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Abstract: Context: We reviewed what has been studied and published during the last 3 years about
the consequences, mainly respiratory, cardiac, digestive, and neurological/psychiatric (organic and
functional), in patients with COVID-19 of prolonged course. Objective: To conduct a narrative
review synthesizing current clinical evidence of abnormalities of signs, symptoms, and complemen-
tary studies in COVID-19 patients who presented a prolonged and complicated course. Methods:
A review of the literature focused on the involvement of the main organic functions mentioned,
based almost exclusively on the systematic search of publications written in English available on
PubMed/MEDLINE. Results: Long-term respiratory, cardiac, digestive, and neurological/psychiatric
dysfunction are present in a significant number of patients. Lung involvement is the most common;
cardiovascular involvement may happen with or without symptoms or clinical abnormalities; gas-
trointestinal compromise includes the loss of appetite, nausea, gastroesophageal reflux, diarrhea, etc.;
and neurological/psychiatric compromise can produce a wide variety of signs and symptoms, either
organic or functional. Vaccination is not associated with the emergence of long-COVID, but it may
happen in vaccinated people. Conclusions: The severity of illness increases the risk of long-COVID.
Pulmonary sequelae, cardiomyopathy, the detection of ribonucleic acid in the gastrointestinal tract,
and headaches and cognitive impairment may become refractory in severely ill COVID-19 patients.
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1. Introduction

At the beginning of 2020, the world became aware of the outbreak of a respiratory
infection, caused by a new coronavirus, that started in the city of Wuhan, China [1]. No one
could imagine at that time that COVID-19, on the one hand, would make a huge number of
inhabitants sick (undoubtedly many more than what the records show), and on the other
hand, it would change our vision regarding much of the knowledge that characterized the
pandemics that had devastated our planet in the past. At the onset of the pandemic, there
was great concern about the presence of potential complications, especially those due to
lung involvement, particularly acute respiratory distress syndrome (ARDS) and respiratory
failure, in a similar way to the way it had happened during the previous decades with the
coronaviruses responsible for SARS and MERS [2]. In severely affected individuals, the
destruction of lung tissue and the consequent deterioration in blood gas exchange leading
to arterial hypoxemia ended up compromising their basic vital functions [2–4].

Although it will be near impossible to know how many people have suffered from
COVID-19 during the last 3 years, it appears to be easier to estimate the number of people
who suffered from a long course of illness since the more severe and prolonged manifesta-
tions make the presence of the virus more ostensible. After the World Health Organization
(WHO) recognized the persistence of symptoms for more than two months (Long-COVID)
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as an emerging health problem, it was assigned an ICD code for emergency use [5].
In September 2022, the WHO estimated that at least 17 million people in the WHO European
Region experienced long-COVID in the first two years of the pandemic and millions may
have to live with it for years to come [6]. Two years after the debut of this overwhelming
disease, we have seen many of its characteristics and have learned to handle many of the
challenges it presents to us, but we are still learning about the prognosis and long-term
consequences of this disease [7].

At this point, it is critically important to review the accumulated evidence about
the long-term consequences of COVID-19 in terms of persistent systemic tissue dam-
age and clinical repercussion in the medium and long term to address the management
of these patients. Thus, it might be possible to explore the usefulness of traditional
medicine, vaccines [8], and newer therapeutic approaches and associated pathologies
with long-COVID [9].

We wrote this review about the prognosis and the long-term associated pathologies
with long-COVID more than 3 years after the start of the pandemic, updating the available
evidence about the long-term consequences that COVID-19 presents us. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) presents us with a complex range of
manifestations that can affect multiple organ systems and probably leave impressive long-
term sequelae [10]. While the scientific community seeks to characterize the long-term
consequences of SARS-CoV-2 infection, this review tries to shed light on this issue by
drawing on what has been published in recent years. These efforts that try to examine the
prognosis and the long-term consequences of COVID-19 may be useful to better understand
this clinical condition and thus be able to mitigate its consequences.

2. Definition of Long-COVID

Early after the onset of the COVID-19 pandemic, it was frequently observed that after
the acute phase, many patients, even some who had suffered mild symptoms, presented
persistent systemic signs and symptoms of varying severity, constituting what has been
called long-COVID that could last from several weeks to months [11].

The National Research Action Plan on Long-COVID and the Services and Support
for the Longer-term Impacts of COVID-19 in the United States proposed the following
interim definition: “Long-COVID is broadly defined as signs, symptoms, and conditions
that continue or develop after initial SARS-CoV-2 infection. The signs, symptoms, and
conditions are present four weeks or more after the initial phase of infection; may be
multisystemic; and may present with a relapsing–remitting pattern and progression or
worsening over time, with the possibility of severe and life-threatening events even months
or years after infection. Long-COVID is not one condition, it represents many potentially
overlapping entities, likely with different biological causes and different sets of risk factors
and outcomes” [12].

The long-term consequences of COVID-19 began to be studied in mid-2020 when
cases of this disease were affecting most of the world. Huang et al. conducted one of
the first studies on a cohort of 1733 patients discharged from a hospital in Wuhan, China,
over12 months in 2020 [13,14]. They found that at 6 and 12 months after acute infection
68% and 49% (p < 0.0001) of COVID-19 survivors presented at least one sequelae symptom,
respectively. The results showed that 26wenty-six and 30% (p = 0.014) showed sleep
difficulties and 23% and 26% (p = 0.015) experienced anxiety or depression, respectively.
They also found that at one year, compared with men, women had an odds ratio of 1.43
(95% CI 1.04–1.96) for fatigue or muscle weakness, an odds ratio of 2.00 (1.48–2.69) for
anxiety or depression, and an odds ratio of 2.97 (1.50–5.88) for diffusion impairment. The
most significant change observed in this study, the improvement of symptomatic sequelae in
6 months, contrasts with the study by Wu et al., who found that a subgroup of hospitalized
patients who did not require mechanical ventilation had persistent physiological and
radiographic changes after 1 year [15].
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3. Clinical Presentation

Patients who have suffered from COVID-19 may develop in severe cases persistent
manifestations of pulmonary, cardiovascular, neurological, gastrointestinal, hematologi-
cal, renal, and endocrine compromise, among others, for a prolonged duration and with
variable intensity after acute infection [12]. Interdisciplinary monitoring with holistic man-
agement that considers nutrition, physical therapy, psychological management, meditation,
and mindfulness in addition to medication allows for the early detection of post-acute
COVID-19 sequelae symptoms and the prevention of long-term systemic damage [16]. This
review describes the main aspects of the clinical presentation of long-COVID in four more
commonly affected systems: cardiovascular, respiratory, gastrointestinal, and neurological
and psychiatric domains, with a clinical presentation different from that found in acute
COVID-19 (Table 1 and Figure 1).

Table 1. Differences in the presentation of acute COVID vs long COVID.

Acute-COVID Long-COVID

Respiratory Signs and Symptoms

Coughing
Rhinitis

Breathlessness
Pneumonia

Respiratory failure
ARDS

Pulmonary embolism

Dyspnea
Persistent cough
DLCO reduced

Chronic respiratory failure
Radiographic sequelae

Cardiovascular Signs and Symptoms

Hypotension
Myocardial Injury

Myocarditis
Dysrhythmia

Acute thromboembolic events

Chronic thromboembolic events
Chronic cardiomyopathy

Gastrointestinal Signs and Symptoms

Diarrhea
Nausea

Vomiting
Abdominal pain

Pain
Weight loss,

Loss of appetite
Bowel motility problems
Irritable bowel syndrome

Neurologic/Psychiatric Signs and Symptoms

Anosmia
Ageusia
Stroke

Syncope
Headache

Anxiety
Depression

Post-traumatic distress
Chronic headacheViruses 2023, 15, x FOR PEER REVIEW 4 of 16 
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pected, the outcome is much worse in COVID-19 patients requiring a tracheostomy for 
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less than half of them [28]. 

Studies have shown abnormalities in functional tests at 3 months in non-critical pa-
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4. Pulmonary Domain

COVID-19 was described in a cluster of 41 hospitalized patients in the city of Wuhan,
China, as severe pneumonia characterized by bilateral pulmonary infiltrates in 40 (98%)
cases and requiring invasive or non-invasive mechanical ventilation in 14 (34%) cases [1].
Lingering after-effects including “inflamed lungs” were described 120 years ago following
the “Russian influenza”. Persistent pulmonary complications such as impaired exercise
capacity, decreased diffusion lung capacity, and interstitial pulmonary infiltrates have been
described in SARS-CoV-1 survivors [17].

The impact on the respiratory system represents one of the most common and poten-
tially serious situations and is related to the exaggerated immune response triggered by the
infection [18]. Cytokine storm and its consequences are responsible for the tissue damage of
the lung parenchyma [19]. The most common pulmonary manifestations include symptoms
of fatigue and dyspnea, a cough, and the presence of ground-glass opacities and fibrotic
changes on CT scans [13,20]. Diseases associated with the development of chronic symp-
toms include bacterial pneumonia [21], respiratory failure [22], thromboembolic pulmonary
disease [23], pulmonary vascular damage [24,25], and post-viral pulmonary fibrosis [18].
Persistent respiratory symptoms beyond 1 month are a frequent finding; dyspnea is a
frequently observed complaint, especially in patients who have been hospitalized and
particularly in those who require intensive care. Some of these patients develop chronic
respiratory failure. Still, around 10% of patients who did not require hospitalization may
have dyspnea after having suffered from acute COVID-19 [26,27]. As expected, the outcome
is much worse in COVID-19 patients requiring a tracheostomy for prolonged invasive
mechanical ventilation, in which the weaning process is successful in less than half of
them [28].

