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Introduction and Background
Multiple sclerosis (MS) is a chronic autoimmune disease affect-
ing the brain and spinal cord.1 It predominantly affects young 
individuals, commonly with diagnoses occurring between ages 
20 and 40.2 There is a higher incidence rate among Caucasians, 
followed by Blacks, Hispanics, and Asians to a lesser degree. 
Additionally, females are more predisposed to the disease than 
males. In the United States, the prevalence of MS is approach-
ing 1 million.3

The initial case of COVID-19 was reported in December 
2019, precipitating a swift global dissemination of the SARS-
CoV-2 virus, resulting in widespread fatalities.4 In the spring 
of 2020, the outbreak was declared a global pandemic. The 
disease was primarily categorized as a respiratory illness, lead-
ing to mild cases with upper/lower respiratory tract infec-
tions, and severe cases resulting in acute respiratory failure.5 
However, as knowledge about the disease mechanism evolved, 
it became evident that COVID-19 also affected other organ 
systems, including the cardiovascular, renal, central, and 
peripheral nervous systems, with neurologic complications 
being common.

During the early stage of the pandemic (from January 16, 
2020, to February 19, 2020), a retrospective, observational case 
series reported that approximately 36.4% of the 214 hospitalized 
patients with COVID-19 presented with neurologic manifesta-
tions.6 Demyelinating lesions in the brain, spinal cord, and optic 
nerve have been observed in case reports of SARS-CoV-2 
patients, hinting at potential involvement in neuroimmune dis-
orders like multiple sclerosis (MS).7 Patients with chronic auto-
immune neurological disorders such as multiple sclerosis are 
considered at high risk for serious complications.8,9

This review offers vital insights into the impact of COVID-
19 on multiple sclerosis (MS), providing clinicians and 
researchers with an understanding of disease severity, out-
comes, and management strategies. It illuminates the complex 
interplay between the immune system, viral invasion, and neu-
rologic complications, to help guide clinical decision-making 
and enhancing patient care in this vulnerable population. By 
focusing on the risk of MS patients contracting COVID-19, 
the effects of disease-modifying therapies, and the clinical 
course, this paper contributes an overview of new and valuable 
information in the field.
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Pathophysiology
The entry of SARS-CoV-2 into the host cell and subsequent 
disease development is highly complex. Upon viral attachment 
to the host cell, a cascade of events follows, including viral rep-
lication and systemic distribution.10 The immune response of 
the host, coordinated through the complex interaction of innate 
and adaptive immune mechanisms, plays a pivotal role in elimi-
nating the virus.

Patients with autoimmune disorders and those with com-
promised immune states are particularly vulnerable to adverse 
outcomes stemming from SARS-CoV-2 infection.11 This sus-
ceptibility arises from the alteration of their immune defense 
mechanisms, rendering them more prone to infections and less 
responsive to medications. Consequently, these individuals 
exhibit an exaggerated inflammatory response that hampers 
their ability to effectively clear the virus and mount an ade-
quate antibody response.

Pathophysiology of MS

Multiple sclerosis (MS) is an immune-mediated disease char-
acterized by inflammation, demyelination, axonal loss, and 
delayed neurodegeneration.1,12 The inflammatory response 
disrupts the blood-brain barrier, leading to the infiltration of 
immune cells, primarily triggered by T cells, and to a lesser 
degree, B cells.12 Although the exact etiology remains incon-
clusive,13 both genetic and environmental factors are thought 
to contribute to the diverse clinical presentation and rates of 
disease progression in MS patients.14

Autoimmunity is hypothesized to be triggered by an anti-
gen, possibly a virus or bacteria. The Epstein-Barr virus is 
widely believed to be involved, and CD4+ T cells are activated 
in response to the antigen by antigen-presenting cells and B 
cells. Focal inflammation results in MS plaques, marked by 
edema, demyelination, and axonal injury. Environmental fac-
tors, such as geographic patterns and vitamin D deficiency, may 
also play a role in predisposing individuals to MS.15 Clinically, 
the inflammatory response leads to disease relapse.

