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Any damage to the endothelial cells leads to the interruption of the barrier, an increased permeability, and an inflow of

molecules that generate inflammatory response. Pulmonary endothelium is able to generate bioactive molecules and/or to

use compounds present in the cell to reduce the effects of toxic stimuli and restore its conditions. If the damage is

particularly extensive, the endothelium cannot tackle it and its permeability undergoes some alterations. The pulmonary

endothelial barrier is completely destroyed in the case of chronic lung damages. A typical example of chronic inflammation

of the alveolus-capillary unit is represented by virus infections.
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1. Introduction

Observational studies carried out in the development of coronavirus disease 2019 (Covid-19) pandemic revealed that the

cardiovascular system represents one of the major targets of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

Cov-2) infection. In fact, it has been found that nearly 30% of SARS-CoV-2 patients undergo cardiac injury and that

cardiovascular complications including acute cardiac injury, stroke, heart failure, arrhythmias, and cardiomyopathies may

be detected at any stage of the infection . The prevalence of cardiovascular co-morbidities, such as diabetes,

hypertension, or coronary artery disease, is often associated with an unfavourable prognosis of SARS-CoV-2 infection .

Clinical studies in patients with SARS-Cov-2, both in China and in Italy, showed a higher mortality rate (CFR) in patients

with cardiovascular co-morbidity than those without co-comorbidity . Furthermore, a recent clinical study of 44,672

SARS-Cov-2-infected patients showed the CFR increased from 0.9% (in the absence of co-morbidity) to 10.5% in the

presence of cardiovascular disorders to 7.3% in the presence of diabetes and to 6% in the presence of hypertension .

The pathophysiological mechanisms underlying the higher incidence of cardiovascular complications detected in patients

undergoing severe SARS-Cov-2 disease are still to be better clarified. However, the common pathophysiological link

between SARS-CoV-2 infection and the cardiovascular events leading to irreversible multi-organ dysfunction is

represented by the disruption of factors that maintain the blood vessels into an anti-thrombotic state. In fact, it is possible

to highlight an association between SARS-CoV-2 infection and increased risk of thromboembolism .

In general, thrombotic response involves two important aspects: (1) platelet activation and (2) a coagulation cascade .

(1) At the moment of platelet activation, arachidonic acid is converted to thromboxane A2, which is a potent pro-

aggregatory and vasoconstrictive factor . Then the platelets degranulate and finally undergo a conformational change

assuming a starry shape, which is characteristic of their physical aggregation .

(2) The activation of the coagulation cascade determines, through several pathways, the formation of thrombin that splits

the fibrinogen into fibrin. This fibrillar protein polymerizes to form a “mesh” together with platelets at the wound site.

It is important to point out that there is an interaction between the coagulation cascade and the activation of the platelets.

In fact, thrombin can activate platelets but also conversely platelets themselves are able to catalyze the formation of

thrombin .

During an inflammatory process that activates leukocytes, with the recruitment and translocation of other leukocytes as

well as the release of cytokines and other inflammatory mediators, activation of the complement and attempt to eliminate

agents have infected or attacked cells . Platelets play an important role in the regulation of the inflammatory process.

During acute inflammation, there is an increase in platelet-monocyte and platelet-neutrophil aggregates. In addition,

platelet inhibition reduces cytokines such as Interleukin 6 (IL-6) and Tumor Necrosis Factor alpha (TNF-α) .

Multiple mechanisms have been suggested to approach this phenomenon. In particular, evidence exists that SARS-CoV-2

infection produces an aggressive and systemic pro-inflammatory response in which viral infection is associated with a

consistent release of mediators of inflammation known as the so-called “cytokine storm” . This leads to impressive
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damage of lung tissue, which becomes unable to ensure the due oxygen exchange in pulmonary tissue. Moreover, SARS-

CoV-2 infection-induced hypoxia is accompanied by an enhanced tendency to develop thrombosis of blood micro-vessels

via an increased blood viscosity . This is also related to the general status of hospitalized patients, who are more than

60 years old, bedridden for a long time, and subjected to invasive treatments. These are risk factors to develop hyper-

coagulation or thrombosis .

The common pathophysiological feature, which can be found in patients with irreversible cardio-respiratory complications

occurring in SARS-Cov-2 disease is represented by an imbalanced anti-coagulant activity of vascular endothelial cells,

which is also called “sepsis-induced coagulopathy” (SIC). This is an effect that leads to an increased risk of thrombotic

events . For this reason, although the correlation between SARS-CoV-2 infection and coagulation disorders is still

unclear, a tight monitoring of coagulation biomarkers was suggested in high-risk patients .

SARS-CoV-2 infection associated coagulopathies are characterized by high levels of D-dimer (a fibrin degradation product

detectable in the blood in case of fibrinolysis), fibrinogen, prothrombin time (PT), and thrombocytopenia . Furthermore,

this condition is accompanied by a micro-thrombosis, systemic inflammatory response, and impairment of vascular

reactivity .

Finally, a systemic impairment of endothelial function seems to occur in the majority of patients undergoing SARS-CoV-2

infection, thereby, playing a crucial role in the SARS-CoV-2-linked sepsis-related coagulopathy . In particular, emerging

evidence suggests that SARS-CoV-2 could damage the endothelial barriers and this event could contribute to the severe

and systemic condition generated by pandemic infection.

