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A B S T R A C T

Neuromyelitis optica spectrum disorder (NMOSD) can lead to immobility and bulbar weakness. This, in addition
to the older age of onset and the higher rate of hospitalization compared to multiple sclerosis, makes this patient
group a potential target for complicated COVID-19 infection. Moreover, many of the commonly used preventive
therapies for NMOSD are cell-depleting immunouppsressants with increased risk of viral and bacterial infections.
The emergence of several new NMOSD therapeutics, including immune-modulating agents, concurrently with
the worldwide spread of the COVID-19 global pandemic call for careful therapeutic planning and add to the
complexity of NMOSD management. Altering the common therapeutic approach to NMOSD during the pandemic
may be necessary to balance both efficacy and safety of treatment. Selection of preventive therapy should take in
consideration the viral exposure risk related to the route and frequency of administration and, most importantly,
the immunological properties of each therapeutic agent and its potential impact on the risk of SARS-CoV-2
susceptibility and severity of infection. The impact of the therapeutic agent on the immune response against the
future SARS-CoV-2 vaccine should also be considered in the clinical decision-making. In this review, we will
discuss the immune response against SARS-CoV-2 and evaluate the potential impact of the current and emerging
NMOSD therapeutics on infection risk, infection severity, and future SARS-CoV-2 vaccination. We propose a
therapeutic approach to NMOSD during the COVID-19 pandemic based on analysis of the mechanism of action,
route of administration, and side effect profile of each therapeutic agent.

1. Introduction

The pandemic of the severe acute respiratory syndrome corona virus
type-2 (SARS-CoV-2), commonly referred to as COVID-19, has influ-
enced every aspect of modern life. Although the virus can infect healthy
individuals, several high-risk groups are more vulnerable to complica-
tions secondary to a more severe infection course (Coronavirus, 2020).
In addition to elderly patients with cardiopulmonary comorbidities
and/or diabetes, patients with chronic disabling neurological condi-
tions that impair coughing or limit pulmonary function, and those on
immunosuppressive therapy are also considered high risk (Coronavirus,
2020). Neuromyelitis optica spectrum disorder (NMOSD) is a chronic
relapsing autoimmune disorder of the central nervous system caused by
pathogenic antibodies against the aquaporin-4 (AQP4) water channels
on the surface of astrocytes (Lennon et al., 2004). About 20% of

NMOSD patients do not have AQP4-IgG and either have an antibody
against myelin oligodendrocyte glycoprotein (MOG) or no recognizable
antibodies (double seronegative) (Jiao et al., 2013; Pröbstel et al.,
2015). NMOSD preferentially attacks the optic nerves, spinal cord, and
brainstem commonly resulting in visual impairment, paralysis, and
occasionally bulbar dysfunction (Wingerchuk et al., 2015). Such neu-
rological deficits that limit mobility and impair coughing can have
deleterious effects on pulmonary functions and risk of pneumonia
(Lee et al., 2019). This, in addition to the need for immunosuppression
in most NMOSD patients make them a potential target for complicated
COVID-19 infection. Many of the existing effective preventive therapies
in NMOSD are delivered intravenously (Kimbrough et al., 2012;
Pittock et al., 2019) increasing the risk of infection through contact at
infusion centers or with home infusion personnel. Moreover, acute
NMOSD relapses are often more severe than MS and usually require
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treatment with high dose corticosteroids and plasma exchange (PLEX)
in a hospital setting further increasing the potential risk of SARS-CoV-2
exposure (Wingerchuk et al. 1999; Abboud et al., 2016; Kleiter et al.;
2016). NMOSD also affects older adults more than MS. Some NMOSD
therapeutics may have implications on the future vaccination against
SARS-CoV-2 (van Assen et al., 2010). This important new variable
should be taken into consideration when starting a newly-diagnosed
NMOSD patient on preventive therapy or when deciding on re-dosing
current treatment. Interestingly, an exaggerated immune response
against the virus is thought to contribute to lung injury and morbidity
from the SARS-CoV-2 infection (Huang et al., 2020; Mehta et al., 2020).
This has created a scientific interest in the utility of certain im-
munotherapies in COVID-19 treatment (Chinese Clinical Trial
Registry, 2020; Eculizumab 2014). Some of the agents of interest are
therapies that are used for NMOSD or have shown efficacy in recent
NMOSD clinical trials (Pittock et al., 2019; Araki et al., 2014;
Yamamura et al., 2019). In this review, we will discuss the immune
response against SARS-CoV-2 and evaluate the potential impact of
NMOSD therapeutics on infection risk, infection severity, and future
SARS-CoV-2 vaccination. We propose a therapeutic approach to
NMOSD during the COVID-19 pandemic based on analysis of the me-
chanism of action (MOA), route of administration, and side effect
profile of each therapeutic agent. The majority of the therapeutics
discussed in this review have shown efficacy in NMOSD with AQP4-IgG;
therefore, the review will focus mainly on this disease subtype. MOG-
IgG related and double seronegative NMOSD subtypes have distinct
clinical features and lack sufficient evidence for definitive therapies.

