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Abstract
Introduction: It has become increasingly evident that COVID-19 contributes to multiorgan pathophysiology. The systemic inflammatory response increases both pro-inflammatory cytokine and chemokine levels, leading to immune dysregulation and increasing the likelihood of incurring cardiac and pulmonary injuries.
Areas covered: Longer periods of hospitalization (~20 days) increase susceptibility to ICU-acquired muscle weakness and deconditioning, which decreases muscle function and functional capacity. These conditions affect the quality of life in the post-COVID-19 period and require multi-disciplinary approaches to rehabilitate the cardiopulmonary and musculoskeletal systems of these patients. In this context, this narrative review, which included articles published in the Embase, PEDro and PubMed databases up to December 2020, is focused on discussing the essential role of exercise and rehabilitation health professionals in the COVID-19 recovery process, from hospitalization to hospital discharge, addressing strategies for professionals to mitigate the cardiac and pulmonary impairments associated with hospitalization to home or ambulatory rehabilitation, purposing ways to conduct rehabilitation programs to restore their functional status and quality of life after the infection.
Expert opinion: In the current environment, these findings further point to the vital role of rehabilitation health professionals in the coming years and the urgent need to develop strategies to assist COVID-19 survivors.
Key words: COVID-19, exercise, rehabilitation, respiratory therapy, cardiac rehabilitation, quality of life. 
Five-year view
The consequences of COVID-19 increasingly show the need to assist cured patients. In many cases, the recover process requires physical rehabilitation given the metabolic, musculoskeletal, cardiorespiratory and other secondary impairments. In this sense, rehabilitation programs and the development of strategies and protocols to assist COVID-19 survivors will be essential in the coming years.
Article highlights
· COVID-19 contributes to multiorgan pathophysiology due to a systemic inflammatory response and immune dysregulation;
· The cardiorespiratory system can be directly or indirectly affected by COVID-19 and a portion of patients who survive may have limiting impairments in cardiorespiratory function;
· Exercise has anti-inflammatory properties and work as a modulator of the immune system, being related to lower incidences of upper respiratory tract infections;
· Regular moderate-intensity exercise is recommended to improve immune function and reduce pro-inflammatory cytokine levels;
· The benefits of the physical activity promoted by rehabilitation programs in terms of improving the musculoskeletal function are well recognized, and it is highly recommended for patients with COPD, CHF and other comorbidities;
· Multidisciplinary approaches and the role of physical exercise and rehabilitation programs are needed to restore functional status, exercise capacity, independence and quality of life of survivors, and exercise specialists play a vital role in this field.
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Introduction
It has become increasingly evident that COVID-19 contributes to multiorgan pathophysiology. This is due to a systemic inflammatory response that increases both pro-inflammatory cytokine and chemokine levels, leading to immune dysregulation and increasing the likelihood of incurring cardiac and pulmonary injuries [1,2]. Additionally, neurological and kidney injuries associated with COVID-19 can trigger chronic cardiorespiratory injuries [3]. Furthermore, longer periods of hospitalization (~20 days) increase susceptibility to intensive care unit-acquired muscle weakness (ICU-AW) [4,5], which impairs muscle function and decreases functional capacity [6]. Collectively, these conditions affect the quality of life in the post-COVID-19 period and require multi-disciplinary approaches to rehabilitate the cardiopulmonary and musculoskeletal systems of these patients [7,8]. 
In this context, to better elucidate key aspects of COVID-19 pathophysiology, its cardiorespiratory consequences, and the essential role of exercise in the COVID-19 process, we conducted this narrative review, including supporting literature searches from the following databases: 1) Embase (Via Capes Periodicals) Scientific Electronic Library Online (SciELO); 2) Physiotherapy Evidence Database (PEDro); and 3) PubMed. Duplicate papers were excluded and papers available up to December 2020 were considered to address strategies for professionals to mitigate the cardiac and pulmonary impairments associated with hospitalization to home or ambulatory rehabilitation. At hospital discharge, we address how to receive and manage these patients in the clinical rehabilitation setting, purposing ways to conduct pulmonary and cardiac rehabilitation to restore their functional status and quality of life after the infection, described as the post-COVID-19 phase.

2. COVID-19 epidemiology, pathophysiology and systemic damage leading to cardiorespiratory injury due to SARS-CoV-2 infection: 
The family of coronaviruses mainly affect the human respiratory system [9] and its infections have been reported for years. In 2020, a new pandemic spread across the world. The newcoronavirus (COVID-19), named by the World Health Organization (WHO) as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), constitutes the seventh known coronavirus able to infect humans and has potential to develop respiratory distress similar to the first severe acute respiratory syndrome (SARS) outbreak reported in 2002 (SARS- CoV) [10–12]. The pathogenic complexity of SARS-CoV-2, which involves a high transmission potential, is being globally investigated so that treatment and immunization strategies can be developed as quickly as possible to contain the outbreak.
Although COVID-19 triggers respiratory symptoms, such as cough (63.1% of patients), chest tightness (35.7%), shortness of breath (35%) and respiratory failure (19.5%), it can also develop a variety of non-respiratory symptoms, such as diarrhea (12.9%), headache (15.4%), ocular manifestations (32%), and loss of smell and taste (53%); approximately 20% of the patients with COVID-19 are completely asymptomatic [13–17].
Studies have found the genome of SARS-CoV-2 to be 79.5% to 96% similar to the genome of SARS-CoV previously described [18], and regarding the protein sequencing, these viruses share 76% similarity [19]. However, the SARS-CoV-2 outbreak has had a much greater and more severe global when compared to the other two major outbreaks due to coronaviruses (SARS-CoV and MERS-CoV) [11]; by 16 December 2020 the WHO reported that almost 72 million people have been infected and about 1,623,064 of them have died around the world [20].
Regarding cell entry mechanisms, it is already known that SARS-CoV-2, like SARS-CoV, uses the angiotensin converting enzyme-2 (ACE2) as a cell surface receptor to enter the host [21]. ACE2 is a multifunctional protein highly expressed in the heart and vessels and its primary physiological role is the enzymatic conversion of angiotensin (Ang) II to Ang1-7 and Ang-I to Ang1-9, which are protective peptides of the cardiovascular system [22]. Nevertheless, SARS-CoV-2 has a significantly higher ACE2 binding affinity compared to SARS- CoV [23].
Some studies indicate SARS-CoV-2 uses lung epithelial cells as its primary target, since ACE2 is also expressed in the lower respiratory tract [24]. On the other hand, a more recent study found that in addition to the lungs, ACE2 seems to be expressed to higher levels in many other human tissues, such as in the small intestine, testis, kidneys, heart, thyroid, and adipose tissue. Thus, in terms of ACE2 expression, the lungs and other systems can be a target for the virus [25], although severe complications due to SARS-CoV-2 infection seems to primarily be centered on the respiratory system [9,26].
Immune responses play an important role in the pathogenic response of coronaviruses infections as these infections induce an overreaction of the immune system [27]. Like SARS- CoV and MERS-CoV, SARS-CoV-2 induces low levels of antiviral factors interferons and high levels of pro-inflammatory cytokines such as interleukins (IL – IL-1β, IL-2, IL-6, IL-10) and tumor necrosis factor (TNFα) and high levels of chemokines, characterizing immune dysregulation. Increased cytokines and chemokines levels lead to increased inflammatory cells into lung tissue inducing lung injury [28,29].
The immune dysregulation observed in SARS-CoV-2 infection show that the cytokine storm is closely related to the development of SARS and the severity and risk of death, given that cytokine storm is considered one of the major causes of multiple-organ failure observed in critically ill patients with COVID-19 [26,30]. Therefore, immune dysregulation and the pro-inflammatory state is closely related to respiratory tissue injury. In addition, a potentially greater risk of upper respiratory tract infections due to coronavirus has been previously demonstrated in people with a compromised immune system [27].
In association to the systemic inflammatory response, endothelial cell dysfunction is an important component observed in patients with COVID-19 [31], which is related to the fact that ACE2 receptors are also produced by endothelial cells [32]. ACE2 works as a protective factor in a variety of organs acting as a regulator of blood pressure and anti- atherosclerosis mechanisms; moreover, ACE2 it is also a cell receptor to SARS-CoV-2 [33]. In this context, SARS-CoV-2 binds to ACE2 receptors, leading to reduced ACE2 expression, promoting endothelial cell dysfunction and increasing blood pressure and other cardiovascular abnormalities [34]. Infection of endothelial cells is of particular importance, as this can lead to severe microvascular and macrovascular dysfunction and hypercoagulability [35].
Endothelitis related to SARS-CoV-2 infection has already been reported and the widespread endothelial dysfunction seen in patients with COVID-19 is associated with the procoagulant state and cell apoptosis [31], damaging the cardiovascular system. Endothelitis is characterized by the decreased availability of nitric oxide (NO), which reduces vasodilation capacity and induces a pro-inflammatory and pro-thrombotic state [36].
In addition to these disorders, peripheral and central nervous systems are also affected by COVID-19 as was previously observed in other viral infections [37,38]. Due to its neurotropic characteristics, SARS-CoV-2 can invade nervous tissue, potentially leading to toxic encephalopathy and other acute cerebrovascular disorders, especially because of the increased pro-inflammatory cytokines that may be associated with cerebrobasilar disease [39].

