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Cardiovascular implications of remdesivir
and favipiravir in COVID-19 therapy

Remdesivir and favipiravir are treatment alternatives for COVID-19; however,
the potential side effects on the cardiovascular system are often overlooked.
The purpose of this article concerns a discussion for the cardiovascular side
effects that may arise from the application of favipiravir and remdesivir in
the treatment of COVID-19 patients. Remdesivir and favipiravir have a strong
inhibitory potential against SARS-CoV-2 infection by inhibiting the virus's RdRp
activity. Preliminary reports from limited clinical studies indicate the success
of both drugs in combating COVID-19. Currently, the safety profiles of these
two drugs are primarily based on previous clinical trials for anti-influenza and
Ebola therapies, which generally show mild side effects such as gastrointes-
tinal disturbances. However, the impact of remdesivir and favipiravir on the
cardiovascular system remains unclear. Nevertheless, studies have reported
that both drugs can cause cardiac conduction disturbances that overlap
with the hyperinflammatory conditions of COVID-19 patients. Additionally,
both drugs are known to have vasodilatory effects and can inhibit the hERG
potassium channel, potentially triggering cardiac arrhythmias. In conclu-
sion, remdesivir and favipiravir demonstrate inhibitory potential against
SARS-CoV-2 infection, with generally mild safety profiles, but their effects
on the cardiovascular system, including the possibility of cardiac conduction
disturbances, require further investigation.

1. INTRODUCTION
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COVID-19 has had a significant impact on global health,
affecting health systems in various countries and creating
new challenges for healthcare services. The prevalence of
COVID-19 continues to rise, with infection rates reaching
millions worldwide. The high mortality rate due to COVID-19
is also a serious concern, especially among vulnerable
populations.””* The management of COVID-19 is highly
complex, involving various therapeutic approaches and
interventions to reduce the spread of the virus and im-
prove clinical outcomes for patients.? Since the surge in
COVID-19 cases, numerous studies have been conducted
both clinically and in vitro to identify therapeutic agents
with good efficacy for the management of COVID-19.5¢ A
variety of therapeutic options are available for COVID-19,
including antivirals, monoclonal antibodies, and supportive
therapies, such as ribavirin, lopinavir, ritonavir, remdesivir,

umifenovir, oseltamivir, and favipiravir.® Among all these
drugs, remdesivir and favipiravir are frequently used thera-
peutic options, although their potential side effects are
often overlooked. Therefore, it is important to conduct
careful monitoring of the side effects that may arise from
the use of these medications.”

Favipiravir and remdesivir are two antiviral drugs that
have been widely discussed in the context of COVID-19
treatment.® Favipiravir was first discovered by the Japanese
pharmaceutical company Toyama Chemical as a treatment
for influenza.® Before the COVID-19 era, this drug was also
used to treat diseases such as Ebola virus and other viral
infections.”’® Since the onset of the COVID-19 pandemic, the
use of favipiravir and remdesivir has significantly increased,
with COVID-19 treatment guidelines recommending both
drugs as therapeutic options.”” However, clinicians often
overlook the potential side effects of these medications,
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particularly their effects on the cardiovascular system.’?
Currently, very few studies report on this impact. Therefore,
this study aims to explore and discuss the cardiovascular
side effects that may arise from the application of favipira-
vir and remdesivir in the treatment of COVID-19 patients.

2. REMDESIVIR FORTHE MANAGEMENT
OF COVID-19

Remdesivir (GS-5734) is a nucleoside analog of adenos-
ine triphosphate that was initially documented in 2016
as a possible therapy for Ebola.’>' Its antiviral activity is
broad, and it is known to have in vitro activity against
various viruses, including Coronaviridae, Arenaviridae,
Pneumoviridae, Flaviviridae, Paramyxoviridae, and Filo-
viridae.” The activity of remdesivir against Coronaviridae
was first recognized in 2017,” leading to the opinion that
remdesivir could be a treatment for COVID-19.7%"” This is
because remdesivir is known to disrupt the RdRp binding
in coronaviruses, including SARS-CoV-2, thereby inhibiting
the virus’s replication process.”’¢7?

In the case of MERS, the administration of remdesivir
for both prophylaxis and therapy showed improvementin
lung function and reduced viral load in animal models.™
In macaques, administering remdesivir 24 hours prior to
the inoculation of MERS-CoV was able to prevent the on-
set of clinical symptoms, suppress viral replication in the
respiratory tissues, and avoid the development of lung
lesions. Additionally, administering the drug within 12
hours following virus inoculation could reduce symptom
onset, suppress viral replication, and lessen the severity of
lung lesions.?’ In the case of COVID-19, remdesivir showed
good antiviral efficacy in vitro. Several clinical studies have
demonstrated that remdesivir can accelerate the healing
process and reduce mortality compared to placebo, includ-
ing in severe cases of COVID-19.5782" A study indicated that
earlier administration of remdesivir (onset <10 days) could
expedite recovery.?"?? A cohort study evaluating the use of
remdesivir in COVID-19 patients found clinical progress
in 36 out of 53 (63%) patients who received intravenous
remdesivir for ten days. Mortality was observed in 7 out of
53 (13%) patients, with an increased risk of death among
patients aged over 70 and those with increased serum
creatinine levels.?>? Based on this data, remdesivir was
granted Food and Drug Administration (FDA) Emergency
Use Authorization (EUA) on May 1, 2020. The FDA subse-
quently granted full approval for remdesivir as a COVID-19
treatment on October 22, 2020.%

