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Abstract

COVID-19 is a complex disease and many difficulties are faced today especially in the proper choice of pharmacological treat-

ments. The role of antiviral agents for COVID-19 is still being investigated. The evidence for immunomodulatory and anti-

inflammatory drugs is quite conflicting, while the use of corticosteroids is supported by robust evidence. The use of heparins in

hospitalized critically ill patients is preferred over other anticoagulants. Lastly, conflicting data were found regarding to the use

of convalescent plasma and vitamin D. According to data shared by the WHO, many vaccines are under phase 3 clinical trials

and some of them already received the marketing approval in EU countries and in the US. In conclusion, drugs repurposing

has represented the main approach recently used in the treatment of patients with COVID-19. At this moment, the analysis of

efficacy and safety data of drugs and vaccines used in real life context is strongly needed.

1. Introduction

The vast majority of countries around the world are going through the second wave of COVID-19 pandemic,
which constitutes an imminent threat to society, both in terms of human lives’ loss and devastating economic
consequences. Up to December 17th, more than 74,635,000 people have contracted the disease and deaths
exceed 1,657,000 (Worldometer, 2020). Since the beginning of the outbreak, the main features of SARS-
CoV-2, the clinical characteristics of the disease and the role of many pharmacological treatments have been
extensively studied. For instance, nowadays it is well known that the COVID-19 is a complex disease with
several clinical phases of progression, affecting many organs apart from the respiratory tract. Specifically, its
progression seems to follow four main stages (Cordon-Cardo et al., 2020). The first one is the phase during
which the SARS-CoV-2 binds to epithelial cells and starts its replication. This stage occurs in the initial 1-2
days. The main proteins involved in the cell entry of SARS-CoV-2 are ACE2 receptor and TMPRSS2 (Fehr
and Perlman, 2015; Hoffmann et al., 2020) and the soluble form of ACE2 receptor could be the target of
potential therapeutic strategies (Scialo et al., 2020). Many patients can be asymptomatic at this stage and the
innate immune response is commonly limited. In the second stage, the virus migrates down the respiratory
tract, leading to the occurrence of many symptoms, such as fever, cough, shortness of breath, fatigue, muscle
pain, headache, loss of taste or smell, sore throat, nausea or vomiting, and diarrhoea (Liu et al., 2020b). In
this stage the innate immune response is triggered and an increase in the level of CXCL10 or other innate
response cytokine (the so-called ”cytokine storm”) is observed as well (Wang et al., 2011; Qian et al., 2013).
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. The third stage, which commonly occur within 1–2 weeks after symptom onset, is represented by the multi-
system inflammation. Given the seriousness of symptoms (dyspnoea and hypoxia, ground glass infiltrate and
progression to acute respiratory distress syndrome - ARDS), and possible cardiac, kidney, and liver damage),
patients frequently require hospitalization (Guo et al., 2020a). This is also the phase in which abnormal
coagulation biomarkers can be detected (such as, elevated D-dimer), representing sub-clinical progression
toward stage 4. Lastly, a generalized hyper-inflammatory state is common in the stage (Del Valle et al., 2020;
Leppkes et al., 2020). Lastly, a number of patients may reach the most critical and lethal stage (the last one),
which is characterized by endothelial damage, thrombosis, and multi-organ dysfunction. The elevated levels
of von Willebrand factor and endothelialitis together with hyperinflammation and hypercoagulability lead
to microthrombi formation and systemic microvascular dysfunction (Nadkarni et al., 2020). On the other
hand, the combinations of the severe respiratory failure and multi-organ failure, acute neurological disease,
venous and arterial thromboembolic events, contribute to the increase in mortality for patients at this stage.
In figure 1 the main COVID-19 symptoms by organs and tissues are shown. The clinical features of COVID-
19 and the inter-patients variability in its progression demonstrate the complexity of this disease but also
the difficulties faced today in the proper choice of pharmacological treatments and patients’ management.
Several clinical trials and observational studies have been recently carried out worldwide. In the first wave
of COVID-19 pandemic, many drugs have been used in the different phases of the disease. In fact, last May,
we reported an overview of the benefit/risk profile of pharmacological treatments used in patients suffering
from COVID-19 (Scavone et al., 2020). Considering new evidence recently acquired on the effect of different
pharmacological treatments in patients with COVID-19, in this paper we aim to provide an up-to-date
overview of medicines, including antivirals, antinflammatory and immune-modulating drugs, anticoagulants
and other therapies which have been used around the world to treat COVID-19 and the related evidence in
terms of efficacy and safety profile from interventional and observational clinical studies. Lastly, an update
of vaccines under advanced clinical development is provided as well.

2. Clinical evidence of antiviral agents

A large number of antiviral agents, many of which are used for the treatment of other diseases, are currently
undervaluation for COVID-19. The figure 2 shows the main drugs evaluated for COVID-19 and their
mechanisms of action. We reported below those for which clinical evidence on their safety and efficacy is
available.

Remdesivir is an antiviral drug effective against a broad spectrum of RNA viruses (including MERS-CoV
and and SARS-CoV) (Agostini et al., 2018; de Wit et al., 2020; Sheahan et al., 2020). It is a nucleotide
analogue that inhibits the RNA-dependent RNA polymerase (RdRp) essential for viral replication. A ran-
domised, double-blind, placebo-controlled, multicenter trial, conducted on adults (aged [?]18 years) admitted
to hospital with laboratory-confirmed SARS-CoV-2 infection, showed no difference for the time to clinical
improvement between the remdesivir group and the placebo group (Wang et al., 2020b). A randomized,
open-label trial, evaluating the efficacy of 5 or 10 days of remdesivir treatment compared to the standard
care in hospitalized patients with confirmed severe acute respiratory syndrome and moderate COVID-19
pneumonia (pulmonary infiltrates and room-air oxygen saturation >94%), showed that patients treated
with 10-day course of remdesivir had no statistically significant difference in clinical status (at 11 days) com-
pared to standard care. On the contrary, those treated with 5-day course of remdesivir had a statistically
significant difference in clinical status, but the difference was defined as uncertain for clinical importance
(Spinner et al., 2020). A double-blind, randomized, placebo-controlled trial (NIAID-ACTT-1) of intravenous
remdesivir administered to adults hospitalized for COVID-19 showed that remdesivir was superior to placebo
in shortening the time to recovery. Specifically, patients receiving remdesivir had a median recovery time of
10 days (95% confidence interval [CI], 9 to 11) compared with 15 days of patients receiving placebo (95%
CI, 13 to 18) (Beigel et al., 2020). Finally, a randomized, open-label, phase 3 trial on hospitalized patients
with severe COVID-19 not requiring mechanical ventilation, which were randomized to receive intravenous
remdesivir for 5 or 10 days, showed no difference in terms of clinical status between the two groups (Goldman
et al., 2020). A meta-analysis of aforementioned clinical trials showed that the treatment with remdesivir
for 10 days increased the recovery rate at day 14 in severe COVID-19 patients (RR=1.5, 95%CI 1.33-1.7)
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. and at day 28 in moderate and severe COVID-19 patients (RR=1.14, 95%CI 1.06-1.22). Additionally, in
all patients, remdesivir decreased the mortality rate at day 14, but not at day 28. The best response to
remdesivir for both recovery and mortality rates was observed in nonmechanically ventilated COVID-19
patients at day 14 (Elsawah et al., 2020). Among observational data, a study conducted on patients under
mechanical ventilation with confirmed COVID-19 showed a significant beneficial effect of remdesivir on sur-
vival (Pasquini et al., 2020). Moreover, a clinical improvement was also observed in hospitalized patients
with severe COVID-19 who were treated with compassionate-use remdesivir (Grein et al., 2020). Based on
the results of the NIAID-ACTT-1 trial, the European Medicine Agency (EMA) has granted a conditional
marketing authorisation to remdesivir (Veklury©) for the treatment of adults and adolescents from 12 years
of age with COVID-19 pneumonia who require supplemental oxygen. Remdesivir is the first medicine that
was recommended for COVID-19 in Europe with data evaluated in a short timeframe through a rolling review
procedure, which is an approach used during public health emergencies to rapidly evaluate data. However,
on November 20th, 2020 the World Health Organization (WHO) has issued a conditional recommendation
against the use of remdesivir in hospitalized patients with COVID-19, regardless of disease severity, as there
is no evidence demonstrating an improvement of survival or other outcomes during its use in these patients.
This recommendation is based on the interim results of the open-label WHO Solidarity Trial and from data
of 3 other randomized controlled trials, considering data from over 7000 patients across the 4 trials (World
Health Organization). Currently, the Committee for Medicinal Products for Human Use (CHMP) of EMA
is evaluating data on mortality at day 28 derived from the NIAID-ACTT-1 trial. Moreover, the EMA has
requested the full Solidarity data from WHO and the marketing authorisation holder in order to assess,
together with any other relevant available data, if any changes are needed to the marketing authorisati-
on of remdesivir. In terms of safety, the EMA is also evaluating a signal for kidney toxicity, a condition
that could have other causes in COVID-19 patients (European Medicine Agency).Lopinavir/ritonavir is
a combination composed by lopinavir, a protease inhibitor with high specificity for HIV-1 and HIV-2, and
ritonavir, an inhibitor of cytochrome P450 that allows to increase lopinavir plasma concentration (Scavone
et al., 2020). First results from a randomized trials conducted in patients with SARS-CoV-2 infection did
not show any benefit for this combination compared to the standard care alone (Cao et al., 2020; Li et al.,
2020d), even though the triple antiviral therapy (lopinavir/ritonavir, ribavirin, and interferon beta-1b) was
safer and more effective than lopinavir/ritonavir alone (Hung et al., 2020).In addition, the RECOVERY trial
that aimed to compare a range of possible treatments with usual care in patients hospitalized for COVID-19
showed no reductions in 28-day mortality, duration of hospital stay, or risk of progressing to invasive me-
chanical ventilation or death for the lopinavir/ritonavir group (Horby et al., 2020b). A recent meta-analysis,
comparing the treatment with lopinavir/ritonavir with the standard of care/control or any other antiviral
agent/combinations, showed no difference between the lopinavir/ritonavir combination and the standard of
care in terms of progression to more severe state, mortality, and virological cure on days 7-10. Moreover, no
difference in efficacy was observed with lopinavir/ritonavir compared to umifenovir or hydroxychloroquine
(Bhattacharyya et al., 2020). Another meta-analysis demonstrated no significant difference in terms of ne-
gative polymerase chain reaction (PCR) results between patients treated with lopinavir/ritonavir and those
treated with the standard care (Wang et al., 2020a). Data from observational studies revealed no differences
between lopinavir/ritonavir and hydroxychloroquine administered in patients with severe or mild-moderate
COVID-19 (Choi et al., 2020; Karolyi et al., 2020; Lecronier et al., 2020). A retrospective study, conducted
instead in non-severe patients with COVID-19, also showed no improvement in the prognosis or shortening of
clinical course with lopinavir/ritonavir treatment (Gao et al., 2020). On the contrary, a retrospective cohort
study showed that the combined antiviral therapy (lopinavir/ritonavir plus umifenovir) is more effective
than lopinavir/ritonavir monotherapy (Deng et al., 2020). Based on the available evidence, the regular use
of lopinavir/ritonavir in the treatment of COVID-19 cannot be supported. Some evidences suggest its use
as a combination therapy but further clinical trials are needed to evaluate lopinavir/ritonavir’s efficacy and
safety in COVID-19 patients.