the virus to invade the nervous system (NS). During a viral infection, the infected cells induce an antiviral response as an intrinsic immunity strategy, as well as initiate paracrine signaling from the infected cells to cells that remain uninfected as an innate immunity [40]. When the site of the primary infection loses local control of the infection, it can rapidly disseminate to other susceptible tissue [41], leading to virus replication and potentially an overreaction of the innate immune response. This detrimental response in the NS can lead to meningitis, encephalitis, meningoencephalitis and death [40]. 
The COVID-19 infection carries the aforementioned concerns, as evidenced by the fact that SARS-CoV-2 can invade the NS [42]. In patients with mild COVID-19, NS symptoms are more related to loss of smell and taste, dizziness and headache. However, neurological abnormalities have been described in approximately 30% of hospitalized patients with COVID-19, 85% of those with acute respiratory distress syndrome [43]. Cytokine dysregulation, hypoxia, and metabolic dysfunction in COVID-19 may trigger encephalopathy in some infected patients, while endothelial dysfunction and hypercoagulability seem to be related to stroke risk [42]. 
In addition, the development of Guillain-Barré syndrome associated with SARS-CoV-2 infection was first reported on 1 April 2020 and has since been reported in other patients [44] [45]. Neurological disorders can also compromise the respiratory system due to muscle dysfunction present in these patients [46] which can alter respiratory function by increasing central respiratory drive [47]. Respiratory muscle function can also be affected due to neuromuscular dysfunction as it occurs in acute neuromuscular respiratory disease, and Guillain-Barré syndrome has also been related to respiratory dysfunction in previous studies [46,48,49]. 
SARS-CoV-2 infection can also trigger acute kidney injury (AKI) as a severe complication of COVID-19. The AKI is also associated with the increased pro-inflammatory cytokine responses that lead to interstitial kidney inflammation and a collapsing glomerulopathy disorder [50]. Discussing the pathophysiology of AKI due to COVID-19, Batlle et al. reported that the organ crosstalk between the injured kidney, heart and lungs may further propagate injury [51]. Moreover, it is already known that AKI is associated with the development of pulmonary complications such as pulmonary edema [52]. In this context, as kidney injuries are related to decreased exercise tolerance together with the impaired ventilatory function, a recent systematic review [53], including seven studies, assessed patients with chronic kidney disease, demonstrated that exercise can improve cardiopulmonary function, increasing exercise tolerance and ventilatory efficiency; greater benefits were observed in protocols that combined modes of exercise (aerobic and resistance training) [53].
3. Direct damage to the cardiorespiratory system caused by COVID-19 
Discussing the variety of complications due to the SARS-CoV-2 infection leads to the observation that COVID-19 constitutes a condition of multisystem disorders (partially summarized in Figure 1). However, the impact of COVID-19 on the cardiorespiratory system is a primary focus given the virus’ impact on both the heart and lungs, with potential chronic implications [54]. 
In this regard, cardiorespiratory complications are quickly emerging as a threat to patients with COVID-19 from admission to the hospital and continuing upon discharge. Patients with cardiovascular risk factors such as advanced age, diabetes, hypertension, obesity, cerebrovascular disease, and male gender are identified as factors portending increased risk, with greater levels of morbidity and mortality from COVID-19. A study with 416 patients found that, of the patients who died, 10.6% had coronary artery disease (CAD), 4.1% had heart failure (HF) and 5.3% had cerebrovascular disease [55].

