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Abstract
Coronavirus disease 2019 (COVID-19), a disease caused by the novel betacoronavirus (SARS-CoV-2) has become a global 
pandemic threat. COVID-19 caused by SARS-CoV-2 is reported to originate in December 2019 in Wuhan, China and spread-
ing rapidly around world. SARS-CoV-2 is structurally similar to the other coronaviruses, causing the severe respiratory 
syndrome (SARS-CoV) and the middle east respiratory syndrome (MERS-CoV), both binding to the angiotensin-converting 
enzyme 2 (ACE2) receptor to enter human cells. ACE 2 is widely expressed in several cells including, neural tissue. COVID-
19 presents with fever and respiratory symptoms, possibly leading to acute respiratory distress (ARDS) but there are several 
published reports of acute cerebrovascular diseases, seizures, olfactory and gustatory dysfunctions, isolated involvement of 
cranial nerves, myositis/rabdhomyolisis as well myasthenic crisis (MC) and Guillain–Barré syndrome (GBS). The ARDS 
described during COVID-19 pandemic, coupled with respiratory muscle failure occurring in myasthenia gravis (MG), may 
result in a life-threatening condition, challenging for intensivists, pulmonologists and neurologists. Infections are recognized 
trigger of exacerbations and crisis in MG and patients with MG probably exhibit a mortality higher than the general popula-
tion during this COVID-19 pandemic. We review the current state of knowledge on MG during the COVID-19 pandemic to 
focus the immunological and respiratory interplay between these two conditions.
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Introduction

Myasthenia gravis (MG) is a chronic autoimmune disor-
der characterized by fluctuating muscle weakness affect-
ing ocular, bulbar and limb skeletal muscle groups due 
to a reduction of functional skeletal muscle nicotinic ace-
tylcholine receptors (AChR) in 73–88% of patients and 
to structural alterations of the endplate as the effect of 
functionally related molecules at the neuromuscular junc-
tion caused by different autoantibodies [1–7]. Most AChR 
autoantibodies are polyclonal IgG, predominantly of the 
complement-activating subclasses IgG1 and IgG3, binding 

to the main immunogenic region (MIR) [6]. The onset of 
MG has been related to several factors including infections 
as trigger, like Hepatitis B and C, herpes simplex, HIV, and 
recently West Nile and Zika virus. However, no virus or 
other pathogens has been proven to have a specific link to 
MG [2, 6]. Epstein–Barr virus has been for many years a 
major candidate for induction of autoimmune disorders, due 
to its capacity to promote abnormal activation and survival 
of B-lymphocytes [4–6].

Corona Virus Disease 2019 (COVID-19) is a new illness, 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) that originate in Whuan, China. Symp-
toms are variable, ranging from mild to severe pneumonia, 
leading to acute respiratory distress syndrome (ARDS) and 
death in many cases [8–19]. Severe COVID-19 disease 
may be a risk factor in MG for many reasons, including 
an immunocompromised state related to baseline therapies 
and to respiratory muscle weakness [2, 3, 7]. According to 
the published literature, there is considerable variability in 
how MG patients respond to SARS-CoV-2 infection and it 
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is unclear whether this virus can trigger myasthenic crisis 
(MC) and thus contributing to the development of an acute 
respiratory failure. In addition, some drugs used in thera-
peutic trials early in the pandemic, i.e., hydroxychloroquine 
and azithromycin could induce MG exacerbations [2, 14, 
20, 21]. Several MG patients with SARS-CoV-2 infection 
have been recently described [20–34]. Here, we review the 
current state of knowledge on MG during the COVID-19 era 
and we discuss the immunological and respiratory interplay 
between MG and this new infection.

