients to access care. This Series article explores current evidence on the interaction between
MS and SARS-CoV-2, identifies the challenges posed by the COVID-19 pandemic in the care of patients with MS, and
discusses the significant adoption of digital health solutions, including telemedicine and new technology-based rehabil-
itation approaches. Based on lessons learned, recommendations and future directions are offered for managing patients
with MS, rethinking healthcare systems and improving health outcomes in the post-COVID-19 pandemic era.
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Introduction

One of the most pressing matters regarding the
outbreak of COVID-19 pandemic was determining its
impact on underlying neurological conditions, such as
multiple sclerosis (MS), in terms of morbidity and
mortality risk. The interplay between MS-related
disability, disease-modifying treatments (DMTs) and
infection by SARS-CoV-2 represented also a matter of
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Key messages

1

The risk of SARS-CoV-2 infection in people with MS does not differ from that in
the general population

. An increased risk of severe COVID-19 outcomes (hospitalization, admission to

intensive care unit, death) was observed in patients with higher disability level,
progressive disease course and under specific treatments (i.e. some anti-CD20
agents)

. The immune response to both SARS-CoV-2 infection and vaccination might be

blunted in patients under specific treatments (i.e. some anti-CD20 agents and
unselective sphingosine-1-phosphate receptor modulators)

. The anti-SARS-CoV-2 vaccination showed a good safety and tolerability profile in

MS, including a negligible risk of disease reactivation, being therefore recommended

. Symptoms of long COVID in people with MS might overlap with disabling

features of the disease

. The disruption of healthcare and rehabilitation services during the COVID-19

pandemic represented an opportunity to re-think healthcare system and
trigger a digital revolution towards new rehabilitation approaches and imple-
mentation of telemedicine

concern.’ The availability of a large-scale vaccination
against SARS-CoV-2, even though representing the
single most effective public health measure, raised is-
sues regarding its efficacy and safety in patients with
MS, such as the potential risk of both disease reac-
tivation triggered by vaccines’ and ineffective immuni-
zation due to impaired immune response in individuals
under treatment with specific DMTs.? While the
pandemic presented significant obstacles for MS care
and rehabilitation, it also highlighted the importance of
adaptable healthcare systems and the resilience of MS
patients and their support networks.! The aim of this
Series paper is to outline the challenges that were faced
by individuals with MS and their healthcare providers
during the COVID-19 pandemic. Clinically relevant
recommendations on how to manage MS after the
COVID-19 era and future perspective to improve health
outcomes are also discussed.

According to the Oxford Centre for Evidence-Based
Medicine, studies collected in our synthesis are, at best,
on a type 2a level of evidence, given the lack of randomized
clinical trials (RCTs), the availability of few high-quality
multicentre case—control and cohort data, expert opin-
ions, and meta-analysis with relevant heterogeneity across
included articles. Therefore, syntheses and recommenda-
tions in this review can be graded as moderate to low.

Course of COVID-19 in people with MS

The risk of SARS-CoV-2 infection in patients with MS
does not differ from that in the general population.*
However, despite the similar infection incidence,
several studies documented an increased risk of severe
events by COVID-19 (hospitalization, admission to
intensive care unit, death), as well as a longer time to
recover from COVID-19, in patients with MS than in the
general population®” According to a meta-analysis

pooling data from 18 studies on people with MS con-
ducted in the earlier pandemic phases, the crude death
rate was about 2% (ranging from 0 to 10%), yielding to a
24%-increased risk of death after indirect age-
standardization using case-fatality rates obtained from
the detailed surveillance data available at the World
Health Organization (WHO) website.® Another study
found an approximately two-fold increased risk of worse
outcomes, including a more symptomatic COVID-19
course, in patients with MS as compared to the sex-
and age-matched Italian population.” This excess of se-
vere events is attributable not only to risk factors in
common with the general population (older age, male
sex, and concomitant comorbidities), but also to MS-
specific features, such as higher disability level and
progressive disease course.”*'*'" Notably, earlier reports
suggested no increased risk of death by COVID-19 in the
presence of MS, with a mortality rate comparable to that
of general population at approximately 2-3%.'> However,
several methodological considerations should be raised
when interpreting such discrepancies: (i) the de-
mographic characteristics of patients with MS, who tend
to be on average younger and more female than the
average general population; (ii) differences across
countries in terms of societal and public health issues,
measures taken to face with pandemic, variation in data
transmission and in case definition over time; (iii) the
possibility of sampling or referral bias as patients with
more severe outcomes were more likely to be reported,
especially in the earlier outbreak phases due to the
disruption of healthcare systems; (iv) the largest amount
of data was collected in the first pandemic wave, domi-
nated by the ancestral SARS-CoV-2 variants (more
virulent and less contagious than the newer variants)
and when vaccines were not available yet. The risk of
worse outcomes due to COVID-19 in patients with MS is
indeed declining thanks to anti-SARS-CoV-2 mass vacci-
nation, together with shift towards less deadly SARS-CoV-2
variants, increased testing capacity allowing for detection
of milder cases, and the improved standard of care mea-
sures, supportive care and management over time.’

