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Summary. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus that main-
ly affects the upper and lower respiratory tract and is responsible for extremely different degrees of disease,
ranging from flu-like symptoms to atypical pneumonia that may evolve to acute respiratory distress syndrome
and, ultimately, death. No specific therapy for SARS-CoV-2 has yet been identified, but since the beginning
of the outbreak, several pre-existing therapeutics have been reconsidered for the treatment of infected pa-
tients. The aim of this article is to discuss current therapeutics against SARS-CoV-2. A literature review was
performed using PubMed, collecting data from English-language articles published until June 20th, 2020.
Literature analysis showed that with the acquisition of more in-depth knowledge on the characteristics of
SARS-CoV-2 and the pathogenesis of the different clinical manifestations, a more rationale use of available
drugs has become possible. However, the road to defining which drugs are effective and which schedules of
administration must be used to maximize efficacy and minimize adverse events is still very long. To date, it
is only clear that no drug can alone cope with all the problems posed by SARS-CoV-2 infection and effec-
tive antivirals and inflammatory drugs must be given together to reduce COVID-19 clinical manifestations.
Moreover, choice of therapy must always be tailored on clinical manifestations and, when they occur, drugs
able to fight coagulopathy and venous thromboembolism that may contribute to respiratory deterioration
must be prescribed. (www.actabiomedica.com)
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1. Introduction

At the beginning of new coronavirus 2019
(COVID-19) pandemic, lacking specific preventive
and therapeutic measures, prophylaxis of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection was limited to the use of quarantine, isola-
tion, and infection-control measures, whereas therapy
was based only on supportive procedures. However,
starting from the evidence that COVID-19 had sev-
eral similarities with two others recently emerged,
coronavirus diseases, SARS and MERS [1], it was
though that, at last for therapy of the most severe
cases, compassionate use of the drugs previously used
to fight these diseases should have been made [2].
Consequently, several already known drugs, alone or
in combination, were administered to COVID-19 pa-
tients, even outside of properly authorized official pro-
tocols. A relevant number of data on the effectiveness,
safety and tolerability of various drugs were collected.
However, due to the low number of enrolled subjects
and the methodological limitations of these reports, no
definitive conclusion on the role of the different thera-
peutic measures could be drawn.

Some more information has been acquired when
COVID-19 clinical characteristics, host immune re-
sponse to infection, and SARS-CoV-2 structure and
function were more precisely defined. Moreover, de-
velopment of some potentially effective new drugs
and new therapeutic measures was greatly favored
[3]. Critical for the improvement of COVID-19
therapy was the evidence that in the first phase of
the disease clinical manifestations were due to the
direct viral damage, whereas in the last phase, the
one with the most severe signs and symptoms, tis-
sue damages were mainly due to an exaggerate host
immune response resulting in multiorgan failure [4].
Of relevance was also the demonstration that SARS-
CoV-2 could cause a complex coagulation disorder
leading to both bleeding and thrombosis [5] and
most of the infected subjects developed a significant
humoral immune response that can be used for pas-
sive protection [6].

However, despite many studies, the best phar-
macological approach to COVID-19 is not clearly

established. None of the already licensed drug alone or
in combination can be defined as the best solution to
treat this disease (Table 1). In most of the cases, efficacy,
safety and tolerability of the available drugs remains
undefined and choice of the best pharmacological ap-
proach to a COVID-19 patient is a challenge. Unfor-
tunately, development of drugs specifically tailored for
fighting SARS-CoV-2 infection is far to be completed
and the disease must be faced with what it is presently
available. Aim of this narrative review is to discuss
main current therapeutic approaches to COVID-19.
A literature review was performed using PubMed, col-
lecting data from English-language articles published
until June 20th, 2020. Randomized controlled trials
(RCTs), case reports, case series and review articles
were included in our study from a search for “SARS-
CoV-2",“SARS-CoV”, “MERS-CoV”, “coronavirus”,
and “COVID-19” in combination with “treatment”,
“pharmacology”, “prophylaxis”, and “pathogenesis”. In-
formation reported in this review was listed according
to the main potential activity of the various therapeu-
tic measures.

2. Antinfective Drugs

Agents able to reduce SARS-CoV-2 attachment,
penetration and replication can be effective in any
COVID-19 phase, from the contagion to the period
with the most severe clinical manifestations. When
present, the association of antiviral activity with im-
munomodulatory properties and effects on coagula-
tion makes some of these drugs very attractive for
COVID-19 therapy. Several compounds with differ-
ent mechanism of action are included in this group.
Among them, those that have been tentatively used in
a substantial number of COVID-19 patients, alone or
in combination are aminoquinolines (chloroquine or
hydroxychloroquine), remdesivir, lopinavir/ritonavir,
ribavirin, favipinavir, umifenovir, and azithromycin.
All of them together with other drugs with previous
poor use in humans for COVID-19 and some new
drugs specifically prepared against SARS-CoV-2
treatment are presently in study with phase III clini-
cal trials.
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Table 1. Main available therapeutic agents against COVID-19

Drug Previous indication Action against SARS-CoV-2 Possible adverse events
Chloroquine/ * Malaria (Plasmodium spp.) | * Alkalization of endosomal Retinopathy
hydroxychloroquine | *  Systemic lupus erythaema- pH QT prolongation
tosus * Impairment of ACE2 glyco-

* Rheumatoid arthritis sylation

* Antiphospholipid syndrome = ¢ Inhibition of the S protein

¢ Sjogren syndrome NTD domain link with sialic

acids

Azithromycin ¢ Intracellular bacterial infec- | ¢ Interference between viral QT prolongation

Tocilizumab °

tious disease

Rheumatoid arthritis
Juvenile idiopathic arthritis

spike proteins and CD-147

Immunomodulant action

IL-6 receptor antagonist

Increase in total and LDL
cholesterol

Crohn disease Hepatotoxicity
Thrombocytopenia
Neutropenia
Infections
Corticosteroids * Autoimmune diseases * Inhibition of pro- Hypertension
* Asthma inflammatory cytokines Hypokalaemia
*  Septic shock transcription Hyperglycaemia
¢ Inhibition of NF-kB pathway
Remdesivir » Ebola virus disease * Adenosine analogue: inhibi- Hepatotoxicity
tion of RNA polymerase Nausea, vomiting
Lopinavir/ « HIV * Protease inhibitors (Ritonavir Nausea
ritonavir + SARS works as a booster by de- Diarrhoea
* MERS creasing CYP450 metabolic Asthenia
activity, thus increasing the Hypertriglyceridaemia
lopinavir half-life) Myalgia
Ribavirin * SARS *  Guanosine analogue: inhibi- Nausea
« MERS tion of RNA synthesis Diarrhoea
« HCV Asthenia
« RSV Myalgia
* Viral haemorrhagic fever Headache
(Lassa virus infection)
Favipiravir/ » Severe Influenza infection *  Guanosine analogue: inhibi- Hepatotoxicity
Umifenovir tion of RNA synthesis Increase in cholestasis enzymes

2.1 Aminoquinolines

For years, aminoquinolines, mainly chloroquine
(CQ) and hydroxychloroquine (HCQ), have been
known as effective drugs for malaria prevention and
treatment [7-9]. More recently, due to their im-
munomodulatory and anti-thrombotic properties,
they have been included among drugs effective for

treatment of some autoimmune diseases such as rheu-
matoid arthritis, systemic lupus erythematosus and
anti-phospholipid syndrome [10]. Finally, iz vitro and
experimental studies have shown that CQ and HCQ
could have a significant activity against several differ-
ent viruses, including coronaviruses [9]. This explains
why, when SARS and MERS epidemic occurred, both

these drugs were indicated as possible measures for
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treatment of these diseases [11] and at COVID-19
pandemic onset they were immediately considered for
treatment of COVID-19.

A great number of studies have tested aminoqui-
nolines, mainly HCQ, the less toxic of them, in this
regard. However, whereas in vitro studies have totally
confirmed theoretical assumptions, administration of
these antimalarial drugs to humans for prevention and
treatment of COVID-19 have left many experts con-
vinced that they were poorly or nothing effective and,
in a not marginal number of cases, very dangerous. Iz
vitro studies have shown that CQ and HCQ inhibit vi-
ral attachment and entry in the host cell and block new
viral particle maturation and spread [12-14]. Moreo-
ver, through multiple effects on the immune system
cells and modulation of crucial pro-inflammatory
cytokines they can reduce the cytokine storm that
can follow SARS-CoV-2 infection and is the cause of
the acute respiratory distress syndrome that can lead
patients to death [15]. Finally, due to their ability to
interfere with platelet aggregation, modify membrane
binding of blood clotting proteins and improve bio-
markers of endothelial dysfunction, these drugs are
considered potentially capable to decrease the diffuse
micro-vascular thrombosis that is generally found in
patients with COVID-19 and that can strongly condi-
tion disease outcome [15].

