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Abstract

Introduction Coronavirus disease 2019 (COVID-19) is associated to neuromuscular symptoms in up to 10.7% of hospital-
ized patients. Nevertheless, the extent of muscular involvement in infected subjects with no signs of myopathy has never
been assessed with neurophysiological investigations.

Methods Over a 3-week period — from April 30 through May 20, 2020 — a total of 70 patients were hospitalized in the
Internal Medicine Ward of the Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico in Milan, Italy. After exclud-
ing patients who underwent invasive ventilation and steroid treatment, 12 patients were evaluated. Nerve conduction stud-
ies (NCS) included the analysis of conduction velocity, amplitude, and latency for bilateral motor tibial, ulnar nerves, and
sensory sural and radial nerves. Unilateral concentric-needle electromyography (EMG) was performed evaluating at least 4
areas of 8 selected muscles. For each muscle, spontaneous activity at rest, morphology, and recruitment of motor unit action
potentials (MUAPs) were evaluated.

Results While nerve conduction studies were unremarkable, needle electromyography showed myopathic changes in 6 out
of 12 subjects. All patients were asymptomatic for muscular involvement. Clinical features and laboratory findings did not
show relevant differences between patients with and without myopathic changes.

Conclusion Our data show that in SARS-CoV-2 infection muscular involvement can occur despite the absence of clinical
signs or symptoms and should be considered part of the disease spectrum. The application of muscle biopsy to unravel the
mechanisms of myofiber damage on tissue specimens could help to clarify the pathogenesis and the treatment response of
coronavirus-mediated injury.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was detected in Wuhan, China, in December 2019.
The disease (COVID-19) spread rapidly into a worldwide
pandemic causing severe morbidity and mortality. It is
mainly considered a respiratory disease, and valuable
descriptions about its pulmonary involvement are largely
provided by literature. Apart from prominent lung injury,
neuromuscular symptoms including muscle weakness and
myalgia are encountered in up to 10.7% of hospitalized
patients affected by COVID-19 [1].

Other similar human coronaviruses, such as the Mid-
dle East respiratory syndrome virus (MERS-CoV) and the
severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1), have been previously associated with neurologi-
cal complications and skeletal muscle injury [2, 3]. It is
tempting to speculate that SARS-Cov-2 may share the
same tropism and could lead to neuromuscular damage as
its akin viruses.

Cabaifies-Martinez and Villadéniga [4] extensively
assessed the prevalence and the characteristics of neuro-
muscular involvement in twelve intensive care unit (ICU)
patients affected by COVID-19. Signs of critical illness
myopathy (CIM) and polyneuropathy (CIP) were docu-
mented in 11 out of 12 patients with nerve conduction
studies (NCS), quantitative EMG, and muscle biopsy,
although no distinctive pattern of neuromuscular involve-
ment was found. In line with these results, Versace and
Bagnato described 3 cases of CIM after SARS-Cov-2
infection and came to similar conclusions [5, 6].

CIM has been described as a potential confounding factor
during the identification of SARS-Cov-1-related myopathy
[3]; in addition to that, the ICU setting and the need of per-
sonal protection equipment may compromise the accurate
detection of myopathic involvement in such patients.

To precisely assess the extent of primary neuromuscular
involvement in SARS-Cov-2 infection, we focused on a
subset of non-severe COVID-19 patients.

Methods

The study was approved by the ethics committee of Fondazi-
one IRCCS Ca’ Granda Ospedale Maggiore Policlinico, and
written informed consent was obtained from all patients.

Over a 3-week period — from April 30 through May
20, 2020 — a total of 70 patients affected by COVID-19
were hospitalized in one of the Internal Medicine wards
of the Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico in Milan, Italy.
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We focused on patients aged from 18 to 80 years. COVID-
19 diagnosis was confirmed with polymerase chain reaction
on at least 2 nasopharyngeal swabs performed before and
after our evaluation.

To avoid the inclusion of patients affected by intensive
care unit acquired weakness (ICUAW) that can be caused
either by critical illness myopathy (CIM) or polyneuropa-
thy (CIP) [7], we excluded patients who underwent invasive
ventilation. Patients undergoing steroid treatment were also
excluded to avoid misinterpretation of data due to the pos-
sibility of steroid-induced myopathy.