Favipiravir is a drug authorized for the treatment of influenza virus infections in Japan. It is a prodrug
converted by intracellular phosphoribosylation into the active form able to inhibit the RdRp. Prelimina-
ry data suggested its safety and efficacy in shortening the time to recovery and in reducing pneumonia
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. symptoms (Scavone et al., 2020; WATANABE et al., 2020). A randomized clinical trial, comparing the
efficacy and safety of favipiravir vs umifenovir in hospitalized patients with COVID-19, demonstrated a
higher efficacy for favipiravir than umifenovir (p= 0.01). Regarding adverse events, liver enzyme abnor-
malities, psychiatric disorders, gastrointestinal symptoms, and serum uric acid elevations were those most
commonly reported (Chen et al., 2020a). An open-label study, evaluating the effects of favipiravir versus
lopinavir/ritonavir in patients with COVID-19 who were also treated with aerosol inhalation of interferon
(IFN)-α, showed a faster viral clearance and a better chest computed tomography change for the favipiravir
group. Additionally, fewer adverse events were observed in the favipiravir group than lopinavir/ritonavir
group (Cai et al., 2020). On the contrary, the combination favipiravir and inhaled IFN beta-1b showed
no difference for inflammatory biomarkers at hospital discharge and for the overall length of hospital stay
when compared to hydroxychloroquine(Khamis et al., 2020). Another study, aiming to evaluate the clinical
outcomes and plasma concentrations of baloxavir marboxil and favipiravir in COVID-19 patients, failed in
demonstrating a virological effect and clinical benefits of these two drugs. Authors concluded that this result
could be determined by the insufficient concentrations of these drugs relative to their antiviral activities
(Lou et al., 2020). An adaptive, multicenter, open label, randomized, phase II/III clinical trial of favipi-
ravir versus standard of care in hospitalized patients with moderate COVID-19 pneumonia demonstrated
a rapid antiviral response with favipiravir (Ivashchenko et al., 2020). Based on these preliminary results,
the Russian Ministry of Health granted, in May 2020, a fast-track marketing authorization to favipiravir
for the treatment of COVID-19 patients. A meta-analysis of some aforementioned clinical trials showed a
significant clinical and radiological improvement with favipiravir compared to the standard of care, but no
significant difference with regards to viral clearance, oxygen support requirement, or side effects (Shrestha
et al., 2020). Currently, two clinical trials are ongoing to evaluate the efficacy and safety of favipiravir
alone (NCT04336904) or in combination with tocilizumab (NCT04310228) for the treatment of COVID-19.
The promising effectiveness of favipiravir for COVID-19 was also showed in a retrospective observational
study (Rattanaumpawan et al., 2020). Based on the available evidence, favipiravir is effective in alleviate
symptoms and in the clinical improvement of COVID-19 patients but further studies are need to prove its
benefit in terms of viral clearance, oxygen support requirement, and mortality.Darunavir/cobicistat is
another agent considered as a potential treatment for SARS-CoV-2 infection. Darunavir is an inhibitor of
dimerization and of the HIV-1 protease, while cobicistat is an inhibitor of cytochromes P450 that increases
darunavir plasma concentration (Deeks, 2018). Today, there are conflicting in vitro data on the effect of
darunavir in inhibiting SARS-CoV-2 viral replication (Alshaeri and Natto, 2020; De Meyer et al., 2020).
Results from a single-center, randomized, and open-label trial of darunavir/cobicistat plus interferon alpha
2b vs interferon alpha 2b alone in COVID-19 patients showed no difference in the proportion of negative
PCR results at day 7 between the two groups (Chen et al., 2020b). Nicolini et al reported the results on the
real-life use of darunavir/cobicistat in severe COVID-19 patients. Their findings showed that, although well
tolerated, this treatment did not reduce mortality in COVID-19 (Nicolini et al., 2020). On the contrary, a
case-control study showed a lower mortality for darunavir/cobicistat group than the control group (Odds
Ratio, OR 0.07, 95%CI 0.01-0.52, p=0.009) in critically ill patients with SARS-CoV-2 infection (Kim et al.,
2020).Triazavirin , a guanosine nucleotide analogue that inhibits RNA synthesis, was compared to placebo
in a pilot randomized controlled trial for the treatment of COVID-19. This study found no difference in
the time to clinical improvement between groups in spite of a less frequent use of concomitant therapies for
respiratory, cardiac, renal, hepatic, or coagulation supports in the triazavirin group (Wu et al., 2020). Cur-
rently, a randomized, phase 2/3 clinical trial is evaluating the effects of triazavirin vs. placebo in inpatients
with mild-moderate COVID-19 (the study will end at December 31, 2021) (NCT04581915).Umifenovir is
a membrane hemagglutinin fusion inhibitor that blocks the attachment of viral envelope protein to host
cells (Liu et al., 2020a). As mentioned above, some clinical trials failed to prove a clinical benefit with
umifenovir compared to supportive care (Li et al., 2020d) or favipiravir (Chen et al., 2020a) in COVID-19
patients. However, an observational study suggested its superiority to lopinavir/ritonavir in shortening the
duration of positive RNA in COVID-19 patients (Zhu et al., 2020). Clinical trials are ongoing to evalu-
ate the efficacy and safety of umifenovir (NCT04260594) or umifenovir, oseltamivir, and lopinavir/ritonavir
(NCT04255017) for the treatment of COVID-19.Danoprevir is a hepatitis C virus NS3 protease inhibitor
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. that was firstly evaluated compared to lopinavir/ritonavir in COVID-19 patients. The study found that
the group treated with danoprevir had a shorter mean time to achieve both negative nucleic acid testing
and hospital stays than lopinavir/ritonavir group (Zhang et al., 2020c). Two clinical trials are ongoing to
evaluate the efficacy and safety of danoprevir in combination with ritonavir (NCT04345276) or ritonavir plus
interferon (NCT04291729).Sofosbuvir and daclatasvir are direct-acting antivirals that represent potential
candidates for the treatment of COVID-19. A trial, evaluating the effectiveness of sofosbuvir and daclatasvir
compared to ribavirin in patients with severe COVID-19, showed a relative risk of death of 0.17 (95% CI
0.04-0.73, P = 0.02) for the sofosbuvir/daclatasvir group (Eslami et al., 2020). Similarly, an open-label,
multicentre, randomized controlled clinical trial conducted in adults with moderate or severe COVID-19
showed that the group treated with sofosbuvir/daclatasvir plus standard care had a significant reduction
of the duration of hospital stay compared with standard care alone (Sadeghi et al., 2020). A single-centre,
randomized, controlled trial of adults with moderate COVID-19, comparing the treatment with sofosbuvir,
daclatasvir, and ribavirin to the standard care, demonstrated instead no difference in terms of median du-
ration of hospital stay, number of Intensive care Unit (ICU) admissions, and the number of deaths between
groups, but the cumulative incidence of recovery was higher in the sofosbuvir/daclatasvir/ribavirin group
(Abbaspour Kasgari et al., 2020). All studies highlight the need of further investigations in larger clinical
trials.Nafamostat and camostat mesilate are inhibitors of TMPRSS211, a protease fundamental for the
penetration of coronaviruses into the cell (Mascolo et al., 2020). First evidence showed a clinical improve-
ment with the use of nafamostat and hydroxychloroquine, or nafamostat and favipiravir in severe COVID-19
patients (Doi et al., 2020; Iwasaka et al., 2020). Moreover, nafamostat was also effective in three cases of
elderly patients with COVID-19 pneumonia. Both drugs are currently undervaluation in different clinical
trials (www.clinicaltrials.gov).Ivermectin , a drug used for parasite infestations, has the ability to reduce, in
vitro, the viral RNA of SARS-CoV-2 (Caly et al., 2020). Today, clinical observational data on the use of this
medicine are conflicting. The ICON study, a chart review of consecutive patients hospitalized with confirmed
COVID-19 treated with or without ivermectin (200 μg/kg at day 1 and at the discretion of the physician at
day 7), showed a lower mortality in the ivermectin group, but no difference was found for the extubation
rates or length of stay (Rajter et al., 2020). Another retrospective study conducted in hospitalized patients
with COVID showed that a single dose of ivermectin (200 μg/kg) did not improve clinical and microbiological
outcomes of patients with severe COVID-19. However, as Authors stated, the drug was given at late stages
of infection (median 12 days after the start of symptoms) and at a standard single dose that could be lower
than the half maximal inhibitory concentration (IC50) needed for SARS-CoV-2 infection (Camprub́ı et al.,
2020). Ivermectin is also undervaluation in different clinical trials (www.clinicaltrials.gov). Preliminary re-
sults from a randomized, controlled, phase 3, clinical trials, evaluating the recovery from COVID-19, showed
the efficacy of the combination ivermectin and doxycycline compared to placebo (NCT04523831). Finally,
monoclonal antibodies (figure 2), such as meplazumab ,REGN-COV2 , and bamlanivimab , have been
developed to prevent the viral attachment of SARS-CoV-2 to host cells.

