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Background: Managing multiple sclerosis (MS) during the novel coronavirus disease 2019 (COVID-19) 
pandemic is a challenge due to the lack of evidence from clinical studies. Disease-modifying therapies 
(DMTs) may affect the immune response and subsequently alter the risk of COVID-19 infections.

Methods: A literature search was conducted on the MEDLINE, Embase, and Cochrane databases. 
A focused Google search was also performed. Recommendations regarding the use of DMTs during 
the COVID-19 outbreak from national and international MS/neurology societies were identified and 
reviewed.

Results: The review included 16 recommendations from international and national MS organizations. 
All recommendations are based on expert opinions. The recommendations regarding DMT initiation 
and management during this outbreak are summarized. Moreover, the experts’ views about the risk of 
COVID-19 infection with each DMT are discussed.

Conclusions: There is significant agreement among most experts’ recommendations from a variety of 
sources based on collective clinical experience. However, the recommendations will likely evolve because 
sufficient clinical data are limited. Several ongoing registries will help provide information for future rec-
ommendations. Int J MS Care. 2020;22:151-157.

The novel coronavirus disease 2019 (COVID-
19) is a current global challenge. In December 
2019, clusters of patients with pneumonia of 

unknown etiology were reported in Wuhan, Hubei 
Province, China. By analyzing samples from the 
patients, a novel Betacoronavirus was discovered by the 
China Novel Coronavirus Investigating and Research 

Team.1 Subsequently, the novel coronavirus became an 
outbreak in many regions across the globe. On March 
11, 2020, the World Health Organization declared the 
COVID-19 outbreak a global pandemic.2

Multiple sclerosis (MS) is the most prevalent chronic 
immune-mediated disorder of the central nervous sys-
tem, affecting more than 2 million people worldwide.3 
In the past few decades, several disease-modifying thera-
pies (DMTs) with variable mechanisms of action were 
developed for the treatment of MS. The resultant modu-
lation and suppression of the immune system by these 
DMTs may alter the risk of infection in patients with 
MS. Currently, there is no consensus guiding clinicians 
to manage DMTs during this pandemic.

This article includes a narrative review of the interna-
tional and national recommendations regarding DMT 
management during the COVID-19 pandemic. Fur-
thermore, this review discusses the immunopathogenesis 
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based on expert opinions. The summary of the recom-
mendations is shown in Table 1.

Starting DMTs
The NMSS recommends starting a DMT in patients 

with a recent diagnosis of MS. Both MS providers and 
patients with MS should discuss the risk of infection, 
including COVID-19, weighing against MS activity, 
age, other medical conditions, and other potential fac-
tors that could affect DMT.19 The risk of COVID-19 
in the specific region should be taken into consideration 
when choosing a DMT.4,6

The DMTs not associated with significant lymphope-
nias, such as interferons, glatiramer acetate, and natali-
zumab, are the preferred choices.4,6,7 The NMSS warned 
to consider specific risks and benefits before starting 
natalizumab and fingolimod because they potentially 
lead to an increase in disability after discontinuation.19 
During the pandemic, the MSIF and the EMSP recom-
mend careful consideration before starting terifluno-
mide, dimethyl fumarate, fingolimod, and siponimod.4,6 
The ABN considers teriflunomide and dimethyl fuma-
rate to be safe options to start as well.14 The MSS-UK 
recommends considering alternative DMTs in patients 
who plan to start fingolimod.15

of coronavirus and the effects of DMTs on the immune 
system.

Methods
Literature Search Strategy

Two of us (S.T. and M.A.) independently searched for 
publication articles indexed in the MEDLINE, Embase, and 
Cochrane databases from inception to April 14, 2020. A 
focused Google search was also completed on the same day. 
The search strategy included the various terms for MS and 
coronavirus. The search strategy is available in Table S1, which 
is published in the online version of this article at ijmsc.org. 
The reference lists of the included articles and the relevant 
links were also manually reviewed for additional eligible arti-
cles. Non–English language articles were reviewed by a physi-
cian who is a native speaker of or an expert in that language.

Selection Criteria and Data Extraction
The inclusion criteria for the narrative review included 

the recommendations regarding the use of DMTs during the 
COVID-19 outbreak from national and international MS/
neurology societies. Data extraction was independently per-
formed by two of us (S.T. and M.A.). A standardized data 
collection form was used to extract the following information: 
the names of MS societies, recommendations for starting 
and managing DMTs during the COVID-19 outbreak, risk 
of COVID-19 infection of each DMT, and management of 
DMTs in patients with active COVID-19. Any discrepancies 
found in the data record forms were resolved by referring to 
the original articles.