Studies have shown abnormalities in functional tests at 3 months in non-critical
patients in up to 25% of cases, frequently with decreased diffusing capacity for carbon
monoxide (DLCO) [20]. The functional defect, if present, tends to improve in most patients.
A persistent cough is a less common symptom but can last for a long time. Some patients
who have had COVID-19 may present with persistent dyspnea and other symptoms in the
absence of evident pulmonary or cardiovascular involvement presenting with a condition
called dysfunctional breathing including hyperventilation syndrome [29]. This disorder
may require a cardiopulmonary exercise test to make the correct diagnosis.

With regards to radiological sequelae, the gold standard study is high-resolution
computed tomography (HRCT) which allows for a high-quality analysis of the parenchyma
of reversible and irreversible parenchymal lesions.

Myall et al. reported, in an observational original research study on 35/837 survivors of
COVID-19 with persistent non-improving symptoms and significant interstitial lung disease
with physiological and functional impairment 6 weeks after discharge, that 30 patients who
had received steroids showed a mean relative increase in transfer factor following treatment
of 31.6% (standard deviation [SD] ± 27.6, p < 0.001) and forced vital capacity of 9.6%
(SD ± 13.0, p = 0.014), with significant symptomatic and radiological improvement [30].

Pulmonary fibrosis is the archetype of irreversible post-COVID injury. It is charac-
terized histologically by the destruction of the normal lung structure partially replaced
by a reconstruction with an extracellular collagen matrix [31]. Interstitial abnormalities
include reticulation of the parenchyma, with the presence of traction bronchiectasis, and
even honeycombing [32]. The frequency of this presentation varies according to the authors
and at what point in the evolution of COVID-19 the HRCT was performed. These lesions
are more common and complex in seriously ill patients, particularly the most critical ones
complicated by bacterial infection and/or ARDS [33], (Figure 2).
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Figure 2. Male, 46 y-o, admitted on 25 March 2021 with a fever and breathlessness. Their PCR test
was positive for SARS-CoV-2. The CT scan (A) showed a few small and faint bilateral peripheral
opacities, mainly in the lower lobes (moderate COVID-19); the patient was cared for as an outpatient.
He persisted to have a fever for 2 weeks and displayed slow improvement over the next 2 months
with a persistent cough. A second CT scan (B) was performed 5 months later showing more extensive
lesions with sequelae appearance.

In some patients with severe, unresolved COVID-19-associated ARDS lung, trans-
plantation is considered the only option for survival. The procedure has been performed
successfully in 12 patients at 6 high-volume transplant centers in the United States, Italy,
Austria, and India with good early outcomes [31,34].

5. Cardiovascular Domain

Post-acute cardiovascular sequelae of SARS-CoV-2 infection include new, returning,
or persistent health conditions that can be present not only in individuals 4 or more weeks
after a documented or suspected SARS-CoV-2 infection, but also after mRNA vaccination
against SARS-CoV-2 [35,36]. The risk of developing cardiovascular sequelae depends
on many factors related to the severity of the initial infection and the patient’s baseline
condition. Xie et al. estimated the risk of cardiovascular disease after an acute infection as
52% for stroke and 72% for heart failure [37].

Cardiovascular symptoms, such as dyspnea, chest pain, and palpitations, with or
without specific laboratory and imaging findings have been described [10]. Patients also
might present with hypertension, tachycardia disproportionate with mild effort, and the
finding of hypoxia in SpO2 during physical examination. There are specific cardiovascular
entities that can be present in this population (myocarditis, pericarditis, and myocardial
damage). In addition, abnormal complementary studies have been found in asymptomatic
patients [38–40].

The American College of Cardiology separates cardiovascular sequelae into two well-
defined conditions: cardiovascular diseases and cardiovascular symptoms. The first refers
to established cardiovascular entities that can be diagnosed during the early post-acute
or chronic periods of COVID-19 and the second refers to symptoms that appear after the
acute phase of the disease and are not fully explained by the cardiovascular complementary
studies that fail to show abnormalities [41].
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The distinction between these entities may depend on the study algorithm and the
chosen image method. Moreover, some methods are more sensitive and can detect in-
cipient abnormalities, and those findings might be present in asymptomatic individuals.
In addition, there is no clear evidence that indicates that the identified abnormalities are
related to SARS-CoV-2 infection or pre-existing conditions or are related to the current
symptoms [42,43].

Long-COVID-related diseases such as myocarditis, pericarditis, myocardial ischemia,
non-ischemic cardiomyopathy, thromboembolic disease with or without cardiac compro-
mise (pulmonary hypertension and right ventricular dysfunction), and arrhythmias, are the
most commonly described entities. It is challenging to determine whether these conditions
are new or pre-existing, sometimes because of the timing of the presentation or because the
patient might delay seeking medical attention [44].

On the other hand, the long-COVID cardiovascular conditions include a heterogeneous
variety of symptoms in patients without evidence of myocardial injury. The most frequently
reported symptoms are tachycardia, exercise intolerance, dyspnea, and chest pain. Some
other accompanying symptoms include fatigue, cognitive complaints, sleep disturbance,
and post-exertional malaise. Postural orthostatic tachycardia syndrome (POTS) and myalgic
encephalomyelitis/chronic fatigue syndrome are two entities that are described after viral
infections and can be present in patients with a recent history of COVID-19 [45].

Data from different studies indicate that 10–30% of patients may experience long-term
symptoms after an acute mild SARS-CoV-2 infection [46]. Cardiovascular symptoms are
commonly reported in published series as they are present in up to 86–89% of patients.
They are described as fluctuant or relapsing and can persist as long as 7 months after
the initial infection [40,47,48]. It is important to note that many of the studies are based
on self-reported symptoms from patients who have experienced a recent SARS-CoV-2
infection. In those reports, cardiovascular symptoms are as high as 85% of all persistent
symptoms [49]. Almost 20% of the patients reported chest pain at 60 days of follow-up,
and at 6 months, palpitations and chest pain were reported in 9 and 5% of all patients,
respectively [13,14,38].

There is not a demonstrated correlation between symptoms and the diagnosis of
cardiovascular disease. Two studies found that only a minority of patients were found to
have a specific cardiovascular diagnosis despite a complete evaluation. [50,51]

Patients also report exercise intolerance, fatigue, or malaise and a 30 beats per minute
increase in heart rate with the standing position, which can be related to neuro-hormonal
changes. Deconditioning (especially related to bedrest) can be a trigger and a maintenance
mechanism for these symptoms, especially in those who have experienced moderate to
severe infection. The role of deconditioning in patients with mild infection is not completely
understood [49].

There is evidence that supports that chest pain may be induced by coronary vasospasm
without evidence of coronary artery disease, myocarditis, or pericarditis. This is explained
by the endothelial injury secondary to an exaggerated immune response. Unexplained
dyspnea in this group of patients may be related to deconditioning and poor cardiovas-
cular status. This symptom is more commonly reported in women, but there is no clear
evidence that suggests an association with other variables. Up to 88% of patients may show
abnormalities when a cardio-pulmonary exercise test is performed, but there is no specific
pattern [52–55].

The complete physiopathology of cardiovascular involvement is not completely un-
derstood. Studies suggest that different mechanisms are involved, such as increased
cardiometabolic demand, reduced cardiac reserve, neurohormonal dysregulation (the
renin–angiotensin–aldosterone system), myocardial inflammation, fibrosis, immune activa-
tion, the persistence of viral load, endothelial dysfunction, impaired exercise metabolism,
and cardiac deconditioning [31,56,57].

A multidisciplinary approach is suggested. Initially, a complete clinical evaluation
should be performed, which might include basic laboratory determinations, electrocardio-
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grams, chest images, Holter monitoring, and pulmonary function tests. The patient should
be referred to a cardiologist to perform a more complete evaluation if there are abnormal
results [58,59].

Additionally, it is reasonable to wait until 4 weeks after acute disease for a diagnostic
evaluation to avoid unnecessary studies [41].

6. Gastrointestinal Domain

At the gastrointestinal level, SARS-CoV-2 interacts with and infects gastrointestinal
cells by contacting the angiotensin-converting enzyme 2 receptor found in intestinal ep-
ithelial cells, with the small intestine being the site of the greatest localization of these
receptors [38]. This interaction of SARS-CoV-2 with the receptor at the gastrointestinal level
translates into potential acute or chronic gastrointestinal manifestations.