Finally, children with MS, pregnant and post-partum
women with MS do not seem to carry a higher risk of
poor COVID-19 outcomes."*'* However, the risk of pre-
term birth should be considered as in general population;
notably, this risk began to wane after mass vaccination.”

Synthesis: the available evidence is inconclusive to
support an increased risk of worse outcomes by COVID-
19 in people with MS, although it is reasonable that
older patients with comorbidities and worse disability
levels might experience a greater risk of hospitalization
and death than the general population.

Effect of DMTs on COVID-19 outcomes
Currently available DMTs for MS act on the autoim-
mune cascade leading to lesion formation, via an either
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immunomodulatory or immunosuppressive effect for
the most effective treatments. In the first few months
after the start of the SARS-CoV-2 pandemic, anti-CD20
agents, specifically rituximab and ocrelizumab, were
found to be associated with an increased risk of severe
COVID-19, hospitalisation with oxygen therapy, hospi-
talisation in intensive care or death. This increased risk
was identified in the Italian MUSC-19 registry,'® then
confirmed in a joint meta-analysis between the Italian
MUSC-19 and French COVISEP registries,” in the
North American COVIMS registry,’” in the Swedish
registry,” and in the international MSIF registry." In a
population-based study in Sweden among patients on
rituximab, trends for differences in risk of hospitaliza-
tion due to COVID-19 remained in the model adjusted
by demographics, socio-economic status, comorbidity,
and disease severity.”” Other DMTs, in particular
sphingosine-1-phosphate receptor (S1P-R) modulators,
were not associated with an increased risk of severe
forms of COVID-19, despite the chronic lymphopenia
usually associated with these treatments, but whose
mechanism of action is linked to lymphocyte seques-
tration. On the other hand, a potentially beneficial effect
of interferon P formulations has been suggested,'”
which could be linked to the anti-viral properties of
this type of molecule, and which would be consistent
with the identification of a signalling deficit linked to
type [ interferon in certain patients with a severe form of
COVID-19.” Interestingly, there is an interaction be-
tween demographic or neurological risk factors on the
one hand, and risk factors linked to DMTs on the other
(Panel 1). Indeed, an Italian study on the MUSC-19
registry showed that the increase in COVID-19
severity linked to anti-CD20 agents in patients with
MS compared with the general population mainly con-
cerned patients without comorbidity and with an EDSS
<3.0 (odds ratio = 3.0)°; similarly, a study on the French
COVISEP registry also showed that the increased risk
associated with anti-CD20 agents mainly concerned
patients with relapsing-remitting (RR) MS (odds ra-
tio = 5.2).” In this latter study, patients with progressive

Panel 1: Summary of risk factors for severe COVID-19
outcomes in patients with MS.

In common with general population

Older Age

Male Sex

More comorbidities
Lymphopenia

. Recent exposure to steroids
Specific for multiple sclerosis

s W

1. Higher disability levels
2. Primary and secondary progressive phenotypes
3. Ongoing anti-CD20 treatments
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MS, whether treated with anti-CD20 or not, had a higher
risk of developing severe COVID-19 (~19%) than pa-
tients with RRMS (~9%). The increased risk of severe
forms of COVID-19 associated with anti-CD20 therapy
was also found in the paediatric population, with an
odds ratio of 15.3.* However, on the basis of the
currently available knowledge, and considering the mild
course of COVID-19 and the protective effect of mass
vaccination, all DMTs can be started and sequenced of
in a similar way to that in the pre-pandemic era, with
special attention (but not overt contraindication) for
anti-CD20 agents.

Recommendation: there is no evidence for altering
the initiation and sequencing of the currently available
DMTs; however, patients starting or under treatment
with some anti-CD20 agents should be informed about
the possibility of an increased risk of worse outcomes by
COVID-19.

Effect of COVID-19 on clinical course of MS

In the early pandemic phases, there was great concern
that SARS-CoV-2 infection (like other viruses) could
contribute either to trigger the initial demyelinating
event or to increase disease activity in people with MS or
other autoimmune conditions of the central nervous
system (CNS). As such, COVID-19 has been associated
with an increased risk of triggering several autoimmune
disorders, including MS (adjusted hazard ratio = 2.7
versus non-COVID-19 individuals)** and neuromyelitis
optica spectrum disorder (NMOSD).* Experimental data
on animal models of MS-like demyelinating diseases,
together with the neuro-invasive potential of SARS-CoV-
2, corroborate the indirect evidence of an increased
incidence of MS due to COVID-19.%

By contrast, the link between disease activity and
COVID-19 is more controversial. The occurrence of
pseudo-exacerbations, i.e. a transient clinical worsening
triggered by the undercurrent infection by SARS-CoV-2,
is an expected phenomenon. There were also a number
of anecdotal reports of either new demyelinating lesions
or relapses following getting infected by SARS-CoV-2,7
and one retrospective study that found an accelerated
disability worsening in patients with MS after severe
COVID-19.” However, larger studies suggest neither
increased risk of clinic-radiological disease activity nor
motor and cognitive worsening in patients with MS in
the short- and long-term period.**** The possibility of
under-reporting of clinical exacerbations and missed
detection of radiological activity due to difficult to access
routine care and unscheduled assessments during the
pandemic should be taken into account.*