Results
The literature review process is shown in Figure S1. 

The review included 16 recommendations from inter-
national and national MS organizations, including the 
Multiple Sclerosis International Federation (MSIF),4 the 
European Academy of Neurology (EAN),5 the European 
Multiple Sclerosis Platform (EMSP),6 Multiple Sclerosis 
Australia (MSA),7 the Francophone Society of Mul-
tiple Sclerosis (SFSEP),8 the Multiple Sclerosis Society 
of Ireland (MSS-Ireland),9 the Italian Multiple Sclerosis 
Association (AISM),10 the Multiple Sclerosis Society of 
New Zealand (MSNZ),11 Multiple Sclerosis Spain,12 the 
Swiss Multiple Sclerosis Society (Swiss MSS),13 the Asso-
ciation of British Neurologists (ABN),14 the Multiple 
Sclerosis Society of the United Kingdom (MSS-UK),15 
and the National Multiple Sclerosis Society (NMSS) of 
the United States. The MSIF and EMSP recommenda-
tions are the same. Several national societies, including 
the Brazilian Multiple Sclerosis Association,16 The Japa-
nese Society of Neuroimmunology,17 and Stichting MS 
Research,18 have translated the MSIF recommendations 
into their respective languages. All recommendations are 

Table 1. Summary of recommendations regarding 
use of disease-modifying therapies during  
COVID-19 outbreak
Clinical 
situation Summary of recommendations

Newly 
diagnosed as 
having MS

•	Start DMT after discussing individual risks and 
benefits,19 preferably interferons, glatiramer 
acetate, and natalizumab4,6,7

•	Avoid or delay starting cell-depleting DMTs 
such as alemtuzumab, anti-CD20 monoclonal 
antibodies, and cladribine4-6,14

•	Ocrelizumab may be considered in patients 
requiring high-efficacy therapy who are 
contraindicated to natalizumab14

•	Expert opinions regarding teriflunomide and 
dimethyl fumarate are different6,14,15,19

Currently taking 
a DMT

•	Discuss individual risks and benefits of DMTs
•	Continue current DMT4-11,13-15,19

•	Consider extended-interval dosing for cell-
depleting therapies and natalizumab4-10,13-15

Has active 
COVID-19 
infection

•	Discuss individual risks and benefits
•	Hold all injectable and oral DMTs, as well as 

delay cell-depleting DMTs5,10,14

•	May consider continuing interferon because of 
potential antiviral effect10

Abbreviations: COVID-19, coronavirus disease 2019; DMT, disease-
modifying therapy; MS, multiple sclerosis.
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COVID-19 infection. Interferons,7,13-15,19 glatiramer 
acetate,7,9,13,15,19 and natalizumab9,13,19 are not considered 
to significantly elevate the risk. There is a significant 
concern of increased COVID-19 infection risk with 
alemtuzumab, anti-CD20 monoclonal antibodies, and 
cladribine.9,13-15,19 Some concerns are raised with fingo-
limod5,9,13-15,19 and siponimod5,15,19 as well. Although the 
MSS-UK and MSS-Ireland do not consider an increased 
risk in patients with teriflunomide and dimethyl fuma-
rate, the NMSS and the Swiss MSS have a concern that 
these DMTs may elevate the risk. The expert opinions 
regarding the risk of COVID-19 infection and DMTs 
are summarized in Table 2.

Management of DMTs During Active COVID-19 
Infection

The EAN, AISM, and ABN recommend holding all 
injectable and oral DMTs and delaying cell-depleting 
DMTs.5,10,14 However, physicians may consider continu-
ing interferon because of the potential antiviral effect.10 
For patients taking fingolimod and natalizumab, there 
is a concern about rebound disease activity after discon-
tinuation. Physicians must individualize the treatment 
plans based on the clinical situation.

