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ABSTRACT

The new coronavirus, which causes the infectious disease named COVID-19 by the World Health Orga-
nization (WHQ), was notified in 2020 in China. The main clinical manifestations in infected patients are fever,
cough and dyspnoea. These patients are prone to developing cardiac changes, diffuse myopathy, decreased
pulmonary function, decreased inspiratory muscle strength, and a deterioration in functional capacity. Thus,
itis expected that patients affected by COVID-19 will suffer musculoskeletal consequences as a result of the
inflammatory process and loss of muscle mass caused by immobility, generating motor incapacities that
are not yet quantifiable. It is important to understand the clinical implications caused by COVID-19, in order
to have better rehabilitation strategies for these patients. The aim of this study was to conduct a reflective
analysis of the impact of COVID-19 on the immune, neuromuscular and musculoskeletal systems, and its
rehabilitation process. This is a reflexive analysis, developed in the Laboratory for the Study of Movement of
the Institute of Orthopaedics and Traumatology, at the Universidade de S&o Paulo School of Medicine, SP,
Brazil. In this analysis, we reflect on the following topics related to COVID-19: immunological mechanisms,
impact on the neuromuscular and musculoskeletal systems, and the rehabilitation of patients. Level of
evidence V; Opinion of the specialist.

Keywords: COVID-19; Neuromuscular manifestations; Musculoskeletal system; Exercise therapy; Immune system.

RESUMO

O novo coronavirus, que causa a doenga infecciosa denominada COVID-19 pela Organizacdo Mundial de Sau-
de, foi notificado em dezembro, na China. As principais manifestagées clinicas dos pacientes infectados séo febre,
tosse e dispneia. Esses pacientes tém propenséo a desenvolver alteracées cardiacas, miopatia difusa, diminui¢do
da funcdo pulmonar, diminuicéo da forca muscular inspiratéria e deterioracdo da capacidade funcional. Assim
sendo, é esperado que os pacientes afetados pela COVID-19 sofram sequelas musculoesqueléticas em decorréncia
do processo inflamatério e perda de massa muscular causada pelaimobilidade, que geram incapacidades motoras
ainda ndo quantificdveis. Existe a necessidade de entender as implicagées clinicas causadas pela COVID-19 para
elaborar melhores estratégias de reabilitacdo para esses pacientes. O objetivo deste estudo foi realizar uma andlise
reflexiva no que tange ao impacto da COVID-19 nos sistemas imunoldgico, neuromuscular e musculoesquelético
e no processo de reabilitacdo. Trata-se de uma andlise reflexiva, desenvolvida no Laboratério do Estudo do Mo-
vimento do Instituto de Ortopedia e Traumatologia da Faculdade de Medicina da Universidade de Séo Paulo, SP,
Brasil. Nesta andlise, fizemos uma reflexdo sobre os sequintes topicos relacionados com a COVID-19: mecanismos
imunoldgicos, impacto no sistemas neuromuscular e musculoesquelético e reabilitacdo dos pacientes. Nivel de
evidéncia V; Opinido do especialista.

Descritores: COVID-19; Manifestacées neuromusculares; Sistema musculoesquelético; Terapia por exercicio; Sistema
imunoldgico.

RESUMEN

El nuevo coronavirus, que causa la enfermedad infecciosa llamada COVID-19 por la Organizacién Mundial de
la Salud, fue notificado en diciembre en China. Las principales manifestaciones clinicas de los pacientes infectados
son fiebre, tos y disnea. Esos pacientes son propensos a desarrollar cambios cardiacos, miopatia difusa, disminucién
de la funcién pulmonar, disminucidn de la fuerza muscular inspiratoria y deterioro de la capacidad funcional.
Por lo tanto, se espera que los pacientes afectados por COVID-19 sufran secuelas musculoesqueléticas debido
al proceso inflamatorio y pérdida de masa muscular causada por la inmovilidad, que generan discapacidades
motoras aun no son cuantificables. Es necesario comprender las implicaciones clinicas causadas por COVID-19
para elaborar mejores estrategias de rehabilitacion para estos pacientes. El objetivo de este estudio fue realizar un
andlisis reflexivo sobre el impacto de COVID-19, en los sistemas inmunitario, neuromusculary musculoesquelético
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yen el proceso de rehabilitacion. Es un andlisis reflexivo, desarrollado en el Laboratorio del Estudio de Movimiento
del Instituto de Ortopedia y Traumatologia, Facultad de Medicina, Universidad de Séo Paulo, SP. En este andilisis,
reflexionamos sobre los siguientes temas relacionados con COVID-19: mecanismos inmunoldgicos, impacto en
los sistemas neuromuscular y musculoesquelético y la rehabilitacion de los pacientes. Nivel de evidencia V;

Opinion de expertos.

