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Abstract.
BACKGROUND: The pandemic that began around February 2020, caused by the viral pathogen SARS-CoV-2 (COVID-19),
has still not completed its course at present in June 2022.
OBJECTIVE: The open research to date highlights just how varied and complex the outcome of the contagion can be.
METHOD: The clinical pictures observed following the contagion present variabilities that cannot be explained completely by
the patient’s age (which, with the new variants, is rapidly changing, increasingly affecting younger patients) nor by symptoms
and concomitant pathologies (which are no longer proving to be decisive in recent cases) in relation to medium-to-long term
sequelae. In particular, the functions of the vascular endothelium and vascular lesions at the pre-capillary level represent the
source of tissue hypoxia and other damage, resulting in the clinical evolution of COVID-19.
RESULTS: Keeping the patient at homewith targeted therapeutic support, aimed at not worsening vascular endothelium damage
with early and appropriate stimulation of endothelial cells, ameliorates the glycocalyx function and improves the prognosis and,
in some circumstances, could be the best practice suitable for certain patients.
CONCLUSION: Clinical information thus far collected may be of immense value in developing a better understanding of the
present pandemic and future occurrences regarding patient safety, pharmaceutical care and therapy liability.

Keywords: COVID-19, pharmaceutical care, therapy liability, best practice, home treatment, vascular endothelial glycocalyx,
epigenetics

1. Introduction

The impact of the current SARS-CoV-2 (COVID-19) pandemic on several fronts is there for all to see.
In the various fields of scientific research, we are still witnessing unprecedented output. Despite this, to
date it is not easy to determine relationships between the risk factors predisposing people to a more severe
reaction to COVID-19 infection. A recent paper addresses, in depth, COVID-19 mortality, “identifying
frail (not limited to older, multimorbid, symptomatic) persons at risk of poor outcomes [1]”. Frailty
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represents biological age, rather than chronological age, and can be defined as a state of vulnerability
to poor resolution of homeostasis after a stressor event [2–4].

On the other hand, genetic alterations suggest interesting ideas regarding multi-gene expression,
especially on large specific chromosomes for epithelial membrane proteins in the lungs, according to
recent papers on this topic [5]. A recent paper stated that “a combination of multiple genetic and non-
genetic factors contributes to an individual’s unique immune response and susceptibility to SARS-CoV-2
infection [6]”.

Correct interpretation of these aspects opens important avenues of research for the development of a
precision pharmaceutical approach to the COVID-19 pandemic [7]. This suggests that recognizing the
totality of factors that contribute to COVID-19 individual susceptibility and subsequent pathophysiology
would enable improvements in the design of clinical trials and improved precision inmedical interventions
in the treatment of the various presentations of the disease [8].

In Table 1, the great deal information to be collected and interpreted in order to orientate among the
differentmanifestations of COVID-19, both in the sense of predicting severity and therapeutic intervention
in the various clinical expressions, are schematized [9–12].

Their management should enable the realization of one mode of differential diagnosis of COVID-19
patients. Obviously, to catalog and analyze so many large datasets, it would be necessary to build valid
information technology support for their correct interpretation [13–16]. It would also be of fundamental
importance to consider those cases presenting persistent and prolonged effects after acute COVID-19 [17].

A careful observation of the therapeutic guidelines, issued by the relevant international organizations,
does not state any specific therapies, at least at the moment. It does enable us to highlight the evolution,
and to critically review the management indicated [18]. Moreover, clinical trials of promising molecules
(antivirals, anti-inflammatories, monoclonal antibodies, dietary supplements, etc.) lack sufficient evidence
of proven efficacy [19–22]. Clinical trials of repurposed drugs also failed to demonstrate full evidence of
efficacy [23].

From the very beginning, it has been possible to ascertain that the pulmonary symptoms, although
severe, have never been the only cause of fatal outcomes. On the contrary, the epidemiology and severity
of the cases have shown that the cause of death is attributable to disturbances in patients’ vascular
systems [24]. Regarding previous statements, it is of paramount importance to focus on endotheliitis as a
disfunction of the vascular endothelium in the clinical evolution of COVID-19 [25,26].

