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Abstract

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), leading to Coronavirus disease 2019 (COVID-
19), is not always confined to the respiratory tract, while patients with can develop neurological manifestations. The patients with
multiple sclerosis (MS) pose challenges in this pandemic situation, because of the immunosuppressive medications they get and
the fact that viral infections may contribute to MS exacerbation and relapses as an environmental factor in genetically predisposed
individuals. Herein, possible consequences of COVID-19 which may carry for the MS patients and the underlying mechanisms

of its impact are discussed.
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Introduction

In December 2019, an outbreak of respiratory disease due to a
novel coronavirus (CoV), named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), occurred first in
Wuhan, China; and then rapidly spread globally. The World
Health Organization (WHO) named this disease coronavirus
disease 2019 (COVID-19) [1-5]. In addition to the respiratory
tract symptoms, COVID-19 patients can develop neurological
symptoms, including dizziness, headache, impaired con-
sciousness, acute cerebrovascular disease, encephalopathy,
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ataxia, seizure, peripheral nervous system involvement (taste,
smell, and vision impairment such as optic neuritis, and
Guillain-Barré syndrome), and nerve pain [6—14]. Also, based
on autopsy studies, the presence of brain tissue edema and
partial neuronal degeneration was confirmed in these patients
[15].

One of the neurological involvements of CoVs that has
been reported is their implication in chronic
neuroinflammatory diseases, including multiple sclerosis
(MS) [16-19]. In this study, we aimed to review the research
into the impacts of COVID-19 on MS.

MS in COVID-19

Multiple sclerosis (MS) is a chronic immune-mediated and
neurodegenerative disorder that can be developed by both
genetic and environmental factors [20]. The major symptoms
are sensory, visual, and motor impairments, fatigue, pain, and
cognitive deficits [21]. The presence of sclerotic plaque is the
hallmark of this demyelinating disease, which indicates the
final stage of a process including the inflammation, demyelin-
ation and remyelination, oligodendrocyte depletion and
astrocytosis, and neuronal and axon degeneration [21, 22].
The pathology of this disease starts with increased migra-
tion of autoreactive lymphocytes across the blood-brain barri-
er. Regulatory defects allow these cells to transit from physi-
ological states to a pathological cascade and set up an immune
response within the brain. Regulatory lymphocytes in MS
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patients fail to suppress effector cells [21, 23]. This local fail-
ure in regulatory mechanism in the brain leads to the inflam-
mation in particular sites due to the accumulation of
perivascular CD8+ cells and constructing plaques around the
lateral ventricles and corpus callosum, in the cortex and sub-
cortical white matter, the optic nerves and brainstem, and the
spinal cord [21]. With the accumulation of T and B lympho-
cytes, plasma cells, and macrophages, pro-inflammatory cyto-
kines amplify the immune response through naive microglia
[24-28]. B-lymphoid follicles in the meninges start the hu-
moral immune response that can damage the nearby cortex
due to intrathecal antibody production [29].

The environmental factors in addition to genetic risk
factors can participate in disease development [30, 31].
Microbial infections as triggers can lead to autoimmunity
and clinical expression of MS in genetically predisposed
individuals [32-35]. Studies have suggested a robust rela-
tionship between viral infections and exacerbations of MS
[36—45]. Buljevac et al. assessed the contribution of sys-
temic infections to the course of exacerbations in 73 pa-
tients with relapsing-remitting MS. They found that there
was an increased risk of exacerbations (rate ratio 2.1)
around the time of an infection especially an upper airway
infection in comparison with the group without a clinical
infection [37]. In another study, Sibley et al. assessed envi-
ronmental factors that have roles in exacerbation or pro-
gression of the MS in patients with MS at monthly intervals
over 8§ years. Annual exacerbation rates in those patients
that had infection were almost threefold greater than those
who were not at risk [38]. Anderson et al. recorded prospec-
tively upper respiratory, gastrointestinal infections and se-
rological diagnosis of five common viral infections in 60
benign multiple sclerosis patients. During 4-week at risk
(AR) periods encompassing common infections, a signifi-
cant excess of MS relapses was found in the AR period,
with a relative risk of 1.3 [39]. In another study, Oikonen
et al. studied the effect of environmental viral infections on
MS relapse occurrence and compared retrospectively the
monthly relapse occurrence of 407 MS patients. They sug-
gested that after a peak in diagnosed influenza A cases in
the general population, the MS relapse occurrence was 6.5
times higher (95% CI 1.8-24.0) and also a rise in MS re-
lapse followed Epstein—Barr virus (EBV) infections (OR
4.4,95% CI 1.3-15.1) [40].

During this rapid and global spread of COVID-19, a higher
risk for severe disease with acute respiratory failure, intensive
care unit admission, and/or death is considered for patients
with comorbidities [46].

