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A B S T R A C T   

Objective: Recent studies suggest that the clinical course and outcomes of patients with coronavirus disease 2019 
(COVID-19) and myasthenia gravis (MG) are highly variable. We performed a systematic review of the relevant 
literature with a key aim to assess the outcomes of invasive ventilation, mortality, and hospital length of stay 
(HLoS) for patients presenting with MG and COVID-19. 
Methods: We searched the PubMed, Scopus, Web of Science, and MedRxiv databases for original articles that 
reported patients with MG and COVID-19. We included all clinical studies that reported MG in patients with 
confirmed COVID-19 cases via RT-PCR tests. We collected data on patient background characteristics, symptoms, 
time between MG and COVID-19 diagnosis, MG and COVID-19 treatments, HLoS, and mortality at last available 
follow-up. We reported summary statistics as counts and percentages or mean±SD. When necessary, inverse 
variance weighting was used to aggregate patient-level data and summary statistics. 
Results: Nineteen studies with 152 patients (mean age 54.4 ± 12.7 years; 79/152 [52.0%] female) were included. 
Hypertension (62/141, 44.0%) and diabetes (30/141, 21.3%) were the most common comorbidities. The mean 
time between the diagnosis of MG and COVID-19 was7.0 ± 6.3 years. Diagnosis of COVID-19 was confirmed in 
all patients via RT-PCR tests. Fever (40/59, 67.8%) and ptosis (9/55, 16.4%) were the most frequent COVID-19 
and MG symptoms, respectively. Azithromycin and ceftriaxone were the most common COVID-19 treatments, 
while prednisone and intravenous immunoglobulin were the most common MG treatments. Invasive ventilation 
treatment was required for 25/59 (42.4%) of patients. The mean HLoS was 18.2 ± 9.9 days. The mortality rate 
was 18/152 (11.8%). 
Conclusion: This report provides an overview of the characteristics, treatment, and outcomes of MG in COVID-19 
patients. Although COVID-19 may exaggerate the neurological symptoms and worsens the outcome in MG pa
tients, we did not find enough evidence to support this notion. Further studies with larger numbers of patients 
with MG and COVID-19 are needed to better assess the clinical outcomes in these patients.   
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1. Introduction 

Patients with myasthenia gravis (MG) are prone to infection with 
severe coronavirus disease 2019 (COVID-19) because of many factors, 
such as reduced baseline respiratory efficiency and the immunocom
promised state that results from immunosuppressive treatment [1]. MG 
patients with respiratory muscle weakness are more vulnerable to 
COVID-19 complications [2,3]. Further, some drugs that are used for 
treating COVID-19 can cause exacerbation of MG such as azithromycin 
[4] and hydroxychloroquine [5]. 

Recent investigations have reported that many neuromuscular dis
orders, including MG, were associated with COVID-19 infection [3,6–9]. 
However, the clinical outcomes of MG in patients with COVID-19 remain 
uncharacterized. We performed a systematic review of the relevant 
literature with key aims to assess the outcomes of invasive ventilation, 
mortality, and hospital length of stay (HLoS) for patients presenting with 
MG and COVID-19. 

2. Methods 

2.1. Search protocol 

We conducted this systematic review in accordance with the rec
ommendations of Preferred Reporting Items for Systematic Review and 
Meta-Analysis checklist (PRISMA) [10,11]. We screened the literature 
by performing a comprehensive search through PubMed, Scopus, Web of 
Science, and MedRxiv databases, reporting all available results on 
October 29, 2021. We used the standard search string “[(COVID-19 OR 
SARS-CoV-19 OR "novel coronavirus") AND "Myasthenia Gravis"],” and 
we adjusted this string according to each database. We also performed a 
manual search by checking the references of the included studies, and by 
screening the relevant papers in PubMed and Google Scholar. The pro
tocol of this study was not preregistered with any prospectively main
tained databases of systematic review protocols (e.g., PROSPERO). 

