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Abstract
COVID-19, the disease associated in December 2019 with the novel coronavirus SARS-CoV-2, was observed for the first 
time in China and then spread worldwide becoming pandemic. Currently, there is still no licensed specific antiviral treatment 
for the human coronavirus disease and a vaccine will not be ready soon. However, based on experience from the use of other 
antiviral agents to treat similar virusses, some treatment options have been tried with some efficacy. Clinical trials for future 
therapies are still ongoing. In the meantime, prevention, control, active communication and investment in research are the 
only ways to overcome this challenge.
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Since 31 December 2019, COVID-19, the disease associated 
with the novel coranovirus Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2), caused so far thou-
sands of confirmed cases and deaths all over the world [1].

This virus was observed for the first time in Wuhan, 
China, and very quickly has spread outside Chinese border 
affecting most of the world becoming no longer an outbreak, 
but officially a pandemic [2, 3].

COVID-19, like the Severe Acute Respiratory Syndrome 
(SARS) and Middle East Respiratory Syndrome (MERS), 
belongs to the group of ribonucleic acid (RNA) viruses that 
circulate among animals with some of them also known to 
infects humans [4]. These viruses are very common in the 
world and are so called because of the crown-shaped tips 
that are present on their surface [5].

Coronaviruses are the largest group of viruses belong-
ing to the Nidovirales order, which includes Coronaviridae, 
Arteriviridae, and Roniviridae families. The Coronaviridae 
are further divided into four groups: alpha, beta, gamma and 
delta coronaviruses [6–9]. SARS-CoV-2, belongs to the beta 
coronavirus cluster [6].

Currently, there is still no licensed specific antiviral 
treatment for the human coronavirus disease and a vaccine 

will not be ready soon. Treatment is therefore based on the 
patient’s symptoms and supportive care [6, 10].

So far, although scientific evidence is limited, existing 
drugs approved for other indications have been used to treat 
COVID-19 [10].

Based on the proven efficacy against SARS-COV, the 
second-generation protease inhibitor lopinavir, approved 
for the treatment of HIV in combination with a low dose 
of ritonavir to increase its plasma half-life, has been used 
to treat COVID-19 [10, 11]. However, despite the use of 
lopinavir/ritonavir in combination with ribavirin was ini-
tially considered a promising therapy for treating COVID-
19 infections [10, 11], a recent study comparing a group of 
patients treated with lopinavir/ritonavir and standard treat-
ment (n = 99) versus a second group treated with standard 
treatment alone (n = 100) [12] showed that the use of lopina-
vir–ritonavir association had no benefit compared to stand-
ard treatment alone [12]. The standard treatment was based 
on the administration of oxygen, invasive and non-invasive 
ventilation, antibiotics, vasopressor drugs, possible dialysis 
and extracorporeal oxygenation (ECMO) [12].

However, as reported also by the authors, this study had 
several limitations, one of all the lack of blindness and inho-
mogeneity of the arms with respect to some patients charac-
teristics such as the severity of the disease and the onset of 
baseline symptoms [12].

The results of this study are therefore not transferable 
to stable patients and with less serious clinical symptoms.
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Other authors suggest that interferon-α, a broad spec-
trum antiviral drug used for the treatment of hepatitis, 
administered by inhalation is also helpful in inhibiting 
the virus [10, 13].

Also, the last version (7th edition) of the Guidelines 
for the Prevention, Diagnosis, and Treatment of Novel 
Coronavirus-induced Pneumonia [14] included as useful 
therapy, together with the antimalarial chloroquine and 
the antiviral treatment for influenza arbidol, the broad-
spectrum antiviral agent Ribavirin, a guanosine analogue 
used to treat several virus infections like hepatitis C virus, 
respiratory syncytial virus and viral hemorrhagic fevers. 
However, for its undesiderable side effect like anemia, the 
use of ribavirin may not be convenient in patients who are 
already very compromised such as those with COVID-19 
[13–15].

A recent single arm study performed on 20 COVID-19 
patients shows that the use of hydroxychloroquine also by 
adding the antibacterial drug azithromycin is efficient in 
viral load reduction/disappearance [16]. Hydroxychloro-
quine and chloroquine’s antiviral activity appears to be due 
to the increase in endosomal ph which is crucial for virus-
cell fusion [17, 18]. Azithromycin, in addition to inhibiting 
the protein synthesis of bacteria, is able to mitigate inflam-
mation and modulate the immune system [19, 20].

However, this study has important methodological prob-
lems: non-randomized study, small sample size (n = 36) and 
few patients (n = 6) treated with azithromycin.

To the contrary, another report on the use of a combina-
tion of hydroxicloroquine and azithromycin to treat COVID-
19 patients showed no evidence of a strong of antiviral activ-
ity or clinical benefit from the use of the aforementioned 
drug association [21].

