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A B S T R A C T   

Objective: To review similarities between COVID-19 and systemic sclerosis (SSc) early vasculopathy to provide 
novel insights into both diseases. 
Methods: A narrative review of the literature supplemented with expert opinion. 
Results: There is clear evidence that the endothelium is at the centre stage in SSc and COVID-19, with endothelial 
cell activation/injury and dysfunction creating the crucial evolving step in the pathogenesis of both diseases. The 
angiotensin system has also been implicated in the early stages of both COVID-19 and SSc. Autoptic studies 
provide novel insights into the effects of SARS-CoV-2 on the endothelium. Normal endothelium and endothelial 
dysfunction in COVID-19 and SSc are discussed. It is debated whether SARS-CoV-2 infection triggers autoim-
munity with production of autoantibodies which is of mechanistic interest because other viral illnesses are 
potentially involved in endothelial dysfunction and in SSc pathogenesis. 
Conclusion: COVID-19 is due to a direct assault of SARS-CoV-2 on the vascular system as an acute infection, 
whereas SSc remains a chronic/sub-acute autoimmune disease of largely unknown etiology Further study and 
exploration of the SARS-CoV-2 pathogenic mechanisms might provide further useful milestones in the under-
standing of the early SSc pathogenesis.   

1. The SarsCov2 pandemic and the main pathogenetic 
mechanisms 

The SARS-CoV-2 pandemic has swarmed worldwide and the COVID- 
19 has taken a significant death toll in all continents. In fact, the virus 
has a highly unrestrained replication capacity which is met with un-
balanced immune response, a weak production of type I interferons 
(IFN-Is) and a brisk release of proinflammatory cytokines [1]. Apoptosis, 
autophagy and pyroptosis are upregulated [2], significant lymphopenia 
occurs, and NK and T cells become functionally deficient. In the mean-
while, there is an increase of angiotensin II (ANG II) levels with induc-
tion of interleukin-6 (IL-6) and other pro-inflammatory cytokines (IL-2, 
IL-7, IL-10, G-CSF, MCP-1, MIP-1A and TNF-alpha) that mediate lung 
injury in COVID-19 disease [3,4]. Moreover, activation of the coagula-
tion cascade, which correlates with disease severity, is associated with 
high levels of D-dimers [5]. The Sars-Cov-2 invasion leads to the 

downregulation of angiotensin convertase enzyme-2 (ACE-2) and the 
intracellular accumulation of angiotensin II which promotes premature 
endothelial cells senescence along with dysfunctional coagulation and 
immunity [3]. Binding of SARS-CoV-2 to ACE-2 through the ectodomain 
of the trimeric spike protein is followed by endocytosis and translocation 
of the virus/ACE-2 complex with down regulation of ACE surface 
expression [6]. The specific link of the SarsCov2 for the ACE-2 receptor 
has opened a new area of investigation because this interaction leads to a 
functional inhibition of the enzyme with deleterious effects due to the 
loss of the protective role of ACE-2 in acute lung injury [7]. Therefore, 
ACE-2 downregulation may exacerbate lung inflammation, vascular 
damage, coagulation and altered immunity mediated by increased levels 
of ANGII [3] (Fig. 1). Accordingly, ANGII blockers might help, con-
taining either the clotting process and/or the immune dysregulation 
[7,8] (Fig. 1), possibly changing the prognosis of severe COVID-19 
patients. 
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Moreover, the role of complement activation during lung inflam-
mation due to SARS-CoV-2 infection has been recently raised in the 
literature [9]. Complement plays an important role in the innate im-
mune response to viruses and in the development of proinflammatory 
responses. Therefore, the virus may not only induce microangiopathy 
and activate homeostasis but also activate complement [10], in partic-
ular, the C3 signaling which is positioned upstream in the innate im-
munity cascade [11]. Recently, it has been reported that in lung tissue 
from patients with severe SARS-Cov-2 pneumonia C3a generation and 
C3-fragment deposition are associated with increased serum levels of 
C5a. [12]. The N protein of SARS-CoV-2 binds to MASP-2, the key serine 
protease in the lectin pathway of complement activation, resulting in 
aberrant complement activation, thus contributing to aggravate in-
flammatory lung injury [12]. 

