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Abstract
Background and purpose: During the COVID-19 pandemic, myasthenia gravis (MG) pa-
tients have been identified as subjects at high risk of developing severe COVID-19, and 
thus were offered vaccination with priority. The lack of direct data on the safety and 
tolerability of SARS-CoV-2 vaccines in MG have contributed to vaccine hesitancy. To ad-
dress this issue, the safety and tolerability of SARS-CoV-2 vaccines were assessed in a 
large cohort of MG patients from two referral centers.
Methods: Patients with confirmed MG diagnosis, consecutively seen between October 
and December 2021 at two MG centers, were enrolled. Demographics, clinical character-
istics, and information regarding SARS-CoV-2 infection/vaccination were extracted from 
medical reports and/or collected throughout telephonic or in-person interviews.
Results: Ninety-eight (94.2%) of 104 patients included were administered at least two 
vaccine doses 4 weeks before the interview or earlier, and among them, 63 of 98 (64.2%) 
have already received the “booster” dose. The most frequently used vaccines were 
BNT162b2-Pfizer-BioNTech and mRNA-1273-Moderna. Overall, only minor side effects 
were reported, most commonly local pain and fever. MG worsening after vaccination 
was observed in eight of 104 (7.7%) cases. The frequency of worsening among muscle-
specific tyrosine kinase MG cases (3/9, 33.3%) was significantly higher compared to other 
serological subgroups. Spontaneous symptom regression was observed in six of eight 
cases. Twelve of 104 (11.5%) patients had SARS-CoV-2 infection, and none of the SARS-
CoV-2-infected MG patients worsened after vaccination.
Conclusions: Our data support the safety and tolerability of mRNA COVID-19 vaccines, 
which should be strongly recommended in MG patients, who could be at higher risk of 
complications if exposed to SARS-CoV-2 infection.
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INTRODUC TION

Myasthenia gravis (MG) is an autoimmune disease caused by an-
tibodies (abs) targeting proteins at the motor end plate. Fatigable 
muscle weakness is its clinical hallmark and can involve ocular, limb, 
bulbar, and respiratory muscles, the latter resulting in respiratory 
failure [1]. Immunosuppression is the mainstay of MG therapy, and it 
is required in the majority of cases to achieve satisfactory symptom 
control [1]. As a drawback, patients are exposed to a significantly 
higher risk of infections, which are also well-known triggers of dis-
ease exacerbations [2]. For all these reasons, during the COVID-19 
pandemic, MG patients have been identified as subjects at high risk 
of developing severe COVID-19, and thus were offered vaccination 
with priority. Nevertheless, in patients with autoimmune diseases, 
there may be concern that the vaccination itself can stimulate the 
immune system and trigger disease exacerbation [3]. There are no 
specific guidelines concerning vaccinations in patients with MG, but 
evidence shows that inactivated vaccines are safe in this population 
[4]. However, the lack of direct data on the safety and tolerability of 
SARS-CoV-2 vaccines in MG might contribute to vaccine hesitancy 
[5]. Therefore, we performed an observational study to investigate 
safety and risk of disease worsening of SARS-CoV-2 vaccines in a 
large cohort of consecutive MG patients from two referral centers.

METHODS

We enrolled 114 patients with confirmed MG diagnosis, con-
secutively seen between October and December 2021 at the 
Neurology unit of Careggi Hospital of Florence (n = 62) and Gemelli 
Polyclinic Foundation of Rome (n  =  52). Ten cases were excluded 
because they had not received vaccination at the time of evaluation. 
Demographics, clinical characteristics, and information regarding 
SARS-CoV-2 infection and vaccination were extracted from medical 
reports and/or collected through telephonic or in-person interviews. 
MG worsening was defined as the reoccurrence of any symptoms 
and signs of extraocular, bulbar, respiratory, axial, or limb muscle 
weakness lasting at least 24 h within the 4 weeks after SARS-CoV-2 
infection or vaccination. The severity of MG was evaluated at the 
time of recruitment according to the Myasthenia Gravis Foundation 
of America (MGFA) clinical grading [6], and the postintervention sta-
tus (PIS) classification [7] was used to assess the clinical status at last 
follow-up after institution of the recorded treatment. Both were as-
sessed by telephonic or in-person evaluation before and after vacci-
nation. Acetylcholine receptor (AChR) and muscle-specific tyrosine 
kinase (MuSK) abs were tested at diagnosis by standard radioimmu-
noassay in all patients. Continuous and categorical variables were 
reported as mean (SD) and proportion (percentage), respectively. 
Chi-squared test was used to compare categorical variables. All 
patients provided consent for the use of medical data for research 
purposes. The study was approved by the ethics committees of both 
institutions involved.

