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SARS-CoV-2: What is known and what there is to know—Focus

on coagulation and lipids

As the SARS-CoV2 pandemic is still progressing, dissemi-
nation of information has become of paramount importance.
However, the rapid influx of SARS-CoV-2 patients in our
hospitals has overwhelmed the time needed for appropriate
information interpretation and its application.l’2 Noteworthy,
awareness among clinicians is growing about the systemic
involvement triggered by SARS-CoV-2 infection. Here, we
focused on two emerging clinical feature associated with
SARS-CoV-2 infection with potential long-term relevance.

Especially, coagulation disorders (in both arterial and ve-
nous vascular systems) are emerging as an important issue
in SARS-CoV-2 infection. Thrombocytopenia, D-dimer el-
evation and prolonged prothrombin time already appeared
in early reports from China,>” a clinical picture similar to
that could be observed in previous SARS-CoV-1 and MERS-
CoV-1 pandernics.6 Many signs and symptoms of severe
SARS-CoV-2 infection are indeed referable to such a fi-
brinolysis shutdown, which may determine venous throm-
boembolism (VTE), complement-mediated thrombotic
microangiopathies (TMA) and disseminated intravascular
coagulation (DIC).”® Endothelial dysfunction and microvas-
cular thrombosis are the key players in VTE and TMA, and
this is true also for SARS-CoV-2 infection. Different vascu-
lar cell types may trigger complement cascade activation:
cardiomyocytes, endothelial cells macrophages, fibroblast
smooth muscle cells and pericytes. Among them, the higher
and specific expression of angiotensin-converting enzyme 2
has been found in pericytes, a type of perivascular mural cells
that spread outside the endothelium of capillary and part of
venules. This suggests that pericytes may trigger complement
cascade activation—and then VTE and TMA—as leading
SARS-CoV-2 virus targeted host cell.’

In parallel, coagulation cascade with thrombin genera-
tion is activated by pro-inflammatory cytokines (eg tumour
necrosis factor [TNF]-a and interleukin (IL)-1f and 6), a
process known as immunothrombosis or thromboinflamma-
tion. However, the boundary between adaptive and defec-
tive haemostasis is extremely blurred and highly dependent
of how strong the cytokine storm is.” Especially the finding
of increased D-dimer levels—a fibrin degradation prod-
uct used at initial screening for venous thromboembolism
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(VTE)—has prompted questions regarding the relationship
between SARS-CoV-2 infection and VTE. High prevalence
of VTE characterizes patients with SARS-CoV-2 infection
and is associated with adverse outcome, mainly due to ven-
tilation-perfusion mismatch secondary to pulmonary embo-
lism (PE).'%13 Noteworthy, PE has been found as first sign of
SARS-CoV2 infection even in patients with no early evidence
of virus at nasal-pharyngeal swab—but later recognized
by further swab, serology testing or PCR on bronchoalve-
olar lavage fluid—'*"® as also observed in our experience
(IRCCS Ospedale Policlinico San Martino, Genoa, Italy).
Hospitalized patients should then have coagulation tests
performed at admission in order to identify stratify risk in
swab-positive patients or even identify those yet 'unrecog-
nized'. Although randomized clinical trials are still missing,
there is a general agreement to treat all patients admitted with
confirmed or suspected SARS-CoV-2 infection with low-mo-
lecular-weight heparin (LMWH) at prophylactic dose.'” Such
treatment has been indeed associated with lower mortality
in a pilot study treating 99/499 patients with severe SARS-
CoV-2 infection,18 also due to the intrinsic anti-inflammatory
effect of LMWH.'%%° Nevertheless, any consideration about
a potential increased risk associated with altered coagulation
tests still remains speculative and further large studies are
needed to identify cut-off values or clinical scores useful for
clinical practice. Even D-dimer values are not fully useful to
effectively identify PE due their significant baseline eleva-
tions. Rather, clinical findings, echocardiographic evidence
of right heart strain or lower extremity ultrasound should
guide the use of LMWH of unfractionated heparin (UFH) at
anti-coagulant dose."”

In reverse, identification and treatment of TMA still re-
main a challenge in clinical management of SARS-CoV-2
infection.® Cardiac injury with slight troponin increase,”!
exudative alveolar damage with massive capillary conges-
tion and microthrombi,22 neurological manifestations,23
kidney involvement®* and haemolytic anaemia (eg Evans
syndrome, autoimmune haemolytic anaemia and immune
thrombocytopenic purpura)zs'28 have been reported world-
wide. However, the urgency of pandemic did not allow
to characterize such SARS-CoV-2-related TMA. Even
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mortality risk associated with such complications cannot
be crearly stratified. It is likely that some inherited factors
contribute to triggering TMA,? whereas worse outcome
is related to general risk factors as reported for overall
SARS-CoV-2-related mortality (eg sex, diabetes, obesity).
Newborns and children are particular settings of patients,
who seem to have less infection risk and relatively milder
clinical symptoms compared to infected adults. Despite
rare, coagulation disorders may affect them as expression
of a multisystem inflammatory syndrome (eg Kawasaki
disease) and then with different pathophysiological fea-
tures than adults.

UFH and LMWH previously demonstrated limited effi-
cacy for the treatment of sepsis-induced TMA, and no data
are still available for of SARS-CoV-2 infection. Instead,
clinical improvement has been reported after off-label use
of complement inhibitor eculizumab but randomized clinical
trials testing this drug and the other C5 inhibitor ravulizumab
are needed.”"*” These molecules might be considered as an
attractive approach to reduce SARS-CoV-2 microthrombosis,
lung injury and ultimately improving the outcome. Indeed,
after infiltrating the endothelium different players take part as
rate-limiting steps in the inflammation-coagulation cascade.
Among the other, thrombin, coagulation factor Xa or protein-
ase-activated receptors (PARs), especially PAR-1, are already

well studied in research and development programmes con-
cerning future treatments in thromboembolic disease.”!