From a clinical point of view, the first studies in
patients with COVID-19 receiving CQ and HCQ
reported favorable results. Compared to Lopinavir/
Ritonavir, CQ was found more effective as patients
treated with this drug had an earlier virus clearing, an
earlier improvement of chest X-ray and a more rapid
hospital discharge [16]. Similar results were obtained
by Gautret et al. who reported that, given with alone
or with azithromycin, HCQ induced a rapid fall of
SARS-CoV-2 load with total clearing after few days
of treatment and rapid discharge of COVID-19 pa-
tients from the hospital [17, 18]. Theoretically, these
studies could be strongly criticized because they lacked
internal validity. There was no blinding or randomiza-
tion, only few patients were enrolled, criteria for en-
rolment were poorly defined, severity of disease was
not taken into account for analysis and criteria for
virus shedding evaluation were not uniform. Despite
these limitations, results were considered important

by several national institutions worldwide. Inclusion
of the antimalarial medications among the drugs for
emergency treatment of severe COVID-19 cases was
suggested, a number of observational studies to evalu-
ate the compassionate use of CQ and HCQ were initi-
ated and the implementation of RCTs to verify their
true role for COVID-19 treatment was encouraged
[19, 20]. Further stimuli for CQ and HCQ _prescrip-
tion were the low cost compared to other potential anti
SARS-CoV-2 drugs and the supposed relative low risk
of severe adverse events following administration, as
reported by studies in patients receiving the drugs for
malaria or autoimmune diseases [21].

Unfortunately, results of observational studies
carried out in hospitalized patients with COVID-19
were generally disappointing. In most of them, in-
cluding those enrolling several thousand patients
and comparing different drugs, no benefit of the an-
timalarial medications on mortality or in speeding
recovery was demonstrated [22]. Moreover, serious
cardiac adverse events and other potential serious, life
threatening side effects were evidenced in a greater
number of treated subjects than in subjects receiv-
ing other treatments. QT interval prolongation on
the electrocardiogram was the most common re-
ported evidence of drug toxicity and the emergence
of a specific ventricular arrhythmia called torsade de
pointes, which could sometime degenerate into ven-
tricular fibrillation, the most common reported cause
of drug-related death. Despite all these studies had
limitations high enough to make results debatable,
uniformity of data arose the strong suspicion that CQ
and HCQ could be not only ineffective but also dan-
gerous for COVID-19 patients. Enrollment of new
patients in these studies was stopped and team leaders
of each study concluded that these drugs had no role
for COVID-19 treatment. This was the case of the
Solidarity Trial, launched by the World health Or-
ganization (WHO) and partners [23], the Recovery
Trial (funded by the U.K. government) [24], and the
REMAP-CAP trial [25]. Moreover, based on these
findings, several national institutions, including the
US Food and Drug Administration [26] and the Ital-
ian Medicinal Agency [27] suspended the authoriza-
tion for compassionate use of CQ and HCQ, waiting
the results of methodologically appropriate clinical
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trials to establish whether aminoquinolines could be
licensed for use in COVID-19 patients. This decision
seemed further supported by the results of a multi-
national registry analysis of the use of CQ and HCQ
with or without a macrolide carried out by Mehra et
al. in hospitalized patients [28]. A total of 14,888
patients from 671 hospitals in six continents were
enrolled excluding cases in mechanical ventilation
and those receiving other anti-SARS-CoV-2 drugs.
In-hospital mortality and de-novo occurrence of ven-
tricular arrhythmias were considered to evaluate ef-
ficacy and safety, respectively. Analysis revealed that
whereas patients receiving other therapies died in
9.3% of the cases, those given CQ or HCQ alone or
in combination with azithromycin had a significantly
higher mortality rate (HCQ 18.0%: hazard risk [HR]
1.335, 95% confidence interval [CI] 1.223-1.457;
HCQ with a macrolide: 23.8%, HR 1.447, 95% CI
1.368-1.531; CQ: 16.4%, HR 1.365, 95% CI 1.218-
1.531; CQ with a macrolide: 22.2%, HR 1.368, 95%
CI 1.273-1.469). Similar negative findings were evi-
denced when the risk of de-novo ventricular arrhyth-
mia was measured. In controls, this adverse event
was evidenced in only 0.3% of the cases compared to
significantly higher values in treated patients. HCQ
was associated with arrhythmia in 6.1% of the cas-
es (HR 2.369, 95% CI 1.935-2.900), HCQ with a
macrolide in 8.1% (HR 5.106, 95% CI 4.106-5.983),
CQ in 4.3% (HR 3.561, 95% CI 2.760-4.596), and
CQ with a macrolide in 6.5% (HR 4.011, 95% CI
3.344-4.812). The study was published in a prestig-
ious scientific journal but only few days later it was
retracted after several clinicians, medical research-
ers, statisticians, and ethicists had pointed out that
the study presented several substantial problems and
some of the authors had admitted that they could
no longer vouch for the veracity of the primary data
sources [29].

In conclusion, data presently available raise quite
a few doubts about the use of CQ and HCQ efficacy
and safety for COVID-19 treatment but cannot be
considerate adequate for their definitive exclusion
from the list of drugs useful to fight COVID-19. The
decision of suspending compassionate use and waiting
results of RCTs that are presently ongoing seems the
best solution to avoid wrong decisions.

The same watchful waiting strategy could be fol-
lowed for the problem of the use of CQ and HCQ
in prophylaxis. Presently, very few data in this regard
are available. However, the only randomized, double-
blind, placebo-controlled trial testing HCQ as post-
exposure prophylaxis suggested no effect [30]. Adults
who were at high- or moderate-risk were given, within
4 days after exposure, placebo or HCQ (800 mg once,
tollowed by 600 mg in 6 to 8 hours, then 600 mg daily
for 4 additional days). A new COVID-19 compat-
ible disease was diagnosed in 11.8% of subjects with
prophylaxis and in 14.3% of those receiving placebo.
Side effects were more common with HCQ than with
placebo (40.1% vs 16.8%), but no serious adverse reac-
tions were evidenced. However, this study has several
problems. Compliance with suggested therapy was
not evaluated. Moreover, in a great number of cases,
COVID-19 diagnosis was based only on signs and
symptoms without laboratory confirmation. As some
RCTs are presently ongoing [31], it seems appropri-
ate to wait until they finish before drawing definitive
conclusions.

Together with clinical efficacy, more attention
should be paid to optimal dosing regimens, therapeu-
tic and prophylactic serum and tissue levels, duration
of treatment and variations of drug pharmacokinetic
characteristics in patients with different severity of
COVID-19 and different underlying disease. Math-
ematical models have shown that the antiviral effect
of CQ and HCQ is strictly related to the dosage and
those dosages that are considered safe in the clinic are
in the lowest range of the therapeutic window, with
significant, though yet partial, effects observable only
at the highest doses administered. Virologic negativi-
zation should not be expected when HCQ is adminis-
tered at dosages of 400 mg/day, but only at dosages of
at least 600 mg/day [32]. Moreover, computer-aided
simulations have shown that HCQ has effect on viral
clearance only if the drug is administered early enough
(i.e. when viral loads range from 1 to 1,000 copies/mL)
[33]. If confirmed, these pharmacological evaluations
could suggest well-defined schemes of therapy in some
cases quite different from those used in clinical prac-
tice. Moreover, administration should be preferred to
subjects that can be treated early and in pre-exposure

prophylaxis.
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2.2 Remdesivir

Remdesivir was developed some years ago during
the Western African Ebola virus outbreak [34]. It acts
as an adenosine analogue by inhibiting RNA polymer-
ase and interfering with viral synthesis. In vizro studies
have shown that it could be effective not only against
Ebola virus but also against many other RNA viruses,
such as pneumoviruses, paramyxoviruses, Lassa virus,
SARS-CoV and MERS-CoV, although with relevant
difference in the half maximal inhibitory concentra-
tion (IC50) [35, 36]. In vivo studies in animal models
have confirmed the potential use of this drug in clini-
cal practice [37]. It was used in human Ebola patients,
although with limited results. Safety and tolerability
were generally acceptable [38, 39].