Synthesis: available data did not support the evidence
that COVID-19 increases MS activity and progression,
but the possibility of an increased risk of triggering
several autoimmune disorders, including MS, should be
considered after the SARS-CoV-2 infection.
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Long COVID: implications for people with MS
The definition of long COVID is otherwise unexplained
and persisting symptoms for more than 3 months, in
individuals with a history of probable or confirmed
SARS-CoV-2 infection.”® Among neurological and
neuropsychiatric symptoms fatigue, cognitive impair-
ment (‘brain fog’), depression, and anxiety prevail; these
symptoms can be both fluctuating and persistent and
significantly overlap with disabling MS features. Many
viral, bacterial, and parasitic infections are known to
potentially lead to neurocognitive impairment in post-
acute infection syndromes, with a subset of patients
developing myalgic encephalomyelitis/chronic fatigue
syndrome, a condition characterized by persistent fatigue
that is not relieved by sleep or rest.** Chronic inflam-
mation, viral reactivation, immune dysregulation and
autoimmunity have been proposed as putative mecha-
nisms for long COVID*** as well as direct brain infec-
tion.**” One study showed indeed persistence of
SARS-CoV-2 RNA in the brain at autopsy long after the
onset of symptoms® and elevated levels of neurofila-
ments have been found in the acute phase of the disease,
indicating neuroinflammation.* Moreover, long COVID
patients with neurological symptoms exhibited higher
levels of neurofilament light chain and glial fibrillary
acidic protein.*’ Reactivation of latent herpesviruses by
SARS-CoV-2 virus has also been hypothesized among
long COVID causes.” Among different viruses, infection
by SARS-CoV-2 has been found associated with EBV
reactivation”’; interestingly, a deep multi-omic, longitu-
dinal investigation demonstrated that EBV viremia at the
time of initial COVID-19 diagnosis predicts long
COVID.* Such evidence is of particular interest in the
context of MS, since epidemiological studies recently
confirmed the strong link between the disease and EBV
infection.” Up-regulated interleukin 6, C-reactive protein,
and tumor necrosis factor alpha (INF-o) have been sug-
gested as potential diagnostic biomarkers for long
COVID.*" Like MS, long COVID is associated with
adaptive and innate immune systems dysregulation and
evidence exists that cerebrospinal fluid levels of pro-
inflammatory proteins (tumor necrosis factor receptor
superfamily member-9 [TNFRSMY), interferon y) and
lacking anti-inflammatory mediators (TNF-a-related
apoptosis-inducing ligand [TRANCE], receptor activator
of nuclear factor kappa-B ligand [RANKL], tumor necro-
sis factor-related apoptosis-inducing ligand [TRAIL)) are
predictive for long COVID.* Recently, multimodal pro-
teomics studies with machine learning approaches
demonstrated that active long COVID is characterized by
dysregulated activation of the complement system,
increased antibody titers against several herpesviruses
and with the presence of thrombo-inflammatory pro-
teins,” elements known to be associated with MS
pathogenesis.

The frequency of long COVID in the general popu-
lation varies with the definition used and the observed

cohorts, but it is higher in hospitalized compared to
more benign cases and in unvaccinated compared to
vaccinated subjects.”® The difference between females
and males are minor and the majority of symptoms
resolves within one year.”” A prospective and longitudi-
nal cohort study reported that 29.7% of MS patients
experiencing COVID-19 had long-standing symptoms
for >4 weeks and 12.4% for >12 weeks. Recovery from
COVID-19 was less likely in people with web-EDSS
scores >7, probable anxiety and/or depression before
COVID-19 onset, and in women.” Interestingly, a recent
study demonstrated that people with MS are more likely
to experience new weakness, mobility difficulties, and
cognitive dysfunction than controls, even after control-
ling for the presence of these symptoms prior to their
infection and other risk factors.”* Long COVID symp-
toms, such as cognitive impairment, fatigue and psy-
chiatric manifestations, greatly overlap with common
disturbances of MS, and it may be difficult to assign the
symptoms to either MS or long COVID. A study on
memory deficits in patients with long COVID recently
showed the presence of a significantly reduced over-
night consolidation and a non-significant trend to
reduced learning rates.* Notably, cognitive and psychi-
atric manifestations of MS have been proposed to rely
on a disrupted neuro-immune interaction at the syn-
aptic level due to glial cells activation,”! a condition
thought to occur during COVID-19.* Unfortunately
studies on long COVID pathogenesis and its clinical
manifestations in MS, including newly onset symptoms
attributable to long COVID, are still largely lacking.
Likewise, differences across the variants of SARS-CoV-2
have not been investigated yet. Understanding the
mechanistic bases of long COVID in MS might be of
utmost importance since it could provide unifying hy-
potheses for the pathobiology of the symptoms shared
by both the conditions. In the meantime it remains
important to bear in mind the possibility of long COVID
when evaluating people with MS, thus avoiding unnec-
essary escalation of treatment and instead prompt in-
formation, counselling and appropriate rehabilitation.
Recommendation: in patients with MS and a history
of probable or confirmed SARS-CoV-2 infection, the
possibility of long COVID should be considered as dif-
ferential diagnosis of relapses and/or MS progression
and in the management of disabling MS symptoms.

