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The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the agent of the current pandemic of the
respiratory disease known as coronavirus disease 2019 (COVID-19). The government and health authorities around
the world have advocated social distancing, containment measures, and effective diagnosis as the first measures

to slow down the spread of the disease, but, still, treatment options are urgent, especially for patients evolving to
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severe pneumonia. Several pharmaceuticals with antiviral effects were identified and tested, to some extent, during
the previous SARS-CoV and Middle East respiratory syndrome coronavirus outbreaks. Type I interferons (IFNs),
ribavirin, lopinavir/ritonavir, chloroquine/hydroxychloroquine, and remdesivir emerge as the primary options for
in-hospital treatment of patients with COVID-19, focused on reducing the viral load. Although more experimental and
clinical evidence is required, the accumulated in vitro and clinical knowledge discussed here supports those drugs as
feasible alternatives to face the SARS-CoV infection in the short term, whereas more effective measures arise from

INTRODUCTION

The urgent need for treatment alternatives to face the
pandemic of novel coronavirus disease 2019 (COVID-19) has
motivated the scientific community to test several available
commercial compounds with therapeutic potential as a rapid
response to the increasing number of critical cases and casualties.
According to the World Health Organization (WHO), most of the
people with COVID-19 experience mild-to-moderate respiratory
illness and recover without requiring special treatment, but older
adults may develop an associated kind of pneumonia when
underlying other medical conditions such as cardiovascular
diseases, diabetes, chronic respiratory disease, cancer, or HIV
(World Health Organization, 2020). The COVID-19 is caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-

“Corresponding Author

David Gomez-Rios, Escuela de Medicina Veterinaria, Facultad de
Ciencias Agrarias, Universidad de Antioquia UdeA, Calle 70 No. 52-21,
Medellin, Colombia. E-mail: dandres.gomez @ udea.edu.co

CoV-2), which resembles other zoonotic respiratory coronavirus
outbreaks: the SARS-CoV and the Middle East respiratory
syndrome coronavirus (MERS-CoV) of 2002-2003 and 2012-
2013, respectively.

There are 253 genome sequences of SARS-CoV-2
deposited in GenBank (GenBank, taxid: 2697049). The genome
characterization and phylogenetic analysis of independent
research groups have found that SARS-CoV-2 belongs to
B-coronavirus (such as SARS-CoV and MERS-CoV), with high
similarities (89%) to the genome of bat coronavirus (Chan et al.,
2020; Lu et al., 2020). The SARS-CoV-2 genome is a single-
stranded RNA containing 29-kb, 9,860 amino acids, with a 38%
of guanine-citosine content, and is composed of a 5’-untranslated
region, an open reading frame (orf) 1a/b codifying non-structural
proteins for replication, structural proteins including spike surface
glycoproteins (S), small envelope protein (E), membrane (M),
and nucleocapsid proteins such as orf3, 6, 7a, 7b, 8, and 9b, and
3’-untranslated region (Chan et al., 2020).

S-glycoproteins include two subunits: the S1 and S2
subunits (Park et al., 2019b). The S1 subunit contains a signal
peptide, followed by an N-terminal domain and a receptor-
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binding domain responsible for the binding of the host cell
receptor, whereas the S2 subunit contains a conserved fusion
peptide, heptad repeats 1 and 2, transmembrane domain, and
cytoplasmic domain responsible for the fusion of the viral and
cellular membranes (Chan et al., 2020; Simmons et al., 2004). A
recent study has demonstrated that, similar to SARS-CoV, human
angiotensin-converting enzyme 2 can mediate the entry into host
cells through the binding to (S) glycoproteins from SARS-CoV-2,
which could partially explain the efficient transmission of SARS-
CoV-2 in humans (Walls et al., 2020).