2.2. Eligibility criteria and study selection 

We included all original studies that reported MG in patients with 
confirmed COVID-19 cases via RT-PCR tests. We included all eligible 
patients without regard to patient demographics (e.g., age, sex, or race). 
We excluded studies from before November 2019 since the possibility 
that these studies report clinical evidence of COVID-19 is slim. We 
excluded any study that has any following criteria: 1) in vitro, in vivo, in 
silico, and animal studies; 2) studies with duplicated datasets; 3) 
abstract-only articles; 4) opinion article; 5) protocols, methods articles, 
and technical notes; 6) reviews and meta-analysis; 7) articles that were 
unavailable in English; and 8) articles without patients with both MG 
and COVID-19 diagnosis 9) MG in patients without confirmed COVID-19 
cases via RT-PCR tests. Three independent authors (S.K., S.S., and Y.T.) 
initially screened the retrieved studies for the eligibility of their 
inclusion. 

2.3. Data extraction and analysis 

Three authors (S.K., S.S., and Y.T.) performed data extraction and 
another author (J.M.P.) further checked the extracted data for accuracy. 
The collected data included patient-level data as well as summary data, 
including age, sex, comorbidities, COVID-19 presenting symptoms, MG 
presenting symptoms, time between MG and COVID-19 diagnosis, 
reverse transcription polymerase chain reaction (RT-PCR) COVID-19 
testing results, computed tomography (CT) or magnetic resonance im
aging (MRI) abnormalities of the body and central nervous system, 
positivity for AChR or MuSK receptor autoantibodies, the Myasthenia 
Gravis Foundation of America (MGFA) [12] class, subtype and MGFA 
score, and treatments for both COVID-19 and MG. Additionally, the 
HLoS in days, complications, and the vital status (dead or alive) at 

discharge or last available follow-up were collected. The number of 
patients with recorded data were different for the evaluated variables 
based on data availability for the included studies, as shown in  
Tables 1–3. We reported pooled summary statistics as counts and per
centages or mean±SD for all variables. Due to limited data, we neither 
performed inferential statistics nor created prediction models. However, 
in cases where summary data was presented (e.g., mean±SD for patient 
age), we used inverse variance weighting using the ‘meta’ package in R 
(4.0.3) in order to aggregate patient-level and summary data [13]. 

Table 1 
Patient demographics and baseline characteristics.  

Variable (Number of Patients (Nnew-a)) n/N (%) or mean ±
SD 

Sex (N = 152)  
Female 79/152 (52.0) 
Male 73/152 (48.0) 
Age (N = 59) 

Decade of life (N = 59) 
10 – 19 
20 – 39 
40 – 59 
≥ 60 

54.4 ± 12.7 
0/59 (0.0) 
15/59 (25.4) 
20/59 (33.9) 
24/59 (40.7) 

Comorbidities (N = Variable)  
None (healthy) (N = 141) 18/141 (12.8) 
Hypertension (N = 141) 62/141 (44.0) 
Diabetes (N = 141) 30/141 (21.3) 
Obesity (N = 48) 5/48 (10.4) 
Hepatitis (N = 48) 2/48 (4.2) 
Hypothyroidism (N = 48) 3/48 (6.3) 
Baseline MGFA (N = 49)  
MGFA 0 2/49 (4.1%) 
MGFA I 13/49 (26.5) 
MGFA IIa/IIb 20/49 (40.8) 
MGFA IIIa/IIIb 9/49 (18.4) 
MGFA IVa/IVb 2/49 (4.1) 
MGFA V 3/49 (6.1) 
MGFA Unknown 103 (67.8) 
Time between MG and COVID-19 presentation in years (N =

