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Purpose: With the adjustment of prevention strategies in December 2022, coronavirus disease 2019 (COVID-19) became widely 
prevalent in China. This study is aimed to describe the clinical characteristics of myasthenia gravis (MG) patients with COVID-19 and 
identify risk factors of exacerbation in MG patients with COVID-19 in Guangxi.
Patients and Methods: A total of 489 MG patients and 587 control subjects in Guangxi during the COVID-19 pandemic were 
enrolled in this case–control study. After contacting the participants, the clinical data of MG patients and the control group were 
analyzed. The clinical characteristics of MG patients with COVID-19 were described. Multivariable logistic regression analysis was 
used for discovering independent risk factors of MG exacerbation in the patients with MG and COVID-19.
Results: A total of 311 (75.30%) MG patients and 428 (72.91%) control subjects were infected with COVID-19, and 64.31% of MG 
patients with COVID-19 were women. The median age at the time of interview was 41 (IQR: 28, 54) years old, and median onset age 
was 36 (IQR: 24, 51), both of which were lower than those in MG patients without COVID-19. MG duration was 24 (IQR: 9, 72) 
months. About 44.69% of patients were generalized MG (GMG). About 11.90% of MG patients with COVID-19 showed severe 
COVID-19 symptoms and the duration of symptomatic COVID-19 was 9.57 ± 6.79 days, higher than those in the control group. About 
35.69% MG patients with immunosuppressive drugs were infected with COVID-19, which is higher than those in the non-infected MG 
patients (21.57%). A total of 120 (38.59%) MG patients with COVID-19 had comorbidities. About 21 (20.19%) of the 104 MG 
patients without vaccination showed severe COVID-19 symptoms. Multivariable logistic regression analysis showed that baseline MG 
activities of daily living profile (MG-ADL, OR 1.280, 95% CI: 1.010–1.621, p = 0.041), duration of COVID-19 (OR 1.158, 95% CI: 
1.100–1.220, p < 0.001), GMG (OR 2.331, 95% CI: 1.228, 4.426, p = 0.010), and lack of COVID vaccination (OR 2.075, 95% CI: 
1.152, 3.738, p = 0.015) were independent factors of exacerbation in MG patients with COVID-19.
Conclusion: MG patients with immunosuppressive drugs, younger onset, longer MG duration, or comorbidities are more susceptible 
to COVID-19. The baseline MG-ADL, duration of symptomatic COVID-19, GMG, and lack of COVID-19 vaccination are 
independent risk factors of exacerbation in MG patients with COVID-19.
Keywords: myasthenia gravis, COVID-19, exacerbation, vaccination, clinical characteristics

Introduction
Myasthenia gravis (MG) is an autoimmune neuromuscular disorder, which affects the neuromuscular junction. Autoantibodies 
against the acetylcholine receptor (AChR), muscle-specific tyrosine kinase (MuSK), low-density lipoprotein receptor-related 
protein 4 (LRP4), and ryanodine receptor (RyR) are found to be related to MG. Fatigability and muscle weakness which relieve 
after rest are the main clinical manifestations, sometimes accompanied by thymoma or thymic hyperplasia. The MG patients can 
be divided into ocular myasthenia gravis (OMG) and GMG, according to the clinical phenotype. A variable percentage of OMG 
patients can develop into GMG. Cholinesterase inhibitor, prednisolone, and immunosuppressive drugs are the primary treatments 
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for MG. A recent study suggested that the incidence rate of MG in China was approximately 0.68 per 100,000 person-years, and 
admission death rate was about 14.69‰.1 Exacerbation of disease is frequent in MG patients. Myasthenic crisis occurs due to 
exacerbation of respiratory muscle weakness, which is the main cause of death in MG patients. On the other hand, research 
showed that infection was one of the major reasons for the exacerbation of MG symptoms.2,3

Coronavirus disease 2019 (COVID-19) is an acute infectious disease of the respiratory system caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). The clinical manifestation of COVID-19 varies from mild to severe. The 
common symptoms include fever, fatigue, cough, weakness, pharyngalgia, muscular pain, etc. Severe patients may develop 
pneumonia or even respiratory failure.4 In addition to causing respiratory symptoms, studies had reported that SARS-CoV-2 had 
effects on the central and peripheral nervous system, such as multiple sclerosis (MS), MG, epilepsy, headache, Parkinson’s 
disease, Guillain-Barre syndrome, etc.5,6 Some studies had reported the impact of COVID-19 in MG patients and considered MG 
or immunosuppressive therapy in MG patients as risk factors for severe COVID-19.7 It was suggested that the infection of SARS- 
CoV-2 might increase the risk of MG exacerbation, MG onset, MG crisis, and respiratory failure.8 Nevertheless, the virus had been 
constantly variating since the global pandemic of COVID-19 in 2019, thus the characteristics of the virus have also changed. With 
the adjustment of prevention strategies since the beginning of December 2022, COVID-19 became widely prevalent in China 
from November 2022 to February 2023. In this study, MG patients in Guangxi (a province in Southern China) were investigated to 
describe the clinical characteristics of MG patients with COVID-19 and identify risk factors of MG exacerbation in MG patients 
during the infection of COVID-19.

