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Abstract

Although the COVID-19 vaccines are currently recommended for people with myasthenia gravis (MG), there is no data regarding the
safety of the vaccines in this population. In order to investigate the real-life safety data of the BNT162b2 COVID-19 vaccine in people
with MG, an anonymous survey was distributed to 142 MG patients. Fifty-six MG patients completed the questionnaire. The median age
was 53 years (range 23-83 years); 35 (62.5%) were males, and 25 (44.6%) had associated comorbidities. Thirty-seven participants (66.1%)
were treated with immunotherapies. Fifty-five participants (98.2% of the responders) received the BNT162b2 COVID-19 vaccine. Of these,
32 (58.2%) were < 55 years old, and 23 (41.8%) were > 55 years old. Adverse events were more common in patients younger than 55
years old (46.9% Vs. 17.4%; p=0.0428). Eight participants (14.5%) reported worsening neurological symptoms following the vaccination.
Three of those who reported worsening of neurological symptoms (37.5%) required additional treatment. Most events occurred within the
first few days after vaccination and resolved within a few weeks. This survey indicates an overall favorable safety and tolerability profile of

the BNT162b2 vaccine in people with MG. Additional prospective, large-scale studies are warranted to confirm these findings.

© 2022 Elsevier B.V. All rights reserved.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious
disease caused by the severe acute respiratory syndrome -
coronavirus-2 (SARS-Cov2) [1). SARS-Cov2 is a single-
stranded, positive-sense RNA genome-bearing virus that
belongs to the Coronaviridae family [2]. COVID-19 was
first reported to the World Health Organization (WHO) on
December 31, 2019. On March 11, 2020, COVID-19 was
declared a global pandemic [3]. The disease is associated with
rapid spread and significant morbidity and mortality, making
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it the most challenging pandemic since the Spanish flu in
1918 [4,5].

To halt the spread of the disease, a global effort
of the scientific community, supported by industrial and
governmental sectors, has been focusing on the development
of effective vaccines. This effort has culminated in the recent
FDA approval of three vaccines, while others are approaching
the final stages of clinical trials and are expected to be
approved in the near future [6,7].

The currently Food and Drug Administration (FDA)-
approved vaccines include two types of mRNA encoding
for the full-length spike protein (mRNA-1273, Moderna TX,
Inc) or its’ receptor-binding domain (BNT162b2, BioNTech-
Pfizer). The third vaccine, developed by The Janssen
Pharmaceutical Companies of Johnson & Johnson, is a viral-
vector vaccine that uses a replication-defective adenovirus that
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expresses the full-length spike glycoprotein (Ad26.COV2.S
vaccine). Other vaccines currently in use include two viral-
vector vaccines developed by researchers at Oxford University
and AstraZeneca and The Gamaleya National Research center
for Epidemiology and Microbiology (Russian Federation) and
an inactivated whole SARS-CoV-2 virus vaccine developed by
the Wuhan Institute of Biological Products and Sinopharm
[6-9].

The approved vaccines have been tested in large-scale
phase 3 trials, which recruited both healthy individuals and
people with chronic medical conditions [10,11]. Although
the COVID-19 vaccines have not been tested specifically
in people with neurological and autoimmune diseases, many
expert committees, as well as the Centers for Disease Control
and Prevention (CDC), recommend their use in various
neurological disorders, including multiple sclerosis)MS(and
myasthenia gravistMG) [12,13]. However, the lack of
information regarding the safety and efficacy of the vaccines
in this specific population is a cause of uncertainty for both
patients and physicians.

The COVID-19 vaccination campaign began in Israel in
December 2020 using the BNT162b2 (Pfizer) vaccine as its
sole vaccine. In the clinical trial that led to its approval by
the FDA, the safety profile of the vaccine, administered in 2
injections of 30 ug 21 days apart, was reported similar to that
of other viral vaccines. Adverse events were more common
among participants younger than 55 years of age compared to
those older than 55 years of age. The most common adverse
event was pain at the injection site, reported by 83% of
those younger than 55 years of age and by 71% of those
older than 55 years after the first dose, and by 78% of those
younger than 55 years of age and 66% of those older than 55
years of age after the second dose. Systemic adverse events
were reported less frequently than the local reactions, were
more common after the second dose, and included fatigue,
headache, fever, and chills [14].

The current study aims to report the early safety and
tolerability experience with the BNT162b2 COVID-19 vaccine
in MG patients.

