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Abstract 

 

Objective: To describe the clinical characteristics and outcomes of COVID-19 among patients 

with MG and identify factors associated with COVID-19 severity in MG patients. 

Methods: The CO-MY-COVID registry was a multicenter, retrospective, observational cohort 

study conducted in neuromuscular referral centers and general hospitals of the FILNEMUS 

network (between March 1, 2020, and June 8, 2020), including MG patients with a confirmed 

or highly-suspected diagnosis of COVID-19. COVID-19 was diagnosed based on a 

polymerase chain reaction (PCR) test from a nasopharyngeal swab and/or SARS-CoV-2 

serology, thoracic computed tomography (CT-scan), or typical symptoms. The main outcome 

was COVID-19 severity based on location of treatment/management (home, hospitalized in a 

medical unit, or in an intensive care unit). We collected information on demographic 

variables, general history, and risk factors for severe COVID-19. Multivariate ordinal 

regression models were used to identify factors associated with severe COVID-19 outcomes. 

Results: Among 3,558 MG patients registered in the French database for rare disorders, 34 

(0.96%) had COVID-19. The mean age at COVID-19 onset was 55.0 ±19.9 years (mean MG 

duration: 8.5 ± 8.5 years). By the end of the study period, 28 patients recovered from COVID-

19, 1 remained affected, and 5 died. Only high Myasthenia Gravis Foundation of America 

(MGFA) class (≥IV) before COVID-19 was associated with severe COVID-19 (p=0.004); 

factors that were not associated included gender, MG duration, and medium MGFA classes 

(≤IIIb). The type of MG treatment had no independent effect on COVID-19 severity.  

Conclusions: This registry-based cohort study shows that COVID-19 had a limited effect on 

most patients, and immunosuppressive medications and corticosteroids used for MG 

management are not risk factors for poorer outcomes. However, the risk of severe COVID-19 

is elevated in patients with high MGFA classes [odds ratio: 102.6 (4.4; 2,371.9)]. These 
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results are important for establishing evidence-based guidelines for the management of MG 

patients during the COVID-19 pandemic. 

 

 

Key words: myasthenia gravis; COVID-19; risk factors; immunosuppressant; corticosteroids; 
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AFM-Téléthon: Association Française contre les Myopathies and Téléthon; AMIS: 

Association des Myasthéniques Isolés et Solidaires; anti-AChR: anti-acetylcholine receptor 

antibodies; anti-MuSK: anti-muscle-specific kinase antibodies; ARDS: acute respiratory 

distress syndrome; BMI: body mass index; CD19: cluster of differentiation 19; COPD: 

chronic obstructive pulmonary disease; COVID-19: coronavirus disease 2019 infection; CS: 

corticosteroids; CSP: cyclosporine; CT-scan: computed tomography; FILNEMUS: FILière 

NEuroMUSculaire; ICU: intensive care unit; IS: immunosuppressive medications; IVIg: 

intravenous immunoglobulin; MG: myasthenia gravis; MGFA: Myasthenia Gravis Foundation 

of America; MS: multiple sclerosis; MU: Medical Unit; NIV: noninvasive ventilation; NMD: 

neuromuscular disorders; OSAS: obstructive sleep apnea syndrome; PCR: polymerase chain 

reaction; RTX: rituximab; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; 

SCIg: subcutaneous immunoglobulin; STROBE: Strengthening Reporting of Observational 

Studies in Epidemiology 
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Introduction 

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) and was first reported in China at the end of 2019.1 

Currently, COVID-19 is a worldwide pandemic that continues to spread with 38,998,580 

known cases and 1,099,409 deaths as on October 16, 2020 

(https://coronavirus.jhu.edu/map.html)2. COVID-19 is a predominantly respiratory tract 

disease that can cause acute respiratory distress syndrome (ARDS) in some patients, and 

severe disease appears to be linked to risk factors such as advanced age and obesity.3, 4  

Among neuromuscular disorders (NMD), myasthenia gravis (MG) would be 

particularly at risk of being negatively affected by COVID-19 not only due to the use of 

immunosuppressive therapies for MG management but also because it can lead to a MG 

crisis. Some general recommendations have been established for the management of NMD 

during the COVID-19 pandemic,5, 6 and specific recommendations for MG are available.7 

Nonetheless, evidence for the continuation of corticosteroids (CS) and immunosuppressive 

medications (IS) is lacking,7 as only a few case reports of patients managed in hospitals are 

available 8-11 and available data from the international MG-CARE registry are limited.12  

This study from the French neuromuscular rare disease network (FILNEMUS: 

“FILière NEuroMUSculaire”) investigated the clinical course and prognosis of MG patients 

with COVID-19 to help improve MG management while the COVID-19 pandemic remains 

active. 

