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Abstract: In this study, we report the safety of coronavirus disease 2019 (COVID-19) vaccine in
patients with myasthenia gravis (MG). Patients who were vaccinated against COVID-19 were in-
cluded. Demographics, clinical characteristics, medications, and vaccination information were
collected. The main observation outcome is the worsening of MG symptoms within 4 weeks fol-
lowing COVID-19 vaccination. A total of 22 patients with MG vaccinated for COVID-19 were
included. Ten (45.5%) patients had ocular MG (OMG), and 12 (55.5%) patients had generalized
MG (GMG). Six (27.3%) patients were female, and the mean (SD) onset age was 45.4 (11.8) years.
Nineteen (86.4%) patients were seropositive for acetylcholine receptors (AChR) antibody.
Seven (31.8%) patients underwent thymectomy, and four of them confirmed thymoma patholog-
ically. Twenty-one patients were administrated with inactivated vaccines, and the remaining one
was administrated with recombinant subunit vaccine. Twenty (90.9%) patients did not present MG
symptom worsening within 4 weeks of COVID-19 vaccination, and two (9.1%) patients reported
slight symptom worsening but resolved quickly within a few days. Our findings suggest inactivated
COVID-19 vaccines might be safe in MG patients with Myasthenia Gravis Foundation of America
(MGFA) classification I to II, supporting the recommendation to promote vaccination for MG patients
during the still expanding COVID-19 pandemic.
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1. Introduction

Since its outbreak in late December 2019, the pandemic of coronavirus disease 2019
(COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), had
a significant impact on global public health and social order [1]. At the time of 30 July 2021,
there were more than 197 million COVID-19 cases causing over 4,207,474 deaths world-
wide. The direct and indirect costs of controlling the spread of the disease were immea-
surable. Even though enormous effort has been devoted, evidence-based specific therapy
for COVID-19 is still scarce [2-5]. Thus, in the absence of effective treatment, vaccination
remains the most effective measure to prevent COVID-19 infection.

The development of vaccines against SARS-CoV-2 is proceeding at an unprecedented
speed. As of 30 June 2021, there were a total of 272 candidate vaccines that were being
developed worldwide. Of these, 88 vaccines were in clinical evaluation, and 16 were
approved for marketing or emergency use. Results from clinical trials demonstrated
the efficacy and safety of COVID-19 vaccines. It was reported that one of the mRNA
vaccines was almost 95% effective in preventing COVID-19 in persons 16 years of age or
older [6-8]. At present, eight vaccines have been included in the WHO emergency use
list, and seven vaccines were licensed and are currently in use in China, including five
inactivated vaccines, an adenovirus-vector vaccine, and a recombinant subunit vaccine. Of
these vaccines, China National Biotec Group (CNBG) SARS-CoV-2 inactivated vaccine, also
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known as the Sinopharm COVID-19 vaccine and CoronaVac vaccine (Sinovac Biotech Ltd.,
Beijing, China), have been adopted for mass vaccination within mainland China, and
1049 million doses of inactivated SARS-CoV-2 vaccines have been used as of 21 June 2021.
Animal experiments and phase 1 and 2 clinical trials have consistently demonstrated
that inactivated SARS-CoV-2 vaccines had notable immunogenicity and a low rate of
adverse reactions [9]. A recent cross-sectional study showed side effects of the Sinopharm
COVID-19 vaccination for the first and second doses were mild and predictable, and there
were no hospitalization cases [10].

The Delta variant (the B.1.617.2 variant), emerging as a virulent strain of COVID-19,
caused the number of infections to surge again worldwide, even in some countries with the
highest vaccine coverage. The Delta variant strain has stronger transmission capacity and
markedly increased virulence, so understanding the efficacy of COVID-19 vaccines against
the Delta strain has become the top priority. A real-world study from China showed that the
two-dose dosing scheme of the inactivated vaccines was effective against the Delta variant
infection, with the estimated efficacy exceeding the World Health Organization’s minimum
threshold of 50% [11]. Additionally, a study in Chile spanning from 2 February through
1 May 2021 demonstrated that the effectiveness of CoronaVac vaccine was estimated to be
65.9% for the prevention of COVID-19, 87.5% for the prevention of hospitalization, 90.3%
for the prevention of intensive care unit (ICU) admission, and 86.3% for the prevention of
COVID-19-related deaths [12].

However, the rapid development of COVID-19 vaccines has raised the question about
vaccine safety and effectiveness in immunocompromised patients, such as myasthenia
gravis (MG) patients or patients on immunosuppressive medications because such pa-
tients were excluded from these vaccine trials. Whether vaccination increases the risk of
symptoms worsening or immunosuppressive medications decrease serological responses
to vaccines remains unknown. Additionally, the COVID-19 vaccine repertoire is becoming
increasingly complex. The novelty of mRNA, DNA, and viral vector COVID-19 vaccines
makes it difficult to predict their safety in MG. Currently, there are no reliable data to
inform decisions regarding the safety of the COVID-19 vaccine in patients with MG, and
neuromuscular experts fail to offer guidance on vaccination in MG patients during the
COVID-19 pandemic.