Descriptores: COVID-19; Manifestaciones neuromusculares; Sistema musculoesquelético; Terapia por ejercicio;

Sistema inmunitario.

DOI: http://dx.doi.org/10.1590/1517-869220202604ESP002

INTRODUCTION

The coronavirus (COVID-19) appeared in China in December 2019, with
a high power of dissemination and mortality, especially in the elderly with
associated chronic diseases ' evolving with the need for hospitalization
due to severe acute respiratory syndrome (SARS)>*. To date, there are no
effective pharmaceutical interventions for the treatment of COVID-19,
with social detachment being the most effective strategy to decrease
community transmission of the virus and the burden on health systems?*>

The main clinical manifestations of patients infected with COVID-19
are: fever (88.7%), cough (57.6%) and dyspnea (45.6%). Laboratory tests
show decreased levels of albumin (75.8%), increased C-reactive protein
(58.3%) and increased lactate dehydrogenase (57%). In imaging exams,
bilateral pneumonia (72.9%) is frequently seen and 20.3% of patients
require care in an intensive care unit, due to SARS (32.8%), acute myo-
carditis (13%) and pneumonia (7.9%)°.

Polyneuropathy in the critical patient (PPC) can occur after infec-
tion by COVID-19, being a mixed sensorimotor neuropathy that leads
to axonal degeneration’. In critical patients admitted to the Intensive
Care Unit (ICU), 46% had PPC #and 48% to 96% diffuse non-necrotizing
myopathy (MPC) with fatty degeneration, hypotrophy and fibrosis’. For
both PPC and MPC, the cranial nerves and facial muscles are preserved.
The recovery process of MPC is faster than that of PPC, however both
conditions cause: weakness, loss of function, loss of quality of life and
decrease in resistance and can persist for up to two years *'*Thus, PPC
and MPC are associated with decreased lung function (restrictive pat-
tern), decreased inspiratory muscle strength with worsening functional
capacity, requiring a year or more for recovery®'®

Infected patients are also prone to develop cardiac changes after
COVID-19, but the mechanism of the injury is still uncertain. They may
have arrhythmia, heart failure, decline in ejection fraction, elevated
troponin | and severe myocarditis with reduced systolic function o™

Studies have shown that SARS can cause polyneuropathy, viral
encephalitis and ischemic stroke. In Middle East Respiratory Syndrome,
one fifth of patients had neurological symptoms (altered level of cons-
ciousness, paralysis, ischemic stroke, Guillain-Barré syndrome, infectious
neuropathy and seizures)®'>13,

Thus, it is already expected that patients infected with COVID-19 will
suffer musculoskeletal consequences due to the inflammatory process
aggravated by the loss of muscle mass from immobilism, generating motor
disabilities that are not yet quantifiable. There is a great need to understand
the clinical implications caused by COVID-19, in order to have better reha-
bilitation strategies for these patients. The aim of this study was to conduct
a reflective analysis regarding the impact of COVID-19, on the immune,
neuromuscularand musculoskeletal systems and their rehabilitation process.

MATERIALS AND METHODS

Itis a reflexive analysis, developed in the Laboratory of the Study of
Movement of the Institute of Orthopedics and Traumatology, Faculty
of Medicine, University of Sdo Paulo, SP, Brazil.
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Immunological mechanisms

The direct action of inflammatory cytokines on muscle tissue is one
of the mechanisms for reducing musculoskeletal function and trophism.
In the SARS-COV-2 inflammatory storm, there is increased expression of
the NLRP3 inflammasome, which is a fundamental component of the
innate immune system'. Viral proteins, such as viropyrines E, 3A and
8A, play an important role in virus replication and activation of NLRP3
1576 NLRP3 acts on the activation of caspase-1 and secretion of the
inflammatory cytokines Interleukins IL-1BETA and IL-18 in response to
microbial infection or cell damage. The increase in interleukins is linked
to several inflammatory disorders and chronic diseases'. The increase
in IL-1BETA is caused by mitogen-activated proteinokinases (MAP -
kinase) and NFk-Beta leading to the production of Interleukin-6 (IL-6).
TNF-ALFA AND IFN-GAMA have a synergistic effect by increasing the
gene expression of IL-6'81°, |L-6, has a strong sarcopenic action, and by
increasing atrogin-1 by activating STA3 that causes FoxO3 translocation
to the cell nucleus?®?2,

Another mechanism of sarcopenia is local denervation, little conside-
red, caused by the immobilization resulting from the disease. Sedentary
lifestyle causes denervation and neural damage at the neuromuscular
junction, seen by the measurement of the neuronal cell adhesion mo-
lecule (NCAM), a glycoprotein expressed in embryonic life and absent
in adults. NCAM-Positive is an indication of denervation and is seen in
paralysis, neurodegenerative diseases, immobilism and inactivity?>?4,

