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Abstract
At the end of December 2019, a novel coronavirus, the severe 
acute respiratory syndrome coronavirus 2, caused an outbreak 
of pneumonia spreading from Wuhan, Hubei province, to the 
whole country of China and then the entire world, forcing 
the World Health Organization to make the assessment that 
the coronavirus disease (COVID-19) can be characterized as 
a pandemic, the first ever caused by a coronavirus. To date, 
clinical evidence and guidelines based on reliable data and 
randomized clinical trials for the treatment of COVID-19 are 
lacking. In the absence of definitive management protocols, 
many treatments for COVID-19 are currently being evaluated 
and tested worldwide. Some of these options were soon 
abandoned due to ineffectiveness, while others showed 
promising results. The basic treatments are mainly represented 
by antiviral drugs, even if the evidence is not satisfactory. 
Among the antivirals, the most promising appears to be 

remdesivir. Corticosteroids and tocilizumab seem to guarantee 
positive results in selected patients so far, although the timing 
of starting therapy and the most appropriate therapeutic 
schemes remain to be clarified. Efficacy of the other drugs 
is still uncertain, and they are currently used as a cocktail of 
treatments in the absence of definitive guidelines. What will 
represent the real solution to the enormous problem taking 
place worldwide is the identification of a safe and effective 
vaccine, for which enormous efforts and investments are 
underway.

Keywords: antivirals, biologics, coronavirus, corticosteroids, 
pneumonia, severe acute respiratory syndrome.
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Introduction
At the end of December 2019, a novel coronavirus, the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), caused 
an outbreak of pneumonia spreading from Wuhan, Hubei 
province, to the whole country of China and then the entire 
world, forcing the World Health Organization (WHO) to make 
the assessment that the coronavirus disease (COVID-19) can 
be characterized as a pandemic, the first ever caused by a 
coronavirus.1

The coronaviridae family comprises pathogens that primarily 
target the human respiratory system. Of the other six 
coronaviruses known to infect humans, two, previously 
characterized as agents that are a great public health threat, 
present with major symptoms (severe acute respiratory 
syndrome [SARS]-CoV and the Middle East respiratory 
syndrome [MERS]-CoV), and four present with mild symptoms 
(HKU1, NL63, OC43, and 229E).2 Coronaviruses (CoVs) (order 
Nidovirales, family Coronaviridae, subfamily Coronavirinae) 
are enveloped viruses with a positive sense, single-stranded 

ribonucleic acid (RNA) genome. Based on genetic and antigenic 
criteria, CoVs have been organized into three groups: α-CoVs, 
β-CoVs, and γ-CoVs.3 Genome sequencing analysis attributed 
SARS-CoV-2 to the genus Betacoronavirus, within a subgenus 
(Sarbecovirus) that includes SARS-CoV (whereas MERS-CoV 
falls in a separate subgenus, Merbecovirus).4 The origin of 
SARS-CoV-2 was explained with two possible scenarios: natural 
selection in an animal host before zoonotic transfer and natural 
selection in humans following zoonotic transfer.5

SARS-CoV-2 possesses the typical coronavirus structure with 
spike protein and other polyproteins, nucleoproteins, and 
membrane proteins, such as RNA polymerase, 3-chymotrypsin-
like protease, papain-like protease, helicase, glycoprotein, and 
accessory proteins.6 The spike protein of SARS-CoV-2 contains 
the 394 glutamine residue in the receptor-binding domain 
region of SARS-CoV-2, which is recognized by the critical lysine 
31 residue on the human angiotensin 2 converting enzyme 
(ACE2) receptor.7 Thus, SARS-CoV-2 uses the same ACE2 cell 
receptor and mechanism for entry into the host cell as SARS-
CoV,8,9 with a single N501T mutation in SARS-CoV-2’s spike 
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protein that may have significantly enhanced its binding 
affinity for ACE2.7