The link with SARS-CoV-2-related mortality in pa-
tients with prior cardiovascular disease represents a more
elusive aspect that still deserves to be investigated. Early
reports from China provide conflicting results. Although
this subset of patients displayed an increased mortality
when admitted in the hospital for SARS-CoV-2 infection,
the presence of a prior coronary heart disease did not re-
veal a significant odds ratio (in contrast with D-dimer
levels and an older age).* A further study better focusing
on lipid profile similarly failed to provide any significant
association.> Especially concerning lipid profile, those
results are in contrast with previously reported in patients
during seasonal influenza epidemic,33 or various (bacte-
rial) infections.** Also, a large pooled data analysis (in-
cluding data from MRFIT, Framingham, NORA cohorts
and other) shows that respiratory disease accounted for
4% of total mortality with an inverse relationship between
total cholesterol and noncancer noncardiovascular death,
subcategory respiratory diseases death.* Noteworthy, pa-
tients with the Smith-Lemli-Opitz syndrome (character-
ized by extreme low-cholesterol phenotype) exert a less
acting innate system, making them in theory more vulner-
able for viral infections.*® To date, no reports exist about
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FIGURE 1

Potential mechanisms linking SARS-CoV-2 infection and atherosclerotic plaque development. Complement/coagulation cascade

activation triggered by endothelial internalization of SARS-CoV-2 — via angiotensin converting enzyme 2 receptor (ACE-2R) — may have

detrimental effects on atherosclerotic plaque stability, especially when combined with other determinants of plaque instability
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any relation between SARS-CoV-2 infection outcome
and extreme low total cholesterol as occurring in Smith-
Lemli-Opitz syndrome or treatment with the extreme
effective cholesterol-lowering drugs, such as PCSK-9 in-
hibitors (ie alirocumab and evolocumab).

At the moment, patients (for instance, those with famil-
ial hypercholesterolaemia) who are already treated with a
statin, and subsequently present with a symptomatic SARS-
CoV-2 infection, are advised not to discontinue their statin
therapy.37 This recommendation may be explained by the
need to prevent atherosclerotic plaque instability induced
by cytokine storm. Anyway, the washout time for a sta-
tin will usually take several weeks, while the evolution of
SARS-CoV-2 infections during the first three days after
admission will predominantly predictive of its outcome.
In addition, there are incoherent data about the protective
effect of statins in relation to influenza associated pneumo-
nia. One should be careful in clinic using some statins—es-
pecially simvastatin—in combination with antiviral drugs
(Figure 1).

In the pathophysiology of SARS-CoV-2, a generalized
infiltration of the endothelium (vasculature) with viral
elements is found with a subsequent pronounced local
inflammation.* Theoretically, it could be assumed that pre-
disposing factors could make the endothelium more vulner-
able for SARS-CoV-2 infiltration and damage. As reported
above, SARS-CoV-2 patients with troponin levels in the
higher range (and less favourable outcomes) have higher
triglyceride levels and—hypothetically—an overflow of
circulating triglycerides with detrimental effect on endothe-
lial biology, especially in the postprandial state. Indeed, tri-
glyceride-rich particles (TRPs), especially when abundant in
bloodstream, may induce local inflammation (eg TNF-a and
IL-6), activation of complement and coagulation cascade,
ultimately promoting endothelial dysfunction.**** It should
be noticed that people living in the Western world eat mostly
at least three times a day, and therefore, they could be con-
sidered being in a continuous postprandial state. Moreover,
in patients who are obese (and those with a diabetes), both
VLDL productions by the liver are increased (due to the
insulin resistance) and the influx of chylomicrons during
the day (postprandial lipemia) will make significantly ac-
cumulate TRPs in circulation with an increased paracrine
effect on the vasculature.*! Factors (such as the anaesthetic
and etomidate) that could reduce clearance of TRPs from
circulation—for instance by lessening of function from key
enzymes that play a role in postprandial lipid homoeosta-
sis—could therefore give rise to a more aggravated post-
prandial lipemia. Such a pre-coating of the endothelium by
TRPs may therefore lead to a more available endothelium for
SARS-CoV-2 virus spread.42 Against this background, other
prior observations could become important again; SARS-
CoV-2 infection gives indeed more complications among
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black people (racial disparity), likely due from ethnic-de-
pendent differences in nitric oxide generation and paracrine
recovery from oxidative stress.

When acute phase of SARS-CoV-2 infection is consid-
ered, a maximal synthesis and secretion of cortisol by the
adrenal gland occur. Adrenal uptake of cholesterol is not
mediated by the LDL receptor but is mostly Apo-Al SR-BI
facilitated. Accordingly, apo-Al deficiency is character-
ized by an impaired st«aroidogenesis.43 Although any re-
lationship between SARS-CoV-2 Apo-Al levels or SR-BI
polymorphisms has been investigated, potential effects on
steroidogenesis may have a role in modulating the cytokine
storm and then clinical outcome in patients with severe
SARS-CoV-2 infection.

In conclusion, clinical implications of the systemic
involvement triggered by SARS-CoV-2 infection may
be considered the next clinical challenge once lockdown
measures will have contained the outbreak shock. As the
stress on intensive therapies is easing, there is an increas-
ing need to focus on asymptomatic SARS-CoV-2 infection,
which should not be limited to its infectivity but extended
to potential unrecognized clinical features and long-term
effects/normalization of coagulation and lipid disorders.
In this regard, some interesting insight might come from
the study of liver function, which has been so far poorly
investigated but physiologically involved in lipid and coag-
ulation pathways.44
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