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Abstract

Introduction. The COVID-19 pandemic has brought short, medium, and long-
term consequences on the quality of life of those affected. Among the complica-
tions are those related to the involvement of the nervous system and the structures
involved in body movement, with sequelae that may be transitory and/or definitive,
and require rehabilitation.

Objective. Identify the neuromuscular alterations that affect body movement, asso-
ciated with COVID-19.

Material and methods. A search was made for observational works published in
the SCOPUS, PubMed, EBSCO, and Nature databases between January 2020 and
June 2022 under the PRISMA methodology, to answer the PICO question: what are
the neuromuscular alterations that can potentially affect movement, associated with
COVID-19? The established filters were type of study, language, age, availability,
publication dates. The MeSH terms were SARS-Cov-2, COVID-19, Long Covid,
Motor Activity Neuromuscular Diseases, Neurological Disorders, Guillain-Barré
Syndrome, Myelitis Transverse, Stroke, Patient, Peripheral Nervous System Diseases.
The methodological quality was evaluated according to STROBE and the level of
evidence was established according to CEBM.

Results. In the first search, 645 articles were identified. 637 were discarded by fil-
ters, titles, duplicate abstracts, methodological quality, and level of evidence. There
were 8 articles selected for the present review in which neuromuscular alterations of
central and peripheral origin were identified, such as myalgias, fatigue, polyneurora-
diculopathies, CNS inflammation, among others, with clinical manifestations that
affect movement.

Conclusion. COVID-19 is a multisystemic disease that can affect the nervous sys-
tem with symptoms of neuromuscular alterations that compromise body movement.
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Resumen

Introduccion. La pandemia por la COVID-19 ha traido consecuencias a corto,
mediano y largo plazo sobre la calidad de vida de los afectados. Entre las complica-
ciones se encuentran aquellas relacionadas con la afectacion del sistema nervioso y
las estructuras involucradas en el movimiento corporal, con secuelas que pueden ser
transitorias y/o definitivas, y requieren rehabilitacion

Objetivo. Identificar las alteraciones neuromusculares que afectan el movimiento

corporal, asociadas a la COVID-19.

Material y métodos. Se hizo una busqueda de trabajos observacionales publica-
dos en las bases de datos SCOPUS, PubMed, EBSCO y Nature entre enero de 2020
y junio de 2022 bajo metodologia PRISMA, para dar respuesta a la pregunta PICO:
¢cuales son las alteraciones neuromusculares que potencialmente pueden afectar el
movimiento, asociadas a la COVID-19? Los filtros establecidos fueron tipo de estu-
dio, idioma, edad, disponibilidad y fechas de publicacion. Los términos MesH fueron
SARS-Cov-2, COVID-19, Long Covid, Motor Activity Neuromuscular Diseases,
Neurological Disorders, Guillain-Barré Syndrome, Myelitis Transverse, Stroke, Pa-
tient, Peripheral Nervous System Diseases. La calidad metodologica se evalu6 segiin
STROBE vy el nivel de evidencia se establecié segin CEBM.

Resultados. En la primera basqueda se identificaron 645 articulos. Posteriormente
se descartaron 637 por filtros, titulos, resimenes duplicados, calidad metodologica
y nivel de evidencia. Asi, quedaron seleccionados 8 para la presente revision, en los
cuales se identificé alteraciones neuromusculares de origen central y periférico, como
mialgias, fatiga, polineuroradiculopatias, inflamacion del SNC, entre otras, con ma-
nifestaciones clinicas que afectan el movimiento.

Conclusion. La COVID-19 es una enfermedad multisistémica que puede afectar
el sistema nervioso con sintomas de alteraciones neuromusculares que comprometen
el movimiento corporal.

Palabras clave

SARS-Cov-2, COVID-19; Long Covid; Desorden de la actividad neuromuscular;
desordenes neurologicos; Sindrome de Guillain Barre; Mielitis Transversa; Ataque;
Paciente; Desorden del sistema nervioso periférico.