Materials and Methods
Patients
This case–control study was conducted by the First Affiliated Hospital of Guangxi Medical University. A total of 489 MG patients 
who visited the outpatient clinic of Neurology from January 1st, 2022, to February 28th, 2023, were enrolled to the study, and 76 
MG patients were excluded from the study for loss of contact. Meanwhile, 587 control subjects (age and sex matched) from the 
physical examination center or the outpatient clinic were randomly recruited in this study. Control subjects with immune diseases 
were excluded. Therefore, 413 MG patients and 587 control subjects were investigated in this study (Figure 1). MG diagnosis was 
based on typical clinical symptoms and one or more of the following: positive antibodies against AChR or MuSK, neural 
electrophysiological findings of decreased compound muscle action potential after repetitive nerve stimulation, positive response 
to the neostigmine test, according to Chinese guidelines for diagnosis and treatment of MG (2020). The Myasthenia Gravis 
Foundation of America (MGFA) clinical classification which divided MG patients into five groups was used to rank the severity of 
MG symptoms. In addition, the severity of disease was assessed by MG-ADL and Quantitative MG Score (QMGS). MG 
exacerbation was defined as deterioration according to the MGFA clinical classification, MG-ADL score increasing at least 2 
points, or QMGS increasing at least 3 points.

The infection of COVID-19 was confirmed by positive results of nasopharyngeal swab polymerase chain reaction (PCR) 
testing for SARS-CoV-2, nasopharyngeal swab SARS-CoV-2 antigen testing, or typical clinical symptoms after close contact with 
COVID-19 patients. According to the severity of COVID-19 symptoms, we classified the patients with COVID-19 into 1 to 7 
point scales.9 The severity of COVID-19 symptoms include: asymptomatic COVID-19 (1), isolated symptoms, such as anosmia, 
headache, dizzy, and pharyngalgia (2), mild infection symptoms, such as fever, cold, and cough (3), influenza-like infection 
without hospital admission (4), hospitalized patients with proven COVID-19 pneumonia requiring oxygen therapy (5), severe 
COVID-19 pneumonia with mechanical ventilation (6), and death due to COVID-19 (7).

The study was approved by the ethics committee of the First Affiliated Hospital of Guangxi Medical University 
(2023-E141-01).

Clinical Data Collection
The clinical data of MG patients before COVID-19 infection were obtained from their last visit records. The clinical data 
included demographics, MG symptoms, MGFA classification, clinical phenotype, antibodies against AChR or MuSK, 
treatments of MG (pyridostigmine, prednisolone and immunosuppressive drugs), baseline MG-ADL, baseline QMGS, 
thymus status, comorbidities (such as hypertension, diabetes, coronary heart disease, chronic lung disease, tumor, 
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immune disease, hepatitis, gastritis), etc. All participants were contacted from January 1st to February 28th, 2023, by 
telephone, video call, or face-to-face interview. All questionnaires were not anonymous. The questionnaires included 
demographics, history of illness, smoking, vaccination status, the COVID-19 symptoms, duration, hospitalization, ICU 
admission, severity of COVID-19, MG symptoms during the COVID-19, treatments, MGFA class after the COVID-19, 
CT scans, MG-ADL, QMGS, outcomes, etc.

Statistical Analysis
Numerical variables conforming to the normal distribution are described as mean and standard deviation, otherwise as the median 
and interquartile range (IQR). Categorical variables are described as n (%). Categorical data were analyzed by using Chi-squared 
test or Fisher’s exact test, while numerical data using independent-t test or Mann-Whitney test. P values <0.5 were considered 
significant. In addition, multivariable logistic regression analysis was performed with MG exacerbation in MG patients with 
COVID-19 as the outcome. The significant factors (including vaccination status, clinical type, antibody status, MGFA class pre- 
COVID-19, baseline MG-ADL, baseline QMGS, COVID-19 duration, age at the time of interview, and age at onset) associated 
with MG exacerbation were used as model predictors to determine which variables were independent risk factors of exacerbation 
in MG patients with COVID-19. Statistical analyses were performed using SPSS 21 and GraphPad prism 8.0.

