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Abstract
Background  Myasthenia gravis (MG) is an autoimmune disorder of the neuromuscular junction that can be exacerbated by 
many viral infections, including COVID-19. The management of MG exacerbations is challenging in this scenario. We report 
8 cases of MG exacerbation or myasthenic crisis associated with COVID-19 and discuss prognosis and treatment based on a 
literature review.
Results  Most patients were female (7/8), with an average age of 47.1 years. Treatment was immunoglobulin (IVIG) in 3 patients, 
plasma exchange (PLEX) in 2 patients, and adjustment of baseline drugs in 3. In-hospital mortality was 25% and 37.5% in 
2-month follow-up.
Discussion  This is the largest case series of MG exacerbation or myasthenic crisis due to COVID-19 to this date. Mortality was 
considerably higher than in myasthenic crisis of other etiologies. Previous treatment for MG or acute exacerbation treatment 
did not seem to interfere with prognosis, although sample size was too small to draw definitive conclusions. Further studies 
are needed to understand the safety and effectiveness of interventions in this setting, particularly of PLEX, IVIG, rituximab, 
and tocilizumab.

Keywords  Myasthenia gravis · Neuromuscular junction diseases · Myasthenic crisis · Neurological symptoms · 
Coronavirus · COVID-19

Introduction

In mid-November 2019, an outbreak of pneumonia of 
unknown cause in the city of Wuhan, Hubei province, China, 
began to attract the attention of Chinese health authorities [1]. 
The virus was identified as a new type of coronavirus (CoV), 
named SARS-CoV-2, and its associated disease received the 
name of COVID-19, which was declared a pandemic by the 
World Health Organization Health on March 11, 2020, with 
high levels of contamination and mortality in China, Italy, and 
Spain and later in the USA and Brazil [1].

Myasthenia gravis (MG) is an autoimmune disorder that 
affects the neuromuscular junction and may lead to respiratory 
muscle weakness with respiratory insufficiency (myasthenic 
crisis) [2]. It can often be exacerbated by common viral or 
bacterial infections, including COVID-19 infection [3].

Exacerbation of MG during COVID-19 infection appears 
to be uncommon, ranging from 10 to 15% [4, 5]. The scenario 
of myasthenia exacerbation due to COVID-19 can be 
challenging, both due to diagnostic concerns (is respiratory 
insufficiency related to hypoventilation secondary to muscle 
weakness or hypoxia secondary to pulmonary involvement?) 
and treatment (are plasma exchange [PLEX] and intravenous 
immunoglobulin [IVIG] safe and effective for the treatment 
of myasthenic crisis in this setting?).

Previous studies have reported outcomes of myasthenic 
patients with COVID-19 infection, but few of them have 
focused especially on those who had exacerbations. We 
report 8 cases of myasthenia exacerbation or myasthenic crisis 
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associated with acute COVID-19 infection and discuss prog-
nosis and treatment based on a literature review.

Material and methods

This was an observational retrospective study including 
all consecutive adult patients diagnosed with MG (based 
on antibodies or on electrophysiology) and admitted with 
acute COVID-19 infection and myasthenia exacerbation at 
two reference hospitals in Fortaleza, state of Ceará in the 
northeast of Brazil, from May 2020 to April 2021. Diagnosis 
of COVID-19 was confirmed with real-time reverse-
transcriptase polymerase-chain-reaction (RT-PCR) assay 
(LightMIx Modular SARS-CoV (COVID-19) Egene and 
LightMIx Modular SARS-CoV (COVID-19) RdRP, Roche 
Diagnostics S.L.) from oropharyngeal–nasopharyngeal swab, 
sputum, or lower respiratory tract in all cases. Informed 
consent was waived because of the retrospective observational 
nature of the study and the analysis used anonymous clinical 
data.

All patients underwent detailed clinical and neurological 
examination, and neuromuscular specialists in each hospital 
reviewed medical charts. The diagnosis of MG is based on 
clinical aspects, serology (positive acetylcholine receptor-
AchR autoantibodies, or muscle-specific tyrosine kinase 
(MuSK) antibodies), and electrophysiological findings 
(abnormal decrement in repetitive nerve stimulation-RNS). 
Myasthenia Gravis Foundation of America (MGFA) scores 
[6] were defined based on the clinical descriptions 1 month 
prior to hospitalizations when available. MG exacerbation 
was defined as a MGFA score worsening from baseline or 
respiratory insufficiency needing mechanical ventilation 
(MV).