The presence of the RNA of SARS-CoV-2 in feces reveals the interaction of the virus at
the gastrointestinal level, with diarrhea being the main manifestation. Digestive symptoms
are common in patients with long-COVID [60]. These gastrointestinal clinical manifesta-
tions can last over time as part of the gastrointestinal picture of the prolonged syndrome
caused by COVID-19; on the other hand, the virus has been detected in stool samples
even after resolution of respiratory symptoms [39,61]. The presence of viral RNA in stools
suggests the presence of infectious viral particles secreted by the infected gastrointestinal
cells. After viral infection, the virus triggers several reactions to produce specific RNA and
proteins that are then released into the gastrointestinal tract [62]. The presence of viral
RNA in feces tells us that the virus continues to infect the gastrointestinal tract and can
cause prolonged clinical manifestations over time that are included in what is known as
the gastrointestinal condition of prolonged COVID-19 syndrome.

Huang et al. described that 76% of patients who were hospitalized after a documented
infection of SARS-CoV-2 presented at least one symptom that persisted for at least 6 months
after the disease, with gastrointestinal symptoms being one of them [12].

Gastrointestinal symptoms that can last over time or even appear months after infec-
tion and that were not present at the time of infection or prior to it are a loss of appetite,
nausea, gastroesophageal reflux, and diarrhea [63]; less frequent are the gastrointestinal
sequelae developed in long-COVID syndrome, such as abdominal distension, abdominal
pain, and bloody stools.

Gastrointestinal sequelae including a loss of appetite, nausea, acid reflux, and diarrhea
are clinical manifestations that may present upon discharge of the patient who required
hospitalization for COVID-19; these persistent gastrointestinal symptoms that are part of
the gastrointestinal condition present in prolonged COVID-19 syndrome have implications
for the daily life of patients as well as for the resources allocated to the proper management
of these patients.

Patients who have suffered severe pneumonia with decreased blood oxygen saturation
values have been shown to be more prone to developing gastrointestinal sequelae. It has
been suggested that this might be due to the presence of multi-organ dysfunction syndrome
that can develop in severe COVID-19 pneumonia in the context of septic shock [64,65].

It should also be noted that gastrointestinal symptoms such as nausea, vomiting,
and diarrhea present during hospitalization for SARS-CoV-2 infection can lead to malnu-
trition, which has been linked to increased mortality in patients with COVID-19 [66,67].
Nutrition plays a fundamental role not only during hospitalization but also in reducing
gastrointestinal sequelae.

7. Neurological and Psychiatric Domain

Several persistent neurological findings have been described in patients who have suf-
fered from COVID-19, with them still being present months after the onset of the infection.
These symptoms include fatigue, headache, myalgia, weakness, vertigo, dysgeusia, anos-
mia, etc. [13,65]; such symptoms have become the hallmark of long-COVID syndrome. In
addition to the longstanding neurological and sensory consequences described in patients
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with COVID-19 more than 4 weeks after the onset of the disease, post-traumatic stress
disorder and psychiatric disorders such as anxiety, depression, insomnia, and memory
loss might also be present in several of these patients [12]. The persistence of these symp-
toms, particularly fatigue and sleep disturbances, may have an impact on quality of life,
productivity, and mental health [68,69]. The need for social support during hospitalization
with a more robust approach to managing uncertainty regarding health status and family
concerns is important. The severity of the disease, ICU admission, and certain drugs used
during the acute infection may increase the risk of neurological sequelae in the post-acute
COVID-19 period [37].

Few studies have explored the cognitive, psychological, and quality of life conse-
quences of long-COVID in hospitalized and non-hospitalized patients. Fatigue is a com-
monly found symptom in convalescent COVID-19 patients, with it persisting for several
weeks or months after the end of the disease [69].

Interestingly Premraj et al. in a meta-analysis looking at the prevalence of neurological
and neuropsychiatric symptoms reported ≥3 months post onset of COVID-19 observed
that the prevalence of neurological, cognitive, and psychological symptoms, such as anx-
iety and depression, was found to be lower among hospitalized patients than among
non-hospitalized patients (31% and 27% vs. 16% and 12%, respectively) [70]. Anosmia,
dysgeusia, and headache are common during the acute phase of COVID-19 but tend to
resolve in less than 6 weeks in 60 to 70% of patients [71].

The COVID-19 pandemic has threatened global mental health, both through neuropsy-
chiatric sequelae following infection and indirectly through consequential disruptive social
changes. Recent public opinion survey data has shown that the COVID-19 pandemic has
affected the mental health of society [72].

The COVID-19 pandemic and the different health policies implemented generated
a great social and economic impact with detrimental effects on quality of life due to its
physical and mental consequences on the population. The consequent reported increase
in long-term mental problems secondary to COVID-19 reveals both acute and post-acute
neuropsychiatric sequelae. Indirect effects, such as disruptive social changes deteriorating
mental health, such as direct effects, including acute and long-lasting neuropsychiatric
sequelae, that could happen as part of long-COVID syndrome and can affect multiple
organs including the brain, have been previously described in infections caused by other
pathogenic coronaviruses [73].

Different studies have demonstrated that the severity of the disease during the
acute phase (admission to the ICU and the need for mechanical ventilation) is associ-
ated with the presence or persistence of symptoms, deterioration of health-related quality
of life, and organic and functional respiratory abnormalities in the post-acute setting of
COVID-19 [10,74–76].

The causative role of systemic inflammatory damage in the brain is supported by the
fact that none of the cerebrospinal fluid samples investigated in the study by Helms et al.
found evidence of the direct presence of SARS-CoV-2 [70,77].

8. Treatment and Rehabilitation Impact on Prognosis and Long-Term Sequelae

Long-COVID is being recognized as a systemic disease with a diverse spectrum of
multi-organ manifestations. This made it necessary to address aspects of the multidisci-
plinary management of convalescent patients who had suffered from COVID-19, focusing
on those who are at high risk of presenting persistent symptoms [11]. Those people at high
risk of long-COVID should be screened among those who had presented a severe acute
disease and include those admitted to an intensive care unit (ICU), those who had required
oxygen therapy or mechanical ventilation, and those who presented with a persistent cough,
dyspnea, fatigue, persistent or worsening radiographic abnormalities in the post-acute
setting, or worsening of quality of life or pulmonary function tests [12,13,78] (Table 1).

More severely ill patients with acute COVID-19 are at higher risk of developing a
long-COVID clinical course and complications with functional impairment and persistent
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radiological abnormalities. Pulmonary thrombosis has been described in up to 25% of
patients with COVID-19, particularly in those who are critically ill [79]. On the other hand,
the severity of the endothelial injury and widespread thrombosis with microangiopathy
seen on lung autopsy is greater than that seen in ARDS caused by influenza and may
predispose to bacterial colonization and subsequent severe COVID-19 ventilator-associated
pneumonia [80,81].

Hematological sequelae: The rate of venous thromboembolism in the post-acute
COVID-19 setting being <5% COVID-19-associated coagulopathy is consistent with a
hyperinflammatory and hypercoagulable state [82,83]. The risk of thrombotic complications
in the post-acute COVID-19 phase could be linked to the presence of a hyperinflammatory
state and how long this persists. A D-dimer level greater than two times the upper limit
of normal, associated with comorbidities and immobility, increases the risk of post-acute
thrombosis; however, the risk/benefit equation should be considered before prescribing
anticoagulation [84]. Direct oral anticoagulants and low-molecular-weight heparin are
preferred anticoagulation agents over vitamin K antagonists due to the lack of a need to
frequently monitor therapeutic levels as well as the lower risk of drug–drug interaction [55].

Cardiovascular sequelae: A higher incidence of cardiomyopathy has been observed
during the COVID-19 pandemic; however, the rate of rehospitalization or mortality does
not appear to have increased for this reason [85]. The magnetic resonance imaging study of
these patients suggests the presence of persistent myocardial inflammation in most of them
for more than 2 months after the diagnosis of COVID-19, which must be confirmed by other
studies [78]. Autonomic dissociation responsible for tachycardia, sometimes associated
with orthostatic hypotension, has been described.

Gastrointestinal sequelae: There are few sequelae derived from gastrointestinal in-
volvement in COVID-19 survivors [68]. There is prolonged viral fecal shedding confirmed
by ribonucleic acid detected for nearly 1 month after the onset of symptoms. Viral detection
persists for more than 10 days after negativizing airway samples [86].

There is limited data about the long-term consequences on the gastrointestinal tract,
but there are studies running looking at the possible consequences including the develop-
ment of irritable bowel syndrome [87].

Neuropsychiatric sequelae: Neurological complications such as headaches should
receive standard treatment; however, when such headaches become refractory the patient
should be referred to a specialist for evaluation [88]. Long-term cognitive impairment is a
widely known clinical condition in patients who have been hospitalized in an ICU. In these
patients, a reasonable time after the onset of symptoms without improvement should be
considered for further neuropsychological evaluation. In these cases, it is necessary to use
standard screening tools to identify the presence of disorders such as anxiety or depression,
sleep disturbances, fatigue, or dysautonomia [20].