Results
Characteristics of COVID-19 Infection in MG Patients
The characteristics of COVID-19 infection in MG patients were shown in Table 1. Among 413 MG patients and 587 control 
subjects, 311 (75.30%) MG patients and 428 (72.91%) control subjects were infected with COVID-19 (p = 0.391). Two hundred 
of 311 (64.31%) MG patients with COVID-19 were women. There was no statistical significance in demographics between MG 
patients with COVID-19 and the control group. The course of COVID-19 was 9.57 ± 6.79 days in MG patients, which was longer 
than that in the control group (7.79 ± 5.59, p < 0.001). Of the 311 MG patients with COVID-19, 25 (8.04%) showed scores 1–2 of 
the severity of COVID-19 infection, 249 (80.06%) were scores 3–4, and 37 (11.90%) were scores more than 4. In the control 

Figure 1 Study flowchart. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019.
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group, 56 (13.08%) participants were scores 1–2, 369 (86.22%) were scores 3–4, and only 3 (0.70%) were scores more than 4; this 
is significantly different from MG patients (p < 0.001). More MG patients with COVID-19 (11.90%, 37/311) were hospitalized, 
compared to control subjects with COVID-19 (0.70%, 3/428, p < 0.001). However, there was no significant difference in the 
length of hospital stays (p = 0.106) between the MG patients (14.46± 8.39) and the control group (6.33± 1.15). Of 311 MG patients 
with COVID-19, 15 (4.92%) MG patients were admitted to the ICU, 14 (4.50%) needed mechanical ventilation, and 3 (0.96%) 
died of respiratory failure.

Baseline Clinical Characteristics of MG Patients with COVID-19
The baseline clinical characteristics of MG patients with COVID-19 were shown in Table 2. In MG patients, there was no 
significant difference in smoking history and demographics (except age at the time of interview and age at onset) between 
the patients with or without COVID-19. The median age at the time of interview was 41 years old (IQR: 28, 54) and the 
median age at onset was 36 years old (IQR: 24, 51) in MG patients with COVID-19. The median age at the time of 
interview and the median age at onset in MG patients without COVID-19 was 52 (IQR: 35, 61.25) and 48 (IQR: 33, 58). 
The median MG duration of patients with COVID-19 was 24 months (IQR: 9, 72), which was significantly higher than 
those without COVID-19 (meidan13.5, IQR: 6, 48, p = 0.013). In terms of clinical phenotype, as well as antibody, 
vaccination, and thymus status, there was no significant difference between the two groups. In the MG treatments before 
COVID-19, 235 (75.56%) MG patients with COVID-19 were treated with pyridostigmine, 158 (50.80%) with predni-
solone, and 111 (35.69%) with immunosuppressive drugs (62 with azathioprine, 5 with mycophenolate mofetil, 45 with 
tacrolimus). In the non-infected group, 76 (74.51%) MG patients were treated with pyridostigmine, 59 (57.84%) with 
prednisolone, and only 22 (21.57%) with immunosuppressive drugs (10 with azathioprine, 3 with mycophenolate mofetil, 
9 with tacrolimus). The number of patients using immunosuppressive therapy in the infected group was significantly 
higher than that in patients without infection (p = 0.008). More MG patients (19.94%, 62/311) with COVID-19 were on 
azathioprine (AZA), compared to patients without COVID-19 (10.87%, 10/102, p = 0.046). About 38.59% (120/311) of 
MG patients with comorbidities were infected with COVID-19. This percentage was higher than that in MG patients 
without COVID-19 (27.45%, 28/102, p = 0.044). The baseline MG-ADL and QMGS were 2.55± 2.35 and 3.44± 3.40 in 

Table 1 Characteristics of COVID-19 Infection in MG Patients

Variables MG Patients with  
COVID-19 (n=311)

Control Group with  
COVID-19 (n=428)

P value

Infection rate, n (%) 311/413 (75.30) 428/587 (72.91) 0.391

Gender 0.294

Male, n (%) 111 (35.69) 169 (39.49)
Female, n (%) 200 (64.31) 259 (60.51)

Age at the time of interview (y), median (IQR) 41 (28, 54) 37 (30, 48) 0.207

BMI (mean ± SD) 22.46±3.75 23.40±5.42 0.166
Duration of symptomatic COVID-19 (d), (mean ± SD) 9.57±6.79 7.79±5.59 <0.001*

Severity of COVID-19 <0.001*
1–2, n (%) 25 (8.04) 56 (13.08)

3–4, n (%) 249 (80.06) 369 (86.22)

≥5, n (%) 37 (11.90) 3 (0.70)
Hospitalized, n (%) 37 (11.90) 3 (0.70) <0.001*

Hospital stays(d), (mean ± SD) 14.46±8.39 6.33±1.15 0.106

ICU admission, n (%) 15 (4.92) 0 (0) <0.001*
Mechanical ventilation, n (%) 14 (4.50) 0 (0) <0.001*

ICU stays(d), (mean ± SD) 11.20±6.98 NA

Death, n (%) 3 (0.96) 0 (0) 0.075

Notes: *P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; ICU, intensive care unit; IQR, interquartile range; SD, standard 
deviation; BMI, body mass index.
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MG patients with COVID-19, whereas they were 2.75± 2.54 and 4.02± 3.73 in MG patients without COVID-19. There is 
no significant difference between these two groups (p > 0.05).