Meplazumab is listed among antiviral agents because, based on its mechanism of action, it can control the
virus replication. In fact, it is an inhibitor of CD147, a glycoprotein involved in the viral entry of SARS-CoV-
2 by interacting with the coronavirus S protein. CD147 also has a pro-inflammatory activity and regulates
cytokine secretion and leukocytes chemotaxis during viral infections. Preliminary results showed that me-
plazumab compared to the control group was associated with a faster improvement of pneumonia (Bian et
al., 2020). Two clinical trials are ongoing to evaluate the safety and efficacy of meplazumab in patients with
COVID-19 (NCT04275245, NCT04586153).REGN-COV2 is a cocktail of two potent monoclonal antibo-
dies (casirivimab and imdevimab) targeting the spike protein of SARS-CoV-2. First descriptive data showed
that REGN-COV2 is able to reduce the viral load and the time to alleviate symptoms in non-hospitalized
patients with COVID-19. Moreover, REGN-COV2 also showed positive trends in reducing medical visits
(Regeneron Pharmaceuticals). Clinical trials are currently ongoing to evaluate its efficacy and safety for the
treatment (NCT04425629, NCT04426695, NCT04381936) or prevention (NCT04452318) of COVID-19, and
a clinical trial is ongoing to assess its safety, tolerability, pharmacokinetics, and immunogenicity in healthy
adult volunteers (NCT04519437). On November 21st, 2020 The U.S. Food and Drug Administration (FDA)
granted an emergency authorization for casirivimab and imdevimab for the treatment of mild to moderate
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. COVID-19 in adults and paediatric patients ([?] 12 years and weighing at least 40 Kg) with positive results
of direct SARS-CoV-2 viral testing and who are at high risk for progressing to severe COVID-19. This
approval based on data from a clinical trial demonstrating a reduction of COVID-19-related hospitalization
or emergency room visits within 28 days after treatment in patients at high risk for disease progression (Food
and Drug Administration).Bamlanivimab is a recombinant, human IgG1 monoclonal antibody (mAb) di-
rected against the spike protein of SARS-CoV-2. Recently, a Phase 1 study of bamlanivimab in hospitalized
patients with COVID-19 was successfully completed (NCT04411628) (Eli Lilly and Company), and an in-
terim analysis of an ongoing phase 2 clinical trial in outpatients with recently diagnosed mild or moderate
COVID-19 (BLAZE-1, NCT04427501) showed that one of three doses of bamlanivimab accelerates the natu-
ral decline in viral load over time (Chen et al., 2020c). Moreover, bamlanivimab has demonstrated to reduce
hospitalizations and symptoms compared to placebo, with the most pronounced effects observed in high-risk
patients (Chen et al., 2020c). Based on these results, on November 9th, 2020 bamlanivimab was authorized
by the U.S. FDA, as emergency use, for the treatment of mild to moderate COVID-19 in adults and pae-
diatric patients ([?] 12 years), who are at high risk for progressing to severe COVID-19 or hospitalization.
Bamlanivimab is recommended to be administered as soon as possible after a positive COVID-19 test and
within 10 days of symptom onset (Eli Lilly and Company). Currently, bamlanivimab is being evaluated in
a phase 3 clinical trial assessing the prevention of COVID-19 in residents and staff at long-term care facili-
ties (BLAZE-2, NCT04497987), and in the National Institutes of Health-led ACTIV-2 study in ambulatory
COVID-19 patients (Eli Lilly and Company). Both bamlanivimab and REGN-COV2 are not authorized for
use in hospitalized patients or in patients requiring oxygen therapy due to COVID-19 as they resulted most
effective when given to a patient shortly after diagnosis, and in patients who have high viral load or who have
not yet mounted their own immune response. Other drugs potential therapeutics candidates for COVID-19,
not mentioned above, for which we have less evidence are: azidovudine, galidesivir, tenofovir, lepidasvir,
velpatasvir (Alshaeri and Natto, 2020; Scavone et al., 2020). In conclusion, the role of antiviral agents
for COVID-19 is still being investigated and the few data available does not allow making any conclusion.
Remdesivir is the only one recommended in Europe for COVID-19 but it was also recently questioned for
efficacy and safety and it is currently undervaluation by the EMA. Regarding monoclonal antibodies, such
as bamlanivimab, which is indicated in patients at high risk of hospitalization, a question should be raised:
“how to define who might be at risk of hospitalization, since individuals who go to hospital are frequently
difficult to predict?”. Moreover, the place in therapy of bamlanivimab and REGN-COV2 is tricky too; it
would be interesting to understand which type of patients would benefit from these therapies.

Lastly, a new monoclonal antibody is currently under early stage of development in Italy at the MAD
(Monoclonal Antibody Discovery) Lab of the Fondazione Toscana Life Sciences. This investigational therapy
was obtained starting from convalescent plasma. At this moment, researchers found that the antibody is
able to bind the spike protein and disable the virus. Thus, this therapy could serve both to prevent and
treat Covid-19 (The Florentine, 2020).

3. Clinical evidence of immunomodulatory and anti-inflammatory agents

Since the beginning of the COVID-19 pandemic, the determining role of inflammatory cytokines in the
worsening of clinical conditions has been identified. Indeed, one of the reasons underlying the occurrence of
serious symptoms (figure 1) associated with the clinical progression of SARS-CoV-2 infection is represented
by the increase in levels of pro-inflammatory cytokines, mainly interleukins, granulocyte-colony stimulating
factor and TNF-α. These molecules are responsible for the so-called cytokine storm that, in turn, induces
ARDS, organ failure and sepsis (Guo et al., 2020b). Many drugs, acting through different mechanisms, are
able to block or reduce the effects mediated by the cytokines storm (figure 2).

