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INTRODUCTION: 
Antiviral drugs are the chemotherapeutic agents which 
are used in treatment and prophylaxis of diseases caused 
by different viruses. Most antivirals are only effective 
while the virus is replicating. They help to stop 
infections from getting worse and reduce the chance of 
the return of an infection. They are sometimes used to 
prevent people whose immune systems are not working 
properly from infections. However, vaccination might be 
a better and safer option to prevent some of the viral 
infections, like seasonal influenza and hepatitis. 
Antiviral drugs are a class of medication used for 
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ABSTRACT: The currently available antiviral drugs target three main groups of viruses that are 
herpes, hepatitis, and influenza viruses. Remdesivir, an antiviral prodrug originally developed to 
treat Ebola virus disease, has shown broad spectrum activity against the Coronavirus family. 
Therefore, despite supportive data from in vitro and in vivo studies, the clinical effectiveness of IV 
Remdesivir for treatment of COVID-19 and potential side effects remains incompletely defined in the 
human population. Remdesivir as a drug attracted a very serious consideration of the whole Globe 
in treatment of the pandemic disease COVID-19. More recently published in vitro inhibition activity 
and in-vivo case studies were showing promising clinical results and outcome of effective inhibition 
of SARS-CoV-2 virus by the use of Remdesivir. However, at the same time, use of the Remdesivir 
showed substantial detrimental adverse events in patients which needed special attention during 
treatment of COVID-19. Thus, the use of Remdesivir in treatment of COVID-19 is of current 
international interest although some more clinical evidence is still necessary in order to understand 
the actual efficiency and mechanism of Remdesivir against COVID-19.In view of this, the present 
literature study spotlights the current ongoing research related to use of Remdesivir which includes, 
pharmacology of Remdesivir, mechanism of action, pharmacokinetics and clinical use of Remdesivir 
against COVID-19 and other applications. 
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treating viral infections. Most antivirals target 
specific viruses, while a broad-spectrum antiviral is 
effective against a wide range of viruses. Unlike 
most antibiotics, antiviral drugs do not destroy their 
target pathogen; instead, they inhibit its development 
[1,2]. 
Antiviral drugs are one class of antimicrobials, a larger 
group which also includes antibiotic (also termed 
antibacterial), antifungal and antiparasitic drugs, or 
antiviral drugs based on monoclonal antibodies. Most 
antivirals are considered relatively to the host, and 
therefore can be used to treat infections. They should be 
distinguished from viricides, which are not medication 
but deactivate or destroy virus particles, either inside or 
outside the body. Natural viricides are produced by some 
plants such as eucalyptus and Australian tea trees. While 
most antivirals treat viral infection, vaccines are a pre-
emptive first line of defense against pathogens. 
Vaccination involves the introduction (i.e. via injection) 
of a small amount of typically inactivated or 
attenuated antigenic material to stimulate an 
individual's immune system. The immune system 
responds by developing white blood cells to specifically 
combat the introduced pathogen, resulting in adaptive 
immunity. Vaccination in a population results in herd 
immunity and greatly improved population health, with 
significant reductions in viral infection and disease [2,3]. 
Antiretroviral agents (ARVs) have predictable toxicities 
and adverse effects because they are most chronically 
administered drugs. It is essential that clinicians 
noticeably understand ADRs, eagerly identify them in 
patients and manage them successfully. Information on 
adverse drug reactions (ADRs) associated with 
antiretroviral (ARV) use in public health practice is 
signifying the requirement for ART safety surveillance 
in clinical care [4]. 

Back ground and Chemistry: 
Remdesivir is a broad-spectrum antiviral 
medication, developed by the Biopharmaceutical   
company Gilead Sciences. It is administered 
via injection into a vein. Remdesivir is an antiviral drug 
and as a nucleoside analogue. Chemically it is 2-
ethylbutyl (2S)-2-[[[(2R,3S,4R,5R)-5-(4-aminopyrrolo 
[2,1-f][1,2,4]triazin-7-yl)-5-cyano-3,4-dihydroxyoxolan-
2-yl]methoxy-phenoxy phospho ryl]amino]propanoate. 
Molecular formula is C27H35N6O8 Pand molecular weight 
is 602.58 g/mol [5]. The molecular structure of 
Remdesivir was shown in Fig 1. 