 

Materials and Methods 

Data collection 

The “CO-MY-COVID registry” is an observational, retrospective, national, 

multicenter study in 12 French sites. Registry listing was accomplished by a call for 
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participation addressed to all sites of the French network of neuromuscular rare diseases 

(FILNEMUS). During the first phase of the COVID-19 epidemic, FILNEMUS network 

centers created patient contact cells for identifying MG patients possibly infected by the 

SARS-CoV-2. Patient associations, namely, “AFM -Téléthon” (“ Association Française contre 

les Myopathies-Téléthon”) and “AMIS” (“ Association des Myasthéniques Isolés et 

Solidaires”), informed their members of the existence of the registry so that patients could 

report to their usual monitoring center. 

Patients’ neurologists, medical unit (MU) and intensive care unit (ICU) physicians 

recorded information on: 1), medical history and risk factors (see below) for severe forms of 

COVID-19; 2) type and history of management of MG up to the onset of COVID-19 

infection; 3) diagnosis and management of COVID-19; 4) evolution and management of MG 

during and after COVID-19. Risk factors for severe forms of COVID-19 were “age>65 

years,” “obesity” (body mass index, BMI > 30), “chronic obstructive pulmonary disease” 

(COPD), “obstructive sleep apnea syndrome” (OSAS), “noninvasive ventilation” (NIV), 

“arterial hypertension”, and “diabetes”. 

 

Standard Protocol Approvals, Registrations, and Patient Consents 

Patients were recruited and informed by physicians of the FILNEMUS network and 

provided consent (non-opposition) for the use of medical data, which was based on French 

law, good clinical practice, and the “General Data Protection Regulation.” Pseudonymized 

data were located on a secure server authorized to store health data. The CO-MY-COVID 

registry was approved by the “Île-de-France-1 Personal Protection Committee” on May 20, 

2020 (national number: 2020-A01218-31). Recruitment is still open, but for these analyses, 

data from patients registered until June 8, 2020 were used. This study followed 

“Strengthening Reporting of Observational Studies in Epidemiology” (STROBE) guidelines. 
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Population of interest 

The diagnosis of MG was established based on the presence of suggestive symptoms 

and at least one of the following criteria: (i) presence of anti-acetylcholine receptor (anti-

AChR) or anti-muscle-specific kinase (anti-MuSK) antibodies, (ii) more than 10% decrement 

at repetitive nerve stimulation, (iii) consistent improvement with anticholinesterase 

medications. Patients with congenital myasthenia or Lambert-Eaton syndrome were not 

included in this study. A COVID-19 diagnosis was considered “definite” if confirmed by a 

positive polymerase chain reaction (PCR) test for SARS-CoV-2 on a nasopharyngeal swab 

and/or SARS-CoV-2 serology, while it was considered “probable” if the patient presented 

with symptoms of a viral syndrome and at least one of the following criteria: (i) contact with a 

patient considered to have a definite diagnosis of COVID-19, (ii) specific signs (anosmia, 

ageusia, or skin signs),13 (iii) suggestive abnormalities on thoracic computed tomography 

(CT-scan).14 Patients with possible COVID-19 infection, defined as symptoms of a viral 

syndrome after March 17, 2020 (date of the French lockdown) were not included. 

 

Definition of study end points 

The main endpoint was the severity of COVID-19 infection, which was defined based 

on management modality, namely, “home-managed COVID-19” if they were not hospitalized, 

“intermediate COVID-19” if they were hospitalized in a MU, and “severe COVID-19” if they 

required ICU care. Deceased patients were categorized as “severe COVID-19” irrespective of 

where they were managed. 

 

Statistical analysis 
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Baseline characteristics of the participants are described based on the severity of 

COVID-19 (represented by the nadir of care). For analyses, patients were grouped into four 

categories based on MG medications as on “neither CS nor IS,” “CS alone,” “IS alone,” and 

“both CS and IS.” The severity of MG was assessed using the MGFA (Myasthenia Gravis 

Foundation of America) classification,15 and this scoring system was categorized into three 

groups for ease of statistical analysis as “low-MGFA” group (MGFA class I), “medium-

MGFA” (classes II, IIa, IIb, III, IIIa, or IIIb), and “high-MGFA” (classes IV, IVa, IVb, or V). 

