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Abstract

The coronavirus 2019 (COVID-19) pandemic is expected to linger. Decisions regarding initiation or continuation of disease-
modifying therapy for multiple sclerosis have to consider the potential relevance to the pandemic. Understanding the mecha-
nism of action and the possible idiosyncratic effects of each therapeutic agent on the immune system is imperative during this
special time. The infectious side-effect profile as well as the route and frequency of administration of each therapeutic agent
should be carefully considered when selecting a new treatment or deciding on risk mitigation strategies for existing therapy.
More importantly, the impact of each agent on the future severe acute respiratory syndrome coronavirus type-2 (SARS-
CoV-2) vaccine should be carefully considered in treatment decisions. Moreover, some multiple sclerosis therapies may
have beneficial antiviral effects against SARS-CoV-2 while others may have beneficial immune-modulating effects against
the cytokine storm and hyperinflammatory phase of the disease. Conventional injectables have a favorable immune profile
without an increased exposure risk and therefore may be suitable for mild multiple sclerosis during the pandemic. However,
moderate and highly active multiple sclerosis will continue to require treatment with oral or intravenous high-potency agents
but a number of risk mitigation strategies may have to be implemented. Inmune-modulating therapies such as the fumerates,
sphinogosine-1P modulators, and natalizumab may be anecdotally preferred over cell-depleting immunosuppressants during
the pandemic from the immune profile standpoint. Within the cell-depleting agents, selective (ocrelizumab) or preferential
(cladribine) depletion of B cells may be relatively safer than non-selective depletion of lymphocytes and innate immune cells
(alemtuzumab). Patients who develop severe iatrogenic or idiosyncratic lymphopenia should be advised to maintain social
distancing even in areas where lockdown has been removed or ameliorated. Patients with iatrogenic hypogammaglobulinemia
may require prophylactic intravenous immunoglobulin therapy in certain situations. When the future SARS-CoV-2 vaccine
becomes available, patients with multiple sclerosis should be advised that certain therapies may interfere with mounting a
protective immune response to the vaccine and that serological confirmation of a response may be required after vaccination.
They should also be aware that most multiple sclerosis therapies are incompatible with live vaccines if a live SARS-CoV-2
vaccine is developed. In this article, we review and compare disease-modifying therapies in terms of their effect on the
immune system, published infection rates, potential impact on SARS-CoV-2 susceptibility, and vaccine-related implications.
We propose risk mitigation strategies and practical approaches to disease-modifying therapy during the COVID-19 pandemic.

1 Introduction related to the type-1 virus SARS-CoV and the Middle East-

ern respiratory syndrome coronavirus (MERS-CoV). There-
fore, hypotheses can be made about the immune system
response to SARS-CoV-2 based on studies in other related
corona viruses [2].

Multiple sclerosis (MS) is an immune-mediated cen-
tral nervous system (CNS) disorder that requires immu-
nosuppressive or immunomodulating disease-modifying
therapies (DMTs). The Centers for Disease Control and

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus type-2 (SARS-
CoV-2), has quickly become a global pandemic [1]. Among
those who require intensive care, the mortality rate is high.
It was identified that the SARS-CoV-2 genome is closely
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Some multiple sclerosis therapeutics may increase the
risk of SARS-CoV-2 infection.

Some multiple sclerosis therapeutics may have a nega-
tive impact on the future SARS-CoV-2 vaccine.

Clinicians should carefully select multiple sclerosis
therapeutics during the COVID-19 pandemic and may
implement some risk mitigation strategies.

COVID-19 [3]. The MS International Federation published
a global advice to the MS community addressing measures
to reduce infection risk and general implications related to
DMT use [4]. The National MS Society endorsed the MS
International Federation global advice and published broad
DMT guidelines on their COVID-19 webpage [5]. Patients
taking certain DMTs may be at a higher risk for general
viral and respiratory infections and infection-related risks.
More importantly, some DMTs may have implications on the
future SARS-CoV-2 vaccine. Therefore, understanding the
impact of each DMT on the immune system, its associated
infection risks, and its potential impact on future vaccina-
tion is imperative for the safe management of MS during
the COVID-19 pandemic. In this review, we evaluate the
immune response against SARS-CoV-2 and its future vac-
cine as it relates to the mechanism of action of each DMT
as well as each agent’s idiosyncratic effects on the immune
system and published rates of infectious side effects. We
conclude with a comparison of the relative safety of each
DMT in relevance to the COVID-19 pandemic.

2 SARS-CoV-2 Immune Response

In addition to angiotensin-converting enzyme-2 receptors,
SARS-CoV-2 can enter host cells through the binding of
integrins [6]. Integrins are receptors that are located on
the surface of various cells in the body and play a role in
signaling processes. Following viral infection, the innate
immune system is activated. The innate immune response
is non-specific and involves activation of macrophages,
dendritic cells, and natural killer cells. Some macrophages
and dendritic cells are CD52 positive. Typically, when there
is a viral invasion, these innate immune cells recognize
pathogen-associated molecular patterns [2, 7]. Following
detection of pathogen-associated molecular patterns, the
downstream signaling cascade is activated to induce anti-
viral pro-inflammatory cytokines to combat the virus at the
entry site including type I and type III interferons (IFNs)
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[the former includes IFN-f]. Sufficient excretion of IFNs
can limit the spread of infection in some cases but SARS-
CoV-2 has the ability to evade the innate immune system by
inhibiting IFNs [8]. COVID-19 infection can also lead to low
levels and dysfunction of natural killer cells, macrophages,
and dendritic cells. After interaction with innate immu-
nity, the adaptive immune response is activated and can
be further subcategorized into cell-mediated and humoral
responses. During cell-mediated responses, helper T cells
will organize the overall adaptative immune response while
cytotoxic T cells directly attack and kill virally infected cells
[2]. COVID-19 infection can cause significant T cell lym-
phopenia likely due to consumption at inflammatory sites
and secondary to the effect of inflammatory cytokines such
as interleukin (IL)-6 [9]. This T-cell depletion may help in
the spread and worsening severity of the infection. For the
humoral immune response, B cells will produce immuno-
globulin M and immunoglobulin G (IgG) antibodies against
the virus, some of which can specifically neutralize the virus
[10]. Long-living plasma cells can provide long-term immu-
nity via production of neutralizing antibodies. In addition,
virus-specific memory B cells develop and can also help
limit future re-infection. However, antibody levels may
decrease over time potentially increasing the risk of rein-
fection. T cells are the most important cell type in the early
immune response against coronaviruses while B cells are
more implicated in the long-term immunity. Insights from
patients with genetic agammaglobulinemia infected with
COVID-19 suggest that the immune system can fight and
recover from the infection through the effect of T cells only
[11]. However, humoral immunity is not without value in the
early immune response against the virus based on reports of
severe infection in patients with hypogammaglobulinemia
due to common variable immune deficiency [12]. The dif-
ference in COVID-19 course between patients with genetic
agammaglobulinemia (mild course) and those with common
variable immune deficiency (severe course) suggests that
the absence of B cells in the former group might attenu-
ate the intensity of the hyperinflammatory cytokine storm
[12]. Therefore, B cells might have a protective role against
viral spread and reinfection via production of neutralizing
antibodies, but may also contribute to the hyperinflamma-
tion and cytokine storm stage of the disease through non-
antibody-mediated mechanisms [12].