Twelve patients fulfilling these criteria were enrolled.

We tested muscle strength in functional limb muscle
groups with the Medical Research Council (MRC) scale;
then, we combined individual MRC scores into a sum score,
in order to yield an overall estimation of motor function.
This score was defined as the sum of MRC from six mus-
cle groups in the upper and lower limbs on both sides so
that the score ranged from 60 (normal) to O (quadriplegic).
Each of the six muscle groups (shoulder abductors, elbow
flexors, wrist extensor, hip flexor, knee extensors, foot dor-
siflexors) was examined bilaterally each with a score from 0
to 5 [8]. Neurological evaluation and MRC sum score were
performed by a trained neurologist immediately before the
neurophysiological investigation that was carried out by
2 different trained neurophysiologists in a double-blind
assessment.

The patients’ medical records were reviewed with par-
ticular attention to their clinical presentations, laboratory
findings, COVID-19-related therapies, and clinical courses.

Nerve conduction studies (NCS) were performed in all
patients; the protocol included the analysis of conduction
velocity, amplitude and latency for bilateral motor tibial,
ulnar nerves and sensory sural and radial nerves. Sensory
NCS were conducted with antidromic stimulation.

Concentric-needle electromyography (EMG) was per-
formed evaluating at least 4 areas of each muscle tested.
For all subjects, the electromyographic protocol included
unilateral examination of the following muscles: trapezius,
deltoid, extensor digitorum communis, first dorsal interos-
seus, iliopsoas, vastus medialis, tibialis anterior, and gas-
trocnemius medialis. For each muscle, spontaneous activity
at rest, morphology, and recruitment of motor unit action
potentials (MUAPs) were evaluated.

Quantitative EMG was performed when possible: mean
amplitude and duration of motor unit potentials (MUP) were
measured, as well as the percentage of polyphasic potentials.
The recruitment pattern was also evaluated in those cases
where the clinical situation of the patient allowed it. EMG
interpretation was completed by 2 trained neurophysiologists
immediately after the conclusion of the respective measure-
ment, based on the characteristics of the EMG waveforms
(high-pass filter set to 10 Hz, low-pass filter setting 10 kHz).



Neurological Sciences (2021) 42:3973-3979

3975

Epochs of 200 ms were displayed on-screen by setting the
sweep speed to 10 ms/division.

Results

A total of 12 patients were included in this study. Mean age
was 69 (SD 12.80) years, and 7 patients were women. None
of the patients exhibited neuromuscular symptoms during
the disease course. Reported symptoms were as follows:
fever (10 (83%)), cough (8 (67%)), dyspnea (6 (50%)), diar-
rhea (4 (33%)), and conjunctivitis (2 (17%)). All patients
showed mild to moderate respiratory symptoms and chest
X rays were suggestive of pneumonia. The main comorbid-
ity was hypertension (6 (50%)). Overall, 3 patients (25%)
were started on hydroxychloroquine at admission, 3 (25%)
were started on remdesivir and only one (8%) was treated
with both. Four patients (33%) received statins before
hospitalization.

Neurological examination was unremarkable and all the
subjects obtained a MRC sum score of 60.

None of the patients showed an elevation of the serum
creatine phosphokinase (CPK) (mean 59.9-SD 37.18)
or serum lactate dehydrogenase (LDH) (mean 298.3-SD
165.20) levels performed before the neurophysiological
assessment. Compared to laboratory normative values, our
population had high mean levels of C-reactive protein (CRP)
(mean 2.54 mg/dL-SD 2.67), D-dimer (mean 2570 ug/L-SD
1778.88), fibrinogen (mean 535 pug/L-SD 131.93), and fer-
ritin (mean 900 pg/dL—-SD 488.67).

Clinical evaluation and neurophysiological assessment
were performed from 5 to 48 (mean 21.83-SD 15.25) days
after symptoms onset.

The clinical features and the laboratory findings of the
cohort are summarized in Table 1.

No NCS abnormalities were found except the absence
of bilateral sural sensory action potential (SAP) in patient
12, which was already reported in a previous evaluation and
likely due to diabetes.