MG exacerbation was defined as increased MGFA class during COVID-19 and MG crisis as 

moving to MGFA class V or rapid worsening and severe muscular weakness.16 The final 

impact of COVID-19 on MG was assessed by categorizing changes at the last evaluation in 

MGFA class as “stable MG/improvement” (when MGFA class decreased or remained stable), 

or “MG worsening/death” (when MGFA class increased or death occurred). Patients were 

grouped into two categories based on COVID-19 onset date as on “early COVID-19 onset” 

for patients with first signs before March 24 (date of the French national lockdown and 6 

incubation days) and “late COVID-19 onset” (after March 24). To evaluate variables that 

could affect the severity of COVID-19, we performed univariate ordinal regression analyses 

with severity of COVID-19 (“home-managed,” “intermediate COVID-19” or “severe 

COVID-19”) as the dependent variable and the following factors as independent variables: 

risk factors for COVID-19 (including age if >65 years), gender, disease duration of MG, MG 

medication groups (four groups and no medication as reference), and the three MGFA 

categories (with class I as reference). Independent variables associated with severity of 

COVID-19 and having a p-value <0.2 in the univariate model were used in the multivariate 

ordinal model, wherein a p-value of <0.05 was considered statistically significant and the fit 

of the models was verified. 
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Data availability 

The authors confirm that the deidentified data supporting the findings of this study are 

available from the corresponding authors on reasonable request. 

 

Results 

Study population 

As of June 8, 2020, 3,558 patients (56% females) with definite or probable diagnosis 

of MG were recorded in the “French National Database for Rare Disorders (BNDMR).” The 

mean age of patients recorded in the BNDMR was 61.5 ± 20.4 years (66.4 ±18.4 for men). 

Forty patients were listed in the CO-MY-COVID registry. We excluded 6 patients due to 

criteria such as congenital myasthenia (n = 2) and “possible COVID-19” (n = 4) (Figure 1), 

and therefore included 34 patients (0.96%) in this study: of these, 20 had a “definite” and 14 

had “probable COVID-19.” 

 

MG baseline characteristics (Table 1) 

The 34 subjects comprised 19 females (55.9%) and 15 males (44.1%); the mean age at 

MG onset was 46.4 ± 20.9 years (range: 14–86). The mean duration of MG was 8.47 ± 8.5 

years (range: 0–33), with the disease lasting >2 years in 25 patients (73.5%). A classical 

distribution of age at MG onset was observed for women but not for men, without a 

preponderance for men older than 50 years (Figure 2). The mean age at COVID-19 onset was 

55.0 ± 19.9 years, 57.7 ± 23.6 for men, 46.0 ± 10 for “early COVID-19 onset,” and 63.1 ± 

23.1 for “late COVID-19 onset (p = 0.02).” Eleven patients (32.4%) were older than 65 years, 

but none were in the “high-MGFA” group. Further, 25 patients (73.5%) had anti-AChR 

antibodies, 1 (2.9%) had anti-MuSK antibodies, and 8 (23.5%) had neither anti-AChR nor 

anti-MuSK antibodies. Next, 9 patients (26.5%) were categorized as “low-MGFA,” 19 
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(55.9%) as “medium-MGFA” and 6 (17.6%) as “high-MGFA”. All patients but one used 

anticholinesterase, 8 (23.5%) had no other MG therapy; some were treated by CS alone (n=4; 

11.8%), IS alone (n=11; 32.4%) or both (n=11; 32.4%) (Figure 3a). Among patients treated 

with IS, Rituximab (RTX) was prescribed to 6 patients in the following manner: RTX-CS 

combination for 3, CS with mycophenolate mofetil for 1, and RTX alone for 2 patients. 

Further, two anti-AChR positive patients had received IVIg in the last 6 months before 

COVID-19, whereas one patient (without antibody positivity) was treated with SCIg. 

 

COVID-19 characteristics and outcome (Table 1) 

At the COVID-19 nadir, 15 patients (44.1%) were “home-managed,” 10 patients 

(29.4%) were “intermediate COVID-19,” and 9 (26.5%) were “severe COVID-19. The mean 

number of risk factors for severe COVID-19 was 1.3 ± 1.6 (range: 0~6). Eleven patients 

(32.4%) were older than 65; of these, 3 were “home-managed,” 6 were “intermediate COVID-

19” and 2 were “severe COVID-19.” Obesity was observed in 8 patients (23.5%); of these, 4 

were “home-managed,” 3 were “intermediate COVID-19,” and 1 was “severe COVID-19.”  