Tocilizumab was one of the most studied drugs able to reduce the hyperinflammatory state associated
with COVID-19. It is a monoclonal antibody (figure 2), authorized for the treatment of many diseases,
including rheumatoid arthritis, which is active against the interleukin-6 receptor, one of the key mediators
of the inflammatory process (Scott, 2017). At the beginning of the pandemic, the drug was tested in China
to reduce lung complications in 20 patients with severe SARS-CoV-2 infection, being associated with a re-
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. duction of oxygen requirement, resolution of CT lesions, normalization of lymphocyte count, reduction of
C-reactive protein levels and hospital discharge (Xu et al., 2020). Few months ago, many trials evaluat-
ing the effects of tocilizumab started in Italy, after the approval of the Italian Medicine Agency and the
Spallanzani Ethics Committee. However, despite the encouraging preliminary results, the availability of
new evidence from other ongoing clinical trials has marked a change of course. Indeed, the study carried
out by the Local Health Unit-IRCCS of Reggio Emilia (which evaluated the efficacy of tocilizumab at an
early stage in patients with COVID-19 pneumonia who did not require invasive or semi-invasive mechanical
ventilation procedures invasive) was earlier stopped, after the enrolment of 126 patients. The reason for
the early conclusion lies in the absence of proof of benefit in treated patients either in terms of worsening
(access to the ICU) or survival (Italian Medicine Agency, 2020a). Similarly, the results of the COVACTA
trial, who was ongoing when we published our first paper (Scavone et al., 2020), did not reveal a benefit
of tocilizumab over placebo in patients with severe COVID-19 pneumonia. Indeed, as reported in a press
document released by the pharmaceutical company, no difference in clinical status between patients treated
with tocilizumab and placebo were found (primary endpoint). In addition, no differences between groups
were found regarding to the percentage of patients who died by week four and in ventilator-free days (Roche,
2020). Despite the negative results of these trials, tocilizumab was associated with positive outcome in
other clinical studies, both interventional and observational. For instance, the single arm trial TOVICID-19
evaluated the effects of tocilizumab in hospitalized patients with SARS-CoV-2 infection, oxygen saturation
at rest in ambient air [?] 93% or required oxygen support or mechanical ventilation either non-invasive or
invasive. One hundred and eighty patients received a dose of 8 mg/kg up to a maximum of 800 mg per
dose and a second administration 12 h after the first one if respiratory function did not recover. The results
revealed that the treatment with tocilizumab seems to reduce lethality at 30 days, although its impact at
14 days seems less relevant (Perrone et al., 2020). Lewis TC et al. reported the results of an observational
cohort study of patients hospitalized at 3 hospitals within the NYU Langone Health system in New York
who received tocilizumab 400-mg IV once in addition to standard of care or standard of care alone. Out of
3,580 patients, 497 were treated with tocilizumab. The propensity score analysis showed that a lower num-
ber of death occurred in tocilizumab-treated patients and that tocilizumab was associated with improved
survival compared to controls (p>0.001). No difference were found between groups in term of adjusted
time to hospital discharge, while patients treated with tocilizumab had longer adjusted ICU length of stay
and a higher adjusted infection rate (both p>0.001) than controls (Lewis et al., 2020). Tleyjeh IM et al.
carried out a systematic review and meta-analysis of 24 studies, including 5 randomized controlled trials
and 19 observational studies (enrolling 1,325 and 10,021 patients, respectively). The results of this study
demonstrated that tocilizumab is able to reduce the risk of mechanical ventilation in hospitalized COVID-19
patients but not the short-term mortality, at least according to the results of randomized controlled trials. On
the contrary, data from observational studies suggested an association between tocilizumab and lower mor-
tality. Authors suggested that many reasons could explain differences found for the effect on the mortality,
including the enrolment of different patient populations, a different inflammatory status, and timing/dosing
of tocilizumab. Furthermore, in order to be sufficiently powered to detect a difference in mortality between
tocilizumab and control groups, the sample size of clinical trials should have been substantially higher. In
terms of safety profile, no higher risk of infections or any other adverse events was found with tocilizumab
use (Tleyjeh et al., 2020). Given the evidence currently available on the effects of tocilizumab in COVID-
19 patients no firm conclusion can be drawn. We still have to wait for the results of other studies, such
those from the RECOVERY trial, which is currently evaluating the efficacy of tocilizumab and other drugs,
including low-dose dexamethasone, colchicine, convalescent plasma, REGN-COV2 and aspirin (University
of Oxford, 2020b). Furthermore, biochemical parameters like serum IL6 levels and TH17 cells may con-
tribute to select subgroups of COVID-19 patients that would specifically benefit from the treatment with
Tocilizumab, according to the view of a personalized therapy in such patients (Cacciapuoti et al., 2020).
Conflicting results were also obtained for sarilumab (figure 2), a drug belonging to the same drug class
of tocilizumab. In our first document (Scavone et al., 2020), we stated that three randomized controlled
trials were underway. Nowadays, the results of one trial investigating the effects of sarilumab in severely or
critically ill patients hospitalized with COVID-19 did not meet its primary and secondary endpoints (Sanofi,
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. 2020b). Other studies, mainly observational, that investigated the effects of sarilumab were carried out on
a very limited number of patients. For instance, Benucci M et al. evaluated the efficacy of sarilumab in 8
patients (mean age: 62 years) hospitalized at the San Giovanni di Dio Hospital (Florence, Italy). The drug
was administered in a dose of 400 mg in combination with hydroxychloroquine, azithromycin, darunavir, co-
bicistat and enoxaparin. Seven patients had an improvement of the Horovitz index (oxygenation expressed
by an increased SpO2/FiO2 ratio). A progressive reduction in the serum amyloid A and CRP inflammation
parameters was observed and patients were discharge within 14 days of hospitalization (Benucci et al., 2020).
Another study, carried out at the Fondazione Policlinico Universitario A. Gemelli-IRCCS (Italy), evaluated
the effects of sarilumab in 53 patients (median age: 66 years) with severe COVID-19. Almost 70% of patients
were also treated with darunavir/ritonavir, 24% with lopinavir/ritonavir, while the remaining patients did
not receive antiviral treatment. Hydroxychloroquine, heparin and azithromycin were administered in 94,3%,
74,9% and 54,7% of patients, respectively. Thirty-nine patients were treated in medical wards (the majority
with a single infusion), while 14 in ICU (the majority with two infusions). Among patients who received
the drug in the medical wards, at 19 days median follow-up, almost 90% significantly improved. Among
patients who received sarilumab in ICU, almost 36% were still alive at the last follow-up. The overall mor-
tality rate was 5,7% (Gremese et al., 2020). A further retrospective study was carried out at the Azienda
Ospedaliera dei Colli – Cotugno Hospital (South of Italy) on 15 patients (12 treated with a single dose and
3 with two infusions). All patients received hydroxychloroquine, lopinavir/ritonavir and heparin, while 11
patients were also treated with methylprednisolone. Improvements in respiratory parameters were observed
in 10 patients after sarilumab administration. Five patients who received sarilumab died (Montesarchio et
al., 2020). Overall, the majority of clinical studies carried out on sarilumab were observational and limited
by a low number of patients. In addition, many other drugs were co-administered. Therefore, it is not
easy to fully appreciate the positive effect deriving from sarilumab administration. Thus, also for this drug
further clinical data are strongly needed.Chloroquine and hydroxychloroquine (figure 2) are noteworthy
too. These are antimalarial drugs that have also been used for the treatment of different rheumatic diseases
(Mascolo et al., 2018). Both drugs show many pharmacological effects, including the stabilization of the
lysosomal membranes, the inhibition of prostaglandin synthesis, polymorphonuclear chemotaxis and phago-
cytosis and a possible interference with the production of interleukin 1 by monocytes and inhibition of the
release of superoxide by neutrophils (Italian Medicine Agency). These drugs have demonstrated to be effec-
tive in inhibiting the replication of SARS-CoV-2 in experimental models (figure 2) (Italian Medicine Agency)
and have been increasingly tested for COVID-19 in many clinical studies. Specifically, many studies, which
are currently ongoing, are evaluating the effects of hydroxychloroquine as prophylactic agent (Lother et al.,
2020; Niriella et al., 2020; Tirupakuzhi Vijayaraghavan et al., 2020). At the moment, only one randomized,
double-blind, placebo-controlled study on the prophylactic role of hydroxychloroquine was concluded. The
trial enrolled 821 subjects who had had family or occupational exposure with a subject with COVID-19.
According to the study results, there was no difference in the incidence of new onset of COVID-19 between
participants treated with hydroxychloroquine (11.8%) and those who received placebo (14.3%). Adverse
events were more commonly observed with hydroxychloroquine than with placebo, although no serious ad-
verse reactions were reported (Boulware et al., 2020). Many clinical trials evaluated the efficacy and safety
of hydroxychloroquine, alone or in combination with azithromycin, as therapeutic agent. Gautret P et
al. carried out a single-arm interventional study, which evaluated the effects of hydroxychloroquine (plus
azithromycin) in 36 hospitalized patients with COVID-19. Authors reported that a significant reduction in
viral load was found on day 6 in patients treated with hydroxychloroquine compared to controls. The addi-
tion of azithromycin to hydroxychloroquine therapy significantly contributed to the reduction of viral load
(Gautret et al., 2020). Another study enrolled 11 hospitalized patients treated with hydroxychloroquine and
azithromycin. After 5-6 days of starting treatment, the nasopharyngeal swab gave a positive result in 8/10
patients. These virological results are in contrast with those reported by Gautret et al. and raise doubts
about the effectiveness of the drugs combination (Molina et al., 2020). A further study found no difference
in viral load reduction and clinical outcomes between hydroxychloroquine and standard of care (CHEN et
al., 2020). In addition, the results of the randomized clinical study by Tang et al., which was carried out
on 150 hospitalized patients with COVID-19 (148 with mild to moderate disease and 2 with severe disease),
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. did not show any difference on the viral clearance at 28 days. The only positive result came from a post hoc
analysis in a subgroup of patients who did not take antivirals in which a greater effect on symptoms was
observed (Tang et al., 2020). Similarly, the results of a randomized, double-blind, placebo-controlled clinical
trial (carried out in 491 outpatients at an early stage of COVID-19) found no differences in symptom severity
over 14 days between hydroxychloroquine and placebo (relative difference 12%; p=0.117). (Skipper et al.,
2020). Huang et al. conducted a randomized study that showed no significant differences up to 14 days, in
terms of viral clearance and improvement on CT scan between chloroquine and lopinavir/ritonavir, but on
day 14, 100% of patients treated with chloroquine were discharged from the hospital, compared with 50%
in the lopinavir / ritonavir group. However, it should be underlined that patients in the chloroquine group
were younger and they had started the treatment earlier (Huang et al., 2020). Lastly, the preliminary results
of the SOLIDARITY study seem to suggest that hydroxychloroquine, the combination lopinavir / ritonavir
and IFN-based regimens have little or no effect on mortality at 28 days or on hospital course (World Health
Organization, 2020c). Alongside with data on the efficacy profile of chloroquine and hydroxychloroquine,
many data on the safety profile of both drugs were collected as well. For example, a recent warning discour-
aged the friendly use of chloroquine in the COVID-19 disease due to the possible side effects (like a severe
haemolytic crisis) in G6PD deficient males and in unaware carriers of the disease, that are estimated to be
about 400 million worldwide (Capoluongo et al., 2020). Based on these, the main regulatory agencies have
issued many recommendations for clinicians. For instance, the EMA drew the attention on risks of serious
adverse reactions (including heart rhythm disturbances) (European Medicine Agency, 2020a), highlighting
the need for prescribers to closely monitor patients treated with both drugs (European Medicine Agency,