3 Cytokine Storm and Hyperinflammation

An individual’s body can normally regulate the levels of
pro-inflammatory and anti-inflammatory cytokines. How-
ever, when a virus enters the host, many cells such as mac-
rophages, lymphocytes, and natural killer cells can become
abnormally activated. These cells proceed to release a large
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amount of pro-inflammatory cytokines. This phenomenon is
referred to as a cytokine storm [7]. Many studies have shown
that the cytokine storm is implicated in the COVID-19 lung
injury [7, 13]. Common elevated biomarkers include tumor
necrosis factor-alpha, IL-1, IL-2, IL-6, IL-7, IL-8, IL-10,
and granulocyte—macrophage colony-stimulating factor,
among others [2, 7, 13-16]. This cytokine storm can lead
to secondary hemophagocytic lymph histiocytosis, which is
characterized by fever, cytopenia, pulmonary involvement,
and multi-organ failure [14]. Pathogenic dysfunctional gran-
ulocyte—macrophage colony-stimulating factor-positive T
cells have been found in abundance in critically ill patients
with COVID-19 and are believed to play a pivotal role in this
hyperinflammatory stage [17]. Deficiency of T-regulatory
cells has also been implicated in the hyperinflammation in
patients with COVID-19 [18]. This dysfunctional T-cell
processing is similar to changes implicated in the patho-
genesis of MS. As mentioned earlier, B cells may also be
implicated in the cytokine storm through direct production
of IL-6 and other non-antibody-mediated mechanisms [12].
Eventually, this dysregulation in the immune response can
lead to immune-mediated lung damage, sepsis, acute respira-
tory distress syndrome, and even death [2, 14].

4 Future Vaccines Against SARS-CoV-2

There are currently multiple pharmaceutical companies
attempting to develop a successful SARS-CoV-2 vaccine.
One type of vaccine formulation that has become prevalent
is the epitope vaccine [2]. Epitopes are short viral protein
amino acid sequences that create a more potent and direct
effect as opposed to the whole cognate protein. Studies
indicated that there is encouraging data to support T-cell
epitopes over B-cell epitopes for long-term protection [2].
Other platforms that are being investigated include viral
vector vaccines, live-attenuated, inactivated, viral RNA and
DNA, and artificial antigen-presenting cell vaccines [19].
Safety parameters related to patients with MS taking certain
DMTs will come into play depending on the type of vaccine
that best demonstrates efficacy and becomes approved for
use. A recent study demonstrated successful development of
neutralizing SARS-CoV-2 antibodies similar to those found
in convalescent serum after vaccination with the SARS-
CoV-2 RNA vaccine without trial-limiting safety concerns
[20].

5 Current Multiple Sclerosis
Disease-Modifying Therapies

5.1 Interferon-Beta (Interferon-fla
and Interferon-B1b)

Interferon-f agents were the first to receive approval for MS
management and are available in subcutaneous and intra-
muscular formulations. They provide a modest disease-
modifying effect against relapses and accumulation of brain
lesions.

5.1.1 Mechanism of Action and Impact on the Immune
System

Interferon-p is an immunomodulating agent. It directly
increases the expression of anti-inflammatory cells and
decreases the expression of pro-inflammatory cytokines
[21]. It also decreases the number of inflammatory cells
crossing the blood—brain barrier and increases nerve growth
factor production. Last, the number of CD56 natural killer
cells is increased by IFN-f; these cells efficiently produce
anti-inflammatory mediators and potentially have the ability
to limit neuronal inflammation. Side effects may include rare
leukopenia, lymphopenia, and lymphadenopathy [22, 23].

5.1.2 Infectious Side Effects

Upper respiratory tract infections (URTIs) were observed
with IFN-pla (14% vs 12% placebo) [22]. Interferon-f1b
had lower incidences of infectious side effects [23]. How-
ever, IFN-B1b formulations contain albumin that may also
increase the risk of viral transmission [24]. Interferons are
not associated with opportunistic or severe infections.

5.1.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

As IFN-f does not act primarily by depleting lymphocytes
and because the associated lymphopenia is often rare and
mild, it is unlikely to impact the early or delayed immune
response against SARS-CoV-2 or increase infection suscep-
tibility significantly. In addition, IFN-f3 may have a beneficial
antiviral effect against SARS-CoV-2 when combined with
conventional antiviral agents as shown in a recent, open-
label phase II clinical trial [25]. Therefore, it is likely safe
to continue ongoing IFN-p treatment during the pandemic
even in patients with COVID-19 infection. It is also safe
to start IFN-f treatment in patients with newly diagnosed
MS. Based on influenza vaccine studies, IFN-f does not
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seem to reduce the protective immune response to vaccines
and will likely be compatible with the future SARS-CoV-2
viral protein or inactivated vaccine [26]. Compatibility with
live-attenuated vaccines is unknown. The subcutaneous or
intramuscular routes of administration are safe from the
exposure risk standpoint compared with intravenous DMTs
that require administration at infusion centers or hospital set-
tings. Although the optimal safety profile of IFN-f compared
with other DMTs makes it a suitable option for patients with
mild MS during the pandemic, its potency is low compared
with the newer agents and it may not be the best choice for
patients with highly active MS or who have several negative
outcome predictors [27, 28].