COVID-19 treatment is still limited to symptomatology
management and standard therapeutics for viral pneumonia. Some
antiviral treatments are preliminary recommended, including
interferon-o. used an immune response enhancer with antiviral
activity, lopinavir/ritonavir antiretrovirals used for HIV treatment,
ribavirin used for parainfluenza and human respiratory syncytial
virus, and chloroquine an antimalarial and amebicide (Chinese
Centre for Disease Control and Prevention, 2020; Dong et al.,
2020). Thus, drug repurposing is a practical alternative to respond
effectively to novel diseases since developing, testing, and mass
production of new drugs and vaccines could take a long time,
costing thousands of human lives.

The objective of this study is to provide a bibliometric
overview of the studies related to the main potential antiviral
treatments for SARS-CoV-2 in connection with the previous
outbreaks of SARS-CoV and MERS-CoV. In this regard, a
bibliometric analysis constitutes a systematic tool for monitoring
the research efforts on a specific field, offering the scientific
community, a panorama regarding the study network and
impact and evolution of the research during a specific timespan
(Goémez-Rios and Ramirez-Malule, 2019; Ramirez-Malule, 2018;
Ramirez-Malule et al., 2020).

MATERIALS AND METHODS

For this study, data search and collection were performed
in the Scopus database. The search strategy included the terms in
the article title, abstract, and keywords. The “document type” was
limited only to articles, and software VOS viewer 1.6.10 was used
for visualization and data analysis (van Eck and Waltman, 2010).

Search 1 (April 4, 2020): COVID-19 or 2019-ncov
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
chloroquine. Timespan: 1994-2020. 127 articles.

Search 2 (April 4, 2020): COVID-19 or 2019-ncov
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
hydroxychloroquine. Timespan: 2006-2020. 4 articles.

Search 3 (April 4, 2020): COVID-19 or 2019-ncov
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
lopinavir. Timespan: 2003-2020. 66 articles.

Search 4 (April 4, 2020): COVID-19 or 2019-ncov
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
ritonavir. Timespan: 1999-2020. 68 articles.

Search 5 (April 4, 2020): COVID-19 or 2019-nCoV
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
remdesivir. Timespan: 2017-2020. 13 articles.

Search 6 (April 4, 2020): COVID-19 or 2019-nCoV
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
ribavirin. Timespan: 1996-2020. 326 articles.

Search 7 (April 4, 2020): COVID-19 or 2019-nCoV
or SARS-CoV-1 or SARS-CoV-2 or SARS or MERS-CoV and
interferon. Timespan: 1988-2020. 593 articles.

RESULTS AND DISCUSSION

Evolution of research in antiviral options for the treatment of
SARS-CoV and SARS-CoV-2 (COVID-19)

Chloroquine/hydroxychloroquine, lopinavir/ritonavir,
ribavirin, and interferon have been tested in vitro as alternatives for
the treatment of pneumonia associated with both SARS-CoV and
MERS-CoV. Some of those drugs have reached the clinical phase,
emerging as the first options for facing the COVID-19 pandemics,
considering availability, cost, and production capacity (Al-Tawfiq
and Memish, 2017; Stockman et al., 2006). The dynamic evolution
of the published studies involving commercial drugs with
confirmed antiviral activity — chloroquine/hydroxychloroquine,
lopinavir/ritonavir, remdesivir, ribavirin, and interferon — related
to COVID-19, 2019-ncov, SARS-Cov-1, SARS-CoV-2, and
MERS-CoV, respectively, are shown in Figure 1. A total of 127, 4,
66, 68, 13, 326, and 593 records were retrieved from Scopus for
the previously mentioned antivirals, respectively. However, after
eliminating duplicates, a total of 989 articles were obtained, and
55 of them were published in 2020.