2020b). In addition, the European agency recommended the use of these medicines only in clinical trials
or in national emergency management programs in hospitalized patients under close monitoring (European
Medicine agency, 2020). The FDA has also highlighted the need for patients’ monitoring when treated with
hydroxychloroquine, especially regarding to the risk of severe changes in heart rhythm (tachycardia, atrial
fibrillation and torsades de pointes), observed in patients treated with these drugs often in combination with
azithromycin and other drugs able to prolong the QT (US Food and Drug Administration, 2020a). The
American agency also recommended the use of chloroquine and hydroxychloroquine only in the context of
clinical trials and revoked, in June 2020, the previously granted Emergency Use Authorization (US Food
and Drug Administration, 2020a). In May 2020, the World Health Organization (WHO) suspended the hy-
droxychloroquine treatment arm in the multicentre clinical trial SOLIDARITY (World Health Organization,
2020e). In June 2020, the hydroxychloroquine treatment arm was reopened for enrolments, only to be per-
manently closed in the same month (Italian Medicine Agency, 2020b). Lastly, on November 2020, the PRAC
of the EMA recommended updating the product information for chloroquine or hydroxychloroquine due to
the risk of psychiatric disorders and suicidal behaviour (European Medicine Agency, 2020d). In conclusion,
data related to the efficacy and safety profile of antimalarial drugs are quite conflicting. We should wait for
the results of clinical trials currently ongoing in COVID-19 patients (www.clinicaltrials.gov). At the time
of the publication of our first paper (Scavone et al., 2020), the evidence on the efficacy of corticosteroids
in patients with COVID-19 was quite conflicting. Nowadays, we know that these drugs, especially dexam-
ethasone and methylprednisolone, could be considered one of the mainstays in the treatment of COVID-19,
especially for patients with severe disease, to prevent its worsening and complications and to resolve its se-
rious symptoms. As reported in figure 2, corticosteroids are associated with multiple mechanisms, including
the increase in the gene transcription of anti-inflammatory cytokines, the decrease in gene transcription of
pro-inflammatory cytokines, chemokines, and adhesion molecules and a reduction in inflammatory response.
All these effects seem to be responsible of the counteraction of the cytokine storm caused by SARS-CoV-2
infection. First and foremost, the preliminary results of the RECOVERY trial, which were recently published
on the NEJM, provided the most significant evidence supporting the use of dexamethasone. In this con-
trolled, open-label trial, patients were randomized to receive oral or intravenous dexamethasone 6 mg/day
for up to 10 days (n=2,104) or the usual care alone (n=4,321). Within 28 days after randomization, 22.9% of
patients treated with dexamethasone and 25.7% of patients in the usual care group died (age-adjusted rate
ratio, 0.83; 95% confidence interval [CI], 0.75 to 0.93; P<0.001). According to the level of respiratory sup-
port, the incidence of death was lower in dexamethasone group among patients receiving invasive mechanical
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. ventilation or oxygen without invasive mechanical ventilation (Horby et al., 2020a). These results, together
with those obtained from other randomized clinical studies (Angus et al., 2020; Dequin et al., 2020; Jeronimo
et al., 2020; Tomazini et al., 2020), showed that dexamethasone could be considered a treatment option in
hospitalized subjects with severe COVID-19 infection who require oxygen therapy, whether or not they have
mechanical ventilation (invasive or not invasive). Based on the preliminary results of RECOVERY trial,
on September 2020 the CHMP of the EMA concluded that dexamethasone can be considered a treatment
option for patients who require oxygen therapy and the EMA is endorsing the use of this drug in adults and
adolescents (from 12 years of age and weighing at least 40 kg) who require supplemental oxygen therapy
at a dose of 6 milligrams once a day for up to 10 days (European Medicine Agency, 2020c). Recently the
WHO REACT Working Group carried out a meta-analysis of seven randomized clinical trials that evaluated
the efficacy of corticosteroids (dexamethasone, hydrocortisone, or methylprednisolone) in 1,703 critically ill
patients with COVID-19 on all-cause mortality at 28 days and the occurrence of serious adverse events. The
results showed that, compared with usual care or placebo, the OR for the association with mortality was 0.64
(p<0.001) for dexamethasone, 0.69 (p=0.13) for hydrocortisone and 0.91 (p=0.87) for methylprednisolone.
Sixty-four serious adverse events were observed among patients randomized to corticosteroids and eighty
serious adverse events among patients randomized to usual care or placebo. Authors concluded that the
administration of systemic corticosteroids, compared with usual care or placebo, was associated with lower
28-day all-cause mortality (Sterne et al., 2020). Lastly, several clinical trials are currently underway or in
development to evaluate corticosteroids for the treatment of COVID-19 (www.clinicaltrials.gov). Similarly to
corticosteroids, nonsteroidal anti-inflammatory drugs (NSAIDs) (figure 2) and paracetamol represent
valuable therapeutic options in patients with COVID-19, especially for outpatients at early stage (not severe
form), to treat fever and muscle pain. At the beginning of the outbreak, the role of NSAIDs was misjudged
due to some concerns that arose from few studies (Capuano et al., 2020b). Specifically, in 2009 a group of
researchers from the University of Rochester highlighted that NSAIDs might lower host defence following
infection or vaccination (Bancos et al., 2009). On April 2019 the French regulatory agency reported the
results of a survey carried out by the regional pharmacovigilance centres of Tours and Marseille in which
serious infectious complications occurred in patients receiving NSAIDs, mainly ibuprofen and ketoprofen,
used in the treatment of fever and pain (ANSM, 2019). On March 2020, the French Minister of Health
recommended the use of paracetamol instead of ibuprofen or oral cortisone for the treatment of fever in
patients with COVID-19. This statement was supported also by the French Authorities, which announced
that NSAIDs might worsen clinical conditions of patients with COVID-19 (Le monde, 2020; Ministère de la
Santé, 2020). Recently few clinical data have become available, mainly from observational studies, regarding
to the use of NSAIDs in patients with COVID-19. For instance, Rinott E et al. carried out a retrospective
cohort study on 403 patients with COVID-19. The authors evaluated the association between the use of
ibuprofen, administered from a week before diagnosis of COVID-19 throughout the disease, and the mor-
tality and the need for respiratory support. Of the entire cohort, 87 patients received ibuprofen and 316
did not. No significant difference was found between groups in terms of mortality and respiratory support.
The comparison of ibuprofen users with paracetamol users did not reveal any difference in mortality rates
or the need for respiratory support (Rinott et al., 2020). A prospective cohort study enrolled patients with
COVID-19, who were interviewed about NSAID use and infection outcomes (such as death, admission, seve-
rity, time to clinical improvement, oxygen requirement and length of stay) through a telephone questionnaire.
According to study’s results, neither the acute use of ibuprofen nor chronic NSAID use were associated with
a greater risk of mortality compared to non-use (adjusted HR: 0.632 [95% CI 0.073-5.441; P = 0.6758 and
adjusted HR 0.492 [95% CI 0.178-1.362; P = 0.1721], respectively) (Abu Esba et al., 2020). Lastly, a further
multicentre, observational study, which collected data related to 1222 patients with COVID-19 admitted to
eight UK hospitals (of whom 54 were routinely prescribed NSAIDs prior to admission), found no evidence
that routine NSAID use was associated with higher COVID-19 mortality (Bruce et al., 2020). Other drugs
able to reduce the hyperinflammation are currently under evaluation in patients with COVID-19, including
baricitinib, ruxolitinib, aviptadil and eculizumab. For instance, the effects ofbaricitinib , a Janus kinase
(JAK) inhibitor authorized for the treatment of rheumatoid arthritis and able to suppress the cytokine storm
and to interrupt the passage and intracellular assembly of SARS-CoV-2 into the target cells (Zhang et al.,
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. 2020b), were evaluated in 12 patients with mild-moderate COVID-19 pneumonia. At week 1 and week 2, the
drug demonstrated to improve the clinical and laboratory parameters and none of the patients required ICU
support. Even though encouraging, this study enrolled a limited number of patients, had no randomization
and no control group (Cantini et al., 2020a). The same research group carried out an observational, retro-
spective, multicentre study in hospitalized patients with moderate COVID-19 pneumonia to compare the
2-week effectiveness and safety of baricitinib and lopinavir/ritonavir (n=113) vs. hydroxychloroquine and
lopinavir/ritonavir (n=78). The results showed that the fatality rate was significantly lower among patients
treated with baricitinib (0% vs. 6.4%; p= 0.010). Similarly, ICU admission was significantly lower among
patients treated with baricitinib (0.88% vs. 17.9%) (Cantini et al., 2020b). The drug was also used in a
patient with severe COVID-19 with insufficient response to lopinavir/ritonavir, hydroxychloroquine, azithro-
mycin and sarilumab. Authors reported that after the administration of baricitinib, the patient experienced
a prompt resolution of the respiratory function and improvement in the radiological findings (Cingolani et
al., 2020). Based on data currently available, no firm conclusion can be drawn on the effects of baricitinib
in COVID-19 patients. In addition, due to a possible increased risk of herpes zoster and simplex infecti-
ons, a group of Italian researchers suggested that the use of baricitinib should be considered with extreme
caution (Favalli et al., 2020). Ruxolitinib is a Janus kinase (JAK) 1 and JAK2 inhibitor authorized for
the treatment of myeloproliferative malignancies (El Bairi et al., 2020). The effects of the drug were eva-
luated in the RUXCOVID study, a phase III, multicentre, randomised and placebo-controlled trial, but its
results are still not available. Furthermore, the drug is currently evaluated in the RUXCOVID-DEVENT trial
(NCT04377620) in COVID-19 patients with ARDS requiring mechanical ventilation.Aviptadil is a synthe-
tic vasoactive intestinal polypeptide (VIP), which increases the activity of adenosine cyclase (Leuchte et al.,
2008). By acting as a weak pulmonary vasodilator, the drug is able to improve the oxygenation in patients
with chronic lung disease (Ferrara et al., 2005). Currently, many clinical studies are evaluating the effects of
aviptadil as therapeutic or prophylactic agent. For instance, clinical trials NCT04311697 and NCT04360096
are investigating the effects of aviptadil on acute lung injury, ARDS, and dyspnoea associated with COVID-
19, while the phase I study NCT04536350 will evaluate the prophylactic effect of aviptadil for COVID-19 in
80 participants (at this moment all studies are still recruiting participants) (www.clinicaltrials.gov). Lastly,
two recent studies highlighted the benefits deriving from the treatment with eculizumab (Annane et al.,
2020; Laurence et al., 2020). This is a monoclonal antibody approved for the treatment of atypical haemolytic
uremic syndrome, refractory generalized myasthenia gravis and neuromyelitis spectrum disorders. The drug
is able to inhibit the terminal portion of the complement cascade involved in the inflammatory response
(Gralinski et al., 2018). The study carried out by Laurence J et al. reported the experience of 3 critical
COVID-19 patients who experienced a marked decline in D-dimers and neutrophil counts after eculizumab
treatment (Laurence et al., 2020). The results of the proof-of-concept study carried out by Annane D et al.
showed that, in a population of 80 patients with severe COVID-19 admitted to ICU, the estimated survival
was 82.9% with eculizumab and 62.2% without eculizumab (log-rank test, P = 0.04). Based also on the
positive results on rapid decrease in lactate, blood urea nitrogen, bilirubin levels and a rapid increase in pla-
telet count and prothrombin time observed with eculizumab, authors suggested that the drug could improve
survival and reduce hypoxia in patients with severe COVID-19 (Annane et al., 2020). In conclusion, many
immunomodulatory and anti-inflammatory drugs have been tested in patients with COVID-19, but today the
evidence is quite conflicting for most of them. In addition, many of the published studies are observational
or suffer from many limitations, including the lack of a sample size calculation or control groups and the use
of surrogate endpoints (viral load instead of mortality rate). At present, the highest number of concluded
clinical studies was found for tocilizumab, hydroxychloroquine and corticosteroids. Among these drugs, only
the use of corticosteroids seems to be supported by robust evidence, while data related to the efficacy and
safety of tocilizumab and hydroxychloroquine are quite conflicting. Therefore, further data from randomized
controlled trial or well-designed observational studies are strongly needed.