To date, remdesivir is the sole antiviral medication
authorized by the FDA for the treatment of COVID-19.
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The recommended FDA dosage is 200 mg of remdesivir
IV (loading dose) on the first day, followed by 100 mg per
day from day two to day five or ten. The administration of
remdesivir is recommended for hospitalized patients who
require oxygen therapy (peripheral oxygen saturation of
94%).%* Multiple clinical trials are currently in progress to
assess the safety and effectiveness of remdesivir in patients
with mild to severe COVID-19.The National Institute of Al-
lergy and Infectious Diseases (NIAID) in the United States
of America (USA) conducted a phase 3 clinical trial involv-
ing 394 COVID-19 patients divided into two groups: One
receiving remdesivir and the other receiving a placebo.
The results showed that remdesivir was able to shorten the
recovery time.? Similarly, research conducted by Wang et
alinvolving 237 patients (158 in the remdesivir group and
79 in the placebo group) in China at the beginning of the
pandemic showed a shorter recovery time with remdesivir
administration of 21.0 days (95% confidence interval [CI]:
13.0-28.0) compared to 23.0 days (95% Cl: 15.0-28.0) in the
placebo group.? In addition to coronaviruses (including
MERS and SARS), this drug has also been approved for the
treatment of Hendra virus, Ebola virus, Nipah virus, respira-
tory syncytial virus (RSV), Lassa fever virus, and Junin virus.?®

Remdesivir is a nucleoside analog that blocks the func-
tion of viral RdRp, a protein complex involved in the repli-
cation of RNA genomes (fig. 1).” For remdesivir to become
therapeutically active, it must first be metabolized into its
triphosphate form within the host cell.”**?° Once inside the
cell, remdesivir undergoes hydrolysis to its carboxylate form
by carboxylase 1 or cathepsin A.This is followed by cycliza-
tion to eliminate the phenoxide group and hydrolysis of the
cyclic anhydride to generate the alanine metabolite (GS-
704277).">? The alanine metabolite undergoes hydrolysis
to form remdesivir monophosphate, which can be further
hydrolyzed to produce the pure nucleoside metabolite GS-
441524, or it can be phosphorylated by cellular kinases to
create the active triphosphate form, known as remdesivir
triphosphate (RTP or GS-443902).">'%?The active form, RTP,
competes with adenosine triphosphate (ATP) for attach-
ment to viral RNA, resulting in the early cessation of RNA
synthesis and replication. In in vitro trials, it was shown that
at position i+4 (the fourth nucleotide incorporation position
after RTP incorporation), the 1’-cyano group of remdesivir
binds to Ser-861 of RdRp, thereby stopping RNA replication
at position i+3. This mechanism is fundamentally the same
across SARS-CoV, SARS-CoV-2, and MERS-CoV. Furthermore,
genomic analyses indicate that Ser-861 is present across
all alpha, beta, and delta coronaviruses. These two factors
contribute to remdesivir being considered to have broad
antiviral activity, including for cases of COVID-19.”
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Figure 1. Mechanism of action of remdesivir in inhibiting SARS-CoV-2 replication. Remdesivir is an adenosine nucleotide analog that inhibits the
replication of SARS-CoV-2 RNA. Once inside the cell, remdesivir is activated into its triphosphate form, GS-443902, which is then incorporated into
the viral RNA strand by the RNA-dependent RNA polymerase (RdRp) enzyme. This incorporation causes premature termination of RNA elongation,
preventing the virus from replicating its genetic material and infecting other cells. Remdesivir may also induce mutations in the viral RNA, further

reducing the virus’s replication efficiency.

Remdesivir is rapidly absorbed, with peak plasma con-
centrations occurring 30 minutes after intravenous infusion,
reaching 0.67-0.68 hours (Tma.x). Repeated administration
leads to a Ciax (coefficient of variation expressed as a per-
centage) of 2,229 ng/mL and an AUC,,, of 1,585 ng-h/mL.*
Intravenous infusion of remdesivir shows pharmacokinetic
effects at doses ranging from 3 to 225 mg. Reversible in-
creases in aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) may occur during the administra-
tion of remdesivir. The use of remdesivir is not advised
for patients whose glomerular filtration rate is below 30
mL/min.?? Approximately 74% of remdesivir metabolites
are eliminated through urine and 18% through feces. Ap-
proximately 49% is present as the metabolite GS-441524,
while 10% exists as the unaltered parent compound.’” A
minor percentage (0.5%) of the metabolite GS-441524 is
detected in feces. The elimination half-life of remdesivir is
one hour following administration.?