The decrease in the expression of the HOMER protein, which makes
up the neuromuscular junction (NMR) and the increase in the C-terminal
fragment of agrine, confirm the findings of neural damage in the NMR
and the sarcopenia caused by immobility?>2

Impact of COVID-19 on the neuromuscular system

COVID-19 causes neurological manifestations in 88% of critically ill
patients, with dysgeusia being one of the most frequent, and also seenin
a patient with a milder condition. Acute cerebrovascular disease (5.7%),
changes in consciousness (14.8%) and musculoskeletal involvement
(19.3%) are also reported in the most severe patients. These frequencies
are, respectively, 7.1, 6.7 and 4 times higher than in moderate cases %%

Although mechanisms are not yet fully known, there is growing
evidence that coronaviruses invade peripheral nerve terminals and gain
access to the CNS through synaptic pathways®* Also, the cribriform pla-
que or systemic circulation are considered as brain entry pathways. The
transsynaptic pathway, however, is already well documented for other
coronaviruses (HEV 679-10 and chicken infectious bronchitis virus)?%-34,

The presence of the virus causes an intense systemic inflammation,
weakens the blood-brain barrier, making it permeable to viral invasion.
[t also allows more cytokines from different locations to access the CNS,
triggering neuroinflammation3'3°.

Neural invasion needs to be valued due to clinical impacts, especially
in the treatment of respiratory failure, due to the need for neuromus-
cular activation of the diaphragm and accessory muscles. The nuclei
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of the solitary tract receive information from the mechanoreceptors
and chemoreceptors of the lungs and airways and efferent fibers from
the ambiguous nuclei and the solitary tract provide innervation to the
smooth muscles of the airways, glands and vasculature. Hence, the
suggestion that the death of infected animals or patients may also occur
due to cardiorespiratory dysfunction originating in the brain stem?3%323¢,

In SARS-COV-2 infected neural tissue, cells die from apoptosis in-
duced by the virus itself, since inflammatory expression may still be
minimal in the tissue¥. There is great similarity between the apoptotic
mechanism and the pathophysiology of demyelinating diseases, which
are also seen in SARS-COV-2 infection, such as Guillain-Barré Syndrome
and acute myelitis?®*,

Acute necrotizing hemorrhagic encephalopathy, also present in
patients with COVID-19, is associated with inflammation, where hyper-
ketonemia promotes proteolytic destruction of the blood-brain barrier,
by the action of trypsin and activation of the metalatoprotease-9 matrix,
which increases the permeability vascular, causing edema, petechial
hemorrhage and necrosis*+2.

These polyneuropathies triggered by apoptotic and inflammatory
mechanisms, even evidenced in the corticospinal tract, may explain,
even partially, the decrease in musculoskeletal trophism'*#3. Coagulation
disorders, characterized by elevation of D-dimer showing hypoperfusion
and even small ischemic strokes also need to be considered®'.

Impact of COVID-19 on the system on the musculoskeletal system

Long hospitalizations, isolations and even social distance, affect
muscle homeostasis, with the secondary impact of physical inactivity
and disuse. The cause of muscle mass loss, most likely, is multifactorial,
involving inflammation, immobilization, insufficient nutrition and ad-
ministration of corticosteroids*.

In the critical phase of SARS-COV-2 with a long stay in intensive care
units, there is a loss of homeostasis between protein synthesis and degra-
dation with gradual reduction in muscle protein renewal. The increase in
muscle protein degradation is due to the action of intracellular signaling
pathways. The ubiquitin-proteasome system, the main pathway related
to the proteolysis mechanism, has two specific enzymes related to the
skeletal muscle atrophy process, activated in response to inactivity and
the inflammatory process: atrogin-1 (Muscle Atrophy F-box) and MuRF-1
(Muscle Ring Finger -1)*.

According to Poulsen et al. (2012)*, septic patients admitted to
the ICU have a loss of 20% of thigh muscle mass in the first week of
hospitalization. Inflammation associated with immobility is more pro-
nounced at this stage, where metabolic changes explain the higher
rate of initial losses.

During hospitalization, muscles, especially those of the lower extre-
mities, are not exposed to mechanical discharges with reduced neuro-
muscular activity, which stimulates an adaptive response, slow protein
synthesis, greater protein degradation, apoptosis of muscle cells (main
mechanisms of hypotrophy) and decreased muscle strength. In healthy
individuals exposed to immobilization (bed rest), there is a decrease in
mass (14%) and muscle strength (16%). Thus, it is possible to deduce that
an inflammatory process caused by sepsis associated with immobilism,
can promote muscle loss, up to 10 times greater than in healthy people*.

