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In late 2019, the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) gave rise to a public health emergency, culminating in the declaration of a pandemic
in March 2020. SARS-CoV-2 can determine coronavirus disease 2019 (COVID-19), which
ranges from a flu-like illness to a serious life-threatening condition requiring hospitalization
in intensive care units (ICU) [1]. Moreover, the evidence of pulmonary abnormalities and
long-term cardiovascular complications in COVID-19 survivors suggests the presence of a
post-acute COVID-19 syndrome and residual disability, with the need for rehabilitation
strategies in a substantial proportion of convalescent patients [2]. This is consistent with the
finding of muscular weakness, physical deconditioning, psychological distress, cognitive
impairment, and a number of other functional disorders even months after a negative swab
test [3].

Growing evidence suggests a central role of endothelial dysfunction and systemic
inflammation in the pathogenesis of most COVID-19 manifestations [4]. Accordingly,
persistent endothelial dysfunction and a prolonged inflammatory response have been
documented even after the acute phase [5]. However, the pathophysiological mechanisms
determining the acute and post-acute manifestations of COVID-19 are still a matter re-
quiring study, given that a better understanding of these mechanisms would allow for the
implementation of more effective personalized approaches.

In this Special Issue, we aimed to collect a number of original research articles and
reviews on the pathophysiology and diagnostics of COVID-19 and post-acute COVID-19
syndrome, with a focus on new prognostic and therapeutic applications.

Thus, some high-quality reviews focusing on different aspects of the complex interplay
between endothelial dysfunction, inflammation, and epigenetics were published. Yan et al.
provided an interesting overview of the systemic effects of the post-acute COVID-19 syn-
drome, emphasizing the importance of exercise-based, personalized multidisciplinary reha-
bilitation strategies [6]. The epigenetic mechanisms potentially underlying the pathogenesis
of COVID-19 were analyzed in another article, with particular regard to the involvement of
epigenetic factors such as histone deacetylase in angiotensin-converting enzyme 2 (ACE2)
expression [7]. Karn et al. discussed the promising role of extracellular vesicle-based
therapy for COVID-19, with a focus on the ongoing clinical trials and potential limitations
of such a therapeutic approach [8]. An interesting meta-analysis was also published in
this Special Issue. In their study, the authors provided a collection of information on
the prevalence of some manifestations of the post-acute COVID-19 syndrome, including
computed tomography (CT) abnormalities, impaired lung function, fatigue, dyspnea, chest
pain, cough, and quality of life impairment [9]. Overall, they concluded that the risk of
persistent manifestations and residual disability at a 3-month follow-up is not negligi-
ble, suggesting long-term monitoring of these patients to promptly predict and manage
potential life-threatening complications.
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A number of preclinical, clinical, and functional studies also fell within the scope of this
Special Issue. In a noteworthy article by Berezina et al. [10], the authors investigated the role
of the indicators of biological and subjective aging in COVID-19 patients. Interestingly, a
combination of these indicators was found to be a risk factor for severe forms of the disease.
In another study on a retrospective cohort of 2040 COVID-19 patients [11], the prognostic
ability of the pulse oximetry saturation/fraction of inspired oxygen ratio (SpO2/FiO2)
and the ratio of SpO2/FiO2 to the respiratory rate (ROX index) was investigated. The
SpO2/FiO2 ratio was found to be better than the ROX index in predicting the risk of inva-
sive mechanical ventilation (IMV), with an area under the receiver operating characteristic
(ROC) curve of 0.801 and 0.725, respectively. Considering an IMV rate of 10.1% in their
study population, the authors concluded that the SpO2/FiO2 ratio may present a cost-
effective tool in this emergency scenario. The innate inflammatory response also showed a
good prognostic value in terms of ICU admittance and death in a series of 287 COVID-19
patients [12]. In a further clinical study [13], a total of 133 convalescent COVID-19 pa-
tients showed significantly lower values of endothelium-dependent flow-mediated dilation
(FMD) compared to age- and sex-matched controls. Moreover, a direct and persistent corre-
lation between the severity of pulmonary and vascular disease was reported, providing
preliminary information on the potential usefulness of exercise-based rehabilitation and
strategies targeting endothelial function. The central role of the endothelial dysfunction in
the pathogenesis of the disease was confirmed also in cell cultures of human lung microvas-
cular endothelial cells (HLMVEC), suggesting that pro-inflammatory mediators released by
spike-activated macrophages may amplify the activation of endothelial cells [14]. One of
the most interesting reports of this Special Issue was on the molecular interactions between
the viral spike protein and the host angiotensin-converting enzyme 2 (ACE2) protein, with a
comparison between the previous severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1) and the novel coronavirus [15]. In their in silico analysis, the authors evidenced
some peculiarities in the interactions of the two spike-ACE2 complexes, with a key role of
R426 and K417 amino acid residues in the receptor-binding domains of SARS-CoV-1 and
SARS-CoV-2, respectively. Other authors [16,17] have investigated the potential therapeutic
role of enisamium and hydrogen sulfide in culture models, given their ability to inhibit viral
RNA synthesis or virus entry into epithelial cells, respectively. Azgomi et al. [18] proposed
instead a rapid and simple multiparameter assay to quantify spike-specific CD4+ and CD8+

T-cells after SARS-CoV-2 vaccination in both healthy donors and subjects with B-cell com-
part impairment. Most importantly, the authors showed that vaccination with the mRNA
vaccine BNT162b2 gives a robust cell-mediated immunological memory against spike
protein antigens, independently from the titer of neutralizing antibodies. This may have rel-
evant clinical implications, since the vaccine-induced T-cell response against SARS-CoV-2
can develop independently from B-cells. Vaccine-induced changes were studied in another
interesting article by Colarusso et al. [19], aimed at identifying blood biomarkers potentially
predicting the development of lung fibrotic changes in post-acute COVID-19 patients. The
authors found that C-reactive protein, C5b-9 complement complex, lactate dehydrogenase,
but not interleukin-6 were higher in COVID-19 survivors than in non-COVID-19 vaccinated
participants. Interestingly, COVID-19 patients with residual ground-glass opacities at CT
exhibited higher plasma levels of interleukin-1α and transforming growth factor-β when
compared to both patients without lung abnormalities and vaccinated subjects, with lower
plasma levels of interferon-γ.

Other studies [20] have been published in this Special Issue, including some relevant
case reports [21,22], all contributing to provide a stimulating insight into the pathophysiol-
ogy and diagnostics of COVID-19 and post-acute COVID-19 syndrome. Some prognostic
and therapeutic applications have been analyzed in both review and original articles, with
interesting new findings and potentially relevant repercussions in clinical practice and
future research. Meanwhile, further laboratory and translational research is needed to
better understand the molecular mechanisms of COVID-19 both in the acute phase and
during convalescence. This could help establish comprehensive and personalized preven-
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tion, interventional and rehabilitation strategies aimed at reducing disease progression,
long-term complications, occupational disability, and quality of life impairment.
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