Features of MG Exacerbation in MG Patients with COVID-19
The features of MG exacerbation in MG patients with COVID-19 were shown in Table 3. The deterioration of MG 
symptoms had occurred in 105 (33.76%, 105/311) patients with COVID-19. There was no significant difference between 

Table 2 Baseline Clinical Characteristics of MG Patients with or Without COVID-19

Variables Patients with  
COVID-19 (n=311)

Patients Without  
COVID-19 (n=102)

P value

Gender 0.320

Male, n (%) 111 (35.69) 42 (41.18)

Female, n (%) 200 (64.31) 60 (58.82)
Age at the time of interview (y), median (IQR) 41 (28, 54) 52 (35, 61.25) <0.001*

Age at onset (y), median (IQR) 36 (24, 51) 48 (33, 58) <0.001*

Vaccination
≥1, n (%) 207 (66.56) 72 (70.59) 0.451

None, n (%) 104 (33.44) 30 (29.41)
MG duration (m), median (IQR) 24 (9, 72) 13.5 (6, 48) 0.013*

Smoking, n (%)

None 274 (88.10) 85 (83.33) 0.172
<20 cigarettes daily 30 (9.65) 11 (10.79)

≥20 cigarettes daily 7 (2.25) 6 (5.88)

BMI (mean ± SD) 22.46±3.75 22.70±3.37 0.364
Clinical phenotype

Ocular, n (%) 172 (55.31) 53 (51.96) 0.556

Generalized, n (%) 139 (44.69) 49 (48.04)
Antibody status (missed 7) 0.499

AChRab+, n (%) 239 (78.36) 82 (81.19)

MuSKab+, n (%) 14 (4.59) 2 (1.98)
Seronegative, n (%) 52 (17.05) 17 (16.83)

Thymus (missed 5) 0.745

Normal, n (%) 193 (62.46) 66 (64.71)
Thymic hyperplasia, n (%) 29 (9.39) 11 (10.78)

Thymoma, n (%) 87 (28.15) 25 (24.51)

Thymectomy, n (%) 75 (24.12) 20 (19.61) 0.348
MG treatment

Pyridostigmine, n (%) 235 (75.56) 76 (74.51) 0.831

Prednisolone, n (%) 158 (50.80) 59 (57.84) 0.217
Immunosuppressant, n (%) 111 (35.69) 22 (21.57) 0.008*

AZA, n (%) 62 (19.94) 10 (10.87) 0.046*

MMF, n (%) 5 (1.61) 3 (2.94) 0.414
Tacrolimus, n (%) 45 (14.47) 9 (8.82) 0.142

Comorbidities, n (%) 120 (38.59) 28 (27.45) 0.044*

MGFA Classification Pre-COVID-19 0.229
<III, n (%) 190 (90.05) 96 (94.12)

≥III, n (%) 21 (9.95) 6 (5.88)

Baseline MG-ADL (mean ± SD) 2.55±2.35 2.75±2.54 0.505
Baseline QMGS (mean ± SD) 3.44±3.40 4.02±3.73 0.150

Note: *P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; IQR, interquartile range; SD, standard deviation; BMI, 
body mass index; AChRab +, anti-acetylcholine receptor antibody positive; MuSKab +, anti-muscle-specific tyrosine kinase positive; 
MGFA, Myasthenia Gravis Foundation of America; AZA, azathioprine; MMF, mycophenolate mofetil; MG-ADL, MG activities of daily living 
profile; QMGS, Quantitative MG Score.
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the patients with exacerbation and without exacerbation in demographics, MG treatment, thymus status, comorbidities, 
and MG duration. In the group of MG patients who experienced an exacerbation of symptoms, 45.71% (48/105) were not 
vaccinated. The proportion was significantly higher than in MG patients without exacerbation (27.18%, 56/206). More 
MG patients (64.76%, 68/105) with exacerbation were classified as GMG, compared to MG patients without exacerba-
tion (34.47%, 71/206, p < 0.001). Positive antibodies against AChR (82.52%, 85/105) or MuSK (7.77%, 8/105) in MG 
patients with exacerbation were significantly higher than those in MG patients without exacerbation (AChRab+: 76.24%, 
154/206; MuSKab+: 2.97%, 6/206; p = 0.013). The baseline MG-ADL (3.41 ± 2.84) and QMGS (4.68 ± 4.05) in MG 
patients with exacerbation were significantly higher than MG-ADL (2.12 ± 1.92) and QMGS (2.82 ± 2.83) in MG 

Table 3 Features of MG Exacerbation in MG Patients with COVID-19

Variables MG Exacerbation P value

Yes (n =105) No (n =206)

Gender 0.105

Male, n (%) 31 (29.52) 80 (38.83)
Female, n (%) 74 (70.48) 126 (61.17)

Age at the time of interview (y), median (IQR) 42 (30.5, 56) 39 (27.5, 53) 0.183

Age at onset (y), median (IQR) 37 (26, 52) 35 (22, 50.5) 0.129
Vaccination 0.001*

≥1, n (%) 57 (54.29) 150 (72.81)

None, n (%) 48 (45.71) 56 (27.18)
MG duration (m), median (IQR) 24 (8, 66.5) 24 (10, 72) 0.237