2. Materials and methods

This single-center study was conducted using an
anonymous questionnaire that was distributed to all MG
patients treated in the Neuroimmunology Clinic at the Rabin
Medical Center, for whom an email address was available in
our database.

In the first part of the questionnaire, participants were
asked general demographic and disease-related questions,
including age, gender, disease duration, use of disease-
modifying therapies, recent treatment with corticosteroids, and
associated comorbidities.

The second part of the questionnaire was dedicated to the
safety and tolerability profile of the COVID-19 vaccine. In
this part, participants were asked if they received the vaccine
(first or both doses), date of vaccination, presence and type of
adverse reactions to the vaccine (pain/redness/swelling at the
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injection site, generalized muscle pain, headache, dizziness,
fever, chills, fatigue, or other), and presence, type and timing
of new or worsening neurological symptoms following the
vaccination. In case of worsening neurological symptoms
after the vaccination, participants were asked about additional
information regarding the need for specific treatment and the
duration of symptoms.

The study data was collected and managed using REDCap,
an electronic data capture tool [15,16]. Data analysis was
performed between July 6, 2021 and July 12, 2021.

The study was approved by the Rabin Medical Center
institutional review board (study approval number 0061-21-
RMC). An invitation email with a link to the survey was
distributed to 142 MG patients between June 8, 2021 and July
5, 2021. Patients were informed that completion of the survey
was not obligatory. Informed consent was not requested.

Statistical analysis was performed using GraphPad Prism
version 9.1.2 (GraphPad Software, San Diego, CA, USA).
Descriptive statistics are presented as total counts and
percentages, median and range. Fisher’s exact test was used
for comparison of non-parametric variables between groups.

3. Results

3.1. Demographic and disease-related characteristics of the
study population

Fifty-six participants (39.4% response rate) completed the
questionnaire. The median age was 53 years (range 23—
83 years); 35 were males (62.5%). The median disease
duration was 8.8 years (mean 8.79+5.66 years). Twenty-
five participants (44.6%) reported associated comorbidities:16
(28.6%) had hypertension; 11(19.6%) had obesity; 9 (16.1%)-
diabetes mellitus; 5 (8.9%)- lung diseases; 2 (3.6%)-
heart diseases; and 3 (5.4%)- malignancy. Thirty-seven
participants (66.1%) were treated with immunotherapies.
Table | summarizes the demographic and disease-related
characteristics of the study population.

3.2. Safety profile of the COVID vaccine- immediate adverse
events

Fifty-five participants (98.2% of the responders) received
the vaccine. Fifty-one participants (92.7%) received two
doses, and 4 (7.3%) received one dose. Among those who
received one dose, 3 participants (75%) were previously
diagnosed with COVID-19 and were therefore advised to
obtain just one dose, and 1 (25%) did not receive the second
dose because of personal or medical concern due to side
effects after the first dose. The mean time from the second
shot to data analysis was 108.73+47.03 days (median 127
days, range 5-168 days).

Nineteen participants (34%) reported immediate adverse
events following the COVID vaccine. Four participants
(21.1%) reported immediate adverse events only after the
first dose, 6 participants (31.6%) reported immediate adverse
events only after the second dose, and 9 (47.4%) reported
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Table 1
Demographic and disease-related characteristics of the survey participants.

Number of participants

35 (62.5%)
53; range 23-83
32 (58.2%)
25 (44.6%)*
16 (28.6%)

Males (%)

Age (median; range)
Age < 55 years old
Associated comorbidities
Hypertension

Diabetes mellitus 9 (16.1%)
Lung disease 5 (8.9%)
Heart disease 2 (3.6%)
Obesity 11 (19.6%)
Malignancy 3 (5.4%)
Treated with immunotherapy 37 (66.1%)%)"*
Oral corticosteroids 28 (50%)
Azathioprine 4 (8.9%)
Mycophenolate Mofetil 3 (5.3%)
Methotrexate 2 (3.6%)
Rituximab 9 (16.1%)
IVIG 6 (10.7%)
PLEX 2 (3.6%)
Eculizumab 1 (1.8%)

IVIG= Intravenous immunoglobulins (given every 3—4 weeks).
PLEX= plasma exchange (given every 3—4 weeks).
* Some participants reported more than 1 associated comorbidity.
** Some participants reported more than 1 immunotherapy.

immediate adverse events after both doses. The most common
immediate adverse event was pain at the injection site,
reported by 9 participants (47.4%), followed by fatigue,
headache, muscle pain, and dizziness (Table 2).