4. Anticoagulant and antiplatelet drugs

As shown in figure 1, among the most serious clinical complications of COVID-19, there is the onset of a
coagulopathy that accompanied by an hyperinflammatory state (representing the so-called cytokine storm)
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. and progression to multiple-organ dysfunction is a cause of death in COVID-19 patients along with respiratory
failure (Asakura and Ogawa, 2020). Firstly, the state of hyperinflammation and hypercoagulability was
identified as disseminated intravascular coagulation (DIC) (Marietta et al., 2020). However, it was then
noticed that the pathophysiology of COVID-19-associated DIC is different from that of classic DIC (septic
or traumatic DIC) (Asakura and Ogawa, 2020). In fact, in COVID-19 patients, the most common pattern of
coagulopathy is characterized by increased levels of fibrinogen and D-dimer, a mild prolongation of PT/aPTT,
and a mild thrombocytopenia, which can also be absent in some patient (American Society of Hematology,
2020a; Atallah et al., 2020). On the contrary, the classic DIC is characterized by severe thrombocytopenia,
extend prolongation of PT and aPTT, high levels of D-dimer, and reduced levels of fibrinogen (American
Society of Hematology, 2020a; Atallah et al., 2020).

The exact mechanisms contributing to coagulopathy in COVID-19 patients are not completely understood. In
general, inflammation and coagulation are known to be linked by different molecular signals (Li and Ma, 2017;
Levi et al., 2020). Pro-inflammatory mediators can stimulate the expression of intravascular tissue factor,
leukocyte adhesion molecules, and plasminogen activator inhibitor-1 (PAI-1) (Gozzo et al., 2020). Moreover,
inflammation can activate the coagulation cascade by overexpressing thrombin both systemically and locally
in the lungs, leading to fibrin deposition and subsequent tissue damage (Li et al., 2020c). SARS-CoV-2 could
also directly damage vascular endothelial cells through its bond to ACE2, which could represent the first
injury triggering the abnormal coagulation (Li et al., 2020a). However, some studies showed that ACE2 is
expressed mainly on type II pneumocytes, and almost absent in endothelial cells (McGonagle et al., 2020). In
this context, the generalized hypercoagulable state of COVID-19 patients could be due to the involvement of
type II pneumocytes, the extensive pulmonary microvascular network, and the extensive hyperinflammatory
state that is similar to the macrophage activation syndrome (Gozzo et al., 2020; McGonagle et al., 2020).
Finally, the development of hypoxemia, secondary to the COVID-19-induced ARDS, might also activate the
coagulation cascade and could contribute to endothelial dysfunction (McGonagle et al., 2020).

A better understanding of the thromboembolic risk in patients suffering from COVID-19 could help to op-
timize both diagnostic strategies and pharmacological management (Capuano et al., 2020a; Lodigiani et al.,
2020). To date, the anticoagulation therapy is part of the therapeutic management of COVID-19 patients
and some authors have suggested of using this strategy in patients with elevated D-dimer levels (American
Association for Clinical Chemistry, 2020). In this regards, an observational study found that the in-hospital
mortality in patients who required mechanical ventilation was lower for those treated with anticoagulation
than those not receiving the anticoagulant treatment (Paranjpe et al., 2020). Undoubtedly heparins , eit-
her unfractionated or at low molecular weight (LMWH), for their ability of blocking or limiting the state
of hypercoagulability, represent a good therapeutic option for anticoagulation in patients with COVID-19.
Heparins other than having anticoagulant properties appear to mitigate the inflammatory state exercising
non-anticoagulant mechanisms such as: inhibition of heparanase activity, (responsible for endothelial lea-
kage); chemokines, and cytokines neutralisation; interference with leukocyte trafficking; neutralisation of
extracellular cytotoxic histones, and reduction of viral cellular entry (Buijsers et al., 2020). Therefore, the
benefit of using heparins could be related to the ability of blocking both coagulation and inflammation.
Accordingly, a retrospective observational study, evaluating the effect of LMWH treatment on disease pro-
gression, demonstrated that this treatment improved the coagulation dysfunction of COVID-19 patients and
exerted anti-inflammatory effects by reducing IL-6 and increasing lymphocyte percentage (SHI et al., 2020).
Another observational study found that the treatment with heparin was associated with a lower mortality in
hospitalized patients with COVID-19 (Ayerbe et al., 2020). The WHO has recommended the use of LMWH,
such as enoxaparin, in patients (adults and adolescents) hospitalized with COVID-19 to prevent venous
thromboembolism, unless contraindicated (World Health Organization, 2020a). However, an argument de-
bated is the optimal anticoagulant dosage that must be used in patients with COVID-19. A study suggested
to strictly apply pharmacological thrombosis prophylaxis in all COVID-19 patients admitted to ICU, and
to use high-prophylactic doses (Klok et al., 2020). To date, guidelines recommend to use prophylactic doses
of LMWH in hospitalized COVID-19 patients unless contraindicated, but not in non-hospitalized patients
(Gozzo et al., 2020; NIH, 2020; World Health Organization, 2020a). As reported by the American Society
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. of Haematology, many protocols have adopted an intermediate-intensity dose (administering the usual daily
LMWH dose twice daily) or even a therapeutic-intensity dose strategy for thromboprophylaxis based on local
experience (American Society of Hematology, 2020b). Another guideline suggests to use in acutely/critically
ill patients with COVID-19 a standard dose of anticoagulant over intermediate (LMWH twice-daily or in-
creased weight-based dosing) or full treatment dosing (Moores et al., 2020). This recommendation is based
on the lack of evidence regarding the risk of venous thromboembolism in hospitalized COVID-19 patients
and the risk of bleeding in critically ill COVID-19 patients, who might also be at high risk of bleedings
considering the severity of illness (Moores et al., 2020). Moreover, this guideline also suggests to prefer un-
fractionated heparins over LMWH in patients at high risk of bleeding (including those with severe renal
failure) (Moores et al., 2020). A recent retrospective observational study, evaluating the impact of different
doses of LMWH on the incidence of bleedings in COVID-19 patients admitted to ICUs, showed that the use
of therapeutic doses of heparin did not increase the risk of bleeding in their patient population. Moreover,
the study suggested the importance of applying a risk stratification based on D-dimer values for critically
ill patients with COVID-19 (Pavoni et al., 2020). Based on these considerations, a close clinical monitoring
and an individual patient evaluation for the risk of thrombosis and bleedings should be applied (Gozzo et
al., 2020). Clinical trials are strongly needed to assess the optimal dose of heparin for COVID-19 and to
assess their benefit/risk profile. Currently, different clinical trials are ongoing to evaluate the treatment with
heparin in hospitalized patients with COVID-19 (www.clinicaltrials.gov). In Italy, for example, there are 5
ongoing clinical trials of patients with COVID-19 evaluating the efficacy of heparins (at different doses and
regimen), alone or in combination with corticosteroids.

Among other pharmacological strategies that are being investigated for the prevention of thrombosis in
COVID-19 patients, there isaspirin (acetylsalicylic acid ), an irreversible platelet inhibitor used for con-
ditions such as myocardial infarction, strokes and pre-eclampsia in pregnant women. Aspirin, in addition to
its anti-inflammatory and antithrombotic effects, has shown a significant antiviral activity against DNA and
RNA viruses, including different human coronaviruses (Bianconi et al., 2020). Moreover, the use of aspirin has
been associated with reduced thrombo-inflammation and lower rates of clinical complications and in-hospital
mortality in different types of infections (Bianconi et al., 2020). Conflicting data have instead been reported
on the use of aspirin in ARDS (Erlich et al., 2011; Kor et al., 2011, 2016; Boyle et al., 2015; Chen et al., 2015).
Observational studies demonstrated some benefit in reducing the risk of ICU mortality, acute lung injury
(ALI), and ARDS (Erlich et al., 2011; Boyle et al., 2015; Chen et al., 2015), while a larger observational study
did not demonstrate any difference between aspirin use and ALI (Kor et al., 2011). Moreover, a randomized,
double-blind, placebo-controlled, randomized clinical trial, conducted on 390 patients, showed that the use
of aspirin compared with placebo did not reduce the risk of ARDS (Kor et al., 2016). First data from a
retrospective, observational cohort study of adult patients hospitalized with COVID-19 have showed, after
adjustment, that aspirin was associated with a decreased risk of mechanical ventilation, ICU admission, and
in-hospital mortality, with no difference for major bleedings between aspirin and non-aspirin users (Chow et
al., 2020). The drug will be tested for its effect of reducing blood clots in the world’s largest clinical trial of
treatments for patients hospitalised with COVID-19 (RECOVERY trial) (University of Oxford, 2020a). If
effective, aspirin may be beneficial because it is safe, accessible and inexpensive.

