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Post-COVID-19 respiratory manifestations comprise coughing and shortness of breath.

post-COVID-19 syndrome  long COVID  long-term COVID-19  “long hauler” syndrome

1. Introduction

While the acute symptoms of COVID-19 have been extensively reported, the longer-term effects are less well

identified, because of the quite short history of the pandemic . Specifically, most COVID-19-positive patients

recover totally within 3–4 weeks after onset of infection; nevertheless, in some cases, prolonged or recurrent

symptoms can be seen even weeks or months after COVID-19 recovery . The UK’s Office for National

Statistics assessed that one in five patients report symptoms beyond 5 weeks, while 10% have symptoms

persevering over 12 weeks . Improving the handling of these patients needs the contextualization and

classification of the long-term symptoms . Actually, there are varied nomenclatures and time ranges (3, 4 or 12

weeks) used to explain the condition, inadequate knowledge on its etiology and a lack of evidence for the possible

treatments . Indeed, various authors have used different names such as “post-COVID-19 syndrome”, “long

COVID-19”, “long-term COVID-19 effects”, “long haulers” and “persistent COVID-19 symptoms” , which refer to

various conditions such as lasting inflammation, sequelae of organ damage, hospitalization and social isolation .

However, the WHO has established a clinical case definition of post COVID-19 syndrome: “it occurs in individuals

with a history of probable or confirmed SARS-CoV-2 infection, usually 3 months from the onset of COVID-19 with

symptoms and that last for at least 2 months and cannot be explained by an alternative diagnosis” .

The original cause of the persistence of symptoms has yet to be recognized, but several hypotheses have been

produced : aberrant immune responses, virus-specific pathophysiological alterations, inflammatory damage in

response to the acute infection  and mechanisms of viral persistence in certain tissues , SARS-CoV-2

interactions with host microbiome/virome communities, clotting/coagulation issues and dysfunctional

brainstem/vagus nerve signaling . Moreover, the roles of exosomes and mast cells  recently came

under consideration. Furthermore, underlying risk factors can be involved: severity of early COVID-19, including

symptom load, level of hospital care and necessity for mechanical ventilation , female gender , age ,

presence of comorbidity  and minority ethnicity  foster the development of long COVID.

Moreover, COVID-19 vaccines decrease the risk of contracting infection; however, studies disagree on their

protective effect against long COVID . Certainly, vaccines reduce the risk of long COVID by lowering the

chances of contracting COVID-19 in the first place, however, for patients that do experience the infection, trials
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suggest that vaccination might only reduce the risk of long COVID, or have no effect on it at all ; consequently,

long COVID can arise even after an asymptomatic coronavirus infection .

The respiratory system is known to be the most frequently affected by the COVID-19 acute illness phase, which is

prolonged in the post-COVID-19 phase after patients’ recovery . However, it is now well recognized that

extrapulmonary systems such as the cardiovascular (CV) and nervous systems are also affected , producing

symptoms such as cough, shortness of breath, fatigue, headache, brain fog, chest pains, gastrointestinal issues,

joint pains and loss of taste and smell, along with neuropsychiatric symptoms, for instance, insomnia, delirium,

depression and anxiety  (Table 1).

Table 1. Reported cardiovascular, respiratory and nervous post-COVID-19 complications.
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System Involved Symptoms Monitoring System

Cardiovascular
complications

↑ Resting rates

Palpitation

Elevation in the blood pressure

Pericardial chest pain

Chest tightness

T2 signal and positive LGE

Myocardial edema

Pericardial effusion

Diastolic dysfunction

Pulmonary hypertension

Non-specific patterns of capillary

abnormalities

Hemosiderin deposits

Cardiac arrhythmias

Echocardiogram

Electrocardiogram

CMR

Respiratory
complications

Breathlessness/dyspnea/tachypnea Pulse oximetry
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System Involved Symptoms Monitoring System
Cough

Lung function abnormalities (↓ FEV1, ↓

FEV1/FVC)

Pulmonary fibrosis

Interstitial thickening crazy paving

Residual ground-glass opacity

Abnormal diffusion

Pulmonary embolism

Pneumonia

6MWT

PFTs

Chest X-ray

High-resolution computed

tomography of the chest

Computed tomography

pulmonary angiogram

Nervous system
complications

Post-traumatic stress disorder

Depression or anxiety

Memory problems

Insomnia

Sleeping disturbance

Cognitive impairment and concentration

problem

Stigma

Headaches

Muscle weakness

Dizziness

Critical illness neuropathy

Residual smelling disorder

Standard screening tools
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CMR: Cardiovascular Magnetic Resonance; FEV1: Forced Expiratory Volume 1; FVC: Forced Vital Capacity; LGE:

Late Gadolinium Enhancement; 6MWT: Six-Minute Walking Test; PFTs: Pulmonary Function Tests; ↑: increased; ↓:

decreased.