Overview on immunological and clinical 
manifestations of MG

Clinical and immunological subtypes of MG

Disease distribution and severity of MG is categorized 
according to the Myasthenia Gravis Foundation of America 
classification (MGFA) as ocular (OMG, class 1), or else 
mild (class II A and IIB), moderate (class IIIA and IIIB), 
severe (class IVA, IVB, and V) and finally as generalized 
MG (GMG). OMG (10–20% of patients) exclusively affects 
the outer ocular muscles and presents with ptosis and diplo-
pia which can be transient, fluctuating or progressive dur-
ing the day. GMG is defined as any clinical involvement of 
muscle groups other than outer ocular muscle, independently 
of the severity [1, 4, 6]. In respect of age at onset, MG is 
defined as early (onset at age lower than 45 or 50 or 60 
years, i.e., EOMG) and late, if above 45 or 50 or 60, accord-
ing to authors, i.e., (LOMG) [4, 6]. About 10–15% of all 
MG patients do have a thymoma-associated MG (TAMG); 
conversely, MG is present in approximately 30–45% of thy-
momas. Thymomas are slow-growing, locally invasive neo-
plasms of thymic epithelial cells (TECs) usually with mixed 
cortical and medullary properties, classified in types (A, AB, 
B1, B2, B3) depending on lymphocyte content and epithe-
lial cell features [6]. Furthermore, MG patients are grouped 
according to their antibody status as AChR-antibody posi-
tive, muscle specific tyrosine kinase (MuSK) antibody 
positive and double sero-negative (SNMG, i.e., AChR and 
MuSK-antibody negative) [4, 6]. As immunopathogenetic 
mechanism, the auto-antibodies to AChR block the receptor, 
reducing the number of available receptors in the membrane; 
in this condition the activation of complement cascade leads 
to the destruction of endplate architecture with a widened 
synaptic cleft at the endplate [6]. In about 50% of patients 
with OMG and in at least 10–15% with GMG, where the 
testing for autoantibodies gives negative results, the myas-
thenic weakness comes from autoimmune processes directed 
to postsynaptic targets distinct from AChR [6]. There are 
several clinically important differences between anti-AChR 

antibody-positive and MuSK-positive MG; indeed, the latter 
subtype exhibits prominent oropharyngeal, facial, tongue, 
neck and respiratory muscle weakness [6].

The thymus in MG

The thymus is the primary source of Tregs, which constitute 
approximately 5–10% of the peripheral CD4+ T cell popu-
lation and has a crucial role in the maintenance of immune 
homeostasis against self-antigens [4, 6]. The thymus plays 
a fundamental role in the pathogenesis of MG. Moreover, 
the thymus exhibits pathological changes in the majority of 
patients with AChR antibodies, whereas MuSK-MG so far 
is not associated with thymic abnormalities. In about 70% 
of patients with EOMG there are lymphofollicular hyper-
plasia with lymphoid follicles and germinal centres (GCs) 
within the thymus [6]. On the contrary, patients with LOMG 
show involution and atrophy of the thymus, where the lym-
pho-epithelial tissue is gradually replaced by fat. Indeed, 
LOMG patients show similarities with TAMG regarding 
some autoantibodies, including those against voltage-gated 
Ca + and K + channels and titin present in 70% of patients 
aged over 60 years.

Myasthenic crisis (MC) and exacerbations

MC is a life-threatening manifestation of MG, associated 
with severe bulbar dysfunction and/or respiratory failure that 
in most cases requires mechanical ventilation (MV) and ICU 
admission [2, 3, 7, 21, 24–28, 32, 34]. Until the early 1960s, 
mortality related to MC was about 40% of cases. Today, the 
reports on mortality are heterogeneous and usually range 
between 5 and 12%, but higher rates up to 30% have also 
been recently described during the COVID-19 pandemic 
[32]. Impending MC, instead, defines a clinical condition 
that precedes MC (days to weeks) and also requires interme-
diate ICU admission [1–4, 7, 21, 24, 27, 32, 34]. Hallmarks 
of therapy for MC are symptomatic treatment with acetyl-
cholinesterase inhibitors, plasmapheresis (PE) or polyvalent 
immunoglobulins (IVIG) as well as early start of steroids 
and immunosuppressants [21, 27, 28, 34].. PE, IVIG or a 
combination of both are the preferred treatments [2, 3, 6, 
7]. MC mimic may develop in cases of excessive, acute or 
chronic overdose of anticholinesterase medications [3, 6, 
21].