Smoking 0.138

None, n (%) 96 (91.43) 178 (86.41)
<20 cigarettes daily, n (%) 9 (8.57) 21 (10.19)

≥20 cigarettes daily, n (%) 0 (0) 7 (3.40)

BMI (mean ± SD) 22.37±4.47 22.51±3.33 0.369
Clinical phenotype <0.001*

Ocular, n (%) 37 (35.24) 135 (65.53)

Generalized, n (%) 68 (64.76) 71 (34.47)
Antibody status (missed 6) 0.013*

AChRab+, n (%) 85 (82.52) 154 (76.24)

MuSKab+, n (%) 8 (7.77) 6 (2.97)
Seronegative, n (%) 10 (9.71) 42 (20.79)

Thymus (missed 2) 0.492

Normal, n (%) 62 (59.05) 131 (64.22)
Thymic hyperplasia, n (%) 9 (8.57) 20 (9.80)

Thymoma, n (%) 34 (32.38) 53 (25.98)
Thymectomy, n (%) 26 (24.76) 49 (23.79) 0.849

MG treatment

Pyridostigmine, n (%) 85 (80.95) 150 (72.82) 0.114
Prednisolone, n (%) 58 (55.24) 100 (48.54) 0.264

Immunosuppressants, n (%) 36 (34.29) 75 (36.41) 0.712

Comorbidities, n (%) 38 (36.19) 82 (39.81) 0.536
MGFA Classification Pre-COVID-19 0.019*

<III, n (%) 93 (88.57) 197 (95.63)

≥III, n (%) 12 (11.43) 9 (4.37)
Baseline MG-ADL (mean ± SD) 3.41±2.84 2.12±1.92 <0.001*

Baseline QMGS (mean ± SD) 4.68±4.05 2.82±2.83 <0.001*

Duration of symptomatic COVID-19 (d), (mean ± SD) 13.61±8.09 7.53±4.91 <0.001*

Note: *P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; IQR, interquartile range; SD, standard deviation; 
AChRab+, anti-acetylcholine receptor antibody positive; MuSKab+, anti-muscle-specific tyrosine kinase positive; MGFA, Myasthenia 
Gravis Foundation of America; MG-ADL, MG activities of daily living profile; QMGS, Quantitative MG Score.
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patients without exacerbation (p < 0.001). According to the MGFA clinical classification classes, 11.43% MG patients 
with exacerbation were class III or more before COVID-19, significantly higher than those without exacerbation (4.37%, 
9/206, p = 0.019). The course of symptomatic COVID-19 in MG patients with exacerbation was 13.61 ± 8.09 days, 
almost twice of that (7.53 ± 4.91) in MG patients without exacerbation (p < 0.001).

In addition, multivariable logistic regression analysis showed that baseline MG-ADL (OR 1.280, 95% CI: 1.010– 
1.621, p = 0.041), duration of symptomatic COVID-19 (OR 1.158, 95% CI: 1.100–1.220, p < 0.001), GMG (OR 2.331, 
95% CI: 1.228, 4.426, p = 0.010), and lack of COVID-19 vaccination (OR 2.075, 95% CI: 1.152, 3.738, p = 0.015) were 
the independent risk factors of MG exacerbation in MG patients with COVID-19 (Table 4).

Impact of COVID-19 Vaccination in MG Patients with the COVID-19
Impact of COVID-19 vaccination in MG patients with COVID-19 was shown in Table 5. MG patients with COVID-19 
were divided into two groups: those with and without COVID-19 vaccination. Of the 104 MG patients without 
vaccination, 21 (20.19%) showed severe symptoms of COVID-19 and were admitted to the hospital, of which 8 
(7.64%) were admitted to ICU. The rate of hospitalization was higher than that in MG patients with vaccination (p = 
0.001). However, the ICU admission rate in patients with vaccination was not significantly different from those in 

Table 5 Impact of Vaccination in MG Patients with the COVID-19

Variables Vaccination P value

None (n = 104) ≥1 (n = 207)

Duration of symptomatic COVID-19 (d), (mean ± SD) 10.60±7.77 9.05±6.19 0.154

Severity of COVID-19 0.006*

1–2, n (%) 8 (7.69) 17 (8.21)
3–4, n (%) 75 (72.12) 174 (84.06)

≥5, n (%) 21 (20.19) 16 (7.73)

Hospitalized, n (%) 21 (20.19) 16 (7.73) 0.001*
Hospital stays(d), (mean ± SD) 14.75±9.00 14.94±7.33 0.947

ICU admission, n (%) 8 (7.64) 7 (3.38) 0.094

ICU stays(d), (mean ± SD) 11.13±7.68 11.29±6.70 0.797

Note: P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; ICU, intensive care unit; SD, standard deviation.

