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SHORT COMMENTARY
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Abstract
The novel coronavirus outbreak of SARS-CoV-2 first began in Wuhan, China, in December 2019. The most striking mani-
festation of SARS-CoV-2 is atypical pneumonia and respiratory complications; however, various neurological manifestations 
are now well recognized. Currently, there have been very few case reports regarding COVID-19 in patients with a known 
history of myasthenia gravis. Myasthenia gravis (MG) causes muscle weakness, especially respiratory muscles, in high-risk 
COVID-19 patients, which can lead to severe respiratory compromise. There are few reported cases of severe myasthenia 
crisis following COVID-19, likely due to the involvement of the respiratory apparatus and the use of immunosuppressive 
medication. We report the first case of ocular MG developing secondary to COVID-19 infection in a 65-year-old woman. 
Two weeks prior to hospitalization, the patient suffered from cough, fever, and diarrhea and was found to be positive for 
COVID-19 via a nasopharyngeal RT-PCR swab test. The electrodiagnostic test showed decremental response over more 
than 10% on repetitive nerve stimulation test of orbicularis oculi. She tested positive for antibodies against acetylcholine 
receptor. COVID-19 is known to cause the release of inflammatory cytokines, leading to immune-mediated damage. MG is 
an immune-mediated disorder caused by molecular mimicry and autoantibodies against the neuromuscular junction.
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Abbreviations
COVID-19  Coronavirus infectious disease 2019
gMG  Generalized myasthenia gravis
MG  Myasthenia gravis
oMG  Ocular myasthenia gravis
Anti-MuSK  Anti-muscle-specific tyrosine kinase
AchRs  Acetylcholine receptor
MERS  Middle East respiratory syndrome
SARS-CoV-2  Severe acute respiratory distress syndrome 

coronavirus 2
IDSA/ATS  Infectious Disease Society of America/

American Thoracic Society

IVIG  Intravenous immunoglobulin
IL  Interleukin
EMG  Electromyography
MRI  Magnetic resonance imaging
RT-PCR  Reverse transcriptase polymerase chain 

reaction
CRP  C-reactive protein

Introduction

Myasthenia gravis (MG) is a common autoimmune disorder 
caused by the production of autoantibodies against nicotinic 
acetylcholine receptors at the neuromuscular junction [1, 
2]. The disruption of the neuromuscular pathway causes 
reduced stimulation of the muscles manifesting as fatigable 
muscle weakness, which may be generalized or focal, spe-
cifically involving ocular and bulbar regions, and in severe 
cases, leading to respiratory compromise [1, 3].

In general, 80% of generalized myasthenia gravis (gMG) 
patients and 55% of ocular myasthenia gravis (oMG) patients 
have autoantibodies against acetylcholine receptor block-
ing, binding and modulating receptors (AChR-Abs) (1). 
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Anti-MuSK antibodies tend to be positive in approximately 
one-third of patients who are seronegative in generalized 
myasthenia gravis [1].

Viral and bacterial infections are established triggers for 
a myasthenic crisis in patients with pre-existing myasthe-
nia gravis. However, there is yet to be a clear consensus 
regarding infections causing myasthenia gravis in otherwise 
healthy patients.

With the outbreak of the novel coronavirus SARS-CoV-2, 
scientists and researchers around the world are trying to gain 
information regarding its effects and complications with 
regard to various pre-existing comorbidities on different sub-
groups of people. While atypical pneumonia and respiratory 
compromise are the primary features of COVID-19, various 
neurological manifestations are now well recognized, and 
many others are being extensively studied. There is also a 
concern that neuromuscular disorders affecting swallow-
ing and breathing will predispose patients to a more severe 
infection [4].

Additionally, coronaviruses other than SARS-CoV-2, 
such as MERS and SARS, are well recognized to cause myo-
pathies and neuropathies in addition to other neuromuscular 
disorders [5, 6]. A case series by Kim et al. reported critical 
illness neuropathy and acute sensory neuropathy in a group 
of patients with MERS [5]. Another case series by Tsai L. 
et al. of 4 cases of SARS-CoV infection was reported with 
coexistent neuropathy and myopathy [6]. Recently, these 
complications have also been recognized among patients 
with COVID-19.