151) 
7.0 ± 6.3 

COVID-19 Symptoms (N = Variable)  
Fever (N = 59) 40/59 (67.8) 
Cough (N = 59) 35/59 (59.3) 
Dyspnea (N = 59) 29/59 (49.2) 
Chills/Shivering (N = 44) 6/44 (13.6) 
Myalgia (N = 59) 17/59 (28.8) 
Hyposmia (N = 44) 4/44 (9.1) 
Fatigue (N = 44) 4/44 (9.1) 
Ageusia/anosmia (N = 44) 4/44 (9.1) 
Headache (N = 44) 7/44 (15.9) 
Dysgeusia (N = 44) 0/44 (0.0) 
Odynophagia (N = 44) 1/44 (2.3) 
MG Symptoms present during infection (N = 55)  
Diplopia 5/55 (9.1) 
Ptosis 9/55 (16.4) 
Dysphagia 5/55 (9.1) 
Lower limb weakness 8/55 (14.6) 
Upper limb weakness 7/55 (12.7) 
Facial weakness/paralysis 3/55 (5.5) 
No symptoms 18/55 (32.7) 
History of thymectomy (N = 142)  
Not performed 88/142 (62.0) 
Performed 54/142 (38.0) 
MG treatments Before COVID (N = 58)  
Prednisone/Corticosteroids 37/58 (63.8) 
IVIG 8/58 (13.8) 
PLEX 0/58 (0.0) 
Mycophenolate Mofetil 9/58 (15.5) 
Pyrazolones 0/58 (0.0) 

COVID-19 =coronavirus disease 2019; MG=Myasthenia gravis; MGFA 
=Myasthenia Gravis Foundation of America; IVIG=Intravenous immunoglob
ulin;; PLEX=Plasma exchange 

a N may vary for different variables based on recorded data. 
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3. Results 

3.1. Search results 

We identified 107 potentially relevant studies from four databases 
and other sources, of which 88 articles were excluded. After examining 
the titles and abstracts of the remaining articles, 19 studies with 152 
patients with confirmed MG diagnosis and COVID-19 were included in 
the qualitative systematic review (Fig. 1) [3,6,8,14–33]. Of these 
studies, 10 were case series, 8 were case reports, and one was a cohort 
study, as shown in Supplementary Tables 1 and 4. 

3.2. Patient demographics and baseline characteristics 

Table 2 and Supplementary Tables 1 and 4 provide a summary and 
detailed information, respectively, of the recorded demographics and 
characteristics of the patients. The mean age of the patients was 
54.4 ± 12.7 years, with females and males constituting 52.0% and 
48.0% of the patients, respectively. There was no recorded incidence of 
MG and COVID-19 in the 10–19 age group. For the remaining age groups 

20–39, 40–59, and ≥ 60 years, the incidence was (15/59, 25.4%), (20/ 
59, 33.9%), and (24/59, 40.7%), respectively (Table 1). Hypertension 
(62/141, 44.0%) and diabetes (30/141, 21.3%) were the most common 
comorbidities, while (18/141, 12.8%) of the patients were healthy 
(Table 1). 

The mean duration between MG diagnosis and COVID 19 diagnosis 
was 7.0 ± 6.3 years (Table 1). MGFA IIa/IIb was the most common 
presenting class of MG (20/49, 40.8%). Fever was the most common 
presenting symptom of COVID-19 (40/59, 67.8%), followed by cough 
(35/59, 59.3%) and dyspnea (29/59, 49.2%). For MG, ptosis was the 
most common presenting symptom (9/55, 16.4%), followed by lower 
limb weakness (8/55, 14.6%), while (18/55, 32.7%) had no symptoms 
of MG present during infection (Table 1). Most patients had a history of 
thymomectomy (88/142, 62.0%). The most common MG treatment 
before COVID-19 diagnosis were prednisone/corticosteroids (37/58, 
63.8%) and intravenous immunoglobulin (IVIG) (8/58, 13.8%). 

3.3. Diagnostic testing 

Table 2 and Supplementary Tables 1, 2, and 4 provide a summary 
and detailed information, respectively, of the recorded diagnostic 
testing results of patients. The majority of patients were positive for 
AChR antibody test (110/140, 78.6%), while only (5/119, 4.2%) of 
patients were positive for MuSK antibody test (Table 2). Lung CT or MRI 
showed abnormal imaging results in (19/36, 52.8%) of patients. 