Remdesivir generally rarely causes side effects. Poten-
tial side effects may involve increased liver enzyme levels,
diarrhea, rash, renal dysfunction, and hypotension.5202
In one clinical study, about 10% of patients experienced
acute liver dysfunction, leading to the discontinuation of
remdesivir. The FDA advises against using remdesivir in
patients with an eGFR of less than 30 mL/min or in patients
with liver dysfunction, unless the potential therapeutic
benefits outweigh the risks of side effects. As a prodrug,

remdesivir is mainly processed by hydrolytic activity cata-
lyzed by the enzymes CYP2C8, CYP2D6, and CYP3A4 (vari-
ants of the cytochrome P450 enzyme) into its metabolite
form. However, due to the rapid processes of distribution,
metabolism, and excretion, co-administration with CYP
isoform inhibitors generally does not increase the levels
of remdesivir and its metabolites.?

3. FAVIPIRAVIR FORTHE MANAGEMENT OF COVID-19

Favipiravir, with the chemical name 6-fluoro-3-hy-
droxypyrazine-2-carboxamide, was initially developed
by Toyama Chemical in Japan (under the brand name
Avigan). In 2014, it was approved for marketing in Japan
as a second-line treatment for influenza.?’ The antiviral
target is to inhibit the action of the RNA-dependent RNA
polymerase (RdRp) enzyme, which plays a role in the tran-
scription and replication of the RNA virus genome.532-34
Favipiravir has been used in cases of influenza that do not
respond to conventional treatment.* Considering the ef-
fectiveness of favipiravir against several types of influenza,
studies have been conducted in other countries on the use
of this drug for other viruses, including Ebola and, more
recently, COVID-19.52°¢ The FDA has not approved the use
of favipiravir regimens in the management of COVID-19
to date. However, in protocols from several countries, fa-
vipiravir is still recommended for use as a primary therapy
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for COVID-19, with a dosage for adults being 2x1,800 mg
per day, followed by 2x800 mg from day 2 to day 7 or 10.
The guidelines also suggest remdesivir as an alternative
therapy if favipiravir cannot be used, for example, dur-
ing pregnancy or if oral administration of the drug is not
feasible. Favipiravir is recommended primarily for mild to
moderate cases, favipiravir or remdesivir for severe cases,
and remdesivir for critical cases.? There is still very limited
evidence regarding the efficacy and safety of favipiravir for
treating COVID-19. To date, there have been five studies
on the efficacy of favipiravir, but only one study (in mild
to moderate COVID-19 cases) and several case reports
show that favipiravir can significantly accelerate clinical
improvement, enhance viral clearance, and improve chest
radiological findings.5#

Favipiravir is a prodrug that is converted in the liver into
its main metabolite T705M1, mainly through the action
of aldehyde oxidase and, to a lesser degree, by xanthine
oxidase, while the active metabolite (favipiravir-RTP) is
generated within cells.?>* Within the cell, favipiravir is ribo-
sylated and phosphorylated to convert into its active form,
favipiravir ribofuranosyl-5'-triphosphate (favipiravir-RTP).
Favipiravir-RTP, subsequently, attaches to and inhibits the
activity of the viral RdRp, thereby hindering the transcrip-

Cell membrane

ripirlvit-HTP‘

.m“\#& 3. c

29

tion and replication of the viral genome. Favipiravir was
originally created as a treatment for influenza; however,
because the main target of favipiravir is the catalytic domain
of RdRp, which is similar across various viruses, favipiravir
is also expected to have the same effect on the COVID-19
virus as it does on other RNA viruses.?’ There are several
hypotheses regarding how favipiravir-RTP interacts with
RdRp. Most studies suggest that when favipiravir-RTP is
incorporated into the RNA chain, it causes genomic muta-
tions that render the virion ineffective or produce virions
that are easily destroyed, thereby inhibiting viral replication
and reproduction (fig. 2). Another hypothesis states that
FTP acts as a nucleoside analog to mimic GTP/ATP and
subsequently incorporates itself into nascent viral RNA,
thereby halting RNA synthesis.?”