An increasing tendency in the number of publications
was observed after the first SARS outbreak in 2003. A significant
number of studies related to the combination of HIV-1 protease
inhibitors lopinavir/ritonavir on SARS-CoV replication appeared
since 2003 (Cinatl et al., 2005). Several in vitro studies showed
that interferons (IFN-a, IFN-B, and IFN-y) could inhibit SARS-
CoV replication (Chen et al., 2004; Cinatl et al., 2003; Sainz et
al., 2004; Stroher et al., 2004; Tan et al., 2004). The tests with
ribavirin on animal and human cell lines (FRhK-4, MA-104, PK-
15, Caco2, CL-14, and human primary epithelial kidney cells)
showed an effective inhibition of SARS-CoV replication (Koren
et al., 2003; Morgenstern et al., 2005). A significant number of
records is also observed for chloroquine/hydroxychloroquine
between 2004 and 2010 since it was shown to effectively inhibit
the spread of SARS-CoV in Vero E-6 cells (Keyaerts et al., 2004;
Vincent et al., 2005). The number of published articles decreased
during the period 2008-2011, but the emergence of the MERS-
CoV outbreak of 2012 attracted attention again. In the case of
MERS-CoV, the studies with interferon, ribavirin, ritonavir, and
lopinavir also showed a variable activity in vitro (Al-Tawfiq and
Memish, 2017). Notice that in 2019-2020, the number of records
for chloroquine, ritonavir, and remdesivir started to increase as
a consequence of very active research with these compounds as
potential interventions for patients infected with SARS-CoV-2.

Figure 2A shows the bibliometric network of studies
of different antivirals related to coronavirus outbreaks. A big
group of topics related to SARS is identified, including connected
major clusters for coronavirus, SARS, SARS-CoV, MERS-CoV,
and pneumonia. The potential treatments, namely, interferon,
lopinavir, ritonavir, ribavirin, corticosteroids, and monoclonal
antibodies, appear as smaller clusters. Furthermore, 2019-nCov
and COVID-19 appear as small connected clusters, but given
the intense scientific activity about this topic, those clusters are
expected to increase rapidly within the next months. Chloroquine
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Figure 1. Dynamic evolution of the studies of different antivirals related to COVID-19, 2019-ncov,

SARS-Cov-1, SARS-CoV-2, and MERS-CoV.

is a connecting point between research works related to malaria and
coronavirus, evidencing a significant number of studies addressing
the antimalarial and antiviral activities of this compound. Therefore,
the second group of topics is identified regarding the extended use of
chloroquine and hydroxychloroquine as a treatment for malaria and
its inhibition effect on the microorganism Plasmodium falciparum.

Interestingly, Figure 2B shows that chloroquine and
malaria have been intensively studied between 2010 and 2015, but
it was also actively studied in SARS-CoV and MERS-CoV before
2015. The network shows that, now, chloroquine is extended to
COVID-19, whereas lopinavir, ritonavir, and remdesivir were
more explored for SARS-CoV. Aside, and not less important,
Figure 2C shows the country collaboration network in the research
of coronavirus outbreaks. The countries with an essential number
of contagions appear as a part of the main contributors, namely,
the U.S, China, Hong Kong, and Saudi Arabia, and to a lesser
extent, Germany, Italy, Spain, France, the UK, Japan, South
Korea, and Taiwan. Those countries engaged in collaboration with
countries, where the number of cases was significant or needed to
be controlled rapidly to avoid its rapid expansion (World Health
Organization, 2003, 2017, 2020).

Repurposed antiviral treatments for COVID-19 based on
clinical evidence

Figure 3 shows the antiviral treatment strategies
for blocking the coronavirus replication cycle, adapted from
Kupferschmidt and Cohen (2020). Replication of coronavirus
begins with the entrance of virions to the host cells; it could
occur by the attachment of spike glycoproteins to the angiotensin-
converting enzyme 2 (ACE2) receptor (step 1a) or endocytosis
(step 1b). Virions inject RNA into the cell and start an intracellular
translation of polypeptides and proteins necessary for replication

(step 2). Proteolysis (step 3) is necessary for producing functional
proteins with catalytic activities such as the RNA-dependent RNA
polymerases (RdRp). This enzyme is necessary for the replication
of viruses, and here, genomic RNA is replicated, transcribed,
and translated to form the structural proteins (step 4). Finally,
viral proteins produced are processed through the endoplasmic
reticulum and the Golgi apparatus (step 5), and viruses are
assembled (step 7) and released via exocytosis (step 8). Antiviral
treatments in red boxes represent the molecular process inhibited
or induced during the coronavirus life cycle.