RESULTS

Of the final 104 patients included, 49 (47.1%) were women, 62 
(59.6%) had late onset MG (median age at disease onset = 57 years, 
range = 16–86 years), and 21 (20.1%) had ocular MG. The mean dis-
ease duration at the time of first vaccine dose was 16 years (SD = 
26.6). The majority of patients were ab-positive (92/104, 88.5%), in-
cluding 83 of 92 (90.2%) with AChR abs and nine of 92 (9.8%) with 
MuSK abs. Demographic and clinical information of the cohort are 
shown in Table S1.

SARS-CoV-2 side effects and risk of 
disease worsening

Ninety-eight of 104 (94.2%) patients were administered at least two 
vaccine doses 4 weeks before the interview or earlier, and among 
them, 63 of 98 (64.2%) have already received the “booster” dose 
(Table 1). In five cases, the vaccine type of the second dose was dif-
ferent from the first, and almost half of the patients (27/63, 42.8%) 
received a “booster” dose different from the first two doses. The 
most frequently used vaccines were BNT162b2-Pfizer-BioNTech 
and mRNA-1273-Moderna (see Table  1 for the frequency break-
down). Six patients, with a previous history of SARS-CoV-2 infec-
tion, received only one dose. Overall, only minor side effects were 
reported (Table 1), most commonly local pain (in 18.3%, 19.4%, and 
20.6% of patients after the first, second, and third vaccine dose, re-
spectively) and fever (in 4.8%, 11.2%, and 4.8% of patients after the 
first, second, and third dose, respectively).

Eighty-four of 104 (80.7%) patients were on immunotherapy at 
the time of the first dose, with oral corticosteroids being the most 
common treatment (69/104, 66.3%; Table 1). Steroid and/or immuno-
suppressant dosage was modified in only 11 of 104 (10.5%) patients 
during the 3 months prior to the first vaccine dose. The majority of 
patients (87/104, 83.6%) were in “minimal manifestations” (MM) or 
better (including MM, pharmacological remission, and complete sta-
ble remission) [6] when receiving the first dose. In six patients, the 
PIS changed at last follow-up compared to the “prevaccination” visit 
(4/6 patients in MM at time of vaccination reported mild–moderate 
MG symptoms, whereas in 2/6 PIS changed from MM to pharmaco-
logical remission). Only five of 104 (4.8%) patients were treatment-
refractory at enrollment.

MG worsening after vaccination was observed in eight of 104 
(7.7%) cases (after both the first and second dose, n = 2; after the first 
dose only, n = 1; after the second dose only, n = 1; after the third dose 
only, n = 4; Table 2). These events were usually mild and occurred 
mostly after BNT162b2-Pfizer-BioNTech vaccine (7/8 cases). The 
frequency of worsening among MuSK-MG cases (3/9, 33.3%) was 
significantly higher compared with AChR-MG (4/83, 4.8%) and sero-
negative cases (1/12, 8.3%, p = 0.01; Table 2). In this subgroup, all pa-
tients but one (93.2%) were on immunotherapy at the time of the first 
vaccine dose. Spontaneous symptom regression was observed in six 
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of eight cases. One seronegative MG patient presented with diplopia, 
limb weakness, and bulbar deficit, which required steroid increase 
after the second dose of Moderna; one MuSK-MG case presented 
with bulbar symptoms, which improved only partially after increas-
ing steroids, whereas administration of intravenous immunoglobulins 
and rituximab led to complete symptom resolution. Overall, the out-
come was favorable in all MG worsening cases, with no differences 
in the MGFA-PIS before vaccination and at last follow-up (Table 2).

SARS-CoV-2 infection

Twelve of 104 (11.5%) patients had SARS-CoV-2 infection, 11 of 12 
before and one of 12 after the vaccination. The median follow-up 
time after the infection was 10.5 months (range = 0.5–21 months). 
MG worsening during the infection was registered in only one pa-
tient (27-year-old male with thymoma-related MG, maximum MGFA 
= IIIB, treated with corticosteroids), who had mild respiratory dis-
tress (peripheral oxygen saturation = 90%) requiring low-flow ox-
ygen without need for hospitalization. This patient received one 
BNT162b2-Pfizer-BioNTech vaccine 290  days after the infection, 
without any MG worsening. One other case was infected 130 days 
after two BNT162b2-Pfizer-BioNTech vaccine doses, again without 
any MG worsening. Of note, none of the SARS-CoV-2-infected MG 
patients worsened after vaccination.