Infection with SARS-CoV-2 results in mild and nonspecific 
symptoms, such as fever and cough (common symptoms), 
and nasal congestion, fatigue, loss of appetite and smell, 
body ache, and diarrhea (noted in a small number of patients). 
On the contrary, severe cases might rapidly progress to 
acute respiratory distress syndrome (ARDS), septic shock, 
and difficult-to-tackle metabolic acidosis and bleeding and 
coagulation dysfunction.10 Suspicions have risen regarding 
the possibility that an excessive immune response – the so-
called cytokine storm – associated with macrophage activated 
syndrome (MAS) may be driving COVID-19-related ARDS.11 
Specifically, a cytokine profile resembling MAS has been noted 
in COVID-19 patients, with increased interleukin (IL)-1β, IL-2, 
IL-6, IL-17, IL-8, tumor necrosis factor, and C–C motif chemokine 
ligand 2.12 Current recommendations for the treatment of 
COVID-19 severe cases consist of using existing, approved 
therapies with proven safety profiles to address the immediate 
need to reduce the rising mortality.13

The aim of this review is to explore COVID-19 treatment options 
and describe the potential benefits or disadvantages of their 
use in severe cases.

Methods of literature search
A search strategy based on validated keywords filters was 
devised to select articles regarding SARS-CoV-2 and related 
treatments. In detail, a selective search on PubMed was 
carried out up to April 2020, and research papers, international 
guidelines, case reports, and meta-analyses have been 
considered. The search strategy was based on the following 
keywords: coronavirus, SARS-CoV-2 pneumonia, COVID-19, 
severe acute respiratory syndrome, antivirals, corticosteroids, 
biologics, and anticoagulants. A total of 136 potential papers 
were identified in the first search through PubMed, and 72 of 
these were considered eligible for inclusion in this review by the 
authors. Because of the rapid developments in this area, we have 
also added and cited any newsworthy reports, as appropriate.

Pharmacological treatments under 
evaluation
To date, clinical evidence and guidelines based on reliable 
data and randomized clinical trials (RCTs) for the treatment of 
COVID-19 are lacking. In the absence of definitive management 
protocols, many treatments for COVID-19 are currently being 
evaluated and tested worldwide (Table 1). Some of these 
options were soon abandoned due to ineffectiveness,14 while 
others have shown promising results,15,16 although it is still 
too early to have conclusive results, especially from rigorous 
RCTs. The use of many drug classes is producing numerous 
data, which are often contradictory. It is extremely difficult to 
evaluate the results of clinical studies during a pandemic. So 

far, no therapy has been proven to be effective for treating the 
severe evolution of SARS-CoV-2 virus infection.17

Antiviral drugs
Current antiviral treatments are mainly based on previous 
experiences (favipiravir) or on experimental drugs (remdesivir) 
used for the treatment of viral infections due to different 
viruses, such as influenza virus (InfV), Ebolavirus (EBOV), 
human immunodeficiency virus (HIV), MERS, and SARS.18 
These molecules act as nucleoside analogues, either in the 
form of adenine or guanosine, and target the RNA-dependent 
RNA polymerase (RDRP), causing the block of viral RNA 
synthesis.19

Favipiravir
Favipiravir, a guanine analogue, was able to block the RDRP of 
SARS-CoV and MERS in vitro. Due to the high similarity of SARS-
CoV-2 genome with SARS-CoV,20 this treatment is considered 
a potential candidate for COVID-19, even if in vitro efficacy on 
SARS-CoV-2 has not been tested yet.21 Favipiravir is now being 
assessed in RCTs recruiting patients with COVID-19, to evaluate 
its efficacy when combined with interferon-α or baloxavir 
marboxil (approved InfV inhibitor) (ChiCTR2000029548). 

Remdesivir
Remdesivir, a nucleotide analogue inhibitor of RDRP, is 
considered one of the most promising antivirals for the 
treatment of COVID-19. This drug has a broad antiviral spectrum 
against hepatitis B virus and HIV and MERS-CoV and SARS-CoV, 
both in vivo and in vitro.22,23 The safety profile also appears 
reassuring. Two trials on the efficacy of remdesivir on mild-to-
moderate (NCT04252664) and severe (NCT04257656) COVID-19 
patients are currently ongoing in China; these studies may 
provide very important data on the efficacy of remdesivir. A 
recent work has shown that the antiviral activity of remdesivir 
begins immediately after the virus enters Vero E6 cells, carrying 
out its antiviral mechanism as a nucleotide analogue.15 This 
drugs acts as a competitor by incorporation with adenosine 
triphosphate to confuse viral RDRP, evading proofreading 
from viral exoribonuclease and causing a decrease in viral RNA 
production.24