9. What it the Effect of Vaccines on the Incidence and Severity of Long-COVID?

The first vaccines available for the prevention of COVID-19 have shown during
clinical trials a level of efficacy between 80.2% for adenovirus-based vaccines and 94.6% for
mRNA-based vaccines [89]. Given the incidence of asymptomatic disease, which has been
suggested to be as high as 30% [90], both before and after vaccination, their true efficacy
is very difficult to know with certainty. On the other hand, emerging variants after the
development of the different vaccines, particularly widely spread in the case of Omicron,
have been associated with immune escape [91,92].

Major complications, including multi-organ failure which emerged after vaccination,
have also been reported; however, Rabaan et al. in a systematic review found that there have
been no studies to establish a correlation between vaccination and multi-organ failure [93].

To date, few useful studies have been carried out to reliably determine the impact of
immunization with vaccines on the incidence and severity of long-COVID. Peghin et al. per-
formed a prospective study on 479 adults diagnosed with COVID-19 during the first wave
in 2020 and cared for and followed up at an academic hospital at 6 and 12 months [94].
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The patients were interviewed one year after acute infection and post-COVID-19 syn-
drome was observed in 47.2% of them in this non-vaccinated population of COVID-19
patients. There were no significant differences in the worsening of post-COVID symptoms
(22.7% vs. 15.8%; p = 0.209) among the vaccinated and unvaccinated patients. Additionally,
the presence of serological assays (receptor-binding domain (RBD) SARS-CoV-2 IgG) to
distinguish between the response to vaccination showed a significant association with
post-COVID-19 syndrome, and median IgG titers were significantly higher in long-term
patients than in patients without symptoms, with the study concluding that SARS-CoV-2
but not vaccination is associated with the emergence of long-COVID [82].

On the other hand, Gao, et al. performed a study aimed at exploring the relationship
between vaccination and long-COVID, reviewing relevant studies in the real world, and
performed a meta-analysis to explore the aforementioned relationship. They found that
the vaccinated group had a 29% lower risk of developing long-COVID compared with
the unvaccinated group. Vaccination was effective against long-COVID in patients either
vaccinated before or after SARS-CoV-2 infection. For long-COVID symptoms, vaccination
reduced the risk of cognitive dysfunction/symptoms, kidney diseases/problems, myalgia,
and sleeping disorders [95].

Marra et al. in another systematic literature review and meta-analysis on the effec-
tiveness of COVID-19 vaccination against post-COVID conditions (including long-COVID)
found that the pooled diagnostic odds ratios for post–COVID-19 conditions among indi-
viduals vaccinated with at least 1 dose showed estimated vaccine effectiveness of 29.2%
(35.3% among those who received the COVID-19 vaccine before having COVID-19 and
27.4% among those who received it after having COVID-19) [81]. They concluded that
during the study period, vaccination both before and after having COVID-19 significantly
decreased post-COVID-19 conditions for the circulating variants even though the vaccine’s
effectiveness was low [96].

10. Conclusions

During these long 3 years of the COVID-19 pandemic, an unexpected path has been
marked out for us: most of the patients are treated for their illness on an outpatient basis;
15%, more frequently in the elderly population, suffer from a complicated disease that
requires hospitalization; and about 5% develop a critical illness with respiratory failure and
mortality close to 50%. A significant number of patients, especially those more vulnerable
due to their advanced age or suffering from comorbidities, and those with a more serious
disease, develop a complicated clinical course with long convalescence, the persistence of
different symptoms, and sequelae that have been called long-COVID. In these cases, there
is usually multi-systemic compromise; the most frequently affected systems are usually the
respiratory, cardiovascular, gastrointestinal, and neurological/psychiatric systems. After
this long period of time, the world has adjusted to a new normality; the herd immunity
produced after the contagion brought by the pandemic and the widely extended vaccination
could not prevent repeated waves of reappearance of the problem with different variants
including Omicron, which, although in a context of a high percentage of the vaccinated
population, showed certain limits to the effectiveness of immunization. It also revealed a
potential role in attenuating symptoms of acute infection, convalescence, and sequelae.

The pathogenesis of long-COVID is clearly multifactorial and difficult to unravel. It is
still not clear what role the persistence of the virus has in different organs, its reactivation,
and the long-term immune response. Even when the acute impact of COVID-19 fades,
the prognosis and sequelae of this disease will continue to require our attention for a
long time, particularly in those who developed long-COVID. If so, this review will be a
summary of what is known and a starting point that can better guide the knowledge of
the associated pathophysiological mechanisms for better prevention and treatment for
addressing its management.
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ARDS Acute respiratory disease syndrome
COVID-19 Corona virus disease caused by the SARS-CoV-2 virus
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SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SpO2 Peripheral capillary oxygen saturation

References
1. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected

with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef] [PubMed]
2. Pandey, P.; Agarwal, S.; Rajkumar. Lung pathology in COVID-19: A systematic review. Int. J. Appl. Basic Med. Res. 2020, 10,

226–233. [CrossRef] [PubMed]
3. Guo, T.; Fan, Y.; Chen, M.; Wu, X.; Zhang, L.; He, T.; Wang, H.; Wan, J.; Wang, X.; Lu, Z. Cardiovascular Implications of Fatal

Outcomes of Patients with Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 811–818. [CrossRef] [PubMed]
4. Meiler, S.; Hamer, O.W.; Schaible, J.; Zeman, F.; Zorger, N.; Kleine, H.; Rennert, J.; Stroszczynski, C.; Poschenrieder, F. Computed

tomography characterization and outcome evaluation of COVID-19 pneumonia complicated by venous thromboembolism. PLoS
ONE 2020, 15, e0242475. [CrossRef] [PubMed]

5. Davidson, J.E.; Jones, C.; Bienvenu, O.J. Family response to critical illness: Postintensive care syndrome-family. Crit. Care Med.
2012, 40, 618–624. [CrossRef]

6. World Health Organization, Europe. At Least 17 Million People in the Who European Region Experienced Long Covid
in the First Two Years of the Pandemic. Millions May Have to Live with It for Years to Come. Available online: https:
//www.who.int/europe/news/item/13-09-2022 (accessed on 20 January 2023).

7. Wang, Z.; Yang, L.; Song, X.-Q. Oral GS-441524 derivatives: Next-generation inhibitors of SARS-CoV-2 RNA-dependent RNA
polymerase. Front. Immunol. 2022, 13, 1015355. [CrossRef]

8. Bertuchio Bertuccio, P.; Degli Antoni, M.; Minisci, D.; Amadasi, S.; Castelli, F.; Odone, A.; Quiros-Roldan, E. The impact of early
therapies for COVID-19 on death, hospitalization and persisting symptoms: A retrospective study. Infection 2023, 1–12. [CrossRef]

9. Creech, C.B.; Walker, S.C.; Samuels, R.J. SARS-CoV-2 Vaccines. JAMA 2021, 325, 1318–1320. [CrossRef]
10. Wang, Z.; Yang, L. Post-acute sequelae of SARS-CoV-2 infection, a neglected public health issue. Front. Public Health 2022,

10, 908757. [CrossRef]
11. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;

Sehrawat, T.S.; et al. National Research Action Plan on Long COVID. Available online: https://www.covid.gov/assets/files/
National-Research-Action-Plan-on-Long-COVID-08012022.pdf (accessed on 20 January 2023).

12. Joshee, S.; Vatti, N.; Chang, C. Long-term Effets of COVID-19. Mayo Clin. Proc. 2022, 97, 579–599. [CrossRef]
13. Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X.; Kang, L.; Guo, L.; Liu, M.; Zhou, X.; et al. 6-month consequences of

COVID-19 in patients discharged from hospitals: A cohort study. Lancet 2021, 397, 220–223. [CrossRef] [PubMed]
14. Huang, L.; Yao, Q.; Gu, X.; Wang, Q.; Ren, L.; Wang, Y.; Hu, P.; Guo, L.; Liu, M.; Xu, J.; et al. 1-year outcomes in hospital survivors

with COVID-19: A longitudinal cohort study. Lancet 2021, 398, 747–758. [CrossRef] [PubMed]
15. Wu, X.; Liu, X.; Zhou, Y.; Yu, H.; Li, R.; Zhan, Q.; Ni, F.; Fang, S.; Lu, Y.; Ding, X.; et al. 3-month, 6-month, 9-month, and 12-month

respiratory outcomes in patients following COVID-19-related hospitalization: A prospective study. Lancet Respir. Med. 2021, 9,
747–754. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.4103/ijabmr.IJABMR_381_20
https://www.ncbi.nlm.nih.gov/pubmed/33376694
https://doi.org/10.1001/jamacardio.2020.1017
https://www.ncbi.nlm.nih.gov/pubmed/32219356
https://doi.org/10.1371/journal.pone.0242475
https://www.ncbi.nlm.nih.gov/pubmed/33211737
https://doi.org/10.1097/CCM.0b013e318236ebf9
https://www.who.int/europe/news/item/13-09-2022
https://www.who.int/europe/news/item/13-09-2022
https://doi.org/10.3389/fimmu.2022.1015355
https://doi.org/10.1007/s15010-023-02028-5
https://doi.org/10.1001/jama.2021.3199
https://doi.org/10.3389/fpubh.2022.908757
https://www.covid.gov/assets/files/National-Research-Action-Plan-on-Long-COVID-08012022.pdf
https://www.covid.gov/assets/files/National-Research-Action-Plan-on-Long-COVID-08012022.pdf
https://doi.org/10.1016/j.mayocp.2021.12.017
https://doi.org/10.1016/S0140-6736(20)32656-8
https://www.ncbi.nlm.nih.gov/pubmed/33428867
https://doi.org/10.1016/S0140-6736(21)01755-4
https://www.ncbi.nlm.nih.gov/pubmed/34454673
https://doi.org/10.1016/S2213-2600(21)00174-0
https://www.ncbi.nlm.nih.gov/pubmed/33964245