Interplay between MG and COVID‑19

At the time of this writing, several patients with MG asso-
ciated with SARS-CoV-2 infection have been reported 
in the English literature [20–34]. Main clinical and 
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immunological features of the cases described are listed 
in Table 1.Camelo–Filho et al. [32] published the largest 
series of patients, noting that most cases had a severe course, 
requiring ICU admission in 87%, and MV in 73%, while 
30% died.

Potential role of SARS‑Cov‑2‑induced autoimmunity 
in MG

Infections, either microbial or viral, are major external 
causal factors in nearly all autoimmune disorders and in 
MG [2, 3, 7]. The simplest explanations would be that 
the impaired immunity results in an increased risk of 

Table 1   Summary of the demographic characteristics of patients with MC during SARS-COV-2 reported in the English literature

AChR acetylcholine receptor; AZA azathioprine; AZM azithromycin; CLT claridromycin; CTX ceftriaxone; F female; HCQ hydroxychloroquine; 
IVIG intravenous immunoglobulin; LZD linezolid, M male; MGFA Myasthenia Gravis Foundation of America clinical classification; MMF 
mycophenolate mofetil; MTX methotrexate; MuSk muscle-specific tyrosine kinase; MV mechanical ventilation; NIV non-invasive ventilation; NR 
not reported; OTV oseltalmivir; Plex plasma exchange