Introduction

The new coronavirus, discovered in China and identified as SARS-CoV-2, is a zoo-
notic- type beta coronavirus virus [1], which has an unprecedented global morbid-
ity and mortality [2]. The Pan-American Health Organization (PAHO) [3] report-
ed on July I, 2022, a total of 163,260,535 cumulative cases in the Region of the
Americas, of which 2,762,900 were cumulative deaths and 160,497,635 were the
total of recovered cases. A study from November 24, 2021 to February 27, 2022 on
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the Omicron variant of SARS- CoV worldwide found an increase in cases of 41.50% [4].
One of the countries with high mortality in Latin America is Mexico, with 325,793 deaths
in July 2022 [5]. In Colombia, the National Institute of Health reported for the same date
6,175,181 confirmed cases, of which 140,070 were deaths and 5,984,546 were the total of
recovered cases [6].

Studies indicate that the disease caused by SARS-CoV-2, called COVID-19 by the World
Health Organization (WHO), is the cause of a cytokine storm with a post-inflammatory
state, which leads to vascular complications and hypercoagulability, generating an increased
risk of cerebrovascular disease (CVD), involvement of structures involved in motor control
with signs and symptoms of dysfunction for control, movement regulation and neuromuscu-
lar complications that affect motor skills and put the life of those who suffer from it at risk
[7]. Some authors neurologically evaluated patients admitted to intensive care units (ICU)
due to COVID-19 and found neuromuscular pathology (16.66%), cerebrovascular pathology
(13.33%) and encephalopathies/encephalitis (13.33%) [8]. Other authors also observed that
ICU stay results in greater movement restriction, due to prolonged periods in bed, which
poses an additional risk of muscle loss, especially in older people [9].

Emerging alterations associated with COVID-19 with motor impairment and great lethal
potential have also been identified, among which is Guillain-Barré syndrome, an autoimmune
neurological disease [10], due to the formation of autoantibodies that direct their activity
towards myelin sheaths [11]. On the other hand, rapid demyelination has been observed,
leading to transverse myelitis [12], which usually occur in the acute period of the disease.
There are other lasting symptoms in patients recovering from an acute phase and are called
post-acute COVID-19 syndrome or post-acute sequelae of SARS- CoV-2 infection (PASC)
or long/Covid, where several neuromuscular symptoms and manifestations are also present
[13] with motor alterations.

All patients with COVID-19 are potentially at risk of developing these diseases, whose
pathophysiological mechanisms are exacerbated by the autoimmune and hyperinflammato-
ry responses of the disease, leaving sequelae susceptible to intervention from rehabilitation.
Despite the impact on patients’ quality of life, in the search for information for the present re-
view, no studies were found that group or consolidate neuromuscular alterations, their sequel-
ae or their approaches from rehabilitation. Being aware of this is essential for teams to detect
complicated cases early. Therefore, it is considered that the present study can strengthen the
evidence that helps save lives and reduce disability. The present review aimed to identify the
neuromuscular alterations associated with COVID-19 in adult patients over 18 years of age
through a review of scientific literature.

Materials and methods
A review of scientific literature was made to answer the PICO question: What are the neuro-
muscular alterations associated with COVID-19?

Selection criteria and search strategy

We conducted a comprehensive search of articles between June 27th 2022 and July 25th
2022 in SCOPUS, PubMed, EBSCO and Nature databases. The established limits were:
publications of observational studies in full text, written in Spanish, English and Portuguese,
published in the last 10 years, with emphasis on 2020-2022.
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The terms MesH were used: “SARS-Cov-27, “COVID-19”, “Long Covid”, “Motor activi-
ty neuromuscular diseases”, “Neurological disorders”, “Guillain-Barré Syndrome”, “Myelitis
transverse”, “Stroke, patient” and “Peripheral nervous system discases”. They were com-
bined with the Bolegan operators AND or NO'T and entered into the selected databases.