Pathophysiology of COVID-19

SARS-CoV-2 also triggers an inflammatory response. It is a 
positive-stranded RNA virus belonging to the coronaviridae 
family, genus beta coronavirus.10 The virus is composed of 4 
structural proteins: Spike (S), membrane (M), envelope (E), 
and nucleocapsid (N). The spike proteins (S1, S2) play a key 
role in invading host cells, utilizing the angiotensin-converting 
enzyme 2 (ACE2) receptor for entry.10

SARS-CoV-2 invasion into the CNS.  SARS-CoV-2 attaches to 
angiotensin-converting enzyme 2 (ACE2) receptors located on 
the epithelial surface, which are present not only in the respira-
tory system but also in various organs, including the central 
nervous system.16,17 ACE2 expression has been detected in 

pluripotent stem cell-derived neurons, predominantly located 
in neuronal cell bodies and to a lesser extent in dendrites and 
axons.17 SARS-CoV-2 is thought to invade the CNS via the 
olfactory epithelium, which is supported by the detection of 
ACE2 and SARS-CoV-2 RNAs in the nasal cavity of COVID-
19 patients.18 In a cross-sectional study conducted in Milan, 
Italy, 33.9% reported either having a taste or olfactory disorder 
with 18.6% experiencing both.18 SARS-CoV-2 invasion into 
the nasal epithelium through trans-synaptic spread as well as 
penetration of the blood-brain barrier may explain the preva-
lence of taste and olfactory disorders in COVID-19 patients.18

Chen et al demonstrated high levels of ACE2 expression in 
specific brain regions, such as the thalamus, choroid plexus, 
tuberomammillary bodies, raphe nuclei, and substantia nigra. 
ACE2 is highly expressed in neurons located in the posterior 
cingulate cortex and middle temporal gyrus, as well as in non-
neuron cells like oligodendrocytes, astrocytes, and endothelial 
cells to a lesser extent. Low levels were found in the hippocam-
pus and were undetectable in the prefrontal cortex.19 Other 
proposed mechanisms of entry into the CNS include direct 
spread from the respiratory tract to the brainstem via mecha-
noreceptors and chemoreceptors.17 However, more studies are 
needed to validate this.

Cytokine storm.  Following viral entry and replication within 
the host cell, COVID-19 drives a widespread inflammatory 
response, releasing inflammatory cytokines such as interleu-
kins, CXCL-10, monocyte chemoattractant protein-1, mac-
rophage inflammatory protein-1α, tumor necrosis factor, and 
interferons.10,20 Interleukins 1 and 6 are key players in driv-
ing the innate immune response’s inflammation process.20 
This excessive inflammatory response and immune cell acti-
vation are referred to as a cytokine storm. Cytokines regulate 
the immune response and mediate the inflammatory process. 
Over-amplification of the immune reaction and excessive 
pro-inflammatory cytokine release, together, result in tissue 
damage and organ dysfunction.21

Viral Influence on MS
In general, MS patients are more susceptible to infections and 
tend to utilize more infection-related healthcare resources 
compared to the general population.22 An acute infection can 
lead to worsened symptoms, causing a pseudo-flare of prior 
symptoms. The increased vulnerability to infections is attrib-
uted to factors such as the use of disease-modifying therapies 
(DMTs), disease-related disability, and underlying comorbidi-
ties that weaken the immune system. Hospitalization rates 
among MS patients are elevated, particularly in individuals 
with profound disabilities, older males, and those with lower 
socioeconomic status.23

The link between infectious etiologies, such as Epstein-Barr 
virus (EBV), and the development of MS has been explored 
with several mechanisms proposed including inflammation, 
molecular mimicry with activation of B/T cells and glial cells.24 
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A large cohort study of US military personnel was followed for 
20 years and found a 32-fold increased risk of MS among those 
infected with EBV, indicating a significant association.25 The 
high prevalence of EBV seropositivity in the general popula-
tion suggests that additional risk factors and genetic factors 
may influence the pathogenic effects of this agent in the devel-
opment of MS. Furthermore, an MS-associated virus like EBV 
might interact with SARS-CoV-2 and potentially impact MS 
progression through various mechanisms, including EBV or 
viral reactivation.26,27

Regarding COVID-19-induced MS, it has been proposed 
that the infection caused by coronaviruses may trigger the clin-
ical manifestation of MS due to the virus’s ability to invade the 
nervous system, leading to inflammation and demyelina-
tion.28,29 SARS-CoV-2 has been detected in the cerebrospinal 
fluid of patients presenting with demyelination, supporting its 
potential to affect the central nervous system.30