A trial on remdesivir was conducted by the US National Institute 
of Allergy and Infectious Diseases on a cohort of 1063 patients. 
Preliminary data showed a positive effect in diminishing the 
time to recovery and reducing mortality rate. However, the 
latter result was not statistically significant.25

In a very recent randomized, double-blind, RCT, 237 patients 
with COVID-19 pneumonia and acute respiratory failure were 
randomly assigned in a 2:1 ratio to intravenous remdesivir or 
placebo infusions for 10 days. Unfortunately, also in this case, 
remdesivir was not associated with statistically significant 
clinical improvements.26
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HIV protease inhibitors
Even if the activity on SARS-CoV-2 is uncertain, approved 
HIV protease inhibitors, such as lopinavir/ritonavir, were 
initially found to act on MERS-CoV and SARS-CoV and showed 
promising results in patients treated for SARS.27,28 For these 
reasons, the combination was initially widely used for the 
treatment of SARS-CoV-2 infection, with uncertain results.  
A Chinese study on a small cohort of patients demonstrated 
clinical effectiveness of lopinavir/ritonavir in combination 
with arbidol, an antiviral drug usually used in China and Russia 
for InfV infection. However, this study did not show efficacy 
of lopinavir/ritonavir alone.29 Currently, RCTs for the efficacy 
of a combination of lopinavir/ritonavir with interferon-α in 
patients with mild-to-moderate and severe-to-critical COVID-19 
(ChiCTR2000029387 – ChiCTR2000029308) are ongoing. 
However, the first randomized, open-label, controlled  
trial involving 199 hospitalized adult patients with SARS-CoV-2 
infection and respiratory failure unfortunately showed  
no benefit with lopinavir/ritonavir compared with standard  
of care.30 

Neuraminidase inhibitors
Neuraminidase inhibitors, such as oral oseltamivir and 
intravenous peramivir, have demonstrated significant clinical 
improvement in the treatment of patients with influenza in 
the past.31 Oseltamivir has recently been used for SARS-CoV-2 
suspected and confirmed patients in China.32 Unfortunately, 
to date, no other data are available on their efficacy in 
COVID-19.

Chloroquine and hydroxychloroquine
Chloroquine sulfate and phosphate salts were both marketed 
as antimalarial drugs. Hydroxychloroquine has been widely 
used as an antimalarial and in autoimmune diseases, such 
as lupus and rheumatoid arthritis (RA). These are drugs 
with a good safety profile with mild and transient side 
effects, if correctly dosed. In case of overdose or prolonged 
treatments, they can cause cardiomyopathies and QT 
prolongation.33 

Chloroquine has also been used in various chronic viral 
diseases. In HIV infection, no positive results emerged, so 
the drug was not included in the recommended panel for 
the treatment of HIV.34 The only viral infection in which 
hydroxychloroquine showed any efficacy was found in chronic 
hepatitis C, especially if associated with interferon pegylated 
plus ribavirin.35

Interestingly, Wang and colleagues evaluated various antivirals 
and chloroquine in vitro, concluding that this is highly effective 
in controlling SARS-CoV-2 replication.15 Some data indicate 
that chloroquine interferes with the ability of SARS-CoV-2 to 
acidify lysosomes; moreover, it inhibits cathepsins, allowing the 
cleavage of the spike protein of SARS-CoV-2.36

In a recent study, chloroquine phosphate was found to be 
superior to control in the treatment of COVID-19 pneumonia, 
improving clinical and imaging aspects and shortening the 
course of the disease.37 In a nonrandomized clinical trial on 
a small group of patients, a significant improvement in viral 
clearance was demonstrated. Furthermore, the combination 
with azithromycin was significantly more effective for the 
reduction or disappearance of the viral load compared with 
hydroxychloroquine monotherapy.38