1.1. The SARS-CoV-2 immune response

Insights regarding the immune response against SARS-CoV-2 are
partially based on studies from other corona viruses such as SARS-CoV-
1 and the Middle East Respiratory Syndrome-related Corona Virus
(MERS-CoV) (Prompetchara et al., 2020). The initial response relies
mainly on the innate immune system mediated by macrophages, nat-
ural killer cells, cytokines, and type-1 interferons. The early adaptive
immune response relies mainly on T-cells. T-helper cells induce mac-
rophage-mediated phagocytosis of the virus while cytotoxic T-cells at-
tack virally-infected cells. The B-cell based humoral response is mainly
implicated in the long-term immunity against the virus and reduction of
reinfection risk (Prompetchara et al., 2020; Zhao et al., 2019)

1.2. Immune dysregulation and cytokine storm in SARS-CoV-2 infection

In some SARS-CoV-2-infected patients, a delayed hyperimmune re-
sponse takes place leading to severe lung injury due to excessive in-
flammatory infiltrates (Prompetchara et al., 2020; Cao, 2020). This
hyperimmune response is characterized by elevated levels of pro-in-
flammatory cytokines including interleukin-6 (IL-6) constituting a cy-
tokine storm (Mehta et al., 2020; Prompetchara et al., 2020;
Cao, 2020). In addition to lung injury, the cytokine storm leads to
secondary haemophagocytic lymphohistiocytosis (HLH)-like reaction
and multi-organ failure. The immune dysregulation in COVID-19 in-
fection is also characterized by lymphopenia (Cao, 2020). Based on
animal models of the SARS-CoV-1, complement activation is thought to
be involved in severe corona virus-related respiratory complications
(Gralinski et al., 2018).

1.3. Future vaccines against SARS-CoV-2 infection

It is currently unknown if humoral immunity against SARS-CoV-2 is
protective although recent studies have identified neutralizing anti-
bodies with potential therapeutic and prophylactic effects (Cao, 2020;
Cao et al., 2020). Several vaccines are currently being developed but
the effectiveness and safety of these vaccines are yet to be elucidated
(Thanh Le et al., 2020). Candidate vaccines include viral protein and

nucleic acid vaccines, artificial antigen-presenting cell vaccines, sur-
rogate viral vector vaccines, and live-attenuated vaccines
(Prompetchara et al., 2020; Thanh Le et al., 2020; Yu et al., 2020;
Wang et al., 2020). Some of these vaccines can elicit both cellular and
humoral immune response and some mainly elicit a humoral response.
Live-attenuated vaccines are contraindicated in patients on im-
munosuppressive agents and may be contraindicated with some im-
munomodulating agents as well. The safety of viral vector vaccines
(target viral protein delivered via another less virulent surrogate virus)
in immunocompromised patients is unknown. Although it is usually
safe to give inactivated or viral protein vaccines to patients on im-
munosuppressants, the immune response against these vaccines may be
dampened in those patients.

1.4. Current and emerging preventive therapies in NMOSD

1.4.1. Azathioprine and mycophenolate mofetil

Azathioprine and mycophenolate mofetil (MMF) have been used off
label to prevent NMOSD attacks for decades (Kimbrough et al., 2012).
Their efficacy in NMOSD has been demonstrated in several retro-
spective studies and case series (Kimbrough et al., 2012; Costanzi and
Matiello, 2011; Jacob and Matiello, 2009). In recent years, their use in
NMOSD has declined in favor of rituximab owing to their comparative
lower efficacy as demonstrated in multiple retrospective studies
(Kimbrough et al., 2012; Mealy et al., 2014). A recent randomized
prospective open-label study demonstrated the efficacy of combined
azathioprine and prednisone therapy in reducing annualized relapse
rate (ARR) in NMOSD patients with and without AQP4-IgG compared to
pretreatment rate (Nikoo et al., 2017). However, the same study
showed that rituximab was more effective and better tolerated than
azathioprine.

Mechanism of action: azathioprine inhibits purine synthesis pre-
ferentially reducing the proliferation of T- and B-lymphocytes. MMF
inhibits de novo purine synthesis by inhibiting synthesis of guanosine
nucleotides producing a more selective anti-proliferative effect on T-
and B-lymphocytes (Kimbrough et al., 2012).

Impact on the immune system: both agents produce non-selective
lymphopenia leading to broad immunosuppression. Neutropenia, leu-
kopenia, pancytopenia, and severe myelopsuppression can all occur.
Live-attenuated vaccines are contraindicated during treatment with
these agents and the protective immune response against inactivated or
viral protein vaccines may be reduced (Mycophenolate, 2020).

Infectious side effects: because of their broad immunosuppression,
patients receiving azathioprine or MMF are at increased risk of common
and opportunistic viral, bacterial, and fungal infections
(Kimbrough et al., 2012; Costanzi and Matiello, 2011; Jacob and
Matiello, 2009; Mealy et al., 2014; Nikoo et al., 2017; Mycophenolate,
2020). Sepsis and fatal infections can occur in patients with severe
myelopsuppression (Mycophenolate, 2020).

