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Background.Myasthenia gravis (MG) is a neuromuscular, autoimmune disease that causes weakness by impairing neuromuscular
transmission. According to reports, vaccines can lead to autoimmunity in di�erent ways, and COVID-19 vaccines are suggested to
trigger MG. We conducted this systematic review to assess MG patients after the COVID-19 vaccination.Methods.We collected
231 studies from four databases from inception to 26 March 2022. Results. 4 case studies were selected from 231 research studies,
and data were extracted based on inclusion criteria. In all cases, MG was reported following COVID-19 vaccination. Symptoms
such as muscle weakness, numbness, and ptosis were common. �e MG was con�rmed through RNST, MRC, NCS, and AchR-
binding antibody titer tests. Conclusion. Although all cases of MG were diagnosed following appropriate tests, the sample size was
small; therefore, further investigation is required to demonstrate the possible association between MG and COVID-
19 vaccination.

1. Introduction

Myasthenia gravis (MG) is an autoimmune disease caused
by antibodies that bind to neuromuscular junction (NMJ)
components, disrupting normal function and reducing
neuromuscular acetylcholine (ACh) transmission [1–3].
MG, which is characterized by the fatiguability of skeletal
muscles and weakness of ocular, bulbar, respiratory, and
axial muscles, typically a�ects ocular muscles at the be-
ginning, resulting in diplopia and intermittent ptosis [4–6].
MG disease is associated with abnormal thymus, defective
immune regulation, in�ammation, and chronic cell acti-
vation [7]. Acetylcholinesterase inhibitors, immunosup-
pressant agents, steroids, and thymectomies are usually used
to treat MG [3].

Viruses from the Coronaviridae family (severe acute
respiratory syndrome coronavirus (SARS-CoV)) andMiddle
East respiratory syndrome coronavirus (MERS-CoV) are
human respiratory pathogens. As a result of a new strain of

SARS-CoV named SARS-COV-2, a global pandemic ensued
in 2019. �e patients su�ered from mild symptoms such as
fatigue, fever, and dry cough. Severe cases can experience
acute respiratory distress syndrome (ARDS), cardiac and
renal failure, and eventually death [8]. Several instances of
COVID-19 infection have resulted in some complications in
patients.

Due to the spread of SARS-CoV-2 among countries, global
communities have responded to the urgent need for safe and
e�ective COVID-19 vaccines with unprecedented speed and
action [9]. �ere have been several SARS-CoV-2 vaccines
developed and available around the world, including mRNA
(i.e., P�zer-BioNTech [BNT162b2] and Moderna [mRNA-
1273]), viral vector (i.e., Johnson and Johnson’s Janssen
[Ad26.COV2-S] and Oxford-AstraZeneca [ChAdOx1 nCoV-
19]), and inactivated vaccines (Covaxin, CoronaVac, and
Sinopharm), since December 2020. �ese vaccines have shown
high e§cacy and safety in protecting against SARS-CoV-2
infection [10, 11].
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*e common adverse events of the vaccine were redness,
swelling, body pain, fatigue, headache, and fever [12, 13].
COVID-19 vaccine can rarely affect the central nervous
system (CNS) and peripheral nervous system (PNS) and has
been associated with neurological manifestations including
stroke, Guillain-Barré syndrome (GBS), Bell’s palsy, auto-
immune diseases (AID), cerebral venous sinus thrombosis
(CVST), transverse myelitis (TM), acute disseminated en-
cephalomyelitis (ADEM), myalgia and arthralgia, and acute
demyelinating polyneuropathy [14–16].

Although COVID-19 vaccines generate broad immunity
against the infection and are the best and safest method for
controlling the pandemic, a few cases and reports have
shown onset MG associated with the COVID-19 vaccine. It
is crucial to recognize less common symptoms related to
COVID-19 vaccine-associatedMG, including dysphagia and
dysarthria and pay attention to the timing of vaccination.
MG can be worsened and triggered by infection; however, no
specific association with viruses or pathogens has been
demonstrated. *e underlying pathogenesis of MG is un-
clear but it is speculated that immune response changes
following vaccination could generate antibodies against
AChRs [14, 17–19].