2. Lung Involvement

The respiratory system is the primary target of COVID-19 infection, resulting in a broad spectrum of clinical and

radiological manifestations. Although in about 80% of cases the infection is confined to the upper airways, in 20%

the virus reaches the alveoli, leading to the formation of pulmonary infiltrates, with the onset of dyspnea, cough and

fever, associated with varying degrees of hypoxemia and radiological abnormalities . Interstitial pneumonia is

the leading cause of hospitalization in patients with COVID-19. In most cases the disease is mild–moderate,

however, progression to severe respiratory failure and acute respiratory distress syndrome (ARDS) occurs in 5–

10% . Among COVID-19 survivors, many patients continue to experience respiratory symptoms, and

several studies have reported abnormalities in pulmonary function tests (PFTs) and chest CT images even months

after hospital admission. The prevalence of these findings varies from one study to another, depending on the

methodological approach and follow-up time . Dyspnea and cough are the most frequently described

respiratory symptoms. The biological mechanisms underlying the persistence of respiratory symptoms are not fully

clear, but are probably related to the pathological processes triggered in the acute phase. Persistent

endotheliopathy resulting in a pro-coagulant state and inflammatory cytokine production could be involved .

In a recent meta-analysis of 16 cohort studies with hospitalized patients, with follow-up periods > 1 month post-

discharge or >2 months post-admission, the prevalence of abnormalities in lung function was approximately 20%.

The most common abnormality observed was diffusion impairment, followed by restrictive ventilatory defects .

It is interesting to note that in several studies the presence of respiratory symptoms was not related to functional or

radiological alterations. Indeed, in a subgroup of 390 patients of a large prospective cohort study, evaluated after a

median of 6 months, no correlation was found between symptoms, lung function, exercise capacity and chest CT

imaging. In this study, DLCO and 6-min walk distance were reduced in 29–56% and 24–29% of cases,

respectively, and radiological alterations at chest CT scan were present in 41–45% of patients . Moreover, in a

study of 134 patients, fatigue and/or dyspnea were present in 30% of patients at 6 months of follow-up; however,

these symptoms were not justified by significant abnormal findings in lung function tests or chest CT scans .

Furthermore, in a prospective cohort study, which enrolled 103 patients, 54% of patients had persistent dyspnea at

the 3-month follow-up visit; however, most patients had lung volumes within the reference limits, while only 24%

had reduced DLCO . Chest CT scans showed ground-glass opacities in 25% of patients and parenchymal

bands in 19% of patients . However, Cortes-Telles et al. reported that patients with persistent dyspnea had

reduced lung volume, lower DLCO and increased exertional desaturation, compared to those without .

According to the authors, persistent dyspnea could be explained by greater constraints on tidal volume expansion,

exertional hypoxemia and a more rapid and shallow breathing pattern adopted by these patients . The

discrepancy between symptoms, lung function and imaging resulting from the studies highlights the necessity of a

better understanding of the pathophysiological mechanism underlying this new pathology.

Long-term pulmonary sequelae are of particular interest in critical patients who survive COVID-19. Most published

data showed a high prevalence of functional impairment and pulmonary structural abnormalities in patients

System Involved Symptoms Monitoring System
Acute inflammatory demyelinating

polyradiculopathy
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requiring ICU admission . Gonzalez et al. evaluated 62 patients admitted to an ICU with ARDS secondary

to COVID-19 at the 3-month follow-up. Eighty-two percent of patients had reduced DLCO and 70% had signs of

lung damage at CT scan. The length of invasive mechanical ventilation during the ICU stay and age were

associated with the severity of radiological alterations . Similar results were reported in 48 mechanically

ventilated survivors of COVID-19 3 months after hospital discharge . The growing attention towards these

patients is also due to greater risk of developing pulmonary fibrosis than in those who had mild–moderate disease.

As is known, one of the possible complications of ARDS is pulmonary fibrosis . The risk of developing

pulmonary fibrosis is related to the cellular mechanisms that occur in response to acute lung injury and can lead to

abnormal and persistent inflammatory response and excessive proliferation of fibroblasts. McGroder et al.

evaluated 76 patients at 4 months after hospitalization. Twenty percent of non-mechanically ventilated and 72% of

mechanically ventilated patients had fibrotic-like abnormalities (reticulations, traction bronchiectasis or

honeycombing) at high-resolution chest CT scan . These abnormalities were correlated with decrements in lung

function, cough and frailty but not with dyspnea. Furthermore, this study identified severity of initial illness, duration

of mechanical ventilation, the lactate dehydrogenase levels on admission and leukocyte telomere length as

independent risk factors for the development of fibrotic-like abnormalities . In a prospective study reporting

respiratory outcomes at 12 months after discharge in people recovered from severe COVID-19 who did not require

mechanical ventilation, 24% of patients had radiological abnormalities including interstitial thickening and reticular

opacity, potential signs of evolving fibrosis .

