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Letter to the Editor

Statins in coronavirus outbreak: It’s time for experimental and clinical studies

Taking into account the SARS-coronavirus 2 (SARS-CoV-2 also know
as COVID-19) spreading and invasiveness in this critic period and the
lack of therapeutic drugs and antiviral vaccines, it is necessary for all of
us researchers to discuss about new therapeutic devices and quickly
define if agents, other than that conventionally used, could offer true
clinical benefits.
The interest in statins as an inexpensive, readily available and easily

tolerated drugs useful to reduce the morbidity and mortality caused by
influenza and viral diseases, has been provided from numerous scien-
tific publications over the past 15 years [1,2] but for some reason it has
never gone deep.
Statins, inhibitors of the HMG-CoA reductase an enzyme that limits

the pathway of mevalonate and cholesterol, have pleiotropic effects, as
we described in several publications and especially in a Thematic Issue
"Statin: new life for an old drug" published in 2014 on Pharmacol Res in
collaboration with the discoverer of these compounds, prof. A. Endo
[3]. These are substances with anti-inflammatory and immuno-mod-
ulatory effects, which could certainly benefit patients with influenza
and viral pathologies.
Experimental evidence suggested the effectiveness of statins in viral

infections and their potential mechanisms of action (Table 1) [2]. In
some viruses, statin-induced reduction of cholesterol in the plasma
membrane results in lower viral titres and failure to internalize the
virus. Such data suggest that in some viruses, cholesterol affects the
early stages of infection. In particular, in the initial stage of infection,
viruses bind specific receptors concentrated within lipid rafts, areas of
plasma membrane rich in cholesterol. Statins, by reducing the percen-
tage of cholesterol present in the membrane, alter the assembly of the
receptors and dramatically reduce the possibility of adhesion of the
viral agent to the host. Lipid rafts are also involved in the viral re-
plication phases, as they constitute packets of vesicles capable of con-
centrating virus replication factors. These processes are also highly
destabilized by statins [2].
Many viral pathogens encode substrates for mammalian prenylation

pathway (mevalonate pathway). It is hypothesized that the pre-dilation
of viral proteins is beneficial for the propagation of the virus and that in
some viral infections the statins, by inhibiting HMG-CoAR and reducing
the expression of prenylated proteins, carry out an evident antiviral
activity [2].

A recent study has shown that the influenza A virus induces the
formation of numerous lipid droplets in infected cells. In the experi-
mental model used, Madin-Darby dog kidney cells were treated with
atorvastatin (ATV, 5microM) before inducing the infection.
Pretreatment reduced the infectious capacity and, consequently, the
production of new influenza A viruses, with a percentage higher than
95 % [4].
Studies performed in other viral strains have shown that different

statins perform antiviral activity with variable efficacy, probably due to
the specific pharmacological and biochemical properties of the statins
used in the analysis and, therefore, to the different antiviral power
observed [5].
Furthermore besides statins there are also a series of mevalonate

pathway inhibitors that could then be used in the next future with a
more specific target and effectiveness.
It is certainly worth studying in detail the mechanism by which

statins inhibit virus replication. Although unsuitable for prophylaxis in
all patients [6], to study their efficacy as antivirals in vitro could pro-
vide a valuable tool to identify their mechanism of action in preventing
virus reproduction and, therefore, pandemic spread.
These hypotheses are strongly supported by substantial meta-ana-

lyzes and retrospective studies showing reduced hospitalization rates
and mortality in subjects already users of statins affected by flu diseases
[7]. Of course, studies are needed to evaluate, in cellular and animal
models, the direct effect of statins on different viral strains, and more
than anything on coronavirus, obviously followed by clinical studies,
largely dictated by the current clinical emergency. The analysis of the
interaction with statins of viruses at very high costs, health and social,
such as SARS-CoV-2, represents a valuable possibility. There is also to
consider that the effects of statins on the family members of Cor-
onaviridiae has never been investigated.
Positive results from these studies could provide the Health Services

with an effective, safe and low-cost tool to improve the prognosis of this
viral pathology, prevent pandemics and improve antiviral prophylaxis
in “frail patients”.
In conclusion with this letter, we want draw the attention from all

researchers and physicians to this therapeutic perspective not yet and
fully investigated.
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Table 1
Potential mechanisms triggered by statins as anti-virus compounds (see reference [2] for detailed studies).

Statins Experimental Models Mechanism of action and observed effects

Atorvastatin, Rusovastatin Madin-Darby Canine Kidney (MDCK) cells infected with influenza
A (strains- H3N2 and H1N1) viruses

-down-regulation of Rho/Rho kinase pathway;
-inhibition of the virus proliferation

Atorvastatin C57BL/6 mice infected with influenza A virus (strains H3N2 and
H1N1)

-reduced lung virus titers;
-reduced mortality rates in infected mice

Atorvastatin, Simvastatin Crandell Feline Kidney (CrFK) cells infected with influenza A
virus (strain H1N1)

-reduced TNF-α and IL-6 in supernatants of infected cells

Simvastatin Primary normal human bronchial epithelial (NHBE) cells
stimulated with synthetic dsRNA viral analogue;
Human lung epithelial cell line A549 stimulated with synthetic
dsRNA viral analogue

-suppressed dsRNA-induced STAT3 activation;
-inhibition of RANTES expression

Simvastatin synthetic dsRNA-induced pneumonia in BALB/c mice -reduced STAT3 activation;
-reduced RANTES release;
-reduced neutrophilia in the lungs

Atorvastatin Madin-Darby Canine Kidney (MDCK) cells infected with influenza
A virus (strain H1N1)

-inhibition of the early stage of virus multiplication;
-reduced virus infectivity by decreasing the virus titer from infected cells;
-increased cell viability of virus infected cells

Simvastatin Madin Darby canine kidney (MDCK) cells infected with Influenza
A virus (strain H1N1)

-inhibition of the early stage of virus multiplication;
-decreased virus-induced cytotoxicity in infected cells;
2-fold decrease of secreted pro-inflammatory cytokines (TNF-α, IL-6, INF-γ);
decrease of virus replication through inhibition of Rab/RhoA GTPase activity
and LC3 membrane localization

Lovastatin HEp-2 cells infected with Respiratory Syncytial Virus (RSV, strain
A2)
C57BL/6 and BALB/c mice infected with RSV

-reduced RSV replication in HEp-2 cells;
-reduced cell-to-cell fusion in cell culture (through inhibition of RhoA);
-decreased RSV virus replication in mice;
-decreased virus-induced weight loss and illness in mice

Simvastatin BALB/c mice infected with Influenza A virus (strain H5N1) -decrease of secreted pro-inflammatory cytokines and chemokines (IFNγ, IL-10,
TNFα);

Simvastatin Leukocytes from HIV-infected patients -depletion of cell membrane cholesterol and dissociation of lipid-rafts;
-decrease of subpopulations and macrophages acting as Antigen Presenting Cells
-decrease of highly efficient HIV-1 infection transferred by macrophages to
CD4+T cells

Mevastatin, Simvastatin Human hepatocarcinoma (Huh7) cells containing subgenomic
HCV replicons

-dose-dependent inhibition of HCV replicon replication (measured as luciferase
signal);
-additive antiviral activity in short-term used in combination with IFNα or HCV
nonstructural (NS)5B polymerase or NS3 protease inhibitors
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