Viruses 2023, 15, 1173 12 of 15

16. Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.;
Sehrawat, T.S.; et al. Post-acute COVID-19 Syndrome. Nat. Med. 2021, 27, 601–615. [CrossRef]

17. Bialek, S.; Boundy, E.; Bowen, V.; Chow, N.; Cohn, A.; Dowling, N.; Ellington, S.; Gierke, R.; Hall, A.; MacNeil, J.; et al. Severe
Outcomes among Patients with Coronavirus Disease 2019 (COVID-19)—United States February 12–March 16, 2020. MMWR
Morb. Mortal. Wkly. Rep. 2020, 69, 343–346. [CrossRef]

18. Al-Khawaga, S.; Abdelalim, E.M. Potential application of mesenchymal stem cells and their exosomes in lung injury: An emerging
therapeutic option for COVID-19 patients. Stem Cell Res. 2020, 11, 437. [CrossRef]

19. Piazza, G.; Campia, U.; Hurwitz, S.; Snyder, J.E.; Rizzo, S.M.; Pfeferman, M.B.; Morrison, R.B.; Leiva, O.; Fanikos, J.;
Nauffal, V.; et al. Registry of arterial and venous thromboembolic complications in patients with COVID-19. J. Am. Coll. Cardiol.
2020, 76, 2060–2072. [CrossRef]

20. George, P.M.; Barratt, S.L.; Condliffe, R.; Desai, S.R.; Devaraj, A.; Forrest, I.; Gibbons, M.A.; Hart, N.; Jenkins, R.G.;
McAuley, D.F.; et al. Respiratory follow-up of patients with COVID-19 pneumonia. Thorax 2020, 75, 1009–1016. [CrossRef]

21. Gupta, S.; Hayek, S.S.; Wang, W.; Chan, L.; Mathews, K.S.; Melamed, M.L.; Brenner, S.K.; Leonberg-Yoo, A.; Schenck, E.J.;
Radbel, J.; et al. Factors associated with death in critically ill patients with coronavirus disease 2019 in the US. JAMA Intern. Med.
2020, 180, 1436–1447. [CrossRef]

22. Sakr, Y.; Giovini, M.; Leone, M.; Pizzilli, G.; Kortgen, A.; Bauer, M.; Tonetti, T.; Duclos, G.; Zieleskiewicz, L.; Buschbeck, S.; et al.
Pulmonary embolism in patients with coronavirus disease-2019 (COVID-19) pneumonia: A narrative review. Ann. Intensive Care
2020, 10, 124. [CrossRef]

23. Ooi, M.W.X.; Rajai, A.; Patel, R.; Gerova, N.; Godhamgaonkar, V.; Liong, S.Y. Pulmonary thromboembolic disease in COVID-19
patients on ct pulmonary angiography—Prevalence, pattern of disease and relationship to d-dimer. Eur. J. Radiol. 2020,
132, 109336. [CrossRef] [PubMed]

24. Van Kruijsdijk, R.C.; de Jong, P.A.; Abrahams, A.C. Pulmonary vein thrombosis in COVID-19. BMJ Case Rep. 2020, 13, e239986.
[CrossRef] [PubMed]

25. Silva Andrade, B.; Siqueira, S.; de Assis Soares, W.R.; de Souza Rangel, F.; Santos, N.O.; Dos Santos Freitas, A.;
Ribeiro da Silveira, P.; Tiwari, S.; Alzahrani, K.J.; Góes-Neto, A.; et al. Long-COVID and Post-COVID Health Complica-
tions: An Up-to-Date Review on Clinical Conditions and Their Possible Molecular Mechanisms. Viruses 2021, 13, 700.
[CrossRef]

26. Augustin, M.; Schommers, P.; Stecher, M.; Dewald, F.; Gieselmann, L.; Gruell, H.; Horn, C.; Vanshylla, K.; Cristanziano, V.D.;
Osebold, L.; et al. Post-COVID syndrome in non-hospitalised patients with COVID-19: A longitudinal prospective cohort study.
Lancet Reg. Health Eur. 2021, 6, 100122. [CrossRef] [PubMed]

27. Martin-Villares, C.; Perez Molina-Ramirez, C.; Bartolome-Benito, M.; Bernal-Sperkelsen, M.; COVID ORL ESP Collaborative Group.
Outcome of 1890 tracheostomies for critical COVID-19 patients: A national cohort study in Spain. Eur. Arch. Otorhinolaringol.
2021, 278, 1605–1612. [CrossRef]

28. Zhao, Y.M.; Shang, Y.M.; Song, W.B.; Li, Q.Q.; Xie, H.; Jia, J.L.; Li, L.M.; Mao, H.L.; Zhou, X.M.; Luo, H.; et al. Follow-up
study of the pulmonary function and related physiological characteristics of COVID-19 survivors three months after recovery.
EClinicalMedicine 2020, 25, 100463. [CrossRef]

29. Motiejunaite, J.; Balagny, P.; Arnoult, F.; Mangin, L.; Bancal, C.; d’Ortho, M.P.; Frija-Masson, J. Hyperventilation: A possible
explanation for long-lasting exercise intolerance in mild COVID-19 survivors? Front. Physiol. 2020, 11, 614590. [CrossRef]

30. Myall, K.J.; Mukherjee, B.; Castanheira, A.M.; Lam, J.L.; Benedetti, G.; Mak, S.M.; Preston, R.; Thillai, M.; Dewar, A.;
Molyneaux, P.L.; et al. Persistent Post–COVID-19 Interstitial Lung Disease an Observational Study of Corticosteroid Treatment.
Ann. Am. Thorac. Soc. 2021, 18, 799–806. [CrossRef]

31. Vishnupriya, M.; Naveenkumar, M.; Manjima, K.; Sooryasree, N.V.; Saranya, T.; Ramya, S.; Harysh Winster, S.; Paulpandi, M.;
Balachandar, V.; Arul, N. Post-COVID pulmonary fibrosis: Therapeutic efficacy using with mesenchymal stem cells—How the
lung heals. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 2748–2751. [CrossRef]

32. Li, X.; Shen, C.; Wang, L.; Majumder, S.; Zhang, D.; Deen, M.J.; Li, Y.; Qing, L.; Zhang, Y.; Chen, C.; et al. Pulmonary fibrosis, and
its related factors in discharged patients with new corona virus pneumonia: A cohort study. Respir. Res. 2021, 22, 203. [CrossRef]

33. Writing Committee for the COMEBAC Study Group; Morin, L.; Savale, L.; Pham, T.; Colle, R.; Figueiredo, S.; Harrois, A.;
Gasnier, M.; Lecoq, A.L.; Meyrignac, O.; et al. Four-month clinical status of a cohort of patients after hospitalization for COVID-19.
JAMA 2021, 325, 1525–1534. [CrossRef] [PubMed]

34. Bharat, A.; Machuca, T.N.; Querrey, M.; Kurihara, C.; Garza-Castillon, R., Jr.; Kim, S.; Manerikar, A.; Pelaez, A.; Pipkin, M.;
Shahmohammadi, A.; et al. Early outcomes after lung transplantation for severe COVID-19: A series of the first consecutive cases
from four countries. Lancet Respir. Med. 2021, 9, 487–497. [CrossRef] [PubMed]

35. World Health Organization. A Clinical Case Definition of Post COVID-19 Condition by a Delphi Consensus, 6 October 2021. Avail-
able online: https://www.who.int/publications/i/item/WHO-2019-nCoVPost_COVID-19_condition-Clinical_case_definition-
2021.1 (accessed on 5 January 2022).

36. Centers for Disease Control and Prevention. Post-COVID Conditions. Available online: https://www.cdc.gov/coronavirus/2019
-ncov/long-term-effects/index.html (accessed on 5 January 2022).