In this paper, we reviewed the vaccinated MG patients in our database and reported
their disease information and clinical course post-vaccination, aiming to evaluate the safety
of the COVID-19 vaccine in MG patients.

2. Methods
2.1. Study Design and Population

This was a retrospective, single-center case series. We reviewed the data of patients in
our prospective MG database between 1 July 2020 and 31 May 2021. Patients who were
vaccinated against COVID-19 were included, and the physicians in charge confirmed again
all case reports from information by phone calls or WeChat (an instant chat tool).

The diagnosis of MG was considered on the basis of having fluctuating skeletal muscle
weakness and at least one of the following criteria: (1) positive response to neostigmine
testing; (2) findings suggestive of MG on repetitive nerve stimulation (RNS) findings (more
than a 10% decrease in the amplitude of the compound muscle action potential upon
stimulation of the facial, ulnar, axillary, and accessory nerves); (3) seropositive for AChR or
muscle-specific tyrosine kinase (MuSK) antibodies.

The main observation outcome is the worsening of MG symptoms within 4 weeks
of the COVID-19 vaccination, which is defined as the patient’s subjectively reported
exacerbation of MG symptoms or the Myasthenia Gravis Activity of Daily Living (MG-
ADL) score increasing by >2 points compared with before vaccination.
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2.2. Data Collection

Demographics, clinical characteristics, medications data, and vaccination information
were collected: gender; age; onset age; MG type (OMG, GMG); thymoma defined patho-
logically in patients undergoing thymectomy and radiologically in patients performing
a chest imaging test; immunosuppressive drugs before vaccination; types of COVID-19
vaccine (inactivated vaccine, adenovirus-vectored vaccine, recombinant subunit vaccine);
and vaccination status (finished vaccination, unfinished vaccination, the date of adminis-
tration of first and second vaccine doses). Disease status before vaccination was evaluated
for symptoms severity. Symptom stability was defined as complete resolution of symp-
toms for at least 1 month before vaccination; for patients with unstable symptoms, the
Myasthenia Gravis Foundation of America (MGFA) classification was used to evaluate the
severity of disease [13]. Briefly, MGFA classification I is defined as weakness isolated to
ocular muscles and MGFA classification II as mild weakness involving any other muscles.
MGFA classifications III and IV are defined by moderate and severe muscle weakness,
respectively. MGFA classification V is defined as myasthenic crisis involving respiratory
failure requiring endotracheal intubation or non-invasive positive pressure mechanical
ventilation. Descriptive analyses were performed using the statistical software package R
(version 4.0.0).

2.3. Patient Consent and Protocol Approvals

All patients had signed an informed consent form when their information was first
registered in the database and authorized the use of clinical information without identifi-
cation. When the doctor confirmed the information via phone or WeChat, oral informed
consent was obtained. The study was approved by the Ethics Committee of the Tangdu
Hospital, Fourth Military Medical University (K202107-17).

3. Results

A total of 22 patients with MG receiving the COVID-19 vaccine were included.
Ten (45.5%) patients had ocular MG, and 12 (55.5%) patients had generalized MG.
Six (27.3%) patients were female, the mean (SD) age was 51.1 (12.1) years, and the mean
(SD) onset age was 45.4 (11.8) years. Nineteen (86.4%) patients were seropositive for AChR
antibody. Seven (31.8%) patients underwent thymectomy, and in four of them, a thymoma
was confirmed pathologically. At the time of COVID-19 vaccination, 18 (81.8%) patients had
symptoms stability; the median (IQR) symptoms stability time was 15.0 (6.0-24.0) months.
The remaining four patients still had MG symptoms, and of them, three patients (No. 7,
No. 10 and No. 21) were MGFA classification I, and one (No. 5) patient was MGFA
classification IIB. Seventeen (77.3%) patients were taking oral immunosuppressive drugs,
including 12 azathioprine, 2 mycophenolate mofetil, and 3 steroids combined with aza-
thioprine. The median (IQR) drug dose stabilization time was 12.0 (6.0-15.0) months. The
baseline demographic and clinical characteristics of included patients are summarized in
Table 1. Table 2 shows the clinical characteristics of individual patient.

Twenty-one patients were administrated with inactivated vaccines, and the remaining
one patient was administrated with a recombinant subunit vaccine (No. 19). No patient in
our cohort was administrated with an adenovirus-vectored vaccine. Fifteen (68.2%) patients
finished vaccination (two doses of inactivated vaccine), and seven (31.8%) patients unfin-
ished vaccination (one dose of inactivated and recombinant subunit vaccine).