Hematopoietic Stem Cell Therapy
Hematopoietic stem cell therapy includes intense 

chemotherapy; therefore, it severely impairs the immune 
response for an extended interval. All experts recom-

Cell-depleting DMTs, including alemtuzumab, 
anti-CD20 monoclonal antibodies, and cladribine, are 
not considered favorable options given the prolonged 
effect on lymphopenia.4,6 The EAN advises considering 
delayed initiation of these DMTs until the peak of the 
pandemic is over in the region, except when the ben-
efit of therapy outweighs the risk of severe COVID-19 
infection.5 According to the ABN recommendation, 
alemtuzumab and cladribine should not be started dur-
ing the pandemic. Although the persistently higher risk 
of infection is anticipated during the virus outbreak, 
ocrelizumab may be an option if a high-efficacy DMT is 
indicated and a patient is not eligible for natalizumab.14

Continuation of DMTs
All patients with MS without an active infection 

should continue with their current DMT, especially 
interferons, glatiramer acetate, teriflunomide, dimethyl 
fumarate, fingolimod, and natalizumab.4-11,13-15,19 
Although the ABN considers natalizumab to be a safe 
option, considering extended-interval dosing may be 
appropriate.14 Most of the MS organizations recom-
mend considering delaying dosing for cell-depleting 
therapies based on individual risk of relapse and infec-
tion.4-10,13-15 For infusion therapies, the EAN advises 
considering infusion at home rather than at an infu-
sion center depending on the regional COVID-19 
incidence.5 In addition, the EAN, MSA, and MSNZ 
recommend continuing intermittent immunotherapies 
(ie, plasma exchange and intravenous immunoglobulin) 
with an appropriate preventive measure of COVID-19 
infection.5,7,11

The MSNZ advises keeping blood monitoring for 
DMTs up to date in patients taking teriflunomide, 
dimethyl fumarate, fingolimod, siponimod, or natali-
zumab. If lymphopenia occurs, frequent monitoring 
may be needed.11 Because of increasing pressures on 
health care services and the elevated risk of infection 
in patients visiting clinics or hospitals, blood monitor-
ing may need to be abbreviated in some situations. 
The ABN proposed minimal blood monitoring during 
this outbreak. However, patients must remain vigilant 
to recognize signs or symptoms of adverse events to 
medications.14

Risk of COVID-19 Infection in Patients on DMT
Currently there is no clinical study to determine 

the risk of coronavirus infection in patients with MS. 
The NMSS, MSS-UK, ABN, MSS-Ireland, and Swiss 
MSS have provided opinions regarding the risk of 

Table 2. Expert opinions regarding risk of  
COVID-19 infection in patients receiving disease-
modifying therapies

Drug
MSS-

Ireland
Swiss 
MSS ABN MSS-UK NMSS

Interferons ↔ ↔ ↔ ↔ ↔
Glatiramer acetate ↔ ↔ ↔ ↔ ↔
Teriflunomide ↔ ↑ ↔ ↔ ↑
Dimethyl fumarate ↔ ↑ ↔ ↔ ↑
Fingolimod ↑ ↑ ↑ ↑ ↑
Siponimod NA NA NA ↑ ↑
Natalizumab ↔ ↔ NA NA ↔
Ocrelizumab ↑ ↑ ↑ ↑ ↑
Rituximab ↑ NA NA ↑ ↑
Alemtuzumab ↑ ↑ ↑ ↑ ↑
Cladribine ↑ ↑ ↑ ↑ ↑

Abbreviations and definitions: ↔, not significantly increased; ↑, 
may increase; ABN, Association of British Neurologists; COVID-19, 
coronavirus disease 2019; MSS-Ireland, Multiple Sclerosis Society of 
Ireland; MSS-UK, Multiple Sclerosis Society of the United Kingdom; 
NA, not available; NMSS, National Multiple Sclerosis Society 
(United States); Swiss MSS, Swiss Multiple Sclerosis Society.
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beta (IFNβ) response, which is an essential response to 
viral infection.28 A study from 128 SARS-CoV convales-
cent samples demonstrated the importance of adaptive 
immunity, especially CD8+ T-cell response. Moreover, 
most of the SARS-CoV convalescent possessed a strong 
neutralizing antibody produced by B cells.29

Generally, DMTs for MS involve some form of 
immunomodulation, immune cell sequestration, or 
immunosuppression. Therefore, DMTs may alter the 
risk of COVID-19 infection and the disease course dur-
ing this pandemic. Several DMTs, especially cell-deplet-
ing DMTs, can cause lymphopenia, which is associated 
with adverse outcomes in COVID-19 infection.24

As the oldest MS DMT, IFNβ now exists in several 
formulations, including IFNβ-1a, IFNβ-1b, and PEG-
IFNβ-1a; IFNβ is believed to downregulate proinflam-
matory cytokine production as well as decrease T-cell 
activation and migration.30 Although lymphopenia is 
common, the events are mild and transient.31 Data from 
clinical trials and more than 20 years of real-life experi-
ence have not revealed an increased prevalence of specific 
infections except for local infection at the injection site.30 
In a physiologic state, IFNα and IFNβ signaling path-
ways play a role in the defense against viral infection. 
Moreover, an in vitro study demonstrated a capacity of 
cytopathic effect inhibition of IFNβ-1b in SARS-CoV–
infected cells.32 Experts’ opinions from all national MS 
and neurology societies indicate a belief that interferons 
will not increase the risk of COVID-19 infection.9,13-15,19 
Furthermore, IFNβ, combined with lopinavir/ritonavir 
and ribavirin, is currently in a clinical trial for the treat-
ment of COVID-19 (www.clinicaltrials.gov; identifier: 
NCT04276688).