Eventually, the tight relationship between the SARS-CoV-2 and the 
endothelium has led to the suggestion that COVID19 is a vascular dis-
ease [11,12,13]. Recent histopathological studies have pointed out that 
both pulmonary type 2 alveolar epithelial cells and endothelial cells 
(ECs) equally contribute to the evolution of lung pathology and have a 
determinant role in vascular dysfunction, inflammation, and thrombosis 
that occur in SARS- Cov-2 infection [14]. In addition, autopsies 
demonstrated acute capillaritis in the lung with massive infiltration of 
neutrophils that extravasate into the alveolar space [15] and cause 
neutrophil extracellular traps (NETs) [16] which attach to the capillary 
endothelium, aggregate the platelets and induce coagulation. The 
damage to the alveolar–capillary barrier leads to vascular leakage, 
edema and finally ARDS [16] with pulmonary microembolism, detected 
in most of patients in spite of anticoagulation therapy [17]. Inflamma-
some activation and pyroptosis are under reported events that are cen-
tral to COVID-19 pathogenesis. Pyroptosis, or caspase 1-dependent cell 
death, is inherently inflammatory form of cell death process [18]. Cell 
death occurs as the result of membranous pore formation and cyto-
plasmic swelling, and leakage of cytosolic contents. Pyroptotic cells may 
also display DNA fragmentation and nuclear condensation. Pyroptosis 
requires cleavage and activation of the pore-forming effector protein 
gasdermin D by inflammatory caspases. Physical rupture of the cell 
causes release of the pro-inflammatory cytokines IL-1β and IL-18, alar-
mins and endogenous danger-associated molecular patterns, signifying 
the inflammatory potential of pyroptosis. Activation of pyroptosis 
pathway in the pulmonary samples from COVID-19 patient has been 
reported [18,19], and also considered as a possible target for specific 
therapy [20]. 

2. The effects of SARS-CoV-2 on the endothelium- evidence from 
autoptic studies 

Autoptic studies have revealed that SARS-CoV-2 infection induces a 
wide-ranging number of serious effects on the endothelium including 
(but not limited to) severe endothelial injury and inflammation (endo-
theliitis), capillary inflammation, widespread thrombosis with micro-
angiopathy, and neoangiogenesis. In fact, widespread thrombosis of 
lung structures is now well recognised in SARS-CoV-2 [21]. In the lungs 
obtained during autopsy of SARS-CoV-19 patients, compared to influ-
enza A (H1N1) lungs and age-matched, uninfected lungs, distinctive 
vascular features were found [22]. These consisted of ‘severe endothelial 
injury associated with the presence of intracellular virus and disrupted 
cell membranes’ [22]. In addition, pulmonary vessels revealed the 
presence of widespread thrombosis with microangiopathy [22]. Of note, 
alveolar microthrombi were 9 times as prevalent compared to patients 
with influenza H1N1 [22]. 

Platelet-rich microthrombi consistent with coagulopathy are now 
well recognised in SARS-CoV-2 infection [23]. In a systematic review of 
pathological findings in SARS-CoV-2, almost two thirds of cases (n = 76/ 
129, 59%) displayed a vascular pattern of lung injury, with features of 
vasculopathy which included microthrombi and proteinaceous and 
fibrinous exudates [24]. Furthermore, gross examination of the lungs 
from 92 patients revealed the presence of macroscopic pulmonary 
emboli in 9 cases (10%) [23]. Ongoing thrombosis has also been re-
ported in the small to medium-sized pulmonary vessels [25]. In an au-
topsy study of the first consecutive 80 patients with SARS-CoV-19, 8 
deaths were from pneumonia with fulminant pulmonary artery embo-
lism, while peripheral pulmonary artery embolisms was found in 
another 9 cases [26]. Furthermore, deep vein thrombosis was detected 
in nearly half (40%) of cases [26]. Similarly, in another prospective 
cohort study, autopsies performed in 12 patients revealed the presence 
of deep vein thrombosis in 58% of patients, in whom venous thrombo-
embolism was not suspected prior to death [27]. 

It is interesting to remark that abnormal neoangiogenesis has been 
observed in SARS-CoV-2 infection [21]: the amount of new blood vessel 
growth (which was mainly through intussusceptive angiogenesis) was 
2.7 times as high as the lungs from patients with influenza H1N1 
infection. Furthermore, the capillary structure was grossly abnormal 
with deformed and elongated capillaries, and evidence of ultrastructural 
endothelial damage [22]. 

Although the lung is considered a key site of SARS-CoV-2, patho-
logical findings have been reported in other organs and tissues [24]. 

Fig. 1. SarsCov2 depletes ACE2 and devastates EC cells containing ACE2. Therefore, it promotes AT1R mediated inflammation, fibrosis and coagulation. Membrane- 
bound ACE2 is depleted as a result of this entry mechanism. The consequence is that the protective renin-angiotensin system (RAS), of which ACE2 is a fundamental 
component, is jeopardized due to lack of production of the angiotensin- [1–7] and angiotensin- [1–9], and consequently decreased stimulation of Mas (receptor Mas) 
and angiotensin AT2-receptors (AT2R), while angiotensin AT1-receptors (AT1R) are overstimulated due to less degradation of Ang II by ACE2. The role of Sartans is 
to prevent Angiotensin II from binding to AT1R on muscle cells regulating blood vessel contraction and reducing inflammation and evolution to fibrosis. 
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Viral presence has been also documented within the myocardium, but it 
is currently unclear whether this is associated with inflammatory car-
diac disease (e.g. myocarditis) [28,29]. Variable renal vascular pathol-
ogy has been also reported including (but not limited to) fibrin and 
hyaline thrombi, thrombotic angiopathy, and lymphocytic endotheliitis 
[24,30,31]. Gastrointestinal epithelial damage, prominent endotheliitis, 

and ischaemic enterocolitis have been reported [24,32–34]. Variable 
splenic involvement has been documented including necrosis, infarc-
tion, congestion, haemorrhage and atrophy [24,27,34]. Cutaneous 
manifestations with perivascular lymphocytic or neutrophilic infiltrates, 
have been described in SARS-CoV-19 infection [24,35–37]. 