References Age /Sex MGFA score prior 
to COVID-19

MGFA score dur-
ing COVID-19

Abs MG symptom 
worsen

Lung CT-scan Main therapy Outcome

Anand [20] 42 F IIB IIIB MuSK Bulbar, neck weak-
ness, diplopia

NR Steroid, IVIG Stability

Singh [25] 36 F IIA V None Bulbar, respiratory 
weakness

Bilateral opacities Plex, steroid, 
MMF, MV

Stability

Delly [21] 56 F IIB V AChR Bulbar, respiratory, 
limb weakness

Bilateral infiltrates IVIG, MV, HCQ Stability

Rein [23] 38 F IIA IV B AChR Ptosis, respiratory 
limb weakness

Bilateral opacities IVIG, steroid, 
HCQ, antiviral

NIV

Hubers [24] 36 F IIA IV B AChR Ocular, bulbar, limb 
weakness

Normal IVIG, AZA Stability

Hubers [24] 25 M 1 V AChR Respiratory weak-
ness

Bilateral infiltrates AZM, MV Stability

Salik [28] 80 M NR V AChR Limb, bulbar, res-
piratory weakness

Bilateral opacities IVIG, HCQ, AZM, 
MV

Poor

Aksoy [33] 46 F IIA V AChR Dysphagia, dyspnea Bilateral pneu-
monia

HCQ, convalescent 
plasma, steroid 
LZD, NIV

Recover

Restivo et al. [27] 71/F 0 V AChR Dysphagia, respira-
tory weakness

Bilateral pneu-
monia

Plex, steroid, HCQ, 
MV

Recover

Camelo-Filho [32]  ≥ 60/M 1 V AChR Exacerbation lead-
ing to MV

NR CTX, AZM, OTV, 
steroid

Death

Camelo-Filho [32]  ≥ 60/M I V AChR Exacerbation lead-
ing to MV

Pulmonary involve-
ment

CTX, AZM, steroid Death

Camelo-Filho [32] 20–39/NR IIA V NR Exacerbation lead-
ing to MV

NO CTX, OTV, LZD, 
steroid, MTX

Poor

Camelo-Filho [32] 40–59/NR IIA V NR Exacerbation lead-
ing to MV

Pulmonary involve-
ment

CLR, CTX, AZM 
OTV, steroid

Death

Camelo-Filho [32] 40–59/M IIA V AChR Exacerbation lead-
ing to MV

NO CTX, AZM, CLR, 
OTV

Stability

Camelo-Filho [32] 40–59/NR IIA V AChR Exacerbation lead-
ing to MV

NO CTX, AZM, ster-
oid, Plex

Recover

Camelo-Filho [32] 20–39/NR I V AChR Exacerbation lead-
ing to MV

Pulmonary involve-
ment

CTX, AZM, ster-
oid, Plex, AZA

Stability

Camelo-Filho [32] 20–39/NR IIB V MuSK Exacerbation lead-
ing to MV

NO CTX, AZM, ster-
oid, Plex

Stability

Camelo-Filho [32]  ≥ 60/M I V NR Exacerbation lead-
ing to MV

Pulmonary involve-
ment

CTX, AZM, LZD, 
steroid

Death

Camelo-Filho [32]  ≥ 60/NR III V AChR Exacerbation lead-
ing to MV

Pulmonary involve-
men

CTX, AZM, LZD, 
steroid

Stability

Camelo –Filho [32] 20–39 /NR IIA V AChR Exacerbation lead-
ing to MV

NO CTX, steroid Recover

Camelo -Fihlo [32] 20–39 /NR IIA V AChR Exacerbation lead-
ing to MV

NO CTX, steroid, 
IVIG, AZA

Stability

Camelo-Filho [32] 20–39 /NR IIB V NR Exacerbation lead-
ing to MV

NO CTX, AZM, steroid Stability
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infection; on the other hand, the infections will induce 
a polyclonal activation of immunoreactive cells that can 
include autoreactive B- and T-lymphocytes [2, 3]. Viral 
infections might trigger autoimmunity via several path-
ways, including molecular mimicry, epitope spreading, 
bystander activation, enhanced T-cell signaling and up-
regulation of a series of cytokines and costimulatory mol-
ecules and/or immortalization of infected B- cells [2, 6, 
7]. Such mechanisms are hypothesized, but not proven for 
MG etiology and still virus infection as the initial event 
in MG pathogenesis represents a putative model, perhaps 
with a local infection in the thymus [2].

The cytokine storm associated with a “dysregulated” 
immune response represents a main pathogenetic mecha-
nisms of severe COVID-19 disease, which encompasses 
fever, coughing, dyspnea and pneumonia with respiratory 
failure [10–12, 14]. SARS-CoV-2 may result in severe 
lymphopenia, especially T-cell loss from CD26 T-cells 
apoptosis [11, 14].

Thymus is essential in the AChR-MG pathogenesis; 
moreover, thymus activity and T-lymphocyte functions 
are assumed to be involved in the protection against 
SARS-CoV-2 in children through the replacement of the 
T-cells destroyed by the apoptosis caused by the virus 
[35]. Interestingly, the thymus of children can prevent the 
inflammatory damage triggered by SARS-CoV-2 by an 
immunomodulating effect through the activity of regula-
tory T-cells (Treg), a specialized subset of CD4+T-cells 
active during the early periods of life, with a precise role 
in immunomodulation [35]. The loss of Treg function by 
age results in difficulty with the control of the immune 
responses and increased inflammation [35].

Some recent reports suggest that COVID-19 could trig-
ger, sustain and perpetuate autoimmune conditions with 
various mechanisms which include molecular mimicry and 
bystander activation [36].

According to Lucchese et al. [36], SARS-CoV-2 viral 
proteome is sharing six amino acids sequences with three 
proteins, namely DAB1, AIFM, and SURF1 present in the 
human brainstem respiratory pace-maker neurons. There-
fore, the immunological targeting of DAB1, AIFM1, and 
SURF1 might contribute to brainstem-related respiratory 
failure in COVID-19 patients [36]. To test this hypoth-
esis, Lucchese et al. [36] proposed sera and cerebrospinal 
fluid from COVID-19 patients suffering from respiratory 
distress and/or neurological symptoms to be examined for 
immunoreactivity against the shared protein sequences. A 
part from the molecular mimicry mechanism as proposed 
by Lucchese et al. [36], the contribution of T-cells dys-
regulation in promoting autoantibody-producing B-cells 
could also play a role in enhancing autoimmunity triggered 
by SARS-CoV-2 [14, 18].

