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Abstract: The ongoing coronavirus (COVID-19) pandemic is a global health emergency of 
international concern and has affected management plans of many autoimmune disorders. 
Immunosuppressive and immunomodulatory therapies are pivotal in the management of 
neuromyelitis optica spectrum disorder (NMOSD), potentially placing patients at an 
increased risk of contracting infections such as COVID-19. The optimal management 
strategy of NMOSD during the COVID-19 era remains unclear. Here, however, we examined 
the evidence of NMOSD disease-modifying therapies (DMTs) use during the present period 
and highlighted different scenarios including treatment of relapses as well as initiation and 
maintenance of DMTs in order to optimize care of NMOSD patients in the COVID-19 era. 
Keywords: neuromyelitis optica spectrum disorder, COVID-19, pandemic

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), identified as the 
cause of coronavirus disease 2019 (COVID-19), is the third known virus of the 
coronaviridae family to cause outbreaks of severe acute respiratory syndrome.1

Since the recognition of the disease as a pandemic, concerns have arisen over 
patients suffering immune-mediated illnesses requiring management with immuno
modulatory (IM) or immunosuppressant (IS) therapies, given their higher risk for 
suffering more severe forms of COVID-19.2

This review discusses the challenges in treating neuromyelitis optica spectrum 
disorder (NMOSD) in the COVID-19 era and proposes algorithms for tailoring 
potential management of acute relapses as well as the use of disease-modifying 
therapies (DMTs) during this critical period.

Pathophysiology of Neuromyelitis Optica Spectrum 
Disorder (NMOSD)
The NMOSD represents a group of immunologically mediated, inflammatory 
central nervous system (CNS) disorders, involving the production of auto-reactive 
antibodies (Abs) against various neuroglial structures. Autoantibodies against water 
channel aquaporin-4 (Anti AQP-4 IgG1) are the most common Abs,3 although other 
known overlapping Abs include those against myelin oligodendrocyte glycoprotein 
IgG (anti-MOG)4 and glial fibrillary acidic protein (GFAP).5 Cell-mediated immu
nity (CMI) contributes to the pathophysiology, where polarization of T-lymphocytes 
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towards helper Th-17 and Th-2 subtypes results in cyto
kine network alteration6,7 and promotes pro-inflammatory 
cascades and milieu conducive for B-lymphocytes. 
A major pathophysiologic role is played by Interleukin 
(IL) 6, a cytokine specifically involved in relapse severity, 
CNS injury and degree of disability.8 Disability in 
NMOSD is highly related to relapses; reduction of relapse 
frequency and adequate relapse management are thus of 
paramount importance.9

Pathophysiology of COVID-19
Innate immunity is initially activated following SARS- 
CoV-2 infection, with increased expression of inflamma
tory markers (eg CRP, procalcitonin, ferritin) and type-1 
interferons (IFN) in an attempt to limit viral replication 
and spread. Ensuing activation of phagocytosis targets 
infected cells.2

Eventually, adaptive immunity is activated, and a major 
role is played by CMI via activation of virus-specific 
T-cytotoxic cells (Tc-CD8). Antibody-mediated immunity 
and the complement cascade (particularly involving C3, C5) 
additionally aid antibody-dependent cellular cytotoxicity.10

Under optimal conditions, the immune response is well 
regulated and results in effective viral clearance and a good 
clinical outcome.2 However, in other conditions, viral viru
lence mechanisms result in dysregulation of the immune 
response and unrestrained viral replication, increased viral 
load, delayed IFN production, accumulation of neutrophils 
and monocytes, and reduction in B and T cells. A storm of 
pro-inflammatory cytokines follows, characterized by pool
ing of IL-2, −6, −8, −10, and −21, and tumour necrosis factor 
(TNF)-ß.11 This creates a vicious circle of overactive innate 
and dampened adaptive immune responses that are usually 
associated with clinical deterioration, acute lung injury, acute 
respiratory distress syndrome, thrombophilia and multiple 
systems organ failure.4

