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Review Article

Current and Repurposing Medication for
SARS-CoV-2 Infection

Kittiya Jantarathaneewat', Korakoch Kangwantas', Nattapong Tidwong?

Abstract

In the crisis of COVID-19 pandemic, there is no specific agent to treat SARS-CoV-2 infection.
Repurposing medication can be an alternative agent. Remdesivir is the first antiviral drug that has been
approved for COVID-19 treatment whereas lopinavir/ritonavir and hydroxychloroquine, which was early
used in SARS-CoV-2 widespread, are against by well-known guidelines due to lack of efficacy and potential
toxicity. Corticosteroids are an essential supportive care in COVID-19 patient with severe disease to
reduce lung inflammation. Favipiravir may have a potential benefit for COVID-19 patient, but the data is
still uncertain. Ivermectin, an antihelmintic agent, may be used against SARS-CoV-2 but further studies
are needed. Immunomodulatory such as tocilizumab in combination with dexamethasone can be used for
reducing inflammatory storm during severe COVID-19. Baricitinib is considered as an alternative agent for
patients with COVID-19. Repurposing drugs with possible mechanism against SARS-CoV-2 are essential
key to combat with SARS-CoV-2 during the specific medications under investigation.
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Introduction

The burden of Coronavirus disease 2019
(COVID-19) pandemic, caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), has affected worldwide public health. As
of June 2021, more than 180 million COVID-19
cases have been confirmed including 3.9 million
death.! SARS-CoV-2 belongs to Coronaviridae
family which can cause respiratory and gastroin-
testinal infection. This SARS-CoV-2, also Middle
East respiratory syndrome coronavirus (MERs) and
Severe Acute Respiratory Syndrome-associated
Coronavirus (SARS-CoV), are categorized as causes
of severe diseases leading to death in human. The
presentations of SARS-CoV-2 infection range from
asymptomatic and acute upper respiratory disease
to severe multiorgan failure. Due to the potential of
asymptomatic carriers, this coronavirus can transmit
from human-to-human effectively via respiratory
droplet and close contact and spread globally since
2019.? Since there is no specific medication for
COVID-19 treatment, urgent repurposing drugs for
COVID-19 are essential. In this review, we aimed to
summarize the current and repurposing medication
for the treatment of SARS-CoV-2 infection.

SARS-CoV-2 mechanism of infection
SARS-CoV-2 entering the host cell is
mediated by viral proteases and the binding activity
of transmembrane spike (S) protein to the host
cell receptor angiotensin-converting enzyme 2
(ACE2). Then, the virus forms endosomes, releases
its genome to cytoplasm and replicates. After that,
the new virus particle is assembled and budded to
the extracellular environment. SARS-CoV-2 has a
similar structure to many familiar viruses such as
hepatitis B, hepatitis C, human immunodeficiency
virus (HIV) and other coronaviruses. Repurposing
medication, which has a detrimental effect on
previously mentioned viruses, is also one of the most
reasonable strategies during this urgent situation.
In aspect of immune response in COVID-19, these
patients have an immune response dysregulation
which can lead to viral hyperinflammation and may
cause cytokine storm. Moreover, COVID-19 can
cause abnormal blood coagulation which leads to
severe symptoms and death.’ These negative effects
on immune response and blood clotting may be
promising targets for drug development to alleviate

the effect of COVID-19 immune response dysregu-
lation. However, the process of these novel drug
development against COVID-19 may take a long
period of time to prove efficacy and safety in human.