**Figure 1 here**
In addition, some patients with COVID-19 develop heart injuries, which becomes an increased risk for in-hospital mortality [56]. Acute myocardial injury is the heart disease most described as a complication in COVID-19, present in 8% to 12% of cases [57]. Serious COVID-19 infections are also associated with cardiac arrhythmias due to infection-related myocarditis [58,59]. Zhou et al. found that 23% of all COVID-19 infected and hospitalized patients developed HF and in 52% of these cases, the development of HF was fatal, while only 12% survived [60]. 
According to Zhou et al., hypercoagulability was present in 19% of patients with COVID-19 [60]. From the immunological overactivity and endothelial dysfunction generated, these patients are more susceptible to deep venous thrombosis, pulmonary artery microthrombosis, and distal arterial microthrombosis, all of which can potentially destabilize atherosclerotic plaques. This may explain the development of acute coronary syndromes such as myocardial ischemia, ischemic stroke, and pulmonary embolism in patients with COVID-19 [61,62]. 
In addition, it is possible that other mechanisms, such as unbalanced T-cell and cytokine responses, activate macrophages that infiltrate the infected myocardium, resulting in fulminant myocarditis and severe cardiac damage [63]. Therefore, viral invasion can cause damage to cardiac myocytes, leading to myocardial dysfunction and arrhythmias [35]. Wang et al. found an incidence of arrhythmias to be 16.7% in 138 patients hospitalized with COVID-19; the incidence was higher (44.4%) in those who were admitted to the intensive care unit (ICU) compared to those who were not (8.9%) [58]. Increased creatine kinase in patients with SARS-CoV-2 indicate the potential presence of acute myocardial injury [58]. 
Approximately 80% of the infected COVID-19 population present with no symptoms or mild to moderate symptoms; the remaining 20% have more severe manifestations that potentially requires hospitalization [64,65]. Regarding the respiratory system, Jiang et al. found that 29% of the patients with COVID-19 who were hospitalized develop SARS, often requiring intensive care and artificial mechanical ventilation [66]. In this context, patients with a severe clinical course from COVID-19 can experience hypoxemia, diffuse alveolar damage and muscle weakness acquired in the hospital as a secondary impairment [67]. The symptoms of COVID-19 in the respiratory system are fever (reported in 83% to 99% of the patients), dry cough (59.4% to 82%), and difficulty of breathing (dyspnea – reported in approximately 55% of hospitalized patients) observed at the beginning of the disease, which presents as the main characteristic of COVID-19 [58,68]. Among hospitalized patients with dyspnea, more than 50% needed intensive care, of which 46% to 65% of these patients worsened in a short period of time and died from respiratory failure [69,70]. 
Regard hospitalized patients with COVID-19, Zhou et al. found that 31% developed SARS [60]. Chest computed tomography (CT) revealed that 96% of these patients showed bilateral ground-glass opacities [69]. The infiltrates are limited in extent and, initially, are characterized by a ground-glass pattern on CT that signifies interstitial and non-alveolar edema and lymphopenia [69,71]; this manifestation may progress to SARS and necessitate the urgent need for mechanical ventilation (MV) [72]. 
The primary infection of the respiratory system through SARS-CoV-2, particularly in type 2 pneumocytes, is manifested by the progression of systemic inflammation and overactivation of immune cells, resulting in increased levels of proinflammatory cytokines (IL-6, IL-7, IL-22 and CXCL10) [35]. Thus, inflammation generated in the lungs is characterized through blood mediators. Zhao et al [73]. suggested that the excessive immune response plays an important role in pathogenesis, where the abnormal increase in CRP, IL-6 and neutrophils contributed to acute lung damage and are associated with significant pathophysiology and fatal events. Another important process is the activation of coagulation with formation of thrombi in the lungs and other organs, indicating the damage caused by endothelial dysfunction from the interruption of pulmonary vasoregulation, generating ventilation-perfusion incompatibility [71]. 
Regarding pulmonary function, Mo et al [74] evaluated 110 non-critical discharged middle-aged patients diagnosed with COVID-19 and performed pulmonary function testing on the day of or one day before discharge. This group reported important abnormalities in diffusing capacity for carbon monoxide (DLCO) in 47.2% of the cases (DLCO was 64.79% of predicted for severe pneumonia cases) and total lung capacity (TLC) in 25% (TLC was 79.16% of predicted for severe pneumonia cases), followed by a lower number of patients with abnormalities in forced expiratory volume in the first second (FEV1) in 13.6% of the cases, forced vital capacity (FVC) in 10%, FEV1/FVC in 4.5% and small airway function in 7.3%. In addition, the percent-predicted value for total lung capacity in severe cases of pneumonia due to COVID-19 was lower than that reported for mild illness, suggesting greater lung volume impairment in severe cases. These findings indicate impairment in lung diffusion capacity is a primary abnormality in patients with COVID-19, followed by restrictive ventilatory dysfunction. 
Moreover, Sheng et al. found that viral infections increase the risk of pulmonary fibrosis, which can be one of the serious complications following recovery from COVID-19; the prevention of pulmonary fibrosis due to COVID-19 is an issue that needs to be urgently addressed [75]. 
It is also important to emphasize that pulmonary function testing should be considered as a clinical follow-up exam for patients recovering from COVID-19, particularly given patients with impaired lung function can benefit from pulmonary rehabilitation programs, as seen in patients with COPD, asthma, and other lung diseases [76,77]. 
The impact of COVID-19 on the cardiorespiratory system and precipitating damage is illustrated in Figure 2.
**Figure 2 here**
4. Severe diaphragm myopathy associated with COVID-19 
There is emerging evidence suggesting that the respiratory muscles may also be affected by SARS-CoV-2 infection [78,79]. A postmortem study by Shi et al. [78] examined the respiratory muscles of patients admitted to the ICU with COVID-19 compared to those without. They found that ACE-2 is expressed in the myofiber membrane of the human diaphragm, and evidence of viral infiltration of SARS-CoV-2 was observed in the diaphragm myofibers of patients with COVID-19. Patients with COVID-19 also demonstrated increased expression of genes associated with fibrosis, and a twofold increase in both epimysal and perimysal fibrosis compared to those without COVID-19, despite similar durations of MV and ICU stay [78]. 
This potential COVID-19-related acute respiratory muscle myopathy is concerning as COVID-19-related SARS may also reduce respiratory system compliance [79,80]. Those combined effects from COVID-19 infection may shift the balance between the pressure demands of breathing (alveolar ventilation) and the pressure generating capacity of the respiratory muscles increasing the risk of respiratory failure thus requiring MV. However, MV alone has been shown to induce rapid atrophy and profound weakness of the respiratory muscles [81]. Additionally, patient demographics at an increased risk of severe respiratory complications from COVID-19 requiring ICU admission and/or MV, such as older age, obesity, and lung disease, are associated with respiratory muscle weakness and difficulty weaning from MV [79]. The combination of these factors may contribute to the poorer outcomes following COVID infection especially in high risk patients [82]. They may explain the persistent dyspnea, and fatigue in patients recovering from COVID-19 [83]. Lastly, these COVID-related changes to the respiratory muscles may also explain the phenotype of patients with COVID-19-related SARS and respiratory failure without typical reductions to respiratory changes compliance [84,85]. 
As treatment priorities for COVID-19 rapidly evolve, rehabilitation health professionals with particular expertise in respiratory conditions (e.g., physiotherapists, exercise physiologists) are being recognized as essential members of the multidisciplinary team that cares for patients with COVID-19. As such, it is important to discuss when rehabilitation health professionals should initiate care in patients infected with SARS-CoV-2, how long this care should continue and how treatment approaches and goals evolve as a patient transitions from acute to long-term treatment [86–88].
5. Rehabilitation health professionals and the management of hospitalized patients with COVID-19 
Rehabilitation health professionals play a vital role in the care of patients with COVID-19, starting in the ICU as they work directly on respiratory care, manage ventilatory support, improve musculoskeletal disorders, functional capacity, and physical autonomy, all of which are essential to a successful discharge upon recovery [89] and illustrated in Figure 3. 
Regardless of severity of viral infection, hospitalized patients should be monitored for pulmonary assessment, especially during oxygen supplementation, noninvasive mechanical ventilation (NIV) and orotracheal intubation [90]. This is accomplished by direct observation and pulse oximetry; oxygen therapy using a nasal cannula or Venturi mask should be used as indicated to maintain oxygen saturation (SpO2) levels between 90% and 96% [91]. 
Use of NIV is not highly recommended due to its high association with increased respiratory failure rate [92]. On the other hand, high flow nasal oxygen is used for hypoxia associated with COVID-19 at flow rate to no more than 30 L/min due to its potential viral transmission [90]. Therefore, in some cases, it is necessary to provide strict airborne personal protective equipment (PPE) and negative pressure rooms, which are recommended to isolate patients capable of generating airborne infection. When negative pressure rooms are not available, it would be preferable to isolate the infected patients into a single room separated from areas containing non-COVID-19 infected patients [93]. In the event of ventilation failure, the criteria for MV are FiO2 > 60% and/or tidal volume >9 ml/kg, or the inability to tolerate 2 hours without NIV [90]. 
In some cases, experts suggest extracorporeal membrane oxygenation (ECMO) in hospitals with sufficient medical resources, a strategy that should be initiated before injurious MV. The purpose of ECMO is to maintain sufficient oxygenation and removal of carbon dioxide (CO2) [94]. Prone positioning in moderate-to-severe COVID-19 patients, i.e. ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO2/FiO2) < 150 mmHg, is also a strategy to prevent deterioration, and has been shown to have a beneficial effect on oxygenation, lung recruitment, and stress distribution. Physiotherapists, for example, can be an important part of the prone positioning team in the ICU, providing staff education and leading prone positioning, which maintained for more than 12 hours [92,94]. 
Based on previous studies [92,95–100], we summarize the main methods of intervention and in-hospital care in the management of patients with severe cases of COVID-19 in Table 1. 
As patients with COVID-19 admitted in ICU are often submitted to invasive MV, sedation and neuromuscular blockers, the onset of muscle weakness and dysfunction are of great concern. The longer the patient remains in the ICU (approximately 21 days or more for COVID-19 patients), the greater the risk of developing long-term reductions in physical function, as well as cognitive and emotional complications [101,102]. Prolonged bed rest is the primary driver for a condition known as ICU-acquired muscle weakness (ICU-AW), which is characterized by decreased muscle protein synthesis, loss of muscle mass, decreased force generation, and increased muscle catabolism [103]. Frequently, discharged ICU patients report dyspnea, pain, impaired lung function, and exercise intolerance, in addition to decreased mobility, more frequent falls and quadriparesis [103]. In addition, when patients recover from the infection and are discharged from the ICU, post-intensive care syndrome (PICS) may occur as a result of secondary injuries from the intensive care treatment and the consequences of severe respiratory issues [104,105]. During the previous SARS-CoV outbreak, a review of available literature found lung function 6–8 weeks after discharge demonstrated a mild-moderate restrictive pattern indicative of respiratory muscle weakness in 6–20% of the patients assessed [106]. Additionally, in a prospective cohort study with 97 survivors of SARS, persist reductions in exercise capacity as measured by in 6-minute walk test at 12 months was apparent [107]. 
**Figure 3 here**
Considering the deleterious impact of prolonged immobilization, physiotherapy is an important component of theacute rehabilitation process. Candan et al [108]. discussed the ICU-AW and its long-term consequences in patients with COVID-19, highlighting the importance of physiotherapy during the recovery phase, and indicating that a lack of physiotherapy during the acute treatment process may be one of the reasons for the increased frequency of loss of physical function after discharge from ICU.