Recent case reports have suggested that SARS-CoV-2 
might be responsible for initiating the demyelination process in 
individuals who previously had no symptoms associated with 
nervous system disorders.31-33 Additionally, some cases have 
reported MS-onset following non-mRNA COVID-19 vacci-
nation.34-37 MRI studies in these cases revealed a mix of old 
and new lesions, as well as classical demyelinating syndromes, 
suggesting that there may have been clinically latent diseases 
before vaccination.37 These findings imply that the viral infec-
tion-induced inflammatory response might accelerate early 
mechanisms leading to the development of neurodegenerative 
processes, thereby triggering a first clinical event in individuals 
with pre-clinical MS.29,37

In contrast to the smaller, case-based investigations, a large-
scale population-based study by Zarifkar et al38 did not identify 
an increased frequency of new-onset MS between COVID-
19-positive and COVID-19-negative individuals. Specifically, 
of their COVID-19-positive population, 14 out of 43 375 indi-
viduals developed MS 12 months after their positive test. 
Additionally, it is noteworthy that the study examined a range 
of neuroimmune disorders and found no alterations in the fre-
quencies of multiple sclerosis, myasthenia gravis, or Guillain-
Barré syndrome following occurrences of COVID-19, 
influenza, or bacterial pneumonia.

Clinical Course, Risk Factors, Management, and 
DMTs
The COVID-19 Infections in MS (COViMS) registry was 
established at the beginning of the pandemic to collect data 
on COVID-19 cases in individuals with MS.40 Analysis of 
the COViMS registry data has revealed several factors asso-
ciated with a severe clinical course of COVID-19 in MS 
patients. These factors include disability, older age, cardio-
vascular comorbidities, recent corticosteroid treatment, and 
Black race.23,39,40 Other studies have corroborated similar 
trends.16

MS patients generally exhibit similar COVID-19 symp-
toms compared to the general population, and there is no evi-
dence to suggest an increased risk of contracting SARS-CoV-2 
in this group.21 However, individuals with increased disability 
from MS are at a higher risk of severe COVID-19 infection.16 
MS patients with severe cases of COVID-19 tend to experi-
ence increased hospitalization rates, admissions to the intensive 
care unit (ICU), and a higher need for ventilatory assistance.16

The COViMS registry has also provided insights into how 
SARS-CoV-2 affects individuals with other demyelinating 
disorders, such as neuromyelitis optica spectrum disorders 
(NMOSD) and myelin oligodendrocyte glycoprotein antibody 
disease (MOGAD).39 The COViMS registry revealed that 
among 82 patients who died, 74 had MS compared to 8 with 
NMOSD. Among those with MS who died, 85% were hospi-
talized, 61% were admitted to the ICU, and 51% required ven-
tilator support. For those patients using disease-modifying 
therapy, more deaths were reported for patients using the anti-
CD20 therapy.39 Interestingly, both MS and NMOSD patients 
using anti-CD20 therapy showed a higher number of reported 
deaths.39

Mortality rates of MS patients with COVID-19 were found 
to be 3.3% and 3.2% in separate studies using the COViMS 
registry and the New York COVID-19 Neuroimmunology 
Consortium (NYCNIC) registry, respectively.23,41 Additionally, 
advanced age was found to be independently associated with 
COVID-19 disease severity in MS patients, with a 77% 
increased risk of mortality and a 30% increased risk of severe 
clinical outcomes with every 10-year increase in age.

Furthermore, race and gender were also identified as predic-
tors of clinical disease course and severity. Male sex was associ-
ated with a 3-fold increased risk of mortality and a higher 
likelihood of hospitalization. Black patients with MS and 
COVID-19 did not have an increased risk of death, but they 
had a higher risk of hospitalization and over a 2-fold increased 
risk of ICU admission.23