A study shows that favipiravir functions as a purine
nucleotide analog that mimics the incorporation of nucleo-
tides A and G into the nascent viral RNA product. It was
revealed that FTP binds at position +1 and pairs with the
template residue C. This incorporation of favipiravir may
induce mutations in the subsequent viral genome, thereby
inhibiting viral replication. This is different from remdesivir,
which directly disrupts the elongation or production of
the RNA chain.’”3®
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Figure 2. Mechanism of action of favipiravir in inhibiting SARS-CoV-2. Favipiravir is a purine nucleotide analog that inhibits viral replication by target-
ing the RNA-dependent RNA polymerase (RdRp) enzyme of SARS-CoV-2. Once converted to its active form within the cell, favipiravir is incorporated
into the viral RNA, causing errors in the viral RNA synthesis process. This results in an accumulation of mutations in the viral genome, ultimately
reducing the virus's ability to replicate and infect additional cells. The introduction of these mutations leads to a defective viral RNA structure, which

weakens the overall infectivity and spread of SARS-CoV-2.
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Favipiravir is available in oral form. Its bioavailability
is approximately 97.6%, with a mean C.x for the recom-
mended dose being 51.5 png/mL.** Co-administration with
food may delay the achievement of peak plasma levels
by about 1.5 hours. About 54% of favipiravir attaches to
plasma proteins and is extensively distributed across the
body, including the lungs. Its half-life is about six hours,
which may extend at high doses (>800 mg). Most of the
metabolites of favipiravir are excreted via the kidneys.?®
Several clinical studies involving a total of 320 COVID-19
patients in China have demonstrated that the use of
favipiravir rarely leads to severe side effects.?’ Generally,
favipiravir is well tolerated, although a small number of
patients experienced increased uric acid levels, gastroin-
testinal disturbances, and elevated liver function tests (AST
and ALT).%?° Based on animal studies, favipiravir is terato-
genic and embryotoxic, making its use contraindicated
in pregnant women.?’ Favipiravir is mainly metabolized
by aldehyde oxidase, and its activity is not linked to CYP
isoenzymes, leading to limited drug interactions.?
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4. EFFICACY OF REMDESIVIR AND FAVIPIRAVIR
IN THE MANAGEMENT OF COVID-19

The use of remdesivir and favipiravir in the manage-
ment of COVID-19 in Indonesia has yielded varied results.
A retrospective cohort study at Abdul Radjak Hospital in
Salemba, Jakarta (2020) involved 130 subjects, with 65
receiving remdesivir and the other 65 receiving favipira-
vir. Clinical evaluations, post-treatment RT-PCR tests, and
radiological examinations were conducted at a median
of ten days post-admission, with results showing a sig-
nificantly higher rate of negative RT-PCR conversion in
the remdesivir group (respiratory rate [RR]: 1.917, 95% Cl:
1.044-3.518, p=0.047). However, there were no substantial
differences in symptom improvement or radiological find-
ings between the two groups.”’ These results differ from
a study by Hadiatussalamah et al at the UGM Academic
Hospital in Yogyakarta (2021-2022), which indicated that
favipiravir provided better clinical outcomes than remdesivir
in the treatment of moderate COVID-19.The proportion of
patients improving with favipiravir was 50.0%, compared
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Figure 3. Potential cardiovascular side effects of drugs used in COVID-19 treatment. Various antiviral and supportive drugs used in the treatment of
COVID-19, including remdesivir, favipiravir, and other therapeutic agents, may have cardiovascular side effects. Remdesivir has been associated with
bradycardia, hypotension, and QT interval prolongation, potentially due to mitochondrial toxicity. Favipiravir generally shows fewer cardiovascular
side effects, though data on its long-term impact remains limited. Other COVID-19 treatments, including corticosteroids and anticoagulants, may
also contribute to cardiovascular effects such as arrhythmias, myocardial injury, and thrombotic complications. The figure highlights these poten-
tial adverse effects and underscores the importance of monitoring cardiovascular health, especially in patients with preexisting heart conditions.
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to 35.3% for remdesivir, with a statistically significant dif-
ference (p=0.048). No significant differences were found
regarding the side effects that occurred.”

In addition to the two studies mentioned, there are also
several other studies that show no significant difference in
effectiveness between the two drugs. An observational ana-
lytical study conducted with a retrospective cohort design at
Gotong Royong Hospital in Surabaya (2021) demonstrated
improvement in clinical manifestations (ventilation sup-
port requirements and chest X-ray results) in the second
week of therapy, both in patients receiving remdesivir and
favipiravir; however, there was no significant difference in
effectiveness between the two drugs.*’ Similarly, a study
conducted at Husada Utama Hospital in Surabaya (2021)
showed no significant differences regarding effectiveness
(based on length of hospitalization and mortality) or side
effects between the use of favipiravir and remdesivir in
patients with moderate symptomatic COVID-19.%

5. THE IMPACT OF REMDESIVIR AND FAVIPIRAVIR
ON THE CARDIOVASCULAR SYSTEM

Several drugs, including remdesivir and favipiravir,
that have been clinically tested for the management of
COVID-19 pose risks to the cardiovascular system, particu-
larly in altering heart conduction.?®# Adenosine is a potent
vasodilator that can cause severe hypotension followed
by the release of catecholamines as compensation. This
can shorten the action potential and refractory period of
the atrium, potentially leading to atrial fibrillation (AF).
Such effects can also occur in ventricular cells and resultin
ventricular fibrillation (VF). Remdesivir is structurally similar
to adenosine, but with a half-life of only one hour, it does
not accumulate in plasma. The cardiotoxicity induced by
remdesivir is due to its binding to human mitochondrial
RNA polymerase.®