A few case reports have described COVID-19 infection 
in patients with pre-existing myasthenia gravis [2, 7–13]. 
However, to the best of our knowledge, there have been no 
reported cases of ocular myasthenia gravis being triggered 
by COVID-19 infection. Here, we describe the first such 
case and attempt to describe the clinical course, possible 
pathophysiological manifestations behind this presentation 
and briefly review the present literature on COVID-19 in 
Myasthenia patients.

Case report

We present a case of a 65-year-old woman with a signifi-
cant history of left renal cell carcinoma status post partial 
nephrectomy in 2018, pituitary adenoma with acromegaly 
status post partial resection in 1993 (on chronic prednisone 
replacement therapy), lung carcinoid, meningioma and his-
tory of pulmonary embolism on apixaban. She presented 
from an outside facility with 2 weeks of diarrhea, myalgia, 
and extreme fatigue and with 3 days of left eyelid ptosis. She 
tested positive for COVID-19 by nasopharyngeal RT-PCR 
testing and was found to have prior exposure to a COVID-19 

positive family member. She denied any dyspnea, dysphagia, 
chewing fatigue or proximal weakness.

On examination, she had left eye ptosis that was fatiga-
ble and diplopia with vertical up-gaze after 20 s. She also 
had mild eye closure weakness. She reported generalized 
fatigue but there was no focal weakness on neurological 
examination. She had normal strength and normal reflexes. 
MG composite score was 4 (3 for ptosis and 1 for eye closure 
weakness).

Extensive laboratory work revealed elevated inflam-
matory markers, including interleukin-6 at 3 pg/ml (nor-
mal ≤ 1.8), serum CRP 88.4 mg/l (normal < 0.8), serum fer-
ritin 966 ng/ml (normal 10–200 ng/ml), serum fibrinogen 
546 mg/dl (normal 200–400 mg/dl), and D-dimer 521 ng/ml 
(normal < 232 ng/ml). Acetylcholine receptor (AchR)-bind-
ing antibody (Ab) was positive with high titer 7.39 nmol/L 
(normal < 0.02 nmol/l), striational Ab was positive with high 
titer 1:960 (normal < 1:120), and AchR modulating Ab 78% 
(0–20% reported as normal percentage loss of AChR) along 
with negative anti-MuSK Ab.

EMG was performed on day 2 of hospitalization and was 
consistent with a neuromuscular transmission deficit with a 
decremental response on repetitive nerve stimulation test of 
left orbicularis oculi greater than 10% (seen on the fourth 
run) (refer to Fig. 1). The ice-pack test was positive. CT 
chest showed no pulmonary infiltrates and was negative for 
thymoma. Normal MRI of orbits ruled out infiltrative etiolo-
gies, and brain MRI was unremarkable. The paraneoplastic 
panel was negative and included antibodies against P/Q-type 
calcium channels and N-type calcium channels.

Based on the combination of findings from history, labo-
ratory investigations and electrodiagnostic testing, she was 
diagnosed with seropositive ocular myasthenia gravis. The 
MG composite score for first admission was 3 (2 for ptosis 
and 1 for eye closure weakness). MG composite score during 
second admission was 0.

The patient was started on pyridostigmine 60 mg every 
6 h on the third day of admission and she reported a sub-
jective improvement in her diplopia and ptosis on day 4 of 
admission. However, she was still positive for COVID-19 
at this time. She was discharged on pyridostigmine 60 mg 
q 6 h as home medications and with recommendations to 
home-quarantine and follow up at the neuromuscular clinic 
in 6 weeks.

Few days after discharge, the patient complained of 
nausea and diarrhea and also developed loss of taste and 
smell, presumably because of her COVID-19 infection. 
Eventually, she was transferred from an outside hospital 
for septic shock and had received ceftriaxone and azithro-
mycin. She consistently required 4 L of oxygen due to 
respiratory compromise and received 1-unit convalescent 
plasma on day 4 after the second admission. A Neurology 
consult was placed with concerns of worsening myasthenia 
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or an adverse reaction to pyridostigmine due to her gas-
trointestinal symptoms and respiratory compromise. How-
ever, absence of diarrhea during her initial hospital stay 
when she had started on pyridostigmine along with new 
findings on her chest X-ray of opacity in the left lung base 
and central consolidation within the right lung periphery, 
pointed more towards COVID-19-related symptoms than 
due to MG. She was placed in the prone position for 1 h 
at a time for 4 days, started on IV dexamethasone 6 mg 
and ultimately received 4 doses of IV dexamethasone. Her 
pyridostigmine dosage was reduced to 60 mg q 8 hours. 
She continued to have mild ptosis but no diplopia or any 
fatigable weakness.