To prevent the deleterious effects of bedrest, early mobilization is encouraged when it is safe for the patient, as indicated by a stable clinical presentation, including stable respiratory and hemodynamic status. Early mobilization includes bed mobility, sitting out of bed, sitting balance, sit to stand, walking, upper/lower limb ergometry, and range of motion and muscle strengthening exercises (Figure 3)[92].
**Table 1 here**
6.Recovery from the acute phase of COVID-19: entering the next phase in rehabilitation:
As described previously, the multisystem effects potentially triggered by COVID-19 can drastic and long-lasting effects on one’s health and physical function [3]. In particular, damage to the cardiorespiratory system has significant implications for the ability to perform activities of daily living and participate in an exercise program [29,34,47,52]. Moreover, the lasting effects of a COVID-19 infection requires further investigation; previous research into other SARS-related infections demonstrate lasting impacts on cardiorespiratory function [109].
COVID-19 survivors may also suffer from a ‘post-COVID-19 syndrome,’ described as the persistence of some symptoms even after the infection, as suggested by Goërtz et al. [110]. This research group analyzed the persistent symptoms 3 months after COVID-19 infection in 2113 patients, including: 1) hospitalized patients with positive a RT-PCR test for COVID-19; 2) nonhospitalized patients positive for COVID-19; nonhospitalized patients who presented with symptoms diagnosed by physician; and 4) nonhospitalized patients suspected of COVID-19 without a symptom diagnosis by a physician. This analysis found that patients presented with a median number of 14 (range 11–17) symptoms during the infection, and dyspnea and fatigue were the most prevalent symptoms in all the four groups of patients, present in 89.5% and 94.9% of the patients, respectively. After the infection, following a mean period of 79 ± 17 days, there was a mean reduction to 7 symptoms per patient, although dyspnea and fatigue were still both highly prevalent, 71% and 87%, respectively. The authors concluded that multiple symptoms are still present 3 months after the symptoms onset, characterizing the ‘post- COVID-19 syndrome’.
Recently, Ferraro et al [111]. characterized late COVID-19 consequences and investigated the role of rehabilitation in reducing COVID-19 related fatigue as a strategy to improve functional status. Seven previously hospitalized post-COVID-19 patients, mean aged 65.71 ± 11.90 years, were included and 85.7% of them showed COVID-19 related fatigue. All of the patients were admitted to a rehabilitation unit and underwent a patient-tolerated intervention (1–2 session per day, 30 minutes per session, 6 days/week). Both the six minute walk test (6MWT) and 10 minute walk test (10MWT) were used to evaluate the physical performance. Upon admission, low physical performance was observed in all patients (6MWT = 172.9 ± 64.1 m and 10MWT = 11.2 ± 4.7). Following rehabilitation, significant improvements were observed in functional status, especially in two patients (Case 2–6MWT = 306 m vs. 120 m; and Case 3–6MWT = 330 m vs. 100 m). The authors suggested that fatigue persists due to neuromotor consequences that persist after infection, and highlight the vital role of rehabilitation in the post-COVID-19 phase.
Therefore, initiation of rehabilitation following SARS-CoV-2 infection should be considered an essential component of the plan of care. In this sense, it is important to highlight the role and need for multidisciplinary approaches and the role of physical exercise in optimizing recovery from COVID-19, particular in the domains of exercise and functional capacity and quality of life (QoL) [112].
In this context, maintaining a physically active lifestyle is recommended since physical exercise plays an important role in reducing levels of systemic inflammation [113,114] and lowering the incidence of upper respiratory tract infections [115]. Because COVID-19 triggers an inflammatory state, regular exercise is recommended to improve immune function and reduce pro-inflammatory cytokine levels [114,116]. Nevertheless, the type, intensity and duration of exercise is relevant, as different intensities can trigger different systemic physiological responses [114,[116] and, as such, it is important to appropriately establish the optimal exercise prescription for a given patient. As such, regular moderate-intensity exercise (40–60% heart rate reserve or 65–75% of maximal heart rate [117] or Borg dyspnea score ≤ 3 [118]) is recommended due to its beneficial effects on immune function and its relationship with increased neutrophil phagocytic activity and lower levels of circulating pro-inflammatory cytokines [114].
El-Kader et al [119]. evaluated and compared the impact of a six month aerobic exercise (AE) or resistance exercise (RE) program on immune system function in 60 sedentary elderly subjects. The AE group performed 40-minute sessions on a treadmill at different workloads 3 days/week, while the RE group performed 40 min of exercises that included chest press, biceps curl, triceps extension, lower back, abdominals, leg press, leg curl, and leg extension, all at 60% to 80% of their one maximal repetition weight, 3 days/week. In this study, the AE demonstrated a greater benefit on immune system function and reducing systemic inflammatory markers; these findings have important implications for COVID-19, as elderly individuals are at higher risk for poor outcomes [120,121].
Exercise training also plays an important role in endothelial dysfunction because of its ability to induce NO synthesis through hemodynamic forces of blood flow, which stimulates the endothelium and triggers shear stress, working as a potent up-regulator of endothelial nitric oxide (eNOS) levels [122,123]; shear stress can be activated through a single session of resistance exercise, increasing eNOS levels [124].
In 2002 Fuchsjager-Mayrl et al [125]. conducted a clinical trial to evaluate the effectiveness of AE to improve endothelial function and to determine if a persistent improvement can be achieved by regular physical training in 26 subjects with type- 1 diabetes; the authors compared an intervention group (n = 18, bicycle exercise training) to a control group (n = 8, no intervention). Vascular function was evaluated at baseline, after 2 and 4 months of AE, and 8 months after the absence of regular exercise. The AE program increased peal oxygen consumption (VO2) by 13% after 2 months and by 27% after 4 months in the intervention group. Moreover, flow- mediated dilation of the brachial artery significantly improved in the AE group (FMD – from 6.5 ± 1.1% to 9.8 ± 1.1%). These beneficial effects were reversed after 8 months of exercise cessation, concluding that AE improves endothelial function but must be maintained to retain the positive physiologic effects.
Recently, Pedralli et al [126]. evaluated and compared the effects of different exercise training programs (i.e., AE, RE and combined AE+RE) on endothelial function in subjects with prehypertension or hypertension. A total of 54 subjects were randomly allocated to AE, RE or AE+RE groups, each performing 40-minute exercise sessions twice a week for 8 weeks. The authors found all three training programs similarly and significantly improved endothelial function as assessed by FMD [(AE: +3.2% (95%CI 1.7, 4.6) (p < 0.001); RE: +4.0% (95%CI 2.1, 5.7) (p < 0.001); and AE+RE: +6.8% (95%CI 2.6, 11.1) (p = 0.006)].
Because early rehabilitation has received attention as strategy for patients that have been hospitalized with COVID-19, in the recovery phase after the severe respiratory failure or hospital stay, Curci et al [127]. proposed an early rehabilitation protocol in post-acute COVID-19 patients to reduce dyspnea and improve muscle function and the ability to perform activities of daily living. However, their findings suggest that most patients that required respiratory support, suffered from dyspnea and shortness of breath with minimal activities. In addition, the National Institute for Heallth and Clinical Excellence guidelines recommend safety procedures to avoid the risk of aerosol-generation, such as NIV and cough assist. Thus, pulmonary rehabilitation should continue for these patients during the recovery process.
Liu et al [128]. recently conducted a randomized controlled trial to investigate the effects of a 6-week respiratory rehabilitation training on respiratory function, QoL, mobility and psychological function in elderly patients with COVID- 19. A total of 72 patients (36 for the control group and 36 for the COVID-19 group) performed 2 respiratory training sessions per week for 6 weeks; interventions included respiratory muscle training, cough exercises, diaphragmatic training, stretching exercise and home exercises. The authors found the respiratory rehabilitation program improved the respiratory function, QoL and anxiety in elderly patients with COVID-19.
Additionally, the COVID-19 pandemic facilitated the application of remote rehabilitation medicine. Due to quarantine, many patients are now required to perform home-based exercise rehabilitation, utilizing wearable devices, mobile phone APPS, and virtual reality [129]. Remotely delivered rehabilitation programs has been previously shown to be as effective as the conventional face-to-face programs in patients with COPD in terms of improving functional capacity and symptoms as well as being a safe and well-tolerated [130].
Tele-rehabilitation is a potential tool to provide exercise therapy [131,132], psychological support, and nutrition advice during the COVID-19 pandemic, allowing meaningful interactions without face-to-face contact between patients and healthcare professionals. Based on previous respiratory viral outbreaks, many discharged patients may have residual deficits affecting physical, psychological and respiratory function. Thus, tele-rehabilitation offers remotely supervised therapy by a multiprofessional team to patients within their homes or community [131].
The main advantages of tele-rehabilitation are portability and versatility, since its developed to use natural body movements with minimal use of equipment. Besides the cost-effective advantage, the use of visualization screens makes therapeutic more engaging and stimulating as it provides visual feedback [131,133]. 