Favipiravir was widely used during the COVID-19 pan-
demic; however, information regarding cardiac complica-
tions, particularly prolonged QT due to favipiravir, remains
limited. In vitro studies have shown that favipiravir blocks
the hERG current at a concentration of 157 ug/mL, which
is three times higher than the maximum concentration
reached at therapeutic doses in humans. In healthy individu-
als, the effects of a single dose of favipiravir at 1,200 mg and
2,400 mg on the QT interval were not significantly different
from those receiving a placebo,?’ suggesting that the risk
of QT interval prolongation due to favipiravir is considered
very low.?>? At high doses, favipiravir has been reported to
trigger QT interval prolongation in a young patient suffer-

31

ing from Ebola.’®?" In the management of COVID-19, there
have been only a few reports of QT interval prolongation
that may be caused by favipiravir.#

Almost all drugs associated with QT interval prolon-
gation and torsades de pointes (TdP) have an effect on
inhibiting the hERG (human ether-a-go-go related gene)
potassium channels in the heart that mediate the rapid de-
layed rectifier K* current, IKr. IKr is the primary determinant
of ventricular repolarization. In the study by Moubarak et al,
it was shown that atazanavir, ritonavir, lopinavir, remdesivir,
and favipiravir can, in principle, interact with the canoni-
cal binding components of the hERG potassium channel.
However, subsequent research has shown that remdesivir
does not produce acute inhibition of IhERG (inwardly rec-
tifying hERG; the current generated by the hERG channel)
at concentrations of 10 or 50 uM. Conversely, prolonged
use of remdesivir may increase hERG expression and the
amplitude of IhERG. The effect of favipiravir causing QT
interval prolongation through IhERG inhibition is also still
unclear.The Japanese Pharmaceutical and Medical Devices
Agency (PMDA) stated that there is no inhibitory effect of
favipiravir on IhERG at concentrations of 40 or 200 uM, with
only an 8% inhibition observed at a concentration of 1,000
M. QT interval prolongation in COVID-19 is primarily caused
by hERG blockade due to hyperinflammatory conditions,
where interleukin-6 inhibits IKr/hERG via the Janus Kinase
pathway, potentially leading to arrhythmias.?”

6. CONCLUSIONS

Remdesivir and favipiravir demonstrate strong potential
inhibitory activity against SARS-CoV-2 infection through
the inhibition of the virus's RARp. Preliminary reports from
limited clinical studies indicate some success of remdesivir
and favipiravir against COVID-19. The safety profiles of these
drugs have mostly been documented based on results from
previous clinical trials for anti-influenza therapy, Ebola, and
other viral infections, which generally show relatively mild
side effects in the form of gastrointestinal disturbances.
The effects of remdesivir and favipiravir on the cardio-
vascular system are still not well understood. Generally,
they manifest as cardiac conduction disturbances, with
causes that may overlap between therapeutic side effects
and the hyperinflammatory condition seen in COVID-19.
These disturbances are largely caused by the “cytokine
storm” experienced by COVID-19 patients, while the use
of remdesivir and favipiravir has minimal impact. Both
therapeutic agents are known to have adenosine analog
effects as vasodilators and inhibit the hERG potassium
channels, which can trigger arrhythmias.
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Kapdlayyelakég emmntwoelg TnG remdesivir kat tng favipiravir otn Ogpaneia tng COVID-19
N.D. RAHMIANTI," V.R.C. RAMPENGAN,> N. MAULIDIYAH?
'Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Airlangga, Surabaya,
?Department of Pulmonology and Respiratory Medicine, Universitas Airlangga, Surabaya, *Department

of Pulmonology and Respiratory Medicine, RSUD Bangil, Pasuruan, lvéovnoia
Apxeia EAAnvIKNG latpikric 2026, 43(1):26—-33