Five patients (14.7%) died due to COVID-19; of these, two (40%) died from ARDS 

only, two (40%) from concomitant ARDS and multi-organ failure, and one (20%) from 

concomitant ARDS and bacterial infections (Table 2). Four patients were managed in the 

ICU, one in the MU none of them were diagnosed as MG crisis. Among the 29 survivors, 10 

(34.5%) were considered to have MG exacerbation (one case of MG crisis was due to a rapid 

MG weakness worsening treated by IVIg). MG medications were modified for six: 

pyridostigmine was increased for one, CS were temporarily increased for one, and IS were 

temporarily modified or stopped for three. Five patients with a poor prognosis were treated by 

hydroxychloroquine and/or azithromycin: two died, MGFA class was stable for one, MGFA 
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worsened for one, and MGFA improved for one. MGFA class at the last evaluation was either 

stable or improved in 25 patients (86.2%), but worsened in 4 patients (13.8%).  

 

Risk factors associated with COVID-19 severity (Table 3) and MG worsening (Table 4) 

In univariate analysis, “high MGFA” class was strongly associated with severe 

COVID-19 (p=0.0008) (Table 3; Figure 3b), while “medium MGFA” class only tended to be 

associated with severe COVID-19 (p=0.064). Treatment of MG with CS alone showed non-

significant trend for association with severe COVID-19 (p = 0.067), while IS alone or IS+CS 

showed significant association with severe COVID-19 (respectively p=0.038 and p=0.035) 

(Figure 3a). No dose effect was identified; no other independent variable tested was 

associated with a severe form of COVID-19. Treatment group and MGFA categories were 

introduced in the multivariate model based on variables determined to be significant in the 

univariate ordinal models. Within a given category of MGFA class, the type of treatment had 

no impact on the severity of COVID-19, and only “high-MGFA” before COVID-19 was 

independently associated (p=0.004) with a more severe course of COVID-19 (Table 3; 

Figure 3c). In univariate analysis, no group was associated with poorer outcomes for MG 

(Table 4).  

 

Discussion 

MG is an immune-mediated NMD that results in muscle weakness (including bulbar 

and respiratory muscles) often requiring CS and/or IS therapy. Infections (usually pneumonia 

or upper respiratory infection) are a common precipitating factor for myasthenic crisis17 and 

are a source of therapeutic dilemma in the management of MG patients.18, 19 International 

experts and French experts from the FILNEMUS network were quick to propose guidelines 

for COVID-19 management in MG patients.6, 7 As France was one of the earliest countries to 
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endure a widespread COVID-19 outbreak, our experience with “real-life cases” may facilitate 

the development of evidence-based guidance. 

The known risk factors for the severe form of COVID-19 are older age, cardiovascular 

disease, diabetes, chronic respiratory disease, hypertension, obesity, and cancer.20 

Interestingly, in our cohort, univariate analysis only identified “IS use” and “severe form of 

MG at COVID-19 onset” as risk factors rather than variables such as age. Further, 

multivariate analysis showed only “MG severity” as an independent risk factor for severe 

COVID-19 with a very high odds ratio: the impact of MG severity is so high that it probably 

cancels the effect of classical risk factors of severe COVID-19 such as age. Another 

explanation for the absence of age effect could be the “lack” of old subjects in our series: the 

mean age at COVID-19 onset (55.3 years) observed was younger than that in our national 

database (61.5 years) and the analysis of age distribution at MG onset did not show a classical 

peak after 60 years, especially for men (Figure 2).21 To explain why old MG patients were 

less likely to get infected by SARS-CoV-2, we looked at the age of patients infected till 

March 24 (date of the national French lockdown + 6 incubation days) and after: patients 

infected in the early phase were younger (46.0 years) than those infected in the late phase 

(63.1 years, p=0.02). The younger the people, the more social interaction and the more at risk 

to get infected. The same phenomenon is now observed in the “second wave” in France.22 

This and information campaigns led by FILNEMUS and patient associations could explain 

why no “high MGFA” subject was older than 65 years. 