Interferon-o with corticosteroids or ribavirin

Cytokines known as type I interferons (IFNs) are secreted
by infected cells activating intracellular antimicrobial programs in
host cells and influencing the development of innate and adaptive
immune responses (Ivashkiv and Donlin, 2014). In infected cells
(Fig. 3, step 1a), the type I IFNs induce the transcription of IFN-
stimulated genes, which codify proteins that suppress viruses
by different mechanisms (McNab et al., 2015). It has been
demonstrated that [FN-a, a type I interferon, inhibits the SARS-
Co-V spread in vitro (Chen et al., 2004; Stroher et al., 2004; Tan
et al., 2004). Some clinical studies explored the therapeutic effect
of IFN-a on SARS-CoV and MERS-CoV patients. The outcomes
have been not conclusive, but the synergistic effect of IFN-a with
other drugs such as corticosteroids or antivirals results in more
rapid resolution of pneumonia. Loutfy et al. (2003) performed a
clinical trial on the therapeutic benefit and tolerability of combined
corticosteroids-IFN-a treatment for SARS-CoV, showing a shorter
resolution time (50%) compared with the control group treated
with corticosteroids. The review of clinical findings in patients
with SARS-CoV treated with four different protocols also showed
that a treatment regime of IFN-a with high-dose corticosteroids
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Figure 2. Summary of antivirals studies related to COVID-19, 2019-ncov, SARS-Cov-1, SARS-CoV-2, and MERS-CoV. (A) Bibliometric network. (B) Research topic

map with time overlay. (C) Visualization of the country collaboration network. Note: The minimum number of occurrences of a keyword is five.
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Figure 3. Antiviral treatments strategies for blocking coronavirus replication cycle. Adapted from Kupferschmidt and Cohen, 2020. Replication of coronavirus begins
with the entrance of virions to the host cells; it could occur by the attachment of spike glycoproteins to the ACE2 receptor (step 1a) or endocytosis (step 1b). Virions
inject RNA into the cell and start an intracellular translation of polypeptides and proteins necessary for replication (step 2). Proteolysis (step 3) is necessary for
producing functional proteins with catalytic activities such as the RdRp. This enzyme is necessary for replication of viruses, and here, genomic RNA is replicated,
transcribed, and translated to form the structural proteins (step 4). Finally, viral proteins produced will be processed through the endoplasmic reticulum and golgi
apparatus (step 5), and viruses are assembled (step 7) and released via exocytosis (step 8). Antiviral drugs (red boxes) are indicated in the process inhibited or induced

in coronavirus life cycle; molecular drug structures are showed alongside.

avoided the need for mechanical ventilation in 100% of patients
(Zhao et al., 2003).

Ribavirin itself did not show antiviral activity against
SARS-CoV in vitro (Cinatl et al., 2003). Nevertheless, a positive
synergistic effect was observed in vifro when used in combination
with type I (a or B) IFNs (Chen et al., 2004; Morgenstern et al.,
2005; Tan et al., 2004). Similar results were observed for MERS-
CoV in Vero, Vero E6, and LLC-MK2 cell lines, suggesting that
this combination could entail the benefits for MERS-CoV patients
(Chan et al., 2013; Falzarano et al., 2013). Clinical trials and case
series involving type I I[FNs alone or in combination with ribavirin
showed survival rates between 65% and 85%, but it is ineffective
when used in the late stages of the disease (Al Ghamdi ez al.,2016;
Al-Tawfiq and Memish, 2017; Shalhoub ez al., 2015).

