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Viral infections, such as Epstein-Barr virus, Coxsackieviruses,
and cytomegalovirus, are frequently blamed as a trigger for
immune-mediated inflammation and autoimmunity, includ-
ing the development of antiphospholipid syndrome. A variety
of underlying mechanisms have been suggested, including
virus direct overstimulatory effect on both innate and adaptive
immune responses, cross-reactivity with self-antigens, and,
lastly, direct effect on regulatory functions.! However, the high
infectivity and damaging effect of coronavirus disease 2019
(COVID-19) on the respiratory tract, endothelial cells, and both
innate and adaptive immunity are far beyond those of the vast
majority of other viruses. While most patients with COVID-19
infection experience only mild fever, cough, myalgia, and
weakness, within a few days some develop bilateral interstitial
pneumonia and later acute respiratory distress syndrome,
with many of them requiring long-lasting mechanical ventila-
tion and intensive care.? The severity of respiratory failure and
mortality in COVID-19-infected patients was reported to
correlate with higher infectious dose followed by active and
prolonged viral replication in pneumocytes, macrophages, and
other immune cells. COVID-19 infection is characterized by a
high incidence of thrombotic coagulopathies, up to the devel-
opment of disseminated intravascular damage in some critical
cases.>* However, the link between enhanced immune
responses, endothelial damage, and coagulopathy in COVID-
19-infected patients is yet to be clearly defined.

The Cytokine Storm

The cytokine storm is considered a unique event in coronavirus
disease 2019 (COVID-19)infection and the main cause of ARDS
and endothelial damage. Increased release of proinflamma-
tory cytokines has been shown to occur in respiratory epithe-
lial cells, dendritic cells, and macrophages at the early stage of
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coronavirus infection. At a later stage of disease, all of the
aforementioned cells secrete low amounts of antiviral cyto-
kines (interferons [IFNs]) along with high levels of proinflam-
matory cytokines such as interleukin (IL) 1, IL-6, tumor
necrosis factor (TNF), and chemokines. The COVID-19-related
cytokine storm is believed to be mainly a result of overwhelm-
ing innate immune responses. In this case, proinflammatory
chemokines attract and activate neutrophils to secrete high
levels of neutrophil extracellular traps, peroxidase and reac-
tive oxygen species, and activate matrix metalloproteinases,
which aggravate tissue damage in the lungs and cardiovascular
system. In addition to the increased activation of T helper (Th)
1 cells and the production of relevant cytokines, COVID-19 has
been reported to activate Th2 responses and increase the
production of IL-4 and IL-10.>® Both cytokine types have
been found to positively correlate with systemic morbidity
and mortality. Accumulated macrophages may receive further
stimulating signals through IFN receptors on their surface,
leading to the production of more chemo-attractants and
development of macrophage activation syndrome, one of the
highly suggested mechanisms responsible for endotheliitis in
patients with severe COVID-19 infection.’

Endothelial Cell Damage and Cardiovascular
Involvement

Accumulating evidence points to the fact that COVID-19
infects endothelial cells (ECs) through angiotensin-convert-
ing enzyme 2 (ACE2), which is expressed on the EC surface.?
The destructive effect of COVID-19 on ECs was mainly
demonstrated in critically ill patients. Autopsies of COVID-
19 patients displayed viral inclusion structures in ECs, and
histological analyses revealed an accumulation of inflamma-
tory cells in parallel with abundance of apoptotic bodies in
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the endothelium of most small vessels.? Increased EC apo-
ptosis appeared to be related, at least in part, to IFN-signaling
and overactivation of the Fas-Fas ligand pathway.

