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ARTICLE INFO ABSTRACT

Keywords: The anti-malarial drugs chloroquine (CQ) and primarily the less toxic hydroxychloroquine (HCQ) are currently
Sars-Cov-2 used to treat autoimmune diseases for their immunomodulatory and anti-thrombotic properties. They have also
COVID-19 been proposed for the treatment of several viral infections, due to their anti-viral effects in cell cultures and

Chloroquine/hydroxychloroquine animal models, and, currently, for the treatment of coronavirus disease 2019 (COVID-19), the pandemic severe

fron . acute respiratory syndrome caused by coronavirus 2 (Sars-Cov-2) infection that is spreading all over the world.
Inflammation . . .. . . . ..
Thrombosis Although in some recent studies a clinical improvement in COVID-19 patients has been observed, the clinical

efficacy of CQ and HCQ in COVID-19 has yet to be proven with randomized controlled studies, many of which
are currently ongoing, also considering pharmacokinetics, optimal dosing regimen, therapeutic level and
duration of treatment and taking into account patients with different severity degrees of disease. Here we review
what is currently known on the mechanisms of action of CQ and HCQ as anti-viral, anti-inflammatory and anti-
thrombotic drugs and discuss the up-to-date experimental evidence on the potential mechanisms of action of
CQ/HCQ in Sars-Cov2 infection and the current clinical knowledge on their efficacy in the treatment of COVID-
19 patients. Given the role of iron in several human viral infections, we also propose a different insight into a
number of CQ and HCQ pharmacological effects, suggesting a potential involvement of iron homeostasis in Sars-
Cov-2 infection and COVID-19 clinical course.

Abbreviations: ACE2, angiotensin-converting enzyme 2; AnxA5, annexinA5; APC, antigen-presenting cell; aPL, anti-phospholipid; APS, anti-phospholipid syndrome;
ARDS, acute respiratory distress syndrome; BMP/SMAD, bone morphogenetic/small mother against decapentaplegic; B2GPI, B2-glicoprotein I; CME, clathrin-
mediated endocytosis; COPD, chronic obstructive pulmonary disease; COVID-19, Sars-Cov-2 infection; CQ, Chloroquine; DC, dendritic cell; DMT1, divalent metal-ion
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hepcidin; HCQ, hydroxychloroquine; HCMV, Human Cytomegalovirus; HCV, hepatitis C virus; HFE, hemochromatosis gene; HH, hemochromatosis; HIV-1, Human
Deficiency Virus 1; HP, haptoglobin; HPX, hemopexin; HUVEC, human umbilical vein endothelial cell; ICU, intensive care unit; ID, iron deficiency; IDA, iron
deficiency anemia; IDU, infectious disease unit; IFN-y, interferon-y; IFN1, type interferon; IgG, immunoglobulin G; IL-1p, interleukin-1f; IL-4, interleukin-4; IL-6,
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1. Introduction

Chloroquine (CQ) and its hydroxy-analogue hydroxychloroquine
(HCQ), both 4-aminoquinolines, have been extensively used in the
treatment of malaria in the last century, but the continuous emergence
of drug-resistant strains of Plasmodium falciparum has accelerated the
development of new antimalarial drugs. Nevertheless, these com-
pounds, particularly the less toxic HCQ, are currently widely used to
treat autoimmune diseases like rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE) and anti-phospholipid syndrome (APS), due
to their immunomodulatory and anti-thrombotic properties. CQ and
HCQ have also been proposed for the treatment of viral infections, since
they have been demonstrated to directly inhibit viral entry and spread
in several in vitro and in vivo models. Treatment with these drugs has
then been proposed for several viruses in humans, including cor-
onaviruses like Sars-Cov and Sars-Cov-2. Nonetheless, a clear evidence
of their utility in human viral infectious diseases still lacks [1]. Trans-
lation from laboratory to clinic should be based on detailed analysis of
results from randomized controlled studies and observational outcome
registries focused on the efficacy, duration and toxicities of treatments
with these drugs that could be useful to understand their real effec-
tiveness.

Here we review the current knowledge on the mechanisms of action
of CQ and HCQ as anti-viral, anti-inflammatory and anti-thrombotic
drugs and discuss the current experimental evidence on the potential
mechanisms of action of CQ/HCQ on Sars-Cov2. We also propose a
different insight into some of CQ and HCQ effects, suggesting a po-
tential role of iron homeostasis in Sars-Cov-2 disease (COVID-19), si-
milarly to several other human viral infections [2-4]. Finally, we briefly
review and discuss the current knowledge on their efficacy in the
treatment of patients with COVID-19.

2. Methodology and literature search strategy

We conducted a literature search using different database (PubMed,
Science Direct and Web of Science) up to April 20th 2020. The search
strategy was to use different search terms alone and in any combina-
tion, such as “Sars-Cov-2 disease”, “COVID-19”, “Sars-Cov-2”, “cor-

” o« ” o« ” o«

onavirus”, “clinical trial”, “treatment”, “drug”, “chloroquine”, “hydro-

” s ” o« ” o« ”

xychloroquine”, “iron”, “virus”, “viral entry”, “viral spread”, “anti-viral
activity”, “infection”, “inflammation”, “immunity”, “innate immunity”,
“cytokine”, “IL-6”, “TNF-a”, “IL-1(”, “adaptive immunity”, “throm-
bosis”, “in vitro”. Only English articles with available data were in-
cluded.

3. Mechanisms of CQ/HCQ as anti-viral drug

Several mechanisms have been proposed for CQ/HCQ mode of ac-
tion as antiviral molecules, mostly based on their weak basic properties,
widely known and classically employed in biomedical research to in-
crease the pH of acidic intracellular organelles like endosomes, lyso-
somes, autophagic and Golgi vesicles in which these drugs concentrate,
in order to study autophagic flux [5]

CQ/HCQ may inhibit entry, replication and spread of several viruses
by different mechanisms [6,7], some of which have already been de-
monstrated [8-10] or proposed [11] for Sars-Cov-2 infection. See
Table 1 for a schematic list of CQ/HCQ biological activities as anti-viral
drugs.

3.1. Inhibition of viral attachment and entry in the host cell

Coronavirus infection begins with the interaction of viral particles
with host cell membranes, through viral structural envelope proteins
and specific cellular membrane receptors. CQ/HCQ could inhibit viral
entry by acting as inhibitors of the biosynthesis of sialic acids, critical
actors of virus-cell ligand recognition. The in vitro action of CQ against
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Table 1
Main biological activities of chloroquine (CQ) and hydroxychloroquine (HCQ)
as anti-viral drugs.