She was eventually weaned to room air on day 10 of 
admission and no longer had any shortness of breath or 
cough. She had some episodes of asymptomatic sinus 
bradycardia with a heart rate approaching the low 40 s, 
which was likely due to dysautonomia that can be seen 
with COVID-19 [14]. Upon re-evaluation a month later, 
she had residual symptoms of COVID-19 and ocular MG.

Discussion

There have been various case reports of COVID-19 infec-
tions in patients with pre-existing MG that have been pub-
lished [7, 9]. To the best of our knowledge, currently there 
is only one reported case series of MG developing as a 
complication following COVID-19 infection [15]. How-
ever, the three patients described in this case series were 
that of generalized MG. In our case report, we describe 
a novel case of ocular MG developing after COVID-
19 infection who responded well to a standard dose of 
pyridostigmine.

In our brief literature review, we reviewed 17 patients 
with known MG who were infected with COVID-19. All 
patients except one [10] were seropositive myasthenic 
patients on varying immunosuppressive therapies (major-
ity on at least 2 agents, including pyridostigmine) and 
with varying disease status at the time of infection [7–9, 
11–13, 16]. The patients were either continued on the same 
medication regimen during their COVID-19 infection or 
given an extra pulse dose of steroids or IVIG, depending 
on whether they were suffering from acute worsening of 
bulbar respiratory symptoms warranting further aggressive 
therapy. The majority of patients were discharged home or 
to rehab facilities, while two patients remained on mechan-
ical ventilation [2, 7] (refer Table 1). Three patients, as 
described by Camelo-Filho et al. had a fatal outcome [16].

The patient described in our case report suffered from 
ocular symptoms and showed improvement with the pyri-
dostigmine trial, which indicated that these findings were 
secondary to myasthenia, with an indirect perpetuation 
from COVID-19. During the COVID-19 pandemic, it has 
been established that neurological complications in the 
form of autoimmune reactions, such as Guillain–Barré 
syndrome (GBS) and MG, may be provoked. Along with 
the patient’s underlying predilection for the disease due to 
genetic factors, environmental factors may also play a role, 
further instigated by the viral infection.

The underlying mechanism of the disease pathology has 
not been clearly established and requires further investiga-
tion. However, it is well known that there is a decrease in 
the availability of AchRs at the postsynaptic neuromus-
cular junction due to destruction by the antibodies and 
the inflammatory response, which plays a key role in the 
pathogenesis [3]. Antibodies produced by an inflamma-
tory reaction to an external agent, such as a virus, can 
result in a triggered immune response that cross-reacts 
with the AchRs due to molecular resemblance leading 
to damage. COVID-19 has affinity to ACE-2 receptors, 
directly causing the formation of autoantibodies and lead-
ing to a significant inflammatory cascade [17]. The ACE-2 
receptor is expressed in multiple different organs, such as 

Fig. 1  EMG repetitive nerve stimulation test of the left orbicularis 
oculi (facial nerve). The fourth run of the repetitive nerve stimulation 
of the left orbicularis oculi (facial nerve) demonstrated reproducible 
decrement of greater than 10% consistent with neuromuscular junc-
tion transmission defect. EMG electromyography test
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Table 1  Review of published cases of COVID-19 and myasthenia gravis

Author Article type No. of pt Lab tests Management Outcomes

Aksoy et al. Case report 1 AchR Ab +ve, CRP/WBC 
elevation

Pyridostigmine (increased 
to 60 mg QID), favipiravir, 
MEM, OTV, HCQ (400 mg 
BID first day, afterwards 
200 BID)—D/c then 
worsening symptoms added 
linezolid and IV methyl-
prednisone 40 mg daily and 
plasma therapy

Complete recovery

Kushlaf  et al. Case report 1 MuSK Ab +ve HCQ × 5 days, TOZ, and IVIG 
1 g/kg daily × 2 consecutive 
days

Intermittent hemodialysis for 
renal failure. No symptoms 
suggestive of worsening of 
MG

Ramaswamy  et al. Case report 1 AchR Ab +ve, elevated WBC pred 30 mg daily and 
MMF1000 mg BID (no 
changes in meds during 
COVID)