Taken together, autoptic studies have provided novel insights into 

Fig. 2. Successive endothelial cells alteration in 
COVID-19 and in systemic sclerosis (SSc). Although 
the pace of vascular changes is strikingly different 
(acute in COVID-19 and chronic in SSc), the two 
tracks share common pathologic alterations that 
trigger similar pathways and molecules with similar 
pathologic consequence. In the early stages, both 
pathways share functional EC changes including in-
crease in vascular permeability, adhesion molecule 
expression, platelet activation, coagulation, micro-
thrombosis, fibrinolysis and increased D-dimer and 
PAI-1 levels. Yet, each pathway has unique charac-
teristics as noted in the prominence of vascular 
fibrotic changes and diminished angiogenesis in SSc 
and enhanced angiogenesis and macrothrombosis in 
COVID-19. The initial trigger in SSc is not known but 
viral, environmental (silica), and antibodies all can 
lead to functional and ultrastructural changes result-
ing in EC apoptosis, In COVID-19, direct EC invasion 
by SARS-CoV-2 and inflammasome activation trig-
gering neutrophils adhesion, and the formation of 
neutrophil extracellular traps that damage endothe-
lial further culminating in EC pyroptosis. It is 
assumed that autoimmune reaction and the genera-
tion of autoantibodies follows pyroptosis, while both 
are very prominent early in SSc. The resulting 
vascular disorder is more fibrotic in SSc and more 
thrombotic in COVID. Nonetheless, the impact on 
surrounding tissues is the same with prominent tissue 
ischemia and organ underperfusion.   
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SARS-CoV-2 effects on EC and revealed key insights into disease 
pathogenesis. 

3. Endothelial dysfunction, early similarities between COVID-19 
and SSc 

3.1. The Normal endothelium 

The normal vascular endothelium is a single cell layer that actively 
participate and mediate remarkably crucial and diverse functions. It 
regulates tissue inflammation by limiting EC interactions with immune 
and inflammatory cells, and it also inhibits thrombosis and coagulation 
by preventing EC interactions with the platelets and by expressing 
coagulation inhibitors and blood clot-lysing enzymes with anti- 
coagulation properties. The EC also regulate vascular permeability, 
vascular tone and surrounding cell metabolism and nutrition. In the 
disease, EC dysfunction correlates with a pathologic shift in their func-
tional profile from an anticoagulant, anti-inflammatory and vaso-
relaxant cell type to a procoagulant, vasospastic and proinflammatory 
phenotype. Today, it is well known that EC dysfunction is consistently 
linked with defective endothelial nitric oxide (NO) production which is 
related to repressed EC nitric oxide synthase (eNOS) gene expression 
[38]. Thus, NO generated constitutively by EC controls vascular tone, 
regulates blood pressure and acts as an antithrombotic and cytopro-
tective agent. Moreover, it inhibits adhesion molecule expression, 
platelet adhesion and aggregation and smooth muscle cell proliferation 
[39]. Clearly, NO released at basal levels protects the vascular endo-
thelium against oxidation injury, a major component in the patho-
physiology of vasculopathy of any etiology. Consequently, the reduced 
steady state of NO release would limit its ability as a free radical scav-
enger and a potent chemical barrier protecting the vascular endothelium 
from oxidation injury [40]. 

3.2. Endothelial dysfunction in SSc 

The hallmarks of endothelial dysfunction in SSc are early EC 
apoptosis, vascular leakage and deficient NO release (Fig. 2) [41]. The 
latter leads to dysregulated vascular tone and increased endothelial 
adhesiveness and thickening of the vascular wall. Failure of 
endothelium-dependent vasodilatation in response to substance P and 
other mediators has been shown in the acral circulation, the kidneys and 
the lungs, suggesting failure of NO production at the endothelial level. A 
vicious cycle of oxidation injury, loss of EC adaptation and consequent 
functional alteration may enhance and/or follow deficiency in the basal 
protective effect of NO against oxidation injury, endothelial activation, 
and increased expression of a host of adhesion molecules including 
endothelial leucocyte adhesion molecule 1 (ELAM-1), intercellular 
adhesion molecule 1 (ICAM-1), vascular adhesion molecule 1 (VCAM-1), 
and e-selectin and p-selectin [42]. In the disease course, vascular 
leakage is an early event responsible for one of the first disease signs like 
“ puffy fingers” [43]. In SSc, platelets are activated granular release as is 
demonstrated by increased spontaneous platelet aggregation and ag-
gregation induced by ADP and collagen and by increased platelet 
adhesion to collagen. Microvascular thrombosis and enhanced fibrin 
deposition are frequently encountered in SSc [44]. Shorter fibrinogen 
half-life and enhanced fibrinolytic system activity results in high levels 
of fibrin breakdown products (D-dimers) [45]. Moreover, it is interesting 
to note here that injured SSc-EC display a remarkable and difficult to 
understand reduction of ACE expression [46], as it happens in some 
vasculitides [47], suggesting a potential role in pathogenesis of vascul-
opathy. It is also clear that EC injury in SSc leads to a disruption of the 
physiological chain linked to ACE with a significant production of 
peptides that are involved in the dysregulation of vascular tone control 
[48] (see Fig. 1). These events in SSc are also linked to the increase of 
circulating kallikrein, and are associated with the early clinical signs of 
microvascular dysfunction and injury [49]. 