5.2 Glatiramer Acetate

Glatiramer acetate (GA) is a subcutaneous injectable that
provides a modest reduction in the annualized relapse rate.

5.2.1 Mechanism of Action and Impact on the Immune
System

Glatiramer acetate is a synthetic polypeptide that is structur-
ally similar to myelin basic protein; an important component
of myelin sheath. It competes with myelin antigens for the
interaction with major histocompatibility complex type-2
molecules on antigen-presenting cells. This results in the
prevention of a T-cell response against myelin and activa-
tion of T-helper type-2 cells to secrete anti-inflammatory
cytokines reducing CNS inflammatory demyelination [29].
There may be a potential interference with the detection of
foreign antigens with this agent.

5.2.2 Infectious Side Effects

When compared with placebo, GA had a slightly higher inci-
dence of overall infection (30% vs 28%), bronchitis (6% vs
5%), influenza (14% vs 13%), nasopharyngitis (11% vs 9%),
and viral URTIs (3% vs 2%) [30]. However, this medica-
tion is typically not known to cause opportunistic or severe
infections.

5.2.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

As GA does not deplete lymphocytes, it is unlikely to impact
the early or delayed immune response against SARS-CoV-2
or increase infection susceptibility. Therefore, it is likely safe
to continue ongoing treatment with this agent during the
pandemic even in patients with COVID-19 infection. It is
also safe to start GA treatment in patients with newly diag-
nosed MS during the pandemic. One study found a potential
negative impact on the protective immune response to the
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influenza vaccine in patients taking GA but several other
studies did not find a negative impact [31-33]. Overall, the
impact of GA on the future SARS-CoV-2 viral protein or
inactivated vaccine is likely limited and safer in comparison
to cell-depleting DMTs. The subcutaneous route of admin-
istration is safe from the exposure risk standpoint compared
with intravenous agents. Like IFN-f, GA has a favorable
safety profile but its potency is low, thus its use during the
pandemic may need to be restricted to patients with mild
MS [34].

5.3 Teriflunomide

Teriflunomide is an oral agent that provides modest efficacy
in preventing relapses and lesion accumulation in MS. It
was approved in 2012 after two randomized, double-blind,
placebo-controlled phase III trials in relapsing—remitting MS
and one in clinically isolated syndrome [35].

5.3.1 Mechanism of Action and Impact on the Immune
System

Teriflunomide is a dihydroorotate dehydrogenase inhibi-
tor. Dihydroorotate dehydrogenase is a key mitochondrial
enzyme in the de novo pyrimidine synthesis that is required
by rapidly dividing cells. Ultimately, inhibition of this
enzyme reduces replication of auto-reactive lymphocytes
[29]. Immune side effects include rare lymphopenia (12%)
and neutropenia (16%) [36].

5.3.2 Infectious Side Effects

Teriflunomide 14 mg had slightly higher incidences of
infections when compared with placebo including URTIs
(9% vs 7%), bronchitis (8% vs 6%), and sinusitis (6% vs
4%) [36]. Rare cases of tuberculosis were also seen. There
have also been reports of reactivation of cytomegalovi-
rus hepatitis. In post-marketing experience, there have
been fatal cases of Klebsiella, Pneumocystis jiroveci, and
Aspergillus pneumonia, but these patients had either an
underlying comorbidity or were co-treated with other
immunosuppressants.

5.3.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

By reducing the proliferation of reactive lymphocytes and
in view of its infectious side-effect profile, it is possible
that teriflunomide my slightly increase the susceptibility to
SARS-CoV-2. However, it may also have some beneficial
antiviral effects [37]. Therefore, it is perhaps relatively
safe to continue ongoing treatment with teriflunomide



Multiple Sclerosis Drugs and COVID-19

and to start it in patients newly diagnosed with mild MS
during the pandemic. Its safety in patients infected with
COVID-19 is unclear but it is likely safe to continue in
asymptomatic or mildly symptomatic patients. One fatal
case of COVID-19 infection in a patient taking teriflu-
nomide has been reported but the patient had advanced
secondary progressive MS and comorbid myotonic dys-
trophy [38]. Seven other cases of COVID-19 infection in
patients taking terifflunomide have been reported to the
time of this writing, all with self-limiting courses despite
continued teriflunomide therapy during the infection in
most of them [39—-41]. One additional self-reported case
with full recovery at home has been described in a paper
surveying self-reported cases on social media [42]. Based
on influenza vaccine studies, teriflunomide is unlikely to
reduce the protective immune response against the future
SARS-CoV-2 viral protein or inactivated vaccine [43]. In
addition, successful development of anti-SARS-CoV-2
antibodies at levels comparable to patients not receiving
immunotherapies has been described in a patient taking
teriflunomide after COVID-19 infection [41]. Live-atten-
uated vaccines are not recommended with teriflunomide.
The oral route is safe compared with intravenous agents
from the exposure risk standpoint. Its low potency makes
it unsuitable for patients with highly active MS or several
negative predictors [44, 45]

5.4 Fumarates

Dimethyl fumarate (DMF) was first approved in 2013 for
relapsing forms of MS (RMS) after it achieved primary out-
come in two randomized, placebo-controlled, double-blind,
phase III clinical trials [29]. Diroximel fumarate was more
recently approved in 2019 based on bioequivalence studies
showing similar bioavailability of the active metabolite to
DMEF. Both oral medications have similar efficacy but diroxi-
mel fumarate has fewer gastrointestinal adverse effects [46].

