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Abstract

In this minireview, we evaluated the studies that underlie the usage and suggestion of antivirals for
the treatment of coronavirus disease 2019 (COVID-19). Until now, there has been no known curative
treatment for COVID-19. However, many clinical trials have used antiviral medicines including remdesivir,
lopinavir (LPV), ritonavir (RTV), ribavirin, favipiravir (FPV), oseltamivir, umifenovir, and nitazoxanide.
Using remdesivir in patients with severe COVID-19 has improved respiratory symptoms, making the
remdesivir one of the specific drugs suggested for the treatment of severe COVID-19. It has been shown
that triple antiviral therapy (LPV, RTV, and ribavirin) can improve symptoms and consequently shorten the
duration of viral shedding and hospital stay. However, the results of treatment with oseltamivir, umifenovir,
and a combination of LPV and RTV were not different from the results of treatment with standard care
in the time to clinical improvement. FPV showed better therapeutic responses to COVID-19 in terms
of disease progression and viral clearance. Future clinical studies should evaluate the effect of antiviral
agents for the treatment of COVID-19 outbreak. Therefore, it is suggested that highly active antiviral drugs

should be used in combination with other therapeutic approaches for the treatment of COVID-19.
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Introduction

In 2019, novel coronavirus rapidly spread from its origin
in China to the rest of the world. The disease caused by
this novel coronavirus was named coronavirus disease
2019 (COVID-19). Coronaviruses were appeared first in
2002 in China and have resulted in severe diseases since
then. Severe acute respiratory syndrome (SARS) caused
by beta coronavirus was transmitted from the bat to
humans in China (1). The mortality rate for SARS was
reported to be 11% (1). Almost a decade later in 2012, beta
coronavirus caused the Middle East respiratory syndrome
coronavirus (MERS-CoV) in Saudi Arabia. The origin of
the coronavirus was the bat and emerged in Saudi Arabia
via dromedary camels as the intermediate hosts with
mortality rate of 34% (2). Nonetheless, the appearance
of coronavirus was not finished by this time and it
reappeared in December 2019. This time it emerged in
China and spread to the world through human-to-human
transmission (3,4). The case-fatality ratio, which estimates
the proportion of deaths among identified confirmed
cases, is widely different by country, from less than 0.1%
to over 25% for COVID-19 (5). Until now, there has been
no known curative treatment for COVID-19. The use of
effective antiviral drugs, and new synthetic drugs (6), as
well as drug combinations seems to be experimental in the

treatment of COVID-19.

Pathogenesis

Today, itis believed that humans of all ages are susceptible to
COVID-19 infection. COVID-19 infection is transmitted
through large droplets generated during coughing and
sneezing. It can be transmitted from symptomatic patients,
as well as asymptomatic people (7). Infection is acquired
either by inhalation of droplets or touching the nose,
mouth, and eyes by contaminated hands. Patients during
illness and even during recovery can be infectious. The
virus can survive for several days in favorable atmospheric
conditions; however, the use of sodium hypochlorite and
hydrogen peroxide eliminates the virus. The incubation
period is estimated to be from 4.5 to 5.8 days (median 5.1
days) (Figure 1). The symptoms will develop from 8.2 to
15.6 days (median 11.5 days) (8).

Clinical Characteristics and Diagnosis

The ordinary clinical characteristics of the COVID-19
include headache, cough, sore throat, fever, breathlessness,
fatigue, myalgia, and conjunctivitis (Figure 1). One of
the most important facts concerning COVID-19 is that
it is not distinguishable from other respiratory infections.
COVID-19 is a progressive disease which starts with
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Figure 1. Schematic depiction of symptoms, transmission,
incubation period, and prevention of COVID-19.
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pneumonia at the end of the first week and is followed by
respiratory failure and sometimes death in the other days.
The progression of COVID-19 is linked with an increase
in inflammatory cytokines such as IL2, IL7, IL10, GCSE
IP10, MCP1, MIP1A, and TNF-a (9). The symptoms
in 25%-30% of patients are acute respiratory distress
syndrome, acute lung injury, shock, and acute kidney
injury that end in hospitalization and need for intensive
care. People with underlying co-morbidity and the elderly
are at high risk with adverse outcomes and death.

