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ABSTRACT

Aim of the study: Coronavirus disease 2019 (COVID-19) incidence, mortality, recovery and hospitalisation rates vary in diffe-
rent countries. This study aimed to present the clinical characteristics of a sample of unvaccinated Polish myasthenia gravis
(MG) patients during the first year of the COVID-19 pandemic, taking into account the number of MG exacerbations, a detailed
description of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection course, and the need to modify
immunosuppressive therapies.

Clinical rationale for the study: To assess the impact of the first COVID-19 pandemic year on MG course in a sample of unvac-
cinated patients.

Materials and methods: A retrospective observational study involving 30 unvaccinated Polish MG patients consulted in a neu-
rological outpatient clinic on 11-31 March, 2020 (baseline) and 11-31 March, 2021 (endpoint).

Results: During the period of evaluation, exacerbation of MG requiring hospitalisation was reported in 11 patients. Among
them, four were treated with intravenous immunoglobulin and another six required plasma exchange. In the study group,
COVID-19 was identified in 10 patients. Of them, seven experienced a mild course of SARSCoV-2 infection with spontaneous
recovery. In the remaining three patients, both MG exacerbation and SARS-CoV-2 infection were reported. These patients
experienced MG exacerbation in the preceding month or concurrently with COVID-19 and were aged over 50 years. Due to the
SARS-CoV-2 infection, they required antibiotic and oxygen therapy, and hospitalisation was necessary in the case of two obese
patients. None of the patients died due to COVID-19, and nor did any require discontinuation of immunosuppressive therapies
during the study period. In total, 12 patients in the study group experienced neither MG exacerbation nor SARS-CoV-2 infection.

Conclusions: In the presented sample of Polish MG patients, favourable outcomes of COVID-19 were observed. Further studies
are needed to evaluate the reliable course of COVID-19 taking into account international differences, the types of treatment
applied, and the ratio of vaccinated to unvaccinated MG patients.
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Introduction

Myasthenia gravis (MG) is the most common ac-
quired autoimmune disease targeting the neuro-muscular
junction (NM]J) [1]. The prevalence of MG in Poland is
estimated at 22.65/100,000, with an annual incidence of
2.36/100,000 [2]. The disease is caused by autoantibodies that

bind to acetylcholine receptors (AChR), muscle-specific kinase
(MuSK), or to other AChR-related postsynaptic membrane
molecules of the NM]J [1]. Dysfunction of neuromuscular
transmission results in fatigable muscle weakness, which
fluctuates over time. The involvement of respiratory muscles
can lead to myasthenic crisis, a life-threatening condition
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that requires intensive care and respiratory support [3]. On
the other hand, fatigue and muscle weakness as well as res-
piratory failure are cardinal symptoms of Coronavirus disease
2019 (COVID-19) [4, 5]. Therefore, it can be very challenging
to distinguish between these two conditions as well as to diag-
nose MG exacerbation during a severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection [6]. Moreover,
it has been shown that pre-existing neurological disorders are
associated with a worse prognosis and a high COVID-19 fatal-
ity rate [7]. The first case of SARS-CoV-2 infection in Poland
was confirmed on 4 March 2020. On 11 March 2020, the World
Health Organisation declared the COVID-19 outbreak to be
a pandemic [8]. Even after more than a year of the pandemic,
data on its impact on MG course is still limited.

Generally, MG patients may be at higher risk of unfa-
vourable COVID-19 outcomes due to multiple issues. Firstly,
patients with baseline respiratory muscle weakness as well
as those using immunosuppressive therapy may be more
severely affected by SARS-CoV-2 than their healthy peers.
Secondly, viral infection itself, or exposure to some antibiot-
ics (e.g. fluoroquinolones, macrolides, aminoglycosides) for
bacterial superinfection, may trigger MG exacerbation [1].
Another issue is the limited access to systematic MG severity
assessment by the attending neurologist and modification of
the treatment regimen. However, the available data has shown
highly variable MG reactions to COVID-19 that were inde-
pendent of the viral infection’s severity [9]. Some reports have
described MG exacerbations during COVID-19, while others
have shown a stable MG course throughout this infection [10,
11]. Moreover, COVID-19 incidence, mortality, recovery and
hospitalisation rates vary greatly between different countries
[12, 13]. Until now, the course of SARS-CoV-2 infection in
Polish MG patients has not been described.