Older age, male gender, smoking, the presence of 
comorbidities (particularly diabetes, cardiac and respira
tory diseases) and immunosuppression were all found to 
be factors predisposing to dysregulation of the immune 
response and thus a worse clinical course among COVID- 
19 positive patients.2,4,12

Dilemmas in NMOSD Management 
During COVID-19
The ongoing COVID-19 pandemic has created unparal
leled challenges for neurologists to deliver the best care 

to patients suffering NMOSD. Questions that are yet to be 
addressed include: (1) whether exposure to certain DMT 
regimens poses a higher risk of severe COVID-19 infec
tion that may require discontinuation, transient interrup
tion or substitution of therapies, encouraging adoption of 
appropriate risk-stratification strategies in the context of 
individual patient profiles as well as of drug properties; (2) 
whether infection with COVID-19, even if asymptomatic, 
can precipitate acute relapses in otherwise stable patients, 
as can any other infection although shared immuno- 
pathological pathways between the two disorders would 
necessitate further risk stratification.

Limiting unnecessary procedures in medical centers to 
preserve resources and reduce person-to-person contact 
warrant consideration (eg delaying follow-up MRI scans 
and reducing the frequency of routine laboratory monitor
ing in stable patients). Further measures, such as suspend
ing non-essential in-person consultations and clinic visits 
or substituting it with remote interventions should also be 
encouraged (eg checking laboratory or MRI results 
through telecommunications).13

Tailored recommendations for neurologists managing 
NMOSD patients are currently needed, especially in the 
case of patients acquiring COVID-19.

Relapse Management
In patients with NMOSD, studies have shown that perma
nent damage from relapses leads to cumulative disability; 
therefore, the consensus among NMOSD experts is that 
every relapse requires treatment and that rescue medica
tions should be initiated as early as possible. Preventive 
treatments should be continued during relapse manage
ment as they play a role in recovery and ameliorating 
relapse severity.5,14,15

Treatment decisions regarding NMOSD relapses should 
be individualized according to COVID-19 suspicion, relapse 
manifestations, need for hospitalization and previous patient 
responses. Escalation of relapse treatment improves out
come, and the sequence of therapies is crucial until 
a satisfactory response is achieved. Administration of intra
venous methylprednisolone, 1 g daily for 5–7 consecutive 
days, is typically considered to be the initial treatment of 
choice and patients are encouraged to receive infusions at 
home whenever possible.16–19 However, in severe relapses 
(expanded disability status scale (EDSS) scores ≥2 points), 
this first-line treatment is not sufficient and additional strate
gies are required to minimize any residual impairments.20–22 

In view of the pathophysiology of NMOSD where a strong 
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humoral response underlies the disease process, plasma 
exchange (PLEX) seems to be the most appropriate therapy 
in severe relapses and it is accepted as the second-line ther
apy for severe steroid-refractory NMOSD attacks with more 
favorable outcome.23,24 The American Society for Apheresis 
(ASFA) considers NMOSD to be a category II indication for 
PLEX.

With the evidence of complex interactions between the 
cytokine storm, inflammation, endothelial dysfunction, and 
thrombophilia resulting from COVID-19 infection25,26 

PLEX offers effective removal of inflammatory cytokines 
from the blood, stabilization of endothelial membranes, 
and reversal of hypercoagulability.25–27

However, PLEX is an invasive procedure with a longer 
hospital stay as well as a higher risk of infections and 
hemodynamic instability when compared to intravenous 
immunoglobulin (IVIG), especially for patients on 
immunosuppressants.28 Hence, IVIG administration could 
be a relatively safer option with favorable results in 
relapse treatment in patients with neurological manifesta
tions not warranting hospital admission29–31 (Figure 1).

Furthermore, high IVIG doses administered to patients 
with severe COVID-19 were found to successfully halt the 
progression of the illness and improve clinical outcomes.33,34

Monthly IVIG administration is also considered to be 
an effective treatment option in preventing NMOSD 
relapses in patients with anti-MOG disease, especially 

throughout the COVID-19 pandemic, owing to its 
immune-boosting and antiviral properties.35–37

Initiation and Maintenance of DMTs
Various immunosuppressive agents including azathioprine 
(AZA), mycophenolate mofetil (MMF), and cyclopho
sphamide (CTX), as well as monoclonal antibodies includ
ing rituximab (RTX), eculizumab, and tocilizumab have 
been reported effective in reducing the annualized relapse 
rate and stabilizing EDSS scores of NMOSD patients.38–42 

The suggested treatment algorithm for the initiation and 
maintenance of DMTs is outlined in Figure 2.