3.4. Treatment details, complications, and outcomes 

Table 3 and Supplementary Tables 2, 3, and 5 provide a summary 
and detailed information, respectively, of the available treatments’ in
formation, complications, and outcomes of patients. The most common 
COVID-19 pharmacological treatments were azithromycin (22/59, 
37.3%) and ceftriaxone (19/59, 32.2%). The most common MG treat
ment after COVID-19 diagnosis were prednisone/corticosteroids (37/ 
59, 62.7%) and IVIG (29/152, 19.1%). Invasive ventilation treatment 
was required for 25/59 (42.4%) of patients, while 17/59 (28.8%) of 
patients required noninvasive ventilation. Of the patients included in 
our review (18/152, 11.8%) died (Table 3). 

Survival data for patients with history of thymomectomy before 
COVID-19 diagnosis were available for 20 patients, while it was avail
able for 29 patients who did not have thymomectomy. We found that 
5.0% of patients with history of thymomectomy died, while 17.2% of 
those with no history of thymomectomy died (Supplementary Table 1). 
Survival data for patients with history of treatment with prednisone/ 
corticosteroids alone before COVID-19 diagnosis were available for only 
5 patients. Of these, 60.0% died (Supplementary Table 3). Survival data 
for patients with history of treatment with prednisone/corticosteroids 
combined with other pharmacological treatments before COVID-19 
diagnosis were available for 35 patients. Of these, 5.7% patient died 
(Supplementary Table 3). Survival data for patients with history of 
treatment with prednisone/corticosteroids alone during COVID-19 were 
available for 7 patients. Of these, 85.7% required invasive ventilation 
and 42.9% died (Supplementary Table 3). Survival data for patients with 
history of treatment with prednisone/corticosteroids combined with 
other pharmacological treatments during COVID-19 diagnosis were 
available for 32 patients. Of these 34.4% required invasive ventilation 
and 6.3% died (Supplementary Table 3). The mean HLoS was 18.2 ± 9.9 
days (Table 3). 

4. Discussion 

Our systematic review of studies reporting characteristics and out
comes of patients with confirmed MG and COVID-19 diagnosis did not 
reveal any specific unusual incidences or outcomes that would not occur 
in patients diagnosed with either MG or COVID-19. Since respiratory 
distress and neurological symptoms can occur in MG and COVID-19, the 

Table 2 
Diagnostic testing results.  

Variable (Number of Patients (Nnew-a)) n (%) 

Antibody AChR (N = 140)   
Positive  110/140 (78.6) 
Negative  30/140 (21.4) 
Antibody MuSK (N = 119)   
Positive  5/119 (4.2) 
Negative  114/119 (95.8) 
Body CT/MRI abnormality (N = 36)   
Abnormal  19/36 (52.8) 
Normal  17/36 (47.2) 

AChR=Acetylcholine receptor; CT=Computed Tomography; MRI=Magnetic 
resonance imaging; MuSK=Muscle specific kinase, RT-PCR=Reverse 
transcriptase-polymerase chain reaction 

a N may vary for different variables based on recorded data. 

Table 3 
Treatment details and patient outcomes.  

Variable (Number of Patients (Nnew-a)) n/N (%) 

COVID-19 treatments (N = 59)  
Hydroxychloroquine 7/59 (11.9) 
Lopinavir-Ritonavir 2/59 (3.4) 
Oseltamivir 4/59 (6.8) 
Tocilizumab 2/59 (3.4) 
Tazobactam/piperacillin 5/59 (8.5) 
Azithromycin 22/59 (37.3) 
Ceftriaxone 19/59 (32.2) 
Meropenem 5/59 (8.5) 
Heparin 5/59 (8.5) 
MG treatments After COVID (N = Variable)  
Prednisone/Corticosteroids (N = 59) 37/59 (62.7) 
IVIG (N = 152) 29/152 (19.1) 
PLEX (N = 59) 6/59 (10.2) 
Mycophenolate Mofetil (N = 152) 19/152 (12.5) 
Pyrazolones (N = 152) 0/152 (0.0) 
Other Non-pharmacological treatments (N = 59)  
Invasive ventilation 25/59 (42.4) 
Non-invasive ventilation 17/59 (28.8) 
None 17/59 (28.8) 
Hospital Length of Stay, days (N = 36) 18.2 ± 9.9 
Mortality (N = 152)  
Survived 134/152 (88.2) 
Died 18/152 (11.8) 