Therefore, we aimed to present the clinical characteristics
of a sample of Polish MG patients in the first year of the COV-
ID-19 pandemic, taking into account the number of MG exac-
erbations, a detailed description of the SARS-CoV-2 infection
course, and the need to modify immunosuppressive therapies.

Clinical rationale for the study

Itis highly desirable to obtain data on the SARS-CoV-2 in-
fection course in patients with rare autoimmune diseases. MG
is classified as a rare autoimmune disease with geographically
diverse prevalence and incidence, partly due to variations in
demographics between countries [1]. Therefore, assessing
the impact of the first year of the COVID-19 pandemic on
unvaccinated Polish MG patients seems to be valuable from
the clinician’s perspective.

Materials and methods

This observational retrospective study included 30 Polish
MG patients consulted in a neurological outpatient clinic on 11-
31 March, 2020 (baseline) and 11-31 March, 2021 (endpoint).

The analysed clinical and demographic parameters included:
age, sex, MG type and severity, MG duration, presence of anti-
bodies against AChR or muscle-specific kinase (MuSK), occur-
rence of MG exacerbations or myasthenic crisis, diagnosis of
SARS-CoV-2 infection, comorbidities, and the type of treatment
applied for both MG and COVID-19 if applicable. The diagnosis
of MG was established on the basis of clinical features (fluctuat-
ing weakness of ocular and/or extraocular muscles) and at least
one of the following criteria: a positive test for AChR or MuSK
autoantibodies, postsynaptic dysfunction of the NMJ confirmed
by repetitive stimulation or single fibre electromyography, and/
or a clinical response to cholinesterase inhibitors.

A COVID-19 diagnosis was confirmed by a positive naso-
pharyngeal swab polymerase-chain-reaction (RT-PCR) test for
SARS-CoV-2. With regard to the clinical disease type, ocular
MG (signs restricted to the ocular muscles) or generalised MG
(involvement of extraocular muscles) were distinguished [1].
Disease severity was assessed using the Myasthenia Gravis
Foundation of America (MGFA) classification that separates
patients into five groups. MGFA classes involve: pure ocular
weakness (class I), mild-generalised weakness (class II),
moderate-generalised weakness (class III), severe-generalised
weakness (class IV), and intubation with or without mechan-
ical ventilation (class V). Within the generalised MG types,
patients are subcategorised as class A (predominant limb/axial
muscles involvement) or class B (predominant oropharyngeal/
respiratory muscles involvement) [14]. MG exacerbation was
defined as the presence of new, or worsening of previously
reported, muscle weakness lasting more than 24 hours unre-
lated to fever and/or infection resulting in a shift between class
A and B and/or an increase in the MGFA classification by at
least one class. The worsening of symptoms within 30 days was
considered to be a single exacerbation. Myasthenic crisis was
characterised by worsening of muscle weakness leading to res-
piratory failure requiring intubation and mechanical ventilation
[15]. Rapid worsening of MG symptoms that, in the opinion
of the treating physician, could lead to crisis in the short term,
was classified as an impending myasthenic crisis [16].

Thymic abnormalities were assessed based on computed
tomography (CT) scan results and available histology findings.
All patients were tested for the presence of serum anti-AChR
antibodies by an enzyme-linked immunosorbent assay (ELI-
SA), and values > 0.4 nmmol/L were considered abnormal.
IgG4 antibodies against MuSK were measured by ELISA in
subjects lacking anti-AChR antibodies.

This study was approved by the Bioethical Committee
of Collegium Medicum in Bydgoszcz, Nicolaus Copernicus
University in Torun. All subjects participated voluntarily and
gave their written informed consent.

