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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cause of coronavirus disease 2019
(COVID-19), has spread across the globe resulting in a pandemic affecting 215 countries. At the time of this
review, COVID-19 has been diagnosed in more than 15,000,000 patients and associated with over 1,00,000
deaths globally (Canters for Disease Control and Prevention, World Health Organization).

In this review, we herein summarize the current evidence as on June 15, 2020 to provide guidance on potential
drugs for COVID-19 treatment or prophylaxis, their scientific rationale and their clinical efficacy and safety.
New data continue to emerges daily regarding clinical characteristics, treatment options, and outcomes for
COVID-19. Optimized supportive care remains the mainstay of therapy, and the clinical efficacy for the potential

therapeutic agents is still under investigation.
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Introduction

Since the first case was reported in December 2019 from Wuhan, China,
infection with the severe acute respiratory coronavirus 2 (SARS-CoV-2)
has become a worldwide pandemic affecting 215 countries [1, 2]. World
Health Organization (WHO) declared the outbreak of SARS-Cov-2 as a
Public Health Emergency of International Concern on 30 January 2020
[3]. Covid-19 — the illness caused by SARS-CoV-2 —is overpowering
the existing health care systems globally [4, 5]. The international
community has asked for US$675 million to help protect states with
weaker health systems as part of its Strategic Preparedness and Response
Plan [3].

The symptoms of SARS-CoV-2 infection vary broadly, from
asymptomatic disease to pneumonia and life-threatening complications,
including acute respiratory distress syndrome, multisystem organ failure,
and ultimately, death [6]. Older patients and those with pre-existing
respiratory or cardiovascular conditions appear to be at the greatest risk
for severe complications [7,8]. Thus far, there are no specific therapeutic
agents for coronavirus infections. In the absence of a proven effective
treatment, current management consists of supportive care, including
invasive and non-invasive oxygen support and treatment with antibiotics
[9, 10]. In addition, many patients have received off-label or
compassionate-use therapies, including anti-retrovirals, anti-parasitic
agents, anti-inflammatory compounds, and convalescent plasma [11-14].
In this commentary, we aim to assess the potential candidates for
treatment and prevention of Covid-19 based on the scientific evidences.
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Antiretroviral drugs

After the emergence of severe acute respiratory syndrome (SARS) in
2003, screening of approved drugs identified lopinavir, a human
immunodeficiency virus (HIV) type 1 aspartate protease inhibitor, as
having in vitro inhibitory activity against SARS-CoV, the virus that
causes SARS in humans [15-17]. Lopinavir, which acts against the viral
3CL protease, has modest antiviral activity against SARS-CoV-2 in vitro
[18]. Ritonavir is combined with lopinavir to increase its plasma half-life
through the inhibition of cytochrome P450. An open-label study
published in 2004 suggested, by comparison with a historical control
group that received only ribavirin, that the addition of lopinavir—ritonavir
(400 mg and 100 mg, respectively) to ribavirin reduced the risk of adverse
clinical outcomes (acute respiratory distress syndrome [ARDS] or death)
as well as viral load among patients with SARS[15]. However, the lack
of randomization and a contemporary control group and the concomitant
use of glucocorticoids and ribavirin in that study made the effect of
lopinavir—ritonavir difficult to assess. Similarly, lopinavir has activity,
both in vitro [19] and in an animal mode [20], against Middle East
respiratory syndrome coronavirus (MERS-CoV), and case reports have
suggested that the combination of lopinavir—ritonavir with ribavirin and
interferon alfa resulted in virologic clearance and survival [21-23].Chao
et. Al [24] conducted a randomized controlled open label trial in
hospitalized adult Covid-19 patients to evaluate the efficacy and safety of
oral lopinavir—ritonavir for SARS-CoV-2 infection from January 18,
2020, through February 3, 2020 at Jin Yin-Tan Hospital, Wuhan, Hubei
Province, China. The researchers concluded that lopinavir—ritonavir
treatment did not significantly accelerate clinical improvement, reduce
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mortality, or diminish throat viral RNA detectability in patients with
serious Covid-19 [24]. Combining lopinavir—ritonavir with other antiviral
agents, as has been previously done in SARS [15, 25] and is being studied
in MERS-CoV [26], might enhance antiviral effects and improve clinical
outcomes but it remains to be determined through further studies.