H pepdeoiBipn (remdesivir) kat n @apimpaBipn (favipiravir) eival evaAakTikéG AVoELG Ogpareiag yia tnv COVID-19.
QoT600, ol MOAVEG AVEMIBUUNTEG EVEPYELEG OTO KAPSIAYYEIOKO CUOTNUA CUXVA TTAPABAETOVTAL ZKOTIOG TOU TTAPOVTOG
AapBpovu gival n oculrTNON OXETIKA PE TIG AVETTIOUUNTEG EVEPYELEG ATTO TO KAPSIAYYEIAKO TTOU UTTOPE( VA TTIPOKUPOLV artd
TNV Epappuoyn TG eaumpafipng kal tng pepdeoiBipng otn Beparmeia acBevwv pe COVID-19. H pepdeoiBipn kat n ga-
BumpaBipn £xouv IOXUPO AVACTAATIKO SUVAULKS évavTl TNG Aoipwéng SARS-CoV-2 avactéAovtag Tn Spaoctnpldétnta
NG RARp ToU 100. MNPOKATAPKTIKEG AVAPOPEG ATIO TIEPLOPIOHEVEG KAVIKEG LEAETEG OEIXVOULV TNV EMMITLYIA KAl Twv SVO
@APUAKWY 0TNV KatamoAéunon tng COVID-19. Emi Tou TapovTog, Ta TPO@iA Ac@AANELAG TV €V AOYW SVO PAPUAKWY
BaoiCovtal Kupiwg o€ TTPONYOUMEVEG KAIVIKEG SOKIMEG Yia Beparteieg KaTA TNG yYpPIimNG Kal Tou oL Ebola, ol omoieg ye-
VIKA OVO@PEPOLV NTTIEG AVETTIOUUNTEG EVEPYELEG, OTIWG YOOTPEVTEPIKEG Slatapaxés. QoTOo0, N emidpacn TNG peUSEoI-
Bipng kat TG @apimpafipng oto kapdlayyelakd cUOTNUA TIAPAUEVEL ACAPNG. ATIO LEAETEG EXEL AVAPEPDOEL OTI Kal TA
SVo PAppaKka PTTOPED va TTIPOKAAECOUV SIATAPAXEG TNG KAPOIAKNG AYWYLHOTNTAG TTOU ETTIKAAUTITOVTAL ATTO TIG UTTEP-
PAEYHOVWSELG KATAOTAOELG aoOevwy pe COVID-19. Emi mAéov, Kal Ta SUo pdappaka ival yvwoTtod OTlL €XouV ayyelodi-
QOTOATIKA ATMOTEAECUATA KAl EVOEXETAL VA avaoTEIAOLV TO KaVAAL KaAiou hERG, mpokaAwvTag SuvnTikA KAapSIaKEG
appuBuiec. Zupmepacpatikd, n pepdeotBipn kat n @aBurpafipn ep@avifouv avaoTaATIko SuVAUIKS évavTl TNG Aoi-
HwENG SARS-CoV-2, pe yeVIKA ATTIA TIPOWIN AC@AAELAG, TTAP’ ONO TTOU Ol EMSPACELG TOUG OTO KAPSIayYEIOKO cUOTNUA,
nepapavouévng tng mbavotntag Slatapaxwy TNG KAPSIaKN G aywylHoTNTAG, amaltouv mepaltépw Slepelivnon.
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NéEeig supeTnpiov: AvemBUUNTEG evépyeleg, KapSiayyelakd cvotnua, COVID-19, PepdeoiBipn, ®aBumpaBipn

References

1.

RAGAB D, ELDIN HS, TAEIMAH M, KHATTAB R, SALEM R. The COV-
ID-19 cytokine storm; what we know so far. Front Immunol
2020, 11:1446

2. CHENH, QI X, ZHANGL, LI X, MA J,ZHANG CET AL. COVID-19 screen-

ing using breath-borne volatile organic compounds. J Breath
Res 2021, 15, doi: 10.1088/1752-7163/ac2e57

3. SOENARTI S, WIJAYA YRKA, PRATAMA AA, NUGRAHA AS, SETO AP,

FATHONI A ET AL. Prevalence of Streptococcus pneumoniae in
elderly with pneumonia: A meta-analysis and systematic re-
view in Asia. Deka in Medicine 2024, 1:e278

4. LOTFI M, HAMBLIN MR, REZAEI N. COVID-19: Transmission, pre-

vention, and potential therapeutic opportunities. Clin Chim
Acta 2020, 508:254-266

5. NIKNAM Z, JAFARI A, GOLCHIN A, POUYA FD, NEMATI M, REZAEI-TAVI-

RANI M ET AL. Potential therapeutic options for COVID-19: An
update on current evidence. Eur J Med Res 2022, 27:6

6. JOMAH S, ASDAQ SMB, AL-YAMANI MJ. Clinical efficacy of antivi-

rals against novel coronavirus (COVID-19): A review. J Infect
Public Health 2020, 13:1187-1195

7. GORDON CJ, TCHESNOKOV EP, WOOLNER E, PERRY JK, FENG JY, POR-

TERDP ET AL. Remdesivir is a direct-acting antiviral that inhibits
RNA-dependent RNA polymerase from severe acute respira-
tory syndrome coronavirus 2 with high potency. J Biol Chem

14.