5.4.1 Mechanism of Action and Impact on the Immune
System

The mechanism of action of these medications is unknown;
however, they are believed to cause immunomodulation via
inhibition of the Nrf-2 protein ultimately inhibiting inflam-
matory cascades [29]. One major idiosyncratic adverse effect
is lymphopenia, which occurs in 37% of patients [47]. How-
ever, severe lymphopenia (< 500/mm?) occurs in only 8% of
patients [47]. Differential lymphocyte count is monitored
every 3—6 months during therapy and monthly if the absolute
lymphocyte count (ALC) falls below 500/mm>.

5.4.2 Infectious Side Effects

The incidences of overall infections (60% vs 58%) and seri-
ous infections (2% vs 2%) were similar between DMF and
placebo in MS clinical trials including those experiencing
lymphopenia [48]. However, there have been case reports of
progressive multifocal leukoencephalopathy (PML) reported
with DMF mainly in patients with prolonged moderate-to-
severe lymphopenia (< 800/mm?), although rare cases have
occurred without significant lymphopenia as well [49].

5.4.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

It is unknown if the fumarates increase the risk of SARS-
CoV-2 infection. Based on their immune profile, it is pos-
sible that they may increase the susceptibility to SARS-
CoV-2 in patients with moderate-to-severe lymphopenia
but are likely safe in patients without lymphopenia or with
mild lymphopenia (ALC > 800/mm?). Therefore, it is rea-
sonable to continue ongoing treatment unless ALC goes
below 800/mm?. In this situation, interruption of treat-
ment and a monthly ALC check are advisable. Patients
with persistent severe lymphopenia should be switched to
another DMT after allowing ALC to improve. It is likely
safe to start patients newly diagnosed with MS on one of
the fumarates but ALC monitoring is important after start-
ing treatment. The need for periodic laboratory monitoring
increases the exposure risk at the medical laboratory but
the oral route is safer compared with intravenous agents.
It is likely safe to continue treatment with the fumarates in
non-lymphopenic patients with MS with asymptomatic or
mildly symptomatic SARS-CoV-2 infection. Two patients
taking DMF with COVID-19 infection have been reported
[38]. Both patients did not have lymphopenia at baseline
and both had full recovery despite continuation of DMF
[38]. Seven patients with suspected COVID-19 (not con-
firmed by polymerase chain reaction) were reported from
Italy during the peak of the epidemic, all with favorable
outcomes despite continued treatment with DMF during
the infection [50]. Notably, most patients had normal or
only mildly decreased lymphocyte counts at the time of
infection except one patient with grade 2 lymphopenia.
Two additional self-reported cases with good outcomes
after COVID-19 infection were included in the paper sur-
veying social media self-reports [42]. Based on various
vaccine studies, the fumarates do not seem to reduce the
immune response against viral vaccines and are not likely
to impact immunity against the future SARS-CoV-2 viral
protein or inactivated vaccine in non-lymphopenic patients
[51]. Compatibility with live-attenuated and viral vector
vaccines is unknown.
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5.5 Sphingosine-1-Phosphate Modulators

Fingolimod was the first sphingosine-1-phosphate (S1P)
modulator and the first oral agent approved for RMS in 2010.
It met the primary outcome in three randomized, double-
blind, phase III clinical trials, two against placebo and one
against IFN-B1-a [29]. Siponimod and ozanimod followed
and were approved in 2019 and 2020, respectively [35, 52].
They both are more selective to the S1P1 and S1P5 subtypes
and have less bradycardic side effects compared with fingoli-
mod, therefore eliminating the need for first-dose observa-
tion in healthy individuals.

5.5.1 Mechanism of Action and Impact on the Immune
System

Sphingosine-1-phosphate modulators prevent egress of T
cells from lymph nodes [29]. Hence, the number of lympho-
cytes available to the CNS is decreased, and there is reduced
central inflammation but lymphocytes are not depleted. The
circulating lymphocytes as represented by the ALC will
typically decrease with these agents but remain above 200/
mm? in most patients.

5.5.2 Infectious Side Effects

All three medications cause a dose-dependent reduction in
peripheral lymphocyte count and therefore, may increase
the risk of infections. Fingolimod studies showed an overall
infection incidence (72%) and serious infection incidence
(2%) that were similar to placebo [53]. Influenza (13% vs
10%) and herpes viral infections (9% vs 8%) were higher
when compared with placebo. Fatal cases of disseminated
herpetic infections have occurred with fingolimod. Siponi-
mod and ozanimod demonstrated similar infectious side
effects in clinical trials [54, 55]. Progressive multifocal leu-
koencephalopathy is also a risk with this class of DMTs.

5.5.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

It is unknown if S1P modulators increase the risk of
SARS-CoV-2 infection. By reducing peripheral lympho-
cytes, these agents may potentially increase the suscep-
tibility to SARS-CoV-2 as evidenced by the increased
susceptibility to other viral infections. However, a poten-
tial beneficial effect in patients with COVID-19 with a
cytokine storm has been proposed and a clinical trial of
fingolimod in patients with COVID-19 is currently ongo-
ing (ClinicalTrials.gov Identifier: NCT04280588). It
is likely safe to continue ongoing treatment during the

A\ Adis

pandemic provided the ALC is higher than 200/mm?® and
is likely safe (and potentially beneficial) to even do so in
patients infected with COVID-19. Two cases of COVID-19
worsening after stopping fingolimod have been reported
[56, 57]. Treatment interruption may be considered if
ALC goes below 200/mm? although the impact of this low
level of circulating lymphocytes on infection risk is not
well defined [58]. Stopping fingolimod has been linked
to severe rebound MS activity, thus timely initiation of
another potent DMT is recommended to avoid the need
for hospitalization and the increased exposure risk [59]. In
addition to the two cases mentioned above, six additional
cases of COVID-19 infection in patients with MS taking
fingolimod have been reported to the time of this writ-
ing [38, 41, 60—62]. Four additional self-reported cases
on Twitter have been reported as well [42]. All patients
recovered fully although a severe course was described in
two patients who stopped fingolimod treatment during the
infection as mentioned earlier and in one additional patient
who improved after delaying fingolimod treatment. Some
of the patients with a mild course temporarily interrupted
fingolimod treatment during their COVID-19 infection
and some continued treatment without interruption. At
the time of this writing, no cases of COVID-19 infections
in patients treated with siponimod or ozanimod have been
reported.