3.3. Endothelial dysfunction in COVID-19 

It is clear now that SARS-CoV-2 infection affects the vasculature in 
the lung, heart, GI tract, kidney, and brain, resulting in a widespread EC 
dysfunction and severe injury. Widespread vascular thrombosis with 
microangiopathy and occlusion of alveolar capillaries have been 
described [50]. Vascular leakage in COVID-19 is the first manifestation 
of EC dysfunction. It is seen early and thought to be mediated by direct 
viral invasion “endotheliitis” and consequently resulting in EC apoptosis 
(Fig. 2). Therefore, there is a widespread vascular involvement and its 
effects on the cardiovascular system are clearly shown [51]. 

In the literature, a bulk of data indicate that viruses can infect EC, 
triggering different cascades and pathways. Among these mechanisms, 
the programmed cell death of pulmonary endothelial cells apoptosis 
seems one of the most significant events important for the viral life cycle. 
As an example, the coronavirus known as infectious bronchitis virus was 
able to induce an apoptotic process in the advanced phase of the disease 
[52], whereas the human influenza virus and the Zika viruses may 
induce apoptosis of human microvascular EC, thus fostering a peculiar 
capillary permeability [53–55]. In pulmonary EC, ACE2 induced 
apoptosis uses AT2 receptor 9. In COVID19, likely the SARSCoV-2 
entering into the cell may trigger apoptosis of microvascular EC 
exposing ACE2 receptors [31]. One of the most important mechanisms is 
linked to impaired ACE2 activity, leading to activation of the kallik-
rein–bradykinin pathway, contributing to vascular permeability in 
addition to the effects of inflammatory cells and cytokines already 
fostering vascular leaking [56]. 

The ACE2 receptor is a type-I transmembrane receptor with a cata-
lytic extracellular domain, a single transmembrane domain and a cyto-
plasmic carboxyl domain. The ACE2 has a metalloprotease enzymatic 
activity regulating the effects of ANGII, generated by ACE by its frag-
mentation in two smaller peptides (Ang 1–9 and Ang 1–7. See Fig. 1). 
These peptides play, with the renin-angiotensin system, a critical role in 
the control of vascular tone and cardiovascular activity (Fig. 1) [57]. 
The ACE2 is expressed in EC and epithelial cells and is known to serve as 
a functional receptor for SARS-CoV mediating its entry in the cells 
(Fig. 1) [58,59]. This mechanism seems to be very relevant in triggering 
EC damage (Fig. 2), the hyperactivation of the immune response, and 
the consequent cytokine storm [60] culminating in the development of 
the acute respiratory distress syndrome (ARDS). The activation of 
coagulation pathways ensues because of EC barrier damage, which re-
sults in a thrombogenic surface, enhanced platelet binding and aggre-
gation and the release of tissue factor [61]. Thrombosis will trigger the 
fibrinolytic system to dissolve fibrin-rich blood clots, resulting in high 
levels of fibrin breakdown products (D-dimers) [62]. In fact, markers of 
endothelial and platelet activation are significantly elevated in patients, 
including vWF antigen, soluble P-selectin and soluble thrombomodulin 
[62]. The proposed endothelial centered hypothesis for the pathogenesis 
of COVID [63,64] is also supported by the evidence that COVID-19 pa-
tients demonstrate microvascular abnormalities at nailfold capillaro-
scopy with acute and post-acute microvascular damage evident at 
capillaroscopy [65]. Moreover, the evidence that SARS-CoV-2 is present 
in dermal EC in the skin lesions of children with chilblains, is a further 
confirmation that an EC dysfunction and damage may be induced by 
direct EC infection [66]. 