Specifically, steroids alone do not seem to be enough to avoid the development of fibrosis . Nevertheless, it

should be stated that there is not a consensus on the use of anti-fibrotics in the prevention and arresting of lung

fibrosis in COVID-19 survivors yet. Nevertheless, there is a strong rationale for their potential usefulness . They

could be reserved for some groups of COVID-19 patients, such as the most severe ARDS cases that are most

likely to end up with fibrosis .

3. Cardiovascular Involvement

COVID-19 affects the CV system in the acute phase, but heart complications can also arise during the post-

recovery phase . Specifically, reports of myocardial damage in association with COVID-19 comprise acute

ischemic injury (type 1 myocardial infarction) , along with non-ischemic injury (i.e., myocarditis) , stress

cardiomyopathy , heart failure (HF)  and secondary cardiac injury caused by sepsis and critical illness 

(Figure 1 and Figure 2).
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Figure 1. COVID-19 cardiovascular involvement.
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Figure 2. Cardiac imaging techniques’ main findings in post-COVID-19 syndrome. FAC: Fractional Area Change;

IVC: Inferior Vena Cava; LGE: Late Gadolinium Enhancement; LV: Left Ventricular; LVEF: Left Ventricular Ejection

Fraction; PASP: Pulmonary Artery Systolic Pressure; RVS’: TDI of Tricuspid Annulus; TAPSE: Tricuspid Annular

Plane Systolic Excursion.

Mechanisms of myocardial injury may be indirect via systemic inflammatory response or direct (viral infection,

thought to be less common) . Specifically, autopsy studies on 39 COVID-19 patients identified virus in the heart

tissue of 62.5% of patients . The following inflammatory response may lead to cardiomyocyte death and fibro-

fatty displacement of desmosomal proteins . Recovered patients may have persistently increased

cardiometabolic demand, as shown in long-term evaluation of SARS survivors , due to the reduced cardiac

reserve, corticosteroid use and dysregulation of the renin–angiotensin–aldosterone system (RAAS).

Angiotensin converting enzyme 2 (ACE2) plays a crucial role in the development of CV complications .

Specifically, high expression of ACE2 in COVID-19 patients leads to an RAAS overactivation, with consequent

dysregulation of electrolytes and fluid homeostasis . Thus, excessive vasoconstriction and blood flow

acceleration augment the risk of thrombosis and hypertension . Moreover, high blood pressure increases the

afterload on the heart and subsequently causes organic pathological changes such as cardiac dilation .

Myocardial fibrosis or scarring, and resultant cardiomyopathy from viral infection, can produce arrhythmias .

The type of acute cardiac damage that COVID-19 patients have remains uncertain. Nevertheless, there is evidence

that heart attack-like events are responsible and, consequently, randomizing patients to cardioprotective medicines

(NCT04333407) will help us understand the role of the CV system in COVID-19 disease. Moreover, bromodomain

and extraterminal family inhibitors (BETis) improved dysfunction in human cardiac organoids (hCOs) and totally

avoided cardiac dysfunction and death in a mouse cytokine storm model . Furthermore, a BETi decreases

transcription of genes in the viral response, reduces ACE2 expression and decreases SARS-CoV-2 infection of

cardiomyocytes . Together, BETis, including apabetalone, are encouraging candidates to prevent COVID-19

cardiac damage .

Palpitations and chest pain are the most common subjective findings . A study by Frankfurt University Hospital

revealed that 78% of survivors of COVID-19 had CV alterations, and 60% of them still showed signs of persistent

myocardial inflammation more than two months after the diagnosis . The results propose that long-term

sequelae, for example, arrhythmias and HF, are also probable in apparently healthy people .

Furthermore, a study from Wuhan, China revealed that about 20% of COVID-19 patients had CV damage and the

patients’ conditions would worsen if their IL-6 levels were high . Specifically, the most severe CV complication

in COVID-19 is myocarditis .

Myocardial damage could be the cause of an inflammatory cascade and following fibrosis; moreover, the

distribution and extent of this inflammatory reaction could result in unfavorable ventricular remodeling and

arrhythmias. Radin et al. showed that COVID-19 patients had prolonged relative tachycardia that lasted on average
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79 days after symptom onset; specifically, 13.7% of patients did not return to resting heart rate baseline until after

133 days . Furthermore, those hospitalized are at risk of even more severe sequelae, such as HF, arrhythmias,

myocardial infarction and stroke (three times greater than matched controls patients) .

Likewise, other complications have been reported, such as postural orthostatic tachycardia syndrome  and

orthostatic intolerance without hemodynamic effects . Lastly, right ventricular dysfunction in response to fibrotic

lung injury, pulmonary hypertension and/or clot burden in patients recovering from severe disease have also been

described with an incidence of diastolic dysfunction of 32–55%, and an occurrence of pulmonary hypertension of

10–35% up to 12 weeks following the acute phase .
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