Biological activity References
Inhibition of viral attachment and entry in the host cell
Inhibition of the biosynthesis of sialic acids [121 [
® inhibition of the N-glycosylation of the cell surface viral 12,13]
receptor ACE2 [14]
® inhibition of the N-glycosylation of the viral spike (S) proteins
® inhibition of the synthesis of cell membrane sialic acids
Inhibition of PICALM expression and CME [15,16]

Endosomal alkalinization and inhibition of cellular endosomal [17]
protease (cathepsin and/or TMPRSS2)

Inhibition of new viral particle maturation and spread

Endosomal alkalinization and inhibition of endosome-lysosome [18]
membrane fusion

ERGIC and TGN vesicle alkalinization and inhibition of post- [7,19,20]
translational modifications of viral proteins

ERGIC vesicle alkalinization and inhibition of viral budding [21]

Inhibition of p38 MAPK activation [23,24]

Inhibition of phospholipase A2 and membranous structures [35]

essential for replication and transcription

coronaviruses has been attributed to the inhibition of the N-glycosyla-
tion of the cell surface viral receptor, the angiotensin-converting en-
zyme 2 (ACE2) for both Sars-Cov and Sars-Cov-2, and/or possibly viral
spike (S) proteins, in turn resulting in reduced binding affinity between
cellular ACE2 and viral S protein, although glycosylation of Sars-Cov S
protein seems to be unchanged by therapeutic doses of CQ [12]. S
protein of Sars-Cov-2 is also glycosylated and its glycosylation pattern
exhibits common sites with Sars-Cov, but also novel different potential
positions [13]. By in silico analysis, Fantini and colleagues [14] have
suggested that Sars-Cov-2, through its S protein, might use not only
ACE2 receptor for entry but also sialic acids linked to host cell surface
gangliosides, possibly improving the cellular attachment of the virus. In
silico modelling suggests that CQ/HCQ could bind host sialic acids and
gangliosides with high affinity, possibly inhibiting S protein interaction
with the host plasma-membrane. Considering all these observations,
CQ/HCQ could then act through two ways: decreasing viral entry and/
or reducing infectivity of newly produced virions.

CQ has been shown to reduce the expression of phosphatidylinositol
binding clathrin assembly protein (PICALM) [15], a cargo-selecting
adaptor and one of the most abundant proteins in clathrin-coated pits
that regulates the rate of cellular clathrin-mediated endocytosis (CME),
implicated in Sars-Cov entry in human cells [16].

Following receptor binding, S protein of coronaviruses undergoes an
acid-dependent proteolytic cleavage by cellular endosomal proteases
like cathepsin or transmembrane serine protease 2 (TMPRSS2). The
cleavage results in the fusion of viral and cellular endosomal mem-
branes and may be inhibited by pH increase. Sars-Cov-2 S protein
cleavage is obtained through the enzymatic activity of both cathepsin
and TMPRSS2 [17].

Then, CQ/HCQ could have inhibitory effects on virus attachment
and entry in the host cell, possibly resulting in blocking the viruses in
endocytic vesicles.

3.2. Inhibition of new viral particle maturation and spread

CQ/HCQ have also been shown to display anti-viral activity even
when administered after viral infection. This effect has been observed in
vitro also in Sars-Cov and Sars-Cov 2 infections [8,9,12]. Further me-
chanisms could then be involved in antiviral drug action.

Through the alkalization of endosomes, CQ/HCQ might also act
inhibiting or preventing endosome-lysosome membrane fusion that
leads to membrane viral receptor recycling, viral uncoating and viral
genome release into the cytosol, as observed for Sars-Cov [18].

CQ/HCQ may interfere with viral protein maturation processes,
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occurring in the endoplasmic reticulum (ER)-Golgi intermediate com-
partment (ERGIC) and trans-Golgi network (TGN) vesicles and re-
quiring a low pH. Elevation of pH may disrupt post-translational
modifications like glycosylations and proteolytic processing of viral
proteins. Like S protein, the envelope membrane proteins M of cor-
onaviruses, the most abundant viral structural proteins, are glycosy-
lated and their modifications also occur in vesicles of the ERGIC and
TGN [7]. Cleavage sites other than those recognized by cathepsin and
TMPRSS2 have been identified in the S protein of Sars-Cov-2 that may
be cleaved by furin-like proteases. Furin is localized in the TGN, is
highly expressed in the lung, its cleavage of S protein could be im-
plicated in virus egress and spread [19] and might be inhibited by CQ,
as observed in Chikungunya virus infection [20].

Due to their basic properties and consequent disruption of cellular
vesicle compartments, CQ/HCQ may also inhibit virion budding, oc-
curring when encapsidated viral genomes bud into the ERGIC mem-
branes in which viral envelope proteins are inserted, forming mature
virions [21].

Within infected airway epithelium, through their binding to Toll-
like receptors (TLRs), several respiratory viruses (among them some
coronaviruses) activate the mitogen-activated protein kinase (MAPK)
pathways, particularly the p38 MAPK. Respiratory viruses harness
MAPK activation to their own advantage, exploiting the triggering of
their downstream targets for trafficking their own proteins and for viral
assembly and spread. These effects are particularly important in people
suffering for underlying airway diseases, like asthma or chronic ob-
structive pulmonary disease (COPD), who undergo a respiratory viral
infection, since these pathways are already turned on and aberrantly
activated [22]. CQ has been shown to hinder viral infections through
the inhibition of p38 MAPK activation [23,24]. This inhibitory action
could then be of particular importance in COVID-19 since people with
COPD are among the worst affected by Sars-Cov-2 infection.

Therefore, besides viral attachment and entry, also viral uncoating,
genome release, protein maturation process and assembly of new vir-
ions for budding and spread may be inhibited by the basic drugs, re-
sulting in reduced infectivity.