4. Other viral illnesses potentially involved in endothelial 
dysfunction and in SSc pathogenesis 

Today we are aware that the link between viral infections, inflam-
mation and the activation/injury of the EC is a reality. It has been shown 
that the human herpes virus 8 may infect EC and foster vessel perme-
ability and leaking, while the Dengue virus has a specific tropism for 
dendritic cells, monocyte and macrophages leading to an increased 
production of secretion and consequently the activation of EC and vessel 
leaking [67,68]. 
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Human cytomegalovirus (hCMV), a beta herpesvirus which estab-
lishes a lifelong infection, may be present in EC, that serve as natural 
hosts in vivo. The infection with hCMV can induce an anti-migratory and 
anti-angiogenic EC phenotype, viral gene transcription dependent 
downregulation of the expression of angiogenesis-associated genes, 
including angiopoietin-2, TEK receptor and vascular endothelial growth 
factor receptors [69]. Also, CMV- EC infection enhances platelet binding 
to EC and in parallel increases the expression of vWF, ICAM-1, VCAM-1, 
E-selectin, and P-selectin [70]. Also in Dengue, Hematopoietic Necrosis 
Virus and Hematopoietic Necrosis Virus infection, EC dysfunction has 
been also described [71–73]. There is an indirect evidence that infec-
tious agents may trigger SSc, and CMV is the virus which is postulated to 
play a role in SSc pathogenesis. Apparently, CMV may infect EC and 
monocytes/macrophages leading to dysregulation of the immune sys-
tem, upregulating the expression of fibrogenic cytokines [74,75]. 
Moreover, CMV antibodies in SSc sera are associated with SSc specific 
autoantibodies [76]. Rat and mouse models show that CMV infection 
leads to formation of intimal lesions [77,78]. An immune suppressed 
mouse model of mCMV-induced neointima development shares many 
characteristics with SSc, including EC apoptosis, myofibroblast devel-
opment, and increase TGF-β and PDGF expressions [79]. Blood samples 
from SSc patients were found to have anti-HCMV immune responses 
(IgM, IgG antibodies, and T cells reactive to peptide pools spanning most 
immunogenic HCMV proteins). Statistically significant increase of 
HCMV-specific CD8+ T cell responses in SSc patients vs. healthy subjects 
was also observed [80]. 

Parvovirus B19 has also been implicated is the pathogenesis of SSc, 
as it is much more commonly found as an active infection in SSc patients 
(4%) than in the general population (0.6%) [81]. Parvovirus B19 was 
detected in bone marrow biopsies from a high percentage of SSc patients 
(57%), who did not have an active B19 infection [82]. Further studies 
have found a correlation between B19 expression levels and severity of 
EC dysfunction in SSc [83]. This suggests a potential role for the virus in 
SSc pathogenesis. 

Scleroderma-specific autoantibodies may arise through molecular 
mimicry, driven by the interaction of specific viral antigens with the 
corresponding HLA. A recent study demonstrated that immunodominant 
peptides of self-antigens have homology viral protein sequences from 
Mimiviridae and Phycodnaviridae families. This led to suggest that 
scleroderma-specific autoantibodies may arise through molecular 
mimicry, driven by the interaction of specific viral antigens with cor-
responding HLA [84]. 

Epstein Barr Virus is a herpesvirus which has a specific tropism for 
lymphocytes and which infect a large part of the population. In SSc 
patients, a persisting infection of skin fibroblasts and EC has been 
detected by the expression of the EBV noncoding small RNAs (EBERs) 
and the increased expression of immediate-early lytic and latency 
mRNAs and proteins [85]. Also the activation of an aberrant EBV may 
prompt the expression of selected IFN-regulatory factors (IRFs) and IFN- 
stimulated genes (ISGs), transforming growth factor-b1 (TGFb1), and 
other FB activation markers like smooth muscle actin and Endothelin-1 
[86]. This may thus explain how these genes may be involved in 
fostering the SSc-FB profibrotic phenotype. Therefore, EBV reactivation 
might trigger some mechanisms involved in the pathogenetic fibrotic 
events in SSc. 

It is well known that SSc is a complex autoimmune disease charac-
terized by vascular damage, and tissue fibrosis [87]. Fibroblasts, and in 
particular myofibroblasts, have a fundamental role in the genesis of 
fibrosis in SSc [88,89]. Several decades ago, the hypothesis that viruses 
could trigger SSc and autoimmune diseases have been suggested and 
some viruses like CMV and EBV have been identified as potentially 
involved in SSc pathogenesis (see above). The question is now, after the 
evidence of the disruptive effect of SARS-CoV-2 on EC leading to early 
modifications similar to those found in SSc, whether viruses trigger the 
onset of SSc pathogenetic pathways, either in the diffuse or limited 
subset. 

It is without doubt that the SARS-CoV-2 infection has raised a great 
interest in considering that COVID-19 can teach us about common and 
similar pathways leading to acute EC injury. It is clear that COVID-19 is 
an acute illness, while SSc, even in its more aggressive subset, is a sub- 
acute/chronic disease. Both diseases manifest significant lung inflam-
mation with comparable HRCT imaging, and after sharing some early 
pathogenetical steps the two disorders take different pathways in their 
progression even if the final outcome (lung fibrosis) is very similar in 
both. However, both diseases share early pathogenetic steps that include 
targeting the vascular endothelium with subsequent vessel leakage, 
thrombosis and cellular apoptosis, using the host immune/inflammatory 
system to mediate tissue injury vasculopathy, ILD and lung fibrosis. 