On the contrary, in a study with a small cohort of patients 
hospitalized for severe SARS-CoV-2 infection, no strong 
antiviral activity or clinical efficacy of the combination of 
hydroxychloroquine and azithromycin was found.39 The strong 
discrepancy of what emerged from the results of these studies 
highlights the fundamental need of RCTs to assess the efficacy 
of these drugs in the treatment of COVID-19. Conclusions from 
the published data are that there is currently no evidence of the 
efficacy of chloroquine for the treatment of COVID-19. The use 
should be limited to clinical studies to further clarify its role in 
the management of COVID-19.40

Corticosteroids
The evidence on the efficacy of corticosteroids is conflicting, 
and the setting of application of these drugs needs further 
clarification. In the absence of reliable data, the WHO interim 
guidance on COVID-19 management does not recommend 
their routine use.41 Furthermore, according to version 7 
of the National Health Commission of China guidelines, 
corticosteroids should be used carefully in the case of SARS-
CoV-2 infection.42 

In a recent study in patients with ARDS due to COVID-19, a 
significant increase in survival was found in those who received 
methylprednisolone treatment (p=0.003).43

In a retrospective study on a cohort of critically ill patients with 
SARS-CoV-1, appropriate use of corticosteroids was found to 
significantly reduce hospitalization mortality and duration.44 
All this without increasing superinfections and other important 
complications.

Another study in intensive care unit patients treated with 
corticosteroids had no conclusions due to the small sample 
size.10 Corticosteroids associated with invasive and noninvasive 
mechanical ventilation should be considered to prevent 
progression to ARDS, especially in severe patients.45 The 
Chinese Thoracic Society has defined an expert consensus 
statement on the use of corticosteroids for the treatment 
of COVID-19 pneumonia.46 According to this document, 
corticosteroids should be used with caution in critically ill 
patients, and the dosage should be low to moderate (≤0.5–1 
mg/kg per day of methylprednisolone or equivalent) with 
a short course (≤7 days). Other authors argue that RCTs are 
needed to obtain more precise indications on the correct use of 
these important drugs.47
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Biologic drugs
Tocilizumab
Tocilizumab (atlizumab) is a humanized IgG1k monoclonal 
antibody that targets the soluble or membrane IL-6  
receptors (Sil-6R and Mil-6R). This drug has so far been used 
in the treatment of autoimmune diseases such as RA or large 
vessels vasculitis.48 As for SARS-CoV-2 infection, it is now 
known that the serum levels of inflammatory mediators are 
proportional to the severity of the clinical picture.10 In these 
patients, exaggerated immunological responses can  
trigger cytokine storms and cause damage to multiple 
organs. The increase in IL-6 levels can also be a sensitive 
biomarker of clinical worsening and serious organ damage.  
Tocilizumab can block two fundamental inflammatory 
factors, IL-6 and granulocyte-macrophage colony-stimulating 
factor , thereby reducing the level of inflammation.  
A multicenter RCT to evaluate the efficacy and safety 
of tocilizumab in the treatment of moderate patients at 
high risk of evolution toward serious and critical illness 
(registration number: ChiCTR2000029765) was recently 
concluded. Results of this trial are not yet available;  
however, they are assumed to be positive in patients with 
elevated IL-6 levels.

Sarilumab
Sarilumab is a fully human monoclonal IgG1 antibody targeting 
soluble and membrane IL-6 receptors, inhibiting IL-6-mediated 
signal transduction mediated by these receptors.49 This 
biologic is approved as subcutaneous treatment in patients 
over 18 years of age with moderate-to-severe active RA 
refractory or intolerant to one or more disease-modifying 
antirheumatic drugs.50 Based on the experience of tocilizumab, 
sarilumab is recently being used in the treatment of patients 
with severe forms of COVID-19. Five RCTs are ongoing 
(ClinicalTrials.gov Identifier: NCT04315298, NCT04327388, 
NCT04324073, NCT04322773, and NCT04321993), the results of 
which will be of great value.