Twenty (90.9%) patients did not present MG symptoms worsening within 4 weeks
of COVID-19 vaccination, and two (9.1%) patients reported slight symptom-worsening.
Patient No. 19 reported mild neck muscle weakness on the seventh day after the first dose
of the recombinant subunit vaccination. Then she increased the dose of pyridostigmine, and
the symptoms resolved within a few days. It is noted that she reduced the pyridostigmine
dose at the time of vaccination. Patient No. 20 reported mild neck and limb weakness on
the 20th day after the first dose of inactivated vaccination. Two days later, he received
the second dose of the inactivated vaccine. He started pyridostigmine treatment 8 days



Vaccines 2021, 9, 1112

40f9

after the symptoms worsened, and the symptoms quickly resolved. On the 40th day
following the first dose of inactivated vaccination, his MG-ADL score was 3 points, and
his QMG score was 8 points during a face-to-face encounter. The symptoms of these two
patients were stable for at least 18 months, and thymoma was confirmed pathologically

before vaccination.

Table 1. Baseline Characteristics of Patients with Myasthenia Gravis Receiving the COVID-19 Vaccine.

Characteristics Total (n = 22)

Gender, n (%)

Female 6 (27.3)

Male 16 (72.7)
Age, y, mean (SD) 51.1 (12.1)
Onset age, y, mean (SD) 45.4 (11.8)
AChR antibody, n (%)

Seropositive 19 (86.4)

Seronegative 3(13.6)
MG type, 1 (%)

Ocular MG 10 (45.5)

Generalized MG 12 (54.5)
Thymectomy, 1 (%)

Yes 7 (31.8)

No 15 (68.2)
Thymoma, 1 (%)

Yes 4(18.2)

No 18 (81.8)
Disease status before vaccination, 1 (%)
Stability 18 (81.8)
MGFA I 3(13.6)
MGFA I b 1(4.6)
Duration of symptoms stable, m, median (IQR) 15.0 (6.0, 24.0)
Immunosuppression protocols, 1 (%)

Steroids + IS 3 (13.6)

IS monotherapy 14 (63.7)

No therapy 5(22.7)
Types of immunosuppressive drugs, n (%)

Azathioprine 15 (88.2)

Mycophenolate mofetil 2(11.8)
Duration of immunosuppressive therapy, m, median (IQR) 12.0 (6.0, 15.0)
Duration of azathioprine treatment, m, median (IQR) 12.0 (5.0, 13.5)
Dose of azathioprine, mg, mean (SD) 75.0 (37.8)
Pyridostigmine

Yes 9 (40.9)

No 13 (59.1)
Duration of pyridostigmine treatment, m, median (IQR) 45(2.0,11.5)
Dose of pyridostigmine, mg, mean (SD) 90.0 (40.0)
Type of COVID-19 vaccine, 1 (%)

Inactivated vaccine 21 (95.5)

Recombinant vaccine 1(4.5)
Vaccination status, 1 (%)

Finished vaccination 15 (68.2)

Unfinished vaccination 7 (31.8)
Worsening of MG symptoms

Yes 2(9.1)

No 20 (90.9)

Abbreviations: COVID-19 = coronavirus disease 2019; n = number; y = year; SD = standard deviation;
AChR = acetylcholine receptor; MG = myasthenia gravis; MGFA = Myasthenia Gravis Foundation of America;
IQR = interquartile range; IS = immunosuppressant; m = month.
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Table 2. Clinical features of individual patient.

D Gender Age (y) Onset AChR Antibod: MG Type Thymoma Thymectom Sfa?lizebaesfeore ]gu:ﬁ:::nosf IS Thera [I)S"l "?l:ieor: o Drug Dose P ?i“;:sti?l:noi‘ne Pyridostigmine Type of Vaccination Worsening of
8y Age (y) Y P! Y Y’ y I ymp! Py Py (mg/d) b4 & Dose (mg/d) Vaccines/Manufacturer Status MG
Vaccination Stability (m) (m) (m)
1 Male 45 41 Seronegative GMG No Yes Stability 6 AZA 12 100 Inactivated /CoronaVac Unfinished No
2 Male 43 39 Seropositive GMG Yes Yes Stability 12 AZA 12 100 Inactivated /CoronaVac Finished No
3 Male 52 49 Seropositive GMG No No Stability 20 AZA 20 100 Inactivated /CoronaVac Finished No
4 Male 52 49 Seropositive GMG No No Stability 12 AZA 12 50 12 90 Inactivated /CoronaVac Unfinished No
5 Female 73 63 Seronegative OMG No Yes MGFA I NA No NA Inactivated /CoronaVac Unfinished No
6 Male 53 49 Seropositive OMG No No Stability 3 Steroid + AZA 4 A ZP A1 ? 6701 i‘g Inactivated /CoronaVac Unfinished No
7 Male 54 53 Seronegative OMG No No MGFA T NA No NA 1 180 Inactivated /CoronaVac Finished No
8 Male 43 41 Seropositive OMG Yes Yes Stability 2 Steroid + AZA 2 A; : 15 Olsl‘gn g 2 90 Inactivated /CoronaVac Finished No
9 Male 43 38 Seropositive OMG No No Stability 48 AZA 6 6 60 Inactivated /CoronaVac Finished No
10 Female 55 38 Seropositive GMG No No MGFA T NA AZA 3 3 60 Inactivated /CoronaVac Finished No
1 Male 58 53 Seropositive GMG No No Stability 24 AZA 15 Inactivated /CoronaVac Finished No
12 Male 60 56 Seropositive OMG No No Stability 48 MMF 12 250 12 60 Inactivated /CoronaVac Finished No
13 Female 69 66 Seropositive GMG No No Stability 6 MMF 20 Inactivated /CoronaVac Finished No
14 Male 67 65 Seropositive OMG No No Stability 6 AZA 6 Inactivated /CoronaVac Finished No
15 Female 25 23 Seropositive OMG No No Stability 24 AZA 12 12 120 Inactivated/CoronaVac Finished No
16 Male 26 22 Seropositive GMG No No Stability 12 No NA Inactivated /Sinopharm Finished No
17 Male 46 35 Seropositive GMG No No Stability 60 AZA 10 10 60 Inactivated /Sinopharm Finished No
18 Female 61 43 Seropositive GMG No No Stability 120 AZA 36 Inactivated /Sinovac Unfinished No
Recombinant/Zhifei neck
19 Female 52 46 Seropositive OMG Yes Yes Stability 18 MMF 20 1000 1 60 ceomoinan et Unfinished weakness
Biological Products
(6 days)
Diplopia/limb
20 Male 51 46 Seropositive GMG Yes Yes Stability 23 No NA Inactivated /CoronaVac Unfinished weakness
(10 days)
21 Male 56 50 Seropositive OMG No No MGFA T NA Steroid + AZA 1 A ZP A3 ‘:} 53 i‘g Inactivated /Sinopharm Finished No
22 Male 39 33 Seropositive GMG No Yes Stability 2 No NA 2 120 Inactivated /Sinopharm Finished No