In a systematic review, Ceravolo et al [134]. discussed rehabilitation activities in patients hospitalized in the acute phase of the infection, suggesting monitoring patients’ clinical conditions and passive mobilitazion to avoid immobilization sequelae. Home-based exercises should include aerobic, resistance, balance, coordination and mobility training for 5–7 days/week. However, tele-rehabilitation should be the first option to avoid face-to-face interaction. 
In order to develop a strategy to offer rehabilitation care to patients recovering COVID-19, Salawu et al [131]. proposed an innovative form of post-discharge care through tele-rehabilitation, to facilitate the monitoring of these patients by medical teams. The authors classified patients into two streams: 1) Stream 1 patients with COVID-19 who require intensive care/NIV support; and 2) Stream 2 patients with COVID-19 who did not require hospitalization in intensive care/NIV support. According to the proposed protocol, patients should initiate tele-rehabilitation through cell phones and videos 4–6 weeks after hospital discharge, which extends to the 12th week, so that patients are continuously monitored by a multidisciplinary medical team and exams, such as chest radiography and computer tomography are continued. The proposed protocol includes two patients assessment, at weeks 4–6 and 12 weeks, where the medical team contacts the patient remotely. These assessments will be used to identify suitable patients to benefit from a tele-rehabilitation program. Patients who cannot participate in this form of treatment (e.g., patients with balance deficits) need a face-to-face assessment with the appropriate infection risk management implemented. In addition, the authors propose that monitoring patients’ recovery should be performed as an integral component, capable of assessing and managing the post-COVID-19 residual deficits. 
Because tele-rehabilitation methods have demonstrated positive experiences, with the intention to treat the respiratory consequences in patients affected with COVID-19 and maintaining social distancing policies, Gonzalez-Gerez et al [135]. developed a therapeutic pulmonary tele-rehabilitation protocol in a randomized controlled trial, separating three different groups of patients, considering randomized allocation. Patients allocated in group 1 will participate in a respiratory exercise program, consisting of 10 exercises based on the recommendations of the College of Physiotherapists of Madrid, Spain. The interventions will be based on techniques of active cycles of breathing and postural changes. Patients allocated in group 2 will realize a nonspecific toning exercise program, which will consist of 10 toning exercises based on the recommendations of the College of Physiotherapists in Andalusia, Spain. Finally, patients from group 3 will constitute the sham group. The sham program will consist of 10 sedentary exercises based on sophrology and meditation with mental exercise visualization, concentration and mental activity, not following a linear progression and without the objective to obtain benefits through meditation. In all three programs offered, the interventions will be taught to patients telemmatically during the first session, and will be carried out once a day, for 21 days, being reinforced by a physical therapist daily by videoconference. The authors reported that results will be communicated to authorities and published in a medical scientific journal. 
In terms of patient assessment, Finkelstein et al [132]. developed a pilot study with the aim of presenting approaches for a remote assessment of exercise capacity through an interactive platform. The authors developed a personalized remote physiotherapeutic assessment system for an exercise program, which can be adapted according to the level of functional capacity of each patient, including gait and balance limitations. The system consists of a: 1) personal computer with Zoom for the physical therapist; 2) personal computer with Zoom for the patient; and 3) wrist oximeter and arm bike for the patient. The physical therapist will be able to give the instructions and monitor the patient’s condition during remote therapy. In this pilot study, the authors collected data from 15 reports of 15 different patients. Regarding the usability of remote exercise evaluation, the results revealed high general acceptance by all patients, affirming the potential benefits of patient-centered digital health. Moving forward, the authors intend to develop an interface analyzing different subgroups of patients with different socioeconomic backgrounds, different age groups, computer skills, literacy and numeracy. 
As such, remotely delivered rehabilitation should be considered as a viable and effective approach. If conventional face-to-face healthcare is provided, healthcare professionals and patients must follow hygiene and social distancing rules to minimize the risk of contamination; important considerations for modifications and adaptations for face-to-face rehabilitation is described in Table 2[136]. 
7. Conclusions 
In summary, as the world continues to address the COVID-19 pandemic, we have rapidly gained an appreciation for the deleterious multisystem effects of the virus. These effects have significant and potentially long-lasting implications for exercise and functional capacity as well as quality of life. As such, it is clear that healthcare professionals with expertise in rehabilitation are an essential component of the multidisciplinary team that is charged with the care of patients with COVID-19. Rehabilitation should be initiated in the acute phases of COVID-19 recovery and continue over the long term, particularly to address and reverse the impacts of the virus on cardiorespiratory and muscle function. Moreover, leading a healthy lifestyle, including regular exercise, is an important strategy to prevent the severity of the response to a viral infection and must be considered a vital public health strategy moving forward. 
8. Expert opinion 
The findings discussed in this review study highlight the crucial role of physical rehabilitation in patients recovering from COVID-19, initiated soon after acute recovery. Considering that COVID-19 increasingly show its multiorgan pathophysiology followed by systemic impairments after the infection, either by damage triggered directly by the infection or secondary damage caused by long-term rest and/or other therapeutic methods to manage the disease. Considering that many patients may suffer multiple consequences of the infection, mainly in the musculoskeletal and cardiorespiratory systems, therapeutic interventions can assist in maintaining/improving functional status of these patients, preventing the progression or development of other problems secondary to COVID-19 in the post-infection phase.
There is large evidence about rehabilitation programs and its beneficial effects for people with cardiac, respiratory, neurological, musculoskeletal, metabolic and other disorders. Rehabilitation health professionals are essential in the recovery process of many diseases, and exercise has been increasingly seen as medicine in terms of preventing, treating and improving several conditions. As we are gaining a better understanding of the consequences of COVID-19, we can already say, with high confidence, that a significant percentage of COVID-19 survivors will benefit from physical rehabilitation to treat secondary impairments triggered by COVID-19 and/or its treatment methods. Therefore, future studies should have the main objective of solidifying strategies and protocols to be adopted in clinical practice for COVID-19 survivors. However, it is necessary to consider that one of the great current challenges is social distance, which limits or prevents the assistance to patients, mainly those without access to the internet, a computer or cell phone, making it difficult to carry out tele-rehabilitation. In addition, learning the techniques and exercises proposed by the rehabilitation professional can also be a challenge for patients, and consequently for healthcare professionals. In this sense, it will be important to standardize rehabilitation strategies to overcome these challenges that permeate the real world, developing protocols and strategies that allow the inclusion and participation of these patients who need rehabilitation services.
As early rehabilitation is highlighted in the current scenario, mainly to treat the sequelae of COVID-19 survivors, according to the literature presented, early initiation of rehabilitation, soon after the acute phase of recovery, is warranted, on average four weeks after discharge from the hospital, considering individual needs and difficulties. It is also important to highlight the need for a specialized multidisciplinary team to monitor the various cases, since COVID-19 can have numerous presentations, many of which have not yet been fully elucidated.
Thus, monitoring health status (echocardiography, spirometry, analysis of muscle function, for example) after COVID-19 and early treatment of the sequelae caused by the disease can facilitate the diagnosis of new conditions and reduce future health costs, in addition to facilitating the search for solutions to maintain or improve the quality of life of these patients.
In addition, a recent systematic study reported the global estimates of the need to rehabilitation and found that at least one in three people worldwide needs rehabilitation services at some point in the course of some illness or injury, and also found the musculoskeletal disorders to contribute most to the increased prevalence for rehabilitation services [137].
Thus, as physical exercise works to improve skills and, mainly, to perform activities of daily living, it is a good strategy to improve functional capacity, restoring the patient’s physical autonomy, which is essential to a successful discharge upon recovery.
	These findings added to the current scenario further point to the vital role of rehabilitation health professionals in the coming years and the urgent need to discuss and develop protocols and strategies to assist these patients, which presupposes the need to develop clinical trials to answer the large number of questions that surround us now, especially on how to assist COVID-19 survivors.
Declaration of interest: 
R Silva and M Oliveira have received PhD scholarships from CAPES. G Back has received a MSc scholarship from CAPES. C Goulart has received a PhD scholarship from FAPESP. A Borghi-Silva has received a research grant (Thematic Project – Process #2015/26,501-1) from FAPESP. The authors have no other relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