T‑cells dysregulation in MG and COVID‑19 
at the crossroad

An imbalance between inflammatory T-helper 17 (Th-17) 
cells and Treg cells has been considered in chronic inflam-
matory autoimmune diseases, either systemic or organ-
specific [18]. It is known that T reg cells play a key role in 
maintaining self-tolerance and regulating immune response, 
predominantly by suppressing effector T-cells. Interestingly, 
a characteristic immunological feature in patients with auto-
immune diseases, including MG, is that Tregs are present in 
reduced numbers and/or have compromised functions, sug-
gesting that an autoimmune condition could be associated 
with defective Tregs [37]. In experimental autoimmune MG, 
as reported by Liu et al. [37], the expanded Treg potently 
suppressed autoreactive T-and B-cell responses and attenu-
ated the muscular weakness, reducing the circulating levels 
of AChR autoantibodies [37]. Moreover, the elegant study 
of Thiruppathy et al. [38] demonstrated that Treg-mediated 
suppression of effector T-cells was impaired in MG patients. 
The suppression of both polyclonal and AChR-activated 
T-cells from MG patients could be restored using Tregs 
isolated from healthy controls, revealing a potential novel 
therapeutic target [38].

In severely ill COVID-19 patients, there is a significant 
reduction in the level of peripheral Tregs, compared to 
mildly affected patients [39] and in bronchoalveolar lav-
age of the more severe SARS-CoV-2 infected patients, the 
IL-2 transcript, a cytokine that plays a major role in the 
generation and maintenance of Tregs in vivo, was reduced 
[40]. Furthermore, critically ill SARS-CoV-2 patients 
show increased levels of soluble IL-2R (CD25) that could 
interfere with IL-2 bioavailability, further promoting Tregs 
apoptosis [41]. Recently, Gladstone et al. [42] described 
a marked improvement in two patients with COVID-19/
ARDS treated with administration of allogenic Tregs, 
derived from cord blood through intermittent intrave-
nous infusions. Taken together these immunological data, 
although “the hyper immune-inflammation” underlying 
COVID-19 may be heterogeneous, in a subset of SARS-
CoV-2 patients Tregs/Th-17 dysregulations could contrib-
ute to the enhancement of an autoimmune disease in a pre-
disposed host [41]

There is growing evidence of IL-17 involvement in patho-
physiology of MG. Animals with experimentally acquired 
MG demonstrate upregulation of IL-17, which is the most 
well-known member of a multifunctional cytokine family 
produced by Th-17 cells [43]. In the context of an inflam-
matory cytokine milieu, IL-17 exerts various biologic activi-
ties, such as enhancing Th1 responses, promoting cytotoxic 
T-cell activity, as well as neutrophil migration and activa-
tion during viral infection, but also regulation of B- cells 
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functions and GCs development [38, 39, 43]. In females with 
severe EOMG without thymoma but with thymic hyper-
plasia, the IL-17A plasma concentration was significantly 
higher than in control healthy subjects, suggesting a role 
in the pathogenesis of this subgroup of patients [43]. Fur-
thermore, in an animal model of experimental autoimmune 
MG, IL-17 knockout mice had no evidence of weakness, low 
levels of AChR antibodies and retention of AChR at the neu-
romuscular junction [44]. Xie et al. [43] found that patients 
with purely OMG were more likely to develop generalized 
weakness with higher IL-17A levels. Given that, all the data 
clearly suggest an imbalance between Treg cells (dysfunc-
tion) and Th-17 cells (hyperactivity) in the promotion and/
or amplification of immune-inflammation underlying AChR 
autoantibodies MG.

The clinical disease severity of MERS-CoV, SARS-
CoV and SARS-CoV-2 has been correlated to Th-17 
cytokine levels [45, 46]. Furthermore, in COVID-19 

