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Purpose of review

Since its outbreak in Wuhan, China in late 2019, coronavirus disease-19 (COVID-19) has become a
global pandemic. The number of affected cases and deaths continues to rise. Primarily a respiratory illness,
COVID-19 is now known to affect various organ systems including peripheral nerve and skeletal muscle.
The purpose of this review is to discuss the scope of neuromuscular manifestations and complications of

COVID-19.

Recent findings

Several neuromuscular conditions, including Guillain-Barré syndrome, rhabdomyolysis, and myositis, have
been reported in patients infected with COVID-19, but even with a temporal association, a causal
relationship remains unproven. Direct invasion of neurons or myocytes by the virus, and immune-mediated
injury have been speculated but not consistently demonstrated. In addition to potentially causing the above
conditions, COVID-19 can trigger exacerbations of preexisting neuromuscular conditions such as
myasthenia gravis, and severe infections can lead fo critical illness myopathy/polyneuropathy.

Summary

COVID-19 appears to be potentially associated with a wide range of neuromuscular manifestations and
complications. Further studies are needed to examine these possible associations, understand the
pathogenesis, and develop preventive and treatment strategies.
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coronavirus 2

Coronavirus disease-19 (COVID-19) has become a
global pandemic since its origination in Wuhan,
China in late 2019, with now more than 125 million
cumulative cases and more than 2.7 million deaths
worldwide [1]. Although COVID-19 primarily causes
a respiratory disease, it has become apparent over
time that the infection can have far reaching con-
sequences on various organ systems. A wide breadth
of neurologic complications has been reported and
investigations into the epidemiology, pathogenesis,
and therapies are ongoing. In this review, we focus
on the neuromuscular complications of COVID-19
infection and their proposed mechanisms.

Peripheral nerve complications of
coronavirus disease-19

To date, there are more than 60 published case
reports on Guillain-Barré syndrome (GBS) arising
in COVID-19-infected patients. However, a link
between COVID-19 and GBS is debatable. Case
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reports assumed a relationship based on the fact
that GBS occurred with symptoms and signs of
COVID-19 or soon thereafter, suggesting a para-
infectious or postinfectious process. Retrospective
studies found a higher frequency of GBS in COVID-
19-infected patients with an odds ratio (OR) of 4.6—
6.3 [2,3]. Another study found that the incidence of
GBS during the pandemic (0.202/100,000/month)
was 2.6 times higher compared to the same period
during the prior year [4]. In contrast, a different
study did not find a substantial increase in the
number of patients hospitalized with GBS during
the pandemic [5]. A study from Italy found that GBS
in patients with COVID-19 was more commonly the
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Peripheral nerve and neuromuscular junction disease

KEY POINTS

o Although numerous case reports suggested a potential
association between COVID-19 and Guillain-Barré
syndrome, a recent large-scale epidemiologic found
no link.

e To date there is no proven evidence of increased risk of
Guillain-Barré syndrome with COVID-19 vaccination.

e COVID-19 infection may be more severe in patients
with myasthenia gravis than the general population.

e COVID-19 appears to be associated with a range of
skeletal muscle symptoms and conditions, including
rhabdomyolysis, critical illness myopathy, and myositis.

e Further studies are needed to understand the extent of
neuromuscular complications of COVID-19.

acute inflammatory demyelinating polyneuropathy
variant, caused more weakness, and more frequently
led to intensive care unit (ICU) admission and hypo-
tension [4]. However, the response to therapy (intra-
venous immunoglobulin [IVIG] or plasma exchange
[PLEX]) was similar in patients with and without
COVID-19.

The most extensive study to date, an epidemio-
logic study from the United Kingdom (UK), found
that the incidence of GBS was actually lower during
the pandemic compared to prior years and found no
correlation between the number of COVID-19 and
GBS cases when comparing different regions of the
UK [6™]. Moreover, the study found no significant
differences in clinical features of GBS, disease sever-
ity or outcomes between patients with or without
COVID-19 except for a higher rate of mechanical
ventilation in patients with definite COVID-19,
which was ascribed to pulmonary effects of
COVID-19 rather than neuromuscular weakness
from GBS [6"].