Results

We identified 8 patients with myasthenia exacerbation 
or myasthenic crisis during acute COVID-19 infection 
(Table 1). Most patients were female (7/8), with an average 
age of 47.1 years. The majority (6/8) required mechanical 
ventilation.

All patients had MGFA class increase denoting MG 
exacerbation. Most patients (6/8) had worsening of 
previously stable MG, while 2 patients presented initial 
MG symptoms during COVID-19 infection. Diagnostic 
confirmation was done with RNS in 7 patients and antibodies 
in 7 (6 with AChR and 1 with MuSK antibodies). Of the 
patients with an initial diagnosis of MG, one had anti-AChR 
antibodies, and the other had negative AChR and MUSK 
antibodies but marked decremental response on RNS.

Treatment of exacerbation was IVIG in 3 patients, PLEX 
in 2 patients, and adjustment of baseline myasthenia drugs 
in 3. All patients who received IVIG survived, and one of 
the two patients who received PLEX died. Average hospital 
stay was 42.62 days. Mortality during hospital stay was 2/8 
and 3/8 in short-term follow-up (2 months). Of those with 
myasthenic crisis, mortality in follow-up was 50% (3/6).

Antibiotics were prescribed to 7 patients, including 
classes of antibiotics reported to worsen MG. Half of the 
patients (4/8) also received hydroxychloroquine, azithromy-
cin, or ivermectin.

We present the details, clinical course, and treatment 
of two illustrative cases that exemplify the diagnostic and 
therapeutic challenges in these patients.

Case 1

A 37-year-old female patient started with dysphagia, dys-
phonia, and post-prandial cough, followed by bilateral pto-
sis, diplopia, and mild dyspnea on exertion 3 months before 
admission. There was no previous illness and no family 
history of neurologic diseases. Three months later, she had 
sudden worsening of dyspnea, needing supplementary oxy-
gen, and was intubated the following day. Arterial blood 
gas analysis revealed hypercapnic respiratory failure. RT-
PCR was positive for SARS-Cov-2 infection. Chest high-
resolution CT scan revealed a pattern suggestive of COVID-
19 pneumonia. Five days later, after waning of sedation, 
bilateral ptosis, facial weakness, and ophthalmoparesis were 
perceived, and a clinical diagnosis of MG was suggested 
(characterized as MGFA class IIIB based on previous symp-
toms). She received dexamethasone treatment for COVID-19 
pneumonia and was submitted to PLEX. Anti-AChR and 
MuSK antibodies were negative, but a marked decremental 
response on RNS was present. She underwent tracheostomy 
and was successfully weaned from mechanical ventilation. 
After 1 month of admission, she had another exacerbation 
with worsening of ptosis, dyplopia, and dysphagia and 
underwent another five sessions of PLEX. Considering her 
MG to be refractory, rituximab 750 mg/m2 in two divided 
doses was administered. After 1 week of initial rituximab 
infusion, she had significant improvement, was decannu-
lated, and discharged home on prednisone 60 mg/day and 
pyridostigmine.

Case 2

A 49-year-old female patient had been diagnosed with gen-
eralized MG since 2013 (clinical findings, abnormal RNS, 
and positive AchR autoantibodies), MGFA class IIa, hav-
ing been treated with azathioprine, prednisone, and pyri-
dostigmine. In 2015, she was diagnosed with thymoma and 
underwent thymectomy and radiotherapy. Two days before 
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admission in May 2020, the patient reported fever, shiver-
ing, odynophagia, headache, and dyspnea. One day before 
admission, she also reported cough. RT-PCR was positive 
for SARS-Cov-2 infection. After admission, dyspnea got 
worse; ptosis and muscle weakness in four limbs were noted. 
Chest high-resolution CT scan revealed a pattern sugges-
tive of COVID-19 pneumonia. She was transferred to an 
intensive care unit. Azathioprine was suspended due to sus-
pected associated bacterial infection; prednisone dosage was 
increased to 60 mg/day. Five days after admission, patient 
had hypercapnic respiratory failure and required orotracheal 
intubation, remaining for 30 days under sedation and neuro-
muscular block. During this period, she performed 2 cycles 
(5 days each) of IVIG at a dose of 1 g/kg at an interval of 21 
days. After extensive treatment with antibiotics for bacterial 
pneumonia and sepsis, she achieved clinical improvement 
but still needed prolonged mechanical ventilation through a 
tracheostomy. She was discharged 2 months after admission 
still using a tracheostome but without the need for mechani-
cal ventilation. She is currently decannulated, independent 
for activities of daily living, and returned to her previous 
treatment with azathioprine 150 mg/day, pyridostigmine, 
and prednisone 20 mg/day.