3.3. Current evidence on the mechanism(s) of action of CQ/HCQ in Sars-
Cov-2 infection

Little is currently known about the mechanism(s) of action of CQ/
HCQ in the treatment of Sars-Cov-2 infection. The first published ex-
perimental evidence of the potential efficacy of CQ/HCQ in this disease
comes from in vitro experiments. Wang and colleagues [8] found that
CQ potently blocked Sars-Cov-2 infection (multiplicity of infection,
MOI = 0,05) in Vero E6 cells at low-micromolar concentrations (ECsq
= 1.13 uM, ECgp = 6.90 uM, 48 h), clinically achievable with 500 mg/
day administration. Efficacy was evaluated by quantification of viral
copies in the cell supernatant by RT-PCR, immunofluorescence micro-
scopy and western blot analysis for virus nucleoprotein (NP). The au-
thors found that CQ blocked infection at both entry and post-entry steps
(drug added 2 h before viral treatment, western blot performed after 14
h). The same researchers [9] later compared HCQ and CQ efficacies in
the same cell model and found that cytotoxicity was not significantly
different between the two drugs. Measuring anti-viral efficacy at dif-
ferent MOIs (0.01, 0.02, 0.2, 0.8) by RT-PCR they observed lower Esq
values for CQ at all MOIs (2.71, 3.81, 7.14, 7.36 for CQ and 4.51, 4.06,
17.31, 12.96 for HCQ), confirmed by immunofluorescence analysis for
NP. These results suggested that CQ could be more efficacious than
HCQ. The authors also confirmed that CQ acts at both entry and post-
entry stages and this double action was also observed for HCQ. In order
to shed light on potential mechanisms of action of the drugs, the au-
thors studied the cellular localization of viral particles and found vir-
ions partly in early endosomes (EEs) and more in late endosome-lyso-
somes (LELs) in control conditions. When cells were treated with CQ
and HCQ, more viral particles were observed in EEs, suggesting that the
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drugs block endocytotic vesicle maturation at intermediate stages and
probably stall the virus transport from EEs to LELs, a crucial step for the
release of viral genome. The authors also observed that both CQ and
HCQ treatments resulted in abnormally enlarged EEs, but while HCQ
increased LEL size and number, CQ treatment induced no changes in
number and size of LELs but the vesicle structure was disrupted, sug-
gesting partially distinct mechanisms of action of the two drugs. The
anti-Sars-Cov-2 in vitro action of CQ and HCQ was confirmed in the
same cellular model by [10]. These authors found ECs, values of 23.90
and 5.47 for CQ and 6.14 and 0.72 mM at 24 and 48 h for CQ and HCQ
respectively, that, in contrast with the previous report, was a better
performance for HCQ. They also confirmed that the drugs have anti-
viral activity also when administered prior to viral infection, with ECso
values of > 100, and 18.01 for CQ and 6.25 and 5.85 mM for HCQ
respectively at 24 and 48 h.

4. Mechanisms of CQ/HCQ as anti-inflammatory drugs

CQ/HCQ are also used as anti-inflammatory and im-
munomodulatory drugs in autoimmune diseases, like RA and SLE.
These properties derive from their multiple effects on the immune
system cells and their modulation of crucial pro-inflammatory cyto-
kines [25,26]. See Table 2 for a schematic list of CQ/HCQ biological
activities as anti-inflammatory drugs.

4.1. CQ/HCQ modulate innate and adaptive immune cell activation,
cytokine response and inflammation

CQ/HCQ may impair the correct maturation and recognition of viral
antigens by antigen-presenting cells (APCs) that require endosomal
acidification for antigen processing. By phagocytosis and macro-
pynocytosis, dendritic cells (DCs) capture pathogens, process and pre-
sent their antigens to activate T cells. Through their antigen-specific B
cell receptor and CME and clathrin-independent endocytosis, B cells
recognize specific antigens and present their peptides to specific T cells.
Through phagocytosis, CME, caveolin-mediated endocytosis and

Table 2
Main biological activities of chloroquine (CQ) and hydroxychloroquine (HCQ)
as anti-inflammatory drugs.

Biological activity References
Modulation of innate and adaptive immune cell activation, cytokine
response and inflammation
Inhibition of antigen presentation by APCs [15] [
® Inhibition of PICALM expression, CME and pathogen 27,28]
internalization [27,28]
® Vesicle alkalinization and inhibition of endosomal/lysosomal
antigen processing
® Vesicle alkalinization and inhibition of MHC processing and
MHC-antigen complex formation
Inhibition of Ca2+ signaling and T and B cell activation [29]
Inhibition of Th17 proliferation and differentiation [30]
Vesicle alkalinization and inhibition of the TLR signaling and [31,32]
MMPs
Inhibition of phospholipase A2 and of the release of [33]
prostaglandins
Inhibition of p38 MAPK activation and of the release of cytokines [22,23]

Inhibition of TNF-a release

Inhibition of vasodilation, infiltration and adhesion of leukocytes
at the site of inflammation

Inhibition of respiratory burst in polymorphonuclear leukocytes

[37,48,49,50]

Inhibition of IL- f release [38,51]
Inhibition of neutrophil recruitment and Th17 differentiation
Inhibition of IL-6 release [37,56]

Inhibition of Th17 differentiation

Induction of cytotoxic activity of CD8 + T cells
Activation of Treg cell functions

Reduction of tissue injury

Reduction of microorganism immune evasion strategy
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macropinocytosis, macrophages internalize pathogens, process their
proteins and present antigens to T cells. T cells, through their antigen
specific receptors, interact with APCs, recognizing antigenic peptides
immobilized on their surface by Major Histocompatibility Complex
(MHC) class I (for CD8 " T cytotoxic cells) and MHC class II (for CD4* T
helper cells) molecules. MHC class I molecules are loaded with those
antigens mainly derived from proteasome degradation of cytosolic
proteins (like viral proteins) in the ER, but also from phagocytosed/
endocytosed material, processed through endosomes and lysosomes.
MHC class II molecules bind antigens obtained by endosomal and ly-
sosomal processing and, as MHC class I, require the low pH of these
organelles to activate protease and other enzymes and form the com-
plexed antigen [27,28]. CQ downregulates PICALM affecting CME and
possibly antigen-processing [15]. CQ/HCQ also alkalinize vesicles of
the endosome-lysosome-autophagy pathway, possibly further inter-
fering with antigen presentation by APCs, both acting on antigen de-
gradation and MHC molecules processing. The inhibition of antigen
presentation may reduce T cell activation and differentiation and in
turn decrease the production of pro-inflammatory cytokines.

HCQ also acts modulating T and B cell activation, independently of
the above described inhibition of antigen presentation. The drug in-
hibits Ca®* signaling and downstream events, involved in T and B cell
receptor engagement with antigen, reducing their activation [29].
Further, HCQ hinders the differentiation and proliferation of T helper
(Th) 17 cells, a subpopulation of CD4* T cells characterized by the
production of the pro-inflammatory cytokine interleukin-17 (IL-17) and
associated with the pathogenesis of several inflammatory diseases, like
RA and SLE [30].

TLRs are involved in innate immunity against bacteria and viruses.
TLR7 and TLR9 are located in the ER and move to endosomes and ly-
sosomes where they recognize bacterial and viral nucleic acids. By this
binding, their activation results in the production of pro-inflammatory
cytokines and chemokine like interleukin-6 (IL-6), interleukin-12 (IL-
12), type I interferons (IFN1s), interferon-y (IFN-y) and cytokines pro-
moting the stimulation of Thl cells and disrupting the Th1/Th2 bal-
ance. The activation of TLR7 and TLR9 by their ligands requires the low
pH of endosomes and lysosomes and an active autophagic pathway,
then CQ/HCQ, through vesicle alkalinization, may inhibit this inter-
action and TLR signaling, in turn inhibiting the inflammatory response
[31]. Matrix metalloproteinases (MMPs) are a family of zinc en-
dopeptidases that regulate inflammation and tissue repair at several
levels. MMPs regulate pro-inflammatory and anti-inflammatory cyto-
kine and chemokine production by proteolytic processing and may in
turn be induced by cytokines and chemokines. CQ has been shown to
downregulate MMP-9 expression through the inhibition of TLR9 sig-
naling [32].