For an overview, Fig. 1 schematizes the following: in the presence of a normal condition of the
glycocalyx, both the viral contagion and the tissue diffusion of the virus affecting other systems, in
addition to the pulmonary and upper airways, are not able to develop COVID-19, even if it releases
cytokines into the vascular system (left side). Conversely, the pre-existing condition of glycocalyx damage
(right side), by reducing the ability of the endothelial cell to maintain its homeostatic functions, leads to
the development of all those phases typical of the severe form of COVID-19, in which 2% has resulted
in the patient’s death. From here, it follows that the severity of the disease is not linked to the triggering
factor represented by the virus as such, but to pre-existing endothelial lesions as a favoring factor.

To obtain an optimal therapeutic treatment of patients, the following cases must be complied:

(i) early diagnosis [27];
(ii) minimal and not widespread vascular damage, avoiding those pharmacological procedures or treat-

ments capable of amplifying it [28];
(iii) willingness to follow the patient at home for the necessary period.
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Table 1
Risk factors, symptoms and signs for interpreting the staging criteria of COVID-19

Risk factors Symptoms and signs

Age Cellular and tissue senescence determining the biological age are responsible for
different responses to COVID-19: more the senescence, more the severity of the
disease
∙ Cardiovascular disease (cardiac arrest, arrhythmia, acute heart failure, acute

myocarditis, myocardial infarction, myocardic signs in Kawasaki disease)
∙ Diabetes mellitus
∙ Hypertension
∙ Lung disease (COPD)

Comorbidities ∙ Cancer
∙ Chronic kidney disease
∙ Obesity
∙ Smoking
∙ Anticancer chemotherapy

(i) blood cell count and bone marrow activity for hematopoiesis (RBC; WBC, with
lymphocyte immune phenotype; thrombocytes; RDW; reticulocytes)

(ii) inflammatory activity (ESR, CRP, SOD, cytokines and chemokines)
Blood analysis laboratory findings (iii) coagulation activity (ATIII, fibrinogen, D-dimer)

(iv) kidney function (creatinine; uricemia; ACR; eGFR)
(v) miscellaneous (haptoglobin, ferritin, procalcitonin, troponin, plasmatic proteins,

LDH, BNP, NT-pro-BNP, electrolytes, blood gas analysis; GAGs)

∙ Respiratory symptoms (acute respiratory failure requiring noninvasive or invasive
ventilation, with SpO2 measurements, tachypnea, labored breathing, mucous)

∙ Arrhythmia
∙ Neurocognitive symptoms (headache, lethargy, confusion, loss of taste)
∙ Gastrointestinal symptoms (abdominal pain, vomiting, diarrhea)
∙ Sore throat
∙ Persistent fever (>37.5 °C)

Clinical findings ∙ Dermatological signs (signs of subepithelial hemorrhage) and symptoms
∙ Conjunctivitis
∙ Serositis (small pleural, pericardial, and ascitic effusions)
∙ Myalgias
∙ Swollen hands/feet
∙ Lymphadenopathy
∙ Hepatomegaly
∙ Encephalopathy, seizures, coma, or meningoencephalitis

(i) Lung (ground-glass opacification; small pleural effusions, patchy consolidations,
focal consolidation, and atelectasis)

Imaging findings (diagnostic
service with thorax echographia;
ECG; Thorax X-ray; MRI)

(ii) Abdominal (nonspecific, including free fluid, ascites, bowel and mesenteric
inflammation, including terminal ileitis, mesenteric adenopathy/adenitis, and
pericholecystic edema)

(iii) Heart (Coronary artery dilation/aneurysm, mitral regurgitation and pericardial
effusion)

ABO phenotype
Genetic factors HLA

MHC
G6PD deficit
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Table 1 (Continued).

Risk factors Symptoms and signs

Dietary habits
Psychosocial/socioeconomic factors Caloric restriction

Vitamin deficiencies
Air pollution, with particular reference to NO2 and PMs

ACR: albumin-to-creatinine ratio, ATIII: antithrombin, BNP: B-type natriuretic peptide, CRP: C-reactive protein, ECG:
electrocardiogram, eGFR: estimated glomerular filtration rate, ESR: erythrocyte sedimentation rate, G6PD: glucose-6-phosphate
dehydrogenase, GAGs: glycosaminoglycans, HLA: human leukocyte antigen, LDH: lactate dehydrogenase, MHC: major
histocompatibility complex, MRI: magnetic resonance imaging, NO: nitric oxide, NT-pro-BNPN-terminal pro b-type natriuretic
peptide, PM: particulate matters, RBC: red blood cells, RDW: red cell distribution width, SOD: superoxide dismutase, WBC:
white blood cells.