It is relatively safe to start S1P modulators in patients
with newly diagnosed MS during the pandemic but the
impact on the future SARS-CoV-2 vaccine must be con-
sidered. Fingolimod has been shown to dampen both the
cellular and humoral protective immune responses against
vaccines [63]. In addition, one of the reported patients with
COVID-19 infection taking fingolimod was noted to have
attenuated production of anti-SARS-CoV-2 antibodies after
exposure [41]. Fingolimod is also incompatible with live-
attenuated vaccines and its impact on viral vector vaccines is
unknown. For patients who receive the future SARS-CoV-2
viral protein or inactivated vaccine while taking an S1P
modulator, it is advisable to check serology after vaccination
to ensure an adequate immune response has been mounted.
Like the fumarates, the oral route of S1P modulators is pref-
erable compared with intravenous agents but the need for
periodic laboratory monitoring increases the exposure risk.

5.6 Natalizumab

Natalizumab is the first monoclonal antibody to become
approved for use in RMS in 2004. It has a high potency
against MS relapses and lesion accumulation. It reached
the primary outcome in two phase III, placebo-controlled
clinical trials, one as monotherapy and one as combination
therapy with IFN-pB1-a [29].
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5.6.1 Mechanism of Action and Impact on the Immune
System

Natalizumab acts as an antagonist to alpha-4 integrin on
the surface of leukocytes, consequently blocking their
interaction with vascular cell adhesion molecules and pre-
venting leukocyte migration to the CNS [29]. It is a non-
depleting immunomodulator and it has not been linked to
lymphopenia.

5.6.2 Infectious Side Effects

It is known that natalizumab increases the risk of PML more
than all other DMTs and monitoring antibodies to the caus-
ative John Cunningham virus (JCV) is mandatory during
treatment. High levels of JCV-IgG indicate viral exposure
and increase the risk of PML. Respiratory infections includ-
ing URTIs (22% vs 16% placebo), influenza (12% vs 5%
placebo), and sinusitis (8% vs 4% placebo) were commonly
observed in patients taking natalizumab [64]. Fatal cases of
herpetic encephalitis and meningitis were reported in the
post-marketing data.

5.6.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

Being a non cell-depleting agent, it is unlikely that natali-
zumab significantly increases SARS-CoV-2 susceptibility.
Its infectious side-effect profile suggests a mild increase
in the susceptibility to respiratory viral infections. A pos-
sible beneficial effect in patients infected with COVID-
19 has been proposed via its action on integrin receptors
[6]. Based on influenza vaccine studies, it is also unlikely
that natalizumab will have a negative impact on the future
SARS-CoV-2 viral protein or inactivated vaccines [65]. Its
compatibility with live-attenuated and viral vector vaccines
is unknown. Overall, it is likely safe to continue ongoing
treatment with natalizumab during the COVID-19 pandemic
including in infected patients. It is also likely safe to start as
a new treatment in patients who are JCV-IgG negative and
is perhaps the safest potent DMT for patients with highly
active MS during the pandemic. However, some experts have
raised theoretical concerns that this medication may reduce
trafficking of lymphocytes in the lungs and mucosa poten-
tially increasing viral shedding [66]. Similar to the predispo-
sition to PML, the reduced immune surveillance in the CNS
also raises concerns about the potential for SARS-CoV-2
encephalitis if natalizumab is used in patients with COVID-
19 [66]. As opposed to its favorable immune profile, the
intravenous route of administration of this medication is not
ideal during the pandemic as it increases the exposure risk
at infusion centers. The monthly infusion frequency is the
highest among all intravenous DMTs further increasing the

exposure risk. Using an off-label extended dosing interval
may be an equally effective and safer alternative to standard
dosing during the pandemic especially in high-risk patients
(old age, cardiopulmonary comorbidity) [67]. At the time
of this writing, two cases of COVID-19 infection in patients
with MS taking natalizumab have been reported [68, 69].
Both patients had mild courses with complete recovery. One
patient was receiving the standard regimen and the other
patient was on the extended dosing schedule. Neither of the
patients had neurological symptoms or suspicion for SARS-
CoV-2 encephalitis.

5.7 Ocrelizumab

The FDA approved ocrelizumab in 2017 for both RMS and
primary progressive MS (PPMS). It has shown high effi-
cacy against relapses and lesion accumulation in the brain
compared with IFN-f1a in two randomized, double-blind,
double-dummy, phase III clinical trials in RMS [28]. It
showed modest efficacy against disability progression com-
pared with placebo in a randomized, double-blind, phase III
clinical trial in PPMS [70].

5.7.1 Mechanism of Action and Impact on the Immune
System

Ocrelizumab is a humanized MAB that targets CD20 on
the surface of B cells causing prolonged selective B-cell
lymphopenia [29]. It can cause a reduction in the total ALC
in about 25% of patients [58]. Although ocrelizumab does
not target plasma cells, prolonged depletion of memory B
cells can lead to hypogammaglobulinemia in some patients
as seen with other B-cell therapies on long-term treatment
[71,72].