The proposed mechanism of glatiramer acetate is pro-
moting the development of regulatory T-helper 2 cells, 
which decrease the inflammatory response.33 Leukope-
nia is uncommon in patients with glatiramer acetate. 
When it occurs, it is generally mild.34 Not surprisingly, 
current expert opinions agree that glatiramer acetate 
should not significantly elevate the risk of COVID-19 
infection.9,13,15,19

Teriflunomide is an oral DMT. The proposed 
mechanism of action is selective and reversible inhibi-
tion of dihydroorotate dehydrogenase, a key enzyme in 
the de novo pyrimidine synthesis. Therefore, it leads 
to a reduction in the proliferation of activated T and B 
lymphocytes without causing cell death.35 In a phase 3 
randomized controlled trial, reversible neutropenia and 

mend considering postponing the procedure.4,6,7,9,14,15 
Furthermore, the patients who underwent recent hema-
topoietic stem cell therapy should extend the isolation 
period.4,6,7

Discussion
Currently there are no data from observational studies 

or clinical trials guiding health care providers to manage 
DMTs for MS during the current COVID-19 pandem-
ic. All recommendations from international and national 
MS societies are based on expert opinions. There was no 
major disagreement among experts’ views. However, the 
recommendations from each organization may change 
as the situation evolves. We encourage practitioners to 
visit the websites provided in Table S2 for the latest 
information.

It is also important to understand the effect of 
COVID-19 on the immune system to understand 
these latest recommendations. There are currently 
seven known strains of coronavirus that infect humans 
(HCoVs): 229E, OC43, HKU1, and NL63 are com-
munity-acquired strains and cause the common cold, 
whereas the 2003 severe acute respiratory syndrome 
CoV (SARS-CoV) and the 2012 Middle East respira-
tory syndrome CoV (MERS-CoV) caused severe respira-
tory illnesses.20-22 The newest HCoV, SARS-CoV-2 (also 
known as 2019nCoV, and previously named Wuhan 
coronavirus), is the cause of the current COVID-19 
pandemic.

In most cases of COVID-19 infection, the indi-
viduals developed lymphopenia.23 Severe cases requir-
ing intensive care unit admittance had high levels of 
proinflammatory cytokines, such as interleukins 2, 7, 
and 10, as well as granulocyte colony-stimulating factor 
and tumor necrosis factor alpha.23 A recent cohort has 
shown that neutrophilia, lymphopenia, and decreased 
CD3 and CD4 counts are associated with higher risks of 
the development of acute respiratory distress syndrome 
(ARDS).24

Further pathogenesis has been challenging to deter-
mine because of the novelty of this virus; however, 
SARS-CoV-2 is from the same lineage as SARS-CoV 
and shares 82% of its genetic material, and, indeed, the 
pathogenesis is quite similar between the two viruses.25,26 
It is, therefore, fair to deduce further information about 
SARS-CoV-2 based on what we know from SARS-CoV. 
It is known that SARS-CoV has at least seven interferon 
antagonists.27 In an animal study, rapid SARS-CoV rep-
lication induced a delayed interferon alfa and interferon 
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COVID-19 infection (www.clinicaltrials.gov; identifier: 
NCT04280588).

Natalizumab reduced the migration of leukocytes 
from the blood to the central nervous system by disrupt-
ing the interaction between α4 integrins and vascular 
cell adhesion molecule 1. As a result, circulating T and 
B lymphocyte levels are increased.44 In a phase 3 clinical 
trial, the overall incidence of infection was not differ-
ent between the treatment and placebo groups. Serious 
infections, including severe pneumonia and urosepsis, 
were reported in 3.2% of patients taking natalizumab 
and 2.6% taking placebo.45 However, experts agree that 
natalizumab should not significantly increase the risk of 
COVID-19 infection.9,13,19 Furthermore, the ABN views 
natalizumab as a safe option for high-efficacy therapy 
during the COVID-19 pandemic.14