The concerns for patients with MS are because of an in-
creased risk of infection with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and more severe disease
due to taking disease-modifying therapies that have immuno-
suppressive effects in MS patients [47, 48] and also the fact

that viral infections may contribute to MS exacerbation and
relapses as an environmental factor in genetically predisposed
individuals [38, 39].

Immunosuppressive Therapies in MS

Considering the presented challenge to MS patients by this
pandemic, Moss et al. described the influence of COVID-19
on routine MS management in 3028 participants. Most of the
participants continued DMT treatments and had no intentional
delays or discontinuations, but 5% of survey responders had
changed their therapy plans, especially delays in infusions due
to their healthcare provider’s advice or other reasons including
their concerns about treatment during the COVID-19 pandem-
ic or due to interruptions of care (15.5%). Their findings also
demonstrate that younger people with lower socioeconomic
status may be at higher risk for exposure and should be con-
sidered for educational intervention and clinician support to
lower exposure [49].

Immunosuppressive therapies for MS might confer addi-
tional risks against COVID-19; however, taking immunosup-
pressive treatments was not associated with a significantly
increased risk of hospitalization or fatal outcome, according
to the published case reports. Parrotta et al. reported outcomes
of coronavirus on 76 patients with MS; 84% of patients were
on disease-modifying therapy (DMT). The most common
COVID-19 symptoms were fever and cough, but 21.1% of
patients had neurologic symptom recrudescence preceding
or coinciding with the infection. A total of 18 23.7% were
hospitalized; 10.5% had COVID-19 critical illness or related
death. Those hospitalized or with critical illness or death were
older age, had presence of comorbidities, progressive disease,
and a nonambulatory status. As a result, DMT usage did not
emerge as a predictor of poor COVID-19 outcomes [50]. In
another study, Dalla Costa et al. assessed the impact of MS
treatments on COVID-19 risk separately for each drug in 399
patients in Italy, Spain, and Denmark by using remote moni-
toring technologies. According to the results, there was no
evidence of a worse COVID-19 evolution in patients affected
by MS; however, among DMTs, immune-resetting drugs in-
cluding alemtuzumab and cladribine changed the risk and
severity of COVID-19 in comparison with injectables [51].
Also, Novi et al. reported on a patient treated with
ocrelizumab for primary progressive MS who developed
COVID-19. Despite complete B cell depletion leading to
ocrelizumab, patient symptoms abated a few days after hospi-
talization and were discharged to home quarantine, and after
14 days, no new symptoms occurred. So, despite the role of
immunosuppression treatment in exposing infected patients to
even higher risks of disease complications, they declared that
immunosuppressants can be tested as a potential treatment for
COVID-19 [52]. Also, Kloc et al. suggested the protective
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role of MS DMTs against acute respiratory distress syndrome
(ARDS) in COVID-19 patients. They found that clinically
approved MS drugs, fingolimod and siponimod, are potent
in inhibition of ACE2 receptors expression and the recruit-
ment of macrophages to the lungs of these patients, which
can lower cytokine storm and attenuate ARDS [53].

Zheng et al. in a review study discussed the safety of each
DMT that can be used during the COVID-19 pandemic. They
demonstrated that conventional injectable medications such as
natalizumab (but its monthly intravenous administration may
increase the exposure risk) because of their safest immune pro-
file can be used more frequently in mild MS patients during the
pandemic, and the non-cell-depleting oral agents are likely saf-
er than cell-depleting agents and are safer than all intravenous
agents from the exposure risk standpoint. They have mentioned
that among the cell-depleting DMTs, ocrelizumab is probably
the safest if can be used sparingly, and cladribine may be rel-
atively safer than alemtuzumab in the oral form. In the end,
they suggest that neuroimmunologists should consider the ex-
act mechanism of action of each DMT and their interactions
with the immune response against SARSCoV-2 and its future
vaccine [54]. Despite the results of above-mentioned studies,
another study by Crescenzo et al. suggested the prevalence and
severity of COVID-19 in 1034 MS patients in Italy; the prev-
alence of COVID-19 seemed to be much higher (2.5-fold) than
the general population [55].

Another issue that should be noted in this population is the
effect of DMTs on immune responses to SARS-CoV-2 vacci-
nations [54, 56]. An effective immune response to vaccination
is provided by the adaptive immune system including B cells
and T cells. With vaccination, leading to the presence of their
target antigen, B and T cells clonally expand with some
transforming into memory cells and also proliferate into effec-
tor cells after re-exposure to their target antigen [57]. Leading
immunomodulatory and immunosuppressive effects of differ-
ent DMTs may sophisticate the condition of vaccinations.
Live vaccines are generally contraindicated in MS patients
on immunosuppressive treatments. Also, DMTs that affect
the adaptive immune system can lower the vaccines efficacy
by impairing the development of long-term immune memory
[56]. Ciotti et al. in a review suggested the impact of DMTs for
MS on vaccine responses in humans and concluded that apart
from beta-interferons, many MS DMTs impair humoral im-
mune responses to a variety of vaccine types [56].