Nucleoside analogue
Remdesivir

Remdesivir is a prodrug of a nucleotide analogue that is intracellularly
metabolized to an analogue of adenosine triphosphate that inhibits viral
RNA polymerases. Remdesivir has broad-spectrum activity against
members of several virus families, including filoviruses (e.g., Ebola) and
coronaviruses (e.g., SARS-CoV and MERS-CoV) and has shown
prophylactic and therapeutic efficacy in nonclinical models of these
coronaviruses [27-30]. In vitro testing has also shown that remdesivir has
activity against SARS-CoV-2. Remdesivir appears to have a favourable
clinical safety profile [31, 32]. A recent study by Grein et al., sponsored
by Gilead Sciences, on a cohort of patients hospitalized for severe Covid-
19 and treated with remdesivir on a compassionate-use basis observed
clinical improvement in 36 of 53 patients (68%) [33]. However,
interpretation of the results of this study is limited by the small size of the
cohort, the relatively short duration of follow-up, potential missing data
owing to the nature of the program, the lack of information on 8 of the
patients initially treated, and the lack of a randomized control group, the
latter preventing from definitive conclusions. However, comparisons with
contemporaneous cohorts from the literature, in whom general care is
expected to be consistent with that of the study cohort, suggest that
remdesivir may have clinical benefit in patients with severe Covid-19.
However, measurement of efficacy will require ongoing randomized,
placebo-controlled trials of remdesivir therapy and the findings from this
study is needed to be confirmed by the ongoing randomized, placebo-
controlled trials of remdesivir therapy for Covid-19.

Anti malarials/ Anti-parasitic
Chloroquine and Hydroxychloroquine

Chloroquine, an antimalarial drug with anti-inflammatory and
immunomodulatory actions, has gained substantial interest as a potential
therapeutic choice for the management of COVID 19 [34]. A recent paper
reported an inhibitor effect of chloroquine on the growth of SARS-CoV-
2 in vitro,[30] and an early clinical trial conducted in COVID-19 Chinese
patients, showed that chloroquine had a significant effect, both in terms
of clinical outcome and viral clearance, when comparing to controls
groups[35]. Chinese experts in their consensus report recommended that
patients diagnosed as either mild, moderate or severe cases of COVID-19
pneumonia and without contraindications to chloroquine, be treated with
500 mg chloroquine twice a day for ten days [36].

Hydroxychloroquine (an analogue of chloroquine) has been demonstrated
to have an anti-SARS-CoV activity in vitro [37]. Hydroxychloroquine
clinical safety profile is better than that of chloroquine (during long-term
use) and allows higher daily dose [38] and has fewer concerns about drug-
drug interactions [39].

In a recent nonrandomized study from France, Gautret and colleagues[40]
reported a higher frequency of SARS-CoV-2 clearance from the
nasopharynx after 6 days of treatment with HCQ, plus azithromycin
(AZM) if deemed necessary, versus an untreated control group (14 of 20
patients [70%] vs. 2 of 16 patients [13%]; p< 0.001). The clinical study
showed that hydroxychloroquine treatment is significantly associated
with viral load reduction/disappearance in COVID-19 patients. As per the
researchers, results were promising and open the possibility of an
international strategy to fight this emerging viral infection in real-time
even if other strategies and research including vaccine development could
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be also effective, but would take time to develop. Given the urgency of
the situation, some limitations of this study was acceptable, including the
small sample size, use of an un-validated surrogate end point, and lack of
randomization or blinding. However, many methodological flaws which
were also noted by others [41] severely affect the validity of the study
findings.