In the case of SARS-CoV-2 infection, Lokugamage et al.
(2020) found that pretreatment with recombinant interferon-o
leads to a significant reduction in viral replication at 24- and 48-
hour postinfection in Vero E6 cells. The treatment of critical care
and noncritical care patients with a combination of interferon-a,
methylprednisolone, moxifloxacin, and lopinavir showed
preliminary positive results in 74% of critical patients, and at
the same time, noncritical patients improved showing only mild
symptoms (Qin ez al., 2020).

Lopinavir/ritonavir

Viral proteases are endopeptidase enzymes codified
in the viral RNA or DNA that catalyzes the cleavage of peptide
bonds of viral polyproteins and host-cell proteins necessary for
the viral maturation, life cycle, and infectivity (Konvalinka et al.,
2015). Lopinavir/ritonavir is an inhibitor of HIV-1 protease that
causes an antiviral effect on the maturation of virions (Fig. 3, step
3) and prevents the new waves of cellular infections (Chandwani
and Shuter, 2008). Assays in fRhK-4 cell lines using lopinavir and
lopinavir/ritonavir with ribavirin have shown some anti-SARS-
CoV effects (Chen et al., 2004; Chu et al., 2004). A retrospective
cohort study showed that SARS-CoV patients treated with
lopinavir/ritonavir were associated with a reduction in the death
rate (2.3%) compared with the cohort receiving the standard
treatment (15.6%) and a lower requirement of corticosteroid
therapy as well (Chan et al., 2003). Chu et al. (2004) performed
a clinical trial with 41 patients infected with SARS-CoV and
treated with a combination of lopinavir/ritonavir and ribavirin.
The authors observed a significantly lower complication rate
or death compared to the historical controls (2.4% vs. 28.8%)
and a reduction in steroid usage and nosocomial infections as a
consequence of decreasing in viral load and rising of peripheral
lymphocyte count (Chu ef al., 2004).
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Based on the effectivity of the lopinavir/ritonavir
and interferon combination in the clinical trials for SARS-
CoV and primate animal model for MERS-CoV (Chan et al.,
2015), two case reports suggested that lopinavir/ritonavir-based
antiviral therapy with ribavirin and interferon possibly led to the
disappearance of viral load after 3 and 6 days, respectively (Kim et
al., 2016; Spanakis et al., 2014). The application of postexposure
prophylaxis with lopinavir/ritonavir in healthcare workers was
associated with a decrease (40%) in the infection risk without
severe adverse effects (Park et al., 2019a). Thus, the addition of
lopinavir/ritonavir to the standard treatment protocol treatment
for SARS-CoV and MERS-CoV infections might be potentially
associated with improved clinical outcomes.

In the case of COVID-19, the lopinavir/ritonavir
combination has been used as an experimental therapy in several
cases, and some clinical trials are under development, but the
outcomes remain controversial. Some case reports suggested
that treatment with lopinavir/ritonavir could help to significantly
reduce the viral load (Lim et al., 2020; Young et al., 2020).
Moreover, the use of lopinavir/ritonavir becomes more common
as a therapeutic measure in hospital COVID-19 management
protocols, being associated with benefits in small samples or
individual cases (Bhatnagar et al., 2020; Huang et al., 2020; Liu
et al., 2020a). Early antiviral treatment with lopinavir/ritonavir
and arbidol (umifenovir) showed antiviral effects improving
treatment efficacy in critical cases (Wang et al., 2020b; Xu et al.,
2020). On the contrary, a retrospective study with 134 patients
revealed no significant difference between lopinavir/ritonavir-
and arbidol-treated and control groups in reducing the viral load
(Yao et al., 2020a). A retrospective study suggests that lopinavir/
ritonavir might improve the outcomes in COVID-19 although
shortening of infection duration was not observed (Zhou et
al., 2020). A randomized, controlled, open-label trial in adult
patients with severe SARS-CoV-2 (199) revealed no benefits and
similar mortality regarding the treatment with lopinavir/ritonavir
compared with the standard care protocol (Cao et al., 2020).
Nevertheless, given the severity condition of the patients of that
study, the potential of lopinavir/ritonavir for early treatment is
still a matter of analysis. A retrospective study with 120 patients
showed that the median duration of viral load was shorter in the
lopinavir/ritonavir-treated group (65%) than in the untreated
group (35%), with a median duration of 22 days versus 28.5
days, respectively (Yan et al., 2020). According to the authors,
only earlier, the administration of the treatment (<10 days from
symptom onset) was able to shorten the viral shedding. Currently,
at least 15 clinical studies involving 2,606 patients are planned
or being conducted to investigate the therapy based on the use of
lopinavir/ritonavir (Belhadi ez al., 2020).