Due to these contradictory results, further studies are need-
ed to clarify the relation between COVID-19 severity/risk and
immunosuppressive medications.

COVID-19 in MS Relapses

Interestingly in a study by Stojanov et al, the influence of
COVID-19 pandemic on the psychological status of patients
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with relapsing-remitting multiple sclerosis (RRMS) was
assessed (in 95 RRMS patients). Results on all questionnaires
were worse in RRMS patients than in healthy individuals
(p <0.01). The main concerns of these patients are the follow-
ing: (1) that their disease could worsen due to COVID-19
(36.4%), (2) difficulties in drug availability (43.6%), and (3) that
they could not access the hospital as previously usual condition
(72.4%). So they suggested that healthcare organizations should
consider professional therapeutic advice and psychosocial sup-
port for this population of patients during the pandemic [58].

Although association of other types of coronaviruses to
demyelinating diseases has been reported, a connection be-
tween SARS-CoV-2 and MS exacerbation has been reported
in few studies [19]. For example in a study by Palao et al., a
patient with decreased visual acuity after being infected by
Covid-19 was reported. The patient had previously experi-
enced no neurological symptoms. The MRI suggested inflam-
mation in the right optic nerve and demyelinating lesions in
the CNS. They suggested that in attention to the matching of
the diagnosis criteria of MS and presence of non-enhancing
periventricular lesions, SARS-CoV-2 may have acted as a
precipitating factor and the MS pathogenic process had al-
ready started before the infection [14].

The mechanisms which may lead COVID-19 to trigger an
exacerbation of MS in these patients could be as follows:

A. Toll-like receptors (TLRs) have roles in host defense and
the recognition of invading pathogens and involve in MS
pathophysiology. These receptors recognize viral parti-
cles and contribute to the modification of the immune
response in MS patients. This can associate viral infec-
tions, including coronavirus, to the development of de-
myelinating diseases [59].

B. The typical MS lesions are associated with various de-
grees of inflammatory cells. Also, COVID-19 is associ-
ated with alterations in immune cell populations and the
respective T cell, B cell, and NK-cell subsets. So, MS
relapses can occur due to the initiation of the responses
of'the innate and the adaptive immune system by the virus
[60].

C. Another factor that can relate coronavirus to MS relaps-
ing is the associated cytokine storms of severe COVID-
19. This neuroinflammation especially in the presence of
disrupted blood-brain barrier (BBB) integrity can lead to
the exacerbation of MS [61].

D. Direct CNS invasion can play a role in the relapses. It has
been shown that SARS-CoV-2 can invade the CNS and
induce direct neuron loss [17, 62]. The presence of the
ACE2 receptor in tissues determines viral cellular tro-
pism in humans. It expresses widely throughout the
CNS [63, 64]. The presence of SARS-CoV-2 in the brain
of MS patients involves in the pathogenesis MS and pre-
disposes patients toward neurodegeneration [61, 65]. So,
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a direct viral toxic mechanism can cause cellular damage
to infected neural cells [66].

E. The demyelinating reaction is considered one of the com-
plications of severe COVID-19 [6]. Since MS is a demy-
elinating disease, this pathology should be considered.

Based on the aforementioned studies, MS patients are at
greater risk of COVID-19 infection and also disease exacer-
bations and relapses due to this viral infection. So, within the
context of the ongoing COVID-19 crisis, the best manage-
ment strategies should be considered for MS patients.

Conclusion

Multiple Sclerosis is a chronic inflammatory disease of the
CNS with an autoimmune etiology [20]. The pathology of this
disease starts with increased migration of autoreactive lym-
phocytes across the BBB. Regulatory defects allow these cells
to transit from physiological states to a pathological cascade.
Both genetic and environmental factors in MS patients can
cause this impairment of the regulatory lymphocytes functions
to suppress effector cells [21, 23]. Microbial infections can act
as triggers for inducing autoimmunity and clinical disease
manifestations in genetically predisposed individuals
[32-35]. Studies have suggested a robust relationship between
viral infections and exacerbations of MS [36-45]. Based on
the aforementioned studies, COVID-19 carries additional rea-
sons for concern because of taking immunosuppressive ther-
apies in MS patients [47, 48] and also the fact that viral infec-
tions may contribute to MS exacerbation and relapses as an
environmental factor [38, 39]. This study provides some in-
sights regarding the impact of COVID-19 disease on actively
treated patients with MS.

For clarification of the exact relationship between COVID-
19 and MS, further studies are needed. Meanwhile, clinicians
should take care of patients with MS during the pandemic
regarding the possible reciprocal association between the
MS and COVID-19.
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