Results

The baseline demographic and clinical characteristics of
the study group are set out in Table 1.
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Table 1. Baseline demographic and clinical characteristics of study cohort

Number of subjects (n) 30
Sex (Male/Female) 5/25
Age (years) 423+120
Disease duration (years)[range] 96+72
Age at first symptoms (years) 345+113
Type of MG

Ocular 8(26.7%)
Generalised 21 (70%)
Seropositivity to AChR antibodies, n (%) 23 (76.7%)
Seropositivity to MuSK antibodies 1(3.3%)
Double-seronegative MG 6 (20%)
Thymic pathology (%) 15 (50%)
Thymectomy, n (%) 11 (36.7%)
Thymoma 1(3.3%)
Disease severity (MGFA), n (%)

Asymptomatic 1(3.3%)
Class| 8(26.7%)
Class Il A 14 (46.7%)
Class Il A 6 (20%)
Class Il B 1(3.3%)
Type of treatment

Cholinergic therapy 29 (96.7%)
Corticosteroids 20 (66.7%)
Non-steroidal immunosuppressants 15 (50%)

MG — myasthenia gravis; AChR — acetylcholine receptor; MuSK — muscle-specific kinase; MGFA
— Myasthenia Gravis Foundation of America classification

In the presented cohort, none of the MG patients received
a COVID-19 vaccine. In total, 12 patients experienced neither
MG exacerbation nor SARS-CoV-2 infection. Moreover,
these patients did not require modification of MG treatment
regimen, and the severity of the disease as assessed by MGFA
classification did not change during the study period. Ex-
acerbation of MG requiring hospitalisation was reported in
11 patients, 10 females (F) and one male (M). In all women,
the disease exacerbation was not related to COVID-19 and the
treatment regimen consisted of intravenous immunoglobulin
(IVIG) infusions (four patients) or plasma exchange (PE)
(six patients). Conversely, the MG exacerbation affecting
one man in this subgroup was associated with a developing
SARS-CoV-2 infection. Overall, COVID-19 was identified in
10 patients (nine F, one M), including eight with anti-AChR
antibodies and two double-seronegative patients. Of these
eight, seven experienced a mild course of SARS-CoV-2 in-
fection with spontaneous recovery. These patients did not
require hospitalisation, the use of antiviral drugs, or a change
in MG treatment regimen. They did not experience myas-
thenia gravis exacerbation or bacterial superinfection. All

were non-smokers without obesity or other comorbidities.
The detailed demographic and clinical characteristics of this
subgroup are set out in Table 2. In four patients (cases 1, 3,
4and>5), SARS-CoV-2 infection was confirmed in other family
members. Interestingly, these patients reported a less severe
course of COVID-19 with a shorter recovery time than their
closest relatives who experienced bacterial superinfection and
required antibiotics.

In the remaining MG patients infected with SARS-
CoV-2 (cases 8, 9, and 10, described below), the course of
COVID-19 was not self-limiting, requiring the use of oxygen
therapy and antibiotics due to bacterial superinfection.

None of the patients died due to COVID-19, and nor did
any require discontinuation of immunosuppressive therapies
during the period of evaluation.

Case 8

A 53-year-old non-smoking woman with non-thymoma,
generalised AChR (+) MG of 22 years’ duration experienced
disease exacerbation in January 2021. For this reason, she
was hospitalised and IVIG infusions were used, with clinical
improvement (MGFA IV A- > MGFA IIIA). Two weeks after
discharge, the patient developed symptoms of SARS-CoV-2 in-
fection in the form of fever, headache, cough, myalgia and
shortness of breath. At that time, the patient was obese (BMI
= 31.2) and was receiving delfazacort (24 mg/day), mycophe-
nolate mofetil (2,000 mg/d), and pyridostigmine (540 mg/day).
The patient was admitted to the COVID ward where chest CT
revealed patchy ground glass opacities in the right lung with
normal arterial blood gas results. Empirical antibiotic therapy
(ceftriaxone 2 g intravenously) and non-invasive respiratory
support (nasal high flow cannula) were implemented, resulting
in clinical improvement after 14 days. During COVID-19, the
treatment regimen for MG was not changed. At the neurologi-
cal consultation seven days after discharge, the severity of MG
was classified as MGFA IIIA.