After the novel SARS-CoV-2 spread, several at-
tempts to evaluate remdesivir against this virus have
been made. In vitro activity was shown, although with
half maximal IC50 5- to 25-fold greater than that re-
ported for Ebola virus [12]. Despite this, in clinical
studies the dose regimen for COVID-19 treatment
was the same previously used to treat Ebola patient (an
IV loading dose of 200 mg on day 1 followed by daily
IV maintenance doses of 100 mg for 5-9 days). Unfor-
tunately, presently available results of administration of
remdesivir in severe COVID-19 cases do not defini-
tively clarify the role of this drug for COVID-19 treat-
ment. Data are, at least in part, conflicting, although in
most of the cases some positive effects were evidenced.
Administration of remdesivir on a compassionate-use
basis to the first case of COVID-19 in the USA was
followed by a rapid improvement in his chest imag-
ing findings and clinical course, without any relevant
adverse effects [40]. In a nonrandomized study, enroll-
ing 53 patients with severe COVID-19 from the USA,
Canada, Europe and Japan drug use was associated
with significant clinical improvement in 68% of treat-
ed patients, including some patients under mechanical
ventilation [41]. A double-blind, randomized, place-
bo-controlled trial of IV remdesivir in adults hospital-
ized with COVID-19 with evidence of lower respira-
tory tract involvement showed that median recovery
time was significantly shorter among the 538 receiving
the drug than among the 521 subjects given placebo
(11 days, 95% CI 9-12 vs 15 days, 95% CI 13 - 19;

rate ratio for recovery, 1.32, 95% CI 1.12 - 1.55;
p<0.001). Mortality by 14 days was lower in treated
patients than in placebo recipients (7.1% vs 11.9%;
hazard ratio 0.70, 95% CI 0.47-1.04) but difference
did not reach statistical significance. Safety and toler-
ability of the studied drug were not statistically dif-
ferent from those of placebo as serious adverse events
were reported in 21.1% and 27% of patients receiv-
ing remdesivir and placebo, respectively [42]. Despite
some limitations, results of this study were considered
very promising by US Food and Drug Administration
that issued an emergency use authorization for the
treatment with remdesivir of suspected or laboratory-
confirmed COVID-19 in adults and children hospital-
ized with severe COVID-19. However, quite different
results were reported in a randomised, double-blind,
placebo-controlled, multicenter trial carried out in
China enrolling a total of 236 evaluable patients (158
with remdesivir and 78 with placebo). Remdesivir was
not associated with statistically significant clinical
benefits although, among patients treated earlier, those
receiving remdesivir showed a not significant faster
time to clinical improvement (hazard ratio 1.52; 95%
CI 0.5-2.43). Incidence of adverse events was simi-
lar in both groups (66% vs 64%), although a greater
number of patients given remdesivir stopped early the
treatment for adverse events (12% vs 5%) [43].

On the basis of these results, it could be concluded
that the role of remdesivir for COVID-19 treatment
is not precisely defined. Although remdesivir remains
the most promising anti-SARS-CoV-2 drug, its efli-
cacy must be confirmed. Moreover, dosage, route of
administration and duration of treatment need a more
careful evaluation. It has been calculated that, due to
its physico-chemical and pharmacokinetic proper-
ties, when given intravenously at the presently recom-
mended dosages, remdesevir could not reach adequate
antiviral concentrations where the virus causes the
most important lesions [44]. On the other hand, stud-
ies in monkeys infected by Ebola virus and receiving
drug dosages substantially equivalent to those used in
humans, showed that remdesivir and its active metab-
olite, nucleoside triphosphate, were not detectable or
were in very low concentrations in the lung [45]. This
explains why to improve remdesivir efficacy against
lung SARS-CoV-2 damage pulmonary delivery of the



Therapeutic strategies against COVID-19

drug has been suggested [44]. Moreover, duration of
treatment must be precisely defined as in a study in
which 5 and 10 days of drug IV administration were
compared, no advantage of a longer treatment was evi-
denced, although longer duration was associated with
an increased incidence of severe adverse events lead-
ing to treatment discontinuation [46]. In addition, true
safety and tolerability of remdesivir deserve attention.
Generally, the drug was found safe and well tolerated
but the potential role of remdesivir drug as cause of
liver damage has not been clarified. It is not estab-
lished whether increase of ALT reported in some pa-
tients receiving remdesivir can be ascribed to the drug
itself or is simply the consequence of a virus-related
liver damage [47]. Finally, it cannot be forgotten that
remdesivir cannot be given orally and this is a signifi-
cant limitation. If administered by mouth, it would
be totally ineffective because immediately hydrolyzed
to nucleoside monophosphate that is not absorbed.
However, IV administration limits the use to hospi-
talized patients and excludes its use for prophylaxis.
Modifications of remdesivir’s structure and formula-
tions in order to improve the poor tissue distribution/
penetration in the target organs are possible solution
to increase final efficacy of the drug [44]. It is desir-
able that the numerous ongoing studies can solve these
problems.

2.3 Lopinavir/ritonavir

Lopinavir and ritonavir were developed in 2000
to fight HIV, although subsequent studies have dem-
onstrated their iz vizro and likely in vivo action against
other RNA viruses, such as SARS-CoV-2 and MERS-
CoV [48, 49]. Ritonavir works as a booster of lopinavir
by lowering CYP450 metabolic activity, thus increas-
ing the lopinavir half-life. This oral combination drug
belongs to the class of protease inhibitors and sup-
posedly works by inhibiting the 3-chymotrypsin-like
protease of SARS-CoV-2. In 2004, during the SARS
epidemic, Chu et al. demonstrated, through an open
nonrandomized clinical trial, that the administration
of a combination of ribavirin and lopinavir/ritonavir
(LR) was associated with a milder clinical course of
the disease, less chance of serious complications and
reduction in the viral load in comparison to another

historical group treated with ribavirin alone [50]. This
led several health authorities to include LR among the
therapies potentially effective and the combination
was frequently used on a compassionate basis and later
included in several trials.

Unfortunately, despite some case reports have
suggested a potential positive effect of LR also in
COVID-19 patients [51, 52], results of the only ran-
domized clinical trial evaluating LR efficacy till now
published were disappointing [53]. A total of 199 sub-
jects with severe COVID-19 were studied and it was
shown that LR administration did not reduce mortal-
ity, duration of illness and virus shedding compared
to standard of care. Poorly satisfactory were also the
results of a study that examined the benefit-risk profile
of LR in COVID-19 patients compared to standard
of care, placebo or other treatments [54]. Although
some data seem to indicate that patients given LR had
a lower risk of adverse events than controls, authors
concluded that the benefit-risk profile for LR in severe
COVID-19 cannot be considered positive. However,
drawing definitive conclusion on the true role of LR
for COVID-19 seems presently not possible. Efficacy
data available regard only patients with severe disease.
It is not known if treatment of less severe cases may
be effective. Moreover, treated patients were given the
combination after several days of disease and it is not
precisely defined whether an early administration may
lead to more satisfactory results. In addition, dose of
LR used for COVID-19 treatment is derived from
that given to patients with HIV. Taking into account
the IC50 for HIV and those for SARS-CoV-2, it was
calculated that the doses prescribed to COVID-19 pa-
tients could not be adequate to inhibit viral replication
[55]. In addition, some experts are using LR against
COVIS-19 in association with other drugs. It seems
clear that also for LR a definitive evaluation about its
role in COVID-19 treatment will be available only
after the conclusion of the clinical trials presently
ongoing.

2.4 Ribavirin, favipinavir and umifenovir
Ribavirin, a guanine analogue, has shown activity

against several RNA viruses, as it has been approved
for the treatment of HCV, respiratory syncytial virus
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(RSV) and Lassa virus infections and was supposed to
be effective against SARS-CoV-2, although no clear
advantages were observed after its administration to
patients affected by SARS and MERS [56]. Addi-
tionally, severe side effects, such as hemolytic anemia
and hepatotoxicity, related both to the mechanism of
action of the drug and to the high dosage requested,
have been reported [57, 58]. For these reasons, IV use
of ribavirin in COVID-19 patients is generally not
recommended. On the contrary, its compassionate use
for inhalation has been considered by several health
authorities worldwide and a number of open-label
clinical trials have been authorized and are presently
ongoing [59, 60].

Favipiravir is a guanine analogue that is licensed
in Japan and China for oral treatment of selected in-
fluenza cases, those due to a novel or re-emerging in-
fluenza virus resistant to all other available influenza
drugs [61]. It is generally safe and well tolerated, al-
though concerns regarding a potential teratogenic ac-
tivity have been raised. Favipinavir is in vitro effective
against several RNA viruses, including SARS-CoV
and MERS-CoV [62], and was found able to induce a
rapid viral load decrease and clinical improvement in
experimental animals infected by RNA viruses [63].
For these reasons, favipiravir has been tested in Vero
E6 cells against SARS-CoV-2, showing that it could
be effective in inhibiting viral replication [64]. Results
of studies carried out in humans with COVID-19
are scanty, although several clinical trials in which
this drug was administered together with other anti
SARS-CoV-2 drugs have been authorized and are on-
going. However, in a nonrandomized trial comparing
favipiravir and LR in addition to standard therapy in
patients with COVID-19 it was shown that patients
given favipiravir had a faster viral clearance and a
greater improvement of disease course and chest X-ray
than those receiving LR [65].