Short-duration, low-amplitude, polyphasic, and high-
pitch MUAPS with a characteristic early recruitment pattern
as described by Dauber and Rubin [9] were documented in
6 out of 12 subjects. All of these studies were concluded as
having electromyographic signs of myopathy. Such altera-
tions were prominent in a patchy fashion, in particular in
proximal muscles such as trapezius (6 (50%)), iliopsoas (4
(33%)), and deltoid (1 (8%)). No spontaneous activities were
recorded (Fig. 1 and Supplementary Material).

Given the exiguity of our cohort, we could not perform
statistical correlations between muscle involvement, demo-
graphic data, pharmacological treatment, and blood tests.
However, the levels of fibrinogen, CPK, D-dimer, and
C-reactive protein did not show relevant differences between

the two groups. When compared to non-myopathic subjects,
patients with myopathic alterations exhibited more severe
respiratory conditions according to the need for non-invasive
mechanic ventilation (NIMV).

Discussion

The present report documents subclinical myopathic changes
in 6 out of 12 patients infected with SARS-Cov-2. To our
knowledge, this is the first description of muscular involve-
ment with neurophysiological assessment in COVID-19-af-
fected patients with no signs of myopathy.

Other coronavirus infections have been previously asso-
ciated with skeletal muscle injury, despite viral cultures
yielding no organisms [3]. A metallopeptidase named angi-
otensin-converting enzyme 2 (ACE2) has been identified as
the functional receptor for SARS-Cov-1 and SARS-Cov-2.
SARS-Cov-2 spike protein directly binds with the host cell
surface ACE2 receptor promoting virus entry and replication
[10]. ACE2 expression in skeletal muscle has been previ-
ously reported [11] suggesting that SARS-Cov-2 may have
skeletal muscle tropism directly causing muscular damage.
Another possible mechanism of muscular involvement could
imply an overactive immune state promoted by cytokines
storm and molecular mimicry between specific viral and
muscular proteins [12]. Inflammatory cytokine storm in
addition with coagulopathy and macrophage activation has
been reported as the primary pathogenetic mechanism that
causes interstitial pneumonia and damage to extrapulmonary
tissues and organs in COVID-19; skeletal muscular dam-
age may be due to the same process [5, 13]. Cytokines play
a key role in initiating, propagating, and regulating tissue-
specific autoimmune injury. This pathway is thought to be
implied in two-thirds of Guillain Barré syndrome (GBS)
cases [14]. Five GBS cases have been documented in Italy
after SARS-Cov-2 infection [15, 16] although a clear cause-
effect relation has not been elucidated yet [17]. Further-
more, both acute motor axonal neuropathy (AMAN) and
acute inflammatory demyelinating polyneuropathy (AIDP)
variants have been reported after SARS-Cov-1 infections
[18]. However, in our population, myopathic patients do not
seem to exhibit higher inflammatory state compared to non-
myopathic subjects.

In a recent case series, Mao and colleagues described
muscular involvement in 19.3% of severe and 4.8% of non-
severe COVID-19 patients [1]. These authors defined as
“skeletal muscle injury” the presence of both muscle pain
and elevated CPK serum level (>200 U/L). However, in our
cohort, despite myopathic changes on EMG, the neurologi-
cal examination including MRC sum score was normal in
all subjects, as was the CPK serum level performed before
the neurophysiological assessment. Furthermore, motor
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Fig. 1 Myopathic pattern:
short duration, small amplitude
(mean: 3.9 ms, 319 uV) and
polyphasic motor unit poten-
tials of the trapezius muscle in
patient 11
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peripheral neuropathy with bilateral low limb weakness
has been well described by Abdelnour et al. as a presenting
manifestation in SARS-Cov-2 infection [19]. When com-
paring our results to those of Mao and Abdelnour, it must
be pointed out that they did not perform EMG to quantify
skeletal muscle injury. Despite the good accuracy [8], the
MRC grading system and related multi-item constructed
sum-scores have a methodological shortcoming that could
lead to examiners’ disagreement mainly regarding scores
4 and 5 [20]. A possible explanation could be that during
MRC administration the resistance applied by the examiner
to differentiate between scores 4 and 5 is somehow arbitrary.
The need of personal protection equipment may have inter-
fered with clinical evaluation; therefore, we cannot exclude
to have incurred in misclassification between scores 4 and 5.
Since it is challenging to identify subtle muscular weakness
with MRC grading system, in our cohort, EMG may have
been helpful in unravelling MUAP alterations in affected
muscles that are not weak on neurologic examination [21].