Molecular mimicry, which plays a critical role in
the pathogenesis of GBS following C. jejuni infec-
tion, has been speculated for GBS arising after
COVID-19 infection [7]. Studies have searched for
similarities between peripheral nerve and severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) proteins. For host cell infection, the SARS-
CoV-2 spike protein binds the angiotensin convert-
ing enzyme 2 (ACE-2) receptor as well as sialic acids
linked to host cell gangliosides [8-10]. Accordingly,
cross-reactivity between epitopes of the complex
formed by the viral spike protein binding to host
cell gangliosides and epitopes of peripheral nerve
gangliosides has also been speculated [11,12]. How-
ever, ganglioside antibodies (GM1, GM2, GDl1a,
GD1b, GD3, asialo GM1, GT1b) were only rarely
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present in COVID-19-positive patients who devel-
oped GBS [13-17].

One study found homologous peptide sequen-
ces between SARS-CoV-2 and the neuronal cell adhe-
sion molecule, and another found similarities with
heat shock proteins 60 and 90, which may be asso-
ciated with GBS [18,19]. However, a different study
that compared the SARS-CoV-2 and human
genomes found no significant similarities. Addition-
ally, individual proteins encoded by SARS-CoV-2
RNA had no similarity to neuronal proteins [6].
In short, studies have not consistently identified
similar epitopes between SARS-CoV-2 and periph-
eral nerve that may cause cross-reactivity.

Direct invasion of peripheral nerves by the virus
has also been hypothesized as a cause of GBS and
other neuropathies. One autopsy study found SARS-
CoV-2 immunostaining in cranial nerves IX and X
in 2 of 40 patients without GBS who died from
COVID-19, raising the possibility of direct nerve
infection [20]. However, SARS-CoV-2 RNA in CSF
has only rarely been reported in GBS [3]. SARS-CoV-
2 IgG was found in one case, but the authors com-
mented it may have originated from the serum [21].
There are no reports of SARS-CoV-2 being detected
in peripheral nerves aside from the autopsy paper
mentioned above. Cranial mononeuropathies (III,
VI, VII) arising in patients with acute COVID-19
infection have been reported in several case reports,
but it is not clear whether they were caused by
COVID-19 or arose coincidentally with COVID-19
infection [22-27]. Ischemia due to endotheliopathy
associated with COVID-19, immune-mediated
injury and direct viral infection are potential mech-
anisms.

Several COVID-19 vaccinations (virus-vector
and mRNA vaccines) are currently in use. Whether
they can cause peripheral nerve complications is not
definitively known. Bell’s palsy was reported in
vaccine trials, however, the incidence did not
exceed the expected rate in the general population
[28,29%]. One case of GBS arose after the Pfizer
vaccination and the authors suggested an associa-
tion [30]. We reported a case of GBS that occurred
following vaccination in the Johnson & Johnson
trial, however, a placebo-injected patient also devel-
oped GBS shortly thereafter [31,32]. We and others
have emphasized the point that temporal associa-
tion does not prove causality [32-34]. The FDA
recently issued an alert that there may be an
increased risk of GBS with the Johnson & Johnson
vaccine based on ongoing surveillance data.

GBS was not reported as an adverse event in the
clinical trials for the two mRNA COVID-19 vaccines
approved by the United States Food and Drug
Administration [28,35]. Accumulation of safety data
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as more people receive vaccinations will help eluci-
date whether a causal link exists. A history of GBS or
Bell’s palsy is currently not a contraindication for
COVID-19 vaccination [29"], and the benefits of
vaccination in reducing morbidity and mortality
associated with COVID-19 infection certainly out-
weigh the risks in our opinion.

Coronavirus disease-19 and neuromuscular
junction disorders

A few papers reported new onset of myasthenia
gravis (MG) in patients infected with COVID-19
[36,37]. However, perhaps a more likely explanation
is that these cases represent patients with subclinical
MG or subtle symptoms whose symptoms became
unmasked in the setting of an infection. Infection is
a known trigger for acute MG exacerbation [38].
Additionally, patients with COVID-19 infection
may receive medications that can cause MG exacer-
bation. Early in the pandemic, azithromycin or
hydroxychloroquine were often used when thought
to be potentially effective for COVID-19. An interim
analysis from an international, physician-reported
registry found that 36 of 91 (40%) MG patients with
COVID-19 experienced worsening of MG requiring
rescue therapy [39]. Most patients were treated with
IVIG and/or corticosteroids. Twenty-four percent-
age of patients died, whereas 43% had complete
recovery and/or were discharged home.

Ongoing investigations are examining the
impact of COVID-19 infection on neuromuscular
junction (NMJ) disorders, mainly MG. Patients with
MG are at risk of disease exacerbation with infec-
tion, and are often on immunosuppressive therapy
(IST), which raises concerns about the risk of
COVID-19 infection and the ability to mount an
effective immune response. Studies are examining
(1) the incidence of COVID-19 infection in patients
with MG, (2) outcomes in patients with MG infected
with COVID-19 compared to the general popula-
tion, and (3) the effect of IST on outcomes following
COVID-19 infection.