COVID-19 =Coronavirus disease 2019; IVIG=Intravenous immunoglobulin; 
MG=Myasthenia gravis, PLEX=Plasma exchange 
FIGURES CAPTIONS 

a N may vary for different variables based on recorded data. 
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presence of COVID-19 infection in patients with MG may worsen the 
clinical outcomes. Although we assessed the outcomes of invasive 
ventilation, mortality, and HLoS for patients presenting with MG and 
COVID-19, our data are insufficient to establish any definitive conclu
sions about outcomes in these patients. 

MG has higher incidence among patients over the age of 65 years, 
regardless of sex [34–37]. In our study, the mean age of the patients with 
MG and COVID-19 was 54.4 ± 12.7 years, with an age range of 20–90 
years. We did not monitor a high incidence among any particular age 
group. The main presenting symptoms in patients with MG and 
COVID-19 patients in this study were like those reported in previous 
studies of patients with MG, with ptosis, upper and lower limb weakness, 
diplopia, and dysphagia being the most common [38,39]. However, 
respiratory muscle weakness was not reported in patients with MG and 
COVID-19 in this study, compared to a previous report that estimated 
15% of MG patients with respiratory muscle weakness [39]. Our data 
revealed that fever and cough were the most common presenting 
symptoms similar to those reported in patients with COVID-19 [40,41]. 

Infection is also regarded as one of the risk factors that can cause a 

fulminant exacerbation of MG (myasthenic crisis) that is characterized 
by worsening of muscle weakness, resulting in respiratory failure that 
requires intubation and mechanical ventilation [42–46]. Currently there 
is no confirmed link between the development of MG and COVID-19 
infection. Although all cases in our study have MG diagnosis prior to 
the diagnosis of COVID-19, other reports showed that MG can occur 
after COVID-19 infection [30,47,48]. Therefore, it is recommended to 
rule out the presence of COVID-19 in patients with myasthenic crisi
s/exacerbations, with new onset of generalized MG requiring hospital 
admission or with symptoms that may suggest COVID-19. 

Since preneoplastic lesions in the thymus have been known to affect 
the development of MG [49–51], total thymectomy is recommended to 
treat generalized MG with AChR antibodies [52]. The suppression of 
immune response by thymectomy can minimize the loss of self-tolerance 
and autoimmune reactivity which consequently leads to reduction of 
MG symptoms. We found that the survival rate was higher in patients 
treated with thymectomy (95.0%) than those without the surgery 
(82.8%). The effect of immunosuppression, whether by immunosup
pressive drugs, as discussed above, or thymectomy in patients with MG 

Fig. 1. PRISMA diagram of search records and included studies.  
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and COVID-19 has not been established. These data underscore the 
complex role of immunosuppression in the regulation of MG and other 
autoimmune diseases. Infection frequency and severity in MG before 
and after total thymectomy has not been well-characterized and war
rants further investigation to assess the role of the thymus gland in the 
treatment of patients with MG and COVID-19. 