Table 4 Multivariable Logistic Regression Analysis of Predictors for Exacerbation in MG 
Patients with COVID-19

β Coefficient OR (95% CI) P

Baseline MG-ADL 0.247 1.280 (1.010, 1.621) 0.041*
Age at the time of interview −0.001 0.999 (0.852, 1.156) 0.985

Age at the onset − 0.008 0.992 (0.856, 1.148) 0.911

QMGS −0.074 0.928 (0.783, 1.101) 0.392
MGFA ≥III −0.403 0.668 (0.217, 2.058) 0.482

AChRab+ 0.554 1.741 (0.771, 3.931) 0.182

MuSKab+ 0.861 2.365 (0.444, 12.599) 0.313
Generalized MG 0.846 2.331 (1.228, 4.426) 0.010*

Lack of COVID-19 vaccination 0.730 2.075 (1.152, 3.738) 0.015*

Duration of symptomatic COVID-19 0.147 1.158 (1.100, 1.220) <0.001*

Note: *P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; MGFA, Myasthenia Gravis Foundation of 
America; MG-ADL, MG activities of daily living profile; QMGS, Quantitative MG Score; AChRab+, anti-acetylcholine 
receptor antibody positive; MuSKab+, anti-muscle-specific tyrosine kinase positive; OR, odds ratio; CI, confidence 
interval.
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patients without vaccination (p = 0.094). The length of hospitalization stays, ICU stays, and duration of symptomatic 
COVID-19 infection were not significantly different between the two groups.

Characteristics of Hospitalized MG Patients with COVID-19
Characteristics of hospitalized MG patients with COVID-19 were shown in Table 6. The median age at onset was 44 
years old (IQR: 29, 53.5) in the MG patients who were hospitalized, significantly higher than those in non-hospitalized 
patients (35, IQR: 23, 50.5, p = 0.041). The duration of symptomatic COVID-19 was 13.60 ± 8.09 days in the 
hospitalized group, which was higher than non-hospitalized patients (7.53 ± 4.91, p < 0.001). Among 37 hospitalized 
MG patients with COVID-19, 20 (54.05%) had comorbidities, which was significantly different from the non- 
hospitalized group (36.90%, 100/274, p = 0.040). MG symptoms of 33 (89.19%) hospitalized MG patients with 
COVID-19 worsened during the pandemic. Seven (18.92%) hospitalized patients were classified as MGFA class III or 
more before the pandemic. The baseline MG-ADL (3.97 ± 3.11) and QMGS (5.84 ± 4.69) of hospitalized MG patients 
were significantly higher than those in the non-hospitalized group (MGFA class ≥ class III: 5.11%, MG-ADL: 2.36 ± 
2.17, QMGS: 3.12 ± 3.06, p < 0.05). Of 37 hospitalized MG patients with COVID-19, 3 (8.11%, 3/37) died after 
admission to the ICU.

Discussion
Though the COVID-19 pandemic has lasted for 3 years, knowledge about MG patients infected with COVID-19 is still 
insufficient. There are few studies on the infection of COVID-19 in MG patients in China after the adjustment of 
prevention strategies since the beginning of December 2022. A cohort study showed that MG may be a high-risk factor 
for serious COVID-19 infections.10 However, Businaro had discovered that the infection rate of COVID-19 in MG 
patients was similar to the general population in Italy in 2020.11 In our study, there was no significant difference in the 

Table 6 Characteristics of Hospitalized MG Patients with the COVID-19

Variables Hospitalization P value

Yes (n = 37) No (n = 274)

Gender 0.124

Male, n (%) 9(24.32) 102 (37.23)
Female, n (%) 28 (75.68) 172 (62.77)

Age at the time of interview (y), median (IQR) 47 (32.5, 57) 39 (28, 53) 0.061

Age at onset (y), median (IQR) 44 (29, 53.5) 35 (23, 50.5) 0.041*
MG duration (m), median (IQR) 36 (7.5, 60) 24 (9, 72) 0.945

Thymectomy, n (%) 9 (24.32) 66 (24.09) 0.975

Thymoma, n (%) 122 (5.92) 75 (27.27) 0.880
MG treatment before COVID-19

Pyridostigmine, n (%) 29 (78.38) 206 (75.18) 0.671

Prednisolone, n (%) 23 (62.16) 135 (49.27) 0.141
Immunosuppressant, n (%) 16 (43.24) 94 (34.31) 0.286

Comorbidities, n (%) 20 (54.05) 100 (36.90) 0.040*

Duration of symptomatic COVID-19 (d), (mean ± SD) 13.60±8.09 7.53±4.91 <0.001*
MG exacerbation, n (%) 33 (89.19) 72 (26.28) <0.001*

MGFA Classification Pre-COVID-19 0.002*

<III, n (%) 30 (81.08) 260 (94.89)
≥III, n (%) 7 (18.92) 14 (5.11)

Baseline MG-ADL (mean ± SD) 3.97± 3.11 2.36± 2.17 0.002*

Baseline QMGS (mean ± SD) 5.84 ± 4.69 3.12 ± 3.06 0.001*
Death, n (%) 3 (8.11%) 0 (0) 0.002*