Current and repurposing medication
according to drug classes
Antiviral agents
Favipiravir

Favipiravir was first discovered in Japan
and has been approved for the treatment of novel or
re-emerging influenza virus since 2014. Favipiravir
has an activity against RNA viruses such as Rhino-
virus, Ebolavirus, and Flavivirus.* Moreover, favipi-
ravir has potent viral activity against SARS-CoV-2
and its half-maximal effective concentration (EC, )
against the virus is 61.88 pM. Favipiravir is a purine
base analog which is then converted into an active
form, favipiravir ribofuranosyl-5B-triphosphate
(RTP) via intracellular phosphoribosylation. RTP
is a selective potent inhibitor of RNA-dependent
RNA polymerase (RdRp) of RNA virus resulting
in chain termination.* Favipiravir has a non-linear
pharmacokinetic property and is metabolized
mainly by aldehyde oxidase and partly by xanthine
oxidase. Moreover, favipiravir can reversibly inhibit
aldehyde oxidase and CYP2C8 enzyme. Significant
drug interactions are described in Table 1. The
recommended dosage of favipiravir is 1,800 mg
every 12 hours on the first day, followed by 800 mg
every 12 hour until the treatment course is complete,
usually 5-14 days. The common adverse reactions
include gastrointestinal disturbance, uric acid
elevation and increase of liver function test. Dosage
adjustment for patient with renal impairment is
unnecessary but the dosage regimen for patient with
severe liver impairment (defined as Child-Puge C)
should be adjusted* (Table 2). Patient with history
of gout or hyperuricemia should be treated with
caution during favipiravir administration. Pregnancy
during first trimester is contraindicated because
of teratogenicity in animal studies.’ Favipiravir is
recommended as a first line therapy in Thailand
national guidelines to treat patient with symptomatic
COVID-19 with or without pneumonia® and it is
approved to use in several countries such as Russia,
Indonesia, and India.” In contrary, National Institutes
of Health (NIH) and Infectious Diseases Society of
America (IDSA) do not recommend favipiravir as a
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first line therapy for COVID-19 due to lack of large
relevant study to show the benefits of favipiravir on
clinical outcomes and viral clearance.®°

Many studies show the effectiveness of
using favipiravir in COVID-19 patients.'*!? Patients
who received favipiravir had shorter mean time of
viral clearance than lopinavir/ritonavir group.'® A
randomized controlled trial study in China found
that participants who received favipiravir with stan-
dard treatment had better clinical recovery in day
7 compared with patients who received umifenovir
(arbidol) with standard treatment."" In a meta-anal-
ysis study, favipiravir showed significantly higher
rate of clinical improvement in day 7 (P = 0.04)
and 14 (P = 0.005) compared with other antivirals
agents or standard of care (e.g., protease inhibitors,
hydroxychloroquine, or arbidol). However, there are
no significant differences between the two groups
on viral clearance, clinical deterioration, oxygen
support requirement, and adverse effects.'?

Remdesivir

Remdesivir was approved by the United
States Food and Drug Administration (USFDA)
for COVID-19 treatment in October 2020. Initially,
remdesivir was developed for Ebola hemorrhagic
fever. In vitro and in vivo animal data showed that
remdesivir had an activity against coronaviruses
including MERS, SARS-CoV, and SARS-CoV-2.
Remdesivir is a prodrug of an adenosine analog
which is metabolized in cells and tissues into an
active drug.” It binds to viral RNA-dependent
RNA polymerase and inhibits viral replication by
RNA transcribing termination.'* Remdesivir has
linear pharmacokinetics and short plasma half-life.
Therefore, a loading dose in the first day of therapy
is essential.”® The recommended dosage regimen is
200 mg on the first day, followed by 100 mg every 24
hours. Remdesivir has no significant drug interaction
when concomitantly administer with other medica-
tions (Table 1). Remdesivir is mainly excreted by
the kidney and its intravenous form contains an
excipient called sulfobutylether betacyclodextrin
sodium (SBECD) which is also primarily eliminated
by the kidney. This intravenous drug should be used
with caution in patients with renal impairment® '¢
(Table 2). However, a recent report showed that
remdesivir was well tolerated in patient with acute
kidney injury or chronic kidney disease including

hemodialysis.!” Common side effects of remdesivir
includes nausea, liver function test elevation, and
infusion reactions."