Umifenovir is an oral antiviral drug licensed for
prophylaxis and treatment of influenza in Russia and
China. As favipinavir, it is effective against several
RNA viruses, including SARS-CoV-2 and has been
used in prophylaxis and therapy of COVID-19 [66].
However, results are conflicting and real effectiveness
of this drug is unknown. A retrospective study carried

out in a group of 81 patients with mild to moderate
disease did not show any advantage of umifenovir
administration as the prevalence of negative swabs
after 7 days of therapy and the duration of clinical
manifestations were quite similar between treated and
untreated patients. Moreover, treated patients had a
longer hospital stay than patients in the control group
(13 days vs 11 days; p=0.04), although adverse reac-
tions were mild and with similar frequency in both
groups [67]. Results showing no effect of umifenovir
are reported also by Zhou et al., who carried out a
study in which patients with COVID-19 were treated
with either nebulized interferon (IFN)-a2b, umifeno-
vir or a combination of IFN-a2b plus umifenovir
[68]. Only treatment with IFN-02b was effective as
patients receiving this medication with or without
umifenovir significantly reduced the duration of virus
shedding from the upper respiratory tract and showed
a decreased serum interleukin (IL)-6 and C-reactive
protein concentration. A little better were the results
of a study in which umifenovir has been used for
prophylaxis of health professionals on the front line
of the COVID-19 outbreak. Results showed that sub-
jects given the drug were at a significant low risk of
SARS-CoV-2 infection than those without prophy-
laxis (log-rank test, 2 = 98.74; p<0.001). However,
risk of hospitalization was not different between treat-

ed subjects and controls (p=0.091) [69].

3. Anti-inflammatory Drugs

To fight the over-reactive immune response that
characterizes the third stage of the COVID-19 course
before it results in life-threatening multi-organ dys-
function, the use of immunomodulatory agents capa-
ble of reducing the systemic inflammation has been
repeatedly suggested [70]. They should be added to
antivirals already administered in the first phases of
disease. 'Theoretically, macrolides, corticosteroids,
cytokine inhibitors such as tocilizumab or other mon-
oclonal antibodies against different cytokines, and
intravenous immune globulin (IVIG) could be effec-
tive in this regard. To elucidate their role, several phase
IIT clinical trials are presently ongoing.



Therapeutic strategies against COVID-19

3.1 Macrolides

Macrolides are antibiotics that work by binding
50s bacterial ribosomal units, thus inhibiting protein
synthesis. They are mainly active on Gram-positive
and atypical bacteria [71]. Moreover, they have anti-
inflammatory and immunomodulatory activity. In
vitro and in vivo studies have shown that macrolides
downregulate the inflammatory cascade, attenuate
excessive cytokine production in viral infections, and
may reduce virus-related exacerbations of chronic
respiratory diseases. Finally, some macrolides and, in
particular, azithromycin might have a direct antiviral
activity through the blockage of virus internalization
into host cells during the early phase of infection [72].
Efficacy in rhinovirus, RSV, and influenza virus infec-
tion has been reported [73]. Potentially effective to
treat COVID-19, macrolides were initially included in
some protocols for empirical treatment of this disease.
However, contrary to expectations, use of macrolides
in COVID-19 patients was disappointing. Most of the
data have been collected in subjects with mild to mod-
erate disease that received azithromycin together with
a second drug, mainly an aminoquinoline. Results were
conflicting, as previously reported for CQ and HCQ
[17,18,28,29]. Moreover, as macrolides can cause the
same heart problem of aminoquinolines [74], patients
included in protocols in which macrolides were associ-
ated with CQ or HCQ frequently suffered from severe

heart problems.
3.2 Corticosteroids

At the beginning of the pandemic period, cor-
ticosteroids were not included in the list of drugs
recommended for COVID-19 therapy [75]. This be-
cause all the studies that had tested corticosteroids for
treatment of respiratory infections, including those
as SARS and MERS with similarities with the new
pandemic, had given negative results. Children with
RSV infection had no benefit from corticosteroids ad-
ministration [76]. Administration of corticosteroids to
patients with influenza has been associated with in-
creased mortality, increased length of stay in an inten-
sive care unit and higher risk of secondary bacterial or

fungal infection [77]. Finally, patients with SARS and

MERS had no appreciable advantages from corticos-
teroid use and, in some cases, these drugs were found
dangerous as they delayed virus clearance or caused
relevant adverse events such as psychosis and diabetes
[58, 78]. On the other hand, when corticosteroids were
added to standard therapy in COVID-19 no effective
outcome was observed [79, 80].

However, a recent report seems to subvert any
previous negative judgment. Although the assump-
tions did not favor their use, corticosteroids were in-
cluded in the Recovery Trial. In an arm of this study,
COVID-19 patients receiving dexamethasone 6 mg
once daily (oral or IV) for up to 10 days together with
standard treatment were enrolled and compared to
subjects given standard treatment only [81]. Results
showed significant dexamethasone efficacy as 28-day
mortality and duration of hospitalization. Both these
markers of drug efficacy were significantly lower in sub-
jects given dexamethasone than in controls. Mortality
was 21.6% and 24.6% (rate ratio [RR] 0.83; 95% CI
0.74 - 0.92; p<0.001] and median duration of hospi-
talization was 12 and 13 days (RR 1.11; 95% CI 1.04 -
1.19; p=0.002) in treated patients and in controls,
respectively. Subgroup analysis revealed that benefit
was strictly related to the severity of lung impairment
as mortality was reduced by 35% in patients needing
invasive mechanical ventilation (RR 0.65; 95% CI
0.51 - 0.82; p<0.001) and by 20% in patients receiving
only oxygen (RR 0.80; 95% CI 0.70 to 0.92; p=0.002).
On the contrary, no advantage of dexamethasone was
evidenced in patients with mild disease who did not
need respiratory support (RR 1.22; 95% CI 0.93-1.61;
p=0.14). Similarly, the greatest effect on duration of
hospitalization was seen among patients receiving
invasive mechanical ventilation at baseline (test for
trend, p=0.002). Finally, progression to severe damage
requiring mechanical ventilation was reduced among
patients given dexamethasone compared to those with
usual care (RR 0.76; 95% CI 0.61-0.96; p=0.021). Un-
fortunately, this study has been published before certi-
fication by peer review and some doubts on the validity
of the results might be arisen. However, it is very in-
teresting to encourage further studies regarding steroid
use for COVID-19 treatment. As indicated by the au-
thors themselves, results suggest the steroids can be ef-
fective when proper dosages of the drugs in accurately
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selected patients are given. Corticosteroids should be
given to patients in phase III of disease, when hyperin-
flammation begins to cause tissue damage. An earlier
administration can be totally ineffective and, on the
contrary, can cause adverse events. If these results are
confirmed, current recommendations for the therapy
of COVID-19 should include corticosteroids, as al-
ready done in UK [82].

3.3 Monoclonal antibodies

With the aim of reducing cytokine storm and sys-
temic hyperinflammation that characterize the phase IT1
of COVID-19, the use of monoclonal antibodies
effective against those cytokines that have been system-
atically found increased in serum of patients with very
severe disease has been suggested [70]. Reduction of
serum concentrations and activity of IL-2, IL-6, IL-7,
IL-10, and 17, GM-CSF, interferon-inducible protein
10, MCP-1 macrophage inflammatory protein-1 a,
and TNF-a have been considered a possible measure
to reduce signs and symptoms of COVID-19 and im-
prove final outcome [83, 84].

Tocilizumab (TCZ), that acts by binding to both
soluble and transmembrane IL-6 receptors, so in-
hibiting their activation, is the most largely studied
monoclonal antibody for COVID-19 therapy. Before
pandemic development, this monoclonal antibody had
been licensed for treatment of a number of severe au-
toimmune diseases, such as rheumatoid arthritis, juve-
nile idiopathic arthritis and Crohn’s disease. In patients
with these diseases results of therapy was considered
satisfactory as, with the reduction of serum IL-6 levels,
disease course was controlled without relevant adverse
events, although the risk of superimposed infections
could not be excluded [85]. Starting from these evi-
dences, already during the first weeks of the pandemic
TCZ was included in the therapy of the most severe
COVID-19 cases and, after the evidence that some
patients had had benefits, several randomized con-
trolled trials to establish the relevance of TCZ therapy
were planned and authorized.