Fig. 1. Potential clinical evolution following infection by SARS-CoV-2 in relation to the conditions of the vascular endothelium
at the glycocalyx level (see text for further explanation).

We suggest specific home care for the COVID-19 patient, capable of allowing adequate protection of the
glycocalyx and, therefore, a more favorable development of the clinical evolution linked to severe acute
respiratory syndrome (SARS). This involves deploying a task force with the bareminimum of instrumental
examinations, leaving hospitalization only for the most serious situations that cannot be managed at home,
such as severe forms of hypoxia, or myocardial or renal complications.

Given the circumstances, it follows that to optimize a therapeutic approach to COVID-19 patients,
positive outcomes related to themanagement of the patient at home should be realized. Starting from being
able to determine the health status of the vascular endothelium and easily apply novel approaches to the
treatment of endothelial diseases, as well as by being able to define the presence of genetic and epigenetic
factors associated with severe clinical outcomes of COVID-19, we may introduce an opportunity to
implement beneficial home care for the patient. These points will be discussed.
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2. Discussion

2.1. Patient management at home

The open question, based on the many ideas correlating with clinical and therapeutic experience,
concerns the optimization of home therapy for the COVID-19 patient, assuming increased responsibility
by home doctors. The authors believe the evaluation of respiratory function and radiological imaging are
not binding parameters for hospital admission. This conviction is corroborated by the fact that people
who have undergone forced breathing through intubation, at best, have suffered irreversible damage to
the lungs and increased vascular disease [29,30]. Once pulmonary compromise caused by an infection
with SARS-CoV-2 has been ascertained, in cases where there is no imminent danger of death from
other concomitant diseases (such as risk of cardiac arrest, myocarditis, acute renal failure, severe anemia)
“home hospitalization” with integrated assistance is desirable, provided it is appropriate and monitored
consistently [31]:

(i) routine instrumental tests, such as an ECG to monitor damage to the myocardium;
(ii) oxygen saturation checks to maintain the correct intake, potentially with supportive Oxygen Therapy

through nasal high-flow or Venturi mask;
(iii) routine blood-chemical tests to evaluate the general state of health;
(iv) more importantly, continuous and watchful care for the patient.

All the above should diminish the “over treatments” that caused an elevated rate of deaths and more severe
outcomes in the initial period of the pandemic.

At this point, it is appropriate to change the behavior of family doctors and medical task forces in
the interests of providing the most suitable therapy and assistance for the patient at home to obtain a
greater survival rate and a less severe occurrence of sequelae (post illness), as well as not overburden
hospital wards. There are numerous cases in which doctors have cared patients at home, ensuring that
basic conditions for managing a viral disease like SARS are maintained; that is, absolute rest, reduction
in psychological stress, maintenance of vital capacity, administering oxygen at home even with low levels
of O2 saturation, use of non-steroidal anti-inflammatory drugs instead of reckless use of massive doses of
cortisone (especially in the viremic phase), sufficient nutrition and hydration, and continuous control and
monitoring of critical parameters. In some of these cases, recoveries have occurred even with the threat
of severe outcomes [31]. What should be emphasized is the current lack of conformity in the behavior of
first contact doctors (family doctors) withWHO instructions to keep patients at home as much as possible.
2.2. Vascular endothelium

Regarding the subject of vascular endothelium, the information reported on the ABO blood group loci
associated with severe SARS-CoV-2 infection may find a more complete and significant interpretation in
this direction [32,33], as also may be the case regarding the integrity of endothelial glycoproteins [34].

At this point, a question arises: “Can we determine the greatest common divisor from which to orient
ongoingmedical research?”. Determining the state of health of the vascular endothelial cell, with reference
to the glycocalyx is, in our opinion andwithmany pointers indicated by other authors, the best answer [35].

Blood flow patterns and associated shear stresses play important roles in modulating both glycocalyx
dimensions and the signaling activities of the cytoskeletal fibrils contained therein [36,37]. Moreover, vas-
cular endothelial glycocalyx contributes to an atheroprotective function [38] with specific characteristics,
depending on the anatomical location [39] and pathological conditions [40].