infection developing ARDS, IL-17 plays a critical role 
in driving the production of proinflammatory cytokines, 
the induction of granulocyte colony-stimulating factor 
expression, and the trigger of neutrophil accumulation 
in lung tissue, leading to diffuse alveolar damage [47]. 
IL-17 inhibition has been previously adopted as successful 
strategy to reduce the injury associated with inflamma-
tory autoimmune diseases, including psoriasis and psori-
atic arthritis [45]. In patients with MG, COVID-19 infec-
tion could amplify Tregs/IL-17 imbalance and induce an 
increase in the level of circulating anti-AChR antibodies, 
possibly related the development of MC. Conceivably a 
Tregs therapy (adoptive or in vivo Treg expansion) and 
therapies inhibiting IL-17 (secukinumab, ixekizumab) and 
his receptor (brodalumab) could play a potential thera-
peutic role in patients with severe SARS-CoV-2 and MG. 
Figure 1 summarizes the speculative autoimmune mecha-
nisms due to SARS-CoV-2 infection in patients with MG.

Fig. 1   Hypothetical mechanisms by which SARS-CoV-2 could trig-
ger and amplify autoimmunity in MG. SARS-CoV-2 shares amino 
acids sequences with host components and results in the cross-activa-
tion of autoreactive T o B cells promoting autoimmune manifestation 
during COVID-19 (molecular mimicry). In SARS-CoV-2 infection, 
antigen-presenting cells (APCs) process and present viral antigens 
for the recognition by T cells, which are stimulated to produce pro-
inflammatory cytokines (TGF-b, IL-6, IL-23) with Th-17 differen-
tiation. Th-17 cells secrete IL-17 that promotes neutrophils recruit-

ment in the lung, resulting in diffuse alveolar damage and release of 
self-antigens, and induces the differentiation of B cells into plasma 
cells. Subsequently, the autoimmune response can be amplified by the 
mechanisms of epitope spreading and bystander activation. Further-
more, in severe COVID-19, increased level of soluble IL-2R (CD25) 
could interfere with IL-2 bioavailability, resulting in Treg dysfunc-
tion. Finally, Treg/TH-17 imbalance might amplify the production 
of autoantibodies against AChR in patients with MG affected by 
COVID-19.
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Respiratory failure in SARS‑CoV‑2 and MG

Physiological interplay between COVID‑19 and M G

About 20% of patients infected by SARS-CoV-2 develop 
acute respiratory failure and require ICU admission [48]. 
Lung physiology in COVID-19 associated ARDS is very 
complex and heterogeneous. Patients with SARS-CoV-
2-related respiratory failure exhibit different clinical-
physiological phenotypes, depending on many factors 
including the interaction between the virus and the host, 
the patient comorbidities, and the time elapsed between 
the onset of the disease and the admission to the hospital.

Gattinoni et  al. [49] suggested an L phenotype of 
ARDS, which differs from the classic ARDS by present-
ing a marked hypoxemia with preserved compliance and 
limited ground-glass densities on computed tomography 
(CT) scan and an H phenotype that fulfills the ARDS cri-
teria. In L phenotype, the intravascular pathology (i.e., 
loss of regulation of perfusion, microcirculatory clot for-
mation) may cause hypoxemia by increasing dead space 
and worsening ventilation-perfusion ratio. However, a 
recent study by Grasselli et al. [50] provided evidence 
that patients with COVID-19 in MV have a form of injury 
similar to that of patients with a classical ARDS unrelated 
to Covid-19. Notably, patients with COVID-19-related 
ARDS who show a reduction in respiratory system com-
pliance together with increased D-dimer concentrations 
have high mortality rates [50].

The complex physiological interplay between SARS-
CoV-2 infection and MG makes the management of 
patients in ICU quite challenging. Indeed, in patients with 
SARS-CoV-2 infection and MG admitted to ICU, the host-
virus interaction can generate in our experience three dif-
ferent scenarios: (1) MC without radiographic features of 
ARDS; (2) COVID-19 pneumonia compatible with ARDS 
criteria, but without evidence of respiratory muscle dys-
function due to MC; (3) ARDS combined with MC.