CQ has also been demonstrated to inhibit phospholipase A2 and
block the arachidonic acid cascade that leads to the production of
prostaglandins and tromboxanes. In this context, CQ may have both
anti-inflammatory and anti-thrombotic effects [33]. This is an im-
portant point, since Sars-Cov-2 can induce pulmonary microthrombi
and coagulopathy, being characterized in its severe forms by D-dimer
level elevation [34,35]. Interestingly, phospholipase A2 has recently
been shown to be critically involved in coronavirus replication due to
its role in the production of lipids required to form the membranous
structures that are essential for virus replication and transcription [36].
Then, inhibiting phospholipase A2, CQ may be a triple arm against Sars-
Cov-2, acting through the anti-inflammatory, anti-thrombotic and anti-
viral mechanisms.

As stated above, respiratory viruses can activate the p38 MAPK
pathway in infected airway epithelium and harness the trafficking
machinery of infected cells to assist viral assembly and spread. p38
MAPK activation also leads to the release of cytokines like tumor ne-
crosis factor-a (TNF-a), interleukin-13 (IL-1p), IL-17 and IL-6 that turn
on the inflammatory response, but this reaction can be inhibited by the
CQ [22,23].
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4.2. CQ/HCQ inhibit IL-6, IL-1f3 and TNF-a release

As previously mentioned, COVID-19 is characterized by the release
of high levels of IL-6, IL-1B and TNF-a that are key modulators of in-
flammation [37,38]. CQ/HCQ have been shown to inhibit their release
by immune cells through several mechanisms like transcription and
post-transcriptional regulation, p38 MAPK signaling block as stated
above or disruption of cellular iron metabolism among others
[6,39-47]. TNF-a is produced by macrophages, T and B cells, natural
killer (NK) cells and several non-immune cells in response to a broad
range of infections. Through several signaling pathways, TNF-a con-
trols vasodilation, infiltration and adhesion of leukocytes at the site of
inflammation, complement and coagulation cascade activation, re-
spiratory burst in polymorphonuclear leukocytes and it is also a pyro-
genic cytokine. TNF-a up-regulation has also been observed in cor-
onavirus infections other than Sars-Cov-2 [48,49] and seems to play a
key role in lung injury [50]. IL-1f is expressed in a tightly regulated
way by myeloid cells and released by the inflammasome. This cytokine
promotes neutrophil recruitment and Thl7 differentiation [51].
Monoclonal antibodies (mAbs) blocking IL-13 pathway has been pro-
posed to treat COVID-19 [52]. IL-6 plays a crucial role in COVID-19,
particularly in the related acute respiratory distress syndrome (ARDS)
and cytokine storm that can lead to death [34]. Preliminary clinical
data with mAbs blocking IL-6 have demonstrated a certain degree of
efficacy in severe COVID-19 patients [53] and in some single cases
[54,55], but these pilot results needs further clinical data and well-
planned clinical trial on the efficacy of this treatment, especially con-
sidering timing of treatment since, as suggested by Mc Gonagle and
colleagues [34], this aspect could be crucial for the following proper
tissue repair. IL-6 is produced in response to tissue damage and infec-
tions by several cell types, including B and T cells, monocytes, DCs,
macrophages, fibroblasts and endothelial cells. The cytokine activates
the Janus kinase/signal transducers and activators of transcription 3
(JAK/STAT3) signal transduction pathway that pleiotropically controls
multiple downstream associated genes, having however both pro- and
anti-inflammatory effects. IL-6 promotes Th2 cell response and inhibits
Th1 polarization, induces cytolytic activity of CD8* T cells, regulates
acute phase protein production in the liver, promotes hematopoietic
cell growth and differentiation, organizes migration and phagocytic
activities of macrophages and accumulation of neutrophils at sites of
infection or trauma, increases immunoglobulin G (IgG) production by B
cells, suppresses some viral infection, orchestrates tissue remodeling
and repair. On the other hand, cytotoxic activities of CD8" T cells may
also be negatively regulated by IL-6. IL-6 can induce Th17 cell differ-
entiation that both acts in pathogen defense and viral persistence, while
inhibiting T, cell functions. Excessive IL-6 production may increase
inflammation and exacerbate tissue injury. Some microorganisms can
up-regulate IL-6 as an immune evasion strategy [56]. Then, the chal-
lenge for anti-IL-6 therapy in COVID-19 is to identify when IL-6 is
detrimental or beneficial that is when clinicians would act on this
pathway [34].

5. Mechanisms of CQ and HCQ as anti-thrombotic

A possible role of HCQ in the prevention of thrombosis in hip re-
placement surgery has been proposed since the late 1970s [57-60]. In
this pathology, a decrease of pulmonary embolism has been reported
using HCQ doses between 600 and 1600 mg per day [61,62]. HCQ is
now commonly used as therapeutic in SLE and APS, also due to its
ability to decrease the incidence of thrombosis at the dose of 200
mg-400 mg per day [63-68]. Some authors associated this anti-
thrombotic effect to the decrease of the anti-phospholipid (aPL) anti-
body titers [69-71], while others to a more general and transversal
contribute to immunomodulatory, anti-inflammatory, metabolic and
anti-thrombotic effects [25,72].

Chinese cardiologists have reported diffuse micro-vascular
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Table 3
Main biological actions of chloroquine (CQ) and hydroxychloroquine (HCQ) as
anti-thrombotic drugs.

Biological activity References

Interference with platelet aggregation

Decrease of collagen activation [74]

Decrease of alpha granule discharge [75]

Inhibition of phospholipase A2 and of the release of tromboxanes [33,77]

Increase of fibrinogen with decrease of plasmatic and blood [78]
viscosity

Decrease of rheological properties of RBCs [79]

Inhibition of NETs [84]

Interference with membrane binding of blood clotting proteins

Inhibition of the binding of aPL antibody- B2GPI complex to the [85]
phospholipid bilayer

Restoration of the AnxA5 anticoagulant shield [86,87,88]

Improvement of biomarkers of endothelial dysfunction

Amelioration of NO bioavailability and decrease of oxidative stress [89]

Improvement of endothelial relaxation [90]

Increase of p-eNOS/eNOS ratio, with improvement of NO [90]
production

Inhibition of eNOX and NOX2 [91]

Improvement of lipid profile [92,93,94]

thrombosis in various organs on autopsy examination in patients died
for COVID-19, particularly in the lung. Taking into consideration this
diffuse thrombosis, Chinese physicians have recommended anti-coa-
gulant therapy in these patients, but no pharmacological protocols have
currently been published [73].