Long-Haul

Regarding recovery and long-haul COVID-19-related symp-
toms in MS patients, individuals with prior significant disabili-
ties appear to be most affected.16 In a prospective and 
longitudinal cohort study, data from the United Kingdom 
Multiple Sclerosis Register showed that 29.7% of MS patients 
experienced prolonged symptoms lasting more than 1 month, 
and 12.4% experienced symptoms lasting more than 3 months.42 
Either new or worsened fatigue was the most common persis-
tent symptom following the acute phase.42 Other commonly 
reported symptoms were lower respiratory tract symptoms 
such as chest discomfort, cough or dyspnea, gastrointestinal 
symptoms, and ageusia/anosmia.42 Prolonged symptoms were 
more prevalent among women and those who likely suffered 
from anxiety and or depression.42
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Clinical management

In terms of clinical management, beyond providing necessary 
supportive care, it is imperative to address the mental well-
being of patients, promote increased physical activity, and 
ensure proper nutrition. The early implementation of social 
distancing measures and lockdowns during the COVID-19 
pandemic has led to heightened susceptibility to depression 
and anxiety among individuals with MS.43

Vitamin D deficiency has been identified as a potential pre-
disposing factor for the development of MS.43 It plays a role in 
the modulation of the immune system by regulating cytokine 
release and the functioning of lymphocytes. Notably, insuffi-
cient levels of vitamin D have been linked to unfavorable out-
comes in MS, with associations detected during relapses as 
well. Studies have indicated a positive therapeutic effect of 
vitamin D supplementation in the context of COVID-19.43 
This supplementation has demonstrated a capacity to mitigate 
the severity of COVID-19, yielding lower rates of ICU admis-
sions and improved survival rates.43 Given these findings, a 
strong recommendation for vitamin D supplementation is war-
ranted among individuals with MS. Particular attention is mer-
ited for those affected by COVID-19, emphasizing adequate 
supplementation as required.

Regarding prophylactic measures, the initial promise of 
tixagevimab-cilgavimab necessitated investigation.44 A com-
prehensive meta-analysis involving 6 studies, focusing on 
organ transplant recipients and those in states of immuno-
compromise, unveiled the dual efficacy of tixagevimab-cil-
gavimab. This therapy exhibited a marked reduction in the 
risk of SARS-CoV-2 infection, accompanied by noteworthy 
reductions in both hospitalization rates and disease severity.45 
Additionally, tixagevimab-cilgavimab was shown to enhance 
antibody production in individuals undergoing therapies, 
leading to B cell depletion.46 However, recent data underscores 
its inefficacy against newer COVID-19 variants. As a result, 
the U.S. Food and Drug Administration has withdrawn sup-
port for the use of tixagevimab-cilgavimab, effective as of 
January 26, 2023.44

Effects of disease-modifying therapy (DMT) and 
COVID-19

Approximately 70% of MS patients are on some form of dis-
ease-modifying therapy either with an immunomodulator or 
immunosuppressant.43 In general, MS patients on disease-
modifying therapies do not appear to be at an increased risk of 
contracting COVID-19. Some DMTs such as glatiramer ace-
tate and interferons are believed to have some protection 
against SARS-COV2.46,47 Both medications are believed to be 
effective in lowering the risk of COVID-19 by modulating the 
immune response from Th1 to Th2, resulting in an anti-
inflammatory response.43 Teriflunomide is also thought to 
have a protective effect by suppressing viral replication through 

its inhibitory effects on dihydroorotate dehydrogenase and 
pyrimidine synthesis.43 The majority of reported cases of 
patients using Teriflunomide exhibit mild symptoms. Studies 
conducted on DMTs with dimethyl fumarate, natalizumab, 
and fingolimod, show low rates of disease severity or complica-
tions.43 However, this does not hold for those on medications 
targeting CD20, such as Ocrelizumab and Rituximab.16 A 
recent study demonstrated that patients with MS treated with 
anti-CD20 medications had an increased risk of COVID-19 
infection compared to other DMTs such as interferons and 
glatiramer acetate.47

B-cells play a crucial role in humoral immunity and antigen 
presentation, stimulating T cells to produce cytokines and anti-
bodies. Medications that target B cells, such as Ocrelizumab 
and Rituximab, were associated with increased rates of hospital 
admissions, including ICU admissions and mechanical ventila-
tor use, compared to other DMTs.16 Interestingly, in terms of 
disease severity and outcomes, patients on Rituximab had 
poorer outcomes compared to those on Ocrelizumab.16