Yet, another very small, randomized study from China in patients with
mild to moderate COVID-19 found no difference in recovery rates in
patients receiving hydroxychloroquine and in patients receiving only
standard supportive care[42]. Most recently, a report by Chen et al [43]
presented data from a study including 62 patients with non-severe, non-
critical COVID-19 who were randomly assigned to receive
hydroxychloroquine (200 mg twice a day for 5 days) or standard
treatment. Results showed that duration of fever (2.2 vs 3.2 days) and
cough (2.0 vs 3.1 days) was shorter among members of the group
receiving hydroxychloroquine, and that more patients receiving
hydroxychloroquine had improved findings on chest computed
tomographic imaging [43]. It should also be noted that there is concern
for QTc prolongation and torsades de pointes even with short-term use of
hydroxychloroquine for COVID-19 which may pose particular risk to
critically ill persons [44].

The evidence, thus so far, for the use of hydroxychloroquine in the
treatment of human infection with SARS-CoV-2 is based on encouraging
in vitro data, very small clinical studies, and anecdotal observation. Well
performed randomized clinical trials with adequate sample size and
validated clinical end points, are required to better understand if
hydroxychloroquine has any definitive role in the treatment of COVID-
19.

Ivermectin

Ivermectin is an FDA-approved broad spectrum anti-parasitic agent
[45] that in recent years, has shown to have anti-viral activity against a
broad range of viruses [46-49] in vitro. According to a recent in vivo study
[49] by researchers from Monash University, Australia, Ivermectin is an
inhibitor of the causative virus (SARS-CoV-2), with a single addition to
Vero-hSLAM cells 2 hours post infection with SARS-CoV-2 able to
effect ~5000-fold reduction in viral RNA at 48 hours indicating that
ivermectin treatment resulted in the effective loss of essentially all viral
material by 48 hours. lvermectin, therefore, warrants further investigation
for possible benefits in humans.

Nitazoxanide

Nitazoxanide has demonstrated potent in vitro activity against SARS
CoV-2, with an EC50 at 48 hours of 2.12 uM in Vero E6 cells [30].This
potent activity is consistent with EC50 values for nitazoxanide and its
active metabolite, tizoxanide, against MERS-CoV in LLC-MK2 cells in
which EC50 values of 0.92 and 0.83 pM, respectively, have been
demonstrated [52]. Nitazoxanide displays broad-spectrum in vitro
antiviral activity against influenza, respiratory syncytial virus,
parainfluenza, rotavirus, and norovirus among others in addition to
coronaviruses [52].

Due to its broad-spectrum antiviral activity, nitazoxanide is being
investigated for the management of influenza and other acute respiratory
infections. Positive results were demonstrated in a phase 2b/3 study for
the outpatient management of influenza, in which a dose of 600 mg by
mouth BID of nitazoxanide was associated with a ~1-day improvement in
time to resolution of symptoms when compared with placebo (P =.008)
[53].

Nitazoxanide failed to reduce the duration of hospitalization or the time
to symptom alleviation in a phase 2 randomized controlled trial in patients
with severe acute respiratory illnesses requiring hospitalization,
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predominantly caused by respiratory viruses [54]. Despite the
encouraging in vitro activity of nitazoxanide against SARS-CoV-2, data
are currently lacking for its role in the management of COVID-19.

Conclusion

Suitable management strategies for patients with COVID 19 are a rapidly
evolving therapeutic challenge, and the optimal agents to treat or prevent
infection or prevent progression to critical illness remain poorly defined.
Although results of certain agents listed in this review are encouraging,
the evidence remains inconclusive in view of lack of well performed
randomized controlled trials (RCTs) to prove their efficacy and safety
beyond doubt. Some of the agents reported here are currently undergoing
investigation through RCTs and clinical trials which may come with
conclusive results in future.

Given that disease progression of COVID 19 can occur rapidly in stable
patients and that viral loads are highest early in the course of infection,
the rapid initiation of therapy in high-risk populations is rational and must
be considered, ideally in the context of a well-controlled, adequately
powered trial. Clinicians should also continually monitor and adapt as
new literature becomes available in coming days.
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