Note: *P-value< 0.05 is significant. 
Abbreviations: MG, myasthenia gravis; COVID-19, coronavirus disease 2019; IQR, interquartile range; SD, standard deviation; MGFA, 
Myasthenia Gravis Foundation of America; MG-ADL, MG activities of daily living profile; QMGS, Quantitative MG Score.
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incidence rate of COVID-19 infection between MG patients and the control group, which is consistent with previous 
studies. However, the course of symptomatic COVID-19 was longer and the symptoms were more serious in MG 
patients. The rates of hospitalization and ICU admission were 11.90% and 4.92%, respectively, which were higher than 
those in the control group. Although there was no statistical difference in hospitalization stays between MG patients and 
the control group, hospitalization stays in MG patients were longer. Unfortunately, 3 of 37 (8.11%) hospitalized MG 
patients with COVID-19 died of respiratory failure after admission to the ICU. The results of our study are in accordance 
with the Chinese Center for Disease Control and Prevention, which declared that MG patients with SARS-CoV-2 were 
more likely to be admitted to the hospital or the ICU, and have a higher mortality rate than the general population.7 

However, previous studies in 2020 showed that 87% hospitalized MG patients with COVID-19 were admitted to the ICU 
and 30% died, indicating a mortality rate higher than in our study (8.11%).12 The probable cause of this phenomenon is 
that the virus has been constantly variating. In this most recent variant, the pathogenicity of SARS-CoV-2 reduced and 
the symptoms were milder than the earlier variants.13,14

Our study found that MG patients whose onset age is younger or have longer MG duration were more susceptible to 
SARS-CoV-2 and more likely to develop symptomatic COVID-19, which is in accordance with a previous study in 
2021.15 The most possible explanation is that younger patients have more active immune systems, which are easier to be 
activated and initiate cytokine storms. A number of studies suggested that COVID-19 patients had increased levels of 
inflammatory cytokines during SARS-CoV-2 infection, which was closely related to the development and progression of 
COVID-19 syndrome.16–18 In our study, some (35.69%) MG patients treated with immunosuppressive agents before 
infection were more susceptible to COVID-19, but immunosuppressive agents were not related to MG exacerbation and 
hospitalization. However, previous studies11,19–21 showed that immunosuppressive drugs had no impact on the infection 
of SARS-CoV-2. Some guidelines suggested that existing immunosuppressive agents were probably safe and should not 
be stopped when MG patients were infected with COVID-19.22,23 Sole found that immunosuppressive agents were not an 
independent high-risk factor for COVID-19, although it was significant in single-factor analysis.24 A possible reason is 
that the types of immunosuppressive drugs used in MG patients in our study were different from these studies. Among 
311 MG patients infected with SARS-CoV-2 in the current study, 45 (14.47%) were undergoing treatment with 
tacrolimus. However, few patients used tacrolimus in previous studies. Furthermore, some studies showed that immu-
nosuppressive drugs were associated with higher mortality rate in chronic immune diseases with COVID-19 
infection.10,25 The impact of immunosuppressive therapy on COVID-19 is uncertain, so individualized treatment plans 
should be used for MG patients during the COVID-19 pandemic. Of 311 MG patients with COVID-19, 120 (38.59%) 
had comorbidities, including cancer, immune diseases, hypertension, diabetes, coronary heart disease, hepatitis, chronic 
obstructive pulmonary disease, etc. The rate of comorbidities in MG patients with COVID-19 was higher than MG 
patients without COVID-19. This is consistent with previous studies,11,26 which had found that MG patients with 
comorbidities were more likely to be infected with COVID-19. On the other hand, we found that comorbidities were 
not related to hospitalization and exacerbation in MG patients during the pandemic, which is consistent with Karimi’s 
study.27