Abbreviations: y = year; AChR = acetylcholine receptor; MG = myasthenia gravis; OMG = ocular MG; GMG = generalized MG; MGFA = Myasthenia Gravis Foundation of America; m = month; IS =
immunosuppressant; AZA = azathioprine; MMF = mycophenolate mofetil; NA = not available; P = prednisone.
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4. Discussion

In this study, we first described the safety profile of the COVID-19 vaccine in pa-
tients with MG. Our findings showed most of the MG patients did not present worsening
symptoms following COVID-19 vaccination. Even though two patients presented slight
symptom-worsening, it resolved rapidly. All these findings indicated that that COVID-19
vaccine might be safe for MG patients with MGFA classification I to II.

As is well-known, the most common trigger of symptom exacerbation in patients
with MG is infection [14]. The global COVID-19 pandemic has exposed many immuno-
suppressed MG patients at risk of infection. Guilhem Solé et al. observed 34 MG patients
with COVID-19 in France, of which 28 (82%) patients recovered from COVID-19, and
5 (15%) died [15]. An observational study conducted by Michala Jakubikova et al. in
the Czech Republic included 93 MG patients with COVID-19: 35 (38%) developed severe
pneumonia after infection, and 10 (11%) patients died due to COVID-19 [16]. A reported
registry study named “CARE-MG” launched on April 9, 2020. Ninety-one MG patients
had been recorded within 6 months after the start of the study. Of these, 36 (40%) patients
reported MG worsening or crisis requiring rescue therapy (e.g., intravenous immunoglob-
ulin, plasma exchange, or steroids) in the setting of COVID-19. Complete recovery or
discharge to home was reported in 39 (43%) patients, whereas 22 (24%) patients died due
to COVID-19 [17]. Although there is currently no global large sample study to further
describe the condition and prognosis of MG patients infected with SARS-CoV-2, it can
be seen from results of above studies that MG patients with COVID-19 are more likely
to develop severe pneumonia and myasthenia crisis and have relatively high mortality
rate. Therefore, it is particularly important to vaccinate MG patients to protect them
from COVID-19.

Theoretically, vaccines may trigger or aggravate autoimmune diseases [18]; therefore,
it is reasonable to question the safety of COVID-19 vaccine in patients with MG. Several
previous studies have evaluated the safety of various vaccines in autoimmune diseases;
however, no strong evidence showed that vaccination was associated with the aggravation
of autoimmune diseases [19]. Strijbos et al. observed 47 MG patients with the seropositive
AChR antibody who received the influenza vaccine or placebo, and they failed to show
that influenza vaccination resulted in symptom exacerbation in these patients [20]. In the
study of vaccinations with systemic lupus erythematosus, dermatomyositis/polymyositis,
and Sjogren’s syndrome, vaccination did not worsen the autoimmune diseases [21-23].
COVID-19 vaccine studies in multiple sclerosis (MS) patients showed that RNA, DNA,
protein, and inactivated vaccines are likely safe for MS patients. Despite a few incidences
of central demyelination being reported with viral vector vaccines, their benefits likely
outweigh their risks if alternatives are unavailable. Live-attenuated vaccines should be
avoided whenever possible in DMT-treated patients [24]. In our case series, the symptoms
of MG did not worsen after inactivated COVID-19 vaccination. Interestingly, the only
patient receiving the recombinant subunit vaccine presented worsening symptoms.