The anti-thrombotic effect of CQ/HCQ may derive from different
mechanisms. See Table 3 for a schematic list of CQ/HCQ biological
activities as anti-thrombotic drugs.

5.1. Interference with platelet aggregation

CQ/HCQ could act by interfering with platelet aggregation, de-
creasing the activation of collagen and alpha granule discharge [74,75].
Platelet activation induces degranulation with the release of adenine
diphosphate (ADP) and other molecules in order to amplify the platelet
activation process. HCQ has been shown to decrease ADP effects on
platelet activation and in vitro platelet aggregation induced by the an-
tibiotic ristocetin [74,76]. As mentioned above, CQ/HCQ could inhibit
phospholipase A2 and decrease arachidonic acid, prostaglandin and
tromboxane release [33,77]. When administered within 48 h before
surgery, HCQ induces the increase of fibrinogen causing a decrease of
plasmatic and blood viscosity [78]. A possible role in rheological
property decrease of red blood cells (RBCs) has been proposed, but this
effect is not perfectly clarified [79].

Neutrophil extracellular traps (NETs) are released by activated
neutrophils that unleash intracellular molecules such as granules, pro-
teins, DNA and histones in tissues or circulation to capture and kill
pathogens during infections [80]. NETs have been shown to increase
thrombosis in autoimmune diseases and in inflammation [81,82]. Go-
lonka and colleagues [83] have recently hypothesized that neutrophil
abundance in COVID-19 could be associated to the increase of NETs. In
a murine model of pancreatic adenocarcinoma, NETs have been shown
to stimulate the discharge of tissue factors and promote platelet acti-
vation and aggregation. In this model, CQ/HCQ showed, besides their
proper anti-thrombotic characteristics, the ability to inhibit NETs, in
turn further decreasing hypercoagulability [84].

5.2. Interference with membrane binding of blood clotting proteins

HCQ has been shown to inhibit the binding of the aPL antibody-32-
glicoprotein I (32GPI) complex to the phospholipid bilayer, decreasing
the pro-thrombotic effect [85]. AnnexinA5 (AnxA5) is an anticoagulant
protein with great affinity for negatively charged phospholipids. This
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protein forms a 2-dimensional crystal over membrane phospholipids
and exerts its potent anticoagulant activity shielding the phospholipid
bilayer from the interaction with coagulation enzymes [86]. In vitro
experiments on human umbilical vein endothelial cells (HUVEC) have
evidenced the protective effect of HCQ, which acts restoring the AnxA5
anticoagulant shield and therefore prevents the beginning of coagula-
tion cascade [87,88].

5.3. Improvement of biomarkers of endothelial dysfunction

HCQ is used in the treatment of APS. Its ability to reduce endothelial
dysfunction has been studied in animal models. Vascular reactivity has
been studied in mice injected for three weeks with aPL antibodies di-
rected against B2GPI to induce APS, with or without HCQ co-treatment.
HCQ improved endothelium-dependent dilatation by the amelioration
of NO bioavailability and by the decrease of oxidative stress [89]. In
another study, aPL antibodies were administered in mice and in human
aortic endotelial cells (HAEC), in the presence or absence of HCQ, to
evaluate endothelial function and endothelial nitric oxide synthetase
(eNOS) modulation. In both models, thrombosis was evaluated by
thrombin generating time (TGT) and tissue factor (TF) production. aPL
antibodies increased vascular cellular adhesion molecule 1 (VCAM-1)
expression and decreased endothelial relaxation induced by acet-
ylcholine in HAEC cells. In mice, aPL antibodies increased thrombus
size and shortened the time needed to generate arterial occlusion. TGT
and TF were increased in both models. HCQ confirmed its anti-throm-
botic activity decreasing clot formation, ameliorating TGT and im-
proving endothelial relaxation. In addition, HCQ ameliorated eNOS
activation, increasing the p-eNOS/eNOS ratio with consequent im-
provement of nitric oxide (NO) production [90]. Cytokines like TNF-a,
IL-1B and aPL antibodies induce endosomal NADPH oxidase (eNOX)
that is implicated in the pro-inflammatory signal transduction. HCQ
inhibits these up-regulation in human monocytes, preventing the
translocation of the catalytic subunit gp91phox in the endosome and so
interfering with eNOX functions. Further, HCQ decreases the throm-
botic effect induced by aPL antibodies by inhibiting NDAPH oxidase 2
(NOX2), the NADPH oxidase platelet isoform that is involved in platelet
activation [91]. An additional indirect effect of HCQ on thrombosis is
its ability to improve blood lipid profile. Studies in SLE and RA patients
treated with steroids have evidenced lower LDL cholesterol and tri-
glyceride levels [92]. These data were confirmed in further SLE cohorts
treated with HCQ in association with steroids: the treatment decreased
total cholesterol and VLDL level and increased HDL cholesterol [93,94].

6. CQ/HCQ and iron metabolism: is there a role for iron in Sar-
Cov-2 infection?

Iron is an essential element for all organisms. This is due to its redox
potential which makes it an essential cofactor for several proteins and
enzymes involved in vital cellular functions like energy production,
DNA replication and transcription. Even most viruses need iron, since
they require the host metabolic apparatus to replicate their genome and
produce mRNAs for their translation in functional viral proteins [2].
Therefore, while cellular iron repletion may boost viral replication and
spread, iron deficiency may interfere with viral life cycle.

During infections and inflammation, anemia is frequently observed
and caused by pro-inflammatory cytokines. Some of them directly affect
iron homeostasis, like IL-13, TNF-a and IL-6. The release of these cy-
tokines, mainly IL-6, results in the upregulation of the iron-regulatory
hormone hepcidin (HAMP), primarily produced by hepatocytes and
released in the blood flow to regulate systemic iron homeostasis.
Systemic HAMP blocks cellular iron export through ferroportin 1
(FPN1), resulting in reduced intestinal iron absorption, increased iron
retention in hepatocytes and macrophages and ultimately anemia of
infection/inflammation [4,95]. Several cells other than hepatocytes
have been demonstrated to produce and release HAMP that can act as
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autocrine and paracrine molecule, modulating local iron homeostasis
[95,96]. Not only cells of the immune system like lymphocytes,
monocytes and macrophages (including alveolar macrophages) but also
airway epithelial cells have been demonstrated to produce HAMP
during infection and inflammation and potentially contribute to lung
injury [97-99]. HAMP is also a peptide involved in innate antimicrobial
immunity and an acute phase protein [100]. Further acute phase iron-
related proteins like transferrin (Tf), lactoferrin (LF), ferritin (FT),
haptoglobin (HP) and hemopexin (HPX) are modulated by viral infec-
tions, further underlining the crucial role of iron in anti-viral host de-
fense. The role of iron metabolism has been thoroughly investigated in
several human viral infections. For extensive reviews on this topic and
for details on systemic and cellular iron metabolism, please refer to
[2-4,101].