With some exceptions [86], results were positive
as TCZ administration was associated with a relevant
reduction of clinical and laboratory manifestations of

COVID-19 in most of the treated patients. Need for

oxygen support was curtailed, chest X-ray was rapidly
improved, lymphopenia was reduced as they were the
serum level of C-reactive protein and IL-6 [87-93].
The most striking results were evidenced in the most
severe patients who less frequently needed mechani-
cal ventilation and went to death. Klopfenstein et al.
studied frequency of intensive care unit (ICU) admis-
sion and death rates in a group of 45 patients among
whom 25 were given TCZ [94]. They reported that,
despite patients given TCZ had a more severe clinical
picture (higher level of oxygen therapy at 13 L/min
vs 6 L/min, p<0.001), and poorer biological findings
(severe lymphopenia: 676/mm® vs 914/mm’, p=0.037;
higher CRP level: 158 mg/L vs 105 mg/L, p=0.017),
they were less frequently admitted to the ICU or went
to death (25% vs 72%, p=0.002). Similar findings were
evidenced by a greater prospective study in which a
total of 544 patient were enrolled [88]. TCZ was given
by the IV or subcutaneous route on the base of the
availability of specific formulation. After adjustment
for several confounding factors such age, sex, dura-
tion of illness and sequential organ failure assessment
score, it was shown that, compared to patients given
only standard treatment, those receiving TCZ togeth-
er standard care had a significant lower risk of inva-
sive mechanical ventilation and death (adjusted HR
0.61, 95% CI 0.40-0.92; p=0.020). Further results,
suggesting the importance of TCZ in limiting risk
of COVID-19 negative evolution, are those derived
from the CORIMMUNE-19 study, a French study in
which 129 patients (64 treated with standard of care
and 65 with standard of care plus TCZ) were enrolled
[95]. However, despite these encouraging findings, de-
finitive conclusions about when and how use TCZ in
COVD-19 patients and what can be expected from its
use cannot be drawn. Analysis of the methods used
to collect data regarding TCZ indicates that in some
cases studies lack a clear analytical approach and show
poor methodological quality. Moreover, criteria used
to define COVID-19 severity, characteristics of the
patients that could have benefit, choice of drug dosage
and schedule of administration and number and type
of markers for evaluation of disease improvement were
frequently very different from study to study, mak-
ing pooling of data and final evaluation very difficult.
Two examples can clearly highlight these problems.
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Regarding dosage and schedule of administration, it
is not definitively established whether TCZ must be
given once or twice daily. Moreover, it is not known
whether the 8 mg/kg/dose that is commonly admin-
istered in rheumatologic diseases is the right dosage
against to obtain the greatest eflicacy with the lower
risk of adverse events. A recent small study has shown
that a single dose of 400 mg can be enough to obtain
satisfactory results [96]. Regarding choice of the pa-
tients to treat, in a recent comprehensive review it was
concluded that most of the available information leads
to consider TCZ use in patients with extensive lung
involvement, and severe or critical patients with high
1L-6 levels. However, cut-off levels are not established,
and severity is not defined [97]. Considering overall
the data, we can conclude that even in the case of TCZ
only further randomized clinical trials can offer solu-
tions to these problems.

4. Convalescent Plasma

Several studies have reported that administration
of convalescent plasma containing high titers of neu-
tralizing antibodies to patients with severe viral res-
piratory disease can be effective in improving clinical
course and survival rates against SARS-CoV-2 with-
out any relevant adverse event. A recent meta-analysis
of studies published between 1918 and 1925 regarding
Spanish influenza pandemic has shown that adminis-
tration of convalescent human blood products to treat
severe influenza cases was already in use with satis-
factory results about a century ago [98]. This practice
has been later followed for respiratory diseases due to
different viruses including SARS-CoV. In this regard,
plasma infusion has been associated with a 23% reduc-
tion of case-fatality rate (95% CI 6%-42%; p=0.049)
[99]. A positive effect was, finally, evidenced in some,
even if not all, patients with MERS [100].

Experience in COVID-19 patients is limited for
the small number of treated patients, difference in dose,
schedule of plasma administration, severity of disease
and time of administration. First reports seemed to in-
dicate that the treatment could be effective, as it was
associated with a reduction of clinical manifestations,
duration of virus shedding and reduced mortality. In

an uncontrolled case series of 5 critically ill patients
with COVID-19 and acute respiratory distress syn-
drome, treatment was followed by a rapid improve-
ment of clinical conditions, with significant decrease
of sequential organ failure assessment score and reduc-
tion of oxygen administration, mechanical ventilatory
support and viral shedding within few days from the
beginning of therapy [101]. Another study enrolling
10 severely affected patients showed that in most of
the cases transfusion was followed within 3-7 days by
improvement of pre-therapy clinical symptoms, radio-
logical manifestations and laboratory tests, although
with differences among patients. In general, respira-
tory support was significantly reduced, lung lesions on
computed tomography (CT) examination were partial-
ly or totally absorbed, oxyhemoglobin saturation and
lymphocyte increased, whereas C-reactive protein de-
creased [102]. Starting from these and other anecdoti-
cal positive results, several national institutions planned
and approved clinical trials with the aim to establish
the real role of convalescent plasma in COVD-19
treatment and decide the best dose and schedule of
administration. Unfortunately, results of one trial en-
rolling a substantial number of patients with severe
or life-threatening COVID-19 (52 with convalescent
plasma in addition to standard treatment and 51 with
standard treatment alone) did not show any significant
effect, arising doubts about the importance of convales-
cent plasma transfusion. Clinical improvement within
28 days was evidenced in 51.9% of the convalescent
plasma group vs 43.1% in the control group (HR 1.40;
95% CI 0.79-2.49; p=0.26) without differences accord-
ing to the severity of disease. Moreover, no significant
difference was found in 28-day mortality (15.7% vs
24.0%; OR 0.65; 95% CI 0.29-1.46; p=0.30) [103].
However, starting from the available data it
seems highly likely that to be effective convalescent
plasma transfusion must take place as soon as possi-
ble after the infection. Cheng et al. studying patients
with SARS had already shown that the prevalence
of those who had had a good clinical outcome was
significantly higher among those who were given
convalescent plasma before day 14 after symptom
onset than among those treated later (58.3% vs
15.6%; p<0.001) [104]. In COVID-19 patients, data

supporting the need for an early convalescent plasma
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transfusion are reported in the study by Duan et al.,
in which it is clearly evidenced that those patients
with the poorest outcome were just those who re-
ceived convalescent plasma later [102]. This is not
surprising. SARS-CoV-2 load peaks after few days
from infection, while antibody production begins
no earlier than a week and became significant may
days later. This seems to indicate that, if the intent
of the convalescent plasma transfusion is to reduce
viral replication and have a substantial effect on
tissue damage reduction, antibodies must become
available in the first phase of disease. However,
other problems that are essential to assure maximal
efficacy of convalescent plasma transfusion must be
solved. Characteristics of the donors, time of dona-
tion after COVID-19 resolution, anti-SARS-CoV-2
antibody titer required for plasma effectiveness are
not precisely defined and must be known before the
convalescent plasma use can be definitively included
among measure to treat COVID-19.

5. Drugs Against Coagulopathy and
Thromboembolism

Among the clinical manifestations that charac-
terize COVID-19, coagulopathy and venous throm-
boembolism are common. Two different coagulation
abnormalities have been identified. The first is due to
the direct pathological activity of the virus on vasal
endothelial that causes microvascular clot formation
in the lung and in other organs. The second is part
of the consequences of the cytokine storm as the en-
hanced cytokine production stimulates hypercoagula-
bility that may be associated with vessel thrombosis
and major thromboembolic complications [105]. As
coagulopathy may contribute to rapid deterioration of
clinical picture, monitoring of coagulation variables
is mandatory, particularly in patients with symptoms
severe enough to need hospitalization. To avoid risks
of venous thromboembolism, administration of low
molecular weight prophylaxis is recommended [106].
However, the best dosage is not precisely defined,
and clinical trials are presently ongoing to define this

problem.

6. Conclusions

Waiting the development of vaccines and drugs
specifically addressed to the prevention and treatment
of SARS-CoV-2 infection, health systems around the
world have tried to cope with the worst pandemic of
the last century with a number of drugs with undocu-
mented eflicacy. The search for verification of which of
them could play an important role in the management
of COVID-19 was, at least in part, hindered by the
enormous number of infected people and the urgency
of trying to reduce as much as possible the number of
severe cases who needed invasive mechanical ventila-
tion and were a high risk of death. Choice of drugs,
possible associations, dosages and duration of treat-
ment were based on opinion of physicians and previous
experience about the efficacy of the same therapeutic
measures in other similar conditions. Only later, with
the acquisition of more in-depth knowledge on the
characteristics of SARS-CoV-2 and the pathogenesis
of the different clinical manifestations of COVID-19,
a more rationale use of available drugs has become
possible. It was possible to identify which drugs could
be used in the different phases of COVID-19 and im-
plement many randomized clinical trials specifically
devoted to elucidating the best drug use. However, the
road to defining which drugs are effective and which
schedules of administration must be used to maximize
efficacy and minimize adverse events is still very long.
To date, it is only clear that no drug can alone cope
with all the problems posed by SARS-CoV-2 infec-
tion and effective antivirals and inflammatory drugs
must be given together to reduce COVID-19 clinical
manifestations. Moreover, choice of therapy must al-
ways be tailored on clinical manifestations and, when
they occur, drugs able to fight coagulopathy and ve-
nous thromboembolism that may contribute to res-
piratory deterioration must be prescribed.