Inclusion criteria

We included observational studies referring to patients with COVID-19 and/or Long Covid,
whose disease presented or presented with alterations of the central nervous system and/or
neuromuscular, male and female, over 18 years of age, hospitalized and not hospitalized.

Exclusion criteria

Studies of patients who completed or were suffering from COVID-19 without neurological
and/or neuromuscular complications were excluded; those studies that included COVID-19
patients with pre-existing neuromuscular diseases and/or alterations that could induce bias-
es in the results.

Data extraction

The search was done separately by the researchers and the selection was made by consensus.
After applying the filters and excluding titles and abstracts, duplicity, language, date of publi-
cation and not meeting inclusion criteria, the results were evaluated for methodological quality
through Strengthening the Reporting of Observational studies in Epidemiology (STROBE),
applying as a minimum compliance of 75% of the items (contains 22 items). The level of ev-
idence was assessed with the protocol of the Centre for Evidence-Based Medicine of Oxford
(CEBM), choosing those studies with a high level of evidence and degrees of recommendation
(see Table 1). The information that allowed the answer to the PICO question was extracted.

Results

Results Search

At the end of the selection of the first search, a total of 645 articles were obtained (PubMed, 74;
SCOPUS, 185; EBSCO, 76; Nature, 310). After going through the different filters, 69 articles
remained for analysis (PubMed, 23; SCOPUS, 20; EBSCO, 22; Nature, 4). De these were ex-
cluded 49 for not meeting criteria, leaving 20, to which evaluation of the methodological quality
was made, leaving 9 preselected. We excluded 1 and selected 8 for the present review (Iigure 1).

Study characteristics

Table 1 shows the characteristics of each of the studies [8,13-19], 1.e. their identification with
reference, participant data, type of intervention, comparison (whether or not present), out-
come, and type of study. These parameters were evaluated with the guidance of the acronym
PICOS. We included studies developed in countries such as the United States, Italy, Turkey,
Egypt and Switzerland.

Risk of bias

In terms of risk of bias, we found that methods differed for each study, which could lead to
bias. However, each author made the mechanisms explicit.

Heterogeneity analysis
We found that the studies analyzed differed in terms of population selection and measure-
ment instruments.
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Article title

Predictors of long
covid 19 syndrome
[15]

Authors

Mady AF, Ab-
delfattah RA,
Kamel FMM,
AbdelNaiem
ASM, AbdelGh-
anyWM, Ab-
delaziz AO.

Participations
(PICOS)

N =164

Intervention (PICOS)

To assess symptoms
that persist after the
acute stage of illness in
a cohort of patientswith
suspected or confirmed
COVID 19and to define
predictors of prolonged
COVID syndrome.

Comparison
(PICOS)

Patients with
priorconfir-
mation or high
suspicion of
COVID-19 treat-
edat El-Minia
University
Chest Hospital

Outcome (PICOS)

The most frequently reported
neuromuscular symptoms
were chronic fatigue and neu-
ropathy (15.2%); vertigo and
headache (9.1%), arthralgias
and myalgias(6.1%).

Study Design
(PICOS)
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cohort
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Apply transcranial
magnetic stimulation
(TMS) to explore the

Patients with
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talAssessment Battery (12.2
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Article title

patients that indi-

Evolving phenotypes
of non-hospitalized

cate long COVID [18]

Authors

Estiri H, Strass-
er ZH, Brat

GA, Semenov
YR,Aaron JR,
Agapito G, etal.

Participations
(PICOS)

N =96.025

Intervention (PICOS)

Accurate identification
of the phenotypes of
post-acute sequelae of
COVID-19

Comparison
(PICOS)

Live and non-
hospitalized
patients. who
underwent
SARS-CoV-2
reverse tran-
scriptase poly-
merase chain
reaction tests

Outcome (PICOS)

33 phenotypes, including
chronic fatigue and muscle
weakness, were identified as
more frequent post-acute se-
guelae of COVID-19 (PASC)in
non-hospitalized patients.
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group (p< 0.05)
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Articles identified in
the databases