TA B L E  1  Sars-Cov-2 vaccine safety profile

Characteristic n(%)

Number of doses received

3 doses 63 (60.6)

2 doses 35 (33.6)

1 dose 6 (5.8)

Type of vaccine received, first dose, n = 104

BNT162b2-Pfizer-BioNTech 74 (71.2)

mRNA-1273-Moderna 29 (27.9)

ChAdOx1-S-AstraZeneca 1 (0.9)

Type of vaccine received, second dose, n = 98

BNT162b2-Pfizer-BioNTech 68 (69.4)

mRNA-1273-Moderna 28 (28.6)

ChAdOx1-S-AstraZeneca 2 (2)

Type of vaccine received, third dose, n = 63

BNT162b2-Pfizer-BioNTech 51 (85)

mRNA-1273-Moderna 12 (20)

Postintervention status at first dose

Complete stable remission 5 (4.8)

Pharmacological remission 8 (7.7)

Minimal manifestations 74 (71.2)

Improved 13 (12.5)

Unchanged/worsened 4 (3.8)

Immunotherapy at first dose

Corticosteroids 69 (66.3)

Azathioprine 21 (20.2)

Mycophenolate 15 (14.4)

Intravenous immunoglobulins 4 (3.8)

Rituximab 3 (2.9)

Cyclosporine A 2 (1.9)

Side effects in the 4 weeks after the first dose, 
n = 104

31 (29.8)

Local pain 19 (18.3)

Fever 5 (4.8)

Asthenia 4 (3.8)

Flulike syndrome 3 (2.9)

Headache 3 (2.9)

Rash 2 (1.9)

Two or more 3 (2.9)

Side effects in the 4 weeks after the second 
dose, n = 98

35 (35.7)

Local pain 19 (19.4)

Fever 11 (11.2)

Asthenia 6 (6.1)

Flulike syndrome 6 (6.1)

Headache 3 (3.1)

Rash 1 (1)

Other 4 (4.1)

(Continues)

Characteristic n(%)

Two or more 10 (28.6)

Side effects in the 4 weeks after the third dose, 
n = 63

19 (28.3)

Local pain 13 (20.6)

Asthenia 5 (7.9)

Fever 3 (4.8)

Flulike syndrome 1 (1.6)

Headache 1 (1.6)

Other 3 (4.8)

Two or more 5 (7.9)

MG worsening in the 4 weeks after vaccination 8 (7.6)

After first dose 1 (0.9)

After second dose 1 (0.9)

After first and second dose 2 (1.9)

After third dose 4 (3.9)

Mean follow-up after last dose, days 91.2 (SD = 79.0)

Postintervention status at last-follow-up

Complete stable remission 5 (4.8)

Pharmacological remission 8 (7.7)

Minimal manifestations 71 (68.3)

Improved 15 (14.4)

Unchanged/worsened 5 (4.8)

Abbreviation: MG, myasthenia gravis.

TA B L E  1  (Continued)
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DISCUSSION

During the current COVID-19 pandemic, clinicians are facing the 
challenge of balancing risk/benefit in the management of MG pa-
tients, especially of the ones under immunosuppressants, with res-
piratory muscle weakness or with relevant comorbidities. Efficacy 
and safety of the COVID-19 vaccines were not specifically assessed 
in MG patients in clinical trials, but, despite a few reports of MG 
worsening after COVID-19 vaccination [8], the risk of severe com-
plications from COVID-19 in MG patients is generally considered to 
outweigh that of possible side effects or disease worsening after the 
vaccine [9,10]. A previous study on the safety of COVID-19 vaccine 
in MG patients reported no MG worsening in 20 of 22 MG patients 
who received two doses of the vaccine [11]. Only two patients com-
plained of mild neck weakness after the first dose, which resolved 
after an increase of pyridostigmine therapy. However, this study was 
limited by the small number of patients included from a single center, 
with mostly a mild form of MG (MGFA I-II at maximum disease se-
verity). In our large and representative cohort of MG patients from 
two referral neurology units, we confirmed that mRNA COVID-19 
vaccines are safe in MG patients, including those with previous 
SARS-CoV-2 infection. In particular, no severe side effects were re-
ported, and the frequency of both local pain and fever, which were 
the most frequently described in our cohort, is in line with previous 
studies in healthy individuals [12]. Only eight of 104 (7.7%) patients 
presented a worsening in MG symptoms within 4 weeks after the 
vaccine, which, however, was mostly mild and resolved spontane-
ously in 75% of cases. Moreover, the “booster” dose did not seem to 