There have been many studies proving the
effectiveness of remdesivir in COVID-19 treat-
ment.'®2 A multinational randomized controlled
trial found that patients with severe COVID-19
receiving remdesivir required shorter recovery
time and gained higher clinical improvement com-
pared to the placebo group. However, no statistical
difference in all-cause mortality was detected (haz-
ard ratio (HR) 0.73, 95% confidence interval (CI)
0.52 - 1.03)." Spinner, et al. trial also showed that
patients who received remdesivir had better clinical
outcomes than the standard of care, although the
difference of mortality rates between these two
groups was not observed (may be due to low mor-
tality rate).”” The recent meta-analysis showed that
remdesivir group had higher clinical improvement
and clinical recovery compared to control group.
Moreover, lower 14-day mortality rate was observed
in remdesivir group (odd ratio (OR) 0.61, 95%CI
0.41 - 0.91).”" Notably, the SOLIDARITY trial did
not show a significant reduction in mortality for
remdesivir monotherapy (rate ratio 0.95, 95%CI
0.81-1.11). The possible reason was small numbers
of deaths.'® The benefit of remdesivir was apparently
shown in hospitalized patients who needed supple-
mental oxygen."” Correspondingly, remdesivir is
recommended in relevant guidelines such as IDSA
and NIH for patients who required supplemental
oxygen or has severe symptoms but not for patients
with mild symptoms.3*®

Lopinavir/ritonavir

Lopinavir/ritonavir has been approved
antiretroviral agent for HIV infection. /n vitro data
suggested that lopinavir/ritonavir was a potential
agent against SARS-CoV-2 due to supported data
on similar coronaviruses including SARS-CoV and
MERS.?? Lopivinavir/ritonavir can inhibit viral
entry by binding with 3C-like protease (3CL pro) in
SARS-CoV-2 infected cell.” However, the plasma
concentration of lopinavir/ritonavir to achieve the
therapeutic level for inhibiting SARS-CoV-2 repli-
cation is 60- to 120- fold higher than the usual dose
(lopinavir 400 mg/ritonavir 100 mg administered
every 12 hours).? Furthermore, lopinavir/ritonavir
did not show clinical efficacy (e.g., reduce length of
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stay and initiation of ventilation) and did not reduce
mortality, in COVID-19 patients in two randomized
controlled trials.'® > Therefore, several guidelines
do not recommend the use of lopinavir/ritonavir for
COVID-19 patients.®*

Antiparasitic agents
Ivermectin

Ivermectin is an antiparasitic agent used
to treat malaria, trypanosomiasis, and leishmani-
asis. An in vitro data showed that the half-maximal
inhibitory concentration (IC, ) of ivermectin against
SARS-CoV-2 was 2 uM.?¢ The proposed mechanism
of ivermectin against SARS-CoV-2 is inhibition
of the host importin (IMP) alpha/beta-1 nuclear
transport proteins which interfere intracellular
infection process. Furthermore, ivermectin may
hinder SARS-CoV-2 spike protein attachment to
host cell membrane. However, the plasma ivermec-
tin concentration in order to reach the therapeutic
effect is 100 folds of conventional dose.’ Ivermectin
highly binds to serum protein (93%) which limits
lung penetration and cellular uptake.?® Tvermectin
is also a p-glycoprotein and CYP3 A4 substrates, but
no significant drug interaction is reported (Table 1).
The adverse effects of ivermectin, including dizzi-
ness, pruritis, nausea, and diarrhea, are well toler-
ated. Some studies reported benefits of ivermectin
use including shorter time to resolution and viral
clearance, greater reduction in inflammatory marker
levels, and lower mortality rates when compared
with standard of care or placebo.”” On the other
hand, some studies showed no benefit of ivermectin
use in COVID-19 patients.’ In recent meta-analysis
study, most trials included mild patients, showed that
ivermectin did not reduce all-cause mortality, length
of stay, and viral clearance.?® However, these results
should be interpreted with caution due to lack of
rigorous methodology randomized controlled trial
to confirm the efficacy of ivermectin for COVID-19
treatment.” In IDSA and NIH guideline, ivermectin
is not recommended for COVID-19 treatment due to
insufficient data.®® Hence, further studies to evaluate
ivermectin effectiveness is needed.