The true incidence of COVID-19 infection in
patients with MG is unknown, but a large American
database study found that 380 of 40,392 patients
with MG (0.94%) were diagnosed with COVID-19 as
of December 2020 [40]. Similarly, a French database
study found that the cumulative incidence of symp-
tomatic COVID-19 among MG patients was 0.96%
(34 of 3,558 patients) [41]. The rate of hospitaliza-
tion ranged from 27 to 69% [39-41]. In total, 10—
26% of patients required ICU admission, and the
mortality rate ranged from 7 to 24% [40,41].

The reported incidence rates are likely under-
estimates, whereas the rates of hospitalization, ICU
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admission, and mortality are likely over-estimates,
as asymptomatic infections (estimated at 5-32%) or
mildly symptomatic infections may go undiagnosed
or unreported in registries [42]. Nevertheless, one
study found that compared to the general popula-
tion, patients with MG were at higher risk of hospi-
talization with an OR of 3, ICU admission (OR 5.2),
intubation (OR 4.6), and death (OR 4.3) [40]. The
elevated risk remained even when compared to age-
and gender-matched controls.

A few retrospective studies examined the impact
of immunosuppressive therapies for MG on the risk
of COVID-19 infection and outcomes. One study
showed that IST did not increase the risk of COVID-
19 infection in patients with chronic autoimmune
neuromuscular disorders, including those with MG
[43%]. Patients with chronic autoimmune neuromus-
cular disorders on IST were more likely than those
not on IST to be hospitalized (OR 2.86) but were not
at increased risk of being admitted to an ICU.
Another study showed that severe baseline MG sta-
tus, but not IST use, was associated with severe
COVID-19 infection (defined as requiring ICU care
or resulting in death) [41].

Guidelines for the management of NMJ disorders
during the pandemic, namely, MG and Lambert-
Eaton myasthenic syndrome (LEMS), recommend
continuing treatment without alteration with strict
social-distancing measures [44™,45]. For patients
considering B-cell depleting therapy (e.g. rituximab),
delaying initiation until after the peak of the out-
break in the patient’s region is advised. In our opin-
ion, thelocal incidence and prevalence of COVID-19,
ability to strictly socially isolate, and vaccination
status should be considered at a minimum. In unvac-
cinated patients, postponing the initiation of B-cell
depleting therapy to at least 2 weeks after vaccination
may be advisable to allow for a sufficient antibody
response.

IVIG is thought unlikely to affect the antibody
response to vaccination, thus there is no recom-
mended minimum interval between IVIG treatment
and vaccination at the time of writing this review
[46]. Although not definitively known, PLEX is
likely to remove antibodies that form in response
to vaccination. Reduction in antibodies against
COVID-19 was observed in a patient with severe
COVID-19 infection who underwent PLEX [47].
Therefore, in patients with MG on maintenance
PLEX or requiring rescue therapy, the risk of
COVID-19 must be carefully weighed against the
benefit of PLEX over alternative treatment options
for MG.

For patients with MG or LEMS who develop
COVID-19 infection, guidelines suggest that current
therapy should be continued, but a temporary pause
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may need to be considered in patients with severe
infection especially if there are concurrent infec-
tions or sepsis [44™].

In sum, retrospective studies suggest that while
the incidence of symptomatic COVID-19 in patients
with MG is low, the risk of hospitalization, ICU
admission and death are relatively high. The use
of IST appears to increase the risk of hospitalization,
but not the risk of ICU admission or death. Further
studies are needed to understand the impact of
COVID-19 on NMJ disorders.

Coronavirus disease-19-associated myopathy

Early on in the pandemic, it became apparent that
COVID-19 can affect skeletal muscle. Myalgia and
fatigue, although not specific for skeletal muscle
injury, occur in 11-70% of patients and creatine
kinase (CK) is elevated in 9-33% [48-52]. Fatigue or
muscle weakness are common lingering symptoms
and are present in 63% as is myalgia in 2% of
patients 6 months after acute infection [53]. Litera-
ture continues to expand on this topic with studies
reporting various myopathic processes potentially
associated with COVID-19, including rhabdomyol-
ysis, myositis, and critical illness myopathy (CIM).