Potential relevance to the COVID-19 pandemic: in-vivo studies of
MERS-CoV animal models suggest that MMF could be associated with
more severe disease (Russell et al., 2020). In humans, there has only
been limited and inconclusive experience with the use of MMF in
corona virus-infected patients (Russell et al., 2020). NMOSD patients on
azathioprine or MMF may have increased susceptibility to SARS-CoV-2
infection and may be at risk for a more severe infection course based on
their lymphocyte-depleting properties and observed risk of viral infec-
tions with these agents. The risk is likely higher in patients with severe
leukopenia. Those patients may also have a reduced protective immune
response against the future SARS-CoV-2 viral protein vaccine and
would not qualify for the live-attenuated vaccine (Mycophenolate,
2020). On the other hand, the oral route of administration of these
agents is preferable over the intravenous route of other preventive
therapies commonly used in NMOSD (e.g. rituximab, eculizumab) be-
cause of the decreased risk of exposure/contact at infusion centers or
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with home-infusion personnel.
Possible risk mitigation strategies: it is probably safe to maintain

treatment in NMOSD patients who have been stable on azathioprine or
MMF without significant total or selective leukopenia. The risk of re-
lapse and subsequent hospitalization if treatment is interrupted likely
outweighs the risk of maintaining immuosuppression during the pan-
demic. In addition, switching to a more selective immunotherapy like
rituximab or eculizmab comes with the increased exposure risk at in-
fusion centers, which is likely unnecessary in patients who have been
stable on oral agents. However, patients maintained on azathioprine or
MMF should practice strict social-distancing and avoidance measures.
Although careful monitoring of the differential white cell count is re-
commended for those patients, the benefit of monitoring should be
weighed against the exposure risk at the laboratory or outpatient office
at the time of blood drawing especially in patients who have had stable
blood counts for extended time. Since treatment-associated leukopenia
is dose-related with both agents, treatment should be interrupted or the
dose reduced in patients with severe leukopenia (Mycophenolate,
2020). When the future SARS-CoV-2 viral protein vaccine becomes
available, patients should be aware of the possibility of reduced vaccine
efficacy and the probable need for serological confirmation of effective
immunity after vaccination. Stopping azathioprine or MMF should be
considered in NMOSD patients who develop severe symptomatic
COVID-19 infection after consulting with infectious disease specialists.
Treatment can be resumed after resolution of respiratory symptoms and
clinical recovery. Although there is no real-life evidence that patients
on azathioprine or MMF will have a more severe COVID-19 infection,
the data from MERS-CoV animal models are concerning and support
stopping MMF during the infection. On the other hand, clinicians
should also consider the risk of a higher dysregulated immune response
against the virus and/or rebound NMOSD activity after stopping im-
munosuppression. Therefore, consultation with infectious disease spe-
cialists and immunologists is advisable in this situation. Careful patient
monitoring, perhaps in a hospital setting, may be needed after stopping
those agents in COVID-19 patients. It is probably safer to avoid starting
newly-diagnosed NMOSD patients on azathioprine or MMF during the
pandemic given the availability of more selective immunotherapies
with potentially less negative effect on the susceptibility to SARS-CoV-2
and the efficacy of its future vaccine.

1.5. Rituximab

Rituximab is one of the most commonly used off-label preventive
therapies in NMOSD. Its efficacy is based on several retrospective and
open-label studies (Kimbrough et al., 2012; Mealy et al., 2014). It has
also shown superiority to azathioprine in a recent open-label pro-
spective study as mentioned earlier (Nikoo et al., 2017).

Mechanism of action: rituximab is a monoclonal antibody (MAB)
against CD20-positive B-cells which include pre B-cell, immature B-cell,
and memory B-cell lineage but not plasmablasts or plasma cells. Its
exact MOA in NMOSD is unknown but is hypothesized to involve re-
duction of pathogenic antibody production, dampening of pro-in-
flammatory cytokines, and decreasing B-cell-dependent antigen pre-
sentation to T-cells (Bennett et al., 2015).

Impact on the immune system: rituximab causes prolonged selective
depletion of CD20-positive B-cells within two weeks of infusion that
usually lasts for an average of six months after proper dosing but can
linger up to 3 years in some patients (Cohen et al., 2006; Rituximab,
2020). Late onset neutropenia can occasionally occur with rituximab
(Tesfa et al., 2011). Hypogammaglobulinemia with low IgG and IgM
levels can also occur and can lead to recurrent infections
(Barmettler et al., 2018). The frequency of rituximab-associated hypo-
gammaglobulinemia varies across studies with a range of 5%–56%
(Cohen et al., 2006; Roberts et al., 2015). Rituximab decreases the
humoral response to inactivated and viral protein vaccines and this
effect seems to be dependent on the timing in relation to rituximab

infusion (van Assen et al., 2010). A weaker humoral response occurs
when the vaccine is given soon after the infusion during maximum B-
cell depletion (van Assen et al., 2010; Friedman, 2017). Vaccines that
trigger a predominantly T-cell dependent immune response (e.g. te-
tanus toxoid) are less impacted by rituximab. Live-attenuated vaccines
are contraindicated during rituximab therapy (Rituximab, 2020).

Infectious side effects: rituximab can cause reactivation of hepatitis-
B virus leading to fulminant liver failure. According to the rituximab
prescribing information, in placebo-controlled rheumatoid arthritis
(RA) studies, the infection rate in patients receiving rituximab was only
slightly higher than placebo (39% versus 34%) including serious in-
fections (2% versus 1%). The most common infections seen with ri-
tuximab were upper respiratory tract viral infections (URTI), naso-
pharyngitis, and bronchitis. The most common serious infections were
pneumonia and sepsis including rare fatal cases.