CPK levels are typically increased in muscle necrosis or
muscle membrane leakage, although direct correspondence
between the laboratory and EMG findings is not consist-
ently found [22]. In our population, myopathic pattern was
documented only in limited areas of each affected muscle,
suggesting a patchy myofiber involvement. It is likely that
CPK serum level sensitivity is lower in such a scenario. In
line with our results, Daia et al. have hypothesized a tempo-
rary myopathic injury without persistently elevated enzymes
after SARS-Cov-2 infection [23].

200 pv

10 ms

To date, COVID-19 treatment is not standardized; thus,
our patients underwent different drug protocols. We cannot
exclude a priori the role of pharmacological treatments as
a possible confounder in our findings. Hydroxychloroquine
may interfere with viral entry via ACE 2 binding [24, 25].
Irritability, psychosis, peripheral neuropathy, and myopathy
are reported as possible neurologic adverse effects [26, 27].
In our cohort, 4 patients were started on hydroxychloro-
quine; however, none of them exhibited myopathic changes
at neurophysiological assessment. Remdesivir, a nucleotide
analogue prodrug that inhibits viral RNA polymerases, has
shown in vitro activity against SARS-Cov-2 [28]. Literature
about potential neuromuscular adverse effects is scant. In
patients with severe inflammatory disease, cytokine release
may be reduced by tocilizumab administration [29]. To our
knowledge, no muscular adverse effects are reported. Statin
treatment can make skeletal muscles susceptible to myopa-
thy and consequently alter electromyographic results [30].
However, simvastatin was taken by 4 patients in our cohort
and none of them showed myopathic pattern on EMG.

The main limitation of this study is the small size of our
cohort that prevented us to assert actual prevalence of neuro-
muscular involvement in patients affected by COVID-19. In
order to achieve the best reliability of our analyses, we set-
tled rigid inclusion criteria to avoid misclassification, above
all ICUAW and steroid myopathy. Even though limiting the
power our analysis, the possibility to focus on a homogene-
ous subgroup allowed us to minimize the effect of all pos-
sible confounders.
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In addition to that, the latency between COVID-19
symptoms onset and neurophysiological evaluation was
heterogeneous among all subjects. In fact, this limitation
forbade us to unravel the actual onset as well as the evolu-
tion of COVID-19-related muscular injury. The employ-
ment of EMG in a wider spectrum of patients including
different disease severity and the longitudinal analysis of
myopathic changes could shed light on the natural his-
tory of this condition. Fatigue and musculoskeletal injury
are reported in both ICU and non-ICU patients 4 weeks
after discharge from hospital as described by Halpin in the
post-COVID syndrome [31]. However, predictive factors
for developing post-COVID syndrome are not well estab-
lished yet. It is tempting to speculate that myopathic dam-
age could play a key role in developing musculoskeletal
symptoms later, such as weakness, pain, and fatigue. In
this scenario, EMG may help to early identify rehabilita-
tion needs and maximize the functional return of patients
infected by SARS-Cov-2. Nevertheless, the analysis of tis-
sue specimen from muscle biopsy seems to be necessary
to ascertain the actual mechanisms of myofiber damage.

Another limitation of this study is the lack of a con-
trol group represented by patients admitted to a Medicine
Ward for pathologies different from COVID-19. Therefore,
the abnormalities reported may be due to the simple hos-
pitalization, drugs, or concurrent pathologies. However,
to our best knowledge, no data regarding patients without
muscular injury admitted to a medicine ward develop-
ing myopathic pattern on EMG are actually available in
literature.

In conclusion, our data show that muscular involvement
occurs in SARS-Cov-2 infection despite the absence of
clinical signs or symptoms and should be considered part
of the disease spectrum. Further studies are warranted to
document the actual prevalence of this manifestation, as
to clarify the pathogenesis and the treatment response of
COVID-19 myopathy.
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