Thirty-two participants who received the vaccine (58.2%)
were < 55 years old, and 23 (41.8%) were > 55 years
old. Fifteen participants <55 years of age (46.9%) and 4
participants > 55 years (17.4%) reported immediate adverse
events (p=0.0428). Adverse events were more common in
patients younger than 55 (46.9% Vs. 17.4%; p=0.0428).

Thirty-seven participants who received the vaccine
(67.3%) were treated with immunotherapies. Fifteen
participants treated with immunotherapies (40.5%) reported
adverse events, compared to 6 participants not treated
with immunotherapies (33.3%; p=0.7691). Twenty-one
participants treated with immunotherapies were younger than
55 years of age (56.8%), and 16 (43.2%) were older than 55.
Twelve participants in the young-age group (57.1%) and 3
participants in the old-age group (18.8%) reported immediate
adverse events (p=0.0409).

The rate of immediate adverse events is summarized in
Table 2.

3.3. Safety profile of the COVID vaccine- worsening of
neurological symptoms

Eight (14.5%) participants reported new or worsening
neurological symptoms following the vaccination. The median
age was 49 years (mean age 48.4+9.6 years). Seven
(87.5%) were males, and 7 (87.5%) were treated with
immunotherapies (four- corticosteroids, two-azathioprine,
one-rituximab). Three participants (27.5%) had associated
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comorbidities (one- hypertension, one- lung disease, and one-
heart disease). New or worsening neurological symptoms
occurred after the first dose in 4 (50%) participants, after
the second dose in 2 (25%) participants, and after both doses
in 2 (25%) participants.

The most common new or worsening neurological
symptoms included general muscle weakness (n=7), gait
difficulty (n=35), dysphagia (n=4), and dyspnea (n=4).
Other symptoms included dysarthria (n=2), ptosis (n=1),
and diplopia (n=1) (Table 3).

Three participants reported the occurrence of new or
worsening neurological symptoms within a few hours after
the vaccine; in 4 participants, new or worsening neurological
symptoms developed after 1-4 days, and in 1 participant,
new or worsening neurological symptoms developed after one
week.

Five participants who reported new or worsening
neurological symptoms (62.5%) didn’t require any additional
medication to treat their symptoms. The other 3 participants
(37.5%), who received chronic low-dose oral corticosteroids,
were treated only with higher doses of corticosteroids.

Three participants (37.5%) reported that new or worsening
neurological symptoms resolved within a few days to 1 week;
in 2 participants (19.4%), the symptoms resolved within 2-3
weeks; in 1 participant (19.4%), the duration of symptoms
was up to 1 month; and in 1, the duration of symptoms
was longer than 1 month. One participant, who completed the
questionnaire four weeks after the onset of new or worsening
neurological symptoms, reported the persistency of symptoms,
consisting of dysarthria, dysphagia, dyspnea, and general
muscle weakness.

4. Discussion

To the best of our knowledge, this is the first study
reporting safety and tolerability data of any COVID-19
vaccine in MG patients.

Viral infections are a known trigger of disease exacerbation
in MG [17,18]. Likewise, during the past year, several cases
of MG exacerbation have been reported following COVID-
19 infection [19,20]. In a Brazilian observational study of 15
consecutive MG patients admitted due to COVID-19, 87%
required admission in intensive care unit, and 73% required
mechanical intubation [21]. Moreover, MG patients with
COVID-19 may experience disease exacerbation following
some of the COVID-19 treatments, like hydroxychloroquine
and azithromycin [22-24].