2020, 295:6785-6797

. LtAGOCKA R, DZIEDZIEJKO V, KEOS P, PAWLIK A. Favipiravir in ther-

apy of viral infections. J Clin Med 2021, 10:273

. McMAHON JH, LAU JSY, COLDHAM A, RONEY J, HAGENAUER M, PRICE S

ET AL. Favipiravir in early symptomatic COVID-19, arandomised
placebo-controlled trial. EClinicalMedicine 2022, 54:101703

. SANTOSO DSB, SANTOSO B, KRISTYANA S, CANDRADIKUSUMA D, NA-

TASIA SMD, EVATTA A. Exploring a rare oncologic complication:
Alveolar rhabdomyosarcoma in HIV patient. Deka in Medicine
2024, 1:e277

. NICOLA M, O'NEILL N, SOHRABI C, KHAN M, AGHA M, AGHA R. Evi-

dence based management guideline for the COVID-19 pan-
demic - review article. Int J Surg 2020, 77:206-216

. SHAHRBAF MA, TABARY M, KHAHESHI I. Cardiovascular consider-

ations of remdesivir and favipiravir in the treatment of COV-
ID-19. Cardiovasc Hematol Disord Drug Targets 2021, 21:88-90

. MALIN JJ, SUAREZ |, PRIESNER V, FATKENHEUER G, RYBNIKER J. Rem-

desivir against COVID-19 and other viral diseases. Clin Micro-
biol Rev 2020, 34:€00162-20

WARRENTK, JORDAN R, LO MK, RAY AS, MACKMAN RL, SOLOVEVAV ET
AL.Therapeutic efficacy of the small molecule GS-5734 against
Ebola virus in rhesus monkeys. Nature 2016, 531:381-385

. SHEAHAN TP, SIMS AC, GRAHAM RL, MENACHERY VD, GRALINSKI LE,



CARDIOVASCULAR EFFECTS OF REMDESIVIR AND FAVIPIRAVIR

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

CASE JBET AL. Broad-spectrum antiviral GS-5734 inhibits both
epidemic and zoonotic coronaviruses. Sci Transl Med 2017,
9:eaal3653

DE WIT E, FELDMANN F, CRONIN J, JORDAN R, OKUMURA A, THOM-
ASTETAL. Prophylactic and therapeutic remdesivir (GS-5734)
treatment in the rhesus macaque model of MERS-CoV infec-
tion. Proc Natl Acad Sci U S A 2020, 117:6771-6776

LEDFORD H. Hopes rise for coronavirus drug remdesivir. Na-
ture 2020, doi: 10.1038/d41586-020-01295-8

NISHIGA M, WANG DW, HAN Y, LEWIS DB, WU JC. COVID-19 and car-
diovascular disease: From basic mechanisms to clinical per-
spectives. Nat Rev Cardiol 2020, 17:543-558

AGGARWAL G, HENRY BM, AGGARWAL S, BANGALORE S. Cardiovas-
cular safety of potential drugs for the treatment of coronavi-
rus disease 2019. Am J Cardiol 2020, 128:147-150

INSTIATY; DARMAYANI IGAAPS, MARZUKI JE, ANGELIA F, WILLIAM; SI-
ANE A ET AL. Antiviral treatment of COVID-19: A clinical phar-
macology narrative review. Med J Indones 2020, 29:332-345
RUSSO V, BOTTINO R, CARBONE A, RAGO A, PAPA AA, GOLINO P ET
AL.COVID-19 and heart: From clinical features to pharmaco-
logical implications. J Clin Med 2020, 9:1944

SUTRISNO WA, DZHYVAK V. Assessing corticosteroid utilization
and mortality risk in septic shock: Insights from network me-
ta-analysis. Deka in Medicine 2024, 1:e791

MAULIDIYAH N, WICAKSONO RS, RETNOWULAN AR, SANTOSO B, SUB-
IANTO A, MASHUDI L ET AL. Successful resolution of mesenteric
tuberculosis and HIV co-infection following 6 months of an-
ti-tuberculosis therapy: A case report. Deka in Medicine 2024,
1:e738

ELSHABOURY RH, MONK MM, BEBELL LM, BIDELL MR, ADAMSICK ML,
GANDHIRGET AL. Remdesivir use and outcomes during the FDA
COVID-19 emergency use authorization period. Ther Adv In-
fect Dis 2021, 8:20499361211046669

AL-ARDHI FM, NOVOTNY L, ALHUNAYAN A, AL-TANNAK NF. Compar-
ison of remdesivir and favipiravir — the anti-COVID-19 agents
mimicking purine RNA constituents. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub 2022, 166:12-20

NELDIV, SUHARJONO S. Remdesivir: Mechanism and effective-
ness for coronavirus disease 2019 (COVID-19). Pharmaceuti-
cal Sciences and Research (PSR) 2020, 7:39-48

WANG Y, ZHANG D, DU G, DU R, ZHAO J, JIN Y ET AL. Remdesivir in
adults with severe COVID-19: A randomised, double-blind, pla-
cebo-controlled, multicentre trial. Lancet 2020, 395:1569-1578
YU WL, TOH HS, LIAO CT, CHANGWT. A double-edged sword-car-
diovascular concerns of potential anti-COVID-19 drugs. Car-
diovasc Drugs Ther 2021, 35:205-214