Ocrelizumab and rituximab are monoclonal antibod-
ies that deplete CD20+ B lymphocytes. Ocrelizumab has 
been approved by the US Food and Drug Administra-
tion for both relapsing-remitting and primary progres-
sive MS. On the other hand, rituximab is currently 
used off-label in various immune-mediated neurologic 
disorders, including MS. The median time to B-lym-
phocyte replenishment for ocrelizumab is 72 weeks.46 
In rituximab, B-lymphocyte repopulation has consider-
able intraindividual variation, with the lowest and aver-
age intervals being 3.6 and 8.3 months, respectively.47 
Because of the prolonged B-lymphocyte depletion, all 
expert panels are concerned about the increased risk 
of infection with both ocrelizumab9,13-15,19 and ritux-
imab15,19 during this outbreak.

Alemtuzumab depletes circulating CD52+ lympho-
cytes and has reprogramming effects on tolerogenic 
networks of the immune system. CD8+ T-lymphocyte 
and B-lymphocyte restorations take approximately 3 
and 6 months, respectively. Repopulation of CD4+ may 
take up to 1 to 2 years.48 A pooled analysis of 6-year data 
from three randomized trials showed that the overall 
infection risk with alemtuzumab decreases over time. 
However, lymphocyte count after alemtuzumab cannot 
predict the risk.49 Similar to B-cell–depleting therapies, 
experts agree that alemtuzumab is concerning regard-
ing increased risk of COVID-19 infection because of its 
immunosuppressive effect during the first months after 
infusion.9,13-15,19

Cladribine is a deoxyadenosine analogue prodrug. 
After it is taken up by cells, it is phosphorylated to an 
active form, which causes DNA strand breakage, lead-

lymphopenia were observed in the teriflunomide group, 
and all patients are asymptomatic. There was no signifi-
cant difference in the incidence of respiratory tract infec-
tion between the treatment and placebo groups.36 How-
ever, some minor differences exist among some experts’ 
opinions in the field regarding the risk of COVID-19 
infection in patients taking teriflunomide.9,13,15,19

The precise mechanism of action of dimethyl fuma-
rate is unclear. It is believed to activate nuclear factor 
erythroid-derived 2–related factor 2, a transcription fac-
tor. Dimethyl fumarate decreases absolute lymphocyte 
counts and alters the proportion of lymphocyte subsets 
toward an anti-inflammatory state. Reduction of CD8+ 
T lymphocytes was more marked than that of other 
lymphocyte subsets in patients with MS treated with 
dimethyl fumarate.37 An integrated analysis of phase 
2b/3/long-term extension studies showed that the mean 
total lymphocyte count decreased by 30% during the 
first year of dimethyl fumarate therapy and subsequently 
stabilized.38 However, the incidences of infection in the 
treatment and placebo groups were not significantly dif-
ferent, even when stratified by total lymphocyte counts 
or T-cell subset frequency.37,39 Similar to teriflunomide, 
only minor differences exist between experts regard-
ing the risk of COVID-19 infection in patients taking 
dimethyl fumarate.9,13,15,19

Fingolimod and siponimod bind to sphingosine-1 
phosphate receptors on T cells, preventing lymphocyte 
egression from the lymph nodes into the circulation and 
leading to sequestration of T cells in lymph nodes. After 
1 month of fingolimod therapy, circulating lymphocyte 
counts were reduced significantly.40 A subsequent study 
demonstrated the redistribution of lymphocyte sub-
sets: increased natural killer cells and decreased CD4+ 
T lymphocytes.41 An integrated analysis of long-term 
data from phase 2/3 studies did not show a significant 
difference in the incidences of infections between the 
fingolimod and placebo groups.42 In a phase 3 study, 1% 
of patients treated with siponimod developed lymphope-
nia. The adverse events related to infection were similar 
in the siponimod and placebo groups except for herpes 
zoster reactivation (2% in siponimod, 1% in placebo).43 
However, experts from national MS societies have raised 
concern that fingolimod9,13-15,19 and siponimod15,19 
may elevate the risk of COVID-19 infection. On the 
other hand, there is an ongoing phase 2 clinical trial 
evaluating fingolimod for the prevention of ARDS in 
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lymphopenia, and a recent cohort study showed that 
lymphopenia is a risk factor for ARDS in COVID-19 
infection. Understanding the immunopathogenesis of 
coronavirus infection, as well as the DMTs’ mechanisms 
of action and their effects on the immune system, will 
assist in clinical decision making. Data from the current 
ongoing registries will provide evidence for future rec-
ommendations. o
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PRACTICE POINTS
•	There are no clinical trials or observational 
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