Potential relevance to the COVID-19 pandemic: it is unknown if
rituximab increases the susceptibility to SARS-CoV-2 or if it predisposes
to a more severe infection. Since the early immune response against the
SARS-CoV-2 virus is predominantly T-cell dependent, it is possible that
rituximab has little impact on infection susceptibility. However, ritux-
imab affects T-cells indirectly by reducing B-cell dependent antigen
presentation, potentially interfering with the early immune response
against the virus. The fact that upper and lower respiratory infections
are common with rituximab is also concerning. Even more concerning
are patients with rituximab-associated hypogammaglobulinema who
are susceptible to severe and recurrent infections (Barmettler et al.,
2018; Roberts et al., 2015). Rituximab may potentially decrease the
long-term antibody-mediated immunity via its action on B-cells, ren-
dering patients possibly susceptible to repeated SARS-CoV-2 infections
after initial recovery. More importantly, rituximab may decrease the
efficacy of the future SARS-CoV-2 inactivated or viral protein vaccine
especially if the vaccine relies on a predominantly humoral protective
response. If a live-attenuated vaccine is developed, it will likely be
contraindicated in patients receiving rituximab. The infrequent dosing
of rituximab (typically two 1000 mg infusions two weeks apart re-
peated every six months or when CD19 cells replete) is favorable
compared to agents that require more frequent infusions (eculizumab)
but it is less suitable for home infusion due to long infusion hours and
high rate of infusion reactions. The intravenous route of administration
is less preferred than the oral or subcutaneous routes because of the
increased exposure risk at infusion centers. Recent published expert
opinions suggest that the risk of using anti-CD20 agents during the
COVID-19 pandemic is low to moderate (Giovannoni, 2020;
Giovannoni et al., 2020). Likewise, recent case series of MS and NMOSD
patients treated with anti-CD20 agents (rituximab or ocrelizumab) also
suggest limited risk for severe COVID-19 infection, although critical and
fatal cases have happened in a subset of those patients (Hughes et al.,
2020; Montero-Escribano et al., 2020). One case series demonstrated
increased SARS-CoV-2 susceptibility in MS patients on anti-CD20 agents
(Safavi et al., 2020).

Possible risk mitigation strategies: NMOSD patients who are already
on rituximab should continue their treatment during the pandemic to
avoid disease relapse and hospitalization. However, immunoglobulin
levels should be checked and prophylactic replacement therapy with
intravenous immunoglobulins (IVIg) should be strongly considered if
levels are low. Extending the interval between infusions (guided by
CD19 counts) may be beneficial to reduce exposure risk at the infusion
center but significant B-cell repletion should be avoided to prevent
breakthrough disease activity. When the SARS-CoV-2 inactivated or
viral protein vaccine becomes available, patients should be vaccinated
towards the end of their treatment cycle and at least 4 weeks prior to
their subsequent dose to reduce the negative impact on the humoral
response to the vaccine. Checking post-vaccination serology to confirm
the development of immunity against the vaccine is advisable. Patients
on rituximab should practice caution against exposure and implement
strict social distancing measures. For newly-diagnosed NMOSD
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patients, the benefits of rituximab therapy should be weighed against
the risk of infection and the possibility of decreased future vaccination
efficacy. The fact that rituximab causes prolonged immunosuppression
that is not readily reversible in case of infection should be thoroughly
considered. Non-depleting agents especially those given subcutaneously
may be safer options for newly-diagnosed NMOSD patients during the
pandemic. As in other severe infections and per the prescribing in-
formation (Rituximab, 2020), SARS-CoV-2-infected NMOSD patients
should not be re-dosed with rituximab until they recover from COVID-
19 although the risks of NMOSD rebound activity and a more severe
hyperimmune response remain theoretical concerns with this approach.

1.6. Eculizumab

Eculizumab is the only Food and Drug Administration (FDA)-ap-
proved therapy for NMOSD with AQP4-IgG based on a recent rando-
mized, double-blinded, placebo-controlled trial in which it showed ro-
bust efficacy as an add-on or monotherapy (Pittock et al., 2019). It
significantly prolonged time-to-relapse and reduced ARR compared to
placebo. It was not studied in anti-MOG or double seronegative
NMOSD.

Mechanism of action: eculizumab is a humanized MAB against C5
protein of the complement system preventing formation of the mem-
brane attack complex, which is a major contributor to inflammation
and astrocyte destruction in NMOSD.

Impact on the immune system: apart from its effect on the com-
plement system, eculizumab has little impact on immunity otherwise.
Leukopenia and lymphopenia are extremely rare with eculizumab each
encountered in 5% of the patients during the seminal NMOSD clinical
trial (Pittock et al., 2019; Eculizumab, 2020). Complement inhibitors
have not been associated with hypogammaglobulinemia
(Alashkar et al., 2020). Eculizumab does not affect the immune re-
sponse to vaccines of any kind and patients on eculizumab have no
vaccination restrictions (Vaccines, 2019).

