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Since early in the pandemic, fatigue has been recognized as one
of the most common persistent complaints in individuals infected
with SARS-CoV-2, and constitutes one main symptom of the so-
called long-COVID syndrome. The term fatigue refers to a sus-
tained feeling of tiredness, which can be present at rest; it is not
directly related to physical activity, but can be exacerbated dispro-
portionally by exertion.

Survivors of other recent coronavirus outbreaks, such as severe
acute respiratory syndrome (SARS) in 2002 and Middle East respi-
ratory syndrome (MERS) in 2012 also developed chronic fatigue.
These ’post-infectious’ fatigue syndromes, including long-COVID,
resemble myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS), a chronic disorder of unknown physiopathology charac-
terized by fatigue, post-exertional malaise, chronic muscle or
skeletal pain, and cognitive impairment (‘brain fog’).

Despite it being an extremely disabling symptom, the results of
routine examinations are often normal in patients complaining of
lingering fatigue, a phenomenon that has also led the medical-sci-
entific community to view this condition with skepticism.

In physiology, fatigue is defined as a decrease in the maximal
force-generating capacity of a muscle during exercise. It may result
from peripheral processes distal to the neuromuscular junction
and from central processes controlling the discharge rate of
motoneurons.

Physical fatigue related to both central and peripheral nervous
system dysfunction can be assessed with neurophysiological tech-
niques including transcranial magnetic stimulation (TMS) of the
motor cortex, electrical stimulation of nerve trunks or intramuscu-
lar nerve fibers, and electromyography (EMG) recordings.

In August 2021, the first study showing myopathic changes in
quantitative EMG (qEMG) in long-COVID patients with muscu-
loskeletal symptoms was published (Agergaard et al., 2021). The
same authors demonstrated myopathic qEMG features and
histopathological changes in skeletal muscle biopsies in 16
patients with complaints of fatigue, myalgia, and/or weakness per-
sisting for up to 14 months after mild to moderate COVID-19
(Hejbøl et al., 2022). The wide variety of histological changes in
this study, including muscle fiber atrophy, mitochondrial changes,
subsarcolemmal accumulation, inflammation, capillaries alter-
ation, suggests that skeletal muscle may be a major target of
SARS-CoV-2.

On the opposite side of the neuroaxis, dysfunction in the activ-
ity of the primary motor cortex and reduced corticomotor output
may underlie fatigue.
Published by E
The first TMS study on motor cortex physiology was conducted
on 12 patients with long-term fatigue and ‘brain fog’ after severe
COVID-19 (Ortelli et al., 2021). It showed disruption of the physi-
ological mechanism of post-contraction depression, i.e., the tran-
sient decrease in the amplitude of motor evoked potentials and
prolongation of the cortical silent period after a fatiguing motor
task, which depends on cortical inhibitory mechanisms and has
the protective purpose of preventing muscle overload. Impairment
of intracortical GABAergic activity, as indicated by disrupted long-
interval intracortical inhibition, together with reduced excitability
of the primary motor cortex was subsequently demonstrated in 67
patients with fatigue and cognitive difficulties after mild COVID-19
(Ortelli et al., 2022). These patients also presented selective deficits
in executive functions. Based on these findings, the authors pro-
posed that fatigue depends on altered excitability and neurotrans-
mission within the motor cortex at rest, and on abnormal
reactivity to muscular exercise. In addition, reduced executive con-
trol may contribute to exacerbating poor physical performance and
fatigue tolerance (Ortelli et al., 2022).

These objective neurophysiological and histopathological find-
ings showed for the first time that fatigue may due both to patho-
logical processes in the muscle (the effector of the motor
command) and/or at the site of motor command processing. The
mechanisms of chronic dysfunction of neural and muscle cells
may be sustained by inflammation or dysimmunity, triggered by
SARS-COV-2 in predisposed individuals.

Immune-inflammatory and neuroendocrine mechanisms have
also been implicated in ME/CFS. In particular, increased production
of autoantibodies against CNS and autonomic nervous system tar-
gets, such as the ß2 adrenergic receptor (ß2AdR), have been docu-
mented (Wirth et al., 2021). As ß2AdR are important vasodilators,
their functional disturbance may result in vasoconstriction and
hypoxemia with chronic muscular and cerebral hypoperfusion.

The COVID-19 pandemic is likely to greatly increase the inci-
dence of ME/CFS, so that the intense research on the pathophysio-
logical mechanisms of fatigue in long-COVID can help to shed light
on a poorly understood and underestimated syndrome. Neuro-
physiological tests may be potential biomarkers for these enig-
matic entities (Haykal and Menkes, 2023).
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