[n = 645]
( \
| Articles removed by present
filters
l [n = 576]
. J/
Post-Analysis Abstract Articles ~ N
[n =69] Excluded articles
[n = 49]

Letter to editor [6],
clinical notes [7], view point [1],
overview [5],
clinical case [4], review [13],
systematic review [8],
does not meet inclusidn criteria [5]
Complete studies analyzed \. J
[n=20]

—

| Studies excluded due to low
methodological quality
l n=11]

Preselected studies
[n=9]

| Studies excluded due to low
level of evidence (CEBM)
l [n=1]

Studies included for
systematic review
[n=8]

Figure 1. Diagram, search, sorting, and item selection

Synthesis of results
The present review allowed us to identify that, associated with COVID-19, there are transient
and/or definitive neuromuscular alterations of central and/or peripheral origin that affect

movement, and therefore the functionality and functioning of those who suffer from it [8,13-
19]. About that:

The objective of Masuccio et al. [8] was to establish the outcome of patients with GBS
assoclated with COVID-19, using the Barthel index and disability of 11 patients. In this
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cohort, a higher than expected prevalence of acute motor axonal neuropathy was detected.
The COVID-19-related GBS group did not have any complications. After a mean of 10.11
months (DE = 4.46 months), 55.55% of patients regained autonomous gait.

The aim of Karaarslan et al. [13] was to document characteristics related to the severity,
type, and location of rheumatic and musculoskeletal symptoms in 300 COVID-19 survivors
aged 18 to 70 years. They found at three months that 74.6% had at least one rheumatic and
musculoskeletal symptom (myalgia, arthralgia, low back pain); and at 6 months, 43.2% had at
least one rheumatic and musculoskeletal symptom (myalgia, arthralgia, low back pain). These
manifestations are mainly due to changes at the musculoskeletal level manifested by muscle
atrophy, and the limitations for movements were partly produced by physical inactivity as a
consequence of the disease [8].

The objective of Avenali et al. [14] was to illustrate neurophysiological and functional
recovery in 5 patients with para-infection and post-infection neurological syndromes (PINS)
after COVID-19, who were followed for six months. The group of patients presented with
inflammation of the central and peripheral nervous system in response to SarsCov?2 infection,
manifested by polyneuroradiculopathy, acute motor and sensory axonal neuropathy, trans-
verse myelitis. They concluded that patients with peripheral involvement had a worse prog-
nosis than those at the central level.

The objective of Mady et al. [15] was to assess symptoms that persisted after the acute stage
of disease in 164 patients with more than three months of disease progression. They identi-
fied chronic fatigue and neuropathy (15.2%), chronic dyspnea in 9.8%, mostly in severe cases,
vertigo and headache in 9.1%, musculoskeletal symptoms in 6.1% and skin lesions in 3.7%.

The objective of Versace et al. [16] was to explore the activity of major inhibitory intracor-
tical circuits within the primary motor cortex (M1) in a sample of 12 patients complaining of
fatigue and presenting with executive dysfunction after resolution of COVID-19 with neuro-
logical manifestations. They observed changes in cortical synaptic currents that may develop
persistent symptoms even after the disease, such as reduction in inhibition of the primary
motor cortex (M), as disruption of GABA energetic intracortical circuits (responsible for
supplying signals for functional output of the brain), mediated by short-interval intracortical
inhibition through transcranial magnetic stimulation (p < 0.001), with motor symptoms such
as fatigue and some alterations in executive functions.

The objective of Villa et al. [17] was to assess the extent of primary neuromuscular in-
volvement in SarsCov2 infection in a group of 70 patients aged 18 to 70 years, 12 of whom
did not have severe disease at three-week follow-up. They found myopathic changes with nee-
dle electromyography (6/12) prominent in the trapezius (50%), iliopsoas (33%) and deltoid
(8%) muscles; all asymptomatic in muscular symptoms.