Other than the aforementioned drugs, oral anticoagulants or other antiplatelet agents (P2Y12 receptor
antagonists) are available in the market. However, concerns were raised about their interactions with multiple
medications that are being used and tested for the treatment of COVID-19 (Gozzo et al., 2020). For instan-
ce, sarilumab and tocilizumab can reduce plasma concentrations of apixaban, rivaroxaban, and warfarin,
while atazanavir and lopinavir/ritonavir can increase drug concentrations of apixaban and rivaroxaban and
reduce the active metabolite of clopidogrel and prasugrel (American Society of Hematology, 2020b). Another
question is about patients who are already in treatment with oral anticoagulants or antiplatelet agents for
underlying conditions, for which guidelines suggest to continue their treatment even after the diagnosis of
COVID-19 (NIH, 2020). In conclusion, the use of heparins in hospitalized critically ill patients is preferred
over other anticoagulants because of the shorter half-life and fewer drug-drug interactions, being also the
first choice for pregnant women.
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. 5. Other therapies

The use of convalescent plasma therapy in patients with COVID-19 is still being debated. Convalescent
plasma is a mixture of inorganic and organic compounds, water and proteins (including albumin, immu-
noglobulins, complement, coagulation and antithrombotic factors) (Rojas et al., 2020). This treatment was
formerly evaluated in the treatment of SARS (Cheng et al., 2005), MERS (Arabi et al., 2016) and Ebola
(Kraft et al., 2015), being associated with a reduction in fatality rate. For COVID-19, stringent criteria need
to be satisfied in order to be a convalescent donor. Specifically, donors should have the following characte-
ristics: aged between 18 and 65 years; absence of infectious symptomatology; a negative test for COVID-19
after 14 days of recovery (which must be repeated 48 h later and at the moment of donation) (Tiberghien et
al., 2020). The main procedure to obtain plasma is apheresis, which is based on a continuous centrifugation
of blood from donor. From a single apheresis 400–800 mL of plasma can be obtained (Bloch et al., 2020).
Nowadays, few clinical studies were concluded and their results could provide new insights regarding to the
effectiveness and safety profile of plasma therapy in COVID-19 patients. Li l et al. reported the results of an
open-label, multicentre, randomized clinical trial carried out in Wuhan, from February to April 2020. The
trial enrolled 103 participants (median age: 70 years) with a severe form of COVID-19, who were randomized
to receive convalescent plasma in addition to standard treatment (n=52) or the standard treatment alone
(n=51). The effects of both therapies were evaluated as the time to clinical improvement within 28 days (pri-
mary outcome) and on 28-day mortality, time to discharge, and the rate of viral PCR results turned from
positive at baseline to negative at up to 72 hours (secondary outcomes). According to the study’s results,
the convalescent plasma therapy was not associated with a statistically significant improvement in time to
clinical improvement within 28 days compared with standard treatment alone. In addition, 2 patients in
the convalescent plasma group experienced adverse events within hours after transfusion. Due to a decrease
in the number of COVID-19 cases in late March, the study was stopped earlier; this needs to be take in
consideration when the study’s results are interpreted (Li et al., 2020b). Simonovich VA et al. carried out a
randomized controlled trial in 334 hospitalized adult patients with severe COVID-19 pneumonia, who were
randomized to receive convalescent plasma (n=228) or placebo (n=105) in addition to standard treatment.
Authors evaluated the effects of the therapy in terms of changes in patient’s clinical status 30 days after the
intervention. Similarly to the previous study, no difference in terms of efficacy was found between treatments
groups at day 30. Regarding to the safety profile, infusion-related adverse events were detected in 4.8% of
patients in the convalescent plasma group vs. 1.9% of patients in the placebo group (odds ratio, 2.62; 95%
CI, 0.57 to 12.04), even though no significant differences were found in the overall incidence of adverse events
or serious adverse events (Simonovich et al., 2020). On the other hand, few small trial or case series reported
that the convalescent plasma therapy might be beneficial in COVID-19 patients. For instance, Duan K et
al. reported that the administration of 200 mL of convalescent plasma in 10 severe patients brought to a
significant improvement in clinical symptoms along with increase of oxyhemoglobin saturation within 3 days
and no severe adverse effects were observed (Duan et al., 2020). Zhang B et al. presented four critically ill
patients with SARS-CoV-2 infection (including a 31-year-old pregnant woman) who received convalescent
plasma and recovered from SARS-CoV-2 infection eventually and did not experience any serious adverse
event (Zhang et al., 2020a). Lastly, a further case series described the effects of the convalescent plasma
therapy in 5 critically ill patients with COVID-19 and ARDS, who improved after receiving the therapy
(Shen et al., 2020). Despite their positive results, these studies’ findings (Duan et al., 2020; Shen et al., 2020;
Zhang et al., 2020a) should be interpreted with caution considering the limited number of patients who were
enrolled and the studies’ designs that did not allow making any comparison. In conclusion, based on the
conflicting evidence currently available, the use of convalescent plasma needs to be considered as investiga-
tional. Regulatory agencies, such as the FDA, are releasing many documents in order to guide healthcare
providers and investigators in the appropriate management of plasma therapy in the context of clinical trials
(US Food and Drug Administration, 2020b).

Many studies are currently investigating the effects of vitamin D in COVID-19 patients (D’avolio et al.,
2020). This interest derives from the evidence suggesting the role of vitamin D in reducing the risk of cold and
acute respiratory infections (Zemb et al., 2020). Many mechanisms seem to underline this effect, including the
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. effects of Vitamin D on cellular natural immunity and adaptive immunity through the decrease in cytokine
storm (this effect was observed on interferon γ, tumor necrosis factor α and CD4+ T cell count (Ali, 2020).
In addition, vitamin D improves the production of antimicrobial peptides in the respiratory epithelium,
potentially reducing the risk of local infection and it seems to interact with ACE2 (Mitchell, 2020). Pizzini
A et al. investigated the association between of Vitamin D status and COVID-19 presentation among 109
patients, using data from the CovILD registry. They found that low Vitamin D levels were not associated with
poor clinical and radiological outcomes of COVID-19 (Pizzini et al., 2020). A further study, which was based
on data from the UK Biobank, aimed to establish whether blood 25-hydroxyvitamin D concentration was
associated with COVID-19 risk or not. Data were available for 348,598 UK Biobank participants, of which 449
had COVID-19 infection. Authors concluded that no association was found in terms of potential association
between vitamin D concentrations and the risk of COVID-19 infection (Hastie et al., 2020). Ultimately,
current evidence on a potential correlation between Vitamin D and COVID-19 is contradictory. Therefore,
we should wait for results from clinical trials, which are currently underway to evaluate the effects of Vitamin
D supplementation on mortality, morbidity, prevention and treatment of COVID-19 (www.clinicaltrials.gov).
Currently, data on vitamins, mineral supplementation and nutraceuticals are quite scarce, although some
studies are investigating their effects (Jovic et al., 2020).

6. Vaccines under advanced stage of clinical development

According to the WHO, up to December 10th 2020, 52 candidate vaccines are under clinical evaluation and
162 under preclinical evaluation (World Health Organization, 2020b). Specifically, 13 vaccines are already
in advanced stage of clinical development, being evaluated in phase 3 clinical trials.

In table 1 an overview of these vaccines is reported. For some of these products, many clinical studies
are currently undergoing but others have already provided preliminary results. Among these 13 vaccines,
four are currently undervaluation by the EMA: ChAdOx1-S (AZD1222, Astrazeneca), LNP-encapsulated
mRNA (mRNA-1273, Moderna), 3 LNP-mRNAs (BNT162b2, Pfizer), and Adenovirus Type 26 vector
(Ad26.COV2.S, Janssen). Hereafter the preliminary efficacy and safety results for those vaccines are re-
ported.

Indeed, on December 8th, the preliminary results of a phase 3 trials of the COVID-19 vaccine developed
by AstraZeneca and Oxford University (ChAdOx1 nCoV-19 vaccine) were published in the Lancet journal.
This vaccine was developed using a chimpanzee adenovirus viral vector that triggers the expression of the
spike protein of SARS-CoV-2. Once injected, the human cells produce the protein and train the immune
system to antibodies and T-cells against it. The published preliminary results refer to data from 4 ongoing
randomised, controlled trials which are currently underway across the UK, Brazil, and South Africa (studies
ISRCTN89951424, NCT04324606, NCT04400838, and NCT04444674). Adult participants were randomized
to receive two doses of the vaccine [(both containing 5×10¹0 viral particles – standard dose cohort (SD)
or a low dose as first dose and a standard dose as second dose (LD/SD cohort)] or control (meningococcal
group A, C, W, and Y conjugate vaccine or saline). From April until November 2020, 23,848 participants
were enrolled. Of these, 11,636 participants were included in the interim primary efficacy analysis. In SD
and LD/SD cohort, the vaccine efficacy was 62,1% and 90%, respectively. Starting from 21 days after the
first dose, ten cases hospitalised for COVID-19 all in the control arm occurred. One hundred and seventy-
five severe adverse events occurred, of which 84 in the ChAdOx1 nCoV-19 group and 91 in the control
group. Among serious adverse events, there were cases of haemolytic anaemia and transverse myelitis.
Authors concluded that the new vaccine is efficacious and it could contribute to control of the disease in this
pandemic (Voysey et al., 2020). The British and Indian regulatory agencies recently granted the marketing
approval for the Oxford University/AstraZeneca vaccine. Indeed, the UK MHRA provided authorization for
emergency supply of this vaccine for the active immunization of subjects 18 years or older (AstraZeneca,
2020).

Pfizer developed a lipid nanoparticle-formulated, nucleoside-modified RNA vaccine that encodes a prefusion
stabilized, membrane-anchored SARS-CoV-2 full-length spike protein, BNT162b2, whose efficacy and safety
were recently published on the NEJM (Polack et al., 2020). Specifically, a multinational, placebo-controlled,
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. pivotal efficacy trial, which is still ongoing, enrolled 43,548 patients aged > 16 years of age and who were
randomized to receive two doses, 21 days apart, of placebo or the BNT162b2 vaccine (30 μg per dose).
A total of 43,448 received injections: 21,720 with the vaccine and 21,728 with placebo. Study’s results
revealed for the vaccine an efficacy in preventing COVID-19 equal to 95% (95% credible interval, 90.3
to 97.6); indeed, after the second dose, 8 cases of Covid-19 were detected among subjects who received
BNT162b2 vs. 162 among those assigned to placebo. Similar results were found across subjects’ subgroups
by age, sex, race, ethnicity, baseline body-mass index, and the comorbidities. After the first dose, 9 cases of
severe COVID-19 were detected among subjects receiving placebo vs. 1 case in those receiving BNT162b2.
BNT162b2 demonstrated a good safety profile, being associated with short-term, mild-to-moderate injection
site reactions, fatigue, and headache and no difference were detected between groups in term of serious
adverse events (Polack et al., 2020). This vaccine was firstly approved in the UK with its administration
started in December 2020, then it was authorized, during the same month, by the FDA for emergency use
in subjects 16 years of age and older. Finally, on December 21st, 2020 the EMA has granted a conditional
marketing authorisation for this vaccine to prevent COVID-19 in people from 16 years of age.