Azathioprine
This purine antimetabolite is structurally similar to endogen
ous purine bases and interferes with DNA synthesis. This 
results in T cell apoptosis and subsequent 
immunosuppression.43 As an immunosuppressive medica
tion, this drug increases the risk of bacterial, viral and fungal 
infection especially when combined with corticosteroids.43 

Lymphopenia (especially grade 3 and 4; <500 cells/mL) was 
found to increase the risk of opportunistic infection, so fre
quent WBC monitoring as well as dose reduction or even 
medication cessation should be considered.44,45

In the management of NMOSD, AZA is considered to 
be a first-line therapy, and no evidence to date has 

Figure 1 Management of a relapse in NMOSD patients during COVID-19 pandemic.32 

*After improvement continue on oral steroids for 3-6 months and consider initiation of disease-modifying therapies in newly diagnosed patients. 
Abbreviations: CBC, complete blood count; COVID-19, coronavirus disease 2019; CRP, C reactive protein; CT, computed tomography; IVIG, intravenous immunoglo
bulins; IVMP, intravenous methylprednisolone; NMOSD, neuromyelitis optica spectrum disorder; PLEX, plasma exchange.
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suggested that interrupting AZA treatment decreases risks 
posed by COVID-19.46

Recommendations
AZA can be continued as a maintenance therapy in 
NMOSD patients throughout the COVID-19 pandemic 
with regular blood count monitoring. Dosages can be 
adjusted based on individual patient profile, disease sever
ity and lymphocytic counts.45 However, it is likely safer 
not to start AZA in newly diagnosed patients.

Rituximab
This monoclonal antibody against CD20-expressing 
B lymphocytes has not been found to increase the risk of 
viral infection; there is likewise no evidence to date that 
RTX increases the risk of developing COVID-19.47 Anti- 
CD20 therapies leave the CD8-positive T cell compart
ment of the immune system relatively intact, which is 
important to eradicate the virus. However, it is not prefer
able to initiate B cell-depleting agents during a pandemic 
because they may preclude the formation of long-lasting 
immunity against reinfection as well as response to vac
cines when they become available.48

The timing of RTX doses can be determined by mon
itoring CD19+ CD27+ memory B cells and does not neces
sarily follow the 6-month interval dosing. Disease control 
in NMOSD patients can be achieved with RTX for an 
average of 6–9 months,49–51 and it is now obvious from 
the Swedish experience in multiple sclerosis that rituximab 

remains effective at controlling disease activity beyond 6 
months.50

Recommendations
Initiation of RTX in NMOSD patients throughout the 
COVID-19 pandemic is not preferable. Stable patients 
already undergoing RTX treatment are advised to have their 
next infusion postponed for 3 months especially if CD19+  
and CD27+ memory B cell counts are severely decreased.

In situations where CD19+ and CD27+ memory B cell 
levels have stabilized or when 9 months have passed since 
the prior infusion, the next medication dose cannot be 
postponed and it is recommended to either shift from 
RTX to one of the other approved safer monoclonal anti
bodies, or to continue the patient on the same drug after 
explaining potential risks and benefits.