In SSc, lung inflammation is characterized by lymphocyte infiltration 
in pulmonary septa, along with capillary leaking, extravasation of 
neutrophils into the alveolar space, EC activation and injury leading 
eventually to vessel lumen obliteration. Contemporarily, a specific 
activation of EC leading to endothelial to mesenchymal transition into 
myofibrolasts [90] may take place accelerating the progression to 
interstitial fibrosis [91]. The lung parenchymal distortion (honey 
combing) is a final result of the disease progression which is rarely 
reversible. On the other hand, COVID19 is characterized by an acute 
scenario with massive neutrophil infiltration in pulmonary capillaries, 
capillaritis and capillary leaking with extravasation of neutrophils into 
the alveolar space [15,92]. 

5. Conclusions 

It is abundantly clear now that the endothelium is at the centre stage 
in SSc and in COVID- 19, with EC activation/injury and dysfunction 
creating the crucial evolving step in both pathogeneses (Fig. 2). More-
over, the immune activation and the ACE2 involvement are common key 
features of the early phase of both diseases, favouring the dysfunction 
and the presence of a “fragile” and damaged endothelium. It is inter-
esting to note that both diseases meet at the crossroad of the enzymatic 
machinery of ACE devoted to the production of ANGII peptides. This 
evidence corroborates the hypothesis that the Angiotensin system 
should be an early target of the treatment to control, either in COVID19 
and in SSc, the progression from alveolar inflammation to endothelial 
damage (Figs. 1 and 2) [12,93]. 

Yet, and despite the many similarities, COVID19 is due to a direct 
assault of SARS-CoV-2 on the vascular system as an acute infection, 
while SSc remains a chronic/sub-acute autoimmune disease of unknown 
etiology. Nonetheless, the question of a viral etiology for SSc is an 
important issue which was raised in the past and is now intensified after 
the current description of COVID-19 pathology. Is it possible that there is 
a viral infection in the asymptomatic very early phase of SSc? Can a 
dormant and concealed virus get activated at disease onset or does the 
elusive virus have to be present at disease onset? In the future, these 
questions and others need to be taken into account when we will search 
for a viral etiology of SSc. 

It is now debated whether SarsCov2 is triggering autoimmunity with 
production of autoantibodies [94–99]. In patients that survived 
COVID19, the appearance of specific antibodies like MDA5 and SSA may 
raise the suspicion that the virus may have a role in inducing autoim-
munity, thus indicating a link between the viral infection and the onset 
of autoimmunity [99,100]. 

It has been suggested that molecular mimicry between Sars-Cov2 and 
human proteins may support the large part of pathogenetic events in the 
disease evolution [98,99]. 

However, the further study and exploration of the SarsCov2 patho-
genic mechanisms might provide further useful milestones in the un-
derstanding of the early SSc pathogenesis, either at alveolar and 
vascular level. A viral etiology for SSc has long been suggested and it is 
still a major challenge for the next future. Nonetheless, the COVID19 
may have made this challenge less daunting. In SSc, it will be a “viral” 
challenge to understand whether an acute infectious disease may 
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eventually trigger a chronic indolent but progressive autoimmune sys-
temic disease. 
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[70] Rahbar A, Söderberg-Nauclér C. Human cytomegalovirus infection of endothelial 
cells triggers platelet adhesion and aggregation. J Virol 2005;79(4):2211–20. 
https://doi.org/10.1128/JVI.79.4.2211-2220.2005. 

[71] Dalrymple NA, Mackow ER. Endothelial cells elicit immune-enhancing responses 
to dengue virus infection. J Virol 2012;86(12):6408–15. https://doi.org/ 
10.1128/JVI.00213-12. 

[72] Ludwig M, Palha N, Torhy C, Briolat V, Colucci-Guyon E, et al. Whole-body 
analysis of a viral infection: vascular endothelium is a primary target of infectious 
hematopoietic necrosis virus in Zebrafish larvae. PLoS Pathog 2011;7(2): 
e1001269. https://doi.org/10.1371/journal.ppat.1001269. 

[73] Mosepele M, Mohammed T, Mupfumi L, et al. HIV disease is associated with 
increased biomarkers of endothelial dysfunction despite viral suppression on 
long-term antiretroviral therapy in Botswana. Cardiovasc J Afr 2018;29:155–61. 

[74] Pandey JP, LeRoy EC. Human cytomegalovirus and the vasculopathies of 
autoimmune diseases (especially scleroderma), allograft rejection, and coronary 
restenosis. Arthritis Rheum 1998;41(1):10–5. 

[75] Vaughan JH, Shaw PX, Nguyen MD, Medsger Jr TA, Wright TM, Metcalf JS, et al. 
Evidence of activation of 2 herpesviruses, Epstein-Barr virus and 
cytomegalovirus, in systemic sclerosis and normal skins. J Rheumatol 2000;27(3): 
821–3. 

[76] Neidhart M, Kuchen S, Distler O, Bruhlmann P, Michel BA, Gay RE, et al. 
Increased serum levels of antibodies against human cytomegalovirus and 
prevalence of autoantibodies in systemic sclerosis. Arthritis Rheum 1999;42(2): 
389–92. 