5.7.2 Infectious Side Effects

Patients taking ocrelizumab in both RMS and PPMS trials
experienced a higher incidence of infections. In RMS trials,
the incidence of infections was 58% in ocrelizumab-treated
patients compared with 52% in IFN-p1a-treated patients.
Additionally, incidences of URTIs (40% vs 33%), lower
respiratory tract infection (LRTI) (8% vs 5%), herpes zoster
(2.1% vs 1.0%), and herpes simplex (0.7% vs 0.1%) were
also higher in the ocrelizumab-treated group [73]. In PPMS
trials, the incidence of infections was 70% in ocrelizumab-
treated patients compared with 68% in the placebo group.
Incidences of URTI (49% vs 43%), LRTI (10% vs 9%), and
oral herpes (2.7% vs 0.8%) were also higher in the ocreli-
zumab-treated group.
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5.7.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

The risk of SARS-CoV-2 infection in patients taking ocre-
lizumab is not fully known. As it mainly targets B cells,
ocrelizumab likely has less impact on the early immune
response against the virus compared with T-cell targeting
or non-selective immunosuppressive agents. However, in
addition to their role in humoral immunity, B cells also act
as antigen-presenting cells to T cells and may be implicated
in their early activation [74]. Therefore, it is possible that
ocrelizumab may increase the susceptibility to SARS-CoV-2
as demonstrated in a recent case series [75]. More impor-
tantly, B-cell depletion may impair long-term immunity
against the virus and may increase re-infection risk [2]. Fail-
ure to develop anti-SARS-CoV-2 antibodies after COVID-
19 infections in patients treated with ocrelizumab has been
frequently reported in the recent literature [76—79].Although
this impairment of the humoral response did not result in a
more severe infection in most of the reported cases, it may
predispose recovering patients to repeated infection.

Patients with ocrelizumab-related hypogammaglobuline-
mia may be particularly vulnerable to infection-related risks
[72]. Acquired hypogammaglobulinemia in patients treated
with anti-CD20 agents resembles the immune dysfunction in
patients with common variable immune deficiency who are
prone to severe COVID-19 infection [12]. The intravenous
route increases the exposure risk at infusion centers but the
exposure risk is less compared with natalizumab because of
the less frequent dosing (6-monthly maintenance infusions).
Like other B-cell therapies, ocrelizumab may reduce the
humoral protective response against the future SARS-CoV-2
viral protein or inactivated protein and is incompatible with
live-attenuated vaccines [80]. Compatibility with viral vec-
tor vaccines is unknown. The negative impact on the protec-
tive immune response against the future SARS-CoV-2 vac-
cine is further supported by the blunted antibody response in
ocrelizumab-treated patients exposed to the virus.

There are more COVID-19 cases reported with anti-
CD20 agents than all other DMT classes which is, at least
in part, owing to the popularity of this class in modern MS
treatment trends. Recent case series and pharmacovigi-
lance reports suggest that the risk and severity of COVID-
19 infection in patients treated with anti-CD20 agents
(ocrelizumab or rituximab) is not different from the gen-
eral population, although critical and fatal cases have hap-
pened in a subset of patients [81, 82]. One case series sug-
gested increased susceptibility to SARS-CoV-2 in patients
receiving anti-CD20 agents as previously mentioned [75].
However, several case reports described favorable out-
comes in ocrelizumab-treated patients after COVID-19
infection [83, 84]. The discrepancy and variability of the
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COVID-19 disease course in patients treated with anti-
CD20 therapies could be anecdotally explained by the fact
that B cells could have both a beneficial and a harmful
effect in SARS-CoV-2-related infection. The beneficial
effect is attained via production of anti-viral neutralizing
antibodies while the harmful effect is mediated through
production of IL-6 and contribution to the hyperinflam-
matory cytokine syndrome [12].

To mitigate ocrelizumab-related risks during the pan-
demic, it is perhaps reasonable to space out infusions
guided by CD19 counts. Clinicians may delay ocrelizumab
redosing in patients with sustained CD19 depletion and in
patients infected with COVID-19. Replacement therapy
with intravenous immunoglobulin should be considered in
patients with severe hypogammaglobulinemia as a prophy-
lactic measure in uninfected patients and to complement
supportive treatment in patients infected with COVID-19.
For patients with newly diagnosed MS, the decision to
start ocrelizumab as a new therapy should be considered
with caution given its potential impact on infection risk
and future vaccination. Patients with mild-to-moderate MS
are better started on non-depleting DMTs during the pan-
demic. For highly active MS, natalizumab may be a safer
and equally potent option for patients who are JCV-IgG
negative. Ocrelizumab use may need to be temporarily
restricted to patients with highly active MS who are JCV-
IgG positive and those who had already not responded to
other agents. Ocrelizumab is also the only DMT indicated
in PPMS and should continue to be used in those patients.
However, in patients with advanced PPMS with bulbar
dysfunction and/or those who are wheelchair bound, the
benefits of starting ocrelizumab should be weighed against
the risk of immunosuppression in this infection vulnerable
group. Post-vaccination serology should be checked in
ocrelizumab-treated patients who receive the future SARS-
CoV-2 viral protein or inactivated vaccine to confirm the
development of protective immunity. Vaccination should
take place towards the end of the 6-month cycle, prefer-
ably 4 weeks prior to the next dose to mitigate the negative
impact on vaccination response similar to the common
practice in rituximab-treated patients [75].

5.8 Alemtuzumab

Alemtuzumab is a highly potent immunosuppressant that is
given intravenously to reduce MS relapses and lesion accu-
mulation in the brain. It was approved for RMS in 2014
after it reached the primary outcome in two randomized
double-blind, phase III clinical trials against IFN-f1-a, one
in treatment-naive patients and the other in patients who did
not respond to first-line agents [29].



Multiple Sclerosis Drugs and COVID-19

5.8.1 Mechanism of Action and Impact on the Immune
System

Alemtuzumab is a humanized MAB that targets CD52
receptors on the surface of mature lymphocytes [29]. Alem-
tuzumab causes generalized lymphopenia with a more pro-
longed effect on T cells. Because of the broad initial lym-
phopenia, the immune system may be reset at the time of
immune cell reconstitution becoming less pathogenic to the
CNS. This may eliminate the need for life-long treatment
as patients may experience sustained remission after two
or three treatment cycles. However, because of its potent
effect on immune cells and the early B-cell reconstitution
in the absence of T cells, alemtuzumab can cause several
autoimmune disorders including thyroid disease, idiopathic
thrombocytopenia, and glomerulonephritis. Alemtuzumab
also alters the innate immunity by acting on CD52-positive
macrophages and dendritic cells [85]. It can also cause neu-
tropenia and pancytopenia.