The emergency pandemic situation accelerated the development process of the recom-
binant subunit vaccine, including a nucleic acid-based (mRNA /DNA) coronavirus vaccine,
a protein-based coronavirus vaccine, vectored vaccines against coronavirus, etc. Although
the safety profile of recombinant vaccines has been demonstrated in a variety of clinical
trials [6-8], safety data are still lacking for patients with MG to date. Watad et al. reported
original autoimmune diseases exacerbation or new disease onset following recombinant
mRNA /DNA SARS-CoV-2 vaccination in 27 subjects, including 2 new-onset MG [25]. The
two patients developed myasthenia symptoms after the second dose of vaccination. One
of the patients first developed ocular symptoms and then rapidly progressed respiratory
muscles. The other patient had mild myasthenia symptoms and resolved quickly with
plasma exchange and prednisone treatment. Tagliaferri et al. reported a case of myasthenia
gravis crisis induced by the Moderna COVID-19 vaccine. The patient was diagnosed
with MG five years ago and has been maintained on pyridostigmine and low-dose pred-
nisone. One week after receiving the second dose of the Moderna COVID-19 vaccine,



Vaccines 2021, 9, 1112

7 of 9

his symptoms worsened and progressed to myasthenia crisis. After being treated with
intravenous immunoglobulin, endotracheal intubation, and mechanical ventilation, the
patient’s symptoms improved, and the endotracheal tube was successfully removed. The
patient’s deterioration was attributed to the second dose of the vaccine [26]. From the
results of our study and COVID-19 vaccine studies on other autoimmune diseases, it can
be inferred that inactivated vaccines might be safe in MG patients, and the safety profile of
mRNA, DNA, and viral vector COVID-19 vaccines should be further investigated.

Previous studies did not report the association of symptoms exacerbation post-
vaccination with disease status pre-vaccination [20,27-30]. Ideally, MG patients should
be vaccinated when their symptoms are completely stable. The clinical trial performed
by Tackenberg et al. included patients with stable symptoms for more than 4 months
only [31], and the Strijbos et al. study included patients with stable symptoms lasting for
more than 3 months [20]. In our case series, there were four patients whose symptoms were
unstable at the time of COVID-19 vaccination. Among these four patients, No. 5, No. 7,
and No. 21 with MGFA classification I presented fluctuating diplopia, and No. 10 with
MGFA classification IIB presented intermittent diplopia and slight speech and swallowing
weakness. However, all of them did not show symptoms worsening after vaccination. In
contrast, two patients (No. 19 and 20) with symptoms worsening post-vaccination reached
minimal manifestations status or better at least 18 months before vaccination. Although this
case series is not sufficient to draw firm conclusions, the findings showed that worsening
symptoms post-vaccination might not be related to disease status pre-vaccination.

As well as the safety profile, vaccine effectiveness is an important concern in these
immunocompromised patients, as medications such as rituximab and methotrexate reduce
humoral responses and suppress the production of neutralizing antibodies [32,33]. Most
MG patients need immunosuppressive therapy for several years or even life-long, includ-
ing corticosteroids and non-steroidal immunosuppressive drugs or new biologics against B
cells and complement. Studies in MS patients demonstrated that interferon-beta, glatiramer
acetate, teriflunomide, fumarates, and natalizumab did not impact vaccine efficacy, while
cell-depleting agents (ocrelizumab, rituximab, ofatumumab, alemtuzumab, and cladribine)
and sphingosine-1-phosphate modulators likely attenuated vaccine responses [24]. Un-
fortunately, we did not evaluate the effectiveness of COVID-19 vaccines in MG patients.
Whether patients with MG or patients on immunotherapy can build up a normal serum titer
of anti-COVID-19 antibodies remains to be determined, but under the epidemic situation,
even a lower titer of neutralizing antibodies is better than no vaccination.

Our study has certain limitations. Firstly, only patients whose vaccination informa-
tion was recorded in our database were included, and patients who did not report their
vaccination information were not included in this case series, which may lead to an under-
estimation of the risk of COVID-19 vaccination. Secondly, the sample size of our study is
limited, yet it is the first report on this subject. Lastly, the data on the efficacy of COVID-19
vaccines were not collected.

5. Conclusions

In the absence of a randomized, controlled trial of COVID-19 vaccination in patients
with MG, observational studies are needed to inform practice. Our findings suggest
inactivated COVID-19 vaccines might be safe in MG patients with MGFA classification I to
II, supporting the recommendation to promote vaccination for MG patients during the still
expanding COVID-19 pandemic.

Author Contributions: Conceptualization: T.C. and Z.L.; Data Curation: T.C., Z.R., Y.T.,and C.L,;
Formal Analysis: T.C., Z.R., Y.T,, and C.L.; Funding Acquisition: T.C.; Methodology: T.C. and
Z.R.; Project Administration: T.C. and Z.L.; Resources: T.C. and Z.L.; Supervision: T.C. and Z.L.;
Writing—review and editing: T.C.; Investigation: Z.R., Y.T., C.L., CS,, and Y.Z.; Software: Z.R,;
Writing—Original Draft Preparation: Z.R., Y.T. All authors have read and agreed to the published
version of the manuscript.