The objective of Estiri et al. [18] was to identify the phenotypes of post-acute sequelae
of COVID-19 in 96,025 subjects. We identified 33 phenotypes among different age/gender
cohorts or time windows that were positively associated with a previous SARS-CoV infection.
These phenotypes include chest pain (OR 1.27, 95% CI [1.09— 1.48]), chronic fatigue syn-
drome (OR 2.60, 95% CI [1.22-2.10]), shortness of breath (OR 1.41, 95% CI [1.22—1.64]),
pneumonia (OR 1.66, 95% CI [1.28-2.16])). In addition, type 2 diabetes mellitus (OR 1.41,
95% CI [1.22-1.64]) is one of the most significant indicators of a past COVID-19 infection.
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On the other hand, more new phenotypes were found with greater confidence among cohorts
younger than 65 years.

The objective of Agergaard et al. [19] was to investigate peripheral nerve and electrophysio-
logical muscle function in 20 patients with persistent neuromuscular symptoms after COVID-19.
Results included reduction in motor unit potential in the biceps brachii, vastus medial and tib-
ialis anterior, compared to control (p < 0.0001); physical fatigue and myalgia, compared to the
control group, was more common in patients with electromyography (p < 0.03).

Neurological problems affecting motor activity had in some studies a worse diagnosis and
prognosis in patients hospitalized in ICU. Frontera et al. [20] reported that 91% of patients
had at least one abnormal result in six months and those with neurological complications
during hospitalization were unable to comply with activities of daily living (CI 0.29-.74,
p=0.01) and only 41% were able to return to work normally during that period, compared to
64% of patients without neurological complications.

Discussion

In the present review, neuromuscular alterations were identified in patients with COVID- 19
as a complication derived from it, although with different mechanisms of action; involvement
with signs and symptoms of different structures of the central and peripheral nervous sys-
tem, which affects the control and regulation of movement. Among the manifestations were
diseases that have their own physio-pathogenesis exacerbated by the infectious and hyperin-
flammatory state.

Neuromuscular alterations may be due to the penetration of SARS-CoV-2 into neurons,
which can alter their cellular processes, such as mitochondrial dysfunction and lysosome dam-
age, by inducing an increase in reactive oxygen species (ROS), protein misfolding/aggrega-
tion, and ultimately cell death [11,21]. This makes the SARS-CoV-2 virus not strictly neuro-
tropic, unlike other coronaviruses previously found [22,23].

However, COVID-19 infection has been associated with a variety of neuromuscular com-
plications ranging from nonspecific and moderate symptoms, such as headache, myalgia, and
hyposmia, to severe symptoms, such as cerebrovascular disease, encephalitis, encephalopathy,
multiple sclerosis, mobility and ataxia disorders, peripheral neuropathy, neuromuscular junc-
tion disease, and muscle disorders [23,24], most identified in the present study, which may
occur during the water phase of infection or as post-viral manifestations [6].

CVD was identified in one of the affectations of central origin. Some authors such as Wirth
et al. [25] observed that these occurred in younger subjects with moderate to severe disease
and in 1-5% of hospitalized GOVID-19 patients, because the novel coronavirus induces a hy-
percoagulable state, causing elevated D-dimer and fibrinogen levels. Another possible mech-
anism is represented by endothelial dysfunction, as a consequence of the depletion of the
angiotensin-converting enzyme by directly infecting endothelial cells; angiotensin II could not
be counteracted, producing a pro-inflammatory state, vasoconstriction, and promoting tissue
injury also in the brain and its vessels [25,26]. These patients may present with alterations in
motor control, such as hemiplegia and ataxia, including a reduced level of consciousness [27].

Encephalopathies have been reported in one-third of hospitalized patients, especially
adults. It may be due to significant lung disease or multiorgan involvement, hypoxic or met-
abolic abnormalities [22].
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Dyspnea with mechanical respiratory alteration is due to overstimulation of skeletal mus-
cle. This modified metabolic situation causes excessive respiratory impulse with restriction
of lung functions [28]. They may develop nonspecific symptoms, such as headache, altered
consciousness, visual disturbances, seizures, memory loss, slow processing speed, delirium, or
even coma [27,29]. Recently this condition has had an important recovery, thanks to thoracic
physiotherapy and neurorehabilitation [30,31].