254 G. Tricarico and V. Travagli / Approach to the management of COVID-19 patients

Growing evidence suggests that senescent or damaged endothelial cells can acquire a particular
phenotype through multifaceted pathways, such as reduced NO availability, oxidative stress-induced DNA
damage, mitochondrial dysfunction, impaired angiogenesis, and senescent endothelial progenitor cell-
associated imbalance between vascular endothelial damage and repair [41].

The most efficient way to ensure patient safety is to protect the integrity of the vascular system, with
particular reference to microcirculation. In this regard, compliance with the WHO’s appeal to avoid the
use of cortisone derivatives in the viremia phase becomes of fundamental importance. In fact, the two
main effects consequent to the administration of glucocorticoids are:

(i) reduction of the immune response against the viral attack;
(ii) induced acute hyperglycemia.

Both have fundamental importance in the worsening of the disease.
In particular, we consider hyperglycemia consequent to high dose supplementation of corticosteroids

(dexamethasone up to 48 mg/day) to have a devastating effect on the gelled portion of thematrix, but not on
the fibrils responsible for the mechanosensitive function of the vascular endothelium [42]. Analogously,
extreme caution must also be exercised in the use of heparin-like anticoagulants. Recently, it has been
reported that heparin can prevent glycocalyx shedding in COVID-19 patients [43]. However, this is
only true if the glycocalyx is present in undamaged form. In fact, as AT-III activators, it is possible to
predict their enhancement in terms of increased risk of disseminated intravascular coagulation (DIC),
through interaction with the process of fibrinolysis and dissolution of thrombi, without preventing parietal
micro-coagulation of the platelets due to contact with fibrils uncovered by the gelled portion of the
glycocalyx [44].

It is worth mentioning that damage is induced at the erythrocyte level with the introduction of a
precapillary arterial hemolysis, with decreases in both hemoglobin and erythrocyte values, despite a
strong bonemarrow response and increased haptoglobin to counteract the increased presence of circulating
oxyhemoglobin. The point of discussion is represented by lymphopenia shown in all patients with
severe COVID-19. One hypothesis correlates the decrease in serum Ca2+ ions, as calcium is responsible
for activating the actin contained in the internal fibrils of the glycocalyx when these strongly bind
lymphocytes, platelets, and erythrocytes to both the vascular wall and to the precapillary endothelial cells.
This sequestration of corpuscular elements at the precapillary arteriolar level, correlated with predisposing
conditions of the damaged glycocalyx, is the basis of systemic vasculitis due to an anomalous trans-
endothelial migration of lymphocytes [36]. To summarize, cellular interactionmechanisms at the precapil-
lary level are linked to glycocalyx integrity. In detail, normal glycocalyx shows physiological sliding of the
corpuscular elements of the blood, and leukocytes and lymphocytes are temporarily attached, recognized,
and released. On the other hand, partial damage leads a reduction in the thickness of the glycocalyx, with
a strong leukocyte and lymphocyte interaction, and potential induction of trans-endothelial migration,
together with initial platelet adhesion. Eventually, massive damage to the glycocalyx implies strong
adhesion with leukocytes and lymphocytes actin-Ca2+-mediated, and the appearance of trans-endothelial
migration phenomena affecting lymphocytes, mainly CD8+ T cells as a critical subpopulation of MHC
class I-restricted T cell and mediators of adaptive immunity. The loss of glycocalyx also causes a reduction
in antithrombin III, with a consequent increase in intrinsic endovascular coagulation, in addition to platelet
adhesion, with the onset of parietal thrombosis.
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2.3. Host genetic and epigenetic factors associated with clinical outcomes of COVID-19

The search for host genetic factors in coronavirus susceptibility is producing interesting results [45–
48]. In this regard, we must also consider a break in the “epigenetic information” which leads to a failure
to repair cell damage, even in the presence of an intact and functioning DNA code. In fact, where this
can be re-established with the restoration of cellular osmosis thanks to correct “hormetic” therapy, also
known as “post-translational oxidative eustress [49]”, a healing process likely takes place. Ultimately, it
is necessary as much as possible to not interrupt the chain of epigenetic analogical information, finding a
way to re-establish the correct conditions at the glycocalyx and its fibrils at the vascular endothelial level.