In our study, 48 (45.71%) of 105 patients with MG exacerbation were not vaccinated before infection with COVID- 
19, higher than those in the patients without MG exacerbation. A further analysis showed that vaccination status was 
related to the severity of COVID-19. The multivariable logistic regression analysis showed that lack of COVID-19 
vaccination was an independent risk factor for the exacerbation in MG patients with COVID-19 (OR 2.075, 95% CI: 
1.152, 3.738, p = 0.015). COVID-19 vaccination is a possible protective factor for exacerbation and hospitalization of 
MG patients during COVID-19 pandemic. Our results are consistent with a study in Greece,28 which had found that 
vaccines might reduce hospitalization rate of MG patients with COVID-19. Nevertheless, our study found that vaccina-
tion cannot reduce the length of hospitalization and ICU stay. Studies had confirmed the safety and effectiveness of the 
COVID-19 vaccine in MG patients. Therefore, it is recommended that MG patients should be vaccinated, if they have no 
contraindications.23,29–31 Our study showed that MG symptoms of the patients classified as GMG or higher MGFA class 
were more likely to face exacerbation of MG when they were infected with SARS-CoV-2. The baseline MG-ADL scores 
and QMGS of MG patients with exacerbation during the COVID-19 pandemic were higher than those in MG patients 
without exacerbation. The course of symptomatic COVID-19 was prolonged in MG patients with exacerbation. Previous 
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studies had shown that MG exacerbation was significantly related to infection of COVID-19.15,24,32 The multivariable 
logistic regression analysis in our study showed that baseline MG-ADL, duration of symptomatic COVID-19, GMG, and 
lack of COVID-19 vaccination were the independent risk factors of the MG exacerbation in patients infected with 
COVID-19. MG-ADL, QMGS and MGFA class are frequently used to evaluate the severity of MG. Higher scores of 
MG-ADL, QMGS, and MGFA class indicate more serious cases of MG. MG is an autoimmune neuromuscular disease 
and characterized by muscular weakness. Severe MG may possibly include respiratory muscle weakness and dysregula-
tion of the immune system. Similarly, severe COVID-19 may also cause muscular weakness and dysregulation of 
immune system. For patients with severe MG, cytokine storms caused by COVID-19 infection may have aggravated their 
immune system disorder.8 In the exacerbation group, antibodies against AChR were positive in 82.52% of MG patients 
and antibodies against MuSK were positive in 7.77% of MG patients, higher than those in MG patients without 
exacerbation. The most possible explanation for this phenomenon is the potential antigenic similarity of AChR and 
the receptors of SARS-CoV-2. A sequence of SARS-CoV-2 spike protein is similar to neurotoxins, which can bind 
nicotinic acetylcholine receptors (nAChR) and disrupt the activity of the cholinergic system.33 Furthermore, there are 
studies that reported new onset MG following the infection of SARS-CoV-2 or vaccination of COVID-19.34,35 This new 
onset MG is usually accompanied by hyperthyroidism, thymoma, or thymic hyperplasia. Patients with new onset of MG 
might already have existing immune system disorders. After the infection of COVID-19, cytokine storms from the 
infection may have exacerbated these pre-existing disorders.

The analysis of the characteristics of hospitalized MG patients with the COVID-19 showed that 37 (11.9%) MG 
patients were admitted to the hospital. Of these, 20 (54.05%) had comorbidities and 33 (89.19%) had MG exacerbation, 
which is a higher percentage than those in non-hospitalized patients. Moreover, MGFA class before infection, baseline 
MG-ADL, and QMGS were also higher in hospitalized patients. These results suggested that the severity of MG before 
COVID-19 infection is related to with hospitalization after infection of COVID-19, being in accordance with previous 
studies.15,32 The course of symptomatic COVID-19 in hospitalized MG patients was prolonged. Therefore, age at onset, 
comorbidities, course of COVID-19, MGFA class, MG-ADL, QMGS before COVID-19, and MG exacerbation during 
COVID-19 might be related to hospitalization of MG patients with COVID-19.

Limitations
Our study has some limitations. Firstly, all subjects in our study came from the same hospital in Guangxi. Secondly, there 
were few cases of MG patients with COVID-19 in Guangxi before this pandemic, so this study will not be able to 
compare the characteristics of different variants of COVID-19. Moreover, the study lacks long-term follow-up of MG 
patients with COVID-19.

Conclusions
There was no significant difference between MG patients and the control group in the incidence rate of COVID-19 
infection. However, MG patients with COVID-19 faced more severe symptoms. They had longer course of COVID-19, 
higher hospitalization rate, and higher ICU admission rate. Immunosuppressive therapy, onset age, MG duration, and 
comorbidities were related to higher infection rate of COVID-19. COVID-19 vaccination can possibly protect MG 
patients from severe COVID-19 and MG exacerbation, while reducing hospitalization rate during infection of COVID- 
19. Some MG patients with COVID-19 developed severe symptoms and were admitted to the hospital, even requiring 
ICU admission and mechanical ventilation. Most patients showed outcomes of recovery, but 3 (0.96%) of 311 MG 
patients with COVID-19 died of the respiratory failure. The baseline MG-ADL, duration of symptomatic COVID-19, 
GMG, and lack of COVID-19 vaccination were the independent risk factors of MG exacerbation in patients with 
COVID-19.

Abbreviations
MG, myasthenia gravis; COVID-19, coronavirus disease 2019; ICU, intensive care unit; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; MG-ADL, myasthenia gravis activities of daily living profile; GMG, generalized 
myasthenia gravis; OR, odds ratio; CI, confidence interval; AChR, acetylcholine receptor; MuSK, muscle-specific 
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tyrosine kinase; LRP4, low-density lipoprotein receptor-related protein 4; RyR, ryanodine receptor; OMG, ocular 
myasthenia gravis; MS, multiple sclerosis; MGFA, Myasthenia Gravis Foundation of America; QMGS, Quantitative 
myasthenia gravis Score; PCR, polymerase chain reaction; IQR, interquartile range; AChRab+, anti-acetylcholine 
receptor antibody positive; MuSKab+, anti-muscle-specific tyrosine kinase positive; AZA, azathioprine; MMF, myco-
phenolate mofetil.
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