Complete recovery

Rein  et al. Case report 3 Not reported PT 1: HCQ, lopinavir, ritona-
vir, increased pred dose and 
IVIG

PT 2: PLEX switched for 
IVIG

PT 3: No change in treatment

PT 1: non-invasive respiratory 
support. Discharged home

PT 2: complete recovery
PT 3: recovered at home

Hubers  et al. Case report 4 PT 1: AchR Ab +ve
PT 2: AchR Ab +ve
PT 3: negative
PT 4: AchR Ab +ve

PT 1: AZA stopped; 
IVIG × 5 days

PT 2: no change in treatment
PT 3: no change in treatment
PT 4: increase in Pyridostig-

mine

PT 1: discharged home; anos-
mia, ageusia at 4 weeks

PT 2: fluctuating headaches and 
respi symptoms over 6 weeks

PT 3: resolved after 3 weeks
PT 4: mechanical ventila-

tion > 14 days, tracheos-
toma × 9 weeks

Singh  et al. Case report 1 Elevated WBC, AST, ALT, 
LDH, ferritin, d-dimer

PLEX + stress steroids Discharged after 1 month, per-
sistent anosmia

Delly  et al. Case report 1 AchR Ab +ve HCQ, steroids, IVIG Discharged to SAR
Anand  et al. Short report 5 PT 1: AchR Ab +ve

PT 2: AchR Ab +ve
PT 3: AchR Ab +ve
PT 4: MuSK Ab +ve
PT 5: AchR Ab +ve

PT 1: HCQ 400 mg 
BID × 1 day, 200 mg 
OD × 2 days; AZM 
500 mg OD × 1 day, 
250 mg OD × 2 days; TOZ 
300 mg × 1 dose + AZA

PT 2: HCQ 400 mg 
BID × 1 day, 400 mg 
OD × 4 days; AZM 
500 mg OD × 1 day, 
250 mg OD × 4 days; 
CTX 2 g OD × 2 days, 1 g 
OD × 3 days + pred 10 mg 
OD to 5 mg

PT 3: HCQ 400 mg 
BID × 1 day, 200 mg 
BID × 4 days; AZM 500 mg 
OD × 5 days, CTX 1 g 
OD × 5 days; continued IVIG 
and reduced pred

PT 4: pred increased, IVIG 
added

PT 5: no change

PT 1: discharged home on day 9
PT 2: continued mechanical 

ventilation
PT 3: discharged to skilled nurs-

ing facility on day 19
PT 4: discharged home on day 5
PT 5: discharged home on day 9
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the lungs, kidneys, and liver. This produces proinflamma-
tory cytokines and chemokines along with B and T cell 
depletion with increased levels of interleukins and TNF-a, 
which correlate with disease severity, and increased risk of 
cross-reactive autoimmune attack against our own body’s 
receptors [17]. Myasthenia gravis antibody production is 
a B cell-dependent process and plays an important role 
in the loss of self-tolerance and dysregulation [3]. IL-6 

is an inflammatory marker that is found in COVID-19 
and MG which can be associated with a higher mortality 
rate in COVID-19 [18]. In our case, the patient had mild-
to-moderate COVID-19 symptoms based on ATS/IDSA 
guidelines [19]. The ongoing inflammatory response along 
with the production of destructive reactive oxygen species 
can lead to ARDS and long-term pulmonary fibrosis.

MEM Meropenam, OTV Oseltamivir, HCQ Hydroxychloroquine, TOZ Toculizumab, MMF Mycophenolate mofetil, IVIG Intravenous Immuno-
globulin, Pred prednisone, PLEX Plasma Exchange, AZA Azathiorpine, AZM Azithromycin, CTX Ceftriaxone, OTV Oseltamivir, AMK Amika-
cin, TEC Teicoplanin, TZP Piperacillin-tazobactam, MTX Methotrexate, CST Colistin, LZD Linezolid, CLR Clarithromycin, CCP Cyclosporin, 
VAN Vancomycin, PMB Polymyxin B

Table 1  (continued)