Respiratory muscles assessment and diaphragm 
fatigue in MG with SARS‑CoV‑2 infection

In patients with exacerbations of MG, a crucial issue 
in ICU is always the decision on timing of MV and the 
assessment of respiratory muscle function by static lung 
volume and pressure measurements. In spontaneous 
breathing, in patients with bulbar dysfunction or with 
acute respiratory failure a reliable non-invasive respira-
tory muscle assessment in ICU is challenging. Dynamic 
respiratory test (i.e., maximal voluntary ventilation) can-
not be performed in cases of acute respiratory failure, but 

it best reveals a “myasthenic pattern” with decremental 
reduction of inspiratory and expiratory volumes with each 
breath [51]. Usually, the most frequently noticed abnor-
mality in lung volumes of patients with respiratory muscle 
weakness is a reduction in vital capacity (VC); however, in 
patients with MG admitted to ICU, repeated measurements 
of VC cannot predict MV requirement, due to the erratic 
nature of the disease [52]. Despite the difficult monitoring 
of respiratory muscles function, it is widely accepted that 
patients displaying VC < 20 mL/kg or negative inspiratory 
force (NIF) <  − 20 cmH2O require ventilator support [7, 
52].

The diaphragmatic fatigability makes patients with 
SARS-CoV-2 infection and MG more prone to develop res-
piratory muscles fatigue, requiring immediate intubation and 
MV. The physiological framework underlying the concept of 
diaphragmatic fatigue has been outlined by Bellemare and 
Grassino more than 20 years ago, who established that above 
a certain load threshold the diaphragm is no longer able to 
support its work [56]. In most cases, COVID-19 is asso-
ciated with strong activation of the respiratory drive, that 
results in a vigorous inspiratory effort (elevated Pdi and Pes 
swing); thus, MG patients might be subject to excessive res-
piratory muscles load [57, 58]. However, in this condition, 
some physiological adaptation mechanisms are activated 
to avoid fatigue, mainly by central neural output inhibition 
of the respiratory muscles leading in acute hypoventilation 
and hypercapnia [59, 60]. As a consequence of such mech-
anisms, the superimposition of SARS-CoV-2 infection in 
MG might act as a physiological trigger of diaphragmatic 
task failure. Figure 2 summarizes the possible physiological 
events in MG in the course of SARS-CoV-2 pneumonia.

Interestingly, in a subgroup of SARS-CoV-2 infected 
patients there is a disconnection between severe hypoxemia 
and relatively mild respiratory discomfort; this condition 
is named as silent or “happy” hypoxemia, characterized by 
poor activation of respiratory drive and reduced ventila-
tory response, despite the severe hypoxemia [61, 62]. MG 
patients with SARS-CoV-2 infection exhibiting the physi-
ological features of “happy hypoxemia”, being subjected to a 
lower load on the respiratory muscles, could be conceivably 
less prone to develop MC.

Mechanical ventilation

The decision whether or not intubate a patient with severe 
SARS-CoV-2 depends on a number of factors [63]. Signs 
of unsustainable work of breathing, refractory hypoxemia, 
hypercapnia or acidemia, inadequate airway protection, 
and altered consciousness are all possible clinical indica-
tions for endotracheal intubation [63]. Present guidelines 
recommend that clinicians should follow the ventilatory 
protective strategy developed during the past two decades 
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for classical ARDS [64, 65]. Intensivists should set the 
ventilator to deliver a tidal volume (VT) of 6 ml of pre-
dicted body weight or less, and the plateau pressure should 
not exceed 30 cmH2O to avoid the development of ventila-
tor lung injury.

Also in patients with MG, the need for tracheal intuba-
tion depends on clinical judgment, and the evaluation of 
respiratory muscles function is crucial to decide on early 
intubation [3, 66, 67] Furthermore, in cases of upper airway 
or bulbar weakness due to MC, the oropharyngeal collapse 
might increase the work of breathing and exposes the patient 
to aspiration risk; therefore, it may be a condition requir-
ing elective intubation. After intubation, excess secretions 
and diaphragmatic dysfunction could lead to atelectasis in 
dependent areas of the lung, with an increase in intrapulmo-
nary shunt and a reduction in compliance of the respiratory 
system. Aggressive chest physiotherapy, airway clearance 
with frequent suctioning, and daily spontaneous breath-
ing trial should be implemented to facilitate weaning from 
MV [66, 67]. Indeed, in patients with MC, once intubated, 

weaning from mechanical ventilation is challenging, and 
extubation fails in about 30% of cases [3, 68].