COVID-19 vaccines and MS: tolerability and

safety issues

The widespread use of COVID-19 vaccines has engen-
dered concerns about their safety, especially regarding
their potential to elicit an immunological response
capable of inducing a disease reactivation.”’ Very few
cases of CNS demyelination (transverse myelitis, new
onset MS, NMOSD, optic neuritis), not exceeding the
expected rate, have been observed following all types of
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approved COVID-19 vaccines.” These heterogeneous
demyelinating events occurred approximately within
one months from vaccine administration, mainly after
the first dose; booster vaccination schedules were not
associated with recurrent adverse events (AEs).*
Several case-reports and case-series documented the
occurrence of MS relapses after SARS-CoV-2 vaccina-
tion,” prompting the design of larger studies to address
these concerns. A seminal observational study evaluated
the risk of immediate relapses following mRNA-based
vaccination on a cohort of 555 patients with MS
receiving the first dose and 435 undergoing the second
dose. The rate of patients with acute relapse was 2.1%
and 1.6%, respectively. No increased risk of relapse
activity was estimated in comparison with a cohort of
non-vaccinated patients during a corresponding pre-
pandemic period.*® Thereafter, numerous observational
studies explored the occurrence of MS relapses after
COVID-19 vaccines. For instance, a multi-centric Italian
work involving 324 patients with MS demonstrated no
increased relapse rate in the two months after the initial
mRNA-based vaccine administration when compared
with the prior two months.” Even following repeated
immune system stimuli, such as a third booster dose,
there was no observable heightened risk of disease
reactivation.”® A systemic review and meta-analysis
including data from 14,755 patients who received a cu-
mulative number of 23,088 doses of any SARS-CoV-2
vaccine (i.e. mRNA-based, adenovector-based, inacti-
vated virus) documented a similar pooled proportion
(1.9%) of patients experiencing relapses at an average
time interval of 20 days post-vaccination.” Overall, the
prevailing body of evidence seems reassuring in terms
of short-term relapse risk after COVID-19 vaccination in
MS. The benefits of COVID-19 vaccination in prevent-
ing severe illness and hospitalization along with disease
reactivation induced by the infection itself, appear to
outweigh the potential associated risks.** Nevertheless, a
comprehensive evaluation of individual medical history
remains crucial, as well as the need to overcome the
methodological limits of current observational studies to
provide further evidence. Sequential SARS-CoV-2 vac-
cinations to patients suffering from immune-mediated
inflammatory diseases like MS, often treated with
immunosuppressive agents, have been offered on a
large scale world-wide during the pandemic. Even
though various AEs were reported in healthy individuals
after consecutive vaccinations, large studies on AEs after
repeated vaccinations in patients with MS under DMTs
are scarce.”**® The occurrence of short-term AEs after
5454 documented vaccinations was recorded in the
Netherlands,” including first, second and third vacci-
nations in patients with autoimmune diseases like MS
(n = 343), Crohn’s disease (n = 302) and rheumatoid
arthritis (n = 266). Clinically relevant AEs were observed
in 57.3% of participants after the first, 61.5% after the
second and 58.0% after the third vaccination. Patients

www.thelancet.com Vol 44 September, 2024

were rarely admitted to the hospital and only sporadic
allergic reactions were reported. Patients with immune-
mediated inflammatory diseases had a modestly
increased risk of clinically relevant AEs after vaccination
when compared to controls.® The large majority of AEs
resolved within one week. Data obtained from a large
cohort of 6142 patients with MS from Germany and
United Kingdom who took at least one dose of anti-
SARS-CoV-2 vaccine showed up to 65.4% who re-
ported vaccination reactions.”” The most common re-
ported AEs were pain at the site of inoculation, followed
by fatigue and headache, occurring more often in
women than men. Despite the absence of a control
population of healthy individuals, patients with MS did
not seem to experience a higher occurrence of vaccina-
tion reactions with respect to the general population.®
Two smaller studies from Italy*** addressed safety and
tolerability of vaccinations in MS. Pain at the injection
site (57.1%) and fatigue (37.9%) were the most
frequently observed AEs in a single centre study on
140 patients treated with different DMTs®; no
patient experienced severe side effects requiring hospi-
talization. A similar good safety and tolerability
profile was observed in another study that recruited
40 healthy controls and 47 patients with MS, of whom
28 were on treatment with ocrelizumab and 19 with
fingolimod.*

Overall, COVID-19 vaccines are well tolerated by
patients with MS and the risk of relapse after vaccina-
tion is negligible and lesser than the infection itself. Yet,
vaccine hesitancy involved a relevant proportion of pa-
tients with MS (10-20%), although their propensity to
be vaccinated was even higher than that found in the
general population and increased over the pandemic
course.”” Vaccine hesitancy in MS has been related to
several factors, including education level, personality
trait, emotional status, promotion by healthcare pro-
fessionals, level of knowledge and misconceptions about
vaccination.®” Safety data may encourage those who
remain hesitant about COVID-19 vaccinations, and help
physicians in directing their patients towards accepting
vaccination.

Synthesis: available evidence does not support an
increased risk of MS relapses following COVID-19
vaccination; overall, there is no special concern about
the safety and tolerability of vaccination in patients with
MS as compared to general population. A comprehen-
sive evaluation of individual medical history remains
crucial.