Author Article type No. of pt Lab tests Management Outcomes

Camelo-Filho  et al. Brief report 15 PT 1–4, 7–9, 11, 14,15: AchR 
Ab +ve

PT 10: MuSK Ab +ve
PT 5, 6, 12, 13: N/A

PT 1: pred 20 mg QD con-
tinued, CTX, AZM, OTV, 
AMK, TEC

PT 2: pred 30 mg QD contin-
ued, CTX, AZM, TZP

PT 3: pred 60 mg QD, AZA 
250 mg QD, IVIg 2 g/kg 
added, CTX

PT 4: pred increased to 40 mg/
day, MTX 15 mg weekly, 
CTX

PT 5: pred 5 mg QD, MTX 
withheld, CTX, OTV, MEM, 
CST, LZD

PT 6: CLR, CTX, AZM,OTV
PT 7: pred increased, 5 PLEX 

sessions, CCP withheld, 
CTZ AZM, TZP, MEM

PT 8: pred increased, 4 PLEX 
sessions, AZA withheld, 
CTX, AZM, TZP

PT 9: pred 5 mg QD, 5 PLEX 
sessions, AZA withheld, 
CTX, AZM

PT 10: pred 60 mg QD, 5 
PLEX sessions, CTX, AZM

PT 11: pred increased to 
20 mg/day, AZA 150 mg 
QD, AZM

PT 12: pred increased, CTX, 
CLR,MEM, VAN

PT 13: pred increased to 
60 mg/day, AZA withheld, 
CTZ, AZM

PT 14: pred increased, CTX, 
AZM, MEM, LZD, AMK, 
PMB

PT 15: pred increased, CTX

PT 1: deceased
PT 2: deceased
PT 3: discharged home
PT 4: remains hospitalised
PT 5: remains hospitalised
PT 6: deceased
PT 7: discharged home
PT 8: discharged home
PT 9: discharged home
PT 10: discharged home
PT 11: I
PT 12: deceased
PT 13: discharged home
PT 14: discharged home
PT 15: discharged home

Restivo  et al. Case report 3 PT1-3: AchR Ab +ve PT 1: Pyridostigmine 60 mg 
QD, pred 75 mg/day

PT 2: IVIG 0.4 g/kg/
day × 5 days

PT 3: PLEX 3 sessions, Lopi-
navir/Ritonavir: 400/100 mg 
BID, HCQ 200 mg BID

N/A
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There have also been reported cases of post-infec-
tious myasthenia gravis that developed weeks after ini-
tial infection, associated with Varicella zoster, West Nile 
virus, and Zika virus [20–22]. In the literature review, 
post-COVID-19 infection, neuromuscular manifestations 
were found after 1 to 3 weeks [6, 23]. Our case had neuro-
muscular manifestations after 2 weeks of viral prodromal 
symptoms. It is possible that the MG manifestation in the 
patient may be a specific complication of the COVID-19 
infection or a post-infectious emergence of MG. We expect 
to develop a better understanding of the pathophysiology 
behind this manifestation as more cases of COVID-19-as-
sociated MG are reported.

Treatment is targeted at symptomatic improvement 
with pyridostigmine and with immunosuppressive thera-
pies (corticosteroids and long-term steroid-sparing agents) 
to control the production of antibodies and decrease the 
severity of disease [2, 4, 9]. Current guidelines from a 
panel of MG experts recommend tailoring treatment 
according to each individual patient with underlying 
comorbidities with the primary care provider and special-
ists; however, it is encouraged to continue the standard 
MG protocol during hospitalizations and continue immu-
nosuppressive therapy [2, 4].

However, it should be noted that conclusions drawn from 
a single case are limited and can only suggest association. 
Observations from further cases will be needed to consoli-
date our findings. Another limitation of our study is absence 
of other immunological studies such a classification of lym-
phocyte subtypes.

Conclusion

In summary, to our knowledge, this is the first reported 
case of ocular MG in a patient infected with COVID-19. 
Although COVID-19 typically presents with upper or lower 
respiratory symptoms, there have been reports of significant 
neurological complications.

Likely mechanisms for the development of MG are the 
molecular resemblance. An immune response triggered by 
prior infection cross-reacts with the autoantibody against 
neuromuscular junctions and causes damage. Some infec-
tious agents are known to be associated mg, such as VZV, 
WNV, and Zika virus. MG should be considered a neuro-
logical complication of infection with COVID-19 that can 
present with ptosis and fatigability.

It is unclear whether COVID-19 could induce the produc-
tion of antibodies against neuromuscular junctions triggering 
myasthenia gravis in COVID-19 patients. Further investi-
gations should be conducted on the mechanism of MG in 
patients with COVID-19 in the future.
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