Hydroxychloroquine and chloroquine
Hydroxychloroquine and chloroquine are
antimalaria agents. They possess immune-modula-
tory effects which can be used to treat autoimmune
diseases like rheumatoid arthritis. These drugs can

increase endosomal pH resulting in inhibition of
SARS-CoV-2 fusion with the host cell membrane.
Therefore, chloroquine analogs are considered as
promising agents for COVID-19 treatment.'* In the
RECOVERY study, hydroxychloroquine did not
decrease 28-day mortality and had a longer median
length of hospital stay compared with standard of
care.’® Furthermore, the observational study did not
find any significant clinical improvement compared
with standard of care.*’ Hydroxychloroquine and
chloroquine can cause QTc prolongation, especially
when concomitantly administered with azithromy-
cin. According to the current clinical benefit and
toxicity of these drugs, many guidelines are against
the use hydroxychloroquine and chloroquine for
COVID-19 patients.*?

Immunomodulating agents
Tocilizumab

Tocilizumab is a recombinant humanized
anti-interleukin-6 (IL-6) receptor monoclonal anti-
body approved for rheumatic disease and cytokine
release syndrome induced by chimeric antigen
receptor T cell (CAR T-cell) therapy. The mecha-
nism of action is blocking the signal transduction
of IL-6 leading to the reduction of inflamma-
tory storm processed by SARS-CoV-2 infection.
Tocilizumab plasma half-life is 4 days. Therefore,
the recommended dose of tocilizumab is 8 mg/kg
(actual body weight) single dose in combination
with dexamethasone (Table 2). The maximum
dose of tocilizumab is 800 mg. Tocilizumab down-
regulates CYP450 enzyme. This inhibitory effect
can persist for weeks thus there is some possible
drug interaction when co-administered with other
medications. The side effects of tocilizumab include
infusion-related reaction (7 - 8%), hypertension
(4 - 7%), alanine transaminase (ALT) level raised
(3%), diarrhea (6%), constipation (6 - 13%), nausea
(4%), neutropenia (1.8 - 3.7%), and thrombocy-
topenia (up to 4%).>* For patients who live in the
area where strongyloidiasis is endemic, ivermectin
should be used as a prophylaxis prior to tocilizumab
treatment. Tocilizumab should be avoided in patients
who is severely immunocompromised, have the
level of alanine aminotransferase more than 5 times
of the upper limit of normal, have a high risk for
gastrointestinal perforation or have an uncontrolled
serious infection.’
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The RECOVERY trial reported that
tocilizumab can reduce 28-day mortality in severe
or critical COVID-19 patients with hypoxemia (rate
ratio 0.86; 95%CTI: 0.77 - 0.96).3* Similar result was
also shown in the REMAP-CAP trial**In tocilizum-
ab group, participants also had significantly higher
inflammatory response compared with the usual
care group. Sarilumab has the same mechanism as
tocilizumab. It was also included in REMAP-CAP
trial but the number of participants in the study
was small. Further investigation on the benefit of
sarilumab is ongoing. The recommendation of
IDSA and NIH suggest anti-IL-6 receptor such as
tocilizumab use in combination with dexametha-
sone in case of patient who has severe or critical
COVID-19.%?