2. Endothelium Dysfunction and SARS-CoV-2

The flu virus infection is associated with an infiltration of white blood cells in the lungs. Neutrophils, in particular, release

cytokines, reactive oxygen species, elastases, and nucleic acids that contribute to the destruction of the endothelial

barrier. Moreover, cytokines and other inflammatory mediators impair the endothelial cell-cell junctions with the following

formation of inter-cellular interstices, causing the loss of vascular fluid in the intermediate space, resulting in oedemas.

The mechanisms underlying the junctional destruction include the reduction of Cadherin 5, type 2 (VE cadherin), which is

a protein that ensures the cohesion of the endothelial cells, and the cytoskeletal rearrangement of the actin filaments .

Considering the previous assumptions concerning the endothelium, it would be interesting to imagine a model of the

impairment of the alveolus-lung unit resulting from the virus infection caused by SARS-CoV-2. In fact, the cells of the

pulmonary endothelium express the ACE2 receptor , and it would be argued that the virus, after having attacked and

destroyed the pulmonary epithelium, could transmigrate to the underlying endothelium and penetrate the cells . Thus,

through the mechanisms already explained, SARS-CoV-2 could damage the endothelium and contribute to the severe

and systemic condition generated by this pandemic infection.

A very interesting recent scientific work has shown the involvement of endothelial cells across vascular beds of different

organs in a series of patients with SARS-CoV-2. The results obtained are related to people with SARS-CoV-2, with

previous diseases, that, following the infection, died. A subsequent autopsy was carried out. Post-mortem analysis

revealed the presence of viral elements within the endothelium and an accumulation of inflammatory cells that led to the

death of endothelial cells. In addition, histopathological analysis showed that SARS-Cov-2 infection led to the induction of

endothelitis in different organs. Finally, apoptosis and pyroptosis of endothelial cells were also highlighted .

Under normal conditions, the endothelium is anticoagulated by a series of natural anticoagulant systems. In case of

damaged endothelium, there is a cellular alteration which, in many cases, leads to an inflammatory state known as

“endotheliopathy.” In this altered condition, a dysfunction in the microcirculation occurs . Endothelitis and SARS-CoV-2

inclusions were found in the vascular endothelial cells of patients who died as a result of infection and underwent autopsy.

These findings have indicated alteration of endothelial cells as a central feature of the pathophysiology of SARS-CoV-2

during the inflammatory phase of the disease . The concrete proof of this deduction was provided by a biochemical

measurement of specific markers of endotheliopathy, haemostatic factors, and platelet activation, which were always

altered in the coagulopathy associated with SARS-CoV-2 infection . The Von Willebrand factor (vWF) is a large

multimeric glycoprotein that performs two critical functions in primary hemostasis. It acts as a bridge molecule in vascular

lesion sites for normal platelet adhesion and, under high shear conditions, promotes platelet aggregation. Factor VIII

(FVIII) is an essential blood-clotting protein, also known as an anti-hemophilic factor (AHF). vWF together with AHF are

common in people with SARS-CoV-2 and their levels were found to be much higher than for unaffected patients .
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Post mortem examination of 21 people diagnosed with SARS-CoV-2 has shown that the primary cause of death was

respiratory failure with massive capillary congestion and severe changes of rheological properties in capillaries.

Nevertheless, subsequent findings have highlighted pulmonary embolisms (in four patients), alveolar haemorrhage (in

three patients), thrombotic microangiopathy (in three patients), and vasculitis (in one patient). The observation of all

patients also highlighted damage of the endothelial in the kidneys and intestines, suggesting vascular dysfunction in

disease progression . Another important study, carried out with an autoptic examination of 26 people who died as a

consequence of SARS-CoV-2 infection, demonstrated kidney injuries with glomerular and vascular changes, occlusion of

the microvascular lumens, and numerous erythrocytes as a consequence of endothelial damage . The damage to the

endothelium and the formation of a microthrombus, caused by SARS-CoV-2 infection, are represented in Figure 2.

Figure 2. Activation of endothelial cells and formation of a microthrombus. The sequence of endothelial inflammation,

activation of endothelial cells, and, as a result, the formation of a microthrombus are shown.

3. Conclusions

Similarities between SARS-Cov and SARS-CoV-2 are not only related to symptoms developed during infection or to the

receptor mechanism of viral penetration. In fact, a common feature to both infections is to develop vascular thrombosis 

. Abnormalities in the coagulation response, observed in SARS-CoV-2 infection, are not directly linked to an intrinsic

characteristic of the virus but to its ability to trigger an inflammatory cascade . Data reported directly from China,

showed that 6% of 99 hospitalized patients affected by SARS-CoV-2 had a high prothrombin time along with a 36% of

elevated D-dimer and increased biomarkers of inflammation . Following a viral infection, a physiological inflammatory

response is activated, which involves an alteration in the coagulation process. These events are involved in a process

known as “thrombo-inflammation” or “immuno-thrombosis” .

In most patients who died of severe SARS-CoV-2 infection and who were autopsied, widespread thrombosis, and micro-

vascularization were reported. Since thrombosis has also been observed in patients undergoing anticoagulant therapy, it

is likely to believe that clotting disorders may be a characterizing factor of this infection .

According to this result, endothelial dysfunction represents a key mechanism that leads to early impairment of

endogenous anti-inflammatory/anti-thrombotic responses of the vascular wall able to counteract systemic tissue damage

subsequent to SARS CoV-2 infection. Moreover, the tendency to develop thrombotic vascular events associated with a

SARS CoV-2 disease state must be taken into account when approaching people with SARS-CoV-2 even those who are

asymptomatic. This should be crucial in preventing and treating SARS CoV-2–related systemic damage to reduce its

impact in terms of hospitalization and death, which remains an unresolved issue in the course of the disease.
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