CQ/HCQ have been shown to modulate iron metabolism, impairing
its homeostasis at different levels [43,102], and to decrease in-
flammatory cytokines like IL-6, IL-13 and TNF-a. Here we summarize
the more striking evidences on CQ/HCQ action on cellular iron traf-
ficking and their impact on cellular and systemic iron metabolism. We
further propose alternative modes of action for these drugs, currently
used in the treatment of COVID-19, that might also work through the
interference with local and/or systemic iron metabolism, restricting this
essential element in infected cells and/or immune cells involved in
virus clearance and/or acting on virus cell cycle (Fig. 1).

6.1. CQ/HCQ may induce cellular iron starvation: a potential inhibition of
Sars-Cov-2 replication

In several experimental models, CQ has been shown to restrict iron
entry into the cells. In the eukaryotic model Saccharomyces cerevisiae,
CQ interferes with iron uptake, acting as a competitive inhibitor of iron
entry and inducing iron starvation. Iron-deprived yeast, by means of
knocking-out genes involved in iron uptake or by using iron chelators,
shows increased sensitivity to CQ [103]. In mammalian cells, CQ has
similar effects acting through the inhibition of the Tf/transferrin re-
ceptor 1 (TFR1) complex endocytosis. The first evidence of CQ inhibi-
tion of Tf uptake by cells was obtained in cultured rat embryo fibro-
blasts [104]. Tf is the main plasma iron carrier which, maintaining this
cofactor in a redox inert state, distributes it to most cells of the human
body. Tf tightly binds two Fe**. TFR1, located on the plasma mem-
brane of most types of cell, binds and internalizes Tf into endocytic
vesicles through CME [105]. As stated above, CQ has been demon-
strated to reduce PICALM expression in macrophages of treated mice
[15]. This ubiquitously expressed protein is involved in CME and its
deficiency has been demonstrated to result in anemia and abnormal
iron metabolism in mice [106,107] and iron starvation, with increased
surface TFR1 expression and decreased intracellular iron levels, in
murine embryonic fibroblasts [108]. Then, CQ/HCQ treatment may
result in the inhibition of Tf/TFR1 complex uptake and cellular iron
starvation.

The release of iron from Tf after iron-loaded Tf/TFR1 complex CME
and its translocation into the cytosol is a fundamental step for iron
cellular acquisition and further usage. The acidic milieau of endosomes
weakens the binding of Tf to Fe®", enabling its release within these
vesicles [105]. CQ/HCQ, by virtue of their basic properties, raise pH of
endocytic vesicles, possibly inhibiting iron removal from Tf within
endocytic vesicles.

Within endocytic vesicles, released Fe** is reduced to Fe®* by the
metalloreductase six-transmembrane epithelial antigen of the prostate 3
(STEAP3) and exported from the lysosomes to the cytosol through the
divalent metal-ion transporter 1 (DMT1), mucolipin 1 (TRPML1/
MCOLN1) and other transporters [105]. Iron transport through DMT1 is
pH dependent, being stimulated at low pH. DMTT1 is indeed a H* /Fe?™*
symporter that needs a proton electrochemical potential gradient as
driving force to transport iron from endosomes into the cytoplasm
[109]. TRPML1/MCOLN1 is a non-selective channel permeable to
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various cations such as Ca>*, Na™ and K™ that can also transport Fe**.
It mainly localizes in late endosomes and lysosomes and the acidic
environment of these vesicles activates this channel and the release of
cations from the lumen into the cytosol [110]. Then CQ/HCQ could also
inhibit iron release from endosomes into the cytosol.

The alkalizing properties of CQ/HCQ have been widely used to
impair the endosome/lysosome fusion and inhibit autophagic flux [5].
FT is the main iron storage cellular protein that compartmentalizes iron
in a non-reactive form within the cell, until use. Iron release from FT
mainly occurs through protein degradation by a selective lysosome-
autophagy pathway named ferritinophagy [101,111] that is inhibited
by CQ [112]. Further, DMT1 and TRPML1 have been implicated in the
release of iron derived from ferritinophagy and entrapped in autop-
hagic vesicles and, as stated above, both require an acidic environment
for their channel functions.

All the steps described above result in cellular iron starvation. This
condition might possibly influence Sars-Cov-2 life cycle, although cur-
rently there is no experimental evidence in this new pandemic infec-
tion, but we suggest research in this direction. Sars-Cov-2 enter cells
through ACE2 receptor that is expressed broadly in the human body,
mainly in the vascular endothelia, gastrointestinal system, heart,
kidney, muscle, skin and bronchial and lung alveolar epithelial cells
[113]. In all human cells, then also Sars-Cov-2 target cells, iron is a
cofactor of several crucial proteins, involved in bioenergetics, cellular
growth and nucleic acid synthesis and all viruses need the cellular
metabolic apparatus to replicate and synthesize their proteins. Several
viral infections have been shown to increase cellular iron uptake and
the inhibitory effect of iron starvation on viral cell cycle have indeed
been thoroughly demonstrated in numerous human viruses like Human
Deficiency Virus 1 (HIV-1), hepatitis C virus (HCV) and Human Cyto-
megalovirus (HCMV) [2,114]. Increased cellular iron uptake and FT
synthesis has interestingly been demonstrated in the liver of mice in-
fected with the mouse hepatitis virus type 3 (MHV-3), a member of the
Coronaviridae [115].