Efficacy of COVID-19 vaccines in people with
MS under DMTs

Currently approved COVID-19 vaccines target SARS-
CoV-2 spike protein® and include mRNA-based vac-
cines (BNT162b2, Pfizer-BioNTech; mRNA-1273, Mod-
erna), viral vector-based vaccines (Ad26.COV2.S,
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Janssen/Johnson & Johnson; AZD1222, AstraZeneca), A meta-analysis including data from 2203 individuals
and protein-based vaccines (NVX-CoV2373, Novavax).  with MS and 864 healthy controls revealed no adequate
The currently available intramuscular-based vaccines  antibody response to vaccination in 56% and 28% of
induce IgG and IgM anti-receptor-binding domain  patients under treatment with anti-CD20 agents and
(RBD) antibodies, neutralizing antibodies and CD4+ S1P-R modulators, respectively, as compared with 7% of
and CD8+ T cell responses.” Besides several important ~ those who were treated with different DMTs.”

functions, antibodies can neutralize the virus, whereas Booster mRNA-vaccine doses reinforce specific im-
T cells kill viral-infected cells, contribute to B cell acti-  munity, although this is dependent on the type of
vation and, consequently, to antibody production. Neu- therapy used.”® Fingolimod, a S1P-R modulator which
tralising antibodies play an essential role in viral = hampers B and T cell egress from the lymph nodes and
containment and are considered a correlate of protec-  reduces the circulating lymphocytes levels, diminishes
tion.”” Moreover, T cells can recognize SARS-CoV-2  both T cell-mediated and antibody-mediated response to
variants that partially escape humoral-based immunity, = vaccination’ and boosters.”” A more efficient immune

as shown in both healthy individuals” and vulnerable  response to SARS-CoV-2 vaccines has been recently
subjects,”” including patients with MS.”* Patients with  reported with selective (0zanimod, ponesimod, siponi-
MS under DMTs targeting T and B cell immunity are ~ mod) than unselective (fingolimod) S1P-R modulators.”
potentially at risk of an impaired ability to mount an =~ However, although T cell responses are reduced, fin-
efficient antibody- and cell-mediated immune response  golimod is not associated with an increased risk of
after infections or vaccinations, in terms of both lower  severe COVID-19 disease,'*'*'7>* likely because a viral-
amount and shorter durability, compared with that specific immunity is established and present at the
generated in the healthy controls, as described for  lymphoid tissues level.”” Anti-CD20 agents, such as
SARS-CoV-2 vaccination”* (Fig. 1). ocrelizumab and rituximab, reduce the ability to develop

SARS-CoV-2 Multiple Sclerosis Vaccination

e _

4z

;i

Hospitalization Long COVID-19 Safety and
ICU admission tolerability
2J
@ @ |:||:|Dn
Death Infection-triggered: Efficacy
Risk factors for worse = disease onset Lower anti-RBD IgG
COVID-related outcomes: - relanses response rate under
= male sex P treatment with some anti-
.- = pseudo-exacerbations CD20 agents * and some
older age S S1P-R modulators **
. = disability accrual
= progressive course
. N (the link between disease Lower T cell-specific
more disability activity and SARS-CoV-2 response under treatment
= anti-CD20 agents * infection is still controversial) with S1P-R modulators ***

Fig. 1: The interplay between multiple sclerosis, SARS-CoV-2 infection and anti-SARS-CoV-2 vaccination. *an increased risk of severe COVID-19
outcomes and reduced humoral response to anti-SARS-CoV-2 vaccination were observed in patients under treatment with ocrelizumab and
rituximab in observational studies with mixed methods and designs, whereas data on other anti-CD20 agents (i.e. ofatutumab) are insufficient
to draw similar conclusions. **sufficient antibody titres and seroconversion rate were observed after primary and booster vaccination in patients
under treatment with selective S1IP-R modulators (ozanimod, siponimod), whereas response to anti-SARS-CoV-2 vaccination is relevantly
decreased with unselective S1P-R modulators (fingolimod), but without implying an increased risk of severe COVID-19 disease. ***reduced T-cell
response to anti-SARS-CoV-2 vaccination was observed in patients under treatment with sphingosine-1-phosphate receptor modulators,
regardless of their selectivity, but without implying an increased risk of severe COVID-19 disease.
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a sufficient antibody response to SARS-CoV-2 vaccina-
tion, whereas cellular responses are usually
preserved.”*”° In this regard, the measurement of SARS-
CoV-2-specific T-cell responses might represent a strat-
egy to assess the efficacy of vaccination in patients
treated with such DMTs.”