Chloroquine/hydroxychloroquine

Chloroquine and hydroxychloroquine are weak
bases that affect acid vesicles (endosomes, Golgi vesicles, and
lysosomes), leading to the dysfunction of several enzymes.
Weak bases tend to increase the pH of lysosomal and trans-Golgi
network vesicles, to disrupt the enzymatic function, and to inhibit
the post-translational modification of newly synthesized proteins
(Savarino et al., 2003). The antiviral effect depends on the extent

to which viruses use endosomes for entry into host cells (Fig. 3,
step 1b) (Vincent et al., 2005). Furthermore, chloroquine would
diminish the surface expression of the glycosylated forms of
ACE2 receptor in Vero cells, affecting negatively the binding
interactions between ACE2 and S glycoproteins (Fig. 3, step 1a)
of SARS-CoV and possibly SARS-CoV-2 (Vincent et al., 2005).
In 2001, Blau and Holmes (2001) investigated the effect of drugs
(chloroquine and bafilomycin A), blocking the acidification of
endosomes when infecting MRC-5 human lung epithelial cells
with human coronavirus HCoV-229E. Keyaerts et al. (2004)
reported chloroquine as an effective inhibitor of SARS-CoV in
Vero E6 cells, showing a selectivity index of 30 and IC50 of 8.8
uM, approximately the same plasma concentration reached with
the drug in malaria treatment. Similar results were also obtained
by Vincent et al. (2005) in Vero E6 cells. Pretreatment with
chloroquine of 0.1, 1, and 10 uM reduced the infectivity by 28%,
53%, and 100%, respectively, and a postinfection half-maximal
inhibitory effect was estimated to occur at the concentrations of
4.4 uM. A screening test in Vero E6 cells with drugs approved by
the U.S. Food and Drug Administration showed that chloroquine
inhibits MERS-CoV replication at an early step with an EC50 of
3.0 uM and selectivity index of 19.4 (De Wilde et al., 2014).

Chloroquine has been reported as an in vitro inhibitor of
SARS-CoV-2 at both entry and postentry stages in Vero E6 cells at
an EC90 value of 6.90 uM, which can be clinically achievable in
plasma patients receiving 500 mg (Wang et al., 2020a). In vitro tests
with chloroquine and hydroxychloroquine in Vero cells showed
that hydroxychloroquine was a better inhibitor of SARS-CoV-2
infection with an EC50 of 0.72 uM, whereas, for chloroquine, the
EC50 was 5.47 uM (Yao et al., 2020b). On the contrary, Liu et al.
(2020b) found the chloroquine to be a more effective inhibitor
of SARS-CoV 2 in Vero E6 cells with an EC50 of 7.36 uM at
the maximum multiplicity of infection (0.8) while an EC50 was
observed for hydroxychloroquine. A loading dose of 800 mg/day
of hydroxychloroquine followed by a maintenance dose of 400
mg/day for 4 days has been recommended for treating the SARS-
CoV-2 infection (Yao et al., 2020). Early clinical trials in different
Chinese hospitals with more than 100 patients demonstrated that
chloroquine inhibited the exacerbation of pneumonia, improved
the lung imaging findings, shortened disease, and reduced the viral
load without adverse reactions (Gao et al., 2020). An open-label
nonrandomized clinical trial in France using hydroxychloroquine
and azithromycin showed a significant reduction of the viral load.
After 6 days of treatment, 75% of the treated patients with 600 mg/
day (20) were virologically cured (Gautret ef al., 2020). According
to Belhadi et al. (2020), 11 clinical trials are planned or in execution
involving chloroquine and seven using hydroxychloroquine/
chloroquine with a total of planned inclusions of 1,102 and 1,048,
respectively.