While vaccines are aimed to provide immunity against
specific pathogens, there is a concern regarding the
potential triggering of unwanted immune response following
vaccination. This may trigger an autoimmune disease or cause
a clinical worsening in people with clinically stable disease.
Therefore, the risks and benefits of vaccination should be
considered for each vaccine separately. In general, the risk of
vaccination-triggered MG exacerbation with other vaccines is
deemed low and is outweighed by the benefit of preventing
the infection [25]. However, this risk and the rate of adverse
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Table 2
Frequency and type of immediate adverse events among the survey participants.
Local Rednessat the Swellingat the Headache Dizziness  Musclepain  Fatigue Fever Chills
painat the  injection site  injection site
injectionsite
Number of responders (%)* 20 (36.4%) 7 (12.7%) 8 (14.5%) 12 21.8%) 4 (7.3%) 13 (23.6%) 19 (34.5%) 4 (71.3%) 5 (9.1%)
Number of responders <55 15 (75%) 5 (71.4%) 6 (75%) 9 (75%) 4 (100%) 10 (77%) 15 (789%) 2 (50%) 4 (80%)
years old (%)**
First dose 7 (46.7%) 2 (40%) 2 (33.3%) 5 (55.6%) 1 (25%) 4 (40%) 6 (40%) 0 1 (25%)
Second dose 8 (53.3%) 3 (60%) 4 (66.7%) 4 (44.4%) 3 (75%) 6 (60%) 9 (60%) 2 (100%) 3 (75%)
Number of responders >55 5 (25%) 2 (28.6%) 2 (25%) 3 (25%) 0 3 (23%) 4 (21.1%) 2 (50%) 1 (20%)
years old (%)
First dose 2 (40%) 1 (50%) 1 (50%) 1 (33.3%) 0 1 (333%) 1 (25%) 1 (50%) O
Second dose 3 (60%) 1 (50%) 1 (50%) 2 (66.7%) 0 2 (66.7%) 3 (75%) 1 (50%) 1 (100%)
Number of responders 15 (75%) 7 (100%) 8 (100%) 11 91.6%) 3 (75%) 10 (77%) 11 (57.9%) 2 (50%) 4 (80%)
treated with
immunotherapies (%)**
One dose 7 (46.7%) 3 (42.9%) 3 (37.5%) 5 (45.4%) 1 (33.3%) 4 (40%) 5 (45.4%) 1 (50%) 1 (25%)
Two doses 8 (533%) 4 (57.1%) 5 (62.5%) 6 (54.6%) 2 (66.7%) 6 (60%) 6 (54.6%) 1 (50%) 3 (75%)
Number of responders not 5 (25%) 0 0 1 (8.4%) 1 (25%) 3 (23%) 8 (42.1%) 2 (50%) 1 (20%)
treated with
immunotherapies (%)
One dose 2 (40%) 0 0 1 (100%) 1 (100%) 1(33.3%) 3 (37.5%) 0 0
Two doses 3 (60%) 0 0 0 0 2 (66.7%) 5 (62.5%) 2 (100%) 1 (100%)
* Qut of the total number of responders; some participants reported more than one adverse event.
** Out of responders who reported the specific adverse event.
Table 3
New or worsening neurological symptoms.
New or worsening First dose (number of Second dose (number Both doses (number
neurological symptoms participants;%) of participants; %) of participants; %) Total
Ptosis 1 (100%) 0 0 1
Diplopia 1 (100%) 0 0 1
‘Weakness in mastication 0 0 1 (100%) 1
Dysphagia 1 (25%) 2 (50%) 1 (25%) 4
Dysarthria 2 (100%) 0 0 2
Dyspnea 4 (100%) 0 0 4
Muscle weakness 3 (42.9%) 2 (28.6%) 2 (28.6%) 7
Gait difficulty 3 (60%) 1 (20%) 1 (20%) 5

events associated with the COVID-19 vaccines in people with
MG are currently unknown.

The spectrum of immediate adverse events reported in
our study is comparable to that reported in Pfizer’s phase
3 clinical trial[14]. As seen in the general population, local
reactions (i.e., pain, redness, and swelling at the injection
site) were the most common adverse events. Also in line
with what was reported in the general population, immediate
adverse events among MG patients were more frequent
in the young-age group (< 55 years old) compared to
older individuals (>55 years old). A possible explanation
for this observation may be related to the more vigorous
immune response mounted by younger individuals. In fact,
the occurrence of adverse events following vaccination is
thought to be mediated by immunological responses, therefore
reflecting the activity of the immune system [26,27]. As
the immune system tends to gradually deteriorate with age
[28,29], older people often experience less pronounced side
effects after vaccination [30,31]. However, the overall rate
of adverse events among our survey responders is lower

than that reported in the general population [14]. A possible
explanation for this observation may be related to the fact
that most of the participants in our survey were treated
with DMTs, many of which have an immunosuppressive
effect. If the rate of adverse events is indeed related to
the activity of the immune system, people who are treated
with immunosuppressive medications, as were most of the
participants in our survey, may develop fewer adverse events
following vaccination.

The occurrence of new or worsening neurological
symptoms following the vaccine was reported by 14.5% of
the participants in our survey. Medical treatment, consisting
of an increased dose of oral corticosteroids, was needed in 3
cases (37.5%). This relatively low rate of clinical worsening
following the COVID-19 vaccine, as well as its’ overall
mild severity, is in line with prior data on other (non- live-
attenuated) vaccines that were not related to an increased risk
of MG exacerbation [32-36].