37. Xie, Y.; Xu, E.; Bowe, B.; Al-Aly, Z. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022, 28, 583–590. [CrossRef]
[PubMed]

https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.15585/mmwr.mm6912e2
https://doi.org/10.1186/s13287-020-01963-6
https://doi.org/10.1016/j.jacc.2020.08.070
https://doi.org/10.1136/thoraxjnl-2020-215314
https://doi.org/10.1001/jamainternmed.2020.3596
https://doi.org/10.1186/s13613-020-00741-0
https://doi.org/10.1016/j.ejrad.2020.109336
https://www.ncbi.nlm.nih.gov/pubmed/33069986
https://doi.org/10.1136/bcr-2020-239986
https://www.ncbi.nlm.nih.gov/pubmed/33130591
https://doi.org/10.3390/v13040700
https://doi.org/10.1016/j.lanepe.2021.100122
https://www.ncbi.nlm.nih.gov/pubmed/34027514
https://doi.org/10.1007/s00405-020-06220-3
https://doi.org/10.1016/j.eclinm.2020.100463
https://doi.org/10.3389/fphys.2020.614590
https://doi.org/10.1513/AnnalsATS.202008-1002OC
https://doi.org/10.26355/eurrev_202103_25438
https://doi.org/10.1186/s12931-021-01798-6
https://doi.org/10.1001/jama.2021.3331
https://www.ncbi.nlm.nih.gov/pubmed/33729425
https://doi.org/10.1016/S2213-2600(21)00077-1
https://www.ncbi.nlm.nih.gov/pubmed/33811829
https://www.who.int/publications/i/item/WHO-2019-nCoVPost_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoVPost_COVID-19_condition-Clinical_case_definition-2021.1
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://doi.org/10.1038/s41591-022-01689-3
https://www.ncbi.nlm.nih.gov/pubmed/35132265


Viruses 2023, 15, 1173 13 of 15

38. Carfì, A.; Bernabei, R.; Landi, F. For the Gemelli against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in
Patients after Acute COVID-19. JAMA 2020, 324, 603–605. [CrossRef]

39. Pan, L.; Mu, M.; Yang, P.; Sun, Y.; Wang, R.; Yan, J.; Li, P.; Hu, B.; Wang, J.; Hu, C.; et al. Clinical Characteristics of COVID-19
Patients with Digestive Symptoms in Hubei, China: A Descriptive, Cross Sectional, Multicenter Study. Am. J. Gastroenterol. 2020,
115, 766–773. [CrossRef]

40. Shechter, A.; Yelin, D.; Margalit, I.; Abitbol, M.; Morelli, O.; Hamdan, A.; Vaturi, M.; Eisen, A.; Sagie, A.; Kornowski, R.; et al.
Assessment of Adult Patients with Long COVID Manifestations Suspected as Cardiovascular: A Single-Center Experience. J. Clin.
Med. 2022, 11, 6123. [CrossRef]

41. Gluckman, T.J.; Bhave, N.M.; Allen, L.A.; Chung, E.H.; Spatz, E.S.; Ammirati, E.; Baggish, A.L.; Bozkurt, B.; Cornwell, W.K.I.I.I.;
Harmon, K.G.; et al. 2022 ACC expert consensus decision pathway on cardiovascular sequelae of COVID-19 in adults: Myocarditis
and other myocardial involvement, post-acute sequelae of SARS-CoV-2 infection and return to play: A report of the American
College of Cardiology Solution Set Oversight Committee. J. Am. Coll. Cardiol. 2022, 79, 1717–1756.

42. Satterfield, B.A.; Bhatt, D.L.; Gersh, B.J. PERSPECTIVES: Cardiac involvement in the long-term implications of COVID-19. Nat.
Rev. Cardiol. 2022, 19, 332–341. [CrossRef]

43. Puntmann, V.O.; Martin, S.; Shchendrygina, A.; Hoffmann, J.; Ka, M.M.; Giokoglu, E.; Vanchin, B.; Holm, N.; Karyou, A.;
Laux, G.S.; et al. Long-term cardiac pathology in individuals with mild initial COVID-19 illness. Nat. Med. 2022, 28, 2117–2123.
[CrossRef]

44. Cenko, E.; Badimon, L.; Bugiardini, R.; Claeys, M.J.; De Luca, G.; de Wit, C.; Derumeaux, G.; Dorobantu, M.; Duncker, D.J.;
Eringa, E.C.; et al. Cardiovascular disease and COVID-19: A consensus paper from the ESC Working Group on Coronary
Pathophysiology & Microcirculation, ESC Working Group on Thrombosis and the Association for Acute CardioVascular Care
(ACVC), in collaboration with the European Heart Rhythm Association (EHRA). Cardiovasc. Res. 2021, 117, 2705–2729. [CrossRef]

45. Satish, R.R.; Arnold, A.C.; Barboi, A. Review Article: Long-COVID postural tachycardia syndrome: An American Autonomic
Society statement. Clin. Auton. Res. 2021, 31, 365–368. [CrossRef]

46. Logue, J.K.; Franko, N.M.; McCulloch, D.J.; McDonald, D.; Magedson, A.; Wolf, C.R.; Chu, H.Y. Sequelae in adults at 6 months
after COVID-19 infection. JAMA Netw. Open 2021, 4, e210830. [CrossRef] [PubMed]

47. Davis, H.E.; Assaf, G.S.; McCorkell, L.; Wei, H.; Low, R.J.; Re’em, Y.; Redfield, S.; Austin, J.P.; Akrami, A. Characterizing long
COVID in an international cohort: 7 months of symptoms and their impact. EClinicalMedicine 2021, 38, 101019. [CrossRef]

48. Wang, W.; Xu, Y.; Gao, R.; Lu, R.; Han, K.; Wu, G.; Tan, W. Detection of SARS-CoV-2 in Different Types of Clinical Specimens.
JAMA 2020, 323, 1843–1844. [CrossRef] [PubMed]

49. Lambert, N.; Corps, S.; El-Azab, S.A.; Ramrakhiani, N.S.; Barisano, A.; Yu, L.; Taylor, K.; Esperanca, A.; Downs, C.A.;
Abrahim, H.L.; et al. COVID-19 survivors’ reports of the timing, duration, and health impacts of post-acute sequelae of SARS-
CoV-2 (PASC) Infection. medRxiv 2021, medRxiv:2021.03.22.21254026v2. [CrossRef]

50. Ziauddeen, N.; Gurdasani, D.; O’Hara, M.E.; Hastie, C.; Roderick, P.; Yao, G.; Alwan, N.A. Characteristics of long covid: Findings
from a social media survey. PLoS ONE 2021, 17, e0264331. [CrossRef]

51. Raman, B.; Bluemke, D.; Lüscher, T.; Neubauer, S. Long COVID: Post-acute sequelae of COVID-19 with a cardiovascular focus.
Eur. Heart J. 2022, 43, 1157–1172. [CrossRef]

52. Singh, I.; Joseph, P.; Heerdt, P.M.; Cullinan, M.; Lutchmansingh, D.D.; Gulati, M.; Possick, J.D.; Systrom, D.M.; Waxman, A.B.
Persistent exertional intolerance after COVID-19: Insights from invasive cardiopulmonary exercise testing. Chest 2022, 161, 54–63.
[CrossRef]

53. Gaffney, F.A.; Nixon, J.V.; Karlsson, E.S.; Campbell, W.; Dowdey, A.D.; Blomqvist, C.K. Cardiovascular deconditioning produced
by 20 hours of bedrest with head-down tilt (-5 degrees) in middleaged healthy men. Am. J. Cardiol. 1985, 56, 634–638. [CrossRef]

54. Mancini, D.M.; Brunjes, D.L.; Lala, A.; Trivieri, M.G.; Contreras, J.P.; Natelson, B.H. Use of cardiopulmonary stress testing for
patients with unexplained dyspnea post-coronavirus disease. JACC Heart Fail. 2021, 9, 927–937. [CrossRef]

55. Puntmann, V.O.; Carerj, M.L.; Wieters, I.; Fahim, M.; Arendt, C.; Hoffmann, J.; Shchendrygina, A.; Escher, F.; Vasa-Nicotera, M.;
Zeiher, A.M.; et al. Outcomes of cardiovascular magnetic resonance imaging in patients recently recovered from coronavirus
disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 1265–1273. [CrossRef] [PubMed]

56. Lindner, D.; Fitzek, A.; Bräuninger, H.; Aleshcheva, G.; Edler, C.; Meissner, K.; Scherschel, K.; Kirchhof, P.; Escher, F.; Schultheiss,
H.P.; et al. Association of cardiac infection with SARS-CoV-2 in confrmed COVID-19 autopsy cases. JAMA Cardiol. 2020, 5,
1281–1285. [CrossRef]

57. Liu, P.P.; Blet, A.; Smyth, D.; Li, H. The science underlying COVID-19: Implications for the cardiovascular system. Circulation
2020, 142, 68–78. [CrossRef]

58. Petek, B.J.; Moulson, N.; Baggish, A.L.; Kliethermes, S.A.; Patel, M.R.; Churchill, T.W.; Harmon, K.G.; Drezner, J.A.; ORCCA
Investigators. Prevalence and clinical implications of persistent or exertional cardiopulmonary symptoms following SARS-CoV-2
infection in 3597 collegiate athletes: A study from the Outcomes Registry for Cardiac Conditions in Athletes (ORCCA). Br. J.
Sports Med. 2021, 56, 913–918. [CrossRef]