As severe MG is predominantly treated by CS and/or IS (Figure 2c), management of 

IS-MG patients with COVID-19 is challenging. Since the announcement of the first results of 

the famous RECOVERY trial,23 CS (dexamethasone) is widely used for severe COVID-19. 

The benefit of dexamethasone use in severe COVID-19 was confirmed in a recent 

metanalysis,24 but this effect had not been shown for hydrocortisone25 and 
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methylprednisolone.24 By contrast, in our series, CS were not significantly associated with 

poor COVID-19 outcome but had no protective effect (whatever the dose was). CS were also 

identified as a risk factor for severe COVID-19 in two large series of 600 patients with RD26 

and 523 patients with inflammatory bowel disease (IBD).27 These different results are not 

contradictory: in RECOVERY, dexamethasone was efficient in the treatment of severe 

COVID-19 and ARDS but did not have a preventive effect on the patients who did not need 

ventilatory support. In this population the fatality rate was 17.8% in the dexamethasone arm 

and 14% in the placebo arm (p=0.14). Most other studies about dexamethasone have focused 

only on ICU patients and not patients with slight to moderate symptoms (as in our case). We 

showed that IS are associated with a poor COVID-19 outcome in univariate analysis and not 

in multivariate analysis. The same absence of effect of IS on COVID-19 outcome was also 

observed in large series of multiple sclerosis28 and rheumatic disease (RD),26 including drugs 

targeting CD19 B-cells, azathioprine, cyclophosphamide, cyclosporine, mycophenolate 

mofetil/mycophenolic acid, and tacrolimus. These results confirm expert-based guidelines that 

recommend IS continuation.5, 6, 26 

Distinguishing the respiratory effects of COVID-19 from MG crisis remains 

challenging in real life, despite the use of chest CT-scan, arterial blood gas, or spirometry.29, 30 

In our series, MG crisis was considered for one patient who experienced a rapid worsening 

and received IVIg; MG exacerbation was identified in 10 other patients and MG medications 

were increased for two. This rate of MG exacerbation and crisis (33.3%) is consistent with 

that observed after COVID-19 in the CARE-MG registry,12 two small series8, 11 and after 

influenza-like illness (40%).31 These series and the few reports of clinical cases were 

predominantly focused on hospitalized patients8-10 and did not provide information on home-

managed patients, whereas most COVID-19 patients present with mild to moderate 

symptoms.2 The fatality rate in our study (14.7%) was lower than that observed in the 
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preliminary results of the care-MG registry (24%)12 but higher than in studies of other 

immune-mediated diseases such as inflammatory bowel disease (IBD, 3%)27 RD (6%–9%),26, 

32 or MS (3.46%).28 One could hypothesize that either MG or COVID-19 can negatively affect 

the respiratory function, whereas IBD, RD, or MS does not. Moreover, in patients such as 

kidney transplant recipients (n=144), higher mortality rate (32%) was observed because of 

higher proportion of old subjects and higher level of immunosuppression.33  

 

Strengths and limitations 

To the best of our knowledge, this is the first large case series with detailed data on 

MG patients with COVID-19. Eligible patients were included irrespective of where they were 

managed; thus, we could obtain information about milder forms of COVID-19 that have not 

been reported till now. Importantly, this diversity in COVID-19 severity allowed us to 

evaluate risk factors for severe COVID-19 in MG patients. Lastly, this is a nation-wide, 

multicenter study, which minimizes bias due to differences in the management of patients and 

due to regional variations in the prevalence rate of COVID-19. 

Our study has several limitations. First, despite the large number of MG patients 

recorded in the “French national database for rare disorders,” the total number of patients in 

this study remained low. The incidence rate of symptomatic COVID-19 among MG patients is 

not known, but we can hypothesize that it is at least 0.96% (34/3,558). This result is similar to 

the incidence rate observed among RD patients (0.62%) and in the general population (0.66%) 

in Northern Italy.34 Second, although 40% of the infected patients were asymptomatic,35 only 

symptomatic patients were included in this study; thus, we excluded MG patients who were 

asymptomatic and the consequences of asymptomatic COVID-19 in MG patients remain 

unknown. Third, it is possible that patients with very mild COVID-19 were less likely to be 
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included in our cohort than those who were hospitalized, despite extensive advertising about 

this cohort through patient associations and contact cells of the referral centers. 