5.8.2 Infectious Side Effects

Patients treated with alemtuzumab have a higher risk of
infection. In clinical studies, infections occurred in 71%
of patients taking alemtuzumab vs 53% of patients taking
IFN-p1la [86]. These infections included nasopharyngitis
(25% vs 19%), URTIs (16% vs 13%), sinusitis (11% vs 8%),
herpetic infections (16% vs 3%), influenza (8% vs 6%), and
bronchitis (7% vs 4%). Serious infections occurred in 3% of
patients taking alemtuzumab vs 1% of patients taking IFN-
Bla. These included pneumonia and herpes zoster.

5.8.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

Because of its effect on both T and B cells as well as some
innate immune cells, alemtuzumab may impact the early
and long-term immunity against SARS-CoV-2 increasing
infection susceptibility and reinfection rates. These potential
negative effects are expected during the cell-depletion phase
especially in the first 6 months after dosing when maximum
lymphopenia is expected. Alemtuzumab can potentially
reduce the humoral and cellular responses against the future
SARS-CoV-2 viral protein or inactivated vaccine if adminis-
tered during the cell-depletion phase. It will be incompatible
with the future live-attenuated vaccine if one is developed.
Its compatibility with viral vector vaccines is unknown. The
intravenous route of administration increases the exposure
risk compared with the oral or subcutaneous/intramuscular
routes but the infusion frequency is less than that of natali-
zumab and ocrelizumab considering the limited number of
infusions needed per lifetime (five daily infusions initially,
then three daily infusions after 1 year). However, the need

for monthly blood and urine tests to monitor for autoimmune
diseases further increases the exposure risk at the medical
laboratory or from home laboratory technicians.

Two separate case reports of COVID-19 infection during
the cell-depletion phase of alemtuzumab therapy have been
described at the time of this writing [87, 88]. Both patients
received their second cycle of alemtuzumab therapy during
the peak of the pandemic and developed the infection shortly
after receiving the second cycle (1 week after treatment in
one patient and 2 months after treatment in the other). At the
time of infection, one patient had severe (grade 4) lympho-
penia while the other had moderate (grade 2) lymphopenia.
It is unclear if treatment with alemtuzumab increased the
susceptibility to SARS-CoV-2 infection in those patients
but disease severity was limited and both patients recovered
without a need for hospitalization. However, both patients
were in their 30’s with minimal neurological deficits and had
no other comorbid conditions.

Patients who are in the immune reconstitution phase
after completing two or three rounds of alemtuzumab and
returning to normal or near-normal lymphocyte counts are
likely not at increased risk for SARS-CoV-2 infection. A
recent study of ten patients mostly in the immune reconsti-
tution phase found only two patients with suspected mild
COVID-19 infection (polymerase chain reaction testing not
performed) based on symptoms and known exposure to fam-
ily members infected with COVID-19 [89]. Both patients
did well and did not require hospitalization. One additional
patient from the same study did not develop any COVID-19
symptoms despite exposure to an infected family member.
The authors of this study speculated that immune reconstitu-
tion after alemtuzumab therapy may provide partial protec-
tion against severe COVID-19 infection, albeit this concept
clearly needs further confirmation.

For risk mitigation in patients who have received one
cycle of alemtuzumab, delaying the second cycle or switch-
ing to a safer DMT should be considered especially in
patients with COVID-19 infection. The fact that most infec-
tious side effects occur closer to dose initiation during maxi-
mum lymphopenia, including the two reported COVID-19
confirmed cases, suggests that redosing alemtuzumab dur-
ing the pandemic in high-risk areas may be unsafe. This
approach has been proposed by several published expert
opinions and treatment guidelines including those published
by the Association of British Neurologists and the Italian
Society of Neurology [90, 91]. Another important factor that
supports delaying treatment in infected patients or who are at
high risk of catching the infection is the link between alem-
tuzumab and the risk of stroke and cervicocephalic arterial
dissection [92, 93]. This might augment the COVID-19-re-
lated risk of thrombosis and intracerebral hemorrhage [94]
if patients are re-dosed with alemtuzumab during infection
or if they catch the infection shortly after redosing. Staring a
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new treatment with alemtuzumab during the pandemic is not
preferred and should only be considered if extremely neces-
sary. Checking post-vaccination serology after receiving the
future SARS-CoV-2 viral protein or inactivated vaccine is
advisable in patients treated with alemtuzumab during the
cell-depletion phase. Patients taking alemtuzumab who are
in the depletion phase should follow strict social distancing
and exposure reduction measures even if local lockdown
rules have been lifted or eased down.

5.9 Cladribine

Cladribine is a potent oral immunosuppressant effective
against MS relapses and lesion accumulation in the brain. It
reached the primary outcome in a randomized, double-blind,
placebo-controlled clinical trial published in 2010 [95].

5.9.1 Mechanism of Action and Impact on the Immune
System

Cladribine is a purine nucleoside analog that inhibits DNA
synthesis and repair in highly dividing cells inducing B- and
T-cell apoptosis [96]. Its effect on T cells is less pronounced
and short lived compared to B cells. Lymphopenia occurs
during the depletion phase followed by the return of normal
lymphocyte counts over several months. Contrary to alemtu-
zumab, the effect of cladribine on the innate immune cells is
limited, although rare cases of neutropenia and pancytopenia
have been described. Lymphocyte counts are monitored reg-
ularly prior to, during, and after therapy. Similar to alemtu-
zumab, immune reconstitution and resetting may occur after
the second course eliminating the need for lifelong therapy.

5.9.2 Infectious Side Effects

In clinical studies, infections occurred in 49% of patients
taking cladribine compared with 44% in the placebo group.
There was a higher incidence of URTIs observed (38% vs
32%) [97]. In terms of serious infections, 6% of patients
taking cladribine developed a herpetic infection compared
with 2% in the placebo group. There was a higher incidence
of herpes zoster infections in patients with severe lymphope-
nia of less than 500/mm?>. Severe and fatal tuberculosis and
hepatitis B infections have occurred with cladribine.