Mycophenolate Mofetil
A prodrug of mycophenolic acid, MMF causes depletion 
of guanosine and deoxyguanosine in both T and 
B lymphocyte lines via inhibition of inosine-5′- 
monophosphate dehydrogenase (type II), an enzyme that 
facilitates the production of an intermediate metabolite of 
guanosine.52 Net effects include the inhibition of de novo 
purine synthesis and the suppression of DNA synthesis 
with subsequent interference in both T and B lymphocyte 
proliferation, decrease in cytotoxic T cell activity and 
diminished antibody formation.53–55 Promising results 

Figure 2 Algorithm for initiation and maintenance of DMTs in NMOSD patients during the COVID-19 pandemic. 
Abbreviations: ABs, antibodies; COVID-19, coronavirus disease 2019; CTX, cyclophosphamide; DMT, disease modifying therapy; IVIG, intravenous immunoglobulins; MMF, 
mycophenolate mofetil; MTX, methotrexate; NMOSD, neuromyelitis optica spectrum disorder.
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have been reported in the setting of many immune- 
mediated neurological illnesses including NMOSD.56,57

Compared to AZA, MMF was more effective at 
achieving remission in some patients with NMOSD and 
did so with fewer adverse events.58

This drug interferes with IL-17 production by Th17 
cells. A potent pro-inflammatory cytokine that plays 
a crucial rule in COVID-19 infection, chronic use of 
MMF could have a protective role against serious clinical 
complications of the disease.59,60

Recommendations
It is likely safer not to start MMF in newly diagnosed 
NMOSD patients throughout the pandemic. For patients 
who are already being treated with MMF, treatment can be 
maintained with regular blood count monitoring.

Methotrexate
A folate antagonist that has multiple dose-related mechanisms 
of action, MTX inhibits dihydrofolate reductase and thus DNA 
synthesis in high-dose regimens and aminoimidazole-4-car
boxamide ribonucleotide in low-dose regimens, ultimately 
interfering with T-cell function, augmenting the release of 
intra- and extracellular adenosine that suppresses inflamma
tion, suppressing the release of pro-inflammatory cytokines (eg 
TNF-α, IL-6, IL-8, IL-12) and enhancing the production of 
anti-inflammatory mediators (eg IL-10 and IL-1).61

In the treatment of NMOSD, MTX is considered to be 
a second-line option when first-line medications fail or are 
inappropriate.62

In addition, MTX therapy is associated with increased 
risk of infection and myelosuppression63 while in up to 14% 
of patients treated with low-dose MTX, a troublesome 
adverse event mimicking symptoms of COVID-19, termed 
MTX-induced pneumonitis (MIP), has been reported. It typi
cally presents with dyspnea, dry cough and fever, as well as 
ground glass opacities on chest CT imaging. Cessation of 
MTX and glucocorticoids typically results in a favorable 
outcome, although, in some cases, it may be fatal.64

An interim Australia/New Zealand recommendation 
for patients with severe inflammatory skin disorders was 
to reduce MTX dosing to less than 10 mg/week to protect 
against COVID-19 infection.45

Recommendations
As a second-line agent, it is preferable not to initiate MTX in 
NMOSD patients throughout the COVID-19 pandemic. 
Frequent clinical evaluations and complete blood count 

monitoring of patients treated with MTX are recommended; 
reduction of doses to less than 10 mg/week should be con
sidered for patients already undergoing MTX therapy based 
on individual profiles and disease severity. If patients develop 
MIP, are infected with COVID-19 or if lymphocytic count 
falls below 1100/mL, MTX should be stopped.

Cyclophosphamide
An alkylating antineoplastic agent, CTX exerts its effects 
via the active metabolite phosphoramide, resulting in cross- 
linkages within and between adjacent DNA strands, ulti
mately leading to induction of apoptosis.65 This medication 
also selectively suppresses T cells and increases the secre
tion of Th2 cytokines (eg IL-4, IL-10) and decreases the 
secretion of INF-gamma and IL-12 both in the CSF and 
peripherally.66 Common adverse events include hemorrha
gic cystitis, gonadal toxicity and myelosuppression67. 
Myelosuppression increases the risk of infection, which 
may trigger sepsis, particularly at high treatment doses68. 
Furthermore, immunosuppression induced by CTX in 
a murine model infected with influenza A revealed viral 
persistence with prolonged shedding.69 The European 
Medicines Agency approves CTX as a second-line main
tenance therapy for NMOSD patients, especially for those 
with comorbid systemic lupus erythematosus or systemic 
sclerosis.

Recommendations
It is not preferable to initiate CTX in NMOSD patients 
throughout the COVID-19 pandemic. As CTX is a second- 
line agent, the choice of another alternative as mainte
nance therapy is preferable.