Vaccines 2021, 9, 1112 80f9

Funding: This research was funded by the Discipline innovation and development plan of Tangdu
Hospital-major clinical research projects, grant number 2021LCY]J002.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the Tangdu Hospital, Fourth
Military Medical University (K202107-17).

Informed Consent Statement: All patients had signed an informed consent form when their infor-
mation was first registered in the database and authorized the use of clinical information without
identification. When the doctor confirmed the information via phone or WeChat, oral informed
consent was obtained.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors greatly acknowledge Ting Gao, Jie Sun, Feiyan Huo, Rongjin Guo,
Huanhuan Li, Yu Liu, Baoli Tang, and other members in Department of Neurology, Tangdu Hospital
for their support in the creation of prospective MG database.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Bonaccorsi, G.; Pierri, E; Cinelli, M.; Flori, A.; Galeazzi, A.; Porcelli, F; Schmidt, A.L.; Valensise, C.M.; Scala, A.; Quattrociocchi, W.; et al.
Economic and social consequences of human mobility restrictions under COVID-19. Proc. Natl. Acad. Sci. USA 2020, 117,
15530-15535. [CrossRef]

Spinner, C.D.; Gottlieb, R.L.; Criner, G.J.; Lopez, ] R.A.; Cattelan, A.M.; Viladomiu, A.S.; Ogbuagu, O.; Malhotra, P; Mullane, K.M.;
Castagna, A.; et al. Effect of Remdesivir vs Standard Care on Clinical Status at 11 Days in Patients With Moderate COVID-19: A
Randomized Clinical Trial. JAMA 2020, 324, 1048-1057. [CrossRef]

Wang, Y.; Zhang, D.; Du, G.; Dy, R.; Zhao, |.; Jin, Y,; Fu, S.; Gao, L.; Cheng, Z.; Lu, Q.; et al. Remdesivir in adults with severe
COVID-19: A randomised, double-blind, placebo-controlled, multicentre trial. Lancet 2020, 395, 1569-1578. [CrossRef]

WHO Solidarity Trial Consortium. Repurposed Antiviral Drugs for COVID-19—Interim WHO Solidarity Trial Results. N. Engl. |.
Med. 2021, 384, 497-511. [CrossRef] [PubMed]

Goldman, ].D.; Lye, D.C.; Hui, D.S.; Marks, K.M.; Bruno, R.; Montejano, R.; Spinner, C.; Galli, M.; Ahn, M.-Y.; Nahass, R.G; et al.
Remdesivir for 5 or 10 Days in Patients with Severe Covid-19. N. Engl. |. Med. 2020, 383, 1827-1837. [CrossRef] [PubMed]
Polack, FP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, ].L.; Marc, G.P.; Moreira, E.D.; Zerbini, C.; et al.
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. |. Med. 2020, 383, 2603-2615. [CrossRef] [PubMed]
Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B,; et al.
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. |. Med. 2021, 384, 403—416. [CrossRef] [PubMed]

Keech, C.; Albert, G.; Cho, I.; Robertson, A.; Reed, P; Neal, S.; Plested, ].S.; Zhu, M.; Cloney-Clark, S.; Zhou, H.; et al. Phase 1-2
Trial of a SARS-CoV-2 Recombinant Spike Protein Nanoparticle Vaccine. N. Engl. J. Med. 2020, 383, 2320-2332. [CrossRef]

Xia, S.; Duan, K.; Zhang, Y.; Zhao, D.; Zhang, H.; Xie, Z.; Li, X.; Peng, C.; Zhang, Y.; Zhang, W.; et al. Effect of an Inactivated
Vaccine Against SARS-CoV-2 on Safety and Immunogenicity Outcomes: Interim Analysis of 2 Randomized Clinical Trials. JAMA
2020, 324, 951-960. [CrossRef]

Saeed, B.Q.; Al-Shahrabi, R.; Alhaj, S.S.; Alkokhardi, Z.M.; Adrees, A.O. Side Effects and Perceptions Following Sinopharm
COVID-19 Vaccination. Int. |. Infect. Dis. 2021, 111, 219-226. [CrossRef]

Li, X.-N.; Huang, Y.; Wang, W,; Jing, Q.-L.; Zhang, C.-H.; Qin, P.-Z.; Guan, W.-].; Gan, L.; Li, Y.-L.; Liu, W.-H.; et al. Efficacy of
inactivated SARS-CoV-2 vaccines against the Delta variant infection in Guangzhou: A test-negative case-control real-world study.
Emerg. Microbes Infect. 2021, 10, 1-32. [CrossRef]

Jara, A.; Undurraga, E.A.; Gonzélez, C.; Paredes, F.; Fontecilla, T.; Jara, G.; Pizarro, A.; Acevedo, J.; Leo, K,; Leon, E; et al.
Effectiveness of an Inactivated SARS-CoV-2 Vaccine in Chile. N. Engl. J. Med. 2021, 385, 875-884. [CrossRef] [PubMed]

Jaretzki, A.; Barohn, R.; Ernstoff, R.; Kaminski, H.; Keesey, J.; Penn, A.; Sanders, D. Myasthenia gravis. Neurology 2000, 55, 16-23.
[CrossRef]