Very recently some australian researchers demonstrated 
that ivermectin, an Food and Drug Administration (FDA)—
approved anti-parasitic, have broad-spectrum anti-viral 
activity in vitro, with a single dose able to stop viral growth 
in 48 h [22]. This effect can be explained by the inhibition 
of IMPα/β1 during infection impacting on cell division [22].

So far, researchers have proposed more than 30 drugs 
(remdesevir, favipiravir, darunavir/cobicistat, indinavir, 
saquinavir, carfilzomib, fosamprenavir, bortezomib, ralte-
gravir, raltegravir, etc.…) with possible activity against 
COVID-19 [13, 23, 24].

However, to date, the most promising antiviral drug able 
to fighting COVID-19 is the nucleotide prodrug remdesivir 
(GS-5734). This drug, recently involved in four phase III 
clinical trials in China and United States [25], has a broad 
spectrum of antiviral activities against RNA viruses like filo-
viruses, paramyxoviruses, pneumoviruses, SARS and MERS 
coronavirus [10].

Based on pre-clinical studies in Ebola virus, remdesivir 
act as an inhibitor of RNA polymerase, thus determining a 

premature termination of viral RNA transcription [10, 13, 
26].

Animal experiments showed that remdesivir in combina-
tion with interferon can reduce the viral load in lung tissue 
of mice infected with MERS, consequently improving lung 
function and decreasing damage of the tissue [13].

Other studies suggests that a combination therapy of 
remdesivir with specific monoclonal antibodies could be 
the ideal therapeutic option for treat COVID-19 [27, 28].

Tocilizumab, a drug approved by FDA for rheumatoid 
arthritis and cytokine release syndrome (CRS), seems to be 
helpful in patients infected with COVID-19. These patients 
can develop uncontrolled immune response leading to seri-
ous life-threatening damage to lung tissue. Tocilizumab is 
not active against the virus, however, inhibiting the inter-
leukin-6 receptor it could decrease the systemic inflamma-
tion (cytokine release storm) and consequently improve the 
prognosis [29, 30].

Interesting suggestions for future treatments could be 
the development of type II transmembrane serine protease 
(TMPRSS2) inhibitors like camostat mesilate, approved in 
Japan for the treatment of pancreatic inflammation [10]. 
This drug could act by blocking the entry of the virus inside 
lung cells and disabling the activation of the spike protein 
of SARS-CoV [10, 13, 31]. To be fully effective, it need to 
be used in combination with an Abelson (Abl) kinase inhibi-
tors (i.e. the anticancer imatinib) which inhibits fusion of the 
virions at the endosomal membrane [10, 13, 31, 32].

Finally, since the SARS-COV-2 uses angiotensin-convert-
ing enzyme 2 (ACE2) as the receptor binding domain for 
its spike protein, some authors hypothesize that angiotensin 
receptor 1 (AT1R) blockers such as losartan or telmisartan, 
could have some beneficial in patients infected by COVID-
19 who experienced pneumonia [33–35].

To the present, there is only one retrospective study 
suggesting that COVID-19 patients with hypertension and 
already treated with angiotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers, showed better clini-
cal outcome with respect to patients treated with other anti-
hypertensive drugs [36].

Still, other authors suggest the opposite. The over-expres-
sion of cardiac ACE2 receptors in patients treated with these 
classes of drugs could expose them more to the virus [37].

As both these hypotheses are still unproven, this matter 
remains an interesting starting point for future studies.

The challenge that awaits us tomorrow is to understand 
where we went wrong and if in these years we could have 
done more. When this pandemic finally will end, we will 
have to roll up our sleeves and work hard so that such events 
can no longer happen. If a new threat arises, now we must 
be prepared.

Currently, none of the drugs on the market is really effec-
tive against COVID-19. The new antiviral drugs should 
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ensure better pharmacokinetic properties, greater potency 
and/or a lower toxicity profile than currently available thera-
pies. The combined use of multiple antiviral drugs is the 
right way to go, so it is possible to increase antiviral activity, 
reduce the dosage of single drugs (and thus toxicity), and 
prevent the development of resistance by providing a wider 
antiviral activity than single drug treatment does. Identifying 
new molecular targets within the virus is also crucial [37]. 
The new strategic therapies involve the use of drugs that 
modulate the host’s immune response, drugs that stimulate 
the immune response, or virus-specific immunotherapies to 
boost the host’s defenses.

Prevention, control, active communication and investment 
in research are the only ways to overcome this and future 
challenges that humanity will face. When SARS, MERS or 
EBOLA spread, scientists started promising research, but 
when the epidemics finished, they didn’t go on and look 
onward [38]. From now on everything has to change. We 
must review the functioning and management of animal 
markets by increasing their safety, since these markets are 
the main places of origin of new zoonotic pathogens and 
therefore are high risk areas for public health [2]. We must 
then understand viruses, their origin and development better.

Search for more effective and safer therapies is human-
ity’s ultimate challenge in the twenty-first century.

Today we really had proof of this.
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