	

	

	

	

	

	

	

	

	


References 
Papers of special note have been highlighted as either of interest (•) or of considerable interest (••) to readers 1. 
1. Ponti G, Maccaferri M, Ruini C, et al. Biomarkers associated with COVID-19 disease progression. Crit Rev Clin Lab Sci [Internet]. 2020;0:1–11. Available from:https://doi.org/10.1080/10408363.2020 
2. Mai F, Del Pinto R, Ferri C. COVID-19 and cardiovascular diseases. J Cardiol. 2020; 76(5):453–458. Available from: https://doi.org/10. 1016/j.jjcc.2020.07.013 
3. Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary manifestations of COVID-19. Nat Med. 2020; 26. DOI:10.1038/s41591-020-0968-3 
4. Hosey MM, Needham DM. Survivorship after COVID-19 ICU stay. Nat Rev Dis Prim. 2020;6(1): 6. doi: 10.1038/s41572-020-0201-1. 
5. Van Aerde N, Van den Berghe G, Wilmer A, et al. Intensive care unit acquired muscle weakness in COVID-19 patients. Intensive Care Med. 2020;26:10–12. 
6. Gautam AP, Arena R, Dixit S, et al. Pulmonary rehabilitation in COVID-19 pandemic era: the need for a revised approach. Respirology. 2020;25:1320–1322. •• Of considerable interest: Provides evidence-based presentation of the vital role of pulmonary rehabilitation for COVID- 19 survivors. 
7. Belli S, Balbi B, Prince I, et al. Low physical functioning and impaired performance of activities of daily life in COVID-19 patients who survived hospitalisation. Eur Respir J. 2020;56(4): 2002096. doi: 10.1183/13993003.02096-2020.  
8. Barker-Davies RM, O’Sullivan O, Senaratne KPP, et al. The stanford hall consensus statement for post-COVID-19 rehabilitation. Br J Sports Med. 2020;54:949–959. 
9. Su S, Wong G, Shi W, et al. Epidemiology, genetic recombination, and pathogenesis of Coronaviruses. Trends Microbiol. 2016; 24:490–502. Available from: http://dx.doi.org/10.1016/j.tim.2016.03.003 
10. Chen J, Subbarao K. The Immunobiology of SARS. Annu Rev Immunol. 2007;25:443–472. 
11. Hussain M, Jabeen N, Raza F, et al. Structural variations in human ACE2 may influence its binding with SARS-CoV-2 spike protein. J Med Virol. 2020;92(9):1580-1586. doi: 10.1002/jmv.25832. 
12. Corman VM, Lienau J, Witzenrath M. Coronaviruses as the cause of respiratory infections. Internist. 2019;60:1136–1145. 
13. Vetter P, Vu DL, L’Huillier AG, et al. Clinical features of covid-19. BMJ. 2020; 369:1–2. Available from: http://dx.doi.org/doi:10.1136/bmj.m1470 
14. Moein ST, Hashemian SMR, Mansourafshar B, et al. Smell dysfunction: a biomarker for COVID-19. Int Forum Allergy Rhinol. 2020;10 (8):944-950. doi: 10.1002/alr.22587.
15. Zhu J, Ji P, Pang J, et al. Clinical characteristics of 3,062 COVID-19 patients: a meta-analysis. J Med Virol. 2020; 92:1902–1914. Available from: https://doi.org/10.1002/jmv.25884 
16. Giacomelli A, Pezzati L, Conti F, et al. Self-reported olfactory and taste disorders in SARS-CoV-2 patients: a cross-sectional study. Clin Infect Dis. 2020.28;71(15):889-890. doi: 10.1093/cid/ciaa330. 
17. Wu P, Duan F, Luo C, et al. Characteristics of ocular findings of patients with Coronavirus Disease 2019 (COVID-19) in Hubei Province, China. JAMA Ophthalmol. 2020;2019:575–578. 
18. Wu A, Peng Y, Huang B, et al. Genome composition and divergence of the novel Coronavirus (2019-nCoV) originating in China. Cell Host Microbe. 2020; 27:325–328. Available from:https://doi.org/10. 1016/j.chom.2020.02.001 
19. Jaimes JA, André NM, Chappie JS, et al. Phylogenetic analysis and structural modeling of SARS-CoV-2 spike protein reveals an evolutionary distinct and proteolytically sensitive activation loop. J Mol Biol. 2020. 1;432(10):3309-3325. doi: 10.1016/j.jmb.2020.04.009. 
20. World Health Organization (WHO). WHO Coronavirus disease (COVID-19) Dashboard [cited 2020 Dec 12]. Available at: https:// covid19.who.int/ 
21. Wan Y, Shang J, Graham R, et al. Receptor recognition by the novel Coronavirus from Wuhan: an analysis based on decade-long structural studies of SARS Coronavirus. J Virol. 2020;94:1–9. 
22. Santos RAS, Sampaio WO, Alzamora AC, et al. The ACE2/ Angiotensin-(1-7)/Mas axis of the renin-angiotensin system: focus on Angiotensin-(1-7). Physiol Rev. 2018;98:505–553. 
23. Shang J, Wan Y, Luo C, et al. Cell entry mechanisms of SARS-CoV-2. Proc Natl Acad Sci U S A. 2020;2020:1–8. Available from: http:// www.ncbi.nlm.nih.gov/pubmed/32376634 
24. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J Autoimmun Internet]. 2020; 109:102433. Available from: https://doi.org/10.1016/j.jaut. 2020.102433 
25. Li M, Li L, Zhang Y, et al. Expression of the SARS-CoV-2 cell receptor gene ACE2 in a wide variety of human tissues. Infect Dis Poverty. 2020;9:45. 
26. Chen L, Liu HG, Liu W, et al. Analysis of clinical features of 29 patients with 2019 novel coronavirus pneumonia. Zhonghua Jie He He Hu Xi Za Zhi. 2020;43:E005. 
27. Channappanavar R, Perlman S. Pathogenic human coronavirus infections: causes and consequences of cytokine storm and immunopathology. Semin Immunopathol. 2017;39:529–539. 28. Pedersen SF, YC H. SARS-CoV-2: A Storm is Raging. J Clin Invest. 2020;130:2202–2205. 
28. Ye Q, Wang B, Mao J. Cytokine Storm in COVID-19 and Treatment. J Infect Internet]. 2020;80:607–613. Available from: https://doi.org/ 10.1016/j.jinf.2020.03.037 
29. Wang H, Ma S. The cytokine storm and factors determining the sequence and severity of organ dysfunction in multiple organ dysfunction syndrome. Am J Emerg Med. 2008;26:711–715.
30. Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet. 2020; 395:1417–1418. Available from: http://dx.doi.org/10.1016/S0140-6736(20)30937-5  
31. Ferrario CM, Jessup J, Chappell MC, et al. Effect of angiotensin-converting enzyme inhibition and angiotensin II receptor blockers on cardiac angiotensin-converting enzyme 2. Circulation. 2005;111:2605–2610.
32. Miller AJ, Arnold AC. The renin–angiotensin system in cardiovascular autonomic control: recent developments and clinical implications. Clin Auton Res Internet]. 2019; 29:231–243. Available from.
33. South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the cardiovascular consequences. Am J Physiol Heart Circ Physiol. 2020;318: H1084–H1090. doi:10.1152/ajpheart.00217.2020.
34. Guzik TJ, Mohiddin SA, Dimarco A, et al. COVID-19 and the cardiovascular system: implications for risk assessment, diagnosis, and treatment options. Cardiovasc Res. 2020;116:1666–1687.
35. Rajendran P, Rengarajan T, Thangavel J, et al. The vascular endothelium and human diseases. Int J Biol Sci. 2013;9:1057–1069.37. Wu Y, Xu X, Chen Z, et al. Nervous system involvement after infection with COVID-19 and other coronaviruses. Brain Behav Immun. 2020; 18–22. DOI:10.1016/j.bbi.2020.03.031
36. Counotte MJ, Meili KW, Taghavi K, et al. Zika virus infection as a cause of congenital brain abnormalities and Guillain-Barré syndrome: A living systematic review. F1000Res. 2019. 14;8:1433. doi: 10.12688/f1000research.19918.1.
37. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet. 2020; 395:1033–1034. Available from: http://dx.doi.org/10.1016/S0140-6736(20)30628-040. Koyuncu OO, Hogue IB, Enquist LW. Virus infections in the nervous system. Cell Host Microbe. 2013;13:379–393
38. Morrison LA, Fields BN. Viral pathogenesis and central nervous system infection. 1991; 3:83–91. Semin Neurosci. 1991. 3(2):83-91. doi: 10.1016/1044-5765(91)90002-6.
39. Iadecola C, Anrather J, Kamel H. Effects of COVID-19 on the nervous system. Cell Internet]. 2020; 183:16–27.e1. Available from: https:// doi.org/10.1016/j.cell.2020.08.02843.
40. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospitalized patients with Coronavirus disease 2019 in Wuhan, China. JAMA Neurol. 2020;77:683–690
41. Alberti P, Beretta S, Piatti M, et al. Guillain-Barré syndrome related to COVID-19 infection. Neurol - Neuroimmunol Neuroinflammation [Internet]. 2020; 7:e741. Available from: http://nn.neurology.org/ lookup/doi/10.1212/NXI.0000000000000741
42. Zhao H, Shen D, Zhou H, et al. Guillain-Barré syndrome associated with SARS-CoV-2 infection: causality or coincidence? Lancet Neurol. 2020; 19:383–384. Available from: http://dx.doi.org/10.1016/S1474- 4422(20)30109
43. Polkey MI, Lyall RA, Moxham J, et al. Respiratory aspects of neurological disease. J Neurol Neurosurg Psychiatry. 1999;66(1):5–15. doi: 10.1136/jnnp.66.1.5
44. Aboussouan LS. Respiratory disorders in neurologic diseases. Cleve Clin J Med. 2005;72(6):511–520. doi: 10.3949/ccjm.72.6.511.
45. E V S, Davenport J. The guillain-barresyndrome: pulmonary-neurologic correlations. Medicine (Baltimore). 1985;64:333–341.