The limitations of this study are mostly related to the
relatively small number of responders. Also, the response rate
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to the survey was relatively low. This may bias the results, as
the rate of adverse events and new or worsening neurological
symptoms among those who did not respond may differ
from that reported by the responders. Nevertheless, given
the lack of safety data of the COVID-19 vaccines in MG,
the information presented here may be helpful for clinicians
facing patients’ concerns regarding the vaccination.

5. Conclusions

The safety profile of the BNT162b2 vaccine in people with
MG is similar to that reported in the general population. The
overall rate of immediate adverse events may be lower in MG
patients treated with immunotherapies. The rate of worsening
neurological symptoms is relatively low. These data should
be validated in additional prospective, large-scale studies.

Funding source

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

Data statement

Anonymized data presented in this report will be made
available to bona fide investigators upon request to the
corresponding author.

Declaration of Competing Interest

none.
References

[1] Atzrodt CL, Maknojia I, McCarthy RDP, Oldfield TM, Po J, Ta KTL,
et al. A guide to COVID-19: a global pandemic caused by the novel
coronavirus SARS-CoV-2. Febs j 2020;287(17):3633-50.

[2] Siddell SG, Anderson R, Cavanagh D, Fujiwara K, Klenk HD,
Macnaughton MR, et al. Coronaviridae. Intervirology 1983;20(4):181-9.

[3] Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta
Biomed 2020;91(1):157-60.

[4] Wiersinga WIJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, transmission, diagnosis, and treatment of coronavirus
disease 2019 (COVID-19): a review. JAMA 2020;324(8):782-93.

[5] Machhi J, Herskovitz J, Senan AM, Dutta D, Nath B, Oleynikov MD,
et al. The natural history, pathobiology, and clinical manifestations of
SARS-CoV-2 infections. J Neuroimmune Pharmacol 2020;15(3):359-86.

[6] Rawat K, Kumari P, Saha L. COVID-19 vaccine: a recent update
in pipeline vaccines, their design and development strategies. Eur J
Pharmacol 2021;892:173751.

[7] Li L, Guo P, Zhang X, Yu Z, Zhang W, Sun H. SARS-CoV-2
vaccine candidates in rapid development. Hum Vaccin Immunother
2021;17(3):644-53.

[8] Kaur SP, Gupta V. COVID-19 vaccine: a comprehensive status report.
Virus Res 2020;288:198114.

[9] Poland GA, Ovsyannikova IG, Kennedy RB. SARS-CoV-2 immunity:
review and applications to phase 3 vaccine candidates. Lancet
2020;396(10262):1595-606.

[10] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S,
et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine.
N Engl J Med 2020;383(27):2603-15.

234

Neuromuscular Disorders 32 (2022) 230-235

[11] Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R,
et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine.
N Engl J Med 2021;384(5):403-16.

[12] COVID-19 resource center 2021 [Available from: https://myasthenia.
org/MG-Community/ COVID- 19-Resource-Center.

[13] Interim Clinical Considerations for Use of COVID-19 Vaccines
Currently Authorized in the United States 2021 [Available
from: https://www.cdc.gov/vaccines/covid- 19/info-by-product/
clinical-considerations.html#underlying-conditions.

[14] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S,
et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine.
N Engl J Med 2020;383(27):2603-15.

[15] Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L,
et al. The REDCap consortium: building an international community of
software platform partners. J Biomed Inform 2019;95:103208.

[16] Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)-a metadata-driven
methodology and workflow process for providing translational research
informatics support. J Biomed Inform 2009;42(2):377-81.

[17] Gilhus NE, Romi F, Hong Y, Skeie GO. Myasthenia gravis and
infectious disease. J Neurol 2018;265(6):1251-8.

[18] Neumann B, Angstwurm K, Mergenthaler P, Kohler S, Schonenberger S,
Bosel J, et al. Myasthenic crisis demanding mechanical ventilation: a
multicenter analysis of 250 cases. Neurology 2020;94(3):e299-313.

[19] Anand P, Slama MCC, Kaku M, Ong C, Cervantes-Arslanian AM,
Zhou L, et al. COVID-19 in patients with myasthenia gravis. Muscle
Nerve 2020;62(2):254-8.

[20] Rein N, Haham N, Orenbuch-Harroch E, Romain M, Argov Z,
Vaknin-Dembinsky A, et al. Description of 3 patients with myasthenia
gravis and COVID-19. J Neurol Sci 2020;417:117053.