Author Contributions

SE planned the review and co-wrote the manu-
script giving a substantal scientific contribution; MGn
and MGa wrote the first draft of the manuscript; PA,



Therapeutic strategies against COVID-19

13

LV and MEC gave a substantial scientific contribu-
tion; CN and AA performed the literature review; NP
critically revised the paper and gave her scientific con-

tributions. All of the authors read and approved the

final version of the manuscript.

Conflict of interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

10.

11.

Elshabrawy HA. SARS-CoV-2: An Update on Potential
Antivirals in Light of SARS-CoV Antiviral Drug Discov-
eries. Vaccines (Basel). 2020;8:E335.

Morse JS, Lalonde T, Xu S, Liu WR. Learning from the
past: possible urgent prevention and treatment options for
severe acute respiratory infections caused by 2019-nCoV.
Chem Bio Chem 2020;21:730-738.

Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y, et
al. Analysis of therapeutic targets for SARS-CoV-2 and
discovery of potential drugs by computational methods.
Version 2. Acta Pharm Sin B. 2020;10:766—788.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The
trinity of COVID-19: immunity, inflammation and inter-
vention. Nat Rev Immunol 2020;20:363-374.
ZhangY,He L, Chen H, Lu S, Xiong Y, Liu J, et al. Mani-
festations of blood coagulation and its relation to clinical
outcomes in severe COVID-19 patients: Retrospective
analysis. Int ] Lab Hematol. 2020; Epub Jun 27.
Abraham, J. Passive antibody therapy in COVID-19. Nat
Rev Immunol 2020;20:401-403.

Colson P, Rolain JM, Raoult D. Chloroquine for the 2019
novel coronavirus SARS-CoV-2. Int ] Antimicrob Agents
2020;55:105923.

Savarino A, Boelaert JR, Cassone A, Majori G, Cauda
R. Effects of chloroquine on viral infections: an old drug
against today’s diseases? Lancet Infect Dis 2003;3:722~
727.

Rolain JM, Colson P, Raoult D. Recycling of chloroquine
and its hydroxyl analogue to face bacterial, fungal and vi-
ral infections in the 21st century. Int ] Antimicrob Agents
2007;30:297-308.

Schrezenmeier E, Dérner T. Mechanisms of action of hy-
droxychloroquine and chloroquine: implications for rheu-
matology. Nat Rev Rheumatol 2020;16:155-166.
Savarino A, Di Trani L, Donatelli I, Cauda R, Cassone
A. New insights into the antiviral effects of chloroquine.
Lancet Infect Dis 2006;6:67—69.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.
Remdesivir and chloroquine effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro. Cell
Res. 2020;30:269-271.

Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In
vitro antiviral activity and projection of optimized dosing
design of hydroxychloroquine for the treatment of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Clin Infect Dis 2020;9:ciaa237.

Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al. Hy-
droxychloroquine, a less toxic derivative of chloroquine, is
effective in inhibiting SARS-CoV-2 infection in vitro. Cell
Discov. 2020;18:16.

Quiros Roldan E, Biasiotto G, Magro P, Zanella 1. The
possible mechanisms of action of 4-aminoquinolines chlo-
roquine/hydroxychloroquine) against Sars-Cov-2 infection
(COVID-19): A role for iron homeostasis? Pharmacol
Res. 2020;158:104904.

Huang M, Tang T, Pang P, Li M, Ma R, Lu J, et al.
Treating COVID-19 with chloroquine. ] Mol Cell Biol.
2020;12:322-325.

Gautret P, Lagier JC, Parola P, et al. Clinical and micro-
biological effect of a combination of hydroxychloroquine
and azithromycin in 80 COVID-19 patients with at least a
six-day follow up: a pilot observational study. Travel Med
Infect Dis 2020;34:101663

Gautret P, Lagier JC, Parola P, et al. Hydroxychloroquine
and azithromycin as a treatment of COVID-19: results of an
open-label non-randomized clinical trial. Int ] Antimicrob
Agents 2020;105949 10.1016/j.ijantimicag.2020.105949.
National Health Commission of the People’s Repub-
lic of China Interpretation of COVID-19 Treatment
Guidelines (6th version). Available at: http://www.gov.
cn/zhengce/2020-02/19/content_5480958.htm. Accessed:
June 17, 2020.

Hinton DM. Request for Emergency Use Authorization
For Use of Chloroquine Phosphate or Hydroxychloroquine
Sulfate Supplied From the Strategic National Stockpile for
Treatment of 2019 Coronavirus Disease. US FDA; Avail-
able at: http://www.fda.gov/media/136534/download. Ac-
cessed: June 18, 2020.

Dos Reis Neto ET, Kakehasi AM, de Medeiros Pinheiro
M, Ferreira GA, Marques CDL, da Mota LMH, et al. Re-
visiting hydroxychloroquine and chloroquine for patients
with chronic immunity-mediated inflammatory rheumatic
diseases. Adv Rheumatol. 2020;60:32.

Sarma P, Kaur H, Kumar H, Mahendru D, Avti P, Bh-
attacharyya A, et al. Virological and clinical cure in
COVID-19 patients treated with hydroxychloroquine:
A systematic review and meta-analysis. ] Med Virol

2020;92:776-785.

. World Health Organization. “Solidarity” Clinical Trial

for COVID-19 treatmentes. Available at. https://www.
who.int/emergencies/diseases/novel-coronavirus-2019/



14

S. Esposito, M. Gnocchi, et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

global-research-on-novel-coronavirus-2019-ncov/solidari-
ty-clinical-trial-for-covid-19-treatments Accessed on: June
20, 2020.

Recovery. Randomised evaluation of COVID-19 therapy.
No clinical benefit from use of hydroxychloroquine in hos-
pitalised patients with COVID-19. Available at: https://
www.recoverytrial.net/news/statement-from-the-chief-
investigators-of-the-randomised-evaluation-of-covid-19-
therapy-recovery-trial-on-hydroxychloroquine-5-june-
2020-no-clinical-benefit-from-use-of-hydroxychloro-
quine-in-hospitalised-patients-with-covid-19  Accessed
on: June 18, 2020.

Mahase E. Hydroxychloroquine for covid-19: the end of
the line? BMJ 2020;369:m2378.

US Food and Drug Administration. Coronavirus (COV-
ID-19) Update: FDA Revokes Emergency Use Au-
thorization for Chloroquine and Hydroxychloroquine.
Available at: https://www.fda.gov/news-events/press-an-
nouncements/coronavirus-covid-19-update-fda-revokes-
emergency-use-authorization-chloroquine-and ~ Accessed
on: June 18, 2020.

ATFA. Agenzia Italiana del Farmaco. Home Emergenza
COVID-19 AIFA sospende l'autorizzazione all'utilizzo
di idrossiclorochina per il trattamento del COVID-19 al
di fuori degli studi clinici. Available at: https://www.aifa.
gov.it/web/guest/-/aifa-sospende-l-autorizzazione-all-uti-
lizzo-di-idrossiclorochina-per-il-trattamento-del-covid-
19-al-di-fuori-degli-studi-clinici Accessed on: June 18,
2020.

Mehra MR, Desai SS, Ruschitzka F, Patel AN. Hydroxy-
chloroquine or chloroquine with or without a macrolide
for treatment of COVID-19: a multinational registry
analysis. Lancet. 2020; Epub May 22. doi: 10.1016/50140-
6736(20)31180-6.

Mehra MR, Ruschitzka F, Patel AN. Retraction—
Hydroxychloroquine or chloroquine with or without a
macrolide for treatment of COVID-19: a multinational
registry analysis. Lancet. 2020; Epub Jun 5 doi: 10.1016/
S0140-6736(20)31324-6.

Boulware DR, Pullen MF, Bangdiwala AS, Pastick KA,
Lofgren SM, Okafor EC, et al. A Randomized Trial of
Hydroxychloroquine as Postexposure Prophylaxis for Cov-
id-19. N Engl J Med. 2020; Epub Jun 3. 10.1056/NE]J-
Mo0a2016638. doi:10.1056/NEJMo0a2016638.

Agrawal S, Goel AD, Gupta N. Emerging prophylaxis
strategies against COVID-19. Monaldi Arch Chest Dis.
2020;90:10.4081/monaldi.2020.1289.

Arnold SLM, Buckner F. Hydroxychloroquine for Treat-
ment of SARS-CoV-2 Infection? Improving Our Con-
fidence in a Model-Based Approach to Dose Selection
[published online ahead of print, 2020 Apr 8]. Clin Transl
Sci. 2020;10.1111/cts.12797.

Savarino A, Tarek M. Pharmacokinetic bases of the hy-
droxychloroquine response in COVID-19: implications for
therapy and prevention medRxiv 2020.04.23.20076471;
doi: https://doi.org/10.1101/2020.04.23.20076471.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL,
Soloveva V, et al. Therapeutic efficacy of the small molecule
GS-5734 against Ebola virus in rhesus monkeys. Nature
2016;531:381-385.