*e purpose of this systematic review was to collect all
published cases of MG after receiving the COVID-19
vaccine.

2. Methods

2.1. Literature Study. At first, we systematically searched five
databases, including Pubmed (Medline), Embase, Scopus,
Web of Science, and Google Scholar, with the MeSH terms
including “myasthenia gravis” and “COVID-19 Vaccines”
(see the supplementary file) for identifying all studies from
inception to 26 March 2022. In addition, all syntaxes were
customized for each database.

2.2. Inclusion and Exclusion Criteria. All case report/series
studies which included MG cases following the COVID-19
vaccine were included in the inclusion criteria.*e exclusion
criteria were as follows: articles written in any language other
than English, review articles, animal studies, hypotheses, In
vitro studies, as well as patients with MG who got vaccines
and whose symptoms became worse after vaccination.

2.3. Study Selection. First, two researchers (ZB and MM)
reviewed the related articles separately and selected desired
studies afterward. Any differences in view between included
and excluded studies were resolved by a senior reviewer (SV)
comment.

2.4. Data Extraction. Two authors (ZB and MM) performed
the extraction of data independently according to qualified
information, including demographic data, comorbidities,
name of the vaccine, time interval/dose, vaccine side effects,
MG first signs and symptoms, physical examination find-
ings, laboratory finding, electromyography (EMG) findings,

radiologic findings, acute treatment, main treatment, and
outcome(Table 1).

2.5.QualityAssessment. A systematic review evaluation tool,
Joanna Brigs Institute (JBI), was used to assess the quality
and risk of bias of each study [20]. Two researchers (MM and
ZB) evaluated all studies, and the senior researcher (OM)
resolved any disagreement. 4 options for evaluation were
available “Yes,” “No,” “Unclear,” and “Not applicable.”
Moreover, “Yes” responses were summarized from 0 to 8.
Articles with a score lower than 4 are considered low quality,
and those with a score higher than 4 are considered high
quality (Tables 2 and 3).

3. Result

Using the PRISMA flowchart (Figure 1), studies were se-
lected based on exclusion and inclusion criteria. At first, 229
articles were identified from 4 databases, then 38 records
were removed before screening based on their duplication.
191 records were screened, and 187 were excluded based on
their irrelevancy. Full-text articles were collected, and 4
articles were used in our study. Table 1 provides demo-
graphic information for 5 patients. 4 (75%) patients were
male, the mean (SD) of their age was 66.6 (19.2), most of
them got the BNT162b2 vaccine, and the main treatments of
patients were pyridostigmine and prednisone. Finally,
available data demonstrated that one patient was intubated
while 4 recovered.

4. Discussion

Vaccines have profoundly affected human health and longevity,
with statistics showing around nine million lives being saved
each year by vaccination. Smallpox has been eradicated from the
planet thanks to vaccination [21]. Vaccines are intended to
make antibodies against pathogens, or trigger the immune
system to deal with themmore effectively. Even thoughmodern
vaccines are made on different platforms (whole germ, viral
vector, nucleic acid-based, subunit, and nanoparticle-based
vaccines), they all have components associated with some
neurological damage and autoimmune side effects [22, 23]. We
systematically review the existing publications on cases of MG
following SARS-CoV-2 vaccination.

4.1. SARS-CoV-2 Vaccines. *e COVID-19 pandemic has
affected human lives in various social, economic, and health
aspects. *ese issues include lockdowns, economic slow-
downs, limited freedoms, being infected, and losing loved
ones [24]. Vaccination seems to be the most efficacious
intervention in combating this pandemic [25]. At the time of
writing, there are 149 SARS-COV-2 vaccines in clinical
development and 195 vaccines in preclinical development,
according to theWHO database [26]. In December 2020, the
first-ever vaccine for combating SARS-COV-2 infection was
approved as an mRNA-based vaccine, BNT162b2 [27]. Up to
now, available vaccines include mRNA vaccines (CVnCoV,
mRNA-1273, and BNT16b2), inactivated vaccines (Wuhan
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Sinopharm, CoronaVac, NVX-COV2373, BBIBP-CorV,
Covaxin, KoviVac, QazVac, and COVIran Barekat), viral
vector vaccines (Sputnik V Light, Sputnik V, AZD1222,
Ad26.COV2.S, and Ad5-nCoV), and protein-based vaccines
(Abdala, ZF200, and EpiVacCorona) [11].