Remdesivir

As shown in Figure 1, there are few studies regarding
the effectivity of the antiviral remdesivir (GS-5734) in SARS-
CoV and MERS-CoV. Remdesivir is a novel antiviral adenosine
analog developed mainly as a treatment for Ebola virus, but it has
also been found that remdesivir exhibits antiviral activity against
other single-stranded RNA viruses including human zoonotic
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coronaviruses (Brown et al., 2019; Sheahan et al., 2017). As a
nucleotide analog inhibitor, remdesivir interferes with RdRps as
shown in Figure 3, step 4, specifically RdRps of MERS-CoV and
Ebola virus (Agostini ez al., 2018; Gordon et al., 2020; Tchesnokov
et al., 2019). The antiviral activity of this compound has been
assessed in primary human airway epithelial cells infected with
both SARS-CoV and MERS-CoV, showing effectivity with the
average EC50 values of 0.069 and 0.074 uM, respectively. Those
concentrations are almost 100-fold lower than the potentially
cytotoxic values. In vitro (Calu-3) and in vivo assays in mice
and rhesus macaque animal models showed the effectivity of
remdesivir in reducing the viral load and improving the respiratory
function in MERS-CoV infection (de Wit et al., 2020; Sheahan
et al., 2020). Remdesivir was also effective against SARS-CoV-2
postinfection in vitro in Vero E6 and human liver cancer Huh-
7 cells, yielding an EC90 of 1.76 uM (Wang et al., 2020). The
first case reported in the US of SARS-CoV-2 was treated with
intravenous remdesivir in day 7 of hospitalization; no adverse
events were observed, and only 1 day later, the clinical condition
of the patient improved significantly up to the point of symptom
resolution (Holshue et al., 2020). Since those results establish
remdesivir as a promising drug for the treatment of COVID-19, at
least five clinical trials are planned, enrolling 2,155 individuals to
assess the effectiveness and safety of this therapy (Belhadi et al.,
2020). However, remdesivir is still a prodrug in an advanced stage
of development, and the regulatory issues must be first solved.
Moreover, there is a limited possibility that remdesivir and other
analogs reach the market in the short term in the required amounts
to face the COVID-19 pandemic at accessible prices.

CONCLUSION

After 18 years since the first SARS outbreak, the studies
in potential antiviral therapies for SARS-CoV and MERS-CoV
have not progressed as fast as needed. This is reflected in the
current uncertainties evidenced by the health personnel in the
management of severe patients infected with the novel SARS-
CoV-2. Although several potential drugs have been tested in vitro
and in vivo for treating infections with SARS coronaviruses, the
clinical evidence is still limited, and as a consequence, there is
no proven antiviral therapy for any SARS disease. There is
comparatively more evidence regarding the use of type I IFNs,
ribavirin, and lopinavir/ritonavir for the treatment of SARS
diseases, showing some benefits, but their application in late stages
of infection is ineffective. Chloroquine, hydroxychloroquine, and
remdesivir are the most promising alternatives for treating severe
patients, even after several days of infection, but the associated
clinical evidence is still minimal. Furthermore, from this group,
the only licensed drugs are chloroquine and hydroxychloroquine,
and therefore, they are readily available and cheap enough to be
accessible for all healthcare personnel around the world.
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