To date, there are more than 30 published case
reports on rhabdomyolysis occurring in patients
with COVID-19. One study found that rhabdomy-
olysis occurred in 1.1% of patients hospitalized with
COVID-19 [48]. Patients with COVID-19 infection
may be prone to known causes of rhabdomyolysis,
such as severe electrolyte imbalance, ischemia, pro-
longed immobility or myotoxicity from medica-
tions, but immune-mediated damage or direct
invasion of myocytes by the virus are additional
possible mechanisms and are discussed further
below.

Mpyositis has been described in a few case reports.
Beydon et al. reported a patient who presented with
diffuse myalgia and lower extremity weakness. The
patient tested positive for COVID-19 and CK was
25,384 U/L [54]. MRI of the thighs showed bilateral
thigh edema suggestive of myositis but a biopsy was
not performed. Zhang et al. described a patient who
presented with respiratory symptoms, myalgia, and
bulbar and generalized weakness [55%]. CK was ele-
vated to 700U/L. Anti-SAE-1, a dermatomyositis-
specific antibody, was detected in the serum (along
with anti-SSA and anti-Ku). Muscle biopsy revealed
perivascular inflammation with endomysial exten-
sion, and abnormal sarcolemmal and sarcoplasmic
expression of major histocompatibility antigen 1
(MHC-1). These biopsy and laboratory findings
led to a speculation that COVID-19-associated myo-
sitis may be dermatomyositis [56]. We also found
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muscle biopsy findings compatible with this
hypothesis in a patient who presented with fever,
myalgia, proximal greater than distal weakness, and
an elevated CK of 29,800 U/L [57%]. Muscle biopsy
revealed mild perivascular inflammation. Immuno-
histochemistry showed abnormal expression of
myxovirus resistance protein A (MxA) and MHC-1
on the sarcolemma and sarcoplasm of perifascicular
muscle fibers, and MxA on capillaries, suggestive of
type-1 interferonopathy as seen in dermatomyositis.
Both patients with myositis on muscle biopsy
received steroids with clinical improvement and
decrease in CK over a couple weeks [55%,57"]. How-
ever, by no means does this imply that a type-1
interferonopathy is the cause of most myopathies
associated with COVID-19.

Whether SARS-CoV-2 directly infects muscle is
unclear. The ACE2 receptor, which is used by SARS-
CoV-2 to infect host cells, is also expressed in skele-
tal muscle, raising the possibility of direct infection
[8,9]. An autopsy study that examined the dia-
phragm muscles of 26 patients who died of
COVID-19 found ACE2 expression predominantly
in the sarcolemma [58]. In 4 cases, COVID-19 RNA
was found in myocytes, indicating that viral infec-
tion is possible. In contrast, Zhang et al. did not find
viral particles by electron microscopy in their case
[55"]. Notably, two large autopsy studies of patients
dying from COVID-19 revealed inflammatory cell
infiltrates, necrotic muscle fibers, MHC-1 expression
on muscle fibers and MxA expression on capillaries
but no evidence of direct viral invasion by immu-
nohistochemistry [59,60].

Finally, ICU acquired weakness (ICUAW), which
includes CIM and critical illness polyneuropathy
(CIP), is not specific to COVID-19 but deserves
mention. Risk factors include prolonged immo-
bility, sepsis, systemic inflammatory response
syndrome and multiorgan failure, which can com-
plicate severe COVID-19 infection [61]. In published
cases, ICUAW was suspected when critically ill
patients with COVID-19 had diffuse weakness
and/or difficulty weaning from mechanical ventila-
tion [62-65]. CK was normal or mildly elevated,
and nerve conduction studies/electromyography
showed myopathic features in CIM or axonal sen-
sorimotor polyneuropathy in CIP. One study
reported muscle biopsies in 3 patients; scattered
necrotic and regenerating fibers were seen in one
patient, and atrophic and regenerating fibers in 2,
which are not specific for but can be seen in CIM
[65]. MHC-1 and membrane attack complex were
not observed. In patients who survived, strength
improved over weeks to months [62,63]. Features
of CIM/CIP following severe COVID-19 infection
appear to be comparable to CIM/CIP from other
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severe illnesses. Type 2 muscle fiber atrophy was
present in most cases one large autopsy series of
patients dying from COVID-19 [59].

CONCLUSION

With rising numbers of cumulative COVID-19
cases by the day and increasing literature on its
manifestations, we are discovering more about the
spectrum of neuromuscular effects of COVID-19.
Some of these complications can have long-lasting
consequences or a protracted recovery period
after the acute illness. As the pandemic continues
on, these issues are likely to be encountered in
clinical practice in the acute and recovery phase.
Further research is needed to fully understand
the spectrum of neuromuscular consequences of
COVID-19, pathogenesis, preventive strategies
and treatment.
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