Antibiotic and antifungal agents
The latest version of the guidelines issued by the Chinese 
National Health Commission for the diagnosis and treatment 
of COVID-19 infection and the WHO interim guidelines advise 
against the unnecessary use of antibiotics, even on a broad 
spectrum.42 These should be used in the event of an increase in 
procalcitonin (PCT), in the case of hospital-acquired pneumonia 
or ventilator-associated pneumonia, in case of microbiological 
tests indicative of bacterial superinfection. If fungal infection is 
suspected, voriconazole is indicated for Aspergillus infections, 
while fluconazole is indicated for Candida spp. infections. For 
pneumocystis pneumonia in immunosuppressed patients, 
the drugs to be considered are sulfamethoxazole and 
caspofungin.51

Teicoplanin
Teicoplanin is a first-generation glycopeptide with 
antimicrobial activity against aerobic and anaerobic Gram-
positive bacteria including multi-resistant Staphylococci. This 
antibiotic has shown efficacy in the past against numerous 
viruses, such as EBOV, InfV, flavivirus, hepatitis C, HIV, MERS-
CoV, and SARS-CoV.52,53 The antiviral activity has recently been 
confirmed against SARS-CoV-2.54 It will be necessary to confirm 
these results and the possible use of teicoplanin in COVID-19 
through RCTs. 

Anticoagulants
It is now known that about 20% of patients with COVID-19 
have clotting alterations; thrombosis of lungs, liver, and other 
organs; and marked increase in D-dimer.10,32 Anticoagulant 
therapy should be administered carefully in clinical practice 
or in case of surgery. In these cases, platelet transfusion, 
administration of fresh frozen plasma, or more commonly 
low molecular weight heparin (LMWH) is recommended. In 
critically ill patients, anticoagulant therapy is recommended 
if no contraindications are present. Recently, new evidence 
has appeared on coagulopathies and the appearance of 
antiphospholipid antibodies with consequent multiple 
heart attacks in patients with SARS-CoV-2 infections.55 
Large cohorts of severe COVID-19 patients showed a high 
risk of disseminated intravascular coagulation and venous 
thromboembolism. Low molecular weight heparin therapy 
is related to a higher survival rate in patients with severe 
COVID-19.56

In light of these data, it is even more important to reiterate 
the importance of anticoagulant therapy in severe Covid-19 
patients.

Other potential treatments
The concern about the possibility that drugs blocking the 
renin–angiotensin system (RAS) might increase the risk of 
developing a life-threatening SARS-CoV-2 infection could 
be due to the fact that the ACE2 receptor allows the entry of 
coronavirus into cells.57 However, there are no data to support 
the possibility that ACE inhibitors or angiotensin II receptor 
blockers (ARBs) favor the entry of coronaviruses by increasing 
the expression of ACE2 in humans.

RAS dysfunction is present in patients with COVID-19, but 
clinical outcomes of RAS inhibitor therapy, for example, with 
angiotensin converting enzyme inhibitors (ACE inhibitors) 
or ARBs are currently unknown, and there is no evidence for 
their suspension. In a retrospective study of 417 patients with 
COVID-19, patients treated with an ACEI or ARB had a better 
prognosis and lower levels of IL-6 in peripheral blood.58 In 
addition, therapy with these drugs had increased CD3 and CD8 
T-cell counts in peripheral blood and reduced viral load. These 
data could indicate that the treatment with an ACEI or ARB 
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may have positive effects on a more favorable evolution of the 
COVID-19 infection.

To assess more clearly the potential benefits of ARBs, such as 
valsartan or losartan, on the evolution of COVID-19, RCTs are 
ongoing (NCT04335786, NCT04335123, and NCT04312009). 
Only when the data of these studies are published, it will be 
possible to define the potential benefits or the risks related to 
these treatments.

Future directions: the search for 
the vaccine
Exploring and understanding the immunogenicity of COVID-19 
are essential for developing the most effective vaccine. 
However, evidence on the immunogenicity of SARS-CoV-2 is 
limited. The genome of the SARS-CoV-2 is over 80% identical 
to the SARS-like bat CoV, and studies on B-cells and T-cells 
epitopes have revealed high homology between SARS-CoV 
and SARS-CoV-2 proteins.59 Previously, studies on SARS-CoV-1 
vaccines revealed that the S protein on the surface of the 
virus is an ideal target for a vaccine, as antibody responses 
directed against it showed promising results in protecting from 
infection in mouse models.60,61 Moreover, while B-cell response 