Lo MK, Jordan R, Arvey A, Sudhamsu J, Shrivastava-
Ranjan P, Hotard AL, et al. GS-5734 and its parent nucle-
oside analog inhibit Filo-, Pneumo-, and Paramyxoviruses.
Sci Rep 2017;7:43395.

Sheahan TP, Sims AC, Graham RL, Menachery VD, Gra-
linski LE, Case JB, et al. Broad-spectrum antiviral GS-
5734 inhibits both epidemic and zoonotic coronaviruses.
Sci Transl Med 2017;28;9:eaal3653.

Sheahan TP, Sims AC, Leist SR, Schiifer A, Won J, Brown
AJ, et al. Comparative therapeutic efficacy of remdesivir
and combination lopinavir, ritonavir, and interferon beta
against MERS-CoV. Nat Commun 2020;11:222.

Jacobs M, Rodger A, Bell DJ, Bhagani S, Cropley I, Filipe
A, et al. Late Ebola virus relapse causing meningoencepha-
litis: a case report. Lancet 2016;338:498-503.

Mulangu S, Dodd LE, Davey RT Jr, Tshiani Mbaya O,
Proschan M, Mukadi D, et al. A randomized, controlled
trial of Ebola virus disease therapeutics. N Engl ] Med
2019;381:2293-2303

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman
J, Bruce H, et al. First case of 2019 novel coronavirus in the
United States. N Engl ] Med 2020;382:929-936.

Grein J, Ohmagari N, Shin D, Diaz G, Asperges E,
Castagnaet A et al. Compassionate Use of Remdesi-
vir for Patients with Severe Covid-19. N Engl J Med
2020;382:2327-2336.

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zing-
man BS, Kalil AC, et al. Remdesivir for the Treatment
of Covid-19 - Preliminary Report. N Engl ] Med. 2020;
Epub May 22. NEJMo0a2007764. doi:10.1056/NE]J-
Mo0a2007764.

Wang Y, Zhang D, Du G, DuR, Zhao ], Jin Y, et al. Rem-
desivir in adults with severe COVID-19: a randomised,
double-blind, placebo-controlled, multicentre trial. Lancet.
2020;395:1569-1578.

Sun D. Remdesivir for Treatment of COVID-19: Com-
bination of Pulmonary and IV Administration May Of-
fer Aditional Benefit. AAPS J. 2020;22:77. d0i:10.1208/
512248-020-00459-8.

Warren TK, Jordan R, Lo MK, et al. Therapeutic efficacy
of the small molecule GS-5734 against Ebola virus in rhe-
sus monkeys. Nature. 2016;531:381-385.

Goldman JD, Lye DCB, Hui DS, et al. Remdesivir for
5 or 10 Days in Patients with Severe Covid-19. N Engl
J Med. 2020; Epub May 27. 10.1056/NEJM0a2015301.
doi:10.1056/NEJMo0a2015301.

Zhang C, Shi L, Wang FS. Liver injury in COVID-19:
management and challenges. Lancet Gastroenterol Hepa-
tol. 2020;5:428-430.

Chan KS, Lai ST, Chu CM, Tsui E, Tam CY, Wong MM,
et al. Treatment of severe acute respiratory syndrome with
lopinavir/ritonavir: a multicentre retrospective matched
cohort study. Hong Kong Med J 2003;9:399-406.



Therapeutic strategies against COVID-19

15

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Chan JF, Yao Y, Yeung ML, Deng W, Bao L, Jia L, et
al.. Treatment with lopinavir/ritonavir or interferon-p1b
improves outcome of MERS-CoV infection in a nonhu-
man primate model of common marmoset. J Infect Dis
2015;212:1904-1913.

Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH,
Chan K§, et al. Role of lopinavir/ritonavir in the treatment
of SARS: initial virological and clinical findings. Thorax
2004;59:252-256.

Lim J, Jeon S, Shin HY, Kim M], Seong YM, Lee W],
et al. Case of the Index Patient Who Caused Tertiary
Transmission of Coronavirus Disease 2019 in Korea: the
Application of Lopinavir/Ritonavir for the Treatment of
COVID-19 Pneumonia Monitored by Quantitative RT-
PCR.]J Korean Med Sci 2020;35:¢79.

Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY,
Loh ], et al. Epidemiologic Features and Clinical Course
of Patients Infected With SARS-CoV-2 in Singapore.
JAMA 2020; 323:1488-1494.

Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A
trial of lopinavir-ritonavir in adults hospitalized with Se-
vere Covid-19. N Engl ] Med 382:1787-1799.

Osborne, V., Davies, M., Lane, S. Evans A, Denyer J,
Dhanda S, et al. Lopinavir-Ritonavir in the Treatment of
COVID-19: A Dynamic Systematic Benefit-Risk Assess-
ment. Drug Saf 2020; Epub Jun 23. doi: 10.1007/s40264-
020-00966-9.

Smolders EJ, Te Brake LH, Burger DM. SARS-CoV-2
and HIV protease inhibitors: why lopinavir/ritonavir will
not work for COVID-19 infection. Antivir Ther. 2020;
Epub Jun 26. doi: 10.3851/IMP3365.

Zumla A, Chan JF, Azhar EI, Hui DS, Yuen KY. Corona-
viruses - drug discovery and therapeutic options. Nat Rev
Drug Discov 2016;15:327-347.

Knowles SR, Phillips E]J, Dresser L, Matukas L. Common
adverse events associated with the use of ribavirin for se-
vere acute respiratory syndrome in Canada. Clin Infect Dis
2003;37:1139-1142.

Stockman LJ, Bellamy R, Garner P. SARS: systematic re-
view of treatment effects. PLoS Med 2006;3:e343.

AIFA Agenzia Italiana del Farmaco. An Open-label
Compassionate Use Study to Evaluate the Safety and
Efficacy of VIRAZOLE® (Ribavirin for Inhalation
Solution, USP) in Hospitalized Adult Participants
with Respiratory Distress Due to SARS-CoV-2
(COVID-19). Auvailable at: https://www.aifa.gov.it/
documents/20142/1172315/Ribavirina_documenti.zip
Accessed on: June 23, 2020.

Government of Canada. Drugs and vaccines for
COVID-19: List of authorized clinical trials. Avail-
able at: https://www.canada.ca/en/health-canada/services/
drugs-health-products/covid19-clinical-trials/list-author-
ized-trials.html Accessed on: June 23, 2020.

Principi N, Camilloni B, Alunno A, Polinori I, Argenti-
ero A, Esposito S. Drugs for Influenza Treatment: Is There
Significant News? Front Med (Lausanne) 2019;6:109.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Furuta Y, Takahashi K, Shiraki K, Sakamoto K, Smee DF,
Barnard DL, et al. T-705 (favipiravir) and related com-
pounds: Novel broad-spectrum inhibitors of RNA viral
infections. Antiviral Res 2009;82:95-102.

Oestereich L, Ludtke A, Wurr S, Rieger T, Mufioz-Fontela
C, Giinther S. Successful treatment of advanced Ebola
virus infection with T-705 (favipiravir) in a small animal
model. Antiviral Res 2014;105:17-21.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.
Remdesivir and chloroquine effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro. Cell Res
2020;30:269-271.

Qingxian C, Minghui Y, Dongjing L, Jun C, Dan S, Junx-
ia X, et al. Experimental Treatment with Favipiravir for
COVID-19: An Open-Label Control Study. Engineering
2020; Epub March 18.

Khamitov RA, Loginova SIa, Shchukina VN, Borisevich
SV, Maksimov VA, Shuster AM. Antiviral Activity of Ar-
bidol and Its Derivatives Against the Pathogen of Severe
Acute Respiratory Syndrome in the Cell Cultures. Vopr
Virusol 2008;53:9-13.

Lian N, Xie H, Lin S, Huang ], Zhao J, Lin Q. Umifenovir
treatment is not associated with improved outcomes in pa-
tients with coronavirus disease 2019: a retrospective study.
Clin Microbiol Infect 2020;26:917-921.

Zhou Q, Chen V, Shannon CP, Wei XS, Xiang X, Wang
X, et al. Interferon-02b Treatment for COVID-19. Front
Immunol 2020;11:1061.

Yang C, Ke C, Yue D, Li W, Hu Z, Liu W, Hu S, Wang S,
Liu J. Effectiveness of Arbidol for COVID-19 Prevention
in Health Professionals. Front Public Health 2020;8:249.
Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall
RS, Manson JJ. COVID-19: consider cytokine storm syn-
dromes and immunosuppression. Lancet 2020;395:1033~
1034.

Vizquez-Laslop N, Mankin AS. How Macrolide Antibi-
otics Work. Trends Biochem Sci 2018;43:668—684.

Tran DH, Sugamata R, Hirose T, Suzuki S, Noguchi Y,
Sugawara A, et al. Azithromycin, a 15-membered mac-
rolide antibiotic, inhibits influenza A(H1N1)pdm09 virus
infection by interfering with virus internalization process. ]
Antibiot 2009;72:759-768.