EASTMAN RT, ROTH JS, BRIMACOMBE KR, SIMEONOV A, SHEN M, PAT-
NAIK'S ET AL. Remdesivir: A review of its discovery and devel-
opment leading to emergency use authorization for treat-
ment of COVID-19. ACS Cent Sci 2020, 6:672-683

HUMENIUK R, MATHIAS A, CAO H, OSINUSI A, SHEN G, CHNG E ET AL.
Safety, tolerability, and pharmacokinetics of remdesivir, an
antiviral for treatment of COVID-19, in healthy subjects. Clin
Transl Sci 2020, 13:896-906

DEB S, REEVES AA, HOPEFL R, BEJUSCA R. ADME and pharmacoki-
netic properties of remdesivir: Its drug interaction potential.
Pharmaceuticals (Basel) 2021, 14:655

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44,

45,

46.

47.

33

FURUTAY, KOMENO T, NAKAMURA T. Favipiravir (T-705), a broad
spectrum inhibitor of viral RNA polymerase. Proc Jpn Acad Ser
B Phys Biol Sci 2017, 93:449-463

DE FARIAS ST, DOS SANTOS AP Jr, REGO TG, JOSE MV. Origin and
evolution of RNA-dependent RNA polymerase. Front Genet
2017,8:125

SHU B, GONG P. Structural basis of viral RNA-dependent RNA
polymerase catalysis and translocation. Proc Natl Acad Sci U
SA 2016, 113:E4005-E4014

HAYDEN FG, SHINDO N. Influenza virus polymerase inhibitors in
clinical development. Curr Opin Infect Dis 2019, 32:176-186
MADELAINV, NGUYENTHT, OLIVO A, LAMBALLERIE X, GUEDJ J, TABU-
RET AMET AL. Ebola virus infection: Review of the pharmacoki-
netic and pharmacodynamic properties of drugs considered
for testing in human efficacy trials. Clin Pharmacokinet 2016,
55:907-923

ZHAO L, ZHONG W. Mechanism of action of favipiravir against
SARS-CoV-2: Mutagenesis or chain termination? Innovation
(Camb) 2021, 2:100165

PENG Q, PENG R, YUAN B, WANG M, ZHAO J, FU L ET AL. Structural
basis of SARS-CoV-2 polymerase inhibition by favipiravir. In-
novation (Camb) 2021, 2:100080

JOSHI'S, PARKAR J, ANSARI A, VORA A, TALWAR D, TIWASKAR M ET AL.
Role of favipiravir in the treatment of COVID-19. Int J Infect
Dis 2021, 102:501-508

ARIFIN AR, YUNUS F, PATRAMA S, PUTRA MRA, ROXANNE OG. Treat-
ment outcome of remdesivir compared to favipiravir on mod-
erate symptoms COVID-19. Avicenna Med J 2023, 4:19-24
HADIATUSSALAMAH H, ANDAYANI TM, SARI IP. Perbandingan lu-
aran klinis favipiravir dan remdesivir pada pasien COVID-19
derajat sedang di rs akademik ugm yogyakarta. Journal of
Management and Pharmacy Practice 2023, 13:175-185

. GO N, MELLOW PA, DEWI BDN. COVID-19 therapy: Comparison ef-

fectivity between remdesivir and favipiravir. Journal of Widya
Medika Junior 2022, 4:268-273

HAQIM LN, SETIADI AJP. Perbandingan efektivitas dan efek samp-
ing antivirus favipiravir dan remdesivir pada pasien COVID-19.
MANUJU: Malahayati Nursing Journal 2023, 5:1868-1875
AFIFUDDIN M, KURNIANINGSIH N, KURNIAWAN DA. Compartment
syndrome as reperfusion injury following thrombectomy in
acute limb ischemia: A case report. Deka in Medicine 2024,
1:€209

NABATI M, PARSAEE H. Potential cardiotoxic effects of remdesi-
vir on cardiovascular system: A literature review. Cardiovasc
Toxicol 2022, 22:268-272

NAKSUK N, LAZAR S, PEERAPHATDIT TB. Cardiac safety of off-label
COVID-19 drug therapy: A review and proposed monitoring
protocol. Eur Heart J Acute Cardiovasc Care 2020, 9:215-221
AL-MOUBARAK E, SHARIFI M, HANCOX JC. In silico exploration of
interactions between potential COVID-19 antiviral treatments
and the pore of the hERG potassium channel - a drug anti-
target. Front Cardiovasc Med 2021, 8:645172

Corresponding author:

N. Maulidiyah, Department of Pulmonology and Respiratory
Medicine, RSUD Bangil, Pasuruan, Indonesia
e-mail: vita_fk02@yahoo.co.id

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s000sssscssssssssssssccsssss