Particular attention is thereby needed to patients un-
der anti-CD20 treatments due to the antibody impair-
ment” which may lead to set-up a specifically tailored
strategy to provide a primary prophylaxis to prevent dis-
ease onset before and after SARS-CoV-2 exposure (pre-
and post-exposure prophylaxis) and, eventually, during
infection to prevent worse COVID-19 outcomes.”® Avail-
able data are insufficient to draw similar conclusions for
other anti-CD20 treatments (ofatumumab). Other DMTSs
such as interferon B, glatiramer acetate, teriflunomide,
dimethyl/diroximel Fumarate, and natalizumab do not
seem to dramatically affect vaccine responses in terms of
induction of antibody response,” although they are
quantitatively reduced compared to that induced by
healthy controls.”” Immune studies in patients with MS
characterizing the T cell-specific response showed that
the booster vaccine dose further increases both the CD4+
and CD8+ effector memory T cells (TEM) and the CD8+
terminally differentiated memory T cells (TEMRA).”” The
increased memory T cells can be important to prevent the
onset of severe COVID-19 disease as they expand if re-
challenged and contribute to prompt immune re-
sponses controlling the initial viral replication, including
that of the current variants,” and spread in the host. In
patients with MS, a full vaccination was associated with a
significant reduction in the hospitalization rate for
COVID-19, compared to the pre-vaccination time for all
DMTs, including fingolimod but not ocrelizumab.**

Recommendation: the available evidence supports
the SARS-CoV-2 vaccination with mRNA-based vaccines
in patients with MS; the vaccination schedule should be
tailored to the type and timing of DMT administration
in patients treated with (or just about to start) depletive
agents and S1P-R modulators.

MS care in the pandemic

The first wave of the COVID-19 pandemic led to wide-
spread disruptions in healthcare systems worldwide that
impacted MS care.”” Medical and nursing staff were
either re-deployed to COVID-19 activities or acquired
the infection: beds in regular wards and intensive care
units were at some point mostly allocated to patients
with COVID-19, non-emergency medical appointments
and routine check-ups were postponed or shifted to
telemedicine platforms to reduce the risk of viral
transmission and suspension of routine blood tests and
magnetic resonance imaging (MRI) scans happened in
many countries.”” In some instances, access to DMTs
was also affected at the beginning of the pandemic.
Supply chain disruptions and prioritization of resources
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towards COVID-19-related healthcare resulted in delays
or difficulties in obtaining DMTs.** Some patients
experienced interruptions in their treatment schedules,
raising concerns about disease progression and re-
lapses. In one study, the most common type of medi-
cation change was delay in infusion (71.9%), of which
only 51.2% was advised by a healthcare provider, with
most patients citing fear of contracting COVID-19 as the
main reason,” due to traveling and hospital visits rather
than for exposure to immunosuppressant treatments.*
In another study, patients with MS declared to be
more concerned about the risks of experiencing relapses
during re-infection by novel SARS-CoV-2 variants.”
Compared to the previous year, adherence to DMTs
decreased by approximately 10% in some regions.* In
response, national professional bodies and patient or-
ganizations were swift to respond to this problem by
providing specific guidance and recommendations to
minimize the risk of infection. This included main-
taining social distancing, practicing strict hygiene mea-
sures, and prioritizing vaccination against COVID-19.*
Guidelines primarily focused on DMTs indicated that
continuing or initiating MS treatment was much more
beneficial in the long-term than interrupting or post-
poning it.** Yet, there were some modifications in the
pattern of DMT prescription, especially during the first
months of the pandemic, mainly involving a reduction
of S1P-R modulators and immune cell-depleting agents,
such as alemtuzumab, cladribine, ocrelizumab, ritux-
imab. In this regard, some Authors have raised concern
about the growing prescription of less effective DMTs
during the pandemic in the absence of evidence-based
data on the consequences on long-term disability of
such an approach.”

Natalizumab initiation was favoured in patients with
high inflammatory activity, also using the opportunity of
extended dose intervals, and athome infusions in
infected patients.** On-demand re-dosing based on
CD19 cell count or extended interval dosing were taken
into account as potential risk mitigation strategy for the
anti-CD20 agents ocrelizumab and rituximab.” Obser-
vational studies on ocrelizumab-treated patients sug-
gested that delaying re-infusion by 3-8 weeks with
respect to the standard 6-month interval was associated
with neither breakthrough disease activity nor disability
progression.”** Moreover, it has been suggested that an
extended interval dosing might probably increase the
response rate to the current COVID-19 vaccines.”®
Change in administration schedule or delay starting
were also recommended for specific DMTs before get-
ting vaccination, including anti-CD20 agents, S1P-R
modulators, alemtuzumab, cladribine.”

After lockdown, DMT prescriptions quickly returned
to pre-pandemic levels, as revealed by an increase in
both initial prescription and any treatment switch,
especially from moderate to high-efficacy DMTs.”* On
the other hand, other authors found that the use of
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DMTs and co-prescribed antidepressants was stable in
Germany from 2019 to 2021, maybe reflecting the
different impact of COVID-19 pandemic across
countries.”

Recommendation: available data suggest that change
in administration schedule of specific DMTs, such as
extended interval dosing for anti-CD20 agents, might be
considered as a relatively safe option for patients with
MS in particular circumstances.