 

Conclusions 

Even though COVID-19 and MG represent risk factors for respiratory failure, most 

MG patients infected with SARS-CoV-2 recovered, indicating good prognosis. IS and CS are 

not independent risk factors of severe COVID-19 in MG, but we observed higher risk of 

severe COVID-19 in patients with high MGFA. These results will help to establish evidence-

based guidelines for the management of MG patients during the COVID-19 pandemic 

outbreak. 
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 Figure 1. Study flowchart. 
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Figure 2. Age and sex distribution at the onset of myasthenia gravis. 

 

 

Figure 3. Categorization of myasthenia gravis patients diagnosed with coronavirus 

disease 2019 in the CO-MY-COVID registry, as of June 8, 2020. 
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Table 1. Demographic and disease characteristics of patients with myasthenia gravis 
diagnosed with coronavirus disease 2019 in the CO-MY-COVID registry, as of June 8, 2020 
(n = 34). 

 

Demographic and disease characteristics of myasthenia gravis 
(n = 34) 

Disease characteristics and outcomes of Coronavirus Disease-2019 
(n = 34) 

 number 
(percentage) 

 Number 
(percentage) 

Demographics  Inclusion criteria   
    Number of patients with MG & COVID-19 34     Definite COVID-19 20 (58.8%) 
    Male / Female 19 / 15     Probable COVID-19 14 (41.2%) 
    Mean age (years) at COVID-19 [SD] 55 [± 19.9] Risk factors of severe COVID-19  
MG history       Male 15 (44.1%) 
    Antibody type      Age >65 11 (32.4%) 
             AntiAChR 25 (73.5%)     BMI >30 8 (23.5%) 
             AntiMuSK 1 (2.9%)     COPD 1 (2.9%) 
             Neither antiAChR nor antiMuSK 8 (23.5%)     OSAS 4 (11.8%) 
    Mean age (years) at MG diagnosis [SD] 46.4 [± 20.9]      Ventilation 1 (2.9%) 
    Maximum MGFA class      HBP 7 (20.6%) 
             Low MGFA a  2 (5.9%)     DM 5 (14.7%) 
             Medium MGFA b 12 (35.3%)     Other 5 (14.7%) 
             High MGFA c 20 (58.8%) COVID-19 onset  
    MG duration (years) [SD] 8.5 [± 8.5]     Early onset (before March, 24) 16 (47.1%) 
    Thymectomy 6 (17.6%)     Late onset (after March, 24) 18 (52.9% 
MG assessment at the beginning of COVID-19      Mean age (years) at COVID-19 [SD]  
    MGFA class               Early onset (before March, 24) 46.0 [± 10] 
             Low MGFAa 9 (26.5%)              Late onset (after March, 24) 63.1 [± 23.1] 
             Medium MGFAb 19 (55.9%) Mean COVID-19 total duration (days) 28.9 (20.9%) 
             High MGFAc 6 (17.6%) COVID-19 severity  
     Mean MG-ADL score [SD]d 5.18 [± 3.77]     Home-managed 15 (44.1%) 
    Treatment      Intermediate 10 (29.4%) 
            Anticholinesterase 33 (97.1%)     Severe 9 (26.5%) 
            Neither CS or IS 8 (23.5%) Affected organs  
            CS (without IS) 4 (11.8%)     Upper airways 24 (70.6%) 
            IS (without CS) 11 (32.4%)     Lower airways 29 (85.3%) 
                      AZA 6 (17.7%)     Smell/taste loss 10 (29.4%) 
                      MFM 3 (8.8%)     CNS involvement 4 (11/7) 
                      RTX 2 (5.9%)     PNS involvement 0 (0%) 
             IS + CS 11 (32.4%)     Gastrointestinal tract 16 (47.1%) 
                      AZA 4 (11.8%)     Heart 2 (5.9%) 
                      MFMe 3 (8.8%)     Thromboembolic disease 0 (0%) 
                      RTXe 4 (11.8%)     Skin 5 (14.7%) 
                      Tacrolimus 1 (2.9%) Management localization  
             PLEX (in the last 6 months) -     Home 15 (44.1%) 
             SCIg or IVIg (in the last 6 months) 3 (8.8%)     Medical Unit 11 (32.4%) 
MG outcome at last evaluation      ICU 8 (23.5%) 
     Death 5 (14.7%) Mean total duration of hospitalization (days) [SD]h 11.2 [± 9.6] 
     MGFA class evolutionf 

 Mean duration of hospitalization in ICU (days) 
[SD] i 

16.9 [± 15.6] 