Non‑Invasive ventilation (NIV)

The role of non-invasive ventilation (NIV) during SARS-
CoV-2 pandemic is debated due to major concerns about 
using bio-aerosol producing techniques and risk of staff 
contamination [20, 69, 70]. Furhermore, most data about 
NIV application during the pandemic derived from non-
randomized trials [69, 70]. In pre-COVID-19 era, ATS/ERS 
Guidelines suggested caution in using NIV in de novo res-
piratory failure due to the risk of worsening patient outcome 
with delayed intubation, and made no recommendation for 
or against the use of NIV during pandemics [71].

In patients with MG exacerbations or MC during SARS-
CoV-2 infection, a trial of NIV before endotracheal intuba-
tion can be indicated, especially if there are no radiographic 
changes compatible with ARDS. However, NIV must be 
used with extreme caution in presence of severe bulbar 

Fig. 2   Respiratory physiological interplay between SARS-CoV-2 
infection and MG. MG patients with COVID-19 pneumonia are sub-
ject to excessive mechanical load due to central activation (Panel A). 
The pressure (Pdi) that the diaphragm is able to generate to maintain 
adequate VT gradually decreases over time showing a “myasthenic 
pattern” (Panel B). At this point, despite the activation of the respira-
tory drive, microatelectasis appears due to the weakness of respira-
tory muscles, and dynamic compliance is further reduced increasing 

the work of breathing. Subsequently, when respiratory muscles 
approach the fatigue threshold (TTdi > 0.15), acute hypoventilation 
and hypercapnia result from central neural output inhibition of the 
diaphragm, and patients require immediate mechanical ventilation 
(Panel C). TTdi: diaphragmatic tension-time integral, VE: minute 
ventilation, Pd: transdiaphragmatic pressure, Pes: esophageal pres-
sure.
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dysfunction at risk of aspiration, and tracheal intubation is 
often the most rational choice. Moreover, NIV may reduce 
the need for tracheal intubation in selected patients with MC, 
shortening the duration of ventilation and length of stay in 
ICU [72, 73]. In a recent German multicenter retrospective 
study, out of 92 patients with MC who received ventila-
tion, NIV was successful in 38% and it was associated with 
shorter duration of ventilation and ICU stay [3]. Interest-
ingly, in the Neumann et al. study [3], the NIV trial did not 
extend the duration of MV in patients who failed NIV and 
who were subsequently intubated as compared to patients 
without NIV. So NIV might be considered in appropriate 
patients before intubation [3]. Taken together all these data, 
in MG patients and SARS-CoV-2 infection, the development 
of bulbar dysfunction or the ARDS criteria could require in 
most cases an early intubation.

Conclusions

Clinical responses of MG patients during SARS-CoV-2 
infection are unpredictable and challenging for clinicians. 
From the pathogenetic point of view, it has been hypoth-
esized that Treg/Th17 imbalance in the course of SARS-
CoV-2 could amplify or trigger the excessive autoimmune 
response. Though there is no direct evidence for the involve-
ment of proinflammatory cytokines and chemokines in lung 
pathology, the change of laboratory parameters, includ-
ing elevated serum cytokine, chemokine level in infected 
patients correlating with the severity of the disease and 
adverse outcome, confirmed a possible role for hyper-inflam-
matory responses in COVID-19 [41].

In a setting of MC associated with SARS-COV-2 infec-
tion, the respiratory muscle function evaluation is crucial in 
deciding the endotracheal intubation timing. A NIV trial can 
be indicated and can avoid endotracheal intubation. Moreo-
ver, in some clinical conditions such as in cases of excessive 
work of breathing, the development of bulbar dysfunction or 
ARDS, early intubation and MV could be required.

The current state of knowledge on the interaction between 
MG and COVID-19 is changing rapidly due to growing 
experience in patients. The ongoing international registry 
launched by Muppidi et al. will surely provide informations 
useful for the care of MG patients during this pandemic 
[74–76].
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