Post-administration of COVID-19 vaccines, individuals 
diagnosed with multiple sclerosis (MS) undergoing treatment 
with ocrelizumab may exhibit a deficiency in antibody-medi-
ated immunity. However, they demonstrate a sustained level 
of T-cell immunity analogous to that observed in the general 
population.48 Notably, T-cell immunity has been established 
as a crucial defense mechanism against COVID-19 infection. 
It has been suggested that Rituximab has a stronger impact 
on the immune system compared to Ocrelizumab, and this 
difference appears to be based on dosage.49 There are case 
reports of MS patients on Ocrelizumab without serious com-
plications.50,51 Simpson-Yap et al52 demonstrated in an inter-
national clinician-reported study that Rituximab had the 
highest association with disease severity compared to other 
DMTs, including Ocrelizumab. This is likely due to its 
stronger affinity to the CD20 binding site. Anti-CD20 
DMTs, as a group, were associated with higher risks of hospi-
talization and ICU admission, with the risk being higher with 
Rituximab.

A Swedish MS registry study also found similar findings. 
Among the 164 confirmed COVID-19 cases reviewed, 56.2% 
were on Rituximab, 13% on Natalizumab, 9.3% on Dimethyl 
fumarate, and 3.4% on Interferon beta and Fingolimod.53 
Rituximab had higher rates of hospitalization, whereas 
Natalizumab showed a statistically significant reduction in the 
odds of hospitalization compared to Rituximab. Glatiramer, 
Fingolimod, and Cladribine, when pooled together, were asso-
ciated with a 76% reduction in the odds of hospitalization. 
Fingolimod and Alemtuzumab were not associated with hos-
pitalization. Each additional year of Rituximab therapy 
increased the odds of hospitalization. Ocrelizumab constituted 
only 1.7% of the cases, but when anti-CD20 therapies were 
combined, they were associated with a 3-fold increased odds of 
hospitalization.
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On the other hand, Longinetti et al reported an increased 
risk of hospitalization for MS patients on Rituximab in another 
Swedish registry, but the risk of poor COVID-19 outcomes 
was small and insignificant after adjusting for confounders like 
socioeconomic status, comorbidities, and MS severity. The risk 
of hospitalization also diminished when adjusted with the use 
of Dimethyl fumarate or Fingolimod as reference.54 These 
findings might be due to a lack of power and the lower medica-
tion dosage used in Sweden.

Regarding other DMTs such as Alemtuzumab and Clad
ribine, a study by Dalla Costa et al utilized data from the 
European registry “Remote Assessment of Disease and Relapse 
in Central Nervous System Disorders” (RADAR-CNS) and 
found that MS patients had a higher likelihood of contracting 
COVID-19 using these medications compared to injectables. 
In general, both Cladribine and Alemtuzumab are associated 
with mild infections.43,55

Several studies have highlighted an elevated susceptibility to 
COVID-19 infection among multiple sclerosis (MS) patients 
undergoing disease-modifying therapy. However, a noteworthy 
study by Cross et al, utilizing the phase 3 ALITHIOS database, 
revealed a contrasting trend. They observed a diminished risk of 
COVID-19 infection among patients diagnosed with relapsing 
multiple sclerosis (RMS) and undergoing treatment with 
Ofatumumab, a B-cell-depleting therapy.56 Furthermore, indi-
viduals administered Ofatumumab who contracted COVID-19 
typically manifested mild symptoms and demonstrated a favora-
ble recovery trajectory.56

Given that DMTs reduce the chances of developing new 
symptoms, it is recommended to withhold DMTs for 4 weeks 
in MS patients with severe COVID-19 infection. However, 
caution is advised for those on Sphingosine-1-phosphate (S1P) 
therapy and Natalizumab.16,57

Vaccines
Vaccines are designed to elicit an immune response, but they 
also carry a risk of immunological adverse events.58 Previous 
studies on various vaccines, such as influenza, Hepatitis A or B, 
HPV, MMR, and DTaP, have shown a rare risk of demyelina-
tion after vaccination.59,60 COVID-19 vaccines were first 
authorized for emergency use in December 2020 and are based 
on mRNA coding for the spike protein (BNT-162b2, mRNA-
1273), recombinant protein (Novavax), or a viral vector ( J&J).61 
The most common side effects reported with COVID-19 vac-
cines include flu-like symptoms and injection site reactions.62 
However, there have been cases of symptoms affecting the cen-
tral nervous system.63