Baricitinib

Baricitinib is an oral Janus kinase (JAK)
1/JAK?2 inhibitor approved for rheumatoid arthritis.
Inhibition of JAK1/JAK2 results in downregulation
of inflammatory response. It also has a potential
antiviral effect by blocking SARS-CoV-2 entry
and inhibiting host lung cells infection. Baricitinib
primarily metabolizes by hepatic CYP3A4 and
eliminates through kidney. The recommended
regimen is 4 mg per day orally in combination with
remdesivir for 14 days. The dosage of baricitinib
needs adjustment when administered to patient with
renal impairment (Table 2). The dosage modification
is also recommended when concomitantly adminis-
tered with a strong OAT3 inhibitor such as proben-
ecid. The adverse reactions of baricitinib includes
ALT level raised (18%), AST level raised (11.5%),
venous thromboembolism (3%), infectious disease
(13%), herpes zoster (1%), and pulmonary embolism
(1.4%).% Patient who has a high risk of thrombo-
sis or gastrointestinal perforation should be used
baricitinib with cautions. Baricitinib is contraindi-
cated in patient who has severe renal or liver impair-
ment, active tuberculosis and severe neutropenia
(absolute neutrophil count less than 500 cells/micro-
liter) or lymphopenia (absolute lymphocyte count
less than 200 cells/microliter).” The ACTT-2 trial
showed that baricitinib plus remdesivir improved
recovery time and clinical status among COVID-19
patients who required supplemental oxygen but not
invasive mechanical ventilation when compared
with remdesivir monotherapy.’® The IDSA recom-

mends baricitinib in combination with remdesivir
when corticosteroids are contraindicated in severe
COVID-19 patients.® In NIH guideline, there is an
insufficient data to recommend baricitinib use in
practice but baricitinib combined with remdesivir
may be used in hospitalized COVID-19 patients who
corticosteroids cannot be administered.’

Corticosteroids

Corticosteroids are anti-inflammatory
agents which may benefit among severe COVID-19
patients by reducing lung inflammation and lung
injury that leads to acute respiratory distress
syndrome (ARDS).*” ARDS occurs in 20 - 42%
in hospitalized COVID-19 patients and 67 - 85%
in patients who admitted to an intensive care unit
(ICU) with COVID-19.%® The mechanism of action is
binding to glucocorticoid receptor that plays role in
the modulation of immune cells biological function.
Corticosteroids can suppress proinflammatory
cytokines, neutrophils, macrophages, and lym-
phocytes inflammatory activity. Corticosteroids
are agonists at glucocorticoid receptors and/or
mineralocorticoid receptors. Dexamethasone may
be beneficial in ARDS due to its anti-inflamma-
tory effects without mineralocorticoid properties.
Dexamethasone is a moderate CYP3A4 inducer
which may affect concomitant drugs that metabo-
lize via CYP3A4 (Table 2). The adverse effects of
corticosteroids such as hyperglycemia, secondary
infections, and psychiatric effects should be
concerned. The use of systemic corticosteroids can
increase risk of fungal opportunistic infection (e.g.,
aspergillosis and mucormycosis), risk of Strongy-
loides hyperinfection, especially in tropical regions,
and risk of hepatitis B virus reactivation.’