[77] Presti RM, Pollock JL, Dal Canto AJ, O’Guin AK, Virgin Hwt. Interferon gamma 
regulates acute and latent murine cytomegalovirus infection and chronic disease 
of the great vessels. J Exp Med 1998;188(3):577–88. 

[78] Zhou YF, Shou M, Harrell RF, Yu ZX, Unger EF, Epstein SE. Chronic non-vascular 
cytomegalovirus infection: effects on the neointimal response to experimental 
vascular injury. Cardiovasc Res 2000;45(4):1019–25. 

[79] Hamamdzic D, Harley RA, Hazen-Martin D, LeRoy EC. MCMV induces neointima 
in IFN-gammaR− /− mice: intimal cell apoptosis and persistent proliferation of 
myofibroblasts. BMC Musculoskelet Disord 2001;2:3. 

[80] Arcangeletti MC, Maccari C, Vescovini R, et al. A paradigmatic interplay between 
human cytomegalovirus and host immune system: possible involvement of viral 
antigen-driven CD8+ T cell responses in systemic sclerosis. Viruses 2018;10:508. 
https://doi.org/10.3390/v10090508. 

[81] Ferri C, Longombardo G, Azzi A, Zakrzewska K. Parvovirus B19 and systemic 
sclerosis. Clin Exp Rheumatol 1999;17(2):267–8. 

[82] Magro CM, Nuovo G, Ferri C, Crowson AN, Giuggioli D, Sebastiani M. Parvoviral 
infection of endothelial cells and stromal fibroblasts: a possible pathogenetic role 
in scleroderma. J Cutan Pathol 2004;31(1):43–50. 

[83] Zakrzewska K, Corcioli F, Carlsen KM, et al. Human parvovirus B19 (B19V) 
infection in systemic sclerosis patients. Intervirology. 2009;52(5):279–82. 

[84] Gourh PA, Safran SA, Alexander T. HLA and autoantibodies define scleroderma 
subtypes and risk in African and European Americans and suggest a role for 
molecular mimicry. Proc Nat Acad Sci Jan 2020;117(1):552–62. https://doi.org/ 
10.1073/pnas.1906593116. 

[85] Farina A, Cirone M, York M, Lenna S, Padilla C, Mclaughlin S, et al. Epstein-Barr 
virus infection induces aberrant TLR activation pathway and fibroblast- 
myofibroblast conversion in scleroderma. J Invest Dermatol 2014 Apr;134(4): 
954–64. 

[86] Farina A, Cirone M, York M, Lenna S, Padilla C, Mclaughlin S, et al. Epstein-Barr 
virus infection induces aberrant TLR activation pathway and fibroblast- 
myofibroblast conversion in scleroderma. J Invest Dermatol 2014 Apr;134(4): 
954–64. 

[87] Varga J, Trojanowska M, Kuwana N. Pathogenesis of systemic sclerosis: recent 
insights of molecular and cellular mechanisms and therapeutic opportunities. 
J Scleroderma Relat Disord 2017;2(3):137–52. https://doi.org/10.5301/ 
jsrd.5000249. 

[88] Garrett SM, Baker Frost DA, Feghali-Bostwick C. The mighty fibroblast and its 
utility in scleroderma research. J Scleroderma Relat Disord 2017;2(2):100–7. 
https://doi.org/10.5301/jsrd.5000240. 

[89] Varga J, Abraham DJ. Systemic sclerosis: a prototypic multisystem fibrotic 
disorder. J Clin Invest 2007;117(3):557–67. https://doi.org/10.1172/JCI31139. 

[90] Manetti M, Romano Rosa I, Guiducci S, Bellando-Randone S, De Paulis A, Ibba 
Manneschi L, et al. Endothelial-to-mesenchymal transition contributes to 
endothelial dysfunction and dermal fibrosis in systemic sclerosis. Ann Rheum Dis 
2017;76(5):924–34. https://doi.org/10.1136/annrheumdis-2016-210229. Epub 
2017 Jan 6. 

[91] Nihtyanova SI, Denton CP. Pathogenesis of systemic sclerosis associated 
interstitial lung disease. J Scleroderma Relat Disord 2020;5:6–16. 

[92] Liu F, Liu F, Wang LJ. COVID-19 and cardiovascular diseases. Mol Cell Biol 2020 
Nov 23. https://doi.org/10.1093/jmcb/mjaa064. mjaa064. 

[93] Liu X, Long C, Xiong Q, Chen C, Ma J, Su Y, et al. Association of angiotensin 
converting enzyme inhibitors and angiotensin II receptor blockers with risk of 
COVID-19, inflammation level, severity, and death in patients with COVID-19: a 
rapid systematic review and meta-analysis. Clin Cardiol 2020. https://doi.org/ 
10.1002/clc.23421. 