Case 9

A 52-year-old non-smoking woman with a history of
asthma and overweight (BMI = 26.8), had been diagnosed
with generalised AChR (+) MG in 2018. Chest CT performed
at the diagnostic stage did not reveal persistent thymus or
thymoma. During the year of the COVID-19 pandemic,
the patient experienced two exacerbations of MG requiring
hospitalisation. In the first, in March/April 2020, PE was per-
formed, replacing a total of 8,900 ml of plasma (MGFA IVA- >
MGFA IIA). Three weeks before her COVID-19 infection, the
patient was admitted to the Department of Neurology due
to impending myasthenic crisis. For this reason, therapeutic
cycles of PE were performed, with a total of 8,300 mL of plasma
replaced, resulting in an improvement from class IVA to class
ITIA according to the MGFA classification. At the time of her
SARS-CoV-2 infection, the patient was receiving ambenoni-
um (50 mg/day), delfazacort (12 mg/day) and azathioprine
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(150 mg/day). COVID-19 symptoms included headache, sore
throat, runny nose, fever, chills, shortness of breath, myalgia,
ageusia, and anosmia. Due to bacterial superinfection of the
upper respiratory tract, empirical antibiotic therapy was ap-
plied (cefixime 400 mg/day for 14 days). The patient required
home oxygen therapy administered through a face mask for
the first seven days of SARS-CoV-2 infection. After antibiotic
therapy, the patient recovered and there was no need for hos-
pitalisation or change in the treatment regimen for MG. The
severity of MG after recovery from COVID-19 was assessed
as ITTA according to the MGFA classification.

Case 10

A 62-year-old non-smoking man with a history of obesity
(BMI 31.5), impaired glucose tolerance and nonalcoholic fatty
liver disease. The first symptoms of MG, in the form of ptosis
and diplopia, occurred in 2018. The diagnosis was established
in the same year and additional tests performed at that time
showed the presence of AChR antibody in the serum, and
persistent thymus in chest CT. Since diagnosis, the patient had
had only ocular symptoms well controlled with pyridostig-
mine. On 19 January, 2021 the patient experienced bulbar
symptoms, and therefore prednisone 40 mg/day was added to
the treatment regimen with only a partial clinical improvement
(MGFA IVb- > MGFA IIIb). For this reason, the patient was
qualified for admission to the Department of Neurology in his
place of residence. At that time, the patient showed no signs
of infection. However, a nasopharyngeal screening smear
revealed the presence of SARS-COV-2 and chest CT showed
inflammatory bilateral ground-glass opacification lesions
covering < 10% of lung parenchyma. Over the following days,
the patient developed fever, cough and dyspnoea requiring the
use of high-flow oxygen therapy. In terms of treatment, steroid
was maintained, and tocilizumab and ceftriaxone were added.
Due to worsening anaemia, a total of four units of red blood
cells were transfused. On 9 February, 2021, the patient was
discharged with the severity of MG classified as MGFA IIb.

Discussion

This observational study aimed to describe a cohort of
30 Polish MG patients during the first year of the COV-
ID-19 pandemic. In the study group, 36.7% of patients expe-
rienced MG exacerbation, and SARS-CoV-2 infection was de-
tected in 33.3%. Three patients (two F and one M), representing
10% of the studied cohort, underwent both MG exacerbation
as well as SARS-CoV-2 infection. These patients experienced
MG exacerbation in the preceding month or concurrently
with COVID-19, had antibodies against AChR, and were
over 50 years of age. Due to the SARS-CoV-2 infection, they
required antibiotic and oxygen therapy, and hospitalisation was
necessary in the cases of two obese patients. The most severe
course of COVID-19 was observed in the man in whom MG
exacerbation coincided with the infection; until then, he had

had only ocular symptoms and was not immunosuppressed.
On the other hand, 70% of MG patients infected with SARS-
CoV-2 did not require the use of antiviral drugs, antibiotics
and oxygen therapy. Among them were only women all non-
obese: 28.6% had double seronegative MG, and 71.4% were
immunosuppressed. Interestingly, none of these patients had
a post-COVID-19 worsening of MG severity assessed using
the MGFA classification. Importantly, no patient in the study
group died due to COVID-19, and no patient had to discon-
tinue immunosuppressive therapy or to change MG treatment
regimen during infection.