[21] Camelo-Filho AE, Silva AMS, Estephan EP, Zambon AA,
Mendonga RH, Souza PVS, et al. Myasthenia gravis and COVID-19:
clinical characteristics and outcomes. Front Neurol. 2020;11:1053.

[22] Guidon AC, Amato AA. COVID-19 and neuromuscular disorders.
Neurology 2020;94(22):959-69.

[23] Muppidi S, Guptill JT, Jacob S, Li Y, Farrugia ME, Guidon AC,
et al. COVID-19-associated risks and effects in myasthenia gravis
(CARE-MG). Lancet Neurol 2020;19(12):970-1.

[24] Delly F, Syed MJ, Lisak RP, Zutshi D. Myasthenic crisis in COVID-19.
J Neurol Sci 2020;414:116888.

[25] Zivkovi¢ SA, Gruener G, Narayanaswami P. Doctor-Should T get the
COVID-19 vaccine? Infection and immunization in individuals with
neuromuscular disorders. Muscle Nerve 2021;63(3):294-303.

[26] Nakayama T. Causal relationship between immunological responses and
adverse reactions following vaccination. Vaccine 2019;37(2):366-71.

[27] Zhuang CL, Lin ZJ, Bi ZF, Qiu LX, Hu FF, Liu XH,
et al. Inflammation-related adverse reactions following vaccination
potentially indicate a stronger immune response. Emerg Microbes Infect
2021;10(1):365-75.

[28] Sadighi Akha AA. Aging and the immune system: an overview. J
Immunol Methods 2018;463:21-6.

[29] Miiller L, Di Benedetto S, Pawelec G. The immune system and its
dysregulation with aging. Subcell Biochem 2019;91:21-43.

[30] Tanizaki R, Ujiie M, Hori N, Kanagawa S, Kutsuna S, Takeshita N,

et al. Comparative study of adverse events after yellow fever vaccination

between elderly and non-elderly travellers: questionnaire survey in Japan

over a l-year period. J Travel Med 2016;23(3).

Spila-Alegiani S, Salmaso S, Rota MC, Tozzi AE, Raschetti R.

Reactogenicity in the elderly of nine commercial influenza

vaccines: results from the Italian SVEVA study. Study for the

evaluation of adverse events of influenza vaccination. Vaccine
1999;17(15-16):1898-904.

Auriel E, Regev K, Dori A, Karni A. Safety of influenza and HINI

vaccinations in patients with myasthenia gravis, and patient compliance.

Muscle Nerve 2011;43(6):893-4.

Seok HY, Shin HY, Kim JK, Kim BJ, Oh J, Suh BC, et al. The impacts

of influenza infection and vaccination on exacerbation of myasthenia

gravis. J Clin Neurol 2017;13(4):325-30.

[31]

[32]

[33]


http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0001
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0002
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0003
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0003
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0003
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0004
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0005
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0006
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0006
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0006
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0006
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0007
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0008
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0008
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0008
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0009
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0009
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0009
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0009
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0010
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0011
https://myasthenia.org/MG-Community/COVID-19-Resource-Center
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html#underlying-conditions
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0014
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0015
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0016
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0017
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0017
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0017
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0017
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0017
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0018
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0019
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0020
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0021
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0022
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0022
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0022
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0023
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0024
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0024
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0024
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0024
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0024
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0025
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0025
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0025
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0025
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0026
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0026
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0027
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0028
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0028
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0029
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0029
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0029
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0029
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0030
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0031
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0032
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0032
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0032
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0032
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0032
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0033

1. Lotan, M.A. Hellmann, Y. Friedman et al.

[34] Strijbos E, Huijbers MG, van Es IE, Alleman I, van Ostaijen-Ten
Dam MM, Bakker J, et al. A prospective, placebo controlled study on
the humoral immune response to and safety of tetanus revaccination in
myasthenia gravis. Vaccine 2017;35(46):6290-6.

[35] Strijbos E, Tannemaat MR, Alleman I, de Meel RHP, Bakker JA,
van Beek R, et al. A prospective, double-blind, randomized,

235

Neuromuscular Disorders 32 (2022) 230-235

placebo-controlled study on the efficacy and safety of influenza
vaccination in myasthenia gravis. Vaccine 2019;37(7):919-25.

[36] Zinman L, Thoma J, Kwong JC, Kopp A, Stukel TA, Juurlink DN.
Safety of influenza vaccination in patients with myasthenia gravis: a
population-based study. Muscle Nerve 2009;40(6):947-51.


http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0034
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0035
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036
http://refhub.elsevier.com/S0960-8966(22)00030-X/sbref0036