Gummi, R.R.; Kukulka, N.A.; Deroche, C.B.; Govindarajan, R. Factors associated with acute exacerbations of myasthenia gravis.
Muscle Nerve 2019, 60, 693—699. [CrossRef] [PubMed]

Solé, G.; Mathis, S.; Friedman, D.; Salort-Campana, E.; Tard, C.; Bouhour, F; Magot, A.; Annane, D.; Clair, B.; Le Masson, G.; et al.
Impact of Coronavirus Disease 2019 in a French Cohort of Myasthenia Gravis. Neurology 2021, 96, €2109-e2120. [CrossRef]
[PubMed]

Jakubikova, M.; Tyblova, M.; Tesaf, A.; Horakova, M.; Vlaznd, D.; Ry8ankova, I.; Novakova, I.; Dole¢kova, K.; Dusek, P;
Pitha, ].; et al. Predictive factors for a severe course of COVID-19 infection in myasthenia gravis patients with an overall impact
on myasthenic outcome status and survival. Eur. J. Neurol. 2021, 28, 3418-3425. [CrossRef]


http://doi.org/10.1073/pnas.2007658117
http://doi.org/10.1001/jama.2020.16349
http://doi.org/10.1016/S0140-6736(20)31022-9
http://doi.org/10.1056/NEJMoa2023184
http://www.ncbi.nlm.nih.gov/pubmed/33264556
http://doi.org/10.1056/NEJMoa2015301
http://www.ncbi.nlm.nih.gov/pubmed/32459919
http://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246
http://doi.org/10.1056/NEJMoa2035389
http://www.ncbi.nlm.nih.gov/pubmed/33378609
http://doi.org/10.1056/NEJMoa2026920
http://doi.org/10.1001/jama.2020.15543
http://doi.org/10.1016/j.ijid.2021.08.013
http://doi.org/10.1080/22221751.2021.1969291
http://doi.org/10.1056/NEJMoa2107715
http://www.ncbi.nlm.nih.gov/pubmed/34233097
http://doi.org/10.1212/wnl.55.1.16
http://doi.org/10.1002/mus.26689
http://www.ncbi.nlm.nih.gov/pubmed/31469909
http://doi.org/10.1212/WNL.0000000000011669
http://www.ncbi.nlm.nih.gov/pubmed/33568541
http://doi.org/10.1111/ene.14951

Vaccines 2021, 9, 1112 90f9

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Muppidi, S.; Guptill, ].T,; Jacob, S.; Li, Y.; Farrugia, M.; Guidon, A.C.; Tavee, ]J.; Kaminski, H.; Howard, J.E; Cutter, G.; et al.
COVID-19-associated risks and effects in myasthenia gravis (CARE-MG). Lancet Neurol. 2020, 19, 970-971. [CrossRef]

Detmer, A.; Glenting, J. Live bacterial vaccines—A review and identification of potential hazards. Microb. Cell Fact. 2006, 5, 23.
[CrossRef]

Vadala, M.; Poddighe, D.; Laurino, C.; Palmieri, B. Vaccination and autoimmune diseases: Is prevention of adverse health effects
on the horizon? EPMA ]. 2017, 8, 295-311. [CrossRef]

Strijbos, E.; Tannemaat, M.R.; Alleman, I.; de Meel, R.; Bakker, ].A.; van Beek, R.; Kroon, EP; Rimmelzwaan, G.F,; Verschuuren, J. A
prospective, double-blind, randomized, placebo-controlled study on the efficacy and safety of influenza vaccination in myasthenia
gravis. Vaccine 2019, 37, 919-925. [CrossRef]

Mok, C.C.; Ho, L.Y.; Fong, L.S.; To, C.H. Immunogenicity and safety of a quadrivalent human papillomavirus vaccine in patients
with systemic lupus erythematosus: A case-control study. Ann. Rheum. Dis. 2013, 72, 659—-664. [CrossRef] [PubMed]

Shinjo, S.K.; De Moraes, ].C.B.; Levy-Neto, M.; Aikawa, N.E.; Ribeiro, A.C.D.M.; Saad, C.G.S.; Precioso, A; Silva, C.A.; Bonfa, E.
Pandemic unadjuvanted influenza A (H1N1) vaccine in dermatomyositis and polymyositis: Inmunogenicity independent of
therapy and no harmful effect in disease. Vaccine 2012, 31, 202-206. [CrossRef] [PubMed]

Pasoto, S.G.; Ribeiro, A.C.; Viana, V.S.T.; Leon, E.P; Bueno, C.; Levy-Neto, M.; Precioso, A.; Timenetsky, M.D.C.S.T.; Bonfa, E. Short
and long-term effects of pandemic unadjuvanted influenza A(HIN1)pdm09 vaccine on clinical manifestations and autoantibody
profile in primary Sjégren’s syndrome. Vaccine 2013, 31, 1793-1798. [CrossRef] [PubMed]

Kelly, H.; Sokola, B.; Abboud, H. Safety and efficacy of COVID-19 vaccines in multiple sclerosis patients. J. Neuroimmunol. 2021,
356, 577599. [CrossRef] [PubMed]