Generally, COVID-19 course can be classified as asympto-
matic, mild, moderate, or severe [17]. There is strong evidence
that SARS-CoV-2 may be neuroinvasive and could cause a wide
array of neurological symptoms and complications [18]. Far-
salinos et al. suggested that COVID-19 may be a disease of the
nicotinic cholinergic system. The authors hypothesised that
SARS-CoV-2 may interact with the nicotinic AChR leading to
dysregulation of the cholinergic anti-inflammatory pathway
[19]. In this context, the presence of antibodies against AChR
in MG patients may alter the incidence and course of COV-
ID-19, something which should be examined in laboratory
and clinical settings.

So far, there have been a few reports describing SARS-
CoV-2 infections in MG patients with a highly variable course
and outcome. Some of these studies have included only patients
who were hospitalszed [20, 21], while others also described
outpatient management [22, 23]. The percentage of patients
who required hospitalisation and/or experienced MG exac-
erbation during SARS-CoV?2 infection varies across studies,
which is mainly due to the small size of the analysed groups.
According to preliminary data from a global, physician-re-
ported registry of 91 MG patients infected with SARS-CoV-2,
63 (69%) required hospitalisation, disease worsening or crisis
of MG requiring rescue therapy (e.g. IVIG, PE, or steroids)
was reported in 36 patients (40%), complete recovery or
discharge home was reported in 39 (43%) patients, whereas
22 (24%) patients died due to COVID-19 [22]. These figures
are important because of the large number of MG patients
diagnosed with COVID-19 to date, but they do not take into
account international variations in the infection course. In
a study by Solé et al. based on a French database for rare disor-
ders, 34 out of 3,558 MG patients had COVID-19. Within the
period of evaluation, 28 patients recovered from COVID-19,
one remained affected, and five died. Interestingly, immuno-
suppressive therapies used for MG were not risk factors for
poorer outcomes, and only MGFA class > IV before infection
was associated with severe COVID-19 [24]. Compared to the
presented cohort of Polish MG patients, the percentage of pa-
tients in the group of Solé et al. infected with SARS-CoV-2 was
lower and fatalities occurred; this might reflect differences
in the incidence and course of COVID-19 depending on the
region of residence. Another important aspect influencing
the course of SARS-CoV-2 infection in MG patients is the
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international differences in the number of residents vaccinated
against COVID-19, a figure which should be included in all
reports devoted to this issue.

Interestingly, the inter-study differences concern not only
the course of COVID-19 in MG patients, but also the ther-
apeutic approaches. Rein et. al presented three patients with
generalised AChR + MG who developed SARS-CoV-2 infec-
tion. All of them had a favourable outcome despite continued
immunosuppression, and only one patient experienced MG
exacerbation requiring non-invasive ventilatory support with
administration of hydroxychloroquine, lopinavir and ritona-
vir [23]. Anand et al. described COVID-19 course in five
hospitalised and immunosuppressed MG patients (four with
AChR antibodies and one with MuSK antibody). Of these, four
patients had favourable outcomes and the authors decided to
hold the home dose of mycophenolate mofetil in two of their
patients [21]. In 2020, the International MG/COVID-19 Work-
ing Group provided guidance on MG management during the
SARS-CoV-2 pandemic. The expert panel recommended that
MG patients should continue their current treatment and not
to stop any existing medications unless specifically discussed
and approved by their healthcare provider [25]. These recom-
mendations have been successfully applied in the presented
sample of Polish patients, in which no patient has required
a change in their MG treatment regimen. It is worth noting that
there is one case report describing an immunocompromised
Polish MG patient who did not become infected despite close
contact with her relatives who developed mild COVID-19 [26].

The main limitation of our study is the small number of
patients and the short duration of follow-up, which makes
it impossible to determine the long-term consequences of
SARS-CoV-2 infection. Therefore, data from large registries
are needed to present a reliable COVID-19 incidence and
course in MG patients.

Conclusion

In the era of increasing availability of vaccination against
COVID 19, data on unvaccinated MG patients infected with
SARS-CoV-2 may contribute to a reliable assessment of the
vaccination effectiveness in this group. Our study has shown
that unvaccinated MG patients may experience favourable
COVID-19 outcomes, even those who are immunosuppressed.
Further studies are needed to evaluate international differences
of COVID-19 course, taking into account the types of treat-
ment applied and the ratio of vaccinated to unvaccinated MG
patients. To the best of our knowledge, this study is the first
to describe the course of COVID-19 in Polish MG patients.
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