6.2. CQ/HCQ may induce cellular iron starvation: a potential beneficial
modulation of innate and adaptive immune response

A second important point raised by the iron starvation conditions
induced by CQ/HCQ is their effect on immune cells, involved in the
innate and adaptive immune responses against the virus. As all cells in
the body, immune cells require iron for their proper functions and for
their activation and proliferation. Iron excess often results in impaired
immune response to infections, as observed in patients suffering from
hemochromatosis (HH) or thalassemia [116]. Excessive or dysregulated
immune response is of particular importance in the pathogenesis of
COVID-19 [117] and diseases caused by other coronaviruses
[118-120]. Direct infection of innate and adaptive immune cells has
been described in some coronavirus infections [118,119], then iron
starvation could also possibly inhibit these infections. Resident mac-
rophages can polarize under the stimuli of cytokines in classically ac-
tivated pro-inflammatory macrophages (M1), induced by interferon-y
(IFN-y) and TNF-a or, under interleukin-4 (IL-4) and 13 (IL-13) stimuli,
alternatively activated macrophages (M2), involved in pathogen
clearance, tissue repair and inflammation reduction. While M2 mac-
rophages have low iron levels, M1 macrophages are characterized by
iron retention, secrete high levels of pro-inflammatory cytokines, pro-
duce high amounts of radicals to kill pathogens and produce HAMP that
acts in an autocrine manner to minimize iron exit. Increased iron de-
position in macrophages has been shown to induce M1 polarization and
the persistence of a pro-inflammatory state due to an incomplete switch
to M2 state [121]. Iron retention in macrophages could then favor in-
tracellular virus life cycle in the case of their infection and further
promote the process of inflammation, while iron starvation could result
in the opposite effects. Further, iron excess in macrophages favors
secondary infections with other microbes. Chronic administration of CQ
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Fig. 1. Graphic representation of the possible pharmacological effects (in green) of chloroquine and hydroxychloroquine as anti-viral, anti-inflammatory and anti-
thrombotic drugs and their possible links with systemic and cellular iron homeostasis. For each pharmacological effect, hypothetical activities of the drugs on iron

homeostasis are in blue, while the possible consequences on the virus and the host

has been shown to decrease iron content in a rat model. Legssyer and
colleagues [122,123] showed that CQ decreased iron content in the
liver of control, iron-loaded and iron-deficient rats, in the spleen of
control and iron-loaded animals and, importantly, in alveolar macro-
phages of iron-loaded rats. They also interestingly observed that CQ
treatment of primary cultures of alveolar macrophages obtained from
all three groups of rats and treated with lipopolysaccharide (LPS) sig-
nificatively reduced the oxidative response, measured by NO, release,
suggesting that CQ might prevent infections, particularly those

are in red.

associated with diseases characterized by iron overload, through lim-
iting iron availability not only in infected cells but also in macrophages,
in turn reducing inflammation. However, heterozygous and homo-
zygous mutations in the hemochromatosis gene (HFE) reduce the CQ
effect of iron removal in porphyria cutanea tarda [124]. Also in murine
models, CQ has been shown to decrease macrophage activation syn-
drome (hemophagocytic syndrome) induced by pristane, by reducing
macrophage infiltration, phagocytic functions, cytokine production and
reducing FT, lactate dehydrogenase and triglyceride levels [125].
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Although immune cells need iron for their proliferation and activation,
excess iron has also been reported to impair antigen processing and
presentation by APCs, suppress CD4* cells and alter CD4"/CD8"
lymphocyte ratio, increase circulating immunoglobulin-producing B
cells, reduce natural killer (NK) cell lysing efficiency and perturb
complement activation [126], while iron deficiency has an im-
munosuppressive effect on T cells [127]. Then, CQ/HCQ treatment,
through their action on iron homeostasis, could possibly have also a
broad role in the modulation of the adaptive response to Sars-Cov-2.

6.3. CQ/HCQ may decrease IL-1f, TNF-a and IL-6 release: a potential
reduction of local and systemic HAMP release

A third important point to highlight derives from the inhibitory
action of CQ/HCQ on IL-1f3, TNF-a and IL-6 release. First, TNF-a acts
on iron homeostasis, reducing intestinal iron absorption and blocking
iron recycling from macrophages, then inducing iron retention in these
cells and their polarization to M1 pro-inflammatory phenotype [102].
Conversely, CQ inhibits TNF-a acting also through the induction of
cellular iron starvation [40]. Then, the inhibition of the cytokine by
CQ/HCQ, also through their effect on iron homeostasis, could alleviate
inflammation, restoring a balanced systemic iron homeostasis and res-
cuing erythropoiesis. Secondly, IL-13, TNF-a and IL-6 as stated above,
induce the systemic and local release of HAMP. Iron is essential for life,
but excess iron is toxic, due to its redox potential that can hamper
oxidative stress damaging crucial cellular components. Iron availability
is then tightly regulated both at the cellular and systemic levels
[2-4,95,101]. The main systemic regulator is HAMP. This hormone
peptide is produced mainly in the liver and is regulated by circulating
and tissue iron levels through the bone morphogenetic/small mother
against decapentaplegic (BMP/SMAD) pathway in such a way that iron
load induces while iron deficiency inhibits its expression, mainly acting
on intestinal iron absorption and iron retention/release by macro-
phages and hepatocytes. HAMP expression is also downregulated by
hypoxia and erythropoietin (EPO) through erythroferrone (ERFE) to
allow iron mobilization for erythropoiesis, while it is upregulated by
inflammation. IL-6 is the main signal that induce HAMP during in-
flammation, through the JAK/STAT3 pathway in association with the
BMP/SMAD pathway, but also IL-13 and TNF-a have a direct role on
HAMP regulation [95,128,129]. As stated above, CQ/HCQ not only
interfere with cellular iron inducing its starvation in alveolar macro-
phages [122,123], then possibly resulting in a switch to M2 anti-in-
flammatory state, but also inhibit IL-6, IL-1 and TNF-a release, pos-
sibly reducing local HAMP release by macrophages. This reduction can
result in further decreased iron retention in these cells allowing direc-
tion towards inflammation resolution. Further, cytokine decrease could
result in systemic HAMP decrease that, through increased intestinal
iron absorption, may ameliorate anemia of infection. Interestingly EPO
treatment has recently been found to attenuate COVID-19 severe
symptoms [130] while, through in silico modeling, Sars-Cov-2 has been
found to possibly bind heme dissociating iron from porphyrin [131].

6.4. CQ/HCQ treatment, decreasing cytokine and HAMP release, may
recover anemia of infection and thrombosis

Numerous studies correlated thrombocytosis induced by iron defi-
ciency anemia (IDA) with thrombotic events [132-135]. A recent study
has evidenced that IDA patients manifesting thrombocytosis had 2-fold
augmented risk of thrombosis when compared with IDA patient with
normal platelet count [136]. Interestingly, COVID-19 patients with
severe pneumonia seem to have high platelet counts compared with
patients with severe non-COVID-19 pneumonia [137] and this increase
is more evident among the non-survivor compared with survivor
COVID-19 patients [138]. To clarify the effect of iron deficiency on
thrombotic propensity in animal models, thrombosis was induced in
Sprague-Dawley rat fed with iron-deficient diet or normal diet as
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control. Iron deficiency induced thrombocytosis and platelet number
resulted proportional with thrombus size. In addition, platelet adhesion
and aggregation were impaired. Taking into account data obtained in
this model, the authors concluded that anemia of inflammation, caused
by HAMP-mediated iron sequestration in the liver, spleen and macro-
phages, as possibly occurs in COVID-19 patients, may be considered a
functional iron deficiency (ID) and patients affected by this condition
should be treated as patients with high risk of thrombosis [139].