Infectious side effects: complement inhibition increases the risk of
infection with encapsulated bacteria especially Neisseria meningitides.
Therefore, eculizumab has a boxed warning for serious meningococcal
infections, and meningococcal vaccination is mandatory before starting
treatment (Eculizumab, 2020). Many of the bacteria associated with
pneumonia are encapsulated and it is possible that eculizumab in-
creases the risk of bacterial pneumonia, as this was the most common
serious adverse event in the eculizumab arm during the NMOSD clinical
trial (Pittock et al., 2019). The single death that occurred during the
trial was secondary to infective pleural effusion in a patient with pre-
existing lung disease in the active eculizumab arm. In a recent 9-year
safety analysis of eculizumab in patients with paroxysmal nocturnal
hemoglobinuria, pneumonia was the most common non-meningococcal
infection reported in 11.8% of patients (Socié et al., 2019). In addition,
common viral infections were seen more frequently in the eculizumab
arm compared to the placebo arm in the NMOSD clinical trial including
URTI (29%), nasopharyngitis (21%), influenza (11%), pharyngitis
(10%), and bronchitis (9%) (Pittock et al., 2019; Eculizumab, 2020).

Potential relevance to the COVID-19 pandemic: it is unknown if
eculizumab increases the susceptibility to SARS-CoV-2. The comple-
ment system does not seem to play a major role in the defense against
the virus; (Prompetchara et al., 2020) however, it might be implicated
in the hyperimmune response that contributes to severe lung injury.
This concept is based on animal models of the related SARS-CoV-1 virus
in which complement-deficient mice fared better than those with intact
complement system after induced SARS-CoV-1 infection
(Gralinski et al., 2018). This led to a scientific interest in the potential
benefit of complement inhibition in SARS-CoV-2 infection. In fact, a
clinical trial of eculizumab in COVID-19 patients is currently underway
(Clinicaltrials, 2020). One concern is whether eculizumab will increase
the risk of secondary bacterial pneumonia that can happen on top of
SARS-CoV-2 infection (Li et al., 2020). The route of administration of

eculizumab (2-weekly IV infusion) is not ideal during the COVID-19
pandemic due to the increased exposure risk at infusion centers.
However, unlike rituximab, eculizumab infusion is usually short and
infusion reactions are rare making it more suitable for home infusion.
This, however, does not eliminate the risk of exposure related to home
infusion personnel. In terms of future SARS-CoV-2 vaccine, eculizumab
is not expected to impact the efficacy of the vaccine and is preferred
over B-cell therapies (e.g. rituximab and inebilizumab) from the vac-
cination standpoint (Vaccines, 2019). It is also likely safe to administer
live-attenuated or viral vector vaccines in patients receiving eculizumab
(Vaccines, 2019). The Advisory Committee on Immunization Practices
lists no vaccine contraindications in complement-deficient patients or
in those taking eculizumab (Vaccines, 2019).

Possible risk mitigation strategies: NMOSD patients who are already
on eculizumab should continue their treatment to avoid disease acti-
vation. Patients should receive their infusions at home as much as
possible to minimize exposure risk. It is unclear if SARS-CoV-2 infected
patients should continue eculizumab but it is likely safe (and possibly
beneficial) to continue treatment while carefully watching for evidence
of secondary bacterial infection. Prophylactic antibiotics and/or pneu-
mococcal vaccine administration are strategies worth considering in
this situation especially in severely ill patients. For newly-diagnosed
NMOSD patients during the pandemic, the risk of SARS-CoV-2 exposure
secondary to frequent infusions should be weighed against the relative
favorable impact of eculizumab on the immune system and future
vaccination. A new C5 inhibitor with a longer duration of action (ra-
vulizumab) is currently being tested in NMOSD as a monthly infusion
(An Efficacy, 2019). A subcutaneous formulation is also being tested.

1.7. Inebilizumab

Inebilizumab has recently shown efficacy in a randomized double-
blinded, placebo-controlled clinical trial. The trial tested inebilizumab
as a monotherapy in NMOSD patients with or without AQP4-IgG
(Cree et al., 2019). It achieved the primary outcome of delaying the
onset of first per-protocol relapse compared to placebo. It also achieved
the secondary outcome of decreasing disability worsening compared to
placebo. Subgroup analysis showed that efficacy was mainly achieved
in AQP4-IgG-positive patients. There was not enough data to determine
efficacy in patients without AQP4-IgG. FDA-approval is expected in the
near future.

Mechanism of action: inebiluzmab is a humanized MAB against
CD19-positive B-cells which include pre-B cell, immature B-cell,
memory B-cell, and plasmablasts. Inebilizumab produces selective de-
pletion of CD19-positive B-cells therefore reducing production of the
pathogenic antibody and dampening B-cell-dependent T-cell activation
and inflammatory cytokines production.

Effect on the immune system: in addition to selective B-cell lym-
phopenia, rare cases of neutropenia and leukopenia have been reported
in B-cell lymphoma patients treated experimentally with inebilizumab
(Ohmachi et al., 2019). A 15% reduction in immunoglobulin levels (all
types) was observed in inebilizumab-treated MS patients in a phase-1
clinical trial but the total immunoglobulin level did not fall below the
normal range (Agius et al., 2019) No leukopenia, neutropenia, or hy-
pogammaglobulinemia were reported with inebilizumab in the NMOSD
clinical trial. There was also no reduction of anti-tetanus toxoid anti-
body in inebilizumab-treated patients.