The skeletal muscle system adapts to prolonged physical inactivity,
decreasing the size of the muscle fiber (atrophy), in addition to loss of
muscle function and quality. Mechanosensory proteins that allow muscle
fibers to detect mechanical forces, are also involved in the regulation of
skeletal muscle mass. Its activation, during muscle contraction, regulates
protein renewal through interaction with the mechanistic target protein
of rapamycin (MTORC1) and with the main proteolytic pathways: the
proteasome and lysosomal / autophagic ubiquitin systems?®.
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Functional impairments, commonly reported in the literature in
critically ill patients, are directly related to the length of stay in the ICU
and prolonged mechanical ventilation. Seven days of bed rest can
already reduce muscle strength by 30%, with an additional loss of 20%
of the remaining strength each week. Deficiencies in physical function
and exercise capacity can last for years after discharge from the ICU*.
Disuse and loss of innervation in diseases or injuries directly affect the
musculoskeletal system promoting a decline in muscle mass and strength
joint strength and atrophy diffuse and symmetrical striated appendicular
and axial skeletal musculature®’.

Respiratory and neuromuscular rehabilitation interventions, recom-
mend the shortest possible time for intubation and improvement of
muscle condition are directly associated with the prognosis of patients
in the ICU*. Evidence of this type of intervention at COVID-19 is still
scarce. Patients admitted to the ICU during previous epidemics suffered
musculoskeletal injuries and complications that required rehabilitation,
with an individualized and dynamic intervention, adapting to the rapid
changes that characterize the disease’s progression, especially in the first
seven days of evolution®. Although COVID-19 predominantly affects
the respiratory system, evidence indicates a severe and lethal multisys-
temic disease. Long-term sequelae are not yet known, but evidence of
previous coronavirus outbreaks demonstrates functional motor and
respiratory impairment, emotional distress and loss of quality of life.
Musculoskeletal complications with worsening physical aptitudes are
referred: as heterotopic ossification, loss of muscle mass, prolonged pain,
weakness and dyspnea. It is estimated that 45% of patients discharged
from hospital will require health care and social assistance and 4% will
require a rehabilitation program?°.

Rehabilitation

The rehabilitation of COVID-19 patients begins at admission to main-
tain the functioning of vital systems and continues in the post-admission
phase to address the sequelae and complications caused by the virus
and a long period of hospitalization.

During hospitalization, early mobilizations in the intensive care unit to
prevent and reduce polyneuromyopathy in the critical patient, improves
quality of life, reduces time and lower mortality during hospitalization®'.
The early start of a structured rehabilitation program contributes to the
optimization of cognitive, respiratory, neuromuscular and osteoarticular
function, shortening the duration of ICU stay and its clinical and func-
tional sequelae®”.

The prevention of disabilities in critically ill patients helps the patient’s
medical management. The physical and cognitive intervention protocols
improve the patient’s understanding of treatment and psychosocial sup-
port programs, the behavior change and adherence to the guidelines®.

Rehabilitation programs should be adapted to the severity of the
disease, the patient’s age, previous fitness levels and pre-existing comor-
bidities. Some essential components for the rehabilitation of patients
with COVID-19, will need new knowledge and skills about COVID-19.

The rehabilitation program should start with low-intensity physi-
cal exercises, with continuous monitoring of oxygenation and fatigue.
Patients who experience throat, body and chest sore associated with
shortness of breath, fatigue, cough or fever should exercise more than
three METS (PSE greater than 2 or equivalent). If the individual has very
mild symptoms that may or may not be caused by COVID-1, mild activities
of less than three METS (PSE 9-12 or equivalent) are recommended. Also
avoid sedentary lifestyle for long periods is necessary. During physical
exercise, rest periods can be increased if symptoms worsen. In people
who have had mild or moderate symptoms, stretching exercises and low
intensity strength training are recommended before targeted aerobic
training sessions®’. In asymptomatic people who have had contact
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with positive COVID-19 people, activity should be continued as normal.
Pain management should be centered on the patient involving postural
reeducation. Outpatient physical rehabilitation programs vary according
to the needs of each patient, but they can last from six to 12 weeks and
need to be associated with cognitive rehabilitation®,

FINAL CONSIDERATIONS

Millions of people around the world are being affected by SARS-
COV 2. It has been a great and painful learning experience on how to
better cope with serious and lethal iliness without drugs and vaccines.
How to prevent contagion and spread, how to prevent the worsening
of symptoms, how to keep patients alive within the intensive care unit,
how to prevent respiratory, physical and psychological sequelae, and
finally, how to rehabilitate and return normal life to those affected.
Understanding the consequences in the post-epidemic and giving the

best treatment to all those affected is the great challenge that has to
be faced with scientific knowledge and evidence.

Many of the effects are already known and need to be adequately
addressed according to the needs of each patient, but without losing
sight of the characteristics of SARS-COV 2, which may require differ-
ent care and treatments. It is observed that the disease itself and the
necessary treatment can generate serious disabilities and that an early
approach can be essential for the adequate rehabilitation of patients.
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