46. Dhiman D, Mahajan SK, Sharma S, et al. Respiratory involvement in guillain–barre syndrome: the uncharted road to recovery. J Neurosci Rural Pract. 2018;79:68–72.50. Soleimani M. Acute kidney injury in sars-cov-2 infection: direct effect of virus on kidney proximal tubule cells. Int J Mol Sci. 2020;21(9):3275. doi: 10.3390/ijms21093275
47. Batlle D, Soler MJ, Sparks MA, et al. Acute Kidney Injury in COVID-19: emerging evidence of a distinct pathophysiology. J Am Soc Nephrol. 2020;31:1380–1383.52. Pulmonary Complications FS. After acute kidney injury. Adv Chronic Kidney Dis. 2008;15:284–296
48. Andrade FP, Rezende PDS, Ferreira TDS, et al. Effects of intradialytic exercise on cardiopulmonary capacity in chronic kidney disease: systematic review and meta-analysis of randomized clinical trials. Sci Rep. 2019;9:1–7.
49. Bandyopadhyay D, Akhtar T, Hajra A, et al. COVID-19 pandemic: cardiovascular complications and future implications. Am J Cardiovasc Drugs. 2020; 20:311–324. Available from: https://doi. org/10.1007/s40256-020-00420-255  
50. Shi S, Qin M, Shen B, et al. Association of cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. 2020;5:802–810.56. European Society of Cardiology. 
51. ESC guidance for the diagnosis and management of CV disease during the COVID-19 Pandemic. 2020. [cited 2020 Jun 10]. Available from: https://www.escardio. org/static-file/Escardio/Education-General/Topicpages/Covid-19/ ESC-GuidanceDocument/ESC-Guidance-COVID-19-Pandemic.pdf
52. Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab Syndr Clin Res Rev. 2020;14:247–250
53. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients with 2019 novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020;323:1061–1069
54. Madjid M, Safavi-Naeini P, Solomon SD, et al. Potential effects of coronaviruses on the cardiovascular system: a review. JAMA Cardiol. 2020;10:1–10.
55. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China : a retrospective cohort study. Lancet. 2020;395:1054–1062
56. Rello J, Storti E, Belliato M, et al. Clinical phenotypes of SARS-CoV-2: implications for clinicians and researchers. Eur Respir J. 2020;55:2001028.62. Sardu C, Gambardella J, Morelli MB. Is COVID-19 an endothelial disease? Clinical and Basic Evidence. 2020; 1–26
57. Wong CK, Lam CWK, Wu AKL, et al. Plasma inflammatory cytokines and chemokines in severe acute respiratory syndrome. Clin Exp Immunol. 2004;136:95–103
58. Ferguson NM, Walker PGT, Whittaker C, et al. The global impact of COVID-19 and strategies for mitigation and suppression. Imp Coll COVID-19 Response Team. 2020; 1–19
59. Lai AL, Millet JK, Daniel S, et al. Transmission potential and severity of COVID-19 in South Korea. Int J Infect Dis. 2020;93:339-344. doi: 10.1016/j.ijid.2020.03.031
60. Jiang F, Deng L, Zhang L, et al. Review of the clinical characteristics of Coronavirus disease 2019 (COVID-19). J Gen Intern Med. 2020;35:1545–1549.67. Sheng WH, Ko WC, Huang YC, et al. SARS-CoV-2 and COVID-19. J Microbiol Immunol Infect. 2020;53(3):363-364. doi: 10.1016/j. jmii.2020.03.033
61. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497–506.
62. Sun P, Lu X, Xu C, et al. Understanding of COVID-19 based on current evidence. J Med Virol. 2020;92(6):548-551. doi: 10.1002/ jmv.25722
63. Guan W, Ni Z, Hu Y, et al. Clinical characteristics of 2019 novel coronavirus infection in China. N Engl J Med. 2020;382:1708–1720. doi: 10.1056/nejmoa2002032
64. Marini JJ, Gattinoni L. Management of COVID-19 Respiratory Distress. JAMA. 2020;7:435–444
65. Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute respiratory distress syndrome: the Berlin definition. J Am Med Assoc. 2012;307:2526–2533
66. Zhao D, Yao F, Wang L, et al. A comparative study on the clinical features of COVID-19 pneumonia to other pneumonias. Clin Infect Dis. 2020;71:756–761
67. Mo X, Jian W, Su Z, et al. Abnormal pulmonary function in COVID-19 patients at time of hospital discharge. Eur Respir J. 2020;55:2001217. Available from http://www.ncbi.nlm.nih.gov/ pubmed/32381497•• Of considerable interest: First study with COVID-19 survivors to show the impairments in diffusion capacity as the main abnormality of lung function followed by restrictive ventilatory dysfunction
68. Sheng G, Chen P, Wei Y, et al. Viral infection increases the risk of idiopathic pulmonary fibrosis. Chest. 2019;157:1175–1187
69. Lingner H, Ernst S, Großhennig A, et al. Asthma control and health-related quality of life one year after inpatient pulmonary rehabilitation: the ProKAR Study. J Asthma. 2015;52:614–621.  
70. Watz H, Pitta F, Rochester CL, et al. An official European respiratory society statement on physical activity in COPD. Eur Respir J. 2014;44:1521–1537
71. Shi Z, HJ de V, APJ V, et al. Diaphragm pathology in critically ill patients with COVID-19 and postmortem findings from 3 medical centers. JAMA Intern Med. 2021;181(1):122-124. doi: 10.1001/ jamainternmed.2020.6278.79. 
72. Severin R, Arena R, Lavie CJ, et al. Respiratory muscle performance screening for infectious disease management following COVID-19: A highly pressurized situation. Am J Med. 2020;133:1025–1032
73. Grasselli G, Tonetti T, Protti A, et al. Pathophysiology of COVID-19- associated acute respiratory distress syndrome: a multicentre prospective observational study. Lancet Respir Med. 2020;8:1201–1208.
74. Levine S, Nguyen T, Taylor N, et al. Rapid disuse atrophy of diaphragm fibers in mechanically ventilated humans. N Engl J Med. 2008;358:485–493.
75. Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of 21 critically Ill patients with COVID-19 in Washington State. JAMA. 2020;323:1612–1614
76. Carfì A, Bernabei R, Landi F, et al. Persistent symptoms in patients after acute COVID-19. JAMA. 2020;324:603–605.84. Camporota L, Chiumello D, Busana M, et al. Pathophysiology of COVID-19-associated acute respiratory distress syndrome. Lancet Respir Med. 2020; 2600:30505. Available from: http://dx.doi.org/ 10.1016/S2213-2600(20)30505-185. 
77. Gattinoni L, Coppola S, Cressoni M, et al. COVID-19 does not lead to a “typical” acute respiratory distress syndrome. Am J Respir Crit Care Med. 2020;201:1299–1300.
78. Spruit MA, Singh SJ, Garvey C, et al. An official American thoracic society/European respiratory society statement: key concepts and advances in pulmonary rehabilitation. Am J Respir Crit Care Med. 2013;188(8):e13-64. doi: 10.1164/rccm.201309-1634ST.
79. Nishitani M, Shimada K, Masaki M, et al. Effect of cardiac rehabilitation on muscle mass, muscle strength, and exercise tolerance in diabetic patients after coronary artery bypass grafting. J Cardiol. 2013; 61:216–221. Available from: http://dx.doi.org/10.1016/j.jjcc. 2012.11.00488.. 
80. American Heart Association (AHA). Cardiac rehabilitation putting more patients on the road to recovery. Circulation.2013; 2017(135): e146–e603.•• Of considerable interest: Explains the cardiac rehabilitation and its importance for cardiac patients to improve the heart health-related.89. 
81. Simões S. SARSCoV-2(COVID-19):lessonsto be learned by Brazilian physical therapists. Braz J Phys Ther. 2019;2:1029–1048
82. Alhazzani W, Møller MH, Arabi YM, et al. Surviving sepsis campaign: guidelines on the management of critically ill adults with Coronavirus Disease 2019 (COVID-19). Intensive Care Med. 2020;46:854–887
83. Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl J Med. 2020;83(25):2451-2460. doi: 10.1056/NEJMcp2009575.
84. Thomas P, Baldwin C, Bissett B, et al. Physiotherapy management for COVID-19 in the acute hospital setting: clinical practice recommendations. J Physiother. 2020;66(2):73-82. doi: 10.1016/j. jphys.2020.03.011.93. 
85. The Australian and. New Zealand Intensive Care Society (ANZICS) COVID-19 Guidelines. Anaesth Intensive Care. 2020;1.
86. Shang Y, Pan C, Yang X, et al. Management of critically ill patients with COVID-19 in ICU: statement from front-line intensive care experts in Wuhan, China. Ann Intensive Care. 2020; 10:1–24. Internet]. Available from:95. WHO. Clinical management of severe acute respiratory infection when COVID-19 is suspected (v1.2). 2020;1–21. [cited 2020 Oct 23]. Available from: https://www.who.int/publications-detail/clinical- management-of-severe-acute-respiratory-infection-when-novel- coronavirus-(ncov)-infection-is-suspected.
87. Ñamendys-Silva SA. Respiratory support for patients with COVID-19 infection. Lancet Respir Med. 2020;2600:30110.97. Zuo M, Huang Y, Ma W, et al. Expert recommendations for tracheal intubation in critically ill patients with noval Coronavirus disease 2019. Cmsj. 2020;0:0.98  