[94] Halpert G, Shoenfeld Y. SARS-CoV-2, the autoimmune virus. Autoimmun Rev 
2020;19(12):102695. https://doi.org/10.1016/j.autrev.2020.102695 [Epub 
2020 Oct 28]. 

[95] Najafi S, Rajaei E, Moallemian R, Nokhostin F. The potential similarities of 
COVID-19 and autoimmune disease pathogenesis and therapeutic options: new 
insights approach. Clin Rheumatol 2020;39:3223–35. 

[96] Dotan A, Muller S, Kanduc D, David P, Halpert G, Shoenfeld Y. The SARS-CoV-2 
as an instrumental trigger of autoimmunity. Autoimmun Rev 2021 Feb 19: 
102792. https://doi.org/10.1016/j.autrev.2021.102792. Online ahead of print. 

[97] Liu Y, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases. Curr Opin 
Rheumatol 2020 Dec 15. https://doi.org/10.1097/BOR.0000000000000776. 
Publish Ahead of Print. 

[98] Ehrenfeld M, Tincani A, Andreoli L, Cattalini M, Greenbaum A, Kanduc D, et al. 
COVID-19 and autoimmunity. Autoimmun Rev 2020 Aug;19(8):102597. https:// 
doi.org/10.1016/j.autrev.2020.102597 [Epub 2020 Jun 11]. 

[99] Adiguzel Y. Molecular mimicry between SARS-CoV-2 and human proteins. 
Autoimmun Rev 2021 Feb 18:102791. https://doi.org/10.1016/j. 
autrev.2021.102791. Online ahead of print. 

[100] Angileri F, Legare S, Marino Gammazza A, Conway de Macario E, Jl Macario A, 
Cappello F. Molecular mimicry may explain multi-organ damage in COVID-19. 
Autoimmun Rev 2020 Aug;19(8):102591. https://doi.org/10.1016/j. 
autrev.2020.102591. Epub 2020 Jun 11. 

M. Matucci-Cerinic et al.                                                                                                                                                                                                                      

http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0265
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0265
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0265
https://doi.org/10.3389/fmicb.2019.00817 eCollection 2019
https://doi.org/10.3389/fmicb.2019.00817 eCollection 2019
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0275
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0275
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0275
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0280
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0280
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0285
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0285
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0290
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0290
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0290
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0295
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0295
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0295
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0300
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0300
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0300
https://doi.org/10.1007/s11239-020-02134-3
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0310
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0315
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0320
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0320
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0325
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0325
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0325
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0325
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0330
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0330
https://doi.org/10.1111/imm.12748
https://doi.org/10.1007/s00430-015-0410-5
https://doi.org/10.1099/jgv.0.000301
https://doi.org/10.1099/jgv.0.000301
https://doi.org/10.1128/JVI.79.4.2211-2220.2005
https://doi.org/10.1128/JVI.00213-12
https://doi.org/10.1128/JVI.00213-12
https://doi.org/10.1371/journal.ppat.1001269
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0365
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0365
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0365
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0370
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0370
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0370
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0375
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0380
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0385
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0390
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0395
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0395
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0395
https://doi.org/10.3390/v10090508
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0405
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0405
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0410
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0410
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0410
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0415
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0415
https://doi.org/10.1073/pnas.1906593116
https://doi.org/10.1073/pnas.1906593116
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0425
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0425
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0425
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0425
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0430
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0430
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0430
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0430
https://doi.org/10.5301/jsrd.5000249
https://doi.org/10.5301/jsrd.5000249
https://doi.org/10.5301/jsrd.5000240
https://doi.org/10.1172/JCI31139
https://doi.org/10.1136/annrheumdis-2016-210229
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0455
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0455
https://doi.org/10.1093/jmcb/mjaa064
https://doi.org/10.1002/clc.23421
https://doi.org/10.1002/clc.23421
https://doi.org/10.1016/j.autrev.2020.102695
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0475
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0475
http://refhub.elsevier.com/S1568-9972(21)00172-5/rf0475
https://doi.org/10.1016/j.autrev.2021.102792
https://doi.org/10.1097/BOR.0000000000000776
https://doi.org/10.1016/j.autrev.2020.102597
https://doi.org/10.1016/j.autrev.2020.102597
https://doi.org/10.1016/j.autrev.2021.102791
https://doi.org/10.1016/j.autrev.2021.102791
https://doi.org/10.1016/j.autrev.2020.102591
https://doi.org/10.1016/j.autrev.2020.102591

	Similarities between COVID-19 and systemic sclerosis early vasculopathy: A “viral” challenge for future research in scleroderma
	1 The SarsCov2 pandemic and the main pathogenetic mechanisms
	2 The effects of SARS-CoV-2 on the endothelium- evidence from autoptic studies
	3 Endothelial dysfunction, early similarities between COVID-19 and SSc
	3.1 The Normal endothelium
	3.2 Endothelial dysfunction in SSc
	3.3 Endothelial dysfunction in COVID-19

	4 Other viral illnesses potentially involved in endothelial dysfunction and in SSc pathogenesis
	5 Conclusions
	References