Immune-Mediated Coagulopathy in COVID-19

The cytokine storm in COVID-19 was reported to be a conse-
quence of an imbalanced immune-mediated response.
Progression of COVID-19 infection was associated with lym-
phopenia and a significant increase in neutrophils. The abso-
lute numbers of CD4+ T cells and CD8+ T cells as well as B cells
were all decreased in correlation with increased disease sever-
ity, whereas activation markers such as CD45R0+ and HLA-DR
(human leukocyte antigen - DR isotype) on CD4+ and CD8+ T
cells were augmented.’ 0 Lymphopenia was suggested to result
from the redistribution of circulating lymphocytes and/or their
depletion following activation. The amount of peripheral T
regulatory cells was also decreased, potentially contributing to
the expansion of activated CD4+ T cells and IFN-y producing
CD8+ T cells."’1? As ACE2 is expressed weakly on lympho-
cytes,13 membrane fusion and intracellular destruction are
unlikely to be the main mechanism for lymphopenia. Severe
cases of COVID-19 infection tend to have higher leukocyte
counts and neutrophil/lymphocyte ratio in parallel with lym-
phopenia. Reduced numbers of lymphocytes and elevated
levels of IL-6, TNF, plasmin, D-dimer, and ferritin are reported
to occur in association with increased coagulopathy and mor-
tality.'»'® At this stage, many aspects of immune-mediated
disorders and cytokine storm in COVID-19 patients remain to
be elucidated. We do not know whether autoimmunity is
frequent in these patients, although some reports demonstrat-
ed the presence of antiphospholipids antibodies in these
patients.'® It is not clear if endothelial damage is related to
the increased production of anti-endothelial antibodies or to
the presence of immune complexes and complement activa-
tion, or to a combination of all these events.
Hypercoagulation in COVID-19 infection is demonstrated
in case series, with laboratory markers of hypercoagulation
reported to be associated both with venous and arterial
thrombosis. In many COVID-19-infected patients, markers
such as thrombin time, activated partial thromboplastin
time (APTT), fibrin degradation, and high D-dimer and
ferritin levels are found to be associated with increased
incidence of thrombosis."” Whether COVID-19-related
thrombosis somehow corresponds to the presence of anti-
phospholipid antibodies or other autoantibodies is still
unknown. In one study, the development of thrombosis in
three COVID-19 patients was found to be associated with the
presence of anticardiolipin antibodies (aCL) and anti-f2-
glycoprotein I antibodies (ab2GPI).'® In another study, 50
COVID-19 patients were assessed for the presence of lupus
anticoagulant (LAC) using dilute Russell viper venom time
and sensitive APTT tests. Of the 50 patients, 25 were found to
be LAC positive, with only 3 being aCL and ab2GPI positive.'®
As mentioned previously, dysregulated immune
responses, including MAS in COVID-19, mainly during late
stages of disease, play a crucial role in the development of
endothelial damage, microvascular permeability, and throm-
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Fig. 1 Cytokine storm, endotheliitis, and coagulopathy in coronavirus
disease 2019 (COVID-19).

bosis. COVID-19 is also associated with moderate-to-severe
thrombocytopenia, mainly reported in patients with other
markers of immune-mediated inflammation.?’ The lower
the platelet count, the higher the incidence of life-threaten-
ing disseminated intravascular coagulation (DIC) and mor-
tality. This suggests that COVID-19-mediated enhanced
immune responses may trigger platelet activation, leading
to complex vascular changes through specific receptors and
granule release.?®?!

Linking Cytokine Storm, Endotheliitis, and
Coagulopathy

The pathogenesis of EC damage and DIC in small arterial
branches of pulmonary arteries, cardiovascular, and mesente-
rium of COVID-19 patients is a complex multifactorial process.
Related coagulopathy should be assessed and treated as im-
mune-mediated rather than classical APS. The finding of posi-
tive antiphospholipid antibodies in some COVID-19-infected
patients is insufficient to suggest that these antibodies are
directly involved in COVID-19-related thrombosis. However,
life-threatening microthrombosis and DIC in COVID-19 share
similar clinical and laboratory features with catastrophic APS.
In both, multiorgan involvement, including lungs, mesenteric
arteries, and the cardiovascular system, is associated
with severe morbidity. Likewise, proinflammatory cytokines,
D-dimer, and ferritin are increased in association with coagul-
opathy (=Fig. 1).

Conclusion

With the above in mind, COVID-19-infected patients should be
given antiviral drugs as early as possible to maximally decrease
the viral load. Anti-inflammatory drugs such as steroids, anti-
IL-6, and hydroxychloroquine are often used to suppress the
cytokine storm, and anticoagulation is employed in patients
with more advanced disease. Many other therapeutic strategies
are currently under evaluation, including intravenous immu-
noglobulins and (convalescent) plasma of cured patients
enriched with specific anti-COVID-19 neutralizing IgG. How-
ever, multiple questions remain unanswered. What is the exact
scenario of immune-mediated coagulopathy in COVID-19?
How to predict, as early as possible, the course of COVID-19
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worsening? Which are the best effective treatments based on
higher level of evidence? Should routine hemostasis tests, such
as D-dimer, prothrombin time, APTT, and fibrinogen, be used to
guide the clinical decision-making? What value may other
more specialized assays, including antiphospholipid antibody
and LAC, have in COVID-19 evaluation?
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