In conclusion, the multiple action of CQ and HCQ as anti-viral, anti-
inflammatory and anti-thrombotic drug may be also strictly linked to
their effects on iron homeostasis, both at the local and systemic level.
Interestingly, another common drug, frequently used in the treatment
of COVID-19 patients with markedly elevated D-dimer levels is heparin.
Like CQ and HCQ, heparin is a versatile drug, as defined by Jecko
Thachil [35], due to its possible actions as anti-coagulant, anti-in-
flammatory and anti-viral drug. It is interesting to note that, like CQ/
HCQ, heparin too has been demonstrated to modulate iron metabolism:
this anti-thrombotic drug has indeed been demonstrated to inhibit
HAMP expression in human macrophages, to increase FPN1 plasma-
membrane expression and promote iron export, resulting in cellular
iron starvation [140].

All this evidence suggest a possible role of iron in Sars-Cov-2 in-
fection that would be explored in future basic and clinical research, also
considering it as a potential target for COVID-19 therapy as proposed
for other human infectious diseases [2-4].

7. Current evidence on the efficacy of CQ/HCQ treatment in
patients with Sars-Cov-2 infection

Molecular mechanism and theoretical mode of action of CQ and
HCQ on multiple steps of the viral pathway and the demonstrated in
vitro activity against COVID-19 [8-10] have prompted their off-label
use in clinical setting during this pandemic emergency.

Several clinical trials have been launched to evaluate the effec-
tiveness of these drugs [141,142]. Until now, published clinical data on
CQ and HCQ are limited and regard only small, poorly controlled or
uncontrolled clinical studies. We found only four published reports of
these trials in PubMed till April 20th, 2020. The first clinical study to
evaluate the efficacy and safety of CQ/HCQ in patients with COVID-19
has been reported by Huang and colleagues [143] from China. The
authors screened 22 patients tested positive for Sars-Cov-2 by RT-PCR
assay. Ten patients (3 with severe and 7 with moderate symptoms) were
treated with CQ 500 mg twice a day for 10 days, while 12 patients (5
with severe and 7 with moderate symptoms) were treated with Lopi-
navir/Ritonavir 400/100 mg twice a day for 10 days. Based on RNA
results, CQ was slightly better in its anti-viral activity with all patients
tested negative by day 13. Lung improvement based on imaging was
more than double at day 14 in CQ-treated compared with Lopinavir/
Ritonavir-treated patients. CQ-treated patients were also discharged
earlier. The authors did not observe serious adverse events. Gautret and
colleagues [144] performed a single-arm protocol with 26 patients re-
ceiving 600 mg HCQ daily (200 mg for three times a day) and 16
control patients. Six HCQ-treated patients were lost during follow-up (3
of them were transferred in intensive care unit, ICU, 1 died, 1 left
hospital, 1 stopped the treatment because of nausea). Among HCQ-
treated patients, 6 received also azithromycin. None of the control
group was lost. Twenty-two% of enrolled patients had pneumonia. At
day 6 post-treatment, 100 % of HCQ/azithromycin-treated patients and
57 % of HCQ-treated patients tested negative for viral RNA versus
12,5% of controls. Treatment was more effective in patients with
symptoms than in asymptomatic patients. The same researchers [145]
further conducted an uncontrolled non-comparative observational
study with 80 enrolled patients and the same treatment protocol for a
maximum of 10 days. Six of these patients were from the previous
study. Most patients (65, 81,3%) were discharged from the infectious
disease unit (IDU) with a mean length stay of 4.6 days, while 13 were
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still hospitalized, 1 died and 1 stopped treatment for the potential in-
teraction with other drugs. On the total, 15 % required oxygen therapy,
3 were transferred in ICU and two of them improved and returned to
IDU, the third remained in ICU. Overall, for almost all enrolled patients
the clinicians obtained a better clinical improvement with this treat-
ment when compared with other treatments. Further, viral load rapidly
decreased, with 83 % negative patients at day 7 and 93 % at day 8 of
treatment. Only 2 patients had still detectable viral load at day 10.
Molina and colleagues [146] studied 11 COVID-19 patients (10/11 with
fever and nasal oxygen therapy, 8 with significant comorbidities)
treated with HCQ plus azithromycin, using the same dosing regimen
reported by Gautret and colleagues [144,145]. One patient died and 2
were transferred to ICU within 5 days after treatment initiation, one
therapy was discontinued after 4 days for severe adverse event (pro-
longation of the QT interval), suggesting the poor clinical outcome of
the combined treatment. In contrast with results obtained by
[144,145], nasopharyngeal swabs were still positive for viral RNA in 8/
10 patients at days 5-6. Researchers concluded by saying that, in their
experience, they found no evidence of anti-viral activity and clinical
benefit by using the combined therapy in severe COVID-19.

The currently available data failed to demonstrate or exclude a
beneficial effect of CQ/HCQ on clinical progression of COVID-19 (as
inferred by radiological findings; RR: 0.61; 95 % CI: 0.26, 1.43), or on
viral clearance by RT-PCR tests (RR: 2.00; 95 % CI: 0.02, 20.00) al-
though a somewhat higher proportion in the CQ/HCQ group experi-
enced clinical improvement (RR: 1.47; 95 % CI 1.02, 2.11) [147].

Not only clinical efficacy but also optimal dosing regimen, ther-
apeutic level, duration of treatment and pharmacokinetics in patients
with different severity degrees of the disease are uncertain and cur-
rently there are no standard dosages or duration of treatment around
the world for COVID-19 patient treatment [148-152]. Numerous stu-
dies are under way to evaluate their efficacy in treating and prevention
of COVID-19 and to establish benefit versus harm of CQ/HQC treatment
[153]. Notwithstanding, in the emergency phase of COVID-19 pan-
demic many old drugs have been off-label used for the treatment of the
infection, based only on theoretical or in vitro efficacy and without
enough clinical evidence based on randomized clinical trial.

8. Conclusions

As we have described, CQ/HCQ are likely to have: (1) a direct an-
tiviral action stopping viral infection in several steps; (2) a hypothetical
ability to attenuate the progression of COVID-19 to severe disease ex-
ploiting its inflammatory mechanisms, but also (3) through its potential
anti-thrombotic effect.

Based on our review and because of their minimal toxicity profile
and complex action, we suggest to use CQ/HCQ CQ beyond 5-10 days
of treatment in patients with COVID-19 according to the hypothesis that
their utility can extend also after ending Sars-Cov-2 high replication
phase and considering also the possibility of a reactivation of the in-
fection [154]. Randomized controlled studies and observational out-
come registries focused on efficacy, duration and toxicities of treatment
with these drugs could be useful to understand their real effectiveness
while more specific anti-COVID-19 drugs are available.
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