Moderna also developed a RNA-vaccine and recently shared data on the achievement of its study’s primary
efficacy endpoints. Indeed, on November 30th 2020, Moderna announced the results related to primary
efficacy analysis of the COVE study (NCT04470427), a phase 3, randomized, placebo-controlled study,
which is investigating the efficacy, safety and immunogenicity of mRNA-1273 SARS-CoV-2 vaccine in 30,000
adult subjects in the U.S (Moderna, 2020). The results of this trial, which were recently published on
the NEJM, demonstrated that the mRNA-1273 vaccine has 94.1% efficacy at preventing Covid-19. Thirty
subjects, all receiving placebo, developed severe Covid-19. Local and systemic reactions occurred in subjects
who received the vaccine, but no safety concerns were identified. Serious adverse events were rare, and no
differences were found between the placebo and the vaccine groups (Baden et al., 2020). On December 18th,
2020, the U.S. FDA issued an emergency use authorization for the second vaccine to prevent COVID-19 in
individuals 18 years of age and older.

Lastly, the efficacy and safety of Adenovirus Type 26 vector (Ad26.COV2.S, Janssen – Johnson & Johnson) is
currently evaluated in phase 3 ENSEMBLE and ENSEMBLE 2, randomized, double-blind, placebo-controlled
clinical trials (both studies will enroll approximately 90,000 subjects). On November 15th 2020, preliminary
results from a phase 1/2a clinical study were published, showing that, after a single-dose among adult and
elderly subjects, the vaccine induced a prompt and robust immune response (Janssen, 2020).

Lastly, many other vaccines are under evaluation in phase 1-2 clinical trials. Some of them are facing
delays in achieving study’s outcomes. For instance, Sanofi and GSK announced a delay in their adjuvanted
recombinant protein-based COVID-19 vaccine program due to a low immune response in adults aged > 49
years for an insufficient antigen concentration. The pharmaceutical companies state that they will carry out
a Phase 2b study with an improved antigen formulation (Sanofi, 2020a).

In conclusion, vaccination has already started in some countries with the Pfizer’s vaccine administered in
UK and US since December 2020, the Oxford University/AstraZeneca vaccine which was administered for
the first time in the UK on January 4th 2021, the Chine’s vaccine (CoronaVac) administered to Chinese since
July, or the Gamaleya Research Institute’s vaccine (Sputnik V) approved in Russia for emergency use since
august 2020. Therefore, preliminary efficacy and safety data from real life will be soon available.

7. Conclusion

The spread of the new COVID-19 was inevitably followed by the research for therapies able to counter-
act severe signs and symptoms of this disease. Today, pharmacological researches are focusing on different
drug classes, including antivirals, immunomodulatory and anti-inflammatory agents, anticoagulants and an-
tiplatelet drugs, convalescent plasma, and vitamins. Other drugs are currently administered among inpatients
and outpatients with Covid-19, such as antibiotics. The use of these drugs is, on many occasions, necessary,
given that patients with COVID-19 may also develop bacterial infections, such as pneumonia. In this regard,
it should be underline how much important is that the use of any antibiotic is under clinicians’ strict control,
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. due to the widespread and inappropriate use of these drugs even during the COVID-19 pandemic. Indeed,
data recently shared by the WHO revealed that, while up to 15% of severe COVID-19 patients develop
bacterial co-infection, almost 75% of patients actually receive them (World Health Organization, 2020d).

Given the absence of a specific drug able to block the replication of SARS-Cov-2, drugs repurposing has
represented the main approach recently used. Indeed, many drugs that are currently used to neutralize
COVID-19 signs and symptoms were already approved but for other therapeutic indications. This is the
case, for example, of antivirals, whose role however is still debated. Also for remdesivir, which is the only
drug recommended for COVID-19, some concerns related to its efficacy profile were raised by the WHO based
on the results of open-label SOLIDARITY trial. Given these concerns, the EMA is currently re-evaluating
the drug.

Many immunomodulatory and anti-inflammatory drugs have been tested in patients with COVID-19 as well.
Based on current evidence and considering the limitations of published clinical studies on these drugs, no firm
conclusion can be drawn. Among these drug classes, tocilizumab, hydroxychloroquine and corticosteroids
have been extensively studied, even though only the use of corticosteroids seems to be supported by robust
evidence, both for outpatients and inpatients requiring supplemental oxygen. In addition, it should be
underline the significant role of NSAIDs, mainly ibuprofen and paracetamol, especially in patients suffering
from a mild form of COVID-19 (early stage – manageable at home) to solve symptoms like fever and joint
and muscle pain.

The role of heparins is noteworthy too. Indeed, the administration of these drugs in critically ill patients
is crucial in order to reduce the thromboembolic risk, which is one of the most serious consequences of
COVID-19.

In addition, based on the results of published studies, it is still not clear the role of convalescent plasma and
vitamins. Therefore, we should wait for results from clinical trials, which are currently ongoing to evaluate
the effects of these therapies on mortality, morbidity, prevention and treatment of COVID-19.

Other drugs, such as the combination of monoclonal antibodies REGN-COV2, might represent a powerful
strategy to avoid patients’ hospitalization and alleviate the burden on the health care system. At this
moment, REGN-COV2 and bamlanivimab - which will be used for the treatment of mild to moderate
COVID-19 in adult and pediatric patients – received the approval from the FDA, but not yet across European
countries (Food and Drug Administration).

Lastly, out of 13 vaccines currently under phase 3 clinical development, four are under evaluation by the
EMA. Among them, two are in the first rolling review evaluation, while the remaining are in the second
phase of rolling review. The preliminary efficacy data published in the literature (for one vaccine) and
through pharmaceutical industries’ press releases (three vaccines) revealed a high efficacy rate and a good
safety profile. However, according to the EMA, after the approval of these vaccines, further post-marketing
studies that evaluate vaccine effectiveness are needed in order to better understand immediate and longer-
term protection in a larger range of subjects. In conclusion, the analysis of real world data is strongly needed
to confirm the favourable efficacy and safety profile of drugs currently used for the treatment of COVID-19
as well as of vaccines for its prevention.

Competing Interests’ Statement: none.
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Figure 1. The main symptoms by organs and tissues related to COVID-19.
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Figure 2. Main drugs evaluated for COVID-19

Table 1 . Vaccines in phase 3 of clinical research.

Manufacturer
of COVID-19
vaccine

Vaccine
platform

Type of
candidate
vaccine

Number of
doses and
timing of doses

Clinical Trial
Identifier

Estimated
Study
Completion
Date

University of
Oxford/AstraZeneca

Non-Replicating
Viral Vector

ChAdOx1-S
(AZD1222)

2 doses at day 0
and 28

NCT04516746 February 2023

ISRCTN89951424 December
2021

NCT04540393 March 2021
CTRI/2020/08/027170March 2021*
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.

Manufacturer
of COVID-19
vaccine

Vaccine
platform

Type of
candidate
vaccine

Number of
doses and
timing of doses

Clinical Trial
Identifier

Estimated
Study
Completion
Date

Moderna/NIAID RNA LNP-
encapsulated
mRNA
(mRNA-1273)

2 doses at day
0 and 28

NCT04470427 October 2022

BioNTech/Fosun
Pharma/Pfizer

RNA 3
LNP-mRNAs
(BNT162b2)

2 doses at day
0 and 21

NCT04368728 January 2023

Janssen Phar-
maceutical
Companies
(Johnson &
Johnson)

Non-
Replicating
Viral Vector

Adenovirus
Type 26 vector
(Ad26.COV2.S)

1 dose at day 0 NCT04505722 March 2023

ISRCTN14722499 May 2023
2 doses at day
0 and 56

Novavax Protein Subunit Full length
recombinant
SARS CoV-2
glycoprotein
nanoparticle
vaccine
adjuvanted with
Matrix M
(SARS-CoV-2
rS/Matrix-M1
Adjuvant)

2 doses at day 0
and 21

2020-004123-16 September 2021*

NCT04611802 December
2022

Sinovac Inactivated Inactivated
(CoronaVac)

2 doses at day 0
and 14

NCT04456595 October 2021

669/UN6.KEP/EC/2020Not reported
NCT04582344 April 2021
NCT04617483 May 2021

Wuhan Institute
of Biological
Products/Sinopharm

Inactivated Inactivated 2 doses at day 0
and 21

ChiCTR2000034780July 2021

ChiCTR2000039000December
2020

NCT04612972 September
2021

Beijing Institute
of Biological
Products/Sinopharm

Inactivated Inactivated 2 doses at day 0
and 21

ChiCTR2000034780July 2021

NCT04560881 December
2021

Bharat Biotech Inactivated Whole-Virion
Inactivated

2 doses at day 0
and 28

CTRI/2020/11/028976November 2021*
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.

Manufacturer
of COVID-19
vaccine

Vaccine
platform

Type of
candidate
vaccine

Number of
doses and
timing of doses

Clinical Trial
Identifier

Estimated
Study
Completion
Date

NCT04641481 March 2022
CanSino
Biological
Inc./Beijing
Institute of
Biotechnology

Non-
Replicating
Viral Vector

Adenovirus
Type 5 Vector

1 dose NCT04526990 January 2022

NCT04540419 July 2021
Gamaleya
Research
Institute

Non-Replicating
Viral Vector

Adeno-based
(rAd26-S+rAd5-
S, Sputnik
V)

2 doses at day 0
and 21

NCT04530396 May 2021

NCT04564716 April 2021
NCT04642339 December

2021
Anhui Zhifei
Longcom
Biopharmaceuti-
cal/Institute of
Microbiology,
Chinese
Academy of
Sciences

Protein Subunit Adjuvanted
recombinant
protein
(RBD-Dimer)
expressed in
CHO cells

3 doses at day 0,
28, and 56

ChiCTR2000040153December 2021

Medicago Inc. VLP Plant-derived
VLP adjuvanted
with AS03

2 doses at day 0
and 21

NCT04636697 April 2022

Lipid nanoparticle (LNP) Virus-Like Particles (VLP) *Dates computed based on the estimated trial duration.
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