Patients with MG are susceptible to infection with COVID-19, due to 
the immunocompromised state resulting from immunosuppressive 
treatment and reduced baseline respiratory efficiency. For instance, 
immunosuppressive corticosteroids have been estimated to increase the 
risk of infection by 20–50% [53–55]. Previous long-term treatment 
particularly in higher dose was reported to be among the most important 
predictors of severe COVID-19 in MG patients [29]. However, some 
reports have suggested that suppression of the immune response may be 
protective against infection since immunosuppression can decrease the 
dramatic upregulation of inflammatory cytokines that can cause com
plications [56,57], while others suggested that the risk of COVID-19 in 
MG patients does not appear to be higher than that of the general 
population, regardless of immunosuppressive therapies [28]. We found 
that in our study, patients treated with prednisone/corticosteroids 
before the diagnosis of COVID-19 or during COVID-19 had a high rate of 
mortality when used alone. When prednisone/corticosteroids used with 
other treatments when used before the diagnosis of COVID-19 or during 
COVID-19, the mortality rate was lower vs prednisone/corticosteroids 
when used alone. This data suggests that other drugs such as intravenous 
immunoglobulin (IVIG) and plasma exchange (PLEX), among others 
when used with prednisone may have a protective effect against 
aggravating MG in COVID-19 patients. Indeed, a recent report showed 
that adjuvant treatment with IVIG before starting treatment with pred
nisone significantly improved a paradoxical symptom exacerbation 
(2.2%) in the first weeks of starting prednisone, relative to the rates 
reported in a historical series (42.0%) [58]. However, we still cannot 
conclude that prednisone/corticosteroids is the reason of the unfavor
able clinical outcomes due to the low number of patients in this study. 
Therefore, the relationship between the immunosuppressive effects 
induced by prednisone and the outcomes of treated patients with MG 
and COVID-19 patients still need to be better characterized; better 
characterization of this relationship may lead to development of a better 
treatment strategy for patients with MG and COVID-19. 

Although IVIG and PLEX are commonly used as treatments for MG, 
both have been considered. 

potential treatments of COVID-19 since they induce favorable anti- 
inflammatory cytokines [59–61]. Overall, patients who received IVIG 
and PLEX treatment in this study had favorable outcomes. Treatment 
with drugs used to treat patients with COVID-19 such as such as 
hydroxychloroquine and azithromycin can cause myasthenic crisis [62]. 
However, in our patient cohort, we could not assess whether these 
treatments exacerbate MG. 

The use of mechanical ventilation in this study (42.4%) is higher 
than the rate reported for. 

COVID-19 patients that ranged from 2.3% [41] to 33.1% [63]. The 
death rate of this study (13.6%) is higher than the death rate reported for 
the general population with COVID-19 [64], while other studies report a 
higher intrahospital death rate (21–28%) for COVID-19 patients [65, 
66]. This discrepancy may be related to differences in patient cohorts. 
For instance, the study cohorts may represent a mixture of patients with 
varying severity or maybe follow-up data was not collected, and only 
in-hospital outcomes were assessed. The mean HLoS in our study 
(18.2 ± 9.9 days) is higher than the death rate reported in a recent 
single-site, retrospective study that showed a median HLoS of 7.18 (IQR 
3.86, 12.15) days among 687 COVID-19 patients in the US [67], and 
higher than a recent systematic review of 52 studies that showed a 
median HLoS of 14 (IQR 10–19) days for COVID-19 patients in China, 
and 5 (IQR 3–9) days outside of China [68]. Overall, this data suggest 
that COVID-19 may worsens the outcome in MG patients; however, the 
data from this study is insufficient to establish this notion. 

This study has some limitations. Studies reporting patients with MG 
and COVID-19 are limited, resulting in a relatively small sample, and 
increasing the risk of bias. Since the majority of studies were either case 
reports or case series, we did not perform a formal risk of bias assess
ment; nonetheless, each study provided sufficient patient-level data to 
directly determine their applicability to the target patient population. 
Our ability to efficiently assess the impact of the association between 
MG and COVID-19 on the outcome in these patients was hampered by 
the heterogeneous reporting of patients’ characteristics, methods of 
diagnosis, inconsistent data reporting and outcomes. Thus, our data is 
not conclusive with respect to the demographics or outcomes in this 
patient population. However, to our knowledge, our study evaluated the 
largest number of patients with MG and COVID-19 and shed light on the 
outcomes of invasive ventilation, mortality, and HLoS for patients pre
senting with MG and COVID-19. 

5. Conclusion 

This report provides an overview of the characteristics, treatment, 
and outcomes of MG in COVID-19 patients. Although COVID-19 may 
exaggerate the neurological symptoms and worsens the outcome in MG 
patients, we did not find enough evidence to support this notion. Further 
studies with larger numbers of patients with MG and COVID-19 are 
needed to better assess the clinical outcomes in these patients, relative to 
outcomes in patients with COVID-19 only. 
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