be linked to an increased frequency of side effects or MG worsen-
ing. Caution might be warranted in patients with MuSK-MG, who, 
based on our findings, were more prone to experience MG worsen-
ing after COVID-19 vaccination. MuSK-MG subtype harbors defects 
in both central and peripheral B-cell tolerance checkpoints, and the 
major role seems to be played by plasmablasts [13]. It can be specu-
lated that trigger factors could stimulate circulating autoreactive B 
cells and make MuSK-MG patients more susceptible than AChR-MG 
patients [13]. However, given the small number of patients with 
MuSK abs included, this result has to be confirmed in further stud-
ies. In general, for patients with MG, a case-by-case assessment is 
recommended, considering age, therapy, and previous response to 
vaccination. Moreover, this study's results apply to mRNA-based 
COVID-19 vaccines, given the very limited number of patients who 
received viral vector-based SARS-CoV-2 vaccines. Our data support 
the safety and tolerability of COVID-19 vaccination, which should 
be strongly recommended in MG patients, particularly in those at 
higher risk of complications when exposed to SARS-CoV-2 infection 
[14]. Further studies are needed to confirm these findings and to 
assess the efficacy of SARS-CoV-2 vaccines in MG patients under 
immunosuppressive therapy.
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TA B L E  2  MG worsening after vaccination

Sex/age, 
years

Type of 
antibody

Max
MGFA

Disease 
duration at first 
dose, years

Thymoma/
autoimmune 
comorbidity

Doses 
received, n

Dose number causing 
worsening (type)

Immune therapy at 
first vaccine dose

MG symptoms at 
worsening

Vaccine doses 
after MG 
worsening

MG symptoms at 
following doses Outcome

PIS at first 
vaccine dose

PIS at 
last FU

M, 60 AChR V 15 No/vitiligo 2 First (Pfizer) AZA Upper limbs weakness 1 (second, Pfizer) None Spontaneous regression after 
2 months

MM MM

F, 59 Seronegative IIIB 18 Yes/no 3 First (Moderna) and 
second (Moderna)

CS, CyA Four limbs weakness, 
bulbar symptoms, 
diplopia

2 (second, 
Moderna; 
third, Pfizer)

Four limbs weakness, 
bulbar symptoms, 
diplopia after second 
dose; none after third 
dose

Spontaneous regression (first); 
regression after increasing 
steroids (second)

MM MM

F, 34 MuSK IIB 2 No/no 2 First (Pfizer) and second 
(Pfizer)

CS Bulbar symptoms 1 (second) Bulbar symptoms, diplopia Spontaneous regression (first); 
regression 1 month after 
increasing steroids, one IVIG and 
RTX cycle (second)

MM MM

F, 73 AChR IIIB 7 No/thyroiditis 2 Second (Pfizer) CS, IVIG every 
6 months

Four limbs fatigability 0 – Spontaneous regression after 
2 months

U U

F, 83 AChR I 6 No/no 3 Third (Pfizer) None Diplopia 0 – Regression 3 weeks after increasing 
Mestinon

MM MM

F, 68 AChR IVB 1 Yes/thyroiditis 3 Third (Pfizer) CS, AZA Generalized weakness 0 – Spontaneous regression after 4 days MM MM

F, 32 MuSK IIIB 2 No/no 3 Third (Pfizer) CS, AZA Dysphagia, facial 
muscles weakness

0 – Spontaneous regression after 7 days I I

F, 63 MuSK IIB 2 No/no 3 Third (Pfizer) CS Ptosis and dysarthria 0 – Spontaneous regression MM MM

Abbreviations: AChR, acetylcholine receptor; AZA, azathioprine; CS, corticosteroids; CyA, cyclosporine A; F, female; FU, follow-up; I, improved; 
IVIG, intravenous immunoglobulin; M, male; Max, maximum; MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; MM, 
minimal manifestations; MuSK, muscle-specific tyrosine kinase; PIS, postintervention status; RTX, rituximab; U, unimproved.
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