Infectious side effects: all respiratory infections in the NMOSD
clinical trial were not statistically or numerically higher in the in-
ebilizumab arm compared to the placebo arm except for one case of
atypical pneumonia in the inebilizumab arm. No other cases of bacterial
pneumonia occurred with inebilizumab. The most frequent respiratory
infections in the inebilizumab arm included nasopharyngitis (7%),
URTI (3%), influenza (2%), influenza-like illness (1.5%), and bronchitis
(1.5%). Similar benign infectious side effect profile was also seen in
phase-1 clinical trials of inebilizumab in MS and systemic sclerosis.
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However, the overall patient-year experience with inebilizumab across
all studies is low and more experience is needed to elucidate its full
spectrum of infectious and immunological side effects.

Potential relevance to the COVID-19 pandemic: it is unknown if
inebilizumab increases the susceptibility to SARS-CoV-2 or if it pre-
disposes to a more severe infection. The overall benign infectious side
effect profile of this agent is encouraging. B-cell lymphopenia may
impact T-cell activation which is involved in the early immune response
against SARS-CoV-2 but more importantly may influence antibody-
mediated long-term immunity against the virus potentially increasing
reinfection risk similar to rituximab. Although inebilizumab did not
reduce the antibody response to tetanus toxoid in the NMOSD clinical
trial, its impact on the humoral response to inactivated or viral protein
vaccines is unknown. Based on rituximab studies, it is possible that
inebilizumab may impact efficacy of viral protein vaccines including
future SARS-CoV-2 vaccine when it becomes available. If a live-atte-
nuated vaccine is developed, it will likely be contraindicated with in-
ebilizumab. The intravenous mode of administration is less favorable
than the oral or subcutaneous routes because of the exposure risk at
infusion centers. However, the frequency of dosing (second infusion
two weeks after the initial dose then 6-monthly infusions afterwards) is
favorable compared to eculizumab although home infusion is less fea-
sible with inebilizumab.

Possible risk mitigation strategies: NMOSD patients who are cur-
rently receiving inebilizumab in a clinical trial setting should continue
treatment to avoid disease relapse and need for hospitalization.
Monitoring blood counts and immunoglobulin levels should be con-
sidered if not part of the clinical trial protocol. Prophylactic IVIg re-
placement therapy may be considered in patients with hypo-
gammaglobulinemia as in rituximab patients. Like any other serious
infection, patients who develop severe COVID-19 infection while on
inebilizumab should not be redosed with the medication until their
infection clears as per the prescribing information of other B-cell
therapies. Rituximab, 2020 When the future SARS-CoV-2 vaccine be-
comes available, vaccination should be spaced out from infusions si-
milar to rituximab, and serological confirmation of vaccine efficacy is
advisable post-vaccination. If inebilizumab becomes commercially
available during the pandemic, starting newly diagnosed NMOSD pa-
tients on this medication should be considered with caution. The use of
non-lymphocyte-depleting agents with less immunosuppressive effect
and less potential impact on future vaccine efficacy may be a safer
option during the pandemic. A subcutaneous formulation of in-
ebilizumab is currently under study and may be a safer option from the
exposure risk standpoint.

1.8. Satralizumab

Satralizumab has recently shown efficacy in a randomized double-
blinded placebo-controlled clinical trial in which it was used as an add-
on therapy to existing immunosuppressants in NMOSD patients with or
without AQP4-IgG (Yamamura et al., 2019). It achieved the primary
outcome of delaying the onset of first per-protocol relapse compared to
placebo. Subgroup analysis showed that the efficacy was notable
mainly in AQP4-IgG-positive patients. In a separate clinical trial, sa-
tralizumab has also shown efficacy as monotherapy in NMOSD and the
results have been recently published (Traboulsee et al., 2020). FDA
approval is expected in the near future.

Mechanism of action: satralizumab is a humanized MAB against IL-6
receptor preventing IL-6 pro-inflammatory signaling pathway, which
promotes T-cell activation and maturation of B-cells into antibody-
producing plasmablasts and plasma cells. Satralizumab has a longer
duration of action than the prototype IL-6 inhibitor tocilizumab
(Yamamura et al., 2019).

Impact on the immune system: leukopenia occurred in 14.6% of
patients receiving satralizumab in the NMOSD clinical trial. There was
no report of selective lymphopenia or hypogammaglobulinemia.

Tocilizumab has been associated with neutropenia in RA trials
(Emery et al., 2019). It can also lead to a reduction of memory B-cells
and immunoglobulin levels (Roll et al., 2011). Total lymphopenia and
pancytopenia have been reported with tocilizumab as well (Le Stradic
et al., 2014; Klein et al., 2019). IL-6 inhibition is believed to be a key
step in the reduction of cytokine storm and secondary HLH. The exact
impact of IL-6 inhibition on the humoral response to inactivated or viral
protein vaccines is unknown but in one study, tocilizumab did not
impact the response to the influenza vaccine in 111 RA patients
(Mori et al., 2012).