 
Fig 1. Molecular structure of Remdesivir. 

Discovery of Remdesivir (GS-5734): 
Nucleoside and nucleotide analogues as small-molecule-
based antivirals have been explored for many years and 
form the backbone of treatment against viral infections, 
including HIV, hepatitis B virus, and Herpesvirus 
infections. In 2013, the nucleotide analogue Sofosbuvir 
was approved by the FDA for the treatment of chronic 
hepatitis C virus infections. The novel compound that 
targets the RNA-dependent viral polymerase (NS5B) 
revolutionized HCV treatment, as it is able to cure the 
formerly lifelong chronic progressive disease when 
combined with other antivirals.  

 
Fig 3. Pharmacologically active nucleoside 
triphosphate (NTP) as a viral RdRp inhibitor. 

In the past years, nucleoside/nucleotide analogues were 
increasingly recognized as potential antivirals targeting 
other positive-stranded RNA viruses such as members of 
the Flaviviridae, Picornaviridae, Caliciviridae, and  
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Fig 2. Milestones in the discovery of Remdesivir as an anti-COVID-19 treatment. Shown is a chronological 
summary of important achievements in the discovery and preclinical and clinical evaluations of Remdesivir 
(GS-5734). 
 

 
Fig 4. Mechanisms of action of Remdesivir. 
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Coronaviridae families, as they share relevant amino 
acid sequences with HCV, and the RNA-dependent 
polymerases are closely related phylogenetically. 
This supported the assembly of antiviral compound 
libraries that could be screened against emerging RNA 
viruses. In the past years, several pharmacological 
advances in the development of nucleoside analogues 
were made based on structure-to-activity relationship 
(SAR) studies that improved pharmacokinetics, antiviral 
activity, and selectivity. A comprehensive overview of 
the medicinal chemistry and pharmacological evolution 
of antiviral nucleoside analogues can be found 
elsewhere. Nucleoside analogues require intracellular 
activation by phosphorylation in order to become their 
active metabolites. One of the most important milestones 
was the addition of a monophosphate prodrug to the 
nucleoside, which significantly improved intracellular 
delivery and activation. This so-called Pro-Tide 
approach was used to optimize the precursor of 
Remdesivir named GS-441524 [6-8]. 

Mechanism of Action (MoA): 
Remdesivir is a phosphoramidate prodrug of an 
adenosine C-nucleoside (Fig 2). By entrance into 
respiratory epithelial cells in the human body; the 
prodrug may be efficiently metabolized to a nucleoside 
triphosphate as an active form (Fig 3). The active form 
can prevent the replication of several coronaviruses in 
the lung epithelial cells. The nucleoside analogue drug 
inhibits the RNA-dependent RNA polymerase (RdRp) 
by competing with the usual counterpart adenosine 
triphosphate (ATP). The nucleoside analogue is 
incorporated into the generating RNA strand and causes 
a delayed stop in the viral replication process (Fig 4). As 
the enzyme incorporates one, two or three more 
nucleotides, the incorporated nucleoside analogue moves 
back. The drug blocks the enzyme while it reaches into 
the third position away from the enzyme’s active site. It 
crashes into a conserved serine (Ser) in the active site of 
the enzyme and inhibits the enzyme from moving one 
step forward to incorporate the next nucleotide (Fig 4). 
The exoribonuclease of the virus that usually proofreads 
and corrects the replication errors cannot work against 
the active form of Remdesivir [9-10]. 

Pharmacokinetics: 
Remdesivir is a pro-drug; concentrations decline rapidly 
after IV administration (plasma half-life, T½ ~1 h), 
followed by the sequential appearance of the 

intermediate alanine metabolite GS-704277 and the 
nucleoside monophosphate metabolite GS-441524 
(plasma T1⁄2 24.5 h). Inside cells, GS-441524 is rapidly 
converted to the pharmacologically active triphosphate 
analogue, GS-443902, which has a prolonged 
intracellular T ½ (peripheral blood mononuclear cell, 
PBMC T1⁄2 ~ 40 h). Both Remdesivir and GS-441524 
exhibit linear PK following single doses between 3mg 
and 225mg and no Remdesivir accumulation was 
observed following once daily dosing for up to 5 days. 
By contrast, GS-441524 reaches steady state around day 
4 and accumulates by ~2-fold after multiple once daily 
dosing. The Remdesivir dosing regimen being evaluated 
in clinical trials (200 mg IV on day 1, then 100 mg IV 
on days 2 through 5 or 10) was substantiated by in vitro 
data and bridging the PK with the rhesus monkey 
experience to humans [11]. 
Due to the near complete first-pass effect of 
phosphoramidates, Remdesivir is expected to have poor 
oral bioavailability. Plasma protein binding for 
Remdesivir is moderate (Free fraction of 12.1 %). By 
contrast, metabolites GS-704277 and GS-441524 exhibit 
low plasma protein binding with mean free fractions ≥ 
85%. In cynomolgus monkeys, radiolabeled Remdesivir 
or its metabolites were detectable in the testes, 
epididymis, eyes, and brain 4 h after a 10mg/kg dose 
(equivalent to 200 mg in humans). Levels in the brain 
were significantly lower than in other tissues but 
accumulated over time. Distribution studies in humans 
have not yet been reported [12]. 
Remdesivir is a substrate of several cytochrome P450 
enzymes in vitro, however clinical implications are 
unclear since the pro-drug is rapidly metabolized by 
plasma hydrolases. By similar reasoning, the effect of 
hepatic impairment on Remdesivir plasma levels should 
be low although specific studies have not been 
conducted in patients with hepatic impairment and the 
drug is contraindicated in patients with severe hepatic 
impairment. Metabolism of metabolites GS-704277, GS-
441524, and GS-443902 has not been characterized [13]. 
Remdesivir exhibits low renal excretion (< 10 %). 
However, 49 % of a radiolabeled dose was recovered as 
GS-441524 in urine. Theoretically, plasma exposure of 
GS-441524 may be increased in patients with renal 
impairment. Remdesivir formulations contain 
sulfobutylether b-cyclodextrin sodium (SBECD) as a 
solubility enhancer. Formulations containing SBECD 
have historically been cautioned against in patients with 
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renal impairment, although clinical data suggest SBECD 
accumulation does not increase the risk of acute kidney 
injury. There are no recommendations for dose 
adjustments in patients with mild to moderate renal 
impairment at this time. Under the FDA emergency use 
authorization guidance, Remdesivir is not recommended 
in patients with an estimated glomerular filtration rate 
(eGFR) < 30 ml/min or serum creatinine ≥ 1mg/dl unless 
the potential benefit outweighs the potential risk. 
Patients with an eGFR< 30 ml/min and those who are 
receiving hemodialysis or hemofiltration are excluded 
from the EMA compassionate use program. There are no 
pharmacokinetic data available for children or women 
who are pregnant or breastfeeding [14]. 

Resistance: 
The development of Remdesivir resistance in 
coronaviruses has been assessed by cell culture in MHV, 
which has similar EC50 values to SARS-CoV-1, SARS-
CoV-2, and MERS-CoV. Following > 20 in-vitro 
passages, two non-synonymous mutations were selected 
in the nsp12 RdRp: F476L and V553L. Neither of the 
mutations directly altered RdRp’s catalytic site or 
substrate binding pocket, but they did cause minor 
structural alterations that are thought to impact RdRp’s 
fidelity checking step before catalysis. Compared to 
wild-type viruses, these mutations conferred 2.4d and 5 
fold reduced susceptibility to Remdesivir, respectively, 
while the double mutant showed 5.6-fold reduced 
susceptibility in-vitro. The EC50 values of the mutants 
(0.057 to 0.13 µmol/L), however, remained below 
achievable human drug exposures. Furthermore, the 
mutations appear to confer a fitness cost, with wild-type 
virus rapidly out competing the mutants in the absence 
of Remdesivir. Of concern, however, the affected 
residues are conserved across coronaviruses raising the 
possibility of a common pathway to resistance. In fact, 
substitutions at homologous SARS-CoV-1 residues 
conferred a 6-fold decrease in susceptibility to 
Remdesivir (EC50 0.01µmol/L to 0.06µmol/L). No data 
specific to SARS-CoV-2 Remdesivir resistance have 
been published [15,16]. 

Drug interactions: 
At the time of writing, no in vivo drug interaction studies 
of Remdesivir have been published but the ability of 
Remdesivir to inhibit or induce cytochrome P450 
(CYP450) enzymes and transporters has been tested in 
vitro. Importantly however, as a pro-drug, Remdesivir is 
rapidly degraded in vivo so the potential for clinically 

significant drug interactions is likely limited. Data on the 
potential for Remdesivir metabolites to perpetrate drug 
interactions are even scarcer. In in vitro studies, 
Remdesivir was a weak inhibitor of CYP1A2, CYP2C9, 
CYP2C19, and CYP2D6. Remdesivir’s IC50 for CYP3A 
was 1.6 µmol/L, suggesting inhibition may occur briefly 
with standard human exposures. Inhibition of CYP450 
enzymes by metabolites was not investigated. Tests of 
Remdesivir CYP450 induction have been inconsistent; it 
may induce CYP1A2 and CYP2B6. Again, the clinical 
importance of this is questionable. GS-441524 and GS-
704277 demonstrated no CYP450 induction in these 
studies. Remdesivir was found to be a substrate 
(OATP1B, P-glycoprotein) or inhibitor (OAT1B1, 
OAT1B3) of several drug transporters. There are no 
exclusion criteria relate to drug-drug interactions in 
current Remdesivir clinical studies [17,18]. 

Dosage and Administration: 
Remdesivir is available in two bioequivalent 
formulations: a concentrated solution (5mg/mL) and a 
lyophilized powder formulation. Vials contain 100mg of 
Remdesivir and are preservative free. Readers are 
referred to the FDA Fact Sheet for full storage, 
preparation, and administration instructions. For adults 
and children weighing ≥ 40kg requiring invasive 
mechanical ventilation or ECMO, the recommended 
dose is 200 mg IV on day 1 followed by 100 mg IV once 
daily on days 2 to 10. For those not requiring invasive 
mechanical ventilation or ECMO, a 5-day regimen is 
recommended. Doses should be administered over 30 
min to 2 h. Readers are referred to the FDA Fact Sheet 
for full pediatric dosing recommendations. There is no 
information on direct IV push, intramuscular, or 
subcutaneous administration at this time [19,20].  

Prophylactic use and side effects: 
Very few reports are available for the proposed 
prophylactic use of Remdesivir against COVID-19. 
European medicine agency documented the prophylactic 
use of Remdesivir which reduces the viral load 
significantly. Prophylactic use of the Remdesivir may 
prevent the physiological defect that occurred due to 
SARS-CoV-2 infection. The prophylactic efficacy of 
Remdesivir against various coronavirus diseases. Thus, 
from the available literature it may be possible that 
Remdesivir showed its effective prophylactic and 
therapeutic use against COVID-19. However, more 
evidence is still waiting in order to understand the 
efficient prophylactic use of Remdesivir against 
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COVID-19. Further, it is noteworthy to mention the 
adverse influence of Remdesivir in the present medical 
emergency scenario. 
Adverse events of use of Remdesivir which involves the 
nausea (in 9 % patients), worsening or respiratory failure 
(in 8 % patients), increased alanine aminotransferase 
level (in 7 % patients), and constipation (in 7% patients), 
anaemia (in 7.9 % patients than 9.0 % of control group); 
pyrexia (in 5.0 % patients than 3 % of control group); 
hyperglycemia (in 4.1 % patient than 3 % of control 
group) and increased aminotransferase. Adverse events 
in 60 % patients during treatment which involves the 
increased liver enzymes, diarrhea, renal impairment, and 
hypotension, while 23 % patients showed severe adverse 
effects such as multiple-organ dysfunctioning, septic 
shock, kidney injury. Common side effects in use of 
Remdesivir which involves constipation, 
hypoalbuminemia, anaemia, thrombocytopenia, and 
elevated bilirubin. Thus, the Remdesivir should be 
administered only under medical supervision as it may 
have severe side effects [21-23]. 

Dosing recommendations: 
Remdesivir is administered by intravenous infusion over 
30 to 120 min. The standard dose for adults and pediatric 
patients weighing 40kg and higher is a loading dose of 
200mg followed by once-daily doses of 100 mg. Dose 
adjustments are necessary for pediatric patients weighing 
less than 40kg. It is not known if dose adjustments based 
on kidney or liver function are necessary. 
Administration in patients with a glomerular filtration 
rate (GFR) below 30ml/min is not recommended based 
on the potential accumulation of sulfobutylether-β-
cyclodextrin sodium salt present in both formulations of 
Remdesivir. The optimal treatment duration for COVID-
19 is still unknown. In phase 3 trials, a treatment course 
of 5 or 10 days was investigated. Based on these data, 
the actual recommendations in the context of emergency 
authorizations are 5 days for patients who do not require 
mechanical ventilation, which can be extended up to 10 
days if patients do not demonstrate clinical 
improvement. For patients on mechanical ventilation, 
the recommended treatment duration is 10 days [24-26]. 

Therapeutic uses of Remdesivir: 
Remdesivir as an analogue of Ribonucleotideadenosine 
monophosphate has the potential to compromise RNA 
synthesis in viral RNA infections. It was tested against 
various RNA viruses with more or less success. 
Remdesivir was tested against Ebola, Nipah virus, and 

Middle East respiratory syndrome (MERS) in human 
medicine and feline infectious peritonitis. Currently, the 
world is following numerous clinical trials in which 
Remdesiviris tested in patients’ with COVID-19 [27]. 

The in vitro and in vivo testing of Remdesivir: 
At the start of the COVID-19 pandemic, no specific 
therapy or specific preventive therapeutic agents were 
known and available. Various drugs were repurposed 
from other indications, and the information regarding 
their in-vitro and in-vivo activity in various cells, and 
also humans were from the time when these drugs were 
investigated against other infections. In the case of 
Remdesivir, Ebola infection use gave some information 
about its possible therapeutic activity, as it was studied 
in vitro on its ability to be incorporated into the RNA 
structure, and on its ability to inhibit various RNA 
polymerases. Additionally, it has already been studied in 
a non-human primate model with an Ebola infection. 
Many studies on the Remdesivir activation and 
mechanism of action were performed on cellular or sub-
cellular models. For example, Agostini and her team 
used in her study murine astrocytoma cells and baby 
hamster kidney 21 cells expressing the murine hepatitis 
virus receptor. She also used the human lung epithelial 
cells Calu-3 and human tracheobronchial epithelial cells. 
As much as her data are interesting, they were not 
obtained specifically for SARS-CoV-2. Sheahan and his 
team used in their experiment the primary human lung 
epithelial cell cultures. They studied Remdesivir activity 
on circulating contemporary human CoVs-i.e., SARS-
CoV, but not SARS-CoV-2. Only newer scientific 
reports deal with SARS-CoV. Choy studied the activity 
of Remdesivir and other substances against the SARS-
CoV-2 virus in Vero E6 cells. A nice summary of 
Remdesivir preclinical in vitro and in vivo data was 
published just at the end of May 2020. Another 
summarization of the in vitro data for Remdesivir and 
several other therapeutics used in COVID-19 appeared 
online also very recently in May 2020. As for in vivo 
studies, the preference is given to primate models, as 
discussed in the sections on Ebola and MERS [28-30]. 

Ebola: 
Remdesivir was used in the treatment of Ebola cases 
based on preclinical data showing that it had blocked 
Ebola virus replication in primates. It was used in Ebola 
patients in emergency settings during the Kivu Ebola 
epidemic in 2018-2019. Then, it was shown that 
Remdesiviris inferior to the affectivity of monoclonal 
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antibodies. An excellent review of therapeutic strategies 
that may be useful against the Ebola infection was 
published only recently. Similarly, to the situation with 
other RNA viruses, Remdesivirrivals adenosine 
triphosphate for incorporation into RNA. Kinetic 
experiments demonstrated that GS-441524triphosphate 
(the active molecule of Remdesivir) is similar to 
adenosine triphosphate in its incorporation efficiency. 
However, the selectivity of this incorporation is 
approximately 4 times higher for adenosine triphosphate