             Return to the previous state (improvement) 25 (86.2%) Mean duration of total follow up (days) [SD] 38.9 [± 18.5] 
             Worsening 15 (13.8%) Treatment changes due to COVID-19  
    Mean MG-ADL score [SD]g 4.57 [3.86]     Increase of CS 2 (5.9%) 
      Modification of IS 5 (14.7%) 
      HCQ 3 (8.8%) 
      Azithromycin 4 (11.8%) 
     Tocilizumab 1 (2,9%) 

    Antiretroviral therapy 3 (8.8%) 
    IVIg 1 (2.9%) 
COVID -19 outcome at last evaluation  
    Cured 28 (82.4%) 
    Ongoing 1 (2.9%) 
    Death 5 (14.7%) 
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a: ‘low MGFA’ = score I; b: ‘medium MGFA’ = score II, IIa, IIb, III, IIIa or IIIb; c: ‘high MGFA’ = score IV, IVa, IVb or V; d: n=28 (6 missing data); e: one patient was on CS, MFM and RTX; f: 

deceased patients (not included); g: n=28 (5 deceased patients and 1 missing data); h: n = 19; i: n = 8. 

AntiAChR: anti-acetylcholine receptor antibodies; AntiMuSK: anti-muscle specific kinase antibodies; AZA: azathioprine; COVID-19: coronavirus disease 2019; CNS: central nervous system; 

COPD: chronic obstructive pulmonary disease; CS: corticosteroids; DM: diabetes mellitus; HBP: high blood pressure; HCQ: hydroxychloroquine; ICU: intensive care unit; IVIg: intravenous 

immunoglobulin; IS: immunosuppressant; MG: myasthenia gravis; MG-ADL: myasthenia gravis activities of daily living; MGFA: Myasthenia Gravis Foundation of America; MFM: 

mycophenolate mofetil; OSAS: obstructive sleep apnea syndrome; PLEX: plasmapheresis; PNS: peripheral nervous system; RTX: rituximab; SCIg: subcutaneous immunoglobulin; SD: 

standard deviation. 
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Table 2. Characteristics of myasthenia gravis patients who died due to coronavirus 

disease 2019 from the CO-MY-COVID registry, as of June 8, 2020 (n = 5). 

 

 

Patient    1 2 3 4 5 

M/F  M F F M M 

Age, y   62 83 
 

39 44 92 

BMI, kg/m² 19.9 25.2 20.0 26.1 27.1 

Other comorbidities Dyslip HBP, Dyslip Inv Vent, DM, 
Biermer 

- HBP 

Myasthenia Gravis      

 Antibody type AntiAChR Ab  AntiAChR Ab AntiAChR Ab AntiAChR Ab AntiAChR Ab 

 Duration, y 3 1 23 16 7 

 Thymectomy Thymoma (2014) - - - - 

 MGFA severity class at the beginning of MG IIb IIIa V IVb IVb 

 MGFA severity class at beginning of COVID-19 IIb IIIa V IVb II 

 
MG treatment at the beginning of COVID-19 

Pyr 180mg/d Abe 100mg/d 
Pred 70mg/d 

Abe 40mg/d 
Pred 15mg/d 
Tacro 3mg/d 

Pyr 60mg/d 
AZA 100mg/d 

Pyr 180mg/d 
MFM 2g/d 

 RTX in the last 6 months - - - - - 

 PLEX or IVIg  in the last 6 months - - - - - 

COVID-19      

 Diagnoses Probable Definite Definite Definite Definite 

  PCR - + + + + 

  Chest CT-scan + + ND + + 

 Affected organs      

  Upper airways + + - - - 

  Lower airways + + + +  + 

  Smell/taste loss - - - - - 

  Central Nervous System + - - - - 

  Peripheral Nervous System - - - - - 

  Liver + - - - - 

  Heart - - + + - 

  Renal Failure - - + + - 

  Thromboembolic disease - - - - - 

  Skin - - - - - 

 Causes of death ARDS 
several bacterial 

infections 

ARDS ARDS  
Multi-organ 

failure 

ARDS 
Multi-organ 

failure 

ARDS 

 COVID-19 total duration, d  25 7 9 28 21 

 Total duration of hospital stay, d 18 7 6 20 17 

 Total duration of ICU stay, d 18 7 6 20 0 

 MG treatment during COVID-19 Not Modified Not Modified Not Modified Stop AZA Not Modified 

 COVID-19 treatment Pred Tocilizumab HCQ 
Ritonavir 
Darunavir 

HCQ 
Azi 

  