5.9.3 Potential Relevance to the COVID-19 Pandemic
and Possible Risk Mitigation Strategies

Cladribine causes non-selective lymphopenia in the first
6 months after dosing and therefore it may reduce both
the early and long-term immunity against SARS-CoV-2,
increasing susceptibility and reinfection risks for patients
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exposed during the cell depletion phase. It can reduce both
the humoral and cellular responses to the future SARS-
CoV-2 viral protein and inactivated vaccines. It will likely
be incompatible with the live-attenuated and possibly viral
vector vaccines. It might be relatively safer compared with
alemtuzumab owing to its oral route of administration and
lesser effect on T cells [98]. Although the oral route is safer
compared with intravenous DMTs from the exposure risk
standpoint, the need for periodic laboratory monitoring still
carries a high exposure risk at the medical laboratory or with
home collection personnel.

To the time of this writing, there have not been any
confirmed cases of COVID-19 infection in patients receiv-
ing cladribine but one study found a trend towards higher
COVID-19 suggestive symptoms in patients receiving clad-
ribine compared with injectable therapies [99]. Patients in
the depletion phase should follow strict social distancing
measures even in areas where lockdown has been lifted or
ameliorated. Delaying the second course of treatment should
be considered during the pandemic especially in patients
infected with COVID-19 based on published expert opinions
and regional guidelines, although the value of this approach
has not been proven yet [66, 90, 91]. Switching to a safer
DMT should also be considered. Starting new treatment with
cladribine is not preferred during the pandemic except if
extremely necessary. As with other cell-depleting DMTs,
checking post-vaccination serology is recommended when
the future SARS-CoV-2 viral protein or inactivated vaccine
becomes available. Patients in the immune reconstitution
phase are unlikely to have increased infection-related risks.

6 Discussion and Conclusions

The global COVID-19 pandemic is expected to linger for
several months and possibly years. Early reports on the
risk of infection in patients with MS are largely reassuring
[100], and a recent retrospective study did not find a dif-
ference in DMT utilization between patients with MS with
mild COVID-19 infection and those with severe COVID-19
infection [101]. This highlights the importance of maintain-
ing and initiating DMTSs in patients with MS when indicated
during the pandemic. However, the same study and several
other reports suggest that different DMTs may be associated
with different degrees of COVID-19-related risks. Therefore,
clinical neuroimmunologists should have a basic understand-
ing of the mechanism of action of each DMT and the poten-
tial interaction with the immune response against SARS-
CoV-2 and its future vaccine. The exposure risk related
to each agent’s route and the frequency of administration
should also be considered. Infection-related risks should be
weighed against the potency of the medication.
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DMT selection and
risk mitigation
during the COVID-19

Dandlemic
[ [ 1
. . Moderate MS . .
Mild MS severity severity Highly active MS
Interferons - DMF or DRF:
GA monitor ALC, consider JCV —ve
. . holding treatment JCV Hve
Teriflunomide when <500 cells/mm3
- Fingolimod,
siponimod, ozanimod: - Natalizumab consider
— monitor ALC, asa bridgefor<2
consider holding years
treatment when <200 . - Ocrelizumab:
cells/mm3 Natalizumab: . .
) ] consider spacing out
Check serology after select infusion center infusion based on
vaccination — with hllgh infection — CD19 count
control measures, .
consider extended Con5|der_IVIG
dose intervals replacement in case of
low Iglevels
Check serology after
vaccination

Fig.1 Proposed practical approach to disease-modifying therapy
(DMT) selection and risk mitigation during the coronavirus dis-
ease 2019 (COVID-19) pandemic. —ve negative, +ve positive, ALC
absolute lymphocyte count, CD19 cluster of differentiation 19, DMF

The ideal DMT during the pandemic is one with a mod-
erate-to-high potency against MS without increasing the risk
of SARS-CoV-2 exposure and susceptibility, and without a
negative impact on the future vaccine. A potential benefit
against the virus or its associated cytokine storm phase in
infected patients is an additional factor to consider when
deciding on DMT initiation. None of the existing DMTs
fulfill all these criteria, thus a thorough discussion of the
benefits and risks of each agent should take place prior to
DMT initiation. Patient involvement in DMT selection has
been an integral part of modern MS management but the
relevance to the COVID-19 pandemic should now be part of
the discussion and the decision-making process.

Conventional injectables probably have the safest immune
profile and may need to be considered more frequently in
patients with mild MS during the pandemic. The non-
cell-depleting oral agents are likely safer than cell-deplet-
ing agents from the mechanism of action standpoint and
safer than all intravenous agents from the exposure risk
standpoint. However, they each have their own disadvan-
tages during the pandemic related to either low potency
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dimethyl fumarate, DRF diroximel fumarate, GA glatiramer acetate,
Ig immunoglobulin, /VIG intravenous immunoglobulins, JCV John
Cunningham virus, MS multiple sclerosis

(teriflunomide), idiosyncratic lymphopenia (the fumarates),
or a potential negative impact on future vaccine response
(S1P modulators). Natalizumab is a relatively safe, high-
potency DMT for patients who are JCV-IgG-negative dur-
ing the pandemic but its monthly intravenous administra-
tion carries a high exposure risk. Among the cell-depleting
DMTs, ocrelizumab is perhaps the safest but it should be
used sparingly during the pandemic given its potential nega-
tive impact on infection risk and the response to the future
SARS-CoV-2 vaccine. Cladribine may be relatively safer
than alemtuzumab given the oral route of administration, the
limited impact on innate immunity, and the relative sparing
of T cells. However, both agents may increase the potential
for infection-related risks and negatively impact the efficacy
of the future SARS-CoV-2 vaccine during the lymphocyte
depletion phase of treatment.

For patients who are currently taking DMT, continuation
of the current DMT is preferred but some risk mitigation
strategies should be considered when feasible. In high-risk
patients in whom risk mitigation strategies are not possible,
medication interruption or a switch may be needed. Table 1
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summarizes the potential relevance of each DMT to the
COVID-19 pandemic along with suggested risk mitigation
strategies. Figure 1 depicts a proposed practical approach
to DMT selection and risk mitigation during the COVID-19
pandemic.
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