toward SARS-CoV gave limited protection over time,62 T-cell 
response provided long-term protection, even up to 11 years 
post-infection, and are thus considered as a potential target for 
vaccines against coronaviruses.63 Research efforts are aimed 
at identifying the ideal SARS-CoV-2 epitopes, against which 
directing vaccines is increasing. Many vaccines are currently 
under development (Table 2), following different strategies.58,64 
Whole virus vaccines are currently being investigated by 
companies such as Johnson & Johnson.65 They have the 
advantage of eliciting a strong immune response, through the 
stimulation of toll-like receptors; however, they require longer 
testing to guarantee safety.66 Furthermore, subunit vaccines, 
which rely on stimulating an immune response against the 
viral S-protein preventing its binding with the cell-receptor, are 
already under investigation by companies such as Novavax, 
Clover Biopharmaceuticals, and different consortia in the USA 
and Australia.67–69 Finally, nucleic acids vaccines, both based on 
deoxyribonucleic acid and RNA platforms, are being considered 
by biotech companies, such as Inovio Pharmaceuticals and 
Moderna Therapeutics, both at phase I stage (NCT04336410 
and NCT04283461). These latter formulations have not been 
successful in eliciting protective immunity in humans so far; 
however, expectations are high that this approach might 
eventually be successful.70

Table 2. COVID-19 vaccines development programs.

Sponsor Vaccine type Status ClinicalTrials.gov 
Identifier

Shenzhen Geno-Immune 
Medical Institute

Lentiviral-vector vaccine/artificial 
antigen presenting cells (COVID-19/aAPC)

Phase 1 Study – Recruiting NCT04299724

Shenzhen Geno-Immune 
Medical Institute

Lentivirus vectors expressing Covid-19 
minigene SMENP (LV-SMENP-DC) and 
CTLs 

Phase 1, Phase 2 Studies 
–  Recruiting

NCT04276896

Symvivo Corporation Bac_TRL-Spike (live Bifidobacterium 
longum, engineered to deliver plasmids 
containing synthetic DNA encoding 
SARS-CoV-2 S-protein)

Phase 1 Study – Not yet 
recruiting

NCT04334980

University of Oxford ChAdOx1 nCoV-19 (ChAdOx1 viral vector) Phase 1, Phase 2 Studies – 
Not yet recruiting

NCT04324606

Insitute of Biotechnology, 
Academy of Military Medical 
Sciences, PLA of China

Recombinant novel coronavirus vaccine 
(Adenovirus type 5 vector, Ad5-nCoV, 
encoding for Spike protein)

Phase 2 Study – Not yet 
recruiting

NCT04341389

CanSino Biologics Inc. Recombinant novel coronavirus vaccine 
(Adenovirus type 5 vector, Ad5-nCoV, 
encoding for Spike protein)

Phase 1 Study – Active NCT04313127

National Institute of Allergy 
and Infectious Diseases

mRNA-1273 (RNA – nucleic acid vaccine) Phase 1 Study – Recruiting NCT04283461

Inovio Pharmaceuticals INO-4800 (DNA – nucleic acid vaccine Phase 1 Study – Recruiting NCT04336410

aAPC, antigen presenting cells; COVID-19, coronavirus disease; CTL, cytotoxic T-lymphocytes; DNA, deoxyribonucleic acid; 
LV-SMENP, Lentiviral minigene vaccine; mRNA, messenger RNA; RNA, ribonucleic acid; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2.
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targeted therapies. Corticosteroids and tocilizumab seem to 
guarantee positive results in selected patients so far,  
although the timing of starting therapy and the most 
appropriate therapeutic schemes remain to be clarified.  
Efficacy of the other drugs is still uncertain, and they are 
currently used in combination and in variable ways in  
the absence of definitive guidelines. What will represent  
the real solution to the enormous problem taking place  
worldwide is the identification of a safe and effective  
vaccine, for which enormous efforts and investments are 
underway.

Conclusions
At the moment, treatment of COVID-19 unfortunately has 
more shadows than lights. The basic treatments are mainly 
represented by antiviral drugs such as remdesivir, chloroquine, 
or lopinavir/ritonavir, even if the evidence for their use is not 
satisfactory. Among the antiviral agents, the most promising 
appears to be remdesivir, though this needs to be confirmed 
by ongoing RCTs. However, many questions remain open 
about pathogenesis, the molecular mechanism of input, viral 
replication, and immunological pathways, in order to identify 
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