- 
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Abe: ambenonium; AntiAChR Ab: anti-acetylcholine receptor antibody; ARDS:  acute respiratory distress syndrome; Azi: azithromycin, 
AZA: azathioprine; COVID-19: coronavirus disease 2019; d:day; DM: diabetes mellitus; Dyslip: dyslipidemia; F: female; HCQ: 
hydroxychloroquine; IVIg: intravenous immunoglobulin; Inv Vent: invasive ventilation; HBP: high blood pressure; M: male; MG: 
myasthenia gravis; MGFA: Myasthenia Gravis Foundation of America;  MFM: mycophenolate mofetil; ND: not done; PCR: polymerase 
chain reaction; PLEX: plasmapheresis; Pred: prednisone; Pyr: pyridostigmin; RTX: rituximab; Tacro: tacrolimus; y: years. 
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Table 3.  Risk factors for severe coronavirus disease 2019: univariate ordinal analysis 
and multivariate ordinal regression model based on COVID-19 severity (home-managed vs 
intermediate vs severe) among patients with myasthenia gravis (n = 34). 

 

 Univariate ordinal analysis 
(n = 34) 

Multivariate ordinal regression model 
(n = 34) 

 Coefficient p-value Odds ratio (95% CI) 
Risk factors of severe COVID-19    
    Age 0.02 0.27 - 
    Age >65 0.37 0.557 - 
    Male (reference = ‘female’) -0.11 0.865 - 
    BMI >30 kg/m2 -0.53 0.479 - 
    Total number of comorbidities 0.22 0.274 - 
    ≥1 comorbidity -0.05 0.938 - 
MG history     
    MG duration 0.01 0.742 - 
    MG duration >2 years 0.8 0.281 - 
    Highb maximum MGFA class (reference: Low+Moderate) 0.19 0.773 - 
MG treatment at the beginning of COVID-19 
(reference = ‘neither CS nor IS’) 

   

    CS (without IS) 2.56 0.067 9.7 (0.4;154.4) 
    IS (without CS) 2.56 0.038 7.2 (0.6;89.7) 
    IS + CS 2.56 0.035 3.1 (0.2;43.8) 
CS dose (reference prednisone ≤20mg/d)    
    Prednisone >20mg/d 1.84 0.122 - 
MGFA class at the beginning of COVID -19 
(reference = ‘low MGFA’)    

    medium MGFA 1.7 0.064 3.7 (0.5;28.8) 
    high MGFA 4.81 0.0008 102.6 (4.4;2371.9) 

 

BMI: body mass index; COVID-19: coronavirus disease 2019; CS: corticosteroids; IS: immunosuppressant; mg/d: milligrames per day; MG: 

myasthenia gravis; MG-ADL: myasthenia gravis activities of daily living; MGFA: Myasthenia Gravis Foundation of America. 
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Table 4. Risk factors for worsening of myasthenia gravis: univariate logistic analysis 
categorized based on the evolution of myasthenia gravis among subjects (n = 34). 

 

 coefficients p-values 
Risk factors of severe COVID-19   
      Age >65  0.06 0.94 
      Male (reference : female) 0.63 0.42 
      BMI>30, kg/m² -0.1 0.91 
     Total number of comorbidities -0.18 0.82 
MG treatment at the beginning of COVID-
19 (reference : Neither CS nor IS) 

  

      CS (without IS) 1.95 0.18 
      IS (without CS) 1.39 0.26 
      CS and IS 0.44 0.74 
Highb maximum MGFA class in MG 
history (reference: Low+Moderate) 

-0.7985  0.312 

MGFA score at the beginning of COVID-
19 (reference : Low) 

  

      Mediuma 17.79 0.99 
      Highb 18.57 0.99 
MG-ADL score at the beginning of 
COVID-19 

0.13 0.26 

COVID -19 severity (reference : Home-
managed) 

  

      Intermediate 18.18 1 
      Severe 20.82 0.99 
 

a: ‘medium MGFA’ = score II, IIa, IIb, III, IIIa or IIIb; b: ‘high MGFA’ = score IV, IVa, IVb or V. 

BMI: body mass index; COVID-19: coronavirus disease 2019; CS: corticosteroids; IS: immunosuppressant; MG: myasthenia gravis; MG-
ADL: myasthenia gravis activities of daily living; MGFA: Myasthenia Gravis Foundation of America; y: years. 
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