Min JY, Jang YJ. Macrolide therapy in respiratory viral in-
fections. Mediators Inflamm 2012;2012:649570.

Guo D, Cai Y, Chai D, Liang B, Bai N, Wang R. The car-
diotoxicity of macrolides: a systematic review. Pharmazie
2010;65:631-640.

Dagens A, Sigfrid L, Cai E, Lipworth S, Cheng V, Har-
riset E, et al. Scope, quality, and inclusivity of clinical
guidelines produced early in the covid-19 pandemic: rapid
review. BMJ 2020;369:m1936.

Corneli HM, Zorc JJ, Mahajan P. A multicenter, rand-
omized, controlled trial of dexamethasone for bronchioli-
tis. N Engl ] Med 2007;357:331-339.

Ni YN, Chen G, Sun J, Liang BM, Liang ZA. The effect
of corticosteroids on mortality of patients with influenza



16

S. Esposito, M. Gnocchi, et al.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

pneumonia: a systematic review and meta-analysis. Crit
Care. 2019;23:99.

Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Alme-
khlafi GA, Hussein MA, et al. Corticosteroid therapy for
critically ill patients with Middle East respiratory syn-
drome. Am. J. Respir. Crit. Care Med 2018;197:757-767.
Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J. Clini-
cal characteristics of 138 hospitalized patients with 2019
Novel Coronavirus-infected pneumonia in Wuhan, China.
JAMA 2020;323:1061-1069.

Russell CD, Millar JE, Baillie JK. Clinical evidence does
not support corticosteroid treatment for 2019-nCoV lung
injury. Lancet 2020;395:473-475.

Horby P, Lim WS, Emberson J, Matham M, Bell J, Lin-
sell L, et al. Effect of Dexamethasone in Hospitalized
Patients with COVID-19: Preliminary Report. medRxiv
2020.06.22.20137273; doi: https://doi.org/10.1101/2020.
06.22.20137273.

National Health System. Dexamethasone in the treat-
ment of COVID-19: Implementation and management
of supply for treatment in hospitals. 2020. Available at:
https://www.cas.mhra.gov.uk/Viewand Acknowledgment/
ViewAlert.aspx?AlertID=103054. Accessed on: June 18,
2020.

Ye Q, Wang B, Mao J. The pathogenesis and treatment of
the *Cytokine Storm’in COVID-19. J Infect 2020;80:607—
613.

Miao Y, Fan L, Li JY. Potential Treatments for COVID-19
Related Cytokine Storm - Beyond Corticosteroids. Front
Immunol. 2020;11:1445.

Kang S, Tanaka T, Narazaki M, Kishimoto T.Targeting In-
terleukin-6 Signaling in Clinic. Immunity. 2019;50:1007—
1023.

Campochiaro C, Della-Torre E, Cavalli G, De Luca G,
Ripa M, Boffini N, et al. Efficacy and safety of tocilizumab
in severe COVID-19 patients: a single-centre retrospective
cohort study. Eur J Intern Med 2020;76:43-49.

Jordan SC, Zakowski P, Tran HP, et al. Compassionate
Use of Tocilizumab for Treatment of SARS-CoV-2 Pneu-
monia. Clin Infect Dis. 2020;ciaa812. doi:10.1093/cid/
ciaa812.

Guaraldi G, Meschiari M, Cozzi-Lepri A, Milic ], Tonelli
R, Menozzi M, et al. Tocilizumab in patients with severe
COVID-19: a retrospective cohort study. Lancet Rheu-
mat 2020; Epub June 24. https://doi.org/10.1016/52665-
9913(20)30173-9

XuX,Han M, Li T, Sun W, Wang D, Fu B, et al. Effective
treatment of severe COVID-19 patients with tocilizumab.
Proc Natl Acad Sci U S A. 2020;117:10970-10975.
Toniati P, Piva S, Cattalini M, Garrafa E, Regola F, Cas-
telli F. Tocilizumab for the treatment of severe COVID-19
pneumonia with hyperinflammatory syndrome and acute
respiratory failure: A single center study of 100 patients in
Brescia, Italy. Autoimmun Rev 2020;19:102568.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Conrozier T, Lohse A, Balblanc JC, Dussert P, Royer
PY, Bossert M, et al. Biomarker variation in patients suc-
cessfully treated with tocilizumab for severe coronavirus
disease 2019 (COVID-19): results of a multidisciplinary
collaboration. Clin Exp Rheumatol. 2020; Epub June 23.
Rojas-Marte GR, Khalid M, Mukhtar O, Hashmi AT,
Waheed MA, Ehrlich S, et al. Outcomes in Patients with
Severe COVID-19 Disease Treated with Tocilizumab - A
Case- Controlled Study. QJM. 2020;hcaa206. doi:10.1093/
gjmed/hcaa206
Sciascia S, Apra F, Baffa A, et al. Pilot prospective open,
single-arm multicentre study on off-label use of tocilizum-
ab in patients with severe COVID-19. Clin Exp Rheuma-
tol 2020;38:529-532.

Klopfenstein T, Zayet S, Lohse A, Balblanc JC, Badie ],
Royer PY, et al. Tocilizumab therapy reduced intensive
care unit admissions and/or mortality in COVID-19 pa-
tients. Med Mal Infect 2020; Epub May 6. doi:10.1016/5.
medmal.2020.05.001.

Pipeline Review. Tocilizumab improves significantly clini-
cal outcomes of patients with moderate or severe COV-
ID-19 pneumonia. Available on: https://pipelinereview.
com/index.php/2020042874458/Antibodies/Tocilizum-
ab-improves-significantly-clinical-outcomes-of-patients-
with-moderate-or-severe-COVID-19-pneumonia.html.
Accessed on: June 25, 2020.

Kewana T, Covuta F, Al-Jaghbeerb MJ, Rosec L, Go-
palakrishna KV, et al. Tocilizumab for treatment of pa-
tients with severe COVID19: A retrospective cohort
study. EClinicalMedicine 2020; https://doi.org/10.1016/j.
eclinm.2020.100418

A Comprehensive Review on Tocilizumab in COVID-19
Acute Respiratory Distress Syndrome. J Clin Pharmacol
2020; https://doi.org/10.1002/jcph.1693

Luke TC, Kilbane EM, Jackson JL, Hoffman SL. Meta-
analysis: convalescent blood products for Spanish influenza
pneumonia: a future H5N1 treatment? Ann Intern Med
2006;145:599-609.

Mair-Jenkins J, Saavedra-Campos M, Baillie JK, Cleary
P, Khaw FM, Lim WS, et al. The effectiveness of conva-
lescent plasma and hyperimmune immunoglobulin for the
treatment of severe acute respiratory infections of viral eti-
ology: a systematic review and exploratory meta-analysis. ]
Infect Dis 2015;211:80-90.

Ko JH, Seok H, Cho SY, Ha YE, Baek JY, Kim SH, et
al. Challenges of convalescent plasma infusion therapy in
Middle East respiratory coronavirus infection: a single
centre experience. Antivir Ther 2018;23:617-622.

Shen C, Wang Z, Zhao F, Yang Y, Li ], Yuan J, et al. Treat-
ment of 5 Critically I1l Patients With COVID-19 With
Convalescent Plasma. JAMA 2020;323:1582-1589.
Duan K, Liu B, Li C, Zhang H, Yu T, Qu J, et al. Effective-
ness of convalescent plasma therapy in severe COVID-19
patients. PNAS 2020;117:9490-9496.



Therapeutic strategies against COVID-19

17

103.

104.

105.

106.

Li L, Zhang W, Hu Y, Tong X, Zheng S, Yanet J.
Effect of Convalescent Plasma Therapy on Time to
Clinical Improvement in Patients with Severe and Life-
threatening COVID-19: A Randomized Clinical. JAMA
2020;¢2010044. doi:10.1001/jama.2020.10044.

Cheng Y, Wong R, Soo YO, Wong WS, Lee CK, Ng
MHL, et al. Use of convalescent plasma therapy in SARS
patients in Hong Kong. Eur J Clin Microbiol Infect Dis
2005;24: 44—46.

Iba T, Levy JH, Levi M, Connors JM, Thachil J. Coagu-
lopathy of Coronavirus Disease 2019. Crit Care Med
2020; Epub May 27:10.1097/CCM.0000000000004458.
doi: 10.1097/CCM.0000000000004458.

Thachil J. The versatile heparin in COVID-19. ] Thromb
Haemost. 2020;18:1020-1022

Received: 15 August 2020

Accepted: 17 August 2020

Correspondence:

Susanna Esposito

Pediatric Clinic,

Pietro Barilla Children’s Hospital
Department of Medicine and Surgery
University of Parma

Phone: +39 0521 903524 - +39 0521 704790

E-mail: susanna.esposito@unimi.it