Discussion

This is one of the first case series to include only patients 
with myasthenia exacerbation or myasthenic crisis triggered 
by acute COVID-19 infection. We discuss clinical character-
istics, pulmonary and systemic involvement, previous MG 
treatment, and acute exacerbation treatment and prognosis 
in our patients and compare to a literature review.

Viral and bacterial respiratory infections are common 
triggers for exacerbation in MG. COVID-19 has also been 
described as a trigger for exacerbation [3, 7–9], although MG 
worsening appears to be uncommon in COVID, affecting only 
10–15% of patients [4, 5]. Comparing this number to seasonal 
influenza, a recent study performed before the coronavirus 
pandemic has shown that an influenza-like illness resulted in 
exacerbation in 40% of myasthenic patients [10]. In the same 
study, a common cold resulted in exacerbation in 15.6%. It is 
still unclear if this discrepancy is a result of underreporting 
of MG worsening due to severity of pulmonary symptoms in 
COVID-19 or if it represents a lower potential for exacerbat-
ing MG symptoms in COVID-19 infection.

Some studies have established MG as an independent risk 
factor for worse prognosis in COVID-19 [4] and found that 
unsatisfactory control of MG symptoms, long-term corticos-
teroid treatment, older age, cancer, and rituximab use were 
risk factors for death in these patients. However, very few of 
these patients had MG exacerbations, and death was related 
to pulmonary involvement by viral or secondary pneumonia 

in most cases. In the present study, we systematically focus 
on patients with exacerbations.

The impact of plasma exchange in COVID-19 has been 
under study recently. One of the main causes of tissue dam-
age in COVID-19 is a widespread immune dysregulation 
referred to as cytokine storm syndrome (CSS) with elevated 
interleukin-1 (IL-1), interleukin-6 (IL-6), granulocyte 
colony-stimulating factor (GCSF), tumor necrosis factor 
(TNF), ferritin, and other immune-inflammatory mediators 
[11]. Some of these factors could be removed by plasma 
exchange. In a case series of 31 patients with acute respira-
tory distress syndrome (ARDS) due to SARS-CoV-2, PLEX 
has been shown to reduce mortality and improve extubation 
rates [12]. PLEX has also reduced mortality in secondary 
thrombotic microangiopathy (TMA) and diffuse intravas-
cular coagulation (DIC) [13, 14]. Major concerns involving 
PLEX are hypotension, which can be partially overcome 
with administration of intravenous fluids [15], and risk of 
bleeding due to procoagulant depletion. Plasma exchange 
also leads to immunosuppression. Immediately after PLEX 
the levels of IgA, IgG, IgM, C3, C4, and CH50 are reduced 
by 50–70% [16]. Some authors have found high infection 
rates in patients undergoing PLEX [17], but we found no 
robust evidence based on controlled trials to quantify that 
risk. In our series, two patients were treated with PLEX. One 
of them died, but the other had a very significant improve-
ment and was discharged in a better MGFA class than before 
COVID-19 infection.

Intravenous immunoglobulin (IVIG) has anti-inflamma-
tory and immunomodulating effects. Previous studies have 
shown efficacy of IVIG in the treatment of patients with 
severe inflammatory response associated with influenza [18] 
and SARS-CoV [19] infection, but there are not sufficient 
evidence to ascertain its safety and effectiveness in COVID-
19. There are reports of myasthenic exacerbations due to 
COVID-19 treated with IVIG without major side effects 
[20]. Two major side effects are thrombotic events that have 
an estimated incidence of 1–16.9% [21] and transfusion-
related acute lung injury (TRALI), an immune-mediated 
process that can lead to ARDS [21]. Three patients in our 
series received IVIG. None of them died. One was dis-
charged in a better MGFA than at admission and the other 
two in a worse functional status.