Infectious side effects: The overall infection rate in the satralizumab
arm in the NMOSD clinical trial was 68% compared to 62% in the
placebo arm. Serious infections were reported in 5% of patients in the
satralizumab arm compared to 7% in the placebo arm. Nasopharyngitis
(24.4%) and URTI (24.4%) were the most common infections in the
satralizumab arm occurring more frequently than placebo. Pneumonia
rates during the trial were not published but pneumonia was the most
common infection in tocilizumab RA trials (Nishimoto et al., 2009).
Opportunistic infections especially mycobacterial infections including
tuberculosis have been reported with tocilizumab as well (Schiff et al.,
2011).

Potential relevance to the COVID-19 pandemic: it is unknown if
satralizumab increases the susceptibility to SARS-CoV-2. The fact that
there was a slight increase in the rates of URTIs in the satralizumab arm
compared to placebo suggests increased susceptibility to respiratory
viral infections. From the MOA standpoint, IL-6 is involved in the ac-
tivation of T-cells; therefore, IL-6 inhibition may affect the early im-
mune response against the virus. More importantly, IL-6 inhibitors may
increase the risk of secondary bacterial infection in COVID-19 patients
based on the rates of bacterial pneumonia in tocilizumab-treated pa-
tients. On the other hand, IL-6 inhibition could have a beneficial effect
in COVID-19 infection by decreasing cytokine storm and secondary
HLH. Several clinical trials are currently testing the utility of tocili-
zumab in COVID-19 infected patients (Chinese Clinical Trial
Registry, 2020). The route of administration of satralizumab (monthly
subcutaneous injection) is favorable compared to intravenously-ad-
ministered agents like rituximab, inebilizumab and eculizumab owing
to the reduced exposure risk at infusion centers or home infusion set-
tings. The impact of satralizumab on the future SARS-CoV-2 inactivated
or viral protein vaccine is unknown but the data from the tocilizumab
influenza vaccine study is encouraging. Live-attenuated vaccines are
generally not recommended in patients receiving IL-6 inhibitors
(Tanrıöver et al., 2016).

Possible risk mitigation strategies: NMOSD patients who are cur-
rently on satralizumab within a clinical trial should continue treatment.
It is likely safe (and possibly beneficial) to continue treatment in SARS-
CoV-2 infected NMOSD patients based on the potentially beneficial
effect of IL-6 inhibition on the associated cytokine storm. Antibacterial
prophylaxis against common and opportunistic pathogens may be
considered in this setting to reduce the chances of secondary bacterial
infection. When satralizumab becomes commercially available in the
near future, it could be preferred over B-cell based therapies for newly
diagnosed NMOSD patients during the pandemic. This is due to its safe
route of administration, limited immunosuppressive effect, potential
benefit in infected patients, and the fact that it is less likely to decrease
the humoral response to the future SARS-CoV-2 vaccine. Compared to
eculizumab, satralizumab has a safer route of administration but ecu-
lizumab has a more well-defined safety in terms of its potential impact
on the future SARS-CoV-2 vaccine response and compatibility with live-
attenuated vaccines.

1.9. Other NMOSD therapeutics

Unlike MS, NMOSD attacks are usually severe and relapse man-
agement can change the neurological outcome (Abboud et al., 2016;
Kleiter et al., 2016). Therefore, NMOSD patients who experience
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attacks during the COVID-19 pandemic should receive treatment for
their acute relapse. The current standard of care is using high dose
corticosteroids often combined with PLEX (Abboud et al., 2016;
Kleiter et al., 2016). Corticosteroids suppress T-cells (Davis et al., 2013)
and may interfere with the early immune response against SARS-CoV-2.
Their use is also not recommended in COVID-19 infected patients as
they may delay viral clearance and predispose to secondary bacterial
infections (Clinical, 2019). The main value of corticosteroids during the
COVID-19 pandemic comes from the feasibility of treating relapses at
home with oral prednisone at an equivalent dose to standard in-
travenous methylprednisolone pulse therapy. This eliminates hospita-
lization-related exposure risk. However, this is only suitable for mild
attacks that have no other hospital requirements (PLEX, physical
therapy, dysphagia management, respiratory support, etc.). Most
NMOSD attacks require hospitalization (Wingerchuk et al., 1999). Al-
though the risk of acquiring SARS-CoV-2 during hospitalization is likely
low for short admissions to hospitals with high-quality infection control
measures, this risk may be higher for prolonged and complicated hos-
pitalizations. If the patient is hospitalized, treating relapses with PLEX
alone should be considered to reduce the risk of SARS-CoV-2 infection
and complications related to corticosteroids. Although mostly studied
as an add-on therapy to corticosteroids for NMOSD relapses, PLEX
monotherapy has been shown to be as effective as the combined
treatment in some studies (Kumawat et al., 2019). PLEX has also been
used to wash out cytokines in septic shock and several fulminant viral
infections including COVID-19 (Ma et al., 2020). However, nosocomial
infections have been reported with PLEX (Yücesan et al., 2007).

IVIg is not routinely used for the acute or long-term management of
NMOSD with AQP4-IgG. However, early data suggest that IVIg may
have some value as a preventive therapy in patients with anti-MOG
disease (Hacohen et al., 2018) and it may be a preferred option for
those patients during the COVID-19 pandemic given its anti-viral and

immune-boosting properties.