Eculizumab
Eculizumab is a humanized monoclonal antibody 
approved for the treatment of NMOSD in patients who 
are AQP4-IgG-seropositive. It binds with high affinity to 
C5, thereby blocking the activation of the terminal com
plement pathway.70

The complements C3a and C5a in particular have very 
potent pro-inflammatory properties as they trigger neutro
phil recruitment and activation, thus playing a vital role in 
the immune response to COVID-19 infection. Interestingly, 
anti-C5aR antibody was reported to alleviate lung and tissue 
damage in Middle East respiratory syndrome-related coro
navirus (MERS-CoV)-infected mice.71

Despite the fact that experience with the novel mono
clonal antibodies in NMOSD treatment is very limited, 
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eculizumab, as a modulator of distal complement, was 
found to hold promise in the treatment of patients infected 
with COVID-19.72

Commonest reported adverse effects of eculizumab are 
headache (27.0%), upper respiratory tract infection 
(25.5%), nasopharyngitis (22.6%) and bacterial pneumonia 
(2.9%).73 Such adverse respiratory effects may either fal
sely suggest COVID-19 infection, or mask it.

Recommendations
Initiation and maintenance therapy with eculizumab in 
NMOSD patients throughout the COVID-19 pandemic is 
likely safe, even in patients with suspected or confirmed 
COVID-19. However, careful monitoring for possible upper 
respiratory infections as well as bacterial pneumonia is 
warranted.

Tocilizumab
Tocilizumab is a humanized monoclonal antibody that 
binds to IL-6 receptors and thus blocks their binding IL- 
6, a pro-inflammatory cytokine with a major role in 
NMOSD pathogenesis.38 Tocilizumab is highly effective 
for aggressive cases of NMOSD refractory to RTX ther
apy. Notably, tocilizumab has an additional role in the 
effective management of chronic neuropathic pain and 
fatigue in NMOSD patients.74

In patients with COVID-19 infection, IL-6 levels are 
significantly elevated and associated with adverse outcomes. 
Thus, tocilizumab was found to effectively dampen the 
inflammatory response and improve patient outcomes.75–77

Tocilizumab is generally a safe drug with injection site 
reactions the commonest adverse effect (10%). However, 
neutropenia, thrombocytopenia and elevated liver enzymes 
may rarely occur.78

Importantly, impaired IL-6 signaling results in normal
ization of CRP levels and body temperature even in the 
presence of systemic infection.79 Suspicion of COVID-19 
infection in patients receiving IL-6 inhibitors should be 
high in the setting of relevant symptomology.

Recommendations
Initiation and maintenance therapy with tocilizumab in 
NMOSD patients throughout the COVID-19 pandemic 
is likely safe, even in patients with suspected or con
firmed COVID-19 as tocilizumab is possibly dually 
effective.

Satralizumab
Satralizumab is another humanized monoclonal antibody 
that binds the IL-6 receptor but exhibits a more favorable 
pharmacokinetic profile than tocilizumab due to 
a prolonged elimination half-life.80

As an IL-6 inhibitor, satralizumab is likely beneficial in 
the setting of COVID-19 infection; however, this drug has 
not been investigated in COVID-19 patients.

Recommendations
Initiation and maintenance therapy with satralizumab in 
NMOSD patients throughout the COVID-19 pandemic is 
likely safe even in patients with suspected or confirmed 
COVID-19 infection.

Conclusions
There is little evidence to formulate specific recommenda
tions for patients with NMOSD receiving immunomodula
tory treatment with regards to COVID-19. However, in 
everyday clinical practice throughout the pandemic, health 
care providers face several obstacles regarding acute and 
preventive management of NMOSD patients. Here, we listed 
recommendations based on the mechanism of action of each 
drug and its preferential effects on the immune system, taking 
into consideration currently available data, ongoing studies 
and expert opinion. However, treatment decisions regarding 
NMOSD patients should be individualized according to dis
ease duration, course and severity, as well as COVID-19 risk.
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The authors report no conflicts of interest in this work.
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