Recent studies in early ADRS patients
found that initiation of a corticosteroid including
methylprednisolone, hydrocortisone, or dexa-
methasone within 1 - 7 days of ARDS diagnosis can
decrease ICU and overall mortality.**> However,
only the patients received dexamethasone showed
reduction in 28-day all-cause mortality, particularly
in patients who required mechanical ventilator or
supplemental oxygen therapy.”® The RECOVERY
trial conducted a study in hospitalized patient who
infected with SARS-CoV-2 virus and received either
the usual standard of care alone or the usual standard
of care plus oral or intravenous dexamethasone
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(ata dose of 6 mg/day) for up to 10 days.* The result
showed a benefit of dexamethasone in COVID-19
patients who required mechanical ventilation
compared with standard of care (28-day mortality
of 29.3% vs 41.4%, rate ratio 0.83, 95%CI: 0.75
- 0.93) but not among mild symptoms patients
without respiratory failure (28-day mortality of
17.8% vs. 14%, rate ratio 1.19, 95%CI: 0.92 -
1.55). This reduction of 28-day mortality has been
confirmed by a recent prospective meta-analysis.**
However, there is still no supportive data for a
long-term use (more than 10 days) of corticoste-
roids to prevent post disease fibrosis in COVID-19
patients who at risk of pulmonary fibrosis.** In
Thailand national guideline, dexamethasone is
recommended in COVID-19 patients with risk
factors for severe disease or having co-morbidity
or mild pneumonia or severe disease.® The recom-
mended dose is 6 - 20 mg of dexamethasone for at
least 5 - 7 days. In IDSA guideline, dexamethasone
is recommended among hospitalized critically
ill or severe COVID-19 patients. The suggested
dexamethasone dose is 6 mg for 10 days or until
discharge.® Alternative glucocorticoids such as
methylprednisolone 32 mg or prednisolone 40
mg may be used if dexamethasone is unavailable.
Similarly to the IDSA guideline, the NIH guideline
also recommends using dexamethasone in severe
COVID-19 patients.’ If dexamethasone is unavail-
able, either methylprednisolone, prednisolone, or
hydrocortisone can be an alternative.

Discussion

In the era of SARS-CoV-2 pandemic, there
are many repurposing agents that have possible
mechanism of action against the virus. Medications
commonly used for hepatitis B, hepatitis C, HIV,
and other coronaviruses such as MERS or SARS-
CoV are the promising agents to treat SARS-CoV-2
infection while waiting for new specific antiviral
drugs. Remdesivir, primarily developed to treat
Ebola infection, is the first drug approved by the
USFDA for SARS-CoV-2 infection and is recom-
mended in several guidelines for treating patients
who required supplemental oxygen or has severe
symptoms. There are many clinical trials supporting
the effectiveness of remdesivir in severe COVID-19
patients. But patients with renal impairment should

be concerned when remdesivir is administered.
Corticosteroids are the main supportive treatment
for patients with severe COVID-19 who mechani-
cal ventilation or oxygen supplement therapy is
required. The treatment is aimed to reduce lung
inflammation and risk of ARDS. The relevant
studies showed that corticosteroids significantly
reduced 28-day all-cause mortality in severe
COVID-19 patients. In Thailand national guideline,
favipiravir is recommended as a first line therapy
for patient with symptomatic COVID-19 with or
without pneumonia while remdesivir is reserved
for severe patients. Favipiravir shows a benefit
on viral clearance and clinical recovery in several
studies, but it still lacks in study with large number
of participants. In contrary, lopinavir/ritonavir and
hydroxychloroquine are not recommended in many
guidelines due to lack of proved efficacy. Besides,
administration of these drugs in very high doses
potentially cause toxicity. Among antiparasitic
agents, ivermectin is the most promising agent
against SARS-CoV-2 in mild illness patients but
the data of its efficacy is still uncertain. Both
tocilizumab and baricitinib are the immunomodulat-
ing agents which can be used to treat COVID-19,
especially for patients with excessive inflammatory
response. There are also other potential candidates,
for examples, saquinavir, ledipasvir, velpatasvir,
galdesivir, nitazoxamide, emetine, and anakinra.
Therefore, further investigations are still needed.
In conclusion, remdesivir obviously shows
an effectiveness against SARS-CoV-2 and has been
approved by USFDA for COVID-19 treatment,
while favipiravir has been used for COVID-19 in
countries where remdesivir is limited. Corticoste-
roids use in patient with severe COVID-19 is essen-
tial to reduce lung inflammation. Other repurposing
drugs, which may have a beneficial for COVID-19
treatment such as tocilizumab and baricitinib, are
authorized under an emergency use. The evidence
of some repurposing drugs such as ivermectin is
inconsistent. Hence, further clinical studies on
promising agents should be urgently conducted.
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