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..Statin therapy in COVID-19
infection: much more than a
single pathway

We read the correspondence by Castiglione
and co-workers1 with great interest and we
agree with the experimental and clinical evi-
dence described, in accordance with what we
have recently published.2 We wish to highlight
that the molecular pathways and targets poten-
tially linked to a favourable effect of statins in
SARS-CoV-2 infection could be wider than
those described.

In a cohort of 41 hospitalized patients in
Wuhan, the severity of the disease appears to
be associated with a significant alteration of
plasma cytokine levels, mainly, but not exclu-
sively, interleukin-6 (IL-6), found at the begin-
ning of the infection both in intensive care unit
(ICU) and non-ICU patients, and in the latter
the increased cytokine profiles were more pro-
nounced and sustained.3 Raised amounts of
proinflammatory cytokines, mainly Th1 derived,
have been associated with pulmonary inflam-
mation and extensive lung damage in severe
acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) patients,
but, interestingly, the increased secretion of
cytokines, such as IL-4 and IL-10, from Th-2
lymphocytes that substantially suppress
inflammation, seems to represent a distinctive
feature of SARS-CoV-2.3 Of course, in a retro-
spective multicentre cohort study, including
191 confirmed COVID-19 patients from
Wuhan, the levels of blood IL-6 were clearly
elevated in non-survivors compared with survi-
vors throughout the clinical course, and signifi-
cantly associated with deterioration of the
condition.4

Cholesterol plays an essential role in the ac-
tivation/dysregulation of the immune response
and in the onset and pathogenesis of acute re-
spiratory distress syndrome (ARDS); an im-
pressive and complex network of cellular
elements and soluble factors is involved.
Among others, the immune cells, mainly mono-
cytes and Th-2 lymphocytes, and the dysregula-
tion of secreted pro- and anti-inflammatory
cytokines (such as IL-10) appear to play a

pivotal role in the progression of ARDS and,
consequently, in the severity of the prognosis.

IL-10 is commonly recognized as an anti-
inflammatory cytokine, responsible for control-
ling and resolving inflammatory processes.
However, in mouse models overexpressing IL-
10, lung damage induced by marked B/T
lymphocytic infiltration, increased collagen de-
position, and a raised number of M2 macro-
phages (both in bronchoalveolar lavage and in
lung tissue) were shown, and a significant in-
crease in the chemokine CCL2 was responsible
for the recruitment of fibrocytes in the lung.5

Increased expression of CCL2/CCL2 receptor
also appears to be a distinctive feature of eo-
sinophilic pulmonary granuloma induced by
Schistosoma mansoni, and of some severe forms
of allergic asthma.

A recent study identified the cholesterol bio-
synthesis pathway as a key regulator dictating
the CD4þ T cell switch from the effector (Th1
cell) to the anti-inflammatory (IL-10-secreting
Th2 cell) phenotype, a process largely involved
in persistent chronic inflammatory diseases and
also in ARDS.6 In CD4þ T cells purified from
peripheral blood mononuclear cells of healthy
donors, atorvastatin or 25-hydroxycholesterol
decreased IL-10 expression and significantly
expanded the Th1 population responsible for a
protective and resolving inflammatory
response.6

Last, but not least, severe alterations in
haemostatic profiles are associated with fatal
prognosis in COVID-19 infection, and growing
evidence show that the virus predisposed
patients to serious thrombotic events encour-
aged by stasis, massive inflammation, and endo-
thelial and platelet dysfunctions. In a recent
retrospective study of 183 patients with con-
firmed COVID-19 pneumonia in Wuhan, a
mortality rate of 11.5%, associated with pro-
longed prothrombin time (PT) and activated
partial thromboplastin time (APTT) and high
levels of both D-dimer and fibrin degradation
product (FDP) levels, has been reported. In
non-survivors, 71.4% of deaths matched the cri-
teria of a disseminated intravascular coagulation
(DIC) according to the International Society on
Thrombosis and Haemostasis (ISTH).7

Moreover, thrombocytopenia was associated
with a five-fold increased risk of severe disease
and with mortality, as reported in a meta-

analysis of 1779 patients affected by SARS-
CoV-2.8

Several pieces of data have highlighted the
antithrombotic and anti-inflammatory proper-
ties of statins at least in deep vein thrombosis.
In mouse models of chemical-induced venous
thrombosis, rosuvastatin and atorvastatin im-
prove vein thrombosis resolution via profibri-
nolytic, anticoagulant, and anti-vein wall
scarring effects. In this model, statins reduced
thrombus plasminogen activator inhibitor-1
(PAI-1), tissue factor, neutrophils, and myelo-
peroxidase, with an efficacy similar to that
observed for low molecular weight heparin.
Moreover, a recent randomized clinical trial
highlighted that rosuvastatin (20 mg/day) sub-
stantially improved the coagulation profile in
patients with recurrent venous thrombosis.9

The ability of statins to reduce the expres-
sion of PAI-1 and tissue factor could be a key
element to hinder not only thrombotic compli-
cations but also, at the same time, the occur-
rence of ARDS. In the development of
pulmonary fibrosis, an altered balance between
the urokinase-type plasminogen activator
(uPA) and its inhibitor PAI-1 has been
described, and uPA increased prostaglandin E2

secretion, acting as an antifibrotic signal, in
fibrocytes and alveolar epithelial cells.10

Moreover, in uPA receptor-deficient mice,
non-specific interstitial pneumonia-like histo-
pathological features and peripheral microvas-
culopathy have been observed.

Taken together, these pieces of evidence
show that statins can act on far more than one
molecular target and suggest that the benefits
that statins could offer in the treatment of
patients with SARS-CoV-2 are more than just a
hypothesis.

Conflict of interest: none declared.
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