Medications used for chronic immunosuppressive treat-
ment in MG might also influence COVID-19 disease course. 
Evidence from small series suggested that corticosteroids 
in higher doses and rituximab might increase mortality. 
Azathioprine, mycophenolate mofetil, and cyclosporine did 
not influence outcomes [4]. Of the 3 patients in our series 
who died during follow-up, two were taking corticosteroids, 
one of them associated with azathioprine and the other with 
rituximab. The third patient was not using any medica-
tion as she did not have a previous diagnosis of MG before 
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myasthenic crisis. Among survivors, most patients also used 
corticosteroids chronically (3/5). Only two out of 8 patients 
did not need mechanical ventilation, and both were taking 
oral prednisone > 40 mg/kg. Both these patients had a very 
short hospital state and were discharged in a similar MGFA 
to the one they were in before admission.

Some drugs which have been used for general support-
ive care in COVID-19 might also exacerbate myasthenic 
symptoms. Three of our patients took azithromycin, a mac-
rolide antibiotic that may be able to suppress inflammation 
in ARDS [22] but has failed to demonstrate clinical effi-
cacy in COVID-19 [23]. Two of these patients died (66%). 
Azithromycin is known to worsen myasthenic symptoms and 
may precipitate myasthenic crisis [24, 25]. All patients tak-
ing azithromycin required mechanical ventilation. Only one 
patient received hydroxychloroquine, another drug that has 
shown in vitro antiviral activity but has failed to demonstrate 
clinical benefit [26]. Chloroquine and hydroxychloroquine 
also have the potential to exacerbate MG symptoms [24, 25].

Antibiotics may be prescribed in critically ill COVID-
19 patients to treat known or suspected secondary bacte-
rial infection. Many antibiotics may also exacerbate MG. 
In our series, some patients received aminoglycosides (gen-
tamicin and amikacin), clindamycin, and polymyxin, which 
are all on the list of medications to be avoided in myasthenic 
patients. The small sample and absence of a control group 
prevent us from assessing possible effects of these drugs 
on clinical course. Care should be taken when treating any 
myasthenic patient with antibiotics.

Our case series showed a very high mortality rate of 
37.5% (3/8) on short-term follow-up. Two of these patients 
died during hospitalization, and another died 2 months after 
discharge. Cause of death was septic shock in two patients 
and unknown in the one who died at home. A study with 
COVID-19 patients requiring hospitalization in Brazil 
revealed ICU admission rates of 39% and in-hospital mortal-
ity rate of 38% [27]. Mortality in myastenic crisis of varied 
etiologies was 12% in a large case series, and main cause of 
death was multiorgan failure, mostly due to sepsis [28]. Of 
the patients who had myasthenic crisis in our series, mor-
tality was even higher (3/6, 50%). Despite our small sam-
ple, it is possible that mortality of myasthenic crisis due to 
COVID-19 is considerably higher than that of MG crisis due 
to other etiologies.

Considering current evidence, we believe that the deci-
sion to treat MG exacerbations in COVID-19 with PLEX or 
immunoglobulin should be taken based on particularities 
of individual patients, such as risk of thrombotic complica-
tions, secondary bacterial or fungal infections, and hemo-
dynamic parameters. Immunoglobulin probably results in 
less hemodynamic compromise and less interference with 
cytokines, chemokines, and innate immunity factors (which 
might have a positive or negative effect on outcomes) but 

might increase the risk of thrombosis, which is also high 
in COVID-19 infections. PLEX has been studied for the 
treatment of cytokine storm syndrome in COVID, although 
evidence is limited to small studies and potential risks such 
as bleeding, hypotension, and possible predisposition to sec-
ondary infections raise concerns about its widespread use.

The main limitation of our study is that it was an obser-
vational retrospective study with a small number of patients, 
which limited comparative statistical analysis. Neverthe-
less, this is the largest case series to date to include only 
patients with MG exacerbation and myasthenic crisis due 
to COVID-19.

Conclusion

Myasthenia exacerbations and myasthenic crisis seem to be 
uncommon complications of COVID-19 infections. Progno-
sis in these patients, however, might be very poor. Further 
studies are needed to understand the safety and effectiveness 
of interventions in this setting, particularly of PLEX, IVIG, 
rituximab, and tocilizumab.
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