Patients with multiple sclerosis represent a unique popula-
tion due to the relapsing-remitting course of their disease and 
the likelihood of being on a DMT. A systematic review of case 
reports and case series found 32 occurrences of CNS demyeli-
nation following vaccination against SARS-CoV-2, with the 
majority of cases occurring after the initial vaccine dose.64 The 

demyelinating syndromes were more commonly seen with the 
mRNA vaccine, and the most common presentations were an 
MS-like pattern or transverse myelitis.64 These MS-like events 
encompassed both new-onset and relapse of symptoms. 
Importantly, over half of the cases had a documented history of 
immune-mediated disease, and 11 of these diseases affected 
the CNS. One study identified risk factors associated with 
vaccine-induced MS, including the use of an mRNA vaccine, 
low serum vitamin D, positive EBNA1-IgG, and a family his-
tory of MS.65 A meta-analysis of approximately 15 000 patients 
with MS who were vaccinated against SARS-CoV-2 found a 
low prevalence of relapse at 1.9%, signifying a low risk of 
adverse events among patients with MS.66 Despite the possi-
bility of disease relapse after vaccination, patients with MS 
demonstrated a high willingness to be vaccinated, as the bene-
fits of vaccination outweigh the potential risks of complica-
tions from infection.67

The effectiveness of the vaccine in patients with MS while 
on immunomodulatory medication is also a topic of concern. 
A systematic review found that the ability of the vaccine to 
induce a humoral response in patients with MS was signifi-
cantly decreased when they were taking a sphingosine-1 
phosphate modulator or CD-20 monoclonal antibodies 
compared to other therapies.68 Sphingosine-1 phosphate 
modulators, such as fingolimod, reduce the number of circu-
lating lymphocytes by interfering with trafficking out of the 
lymph nodes, while CD-20 monoclonal antibodies, such as 
rituximab, deplete CD-20 positive B cells, blunting the 
immune system’s ability to produce immunoglobulins.43 In 
this study, mRNA vaccines were more effective in producing 
an immune response in patients with MS. The timing of 
anti-CD20 treatment to vaccination is crucial, as those who 
received anti-CD20 therapy within 6 months of their vacci-
nation showed a decreased immunological response.69 A 
third dose of the COVID-19 vaccine is safe and beneficial, 
especially for patients with MS on anti-CD20 therapy, pro-
viding more benefit compared to those on fingolimod, a 
sphingosine-1 phosphate modulator.70,71 A case series sup-
ported these findings, demonstrating that MS patients on 
anti-CD20 therapy had a higher incidence of COVID-19 
after only 2 vaccine doses compared to those on fingoli-
mod.71 Therefore, those on anti-CD20 therapy should be 
considered for revaccination.

Conclusion
COVID-19 has had a significant impact on the field of medi-
cine and has also affected the management of certain neuro-
logical disorders, including multiple sclerosis (MS). In the early 
phases of the pandemic, there was a lack of understanding 
regarding how COVID-19 would affect MS patients. Given 
the comorbidities and immunosuppressed state of many MS 
patients, there was concern about an increased risk of hospitali-
zation, disease severity, and mortality.
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However, with the development of vaccines, prophylactic 
therapies, antivirals, and the implementation of social distanc-
ing measures, there has been a notable reduction in hospitaliza-
tion rates, disease severity, and mortality associated with 
COVID-19. Despite this progress, certain special populations, 
such as those on therapy with anti-CD20, older age, and those 
with existing MS severity or disability, remain at higher risk.

Ongoing research and data collection are essential, espe-
cially with the presence of new mutations of SARS-CoV-2. 
Despite the uncertainties, the data presented throughout vari-
ous studies during the pandemic indicate that continued care 
for MS patients can be safely provided without feared compli-
cations. Continued surveillance of individuals with MS and 
their encounters with the SARS-CoV-2 virus remains crucial, 
as it could offer valuable insights for customizing treatments 
against future viruses and enhancing our understanding of how 
viruses affect MS patients. This knowledge has the potential to 
illuminate disease mechanisms, thereby opening avenues for 
innovative therapeutic strategies to address this condition.
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