4.2. SARS-CoV-2 Vaccine-Induced MG. Even though
COVID-19 vaccines were administered to protect against
SARS-COV-2 infection not long ago, a variety of adverse

effects have been reported. Molecular mimicry between
SARS-CoV-2 molecules and human antigens can cause AID
in vaccine receivers [28]. Vojdani and Kharrazian proved the
cross-reactivity of 21 human tissue antigens with the SARS-
CoV-2 antibodies, which can be responsible for the fact that
COVID-19 infections and SARS-COV-2 mRNA vaccines
trigger autoimmunity against gastrointestinal, cardiovascular,
nervous systems, and connective tissues [29]. It may also
result in aberrant activation of acquired and innate immunity
when mRNA vaccines trigger a cascade of immune reactions

Table 2: Quality assessment based on the JBI tool for case reports.

Giuliana Galassi
et al. Myung Ah Lee et al.

Augustine
Chavez
et al.

1. Were the patient’s demographic characteristics clearly described? Yes Yes Yes
2. Was the patient’s history clearly described and presented as a timeline? Yes Not clear Yes
3. Was the current clinical condition of the patient on presentation clearly
described? Yes Yes Yes

4.Were diagnostic tests or assessment methods and the results clearly described? Yes Yes Yes
5. Was the intervention (s) or treatment procedure (s) clearly described? Yes Yes Not clear
6. Was the postintervention clinical condition clearly described? Yes Yes Yes
7. Were adverse events (harms) or unanticipated events identified and described? Yes Yes Yes
8. Does the case report provide takeaway lessons? Yes Yes Yes

Table 3: Quality assessment based on the JBI tool for case series.

Abdulla Watada et al
1. Were there clear criteria for inclusion in the case series? Yes
2. Was the condition measured in a standard, reliable way for all participants included in the case series? Yes
3. Were valid methods used for the identification of the condition for all participants included in the case series? Yes
4. Did the case series have consecutive inclusion of participants? Yes
5. Did the case series have complete inclusion of participants? Yes
6. Was there clear reporting of the demographics of the participants in the study? Yes
7. Was there clear reporting of clinical information of the participants? Not clear
8. Were the outcomes or follow-up results of cases clearly reported? Yes
9. Was there clear reporting of the presenting site (s)/clinic (s) demographic information? Yes
10. Was statistical analysis appropriate? Yes
Overall 9 out of 10

Additional records identified
through other sources

(n = 2)

In
clu

de
d

Records after duplicates
removed (n = 191)

Records screened
(n = 191) Records excluded

due to (n = 187)
Review:20
Animal:3

Not English:4
Irrelevant:160

Studies included in
qualitative synthesis

(n = 4)

Records identified through
database searching

(n = 229)

Sc
re

en
in

g
El

ig
ib

ili
ty

Id
en

tif
ic

at
io

n

Full-text articles
assessed for eligibility

(n = 4)

Figure 1: PRISMA flow diagram: includes details our search and selection process applied during the systematic review.

4 Canadian Journal of Infectious Diseases and Medical Microbiology



[30]. In addition, certain adjuvants are likely to cause self
auto-reactive T cells differentiation, which will damage the
host tissues [31]. *e adjuvants are molecules that induce
innate immunity by activating the pattern recognition re-
ceptors (PRRs). *erefore, vaccines commonly contain them
to grow immunity against antigens [32, 33]. SARS-CoV-2
adjuvanticity of vaccines works as toll-like receptors (TLR)-7/
8, or TLR-9 agonist and is novel compared to previous
vaccines. *is can be a new pathogenic mechanism causing
immune-mediated diseases in people [34, 35].