59. Wang, S.Y.; Adejumo, P.; See, C.; Onuma, O.K.; Miller, E.J.; Spatz, E.S. Characteristics of patients referred to a cardiovascular
disease clinic for post-acute sequelae of SARS-CoV-2 infection. medRxiv 2021. [CrossRef]

https://doi.org/10.1001/jama.2020.12603
https://doi.org/10.14309/ajg.0000000000000620
https://doi.org/10.3390/jcm11206123
https://doi.org/10.1038/s41569-021-00631-3
https://doi.org/10.1038/s41591-022-02000-0
https://doi.org/10.1093/cvr/cvab298
https://doi.org/10.1007/s10286-021-00798-2
https://doi.org/10.1001/jamanetworkopen.2021.0830
https://www.ncbi.nlm.nih.gov/pubmed/33606031
https://doi.org/10.1016/j.eclinm.2021.101019
https://doi.org/10.1001/jama.2020.3786
https://www.ncbi.nlm.nih.gov/pubmed/32159775
https://doi.org/10.1101/2021.03.22.21254026
https://doi.org/10.1371/journal.pone.0264331
https://doi.org/10.1093/eurheartj/ehac031
https://doi.org/10.1016/j.chest.2021.08.010
https://doi.org/10.1016/0002-9149(85)91025-2
https://doi.org/10.1016/j.jchf.2021.10.002
https://doi.org/10.1001/jamacardio.2020.3557
https://www.ncbi.nlm.nih.gov/pubmed/32730619
https://doi.org/10.1001/jamacardio.2020.3551
https://doi.org/10.1161/CIRCULATIONAHA.120.047549
https://doi.org/10.1136/bjsports-2021-104644
https://doi.org/10.1161/circ.144.suppl_1.11639


Viruses 2023, 15, 1173 14 of 15

60. Varga, Z.; Flammer, A.J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A.S.; Mehra, M.R.; Schuepbach, R.A.;
Ruschitzka, F.; Moch, H. Endothelial cell infection and endotheliitis in COVID-19. Lancet 2020, 395, 1417–1418. [CrossRef]
[PubMed]

61. Xiao, F.; Tang, M.; Zheng, X.; Liu, Y.; Li, X.; Shan, H. Evidence for Gastrointestinal Infection of SARS-CoV-2. Gastroenterology 2020,
158, 1831–1833.e3. [CrossRef] [PubMed]

62. Weiss, S.R.; Navas-Martin, S. Coronavirus pathogenesis and the emerging pathogen severe acute respiratory syndrome coron-
avirus. Microbiol. Mol. Biol. Rev. 2005, 69, 635–664. [CrossRef] [PubMed]

63. Mao, R.; Qiu, Y.; He, J.S.; Tan, J.Y.; Li, X.H.; Liang, J.; Shen, J.; Zhu, L.R.; Chen, Y.; Iacucci, M.; et al. Manifestations and prognosis
of gastrointestinal and liver involvement in patients with COVID-19: A systematic review and meta-analysis. Lancet Gastroenterol.
Hepatol. 2020, 5, 667–678. [CrossRef]

64. Wan, Y.; Li, J.; Shen, L.; Zou, Y.; Hou, L.; Zhu, L.; Faden, H.S.; Tang, Z.; Shi, M.; Jiao, N.; et al. Enteric involvement in hospitalised
patients with COVID-19 outside Wuhan. Lancet Gastroenterol. Hepatol. 2020, 5, 534–535. [CrossRef]

65. Luo, Y.; Xue, Y.; Mao, L.; Yuan, X.; Lin, Q.; Tang, G.; Song, H.; Wang, F.; Sun, Z. Prealbumin as a predictor of prognosis in patients
with coronavirus disease 2019. Front. Med. 2020, 7, 374. [CrossRef] [PubMed]

66. Zhang, P.; He, Z.; Yu, G.; Peng, D.; Feng, Y.; Ling, J.; Wang, Y.; Li, S.; Bian, Y. The modified NUTRIC score can be used for
nutritional risk assessment as well as prognosis prediction in critically ill COVID-19 patients. Clin. Nutr. 2021, 40, 534–541.
[CrossRef] [PubMed]

67. Afrisham, R.; Jadidi, Y.; Davoudi, M.; Moayedi, K.; Soleimanifar, O.; Eleni Xirouchaki, C.; Ashtary-Larky, D.; Seyyedebrahimi, S.;
Alizadeh, S. Gastrointestinal, liver, pancreas, oral and psychological long-term symptoms of COVID-19 after recovery; A review.
Mini Rev Med. Chem. 2022, 23, 17. [CrossRef]

68. Garrigues, E.; Janvier, P.; Kherabi, Y.; Lebot, A.; Hamon, A.; Gouze, H.; Doucet, L.; Berkani, S.; Oliosi, E.; Mallart, E.; et al.
Post-discharge persistent symptoms and health-related quality of life after hospitalization for COVID-19. J. Infect. 2020, 81, e4–e6.
[CrossRef] [PubMed]

69. Matalon, N.; Dorman-Ilan, S.; Hasson-Ohayon, I.; Hertz-Palmor, N.; Shani, S.; Basel, D.; Gross, R.; Chen, W.; Abramovich, A.;
Afek, A.; et al. Trajectories of post-traumatic stress symptoms, anxiety, and depression in hospitalized COVID-19 patients: A
one-month follow-up. J. Psychosom. Res. 2021, 143, 110399. [CrossRef]

70. Premraj, M.; Kannapadi, N.V.; Briggs, J.; Seal, S.M.; Battaglini, D.; Fanning, J.; Suen, J.; Robba, C.; Cho, S.-M. Mid and long-term
neurological and neuropsychiatric manifestations of post-COVID-19 syndrome: A meta-analysis. J. Neurol. Sci. 2022, 434, 120162.
[CrossRef]

71. Nguyen, N.N.; Hoang, V.T.; Lagier, J.C.; Raoult, D.; Gautret, P. Long-term persistence of olfactory and gustatory disorders in
COVID-19 patients. Clin. Microbiol. Infect. 2021, 27, 931–932. [CrossRef]

72. Arnold, D.T.; Hamilton, F.W.; Milne, A.; Morley, A.J.; Viner, J.; Attwood, M.; Noel, A.; Gunning, S.; Hatrick, J.; Hamilton, S.; et al.
Patient outcomes after hospitalisation with COVID-19 and implications for follow-up: Results from a prospective UK cohort.
Thorax 2021, 76, 399–401. [CrossRef]

73. Halpin, S.J.; McIvor, C.; Whyatt, G.; Adams, A.; Harvey, O.; McLean, L.; Walshaw, C.; Kemp, S.; Corrado, J.; Singh, R.; et al. Post
discharge symptoms and rehabilitation needs in survivors of COVID-19 infection: A cross-sectional evaluation. J. Med. Virol.
2021, 93, 1013–1022. [CrossRef]

74. Baig, A.M. Chronic COVID syndrome: Need for an appropriate medical terminology for long-COVID and COVID long-haulers.
J. Med. Virol. 2020, 93, 2555–2556. [CrossRef]

75. Angus Reid Institute. Half of Canadians Taking Extra Precautions as Coronavirus Continues to Spread around the Globe. Available
online: http://angusreid.org/wp-content/uploads/2020/02/2020.02.04_Coronavirus.pdf (accessed on 21 September 2020).

76. Penninx, B.W.J.H.; Benros, M.E.; Klein, R.S.; Vinkers, C.H. How COVID-19 shaped mental health: From infection to pandemic
effects. Nat. Med. 2022, 28, 2027–2037. [CrossRef] [PubMed]

77. Helms, J.; Kremer, S.; Merdji, H.; Clere-Jehl, R.; Schenck, M.; Kummerlen, C.; Collange, O.; Boulay, C.; Fafi-Kremer, S.;
Ohana, M.; et al. Neurologic Features in Severe SARS-CoV-2 Infection. N. Engl. J. Med. 2020, 382, 2268–2270. [CrossRef]
[PubMed]

78. Ackermann, M.; Verleden, S.E.; Kuehnel, M.; Haverich, A.; Welte, T.; Laenger, F.; Vanstapel, A.; Werlein, C.; Stark, H.;
Tzankov, A.; et al. Pulmonary vascular endothelialitis. Thrombosis and angiogenesis in COVID-19. N. Engl. J. Med. 2020,
383, 120–128. [CrossRef]

79. Lang, M.; Som, A.; Mendoza, D.P.; Flores, E.J.; Reid, N.; Carey, D.; Li, M.D.; Witkin, A.; Rodriguez-Lopez, J.M.; Shepard, J.O.; et al.
Hypoxaemia related to COVID-19: Vascular and perfusion abnormalities on dual-energy CT. Lancet Infect. Dis. 2020, 20, 1365–1366.
[CrossRef] [PubMed]

80. Pavoni, V.; Gianesello, L.; Pazzi, M.; Stera, C.; Meconi, T.; Frigieri, F.C. Evaluation of coagulation function by rotation thromboe-
lastometry in critically ill patients with severe COVID-19 pneumonia. J. Thromb. Thrombolysis 2020, 50, 281–286. [CrossRef]

81. Chaudhary, R.; Kreutz, R.P.; Bliden, K.P.; Tantry, U.S.; Gurbel, P.A. Personalizing Antithrombotic Therapy in COVID-19: Role of
Thromboelastography and Thromboelastometry. Thromb. Haemost. 2020, 120, 1594–1596. [CrossRef]