2. Discussion and conclusion

The emergence of several new NMOSD therapeutics concurrently
with the worldwide spread of the novel COVID-19 global pandemic call
for careful therapeutic planning and add to the complexity of NMOSD
management. Although COVID-19 data from MS patients on various
immunotherapies are relatively reassuring (Sormani, 2020), altering
the common therapeutic approach to NMOSD during the pandemic may
be necessary to balance both efficacy and safety of treatment. Although
the use of cell-depleting immunosuppressants has been the standard of
care for decades, the use of more selective immunomodulating agents
during the pandemic may be safer to reduce infection-related risks.
Selective depletion of B-cells (rituximab and inebilizumab) may be safer
than non-selective immunosuppression (azathioprine and MMF) but
inhibition of the complement system (eculizumab) or IL-6 (sa-
tralizumab) is likely even safer. The route and frequency of adminis-
tration should be taken into consideration as well. Priority should be
given to medications with the safest routes of administration from the
exposure risk standpoint after factoring-in safety from the im-
munological standpoint (subcutaneous route is preferred over the in-
travenous route, home infusion preferred over ambulatory or inpatient
infusion, less frequent infusion preferred over more frequent regimens,
etc.). In addition, the effect on the immune response to the future SARS-
CoV-2 vaccine has to be considered. Eculizumab is likely the safest from
that standpoint followed by satralizumab while cell-depleting therapies
may negatively impact the response to the future SARS-CoV-2 in-
activated or viral protein vaccine and contraindicate live-attenuated
and possibly viral vector vaccines. Maintenance IVIg may be a safe
preventive option for patients with anti-MOG disease. NMOSD patients
who are stable on their current preventive therapy should likely be kept

Table 2
Pros and cons of neuromyelitis optica spectrum disorder therapeutics in relation to the COVID-19 pandemic

NMOSD therapeutic Pros Cons

Azathioprine and MMF - Oral route of administration eliminating the exposure risk related to IV infusions
(rituximab, eculizumab, inebilizumab)

- Non-selective immunosuppression

- Possible increased risk of COVID-19 infection and severity
- Possible reduced efficacy of future inactivated or viral protein
SARS-CoV-2 vaccine
- Live vaccine contraindicated

Rituximab - More selective immunosuppression than azathioprine and MMF - IV route of administration increasing the risk of exposure
- Less frequent IV dosing than eculizumab - Possible increased risk of COVID-19 infection and severity

- Possible reduced efficacy of future inactivated or viral protein
SARS-CoV-2 vaccine
- Live vaccine contraindicated

Eculizumab - Non-depleting Immunomodulatory agent - IV route of administration increasing the risk of exposure.
- Less likely to increase the risk of COVID-19 infection or severity than all other
agents

- More frequent infusions than rituximab and inebilizumab.

- Possible increased risk of secondary bacterial infections in
COVID-19 infected patients

- Potential beneficial effect in COVID-19 infected patients (clinical trials ongoing)
- No negative effect on future inactivated, viral protein, or live SARS-CoV-2 vaccines
- Home infusion more feasible than rituximab and inebilizumab

Inebilizumab - More selective immunosuppression than azathioprine and MMF - IV route of administration increasing the risk of exposure
- Less frequent IV dosing than eculizumab and rituximab - Possible increased risk of COVID-19 infection and severity

- Possible reduced efficacy of future inactivated or viral protein
SARS-CoV-2 vaccine
- Live vaccine contraindicated

Satralizumab - Non-depleting Immunomodulatory agent - Possible increased risk of COVID-19 infection and severity
compared to eculizumab

- Potential beneficial effect in COVID-19 infected patients (clinical trials ongoing) - Possible increased risk of secondary bacterial infections in
COVID-19 infected patients

- Effect on future inactivated or viral protein SARS-CoV-2 vaccine is unknown but
likely has no or less negative impact compared to depleting agents*

- Less defined impact on future inactivated or viral protein SARS-
CoV-2 vaccine compared to eculizumab

- Subcutaneous route of administration eliminating the exposure risk related to IV
infusions (rituximab, eculizumab, inebilizumab)

- Live vaccine not recommended

⁎ Based on studies of influenza vaccine response in patients receiving the prototype interleukin-6 inhibitor tocilizumab, MMF: mycophenolate mofetil, IV in-
travenous
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on the same treatment but risk mitigation strategies should be con-
sidered as appropriate (e.g. dose reduction for iatrogenic leukopenia,
IVIg replacement therapy for iatrogenic hypogammaglobulinemia,
spacing-out infusions, etc.). Considerations for acute relapse manage-
ment during the pandemic include oral corticosteroids at home for mild
relapses and PLEX monotherapy for severe relapses. Avoiding high dose
corticosteroids in the inpatient setting should be considered especially
in elderly patients with multiple comorbidities or who have COVID-19
infection. The therapeutic approach to NMOSD during the COVID-19
pandemic should continue to emphasize the importance of initiating
preventive therapy in newly diagnosed patients, continuation of on-
going safe therapy, and timely treatment of relapses. Table 1 sum-
marizes the relevant considerations for each NMOSD therapeutic to the
COVID-19 pandemic. Table 2 compares the advantages and dis-
advantages of each therapeutic agent in relation to COVID-19.
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