*e findings of multiple studies suggest HPV vaccina-
tions may cause MG either as an adverse event or inci-
dentally without a relationship between them [36]. It has
been hypothesized that an antibody that cross-reacts with
autonomic ganglia, neurons, and cardiovascular proteins
could be synthesized by the HPV vaccine epitope and that
the production of the antibody could activate cytotoxic
T cells by binding to acetylcholine receptors [36, 37]. *e
other number of factors, including hepatitis B virus (HBV)
[38, 39], bacillus Calmette–Guerin (BCG) [40], and the
influenza vaccines [41], led to MG.

Chavez and Pougnier reported an 82-year-old man with
slurred speech symptoms two days after receiving his second
dose of anmRNA-based COVID-19 vaccine. Due to the high
titers of AchR-antibodies in his serum and his EMG test
results, he was confirmed to develop MG following vacci-
nation. Also, after two weeks of treatment, he was bothered
by droopy eyelids [18]. Based on the very short time between
vaccine injection and showing symptoms, bystander im-
munity can be the underlying explanation, in which a
continuous immune response and inflammation allow
autoantigens to be exposed and autoreactive T lymphocytes
to be activated [42]. In contrast, Lee et al. reported a 33-year-
old female with myalgia, generalized weakness, diplopia, and
ptosis following the second dose of an mRNA-based
COVID-19 vaccine, who developed thymic hyperplasia, as
well as an absence of antibodies to AchR and muscle-specific
tyrosine kinase (MuSK). Nevertheless, it is still hypothesized
that alternations in immune response following vaccination
may produce antibodies against AchR and this seronegative
MG patient may have antibodies that cannot be detected by
current assay methods [14].

Interestingly, Tagliaferri et al. reported an MG crisis
following an mRNA-based vaccine in a patient diagnosed
with MG 5 years prior. *ey acknowledged that the cytokine
storm caused anMG flare in their patient, especially when he
showed improvement after low-dose steroid therapy [3],
which decreased lymphocyte proliferation, differentiation,
and cytokine expression [43]. Moreover, an MG crisis
caused the death of an 86-year-old patient after the vacci-
nation [44]. Despite all these, the capacity of the SARS-
COV-2 virus to cause neurological damage is way much
more than COVID-19 vaccines [45–51].

As a strong explanation, it can be said that inflammatory
responses inMGare stimulated and sustained byTLR signaling
pathways activation [52–57]. On the other hand, activating
adaptive immunity in response to vaccines is also controlled by
TLRs pathways.*ese findings show that TLRs are involved in
vaccine effectiveness and MG pathogenesis [58].

Moreover, a TLR3 agonist known as polyinosine-poly-
cytidylic acid can cause changes in the thymus (which is
supposed to be related to MG pathogenesis [59]) and flares
MG symptoms through imitating virus double-stranded
RNA (dsRNA), which is the replicative virus component
[55]. *erefore, any COVID-19 vaccine that contains ad-
juvant or pathogen antigen molecule mimicking dsRNA can
activate the TLR3 pathway and perhaps cause an autoim-
mune response against acetylcholine receptors [58].

We systematically evaluated all cases presenting MG
patients following COVID-19 with different vaccines in-
jection. Our systematic review is the first conducted in this
field. We were constrained by some limitations, such as the
small number of cases indicating that they are not repre-
sentative of the population. More studies are needed to
clarify the actual relationship between COVID-19 vaccines
and MG in healthy individuals or MG flare in those who are
susceptible.

5. Conclusion

While COVID-19 vaccines provide broad immunity against
the infection and are among the most effective and safe
methods of controlling this pandemic, the onset of MG has
been associated with the vaccine in a small number of cases;
nonetheless, given the small number of cases reported, it
cannot be conceded that MG is necessarily a complication of
the COVID-19 different vaccines, and more data and cases
are needed for the conclusion.
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