However, the prevention of person-to-person
transmission can be reduced by stay home as much as you
can, keep a safe distance, wash hands often, cover your
cough as recommended by WHO (Figure 1).

Nowadays, molecular tests such as reverse transcription
polymerase chain reaction (RT-PCR) tests and antigen
tests are useful for the diagnosis of suspected cases.
Moreover, the chest X-ray (CXR) is usually used to
define the involvement of the lung. However, in the early
stage of the disease, the CXR usually shows normal lung
morphology. Along with the progress of the disease, CXR
usually shows lung bilateral infiltration.

Antiviral Treatment Strategies

Since the first case in 2019, no particular method has been
confirmed to be effective for the treatment of COVID-19
However, many clinical trials have used antiviral medicines
including remdesivir, lopinavir (LPV)), ritonavir (RTV),
ribavirin, favipiravir (FPV), oseltamivir, umifenovir, and
nitazoxanide.

Remdesivir is a broad-spectrum nucleoside antiviral
medication analog that has been used for the treatment
of lethal Ebola and Nipah virus infections in nonhuman
primates and tested for the treatment of COVID-19
(10). It has been authorized for emergency use and
resulted in shortening the time it takes to recover from
the infection (11). In the healthy volunteers, the most
common side effect includes liver inflammation and
increased aspartate aminotransferase, hypotension,
nausea (related to the intravenous infusion), and

sweating. However, the most common adverse effect
for patients with positive COVID-19 infection includes
respiratory failure, constipation, hypoalbuminemia,
hypokalemia, anemia, thrombocytopenia, and increased
total bilirubin (12). Hence, a high percentage of patients
stopped receiving remdesivir because of adverse events
such as gastrointestinal symptoms (anorexia, nausea,
and vomiting), aminotransferase or bilirubin increases,
and worsened cardiopulmonary status (12). Remdesivir
can inhibit the replication of multiple coronaviruses in
a respiratory epithelial cell by RNA-dependent RNA
polymerase (RdRp) inhibitor action (13). The first patient
in Korea received chartered medication to remdesivir
on the evening of the 6th day of admission and received
it intravenously on the evening of the seventh day of
admission without adverse reactions. Vancomycin and
cefepime were discontinued the following day. On the
eighth day of admission (the twelfth day of onset), the
patient’s clinical symptoms were improved, and the
oxygen saturation increased to 94%. Although the patient
was still hospitalized till January 30, 2020, all symptoms
had resolved except for cough and occasional runny nose
(14). Using remdesivir in patients with severe COVID-19
has improved respiratory symptoms, making remdesivir
one of the specific drugs for the treatment of severe
COVID-19. Nevertheless, reducing the number of viral
copies in the patient’s body is an important factor for acute
infectious diseases. Furthermore, the pharmacokinetic
data of the ongoing phase-III clinical trials should be
considered in evaluating the efficacy of remdesivir (13).
At the beginning of the COVID-19 pandemic, the World
Health Organization indicated that remdesivir has a great
potential to be the best candidate for the treatment of
COVID-19.

A multicenter, prospective, open-label, randomized,
phase II trial in adults with COVID-19 was done in Hong
Kong. The patients were divided into two groups. The first
group received a 14-day combination of LPV 400 mg and
RTV 100 mg every 12 hours, ribavirin 400 mg every 12
hours, and three doses of 8 million IU of interferon beta-
1b on alternate days (the combination group). While the
second group received a 14-day combination of LPV 400
mg and RTV 100 mg every 12 hours (the control group).
The results of this clinical trial showed that in patients with
mild to moderate COVID-19, early triple antiviral therapy
was safe and superior to the combination of LPV and RTV
alone. It was also shown that triple antiviral therapy can
improve symptoms and consequently shorten the duration
of viral shedding and hospital stay (15).