COVID-19 and impact on MS rehabilitation
Rehabilitation, including physical activity (PA), cognitive
training and occupational training, is an integral
component of comprehensive MS management. The
recent MS guidelines recommend at least 150 min per
week of PA.*® It is known that PA can positively affect
physical and mental health, reduce MS symptoms and,
overall, improve the quality of life.” Exercise, a subset of
PA, has even been found to have a modest beneficial
effect on relapse rates.'” Walking has emerged as the
most prevalent PA practiced across different disability
levels in multiple studies, with its popularity even
increasing during the COVID-19 pandemic."”* However,
despite this rise in walking activity, the need to mitigate
the spread of the SARS-CoV-2, particularly among this
high-risk population, has limited the access to regular
and structured PA and rehabilitation.”" During the
pandemic there were not only reductions in PA, but also
deterioration in sleep quality,' as well as detrimental
neuropsychiatric and cognitive consequences, especially
on patients adopting maladaptive coping strategies and
those more disabled who lost social support.'*® Patients
with MS experienced more severe symptoms of
depression and at least the same level of anxiety than the
general populations, with subsequent worsening of
mental health dimensions of quality of life."*

In an international observational study involving
3028 patients with MS, 15.5% reported disruption to
their rehabilitative therapy as a result of the COVID-19
pandemic.*® In a Czech study, 41% of 297 included
patients stopped or reduced PA during 2020 and 37%
reported that their level of physical fitness decreased
during the pandemic.'” An international cross-sectional
survey designed by the European Network for Best
Practice and Research in Multiple Sclerosis Rehabilita-
tion (RIMS), completed by 215 physiotherapists,
confirmed that accessibility, the average number, length
and perceived effectiveness of rehabilitative sessions
(physical therapy, occupational therapy, social service,
speech and language therapy, psychological support,
dietary interventions, medical management, vocational
rehabilitation and cognitive training) provided to pa-
tients with MS were significantly reduced during the
COVID-19 pandemic.' This phenomenon has not been
even reversed by the fact that physiotherapists increased
the usage of mobile apps, rehabilitation videos and

exercise websites. Home-based motor or cognitive
training delivered by handheld application for smart-
phone or tablets, computer software, off-the-shelf video
games and exergames (e.g. RehaCom, BrainHQ,
COGNI-TRACK, Nintendo Wii, Xbox Kinect, etc.) gath-
ered lots of attention as user-friendly, easily-accessible,
and effective to promote fitness and healthy behaviour
and to promote social integration via online multiplayer
mode."® Although technology has played a crucial role
in maintaining rehabilitation delivery, only 14% of
representatives of MS rehabilitation services and 10% of
healthcare professionals planned to use technologies
after the pandemic.'” Lastly, a large-scale international
survey showed a reduction in PA during the pandemic
among 3725 respondents: 60% met the weekly 150-min
PA guidelines before the pandemic, but during the
pandemic, there was a 10% reduction across all
disability groups (mild, moderate, severe).” Nonethe-
less, in the context of the numerous challenges posed by
the pandemic, this relatively moderate reduction in ac-
tivity amongst patients with MS who had pre-existing
exercise habits can be interpreted as a positive
outcome, serving as a testament to their resilience and
sustained motivation. Thus, with the declining inci-
dence of COVID-19 and increasing availability of PA
options and generally rehabilitation, it is crucial to build
upon this motivation. The aim should not only be to
return to the original PA levels, but also to optimize PA
and exercise treatments in terms of frequency, duration,
and intensity, which can be supported by technology
(Fig. 2). Psychosocial support for MS patients also un-
derwent significant changes during the pandemic. As
for the general population, isolation, limited social in-
teractions, and disrupted routines negatively impacted
the mental health of individuals with MS,** particularly
those with pre-existing activity limitations.'* Support
groups and in-person counselling sessions were
replaced by virtual alternatives, although these may not
have provided the same level of emotional support.*
Recommendation: alternative strategy to conventional
rehabilitation, including home-based tele-rehabilitation
or training supported by emerging technologies, should
be implemented to support and enhance access to reha-
bilitation and healthy lifestyle in patients with MS.

A perspective for the future: role of
telemedicine

When COVID-19 severely challenged national health
care systems, telemedicine proved to be a powerful ally
of neurologists in the management of the patient with
MS throughout the lockdown period.'"” From that
moment the Digital Health, in all its declinations, has
undergone an exponential growth, but the pandemic
revealed also the gap to be filled in this field, owing to
not only patient-related factors (age, socio-economic
disparities, level of digital literacy), but also regulatory,
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Fig. 2: Physical activity (PA) as an integral component of comprehensive MS management: recommendations and barriers during the COVID-19
pandemic.

legal and reimbursement barriers, cyber-security and
privacy issue due to use of Internet-based platforms.'
Nevertheless, the COVID-19 pandemic has merely
accelerated a process that had already been ongoing for

decades, doubling in a few years the use of digital de-
vices and other telemedicine services.'” An international
consensus statement highlights the main fields of tele-
medicine deployment in MS, which now extend beyond

Problem

Challenge

Opportunity

m Insufficient evidence on risk factors for severe

COVID-19 outcomes

m Sharing data across different countries to provide
answers

Lack of epidemiological data on the effects of
SARS-CoV-2 infection on MS course and incidence

Lack of evidence on long COVID in MS

Blunted humoral response to
while receiving specific DMTs

Vaccination hesitancy and lack of standardization

in the use of antiviral drugs

Interruption of clinical visits,

assessments and treatment administration during

lockdown

Disruption of rehabilitation services

Dissecting the contribution of long COVID

symptoms to the global disability burden of people

with MS

COVID-19 vaccines m Fixed timing of vaccination before and after
specific DMTs
Extra-doses of vaccines for the most fragile

patients

m Data collection using appropriate methodology in

large MS cohorts

paraclinical Telemedicine for follow-up visits, certificates, pre-
scription renewal
On-demand re-dosing of specific DMTs