Watad, A.; De Marco, G.; Mahajna, H.; Druyan, A; Eltity, M.; Hijazi, N.; Haddad, A.; Elias, M.; Zisman, D.; Naffaa, M.; et al.
Immune-Mediated Disease Flares or New-Onset Disease in 27 Subjects Following mRNA/DNA SARS-CoV-2 Vaccination.
Vaccines 2021, 9, 435. [CrossRef]

Tagliaferri, A.R.; Narvaneni, S.; Azzam, M.H.; Grist, W. A Case of COVID-19 Vaccine Causing a Myasthenia Gravis Crisis. Cureus
2021, 13, e15581. [CrossRef]

Seok, H.Y.; Shin, H.Y; Kim, ] K.; Kim, B.J.; Oh, J.; Suh, B.C.; Kim, S.-Y.; Kang, S.-Y.; Ahn, S.-W.; Bae, ].S.; et al. The Impacts of
Influenza Infection and Vaccination on Exacerbation of Myasthenia Gravis. J. Clin. Neurol. 2017, 13, 325-330. [CrossRef]
Strijbos, E.; Huijbers, M.G.; Van Es, LE.; Alleman, I.; Dam, M.M.V.O.-T.; Bakker, J.; Van Zwet, EW.; Der Zijde, CM.].-V.;
Van Tol, M.D.; Verschuuren, ].J. A prospective, placebo controlled study on the humoral immune response to and safety of tetanus
revaccination in myasthenia gravis. Vaccine 2017, 35, 6290-6296. [CrossRef]

Zinman, L.; Thoma, J.; Kwong, ].C.; Kopp, A,; Stukel, T.; Juurlink, D.N. Safety of influenza vaccination in patients with myasthenia
gravis: A population-based study. Muscle Nerve 2009, 40, 947-951. [CrossRef]

Auriel, E.; Regev, K.; Dori, A.; Karni, A. Safety of influenza and HIN1 vaccinations in patients with myasthenia gravis, and
patient compliance. Muscle Nerve 2011, 43, 893-894. [CrossRef]

Tackenberg, B.; Schneider, M.; Blaes, F.; Eienbroker, C.; Schade-Brittinger, C.; Wellek, A.; Deschauer, M.; Eickmann, M.;
Klenk, H.-D.; Miiller, H.-H.; et al. Acetylcholine Receptor Antibody Titers and Clinical Course after Influenza Vaccination
in Patients with Myasthenia Gravis: A Double-Blind Randomized Controlled Trial (ProPATIent-Trial). EBioMedicine 2018, 28,
143-150. [CrossRef] [PubMed]

Subesinghe, S.; Bechman, K.; Rutherford, A.I; Goldblatt, D.; Galloway, J.B. A Systematic Review and Metaanalysis of An-
tirheumatic Drugs and Vaccine Inmunogenicity in Rheumatoid Arthritis. J. Rheumatol. 2018, 45, 733-744. [CrossRef] [PubMed]
Hua, C.; Barnetche, T.; Combe, B.; Morel, J. Effect of Methotrexate, Anti-Tumor Necrosis Factor «, and Rituximab on the
Immune Response to Influenza and Pneumococcal Vaccines in Patients With Rheumatoid Arthritis: A Systematic Review and
Meta-Analysis. Arthritis Rheum. 2014, 66, 1016-1026. [CrossRef] [PubMed]


http://doi.org/10.1016/S1474-4422(20)30413-0
http://doi.org/10.1186/1475-2859-5-23
http://doi.org/10.1007/s13167-017-0101-y
http://doi.org/10.1016/j.vaccine.2019.01.007
http://doi.org/10.1136/annrheumdis-2012-201393
http://www.ncbi.nlm.nih.gov/pubmed/22589375
http://doi.org/10.1016/j.vaccine.2012.10.063
http://www.ncbi.nlm.nih.gov/pubmed/23123020
http://doi.org/10.1016/j.vaccine.2013.01.057
http://www.ncbi.nlm.nih.gov/pubmed/23395584
http://doi.org/10.1016/j.jneuroim.2021.577599
http://www.ncbi.nlm.nih.gov/pubmed/34000472
http://doi.org/10.3390/vaccines9050435
http://doi.org/10.7759/cureus.15581
http://doi.org/10.3988/jcn.2017.13.4.325
http://doi.org/10.1016/j.vaccine.2017.09.078
http://doi.org/10.1002/mus.21440
http://doi.org/10.1002/mus.22077
http://doi.org/10.1016/j.ebiom.2018.01.007
http://www.ncbi.nlm.nih.gov/pubmed/29337134
http://doi.org/10.3899/jrheum.170710
http://www.ncbi.nlm.nih.gov/pubmed/29545454
http://doi.org/10.1002/acr.22246
http://www.ncbi.nlm.nih.gov/pubmed/24339395

	Introduction 
	Methods 
	Study Design and Population 
	Data Collection 
	Patient Consent and Protocol Approvals 

	Results 
	Discussion 
	Conclusions 
	References