LPV and RTV are two protease inhibitors used against
HIV infection as a fixed-dose combination. Recently, this
combination was used for patients with COVID-19. A
randomized, controlled, open-label trial was done on 199
patients with laboratory-confirmed COVID-19 in Wuhan,
Hubei Province, China. The patients were assigned to
the LPV-RTV group (400 mg and 100 mg, orally twice
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a day) and standard care group (supplemental oxygen,
noninvasive and invasive ventilation, antibiotic agents,
vasopressor support, renal-replacement therapy, and
extracorporeal membrane oxygenation) for 14 days. The
results of this study showed that treatment with LPV-RTV
was not different from the treatment with standard care
in the time to clinical improvement (16). Mortality at
28 days and percentages of patients with detectable viral
RNA at various time points were similar in the LPV-RTV
group and the standard care group. It was observed that
patients treated with LPV-RTV led to a median time to
clinical improvement that was shorter by one day than that
observed for the standard care patients. In patients who
received LPV-RTV medication, gastrointestinal adverse
events and lymphopenia were more common, but serious
adverse events (respiratory failure and acute kidney injury)
were more common in the standard care group (16).

Oseltamivir, an inhibitor of the viral neuraminidase, is
an antiviral medication that is approved for the treatment
of influenza A and B. Oseltamivir blocks the release of viral
particles from the host cells, consequently reducing the
spread to the respiratory tract (17). Moreover, it has been
used in some clinical trials for the treatment of COVID-19
during the epidemic in China. It was used in combination
with other medications such as antibiotics, corticosteroids,
chloroquine, and FPV (18,19). In one of these clinical
trials, 124 patients received different doses of oseltamivir
and methylprednisolone depending on disease severity;
however, no effective outcomes were observed (18).

FPV, an RNA polymerase inhibitor, is an antiviral
medication that is approved for the treatment of influenza
A virus. It has been used to treat COVID-19 infection in
China. In an open-label control study, the effect of FPV
versus LPV/RTV for the treatment of COVID-19 was
evaluated. The first group of patients (the FPV group)
received oral FPV (day 1: 1600 mg twice a day; days
2-14: 600 mg twice a day) plus interferon (IFN)-a by
aerosol inhalation (5 million IU twice a day). The second
group of patients (the control group) received LPV/RTV
(days 1-14: 400 mg/100 mg twice a day) plus IFN-a by
aerosol inhalation (5 million IU twice a day). Their results
indicated that the FPV group showed better therapeutic
responses to COVID-19 in terms of disease progression
and viral clearance (20). Additionally, a case of successful
treatment of severe COVID-19 pneumonia with FPV in
a post kidney-transplant-recipient has been reported. The
patient was treated with FVP together with decreased
immunosuppression and anti-IL-6 receptor antibody.
This combination therapy provided favorable outcomes
(21). These preliminary clinical results provide useful
information concerning the usage of FPV for the treatment
of COVID-19 infection.

Umifenovir, which prevents contact between the virus
and target host cells, is an antiviral medication for the
treatment of influenza infection (22). It was used for the
treatment of COVID-19 infection in some clinical trials

(23-25). However, a systematic review and meta-analysis
showed that there is no evidence to support the use of
umifenovir for improving patient-important outcomes in
patients with COVID-19 (26).

Nitazoxanide, the FDA-approved antiparasitic drug,
possesses antiviral activity against different viral infections
such as coronaviruses, influenza, hepatitis C virus, and
hepatitis B virus. It was demonstrated to exhibit an in vitro
activity against MERS-CoV and other coronaviruses (27).
Due to its good safety profile, it has been suggested that
nitazoxanide could be incorporated in a new protocol
for the management of COVID-19 infection. It has
been proposed that nitazoxanide could be useful when
it combines with other drugs such as azithromycin and
hydroxychloroquine (28,29).

Conclusion

To conclude, it seems that some antiviral medications such
as remdesivir, FPV, and triple antiviral therapy (LPV, RTYV,
and ribavirin) can improve respiratory symptoms and
consequently shorten the duration of viral shedding and
hospital stay. However, using antivirals such as oseltamivir,
umifenovir, LPV, and RTV either in combination or
alone has shown no effective outcomes. Future clinical
studies should evaluate the effect of antiviral agents for
the treatment of COVID-19 outbreak. Therefore, it is
suggested that highly active antiviral drugs be used in
combination with other therapeutic approaches for the
treatment of COVID-19.
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