Flexible dosing regimen (when possible)

Delivering home-based, alternative rehabilitation
strategy

Creation of ad hoc big data networks to generate real world evidence and
drive advancement in MS research

Provide unifying hypotheses for the pathobiology of long COVID and MS
and their overlapping features

Creation of a personalized ‘disease card’ reporting infection and
immunisation history

Dissemination of results on vaccines safety and use of antivirals among
the general population and health professionals

Ameliorating digital infrastructures and cybersecurity; establishing
guidelines to govern telehealth

Approaching to precision medicine by validation of lab biomarkers to
establish tailored dosing regimen and improve the risk:benefit ratio of
DMTs

Development and validation of tele-rehabilitation, web-based program to
enhance PA, exergames, handheld application for cognitive training

Table 1: Lesson learnt from COVID-19 for improving MS care.
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the “simple” remote examination of MS patients at high
risk from COVID-19 infection.'” Through telemedicine,
healthcare providers can conduct virtual consultations,
enabling them to assess patients’ overall health, review
their symptoms, and make treatment recommenda-
tions.'* Telemedicine could also facilitate access to
multidisciplinary care for individuals with MS, as
healthcare professionals (neurologists, physical thera-
pists, occupational therapists, psychologists, etc.) could
collaborate remotely, share information, and provide
comprehensive care to patients, all while minimizing the
need for in-person visits.'"

Long-term non-invasive remote assessment of
different types of parameters (e.g. range and speed of
motion, meters or number of steps in a day, heart rate,
hours of sleep, etc.) can provide the so-called “Digital
Biomarkers”'” useful to evaluate disease activity and
response to therapy as well as a prognostic and pro-
gression predictor integrated in a concept of a digital MS
twin through artificial intelligence-based analysis.""

However, it is important to acknowledge that tele-
medicine does have limitations. Not all aspects of MS
care can be effectively delivered remotely, such as certain
diagnostic procedures or physical examinations. In such
cases, in-person visits may still be necessary and there-
fore telemedicine can be considered as a complementary,
rather than alternative, approach to MS management.

In the context of the COVID-19 pandemic, the need
for digital therapeutics has arguably never been greater.'
Tele-neurorehabilitation can provide continuity of treat-
ment as well as a highly tailored intervention plan. Digital
therapeutics, treatments delivered remotely and enabled
by modern technology, facilitate the provision of person-
alized, evidence-based, interdisciplinary interventions to
manage the complexities associated with MS.

Recommendation: in patients with MS, telemedicine
should be considered for follow-up visits, certificates,
prescription renewal, neurorehabilitation, disease
monitoring; specific guidelines to govern telehealth,
together with ameliorating of digital infrastructures and
enhancing cybersecurity, are mandatory.

Conclusions
The COVID-19 pandemic represented a challenge for
neurologists and patients with MS, who have faced the
uncertainty related to the interplay between the SARS-
CoV-2, the neuro-immunological disease and the
DMT-induced alteration of immune-homeostasis. Fail-
ure in medical management, challenges in accessing
treatments, increased vulnerability to COVID-19, safety
of vaccines against SARS-CoV-2, and psychological ef-
fects of pandemic were among the key concerns for
people with MS.

Big data sharing initiative and large disease registries
helped identify patient- and DMT-related risk factors for
worse COVID-19 outcomes.

Search strategy and selection criteria

References for this Series paper were identified through
searches of PubMed with the search terms “multiple
sclerosis”, “COVID-19”, “SARS-CoV-2" from March 1, 2020
until December 31, 2023. Only papers published in English
were reviewed. The final reference list was generated on the
basis of originality and relevance to the broad scope of this
Review.

Despite their indisputable efficacy, the anti-SARS-
CoV-2 vaccines raised concerns about their safety
and their effectiveness in the context of immune
suppression induced by some anti-CD20 agents.
However, the development and distribution of
COVID-19 vaccines provided hope and protection for
patients with MS, thus reinforcing pre-existing rec-
ommendations for collecting the immunisation his-
tory in all patients and for tailoring on an individual
basis the timing of vaccine administration,'” espe-
cially in those under S1P-R modulators and immune
cell-depleting DMTs.

Patients who faced difficulties accessing healthcare
facilities obtained great benefits from the increased
adoption of home-based solution for rehabilitation and
telemedicine for remote assessments. However,
despite new advances in technology and a heightened
interest due to the pandemic, digital therapeutics need
to be further developed and utilized to trigger a real
“Digital Revolution” that paves the future for new
opportunities.'”

The disruption of medical and neurorehabilitation
services occurring during the earlier pandemic phases
highlighted the importance of more adaptable healthcare
systems and the resilience of patients with MS and their
support networks in the context of such global chal-
lenges. To conclude, the COVID-19 outbreak was a
valuable lesson that compelled us to elaborate a frame-
work for mitigating any future emergency and improving
the standard of care of patients with MS (Table 1).
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