88. Cavalcanti AB, ÉA S, Laranjeira LN, et al. Effect of lung recruitment and titrated Positive End-Expiratory Pressure (PEEP) vs low PEEP on mortality in patients with acute respiratory distress syndrome - A randomized clinical trial. J Am Med Assoc. 2017;318:1335–1345
89. Ramanathan K, Antognini D, Combes A, et al. Planning and provision of ECMO services for severe ARDS during the COVID-19 pandemic and other outbreaks of emerging infectious diseases. Lancet Respir Med. 2020; 2600. DOI:10.1016/S2213-2600(20)30121-1
90. Guérin C, Reignier J, Richard JC, et al. Prone positioning in severe acute respiratory distress syndrome. N Engl J Med. 2013;368:2159–2168.101.
91. Borg K, Stam H. Editorial: Covid-19 and physical and rehabilitation medicine. J Rehabil Med. 2020;52:jrm00045.
92. Rawal G, Yadav S, Kumar R. Acute respiratory distress syndrome: an update and review. J Transl Intern Med. 2016;6:74–77.
93. CL H, CJ T. Physiotherapy management of intensive care unit-acquired weakness. J Physiother Internet]. 2017; 63:4–10. Available from: http://dx.doi.org/10.1016/j.jphys.2016.10.011
94. Kress JP, Hall JB. ICU-acquired weakness and recovery from critical illness. N Engl J Med. 2014;370:1626–1635.105. 
95. Harvey MA, Davidson JE. Postintensive care syndrome: right care, right now.and later. Crit Care Med. 2016;44:381–385
96. Chan KS, Zheng JP, Mok YW, et al. SARS: prognosis, outcome and sequelae. Respirology. 2003;8:36–40.
97. Ramanathan K, Antognini D, Combes A, et al. The 1-year impact of severe acute respiratory syndrome on pulmonary function, exercise capacity, and quality of life in a cohort of survivors. Chest. 2020;128:2247–2261.
98. Candan SA, Elibol N, Abdullahi A. Consideration of prevention and management of long-term consequences of post-acute respiratory distress syndrome in patients with COVID-19. Physiother Theory Pract Internet]. 2020; 36:663–668. Available from:
99. Hui DS, Joynt GM, Wong KT, et al. Impact of severe acute respiratory syndrome (SARS) on pulmonary function, functional capacity and quality of life in a cohort of survivors. Thorax. 2005;60:401–409
100. YMJ G, Van Herck M, Delbressine JM, et al. Persistent symptoms 3 months after a SARS-CoV-2 infection: the post-COVID-19 syndrome? ERJ Open Res. 2020; 6:00542–02020. Internet]. Available from:http://dx.doi.org/10.1183/23120541.00542-2020111. 
101. Ferraro F, Calafiore D, Dambruoso F, et al. COVID-19 related fatigue: which role for rehabilitation in post-COVID-19 patients? A case series. J Med Virol. 2020;93:1896-1899. doi: 10.1002/jmv.26717.
102. Faghy MA, Ashton RE, Maden-Wilkinson TM, et al. Integrated sports and respiratory medicine in the aftermath of COVID-19. Lancet Respir Med. 2020; 8:852. Internet]. Available from:http://dx.doi. org/10.1016/S2213-2600(20)30307-6113. 
103. Ferreira MJ, Irigoyen MC, Consolim-Colombo F, et al. Physically active lifestyle as an approach to confronting COVID-19. Arq Bras Cardiol. 2020;114:601–602.• Of interest: Provides updated evidence-based recommendations to maintain an active lifestyle and its importance during the pandemic.114. 
104. Simpson RJ, Agha N, Kunz H. Exercise and the regulation of immune functions. Progress in molecular biology and translational science. Prog Mol Biol Transl Sci. 2015;355–380. doi: 10.1016/bs. pmbts.2015.08.001.• Of interest: Provides evidence-based presentation of the physical exercise and its anti-inflammatory and immune fuctions.115. 
105. Jones AW, Exercise DG. Immunity, and Illness. Muscle Exerc Physiol. 2019; 317–344.116. 
106. Paolucci EM, Loukov D, Bowdish DME, et al. Exercise reduces depression and inflammation but intensity matters. Biol Psychol. 2018; 133:79–84. Available from: http://dx.doi.org/10.1016/j.biopsycho.2018.01.015117. 
107. Jiménez-Pavón D, Carbonell-Baeza A, Lavie CJ. Physical exercise as therapy to fight against the mental and physical consequences of COVID-19 quarantine: special focus in older people. Prog Cardiovasc Dis Internet]. 2020; 63:386–388. Available from: https://doi.org/10.1016/j.pcad.2020.03.009118. 
108. Wang TJ, Chau B, Lui M, et al. Physical medicine and rehabilitation and pulmonary rehabilitation for COVID-19. Am J Phys Med Rehabil. 2020;99:769–774.  
109. SMA E-K, Al-Shreef FM. Inflammatory cytokines and immune system modulation by aerobic versus resisted exercise training for elderly. Afr Health Sci. 2018;18:120–131.120.
110.  Mahase E. Covid-19: why are age and obesity risk factors for serious disease? BMJ. 2020;371:m4130.121. Centers for Disease Control and Prevention (CDC). COVID-19 Hospitalization and Death by Age. [Available at: https://www.cdc. gov/coronavirus/2019-ncov/covid-data/investigations-discovery /hospitalization-death-by-age.html]. [cited 2020 Dec 12]. 2020. p. 1.122. 
111. Miller VM, Vanhoutte PM. Enhanced release of endothelium-derived factor(s) by chronic increases in blood flow. Am J Physiol - Hear Circ Physiol. 1988;255(3):446-451. doi: 10.1152/ajpheart.1998.255.3.H446.
112.  Sciartilli A, Di VV, et al. The effect of physical exercise on endothelial function. Sport Med. 2009;39:797–812.124. 
113. Pagan LU, Gomes MJ, Okoshi MP. Endothelial function and physical exercise. Arq Bras Cardiol. 2018;111:540–541.125.
114.  Fuchsjäger-Mayrl G, Pleiner J, Wiesingen GF, et al. Endothelial function in patients with type 1 diabetes. Diabetes Care. 2002;25:1795–1801.126. 
115. Pedralli ML, Marschner RA, Kollet DP, et al. Different exercise training modalities produce similar endothelial function improvements in individuals with prehypertension or hypertension: a randomized clinical trial Exercise, endothelium and blood pressure. Sci Rep. 2020; 10:1–9. Available from: http://dx.doi.org/10.1038/s41598-020-64365-x127.
116. CURCI C, PISANO F, BONACCI E, et al. Early rehabilitation in post-acute COVID-19 patients: data from an Italian COVID-19 Rehabilitation Unit and proposal of a treatment protocol. Eur J Phys Rehabil Med. 2020;56:633–641.128. 
117. Liu K, Zhang W, Yang Y, et al. Respiratory rehabilitation in elderly patients with COVID-19: A randomized controlled study. Complement Ther Clin Pract. 2020;101166. doi: 10.1016/j.ctcp.2020.101166.•• Of considerable interest: Provide evidence that respiratory rehabilitation can improve respiratory function, quality of life and anxiety of elderly patients with COVID-19.129  
118. Li J. Rehabilitation management of patients with COVID-19. Lessons learned from the first experiences in China. Eur J Phys Rehabil Med. Internet]. 2020;56:335–338. Available from: http:// www.ncbi.nlm.nih.gov/pubmed/32329589130. Bourne S, Devos R, North M, et al. Online versus face-to-face pulmonary rehabilitation for patients with chronic obstructive pulmonary disease: randomised controlled trial. BMJ Open. 2017;7(7):e014580. doi: 10.1136/bmjopen-2016-014580.131.
119. Salawu A, Green A, Crooks MG, et al. A proposal for multidisciplinary tele-rehabilitation in the assessment and rehabilitation of COVID-19 survivors. Int J Environ Res Public Health. 2020;17:1–13.132. 
120. Finkelstein J, Jeong IC, Doerstling M, et al. Usability of remote assessment of exercise capacity for pulmonary telerehabilitation program. Stud Health Technol Inform. 2020;275:72–76.133. 
121. Trevor GR. Physical rehabilitation using telemedicine. J Telemed Telecare. Internet]. 2007; 13:217–220. Available from https://jour nals.sagepub.com/doi/abs/10.1258/135763307781458886134. 
122. MG C, De SA, Andrenelli E, et al. Systematic rapid “living” review on rehabilitation needs due to COVID-19: update to March 31st, 2020. Eur J Phys Rehabil Med. 2020;56:347–353.135. 
123. Gonzalez-Gerez JJ, Bernal-Utrera C, Anarte-Lazo E, et al. Therapeutic pulmonary telerehabilitation protocol for patients affected by COVID-19, confined to their homes: study protocol for a randomized controlled trial. Trials. 2020;21:1–9.136.
124.  Centers for Disease Control and Prevention (CDC). CDC activities and initiatives supporting the COVID-19 response and the President ’ s Plan for opening America up again. Dep Heal Hum Serv. [Internet] 2020;1–60. Available from: ;. https://www.cdc.gov/ coronavirus/2019-ncov/downloads/php/CDC-Activities-Initiatives- for-COVID-19-Response.pdf137. 
125. Cieza A, Causey K, Kamenov K, et al. Global estimates of the need for rehabilitation based on the global burden of disease study 2019: a systematic analysis for the global burden of disease study 2019. Lancet. 2020;6736:1–12.  




















4Sensitivity: Internal