82. Bikdeli, B.; Madhavan, M.V.; Jimenez, D.; Chuich, T.; Dreyfus, I.; Driggin, E.; Nigoghossian, C.; Ageno, W.; Madjid, M.;
Guo, Y.; et al. COVID-19 and Thrombotic or Thromboembolic Disease: Implications of Prevention, Antithrombotic Therapy an
Follow up: JACC State-of-the-art review. J. Am. Coll. Cardiol. 2020, 75, 2950–2973. [CrossRef]

https://doi.org/10.1016/S0140-6736(20)30937-5
https://www.ncbi.nlm.nih.gov/pubmed/32325026
https://doi.org/10.1053/j.gastro.2020.02.055
https://www.ncbi.nlm.nih.gov/pubmed/32142773
https://doi.org/10.1128/MMBR.69.4.635-664.2005
https://www.ncbi.nlm.nih.gov/pubmed/16339739
https://doi.org/10.1016/S2468-1253(20)30126-6
https://doi.org/10.1016/S2468-1253(20)30118-7
https://doi.org/10.3389/fmed.2020.00374
https://www.ncbi.nlm.nih.gov/pubmed/32671085
https://doi.org/10.1016/j.clnu.2020.05.051
https://www.ncbi.nlm.nih.gov/pubmed/32527576
https://doi.org/10.2174/1389557523666221116154907
https://doi.org/10.1016/j.jinf.2020.08.029
https://www.ncbi.nlm.nih.gov/pubmed/32853602
https://doi.org/10.1016/j.jpsychores.2021.110399
https://doi.org/10.1016/j.jns.2022.120162
https://doi.org/10.1016/j.cmi.2020.12.021
https://doi.org/10.1136/thoraxjnl-2020-216086
https://doi.org/10.1002/jmv.26368
https://doi.org/10.1002/jmv.26624
http://angusreid.org/wp-content/uploads/2020/02/2020.02.04_Coronavirus.pdf
https://doi.org/10.1038/s41591-022-02028-2
https://www.ncbi.nlm.nih.gov/pubmed/36192553
https://doi.org/10.1056/NEJMc2008597
https://www.ncbi.nlm.nih.gov/pubmed/32294339
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1016/S1473-3099(20)30367-4
https://www.ncbi.nlm.nih.gov/pubmed/32359410
https://doi.org/10.1007/s11239-020-02130-7
https://doi.org/10.1055/s-0040-1714217
https://doi.org/10.1016/j.jacc.2020.04.031


Viruses 2023, 15, 1173 15 of 15

83. Barnes, G.D.; Burnett, A.; Allen, A.; Blumenstein, M.; Clark, N.P.; Cuker, A.; Dager, W.E.; Deitelzweig, S.B.; Ellsworth, S.;
Garcia, D.; et al. Thromboembolism and anticoagulant therapy during the COVID-19 pandemic: Interim clinical guidance from
the anticoagulation forum. J. Thromb. Thrombolysis 2020, 50, 72–81. [CrossRef]

84. Jabri, A.; Kalra, A.; Kumar, A.; Alameh, A.; Adroja, S.; Bashir, H.; Nowacki, A.S.; Shah, R.; Khubber, S.; Kanaa, N.A.; et al.
Incidence of Stress Cardiomyopathy during the Coronavirus Disease 2019 Pandemic. JAMA Netw. Open. 2020, 3, e2014780.
[CrossRef]

85. Agarawal, A.K.; Garg, R.; Ritch, A.; Sarkar, P. Postural ortostatic tachycardia syndrome. Postgrad. Med. J. 2007, 83, 478–480.
[CrossRef]

86. Cheung, K.S.; Hung, I.F.N.; Chan, P.P.Y.; Lung, K.C.; Tso, E.; Liu, R.; Ng, Y.Y.; Chu, M.Y.; Chung, T.W.H.; Tam, A.R.; et al.
Gastrointestinal manifestations of SARS-CoV-2 Infectiona and Virus Load in Fecal Samples from a Hong Kong Cohort: Systematic
Review and Metanalysis. Gastroenterology 2020, 159, 81–95. [CrossRef] [PubMed]

87. Zuo, T.; Zhang, F.; Lui, G.C.Y.; Yeoh, Y.K.; Li, A.Y.L.; Zhan, H.; Wan, Y.; Chung, A.C.K.; Cheung, C.P.; Chen, N.; et al. Alterations
in gut microbiota of patients with COVID-19 during time of hospitalization. Gastroenterology 2020, 159, 944–955.e8. [CrossRef]
[PubMed]

88. Do, T.P.; Remmers, A.; Schytz, H.W.; Schankin, C.; Nelson, S.E.; Obermann, M.; Hansen, J.M.; Sinclair, A.J.; Gantenbein, A.R.;
Schoonman, G.G. Red and orange flags for secondary headaches on clinical practica: SNNOOP19 LIST. Neurology 2019, 92,
134–144. [CrossRef] [PubMed]

89. Pormohammad, A.; Zarei, M.; Ghorbani, S.; Mohammadi, M.; Razizadeh, M.H.; Turner, D.L.; Turner, R.J. Efficacy and Safety of
COVID-19 Vaccines: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Vaccines 2021, 9, 467. [CrossRef]
[PubMed]

90. Ravindra, K.; Malik, V.S.; Padhi, B.K.; Goel, S.; Gupta, M. Asymptomatic infection and transmission of COVID-19 among clusters:
Systematic review and metanalysis. Public Health 2022, 203, 100–109. [CrossRef] [PubMed]

91. Weisblum, Y.; Schmidt, F.; Zhang, F.; DaSilva, J.; Poston, D.; Lorenzi, J.C.; Muecksch, F.; Rutkowska, M.; Hoffmann, H.H.;
Michailidis, E.; et al. Escape from neutralizing antibodies by SARS-CoV-2 spike protein variants. Elife 2020, 9, e61312. [CrossRef]
[PubMed]

92. Zhang, Y.; Zhang, H.; Zhang, W. SARS-CoV-2 variants immune escape, and countermeasures. Front. Med. 2022, 16, 196–207.
[CrossRef]

93. Cao, Y.; Yisimayi, A.; Jian, F.; Song, W.; Xiao, T.; Wang, L.; Du, S.; Wang, J.; Li, Q.; Chen, X.; et al. BA.2.12.1, BA.4 and BA.5 escape
antibodies elicited by Omicron infection. Nature 2022, 608, 593–602. [CrossRef]

94. Rabaan, A.A.; Bakhrebah, M.A.; Mutair, A.A.; Alhumaid, S.; Al-Jishi, J.M.; AlSihati, J.; Albayat, H.; Alsheheri AAljeldah, M.;
Garout, M.; Alfouzan, W.A.; et al. Systematical Review on the Pathophysiological Complications in Severe COVID-19 among the
Non-Vaccinated and Vaccinated Population. Vaccines 2022, 10, 985. [CrossRef]

95. Gao, P.; Liu, J.; Liu, M. Effect of COVID-19 Vaccines on Reducing the Risk of Long COVID in the Real World: A Systematic Review
and Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 12422. [CrossRef]

96. Marra, A.R.; Kobayashi, T.; Suzuki, H.; Alsuhaibani, M.; Hasegawa, S.; Tholany, J.; Perencevich, E.; Maezato, A.M.;
Volpe Ricardo, V.C.; Salinas, J.L.; et al. The effectiveness of coronavirus disease 2019 (COVID-19) vaccine in the prevention of
post–COVID-19 conditions: A systematic literature review and meta-analysis. Antimicrob. Steward. Healthc. Epidemiol. 2022,
2, e192. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11239-020-02138-z
https://doi.org/10.1001/jamanetworkopen.2020.14780
https://doi.org/10.1136/pgmj.2006.055046
https://doi.org/10.1053/j.gastro.2020.03.065
https://www.ncbi.nlm.nih.gov/pubmed/32251668
https://doi.org/10.1053/j.gastro.2020.05.048
https://www.ncbi.nlm.nih.gov/pubmed/32442562
https://doi.org/10.1212/WNL.0000000000006697
https://www.ncbi.nlm.nih.gov/pubmed/30587518
https://doi.org/10.3390/vaccines9050467
https://www.ncbi.nlm.nih.gov/pubmed/34066475
https://doi.org/10.1016/j.puhe.2021.12.003
https://www.ncbi.nlm.nih.gov/pubmed/35038628
https://doi.org/10.7554/eLife.61312
https://www.ncbi.nlm.nih.gov/pubmed/33112236
https://doi.org/10.1007/s11684-021-0906-x
https://doi.org/10.1038/s41586-022-04980-y
https://doi.org/10.3390/vaccines10070985
https://doi.org/10.3390/ijerph191912422
https://doi.org/10.1017/ash.2022.336
https://www.ncbi.nlm.nih.gov/pubmed/36505947

	Introduction 
	Definition of Long-COVID 
	Clinical Presentation 
	Pulmonary Domain 
	Cardiovascular Domain 
	Gastrointestinal Domain 
	Neurological and Psychiatric Domain 
	Treatment and Rehabilitation Impact on Prognosis and Long-Term Sequelae 
	What it the Effect of Vaccines on the Incidence and Severity of Long-COVID? 
	Conclusions 
	References