Knowledge of the host’s genetic polymorphism could allow personalized adjuvant therapies. We must
consider that if the genetic polymorphism regulates expression of the glycocalyx in terms of size, quality,
specificity and at the same time indicates the degree of severity of the disease, it is useful to look for
any polymorphism in the HLA, MHC systems and in the genome of the glycocalyx itself [50]. So, we
hypothesize that targeted oxidative eustress acts as an epigenetic factor with effects on the composition
of the glycocalyx. Treatments in this direction are made in different trials using an oxygen-ozone mixture
or other inductors of oxidative stress in the vascular compartment [51]. More importantly, we think that
these treatments can restore normal homeostasis of the endothelial cell bymodulating the gene expression,
restoring the normal antithrombotic and anti-inflammatory functions of the vascular endothelium, either
through the transcriptional pathways of the self-healing of cells or bymeans of activation of the antioxidant
response element in the nucleus of cells [52,53].

2.4. Novel approaches in diagnosis and treatment of endothelial diseases

There are many articles on endothelial damage from COVID-19 in the literature [54–57]. On the other
hand, ethical considerations and technical difficulties limit the study of endothelial cells from different
vascular regions both in healthy persons and in patients with different type of diseases [58]. A deeper
understanding of endothelial cell biology is essential for the elucidation of several key factors, among
which are:

(i) specific mechanisms important both in defense against toxic and infectious diseases that interfere
with the maintenance of a physiological lining of the vascular endothelium, and in tissue engineering
and regenerative medicine;

(ii) the regulation of immune responses and inflammation [59];
(iii) novel approaches in the treatment of hypoxia-based diseases [60].

Current research concerning oxidative eustress/distress balance of anti-inflammatory treatments fits well
in this pleiotropic context [61–63].

3. Conclusions and future directions

In this work, we have focused on the benefits that appropriate home care services as opposed to
standard hospitalization can offer to patients with COVID-19. In our opinion, in this disease the home care
makes possible to safeguard patients by better preserving endothelial glycocalyx, the functional jelly-like
layer covering the luminal surface of the vascular endothelium. It is a target that has been shown to be
the cause of deaths and severe forms of COVID-19. The physiological functions, protection, damage,
and regeneration strategies of endothelial glycocalyx have important clinical implications [64]. Many
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physicians may not be aware of recent advances in the understanding of its critical role in health and
vascular diseases.

On the other hand, the organism of higher animals relates to the stability of the internal cell milieu with
many daily rhythms, such as body temperature, secretion of hormones and many others. Over time, the
importance of the organism adapting to various stimuli has become increasingly evident as well as the
importance of the response of each organism in relation to its own specificity in terms of the search for, or
maintenance of, balance and functional integrity. In such a context, allostasis represents a more accurate
concept of homeostasis (remaining stable by staying the same). Based on the multi-point property of
allostasis, we could image the allostatic system as a special “buffering system”.

The term “stress” refers to an event or series of events that evoke, among others, a set of physiological
responses. Targeted oxidative stress is well described as “oxidative eustress” and elicits adaptive responses
in cells. On the other hand, “oxidative distress” is the result of chronic, uncontrolled overproduction of
noxious metabolites that can result in tissue damage. Such opposing effects are expected due to differences
in temporal (acute vs. chronic) and spatial (subcellular setting vs. bloodstream) formation of reactive
oxygen and nitrogen species.

Both the correct use and dosage of chemical agents with pro-oxidant action are the basis of therapeutic
approaches characterized by a paradoxical effect on the organism. All these actions are conducted
mainly in relation to the polysaccharide matrix coating of vascular endothelial cells, the integrity of
which modifies their behavior, giving rise to positive responses capable of quickly re-establishing the
necessary quantity of glycocalyx, while its damage may result in its total inability to maintain the
normal cellular functions of the vascular tree. In fact, a well-controlled, mild, and transitory eustress
could activate a healthy response in an organism toward diseases where the oxidative stress is able to
heavily damage the glycocalyx. This is more evident in pathological conditions such as COVID-19 and
so-called “long COVID”, which affects different organs, and where conditions of vascular damage are
long-lasting and find little benefit from traditional therapies [65,66]. Epigenetics, translational research,
and regenerative medicine, as well as personalized medicine, are the main avenues for future research
directions, capitalizing on what we have learned because of the terrible losses during this pandemic;
reaffirming the importance of patient safety, pharmaceutical care, and medical liability once the real
etiopathogenesis of COVID-19 is understood.
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