In transverse myelitis (TM) due to SARS-CoV-2 virus infection, the patient presents with
paresthesias, acute flaccid weakness, and low back pain [32]. It can rapidly progress to para-
plegia with total anesthesia below a certain level of the spinal cord [28]. Physiologically, this
virus has neuroinvasive and neurotropic properties, causing neuronal dissemination, attack,
and demyelination in the CNS to precipitate [12]. The severity of the disease is related to
advanced age, respiratory and cardiovascular diseases, hypertension, diabetes and immuno-
deficiency patients [20].

Guillain-Barré syndrome (GBS) was also found as a pathology associated with COVID-
19, which is the result of molecular cell mimicry and formation of antibodies that target
proteoglycans found in myelin sheaths [11], which is characterized by progressive ascending
symmetrical weakness, areflexia and sensory loss [10]. Post-infectious GBS associated with
COVID-19 is due to an exaggerated immune response, with inflammatory markers and ele-
vated pro-inflammatory cytokines. In this type of GBS the same clinical manifestations occur
[7]. Altered motor signs, axonal damage, and cytologic albumin dissociation in cerebrospinal
fluid should be noted to diagnose GBS [32-33].

Early intervention in neurological complications such as GBS and myelitis may result in
a better prognosis. Even so, there may be considerable axonal damage that hinders rapid
recovery, coupled with immobility in some patients that may alter the results in quantitative
motor potential [16,21].

GBS and TM can coexist in a Long-Covid patient. This is called GBS/ TM overlap syn-
drome, which may include elements of GBS, such as flaccid paralysis, motor weakness, hy-
poreflexia or areflexia, and in TM: pyramidal signs and sensory dysfunction [32].

Chronic fatigue syndrome complicates markedly complication those patients who have
developed Long-Covid, especially the female sex [14,7], being the most relevant exponent
due to the absence of recovery [33]. Thus, it is due to the presence of post- inflammatory
cytokines, such as interferon (IFN-y), which when crossing the blood-brain barrier, direct
their action on the hypothalamus, generating deep and disabling fatigue, long-term myal-
gia, reduction of daily activity and post-exertion discomfort [13,21]. Some studies indicate a
prevalence rate of chronic fatigue syndrome of 16.8%. The most frequently identified symp-
toms are general post-exertional fatigue, headache, insomnia, dysosmia, dysgeusia, dizziness,
among others [34].

Other findings directly involve skeletal muscle, often associated with decreased physical
activity (PA), which directly affects musculoskeletal physiology. In this regard, some findings
suggest that cytokine storm, along with the expression of coagulopathies and impaired mac-
rophage activity, may be the reason for muscle cell damage [19,35]. They have also suggested
that myopathies and sensory disturbances in some patients may be due to mitochondrial stress
and microthrombi that may be expressed up to 40 days after COVID-19 [36].
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There are multiple respiratory complications and systems, including those of the neuro-
muscular system, that a patient with SarsCov2 can suffer, which undoubtedly represents a
deterioration of their quality of life. Rehabilitation will always be an opportunity for the
patient’s recovery [37] and his return to daily life.

Conclusions

There is evidence to understand the role of COVID-19 in the development of neuromuscular
alterations; the presence or not of these may be due to certain risk factors: severity of infec-
tion, the time the patient was in ICU and the timely identification of symptoms. However,
studies are limited by a field that only covers respiratory symptoms, leaving unfinished the
pathophysiological mechanisms of the musculoskeletal system and the central and peripheral
nervous system. Researchers need to focus their attention on investing knowledge to respond
to needs for identification, early diagnosis, prognosis, treatment, along with appropriate and
timely rehabilitation. All to minimize the consequences on the quality of life of affected pa-
tients. It is recommended to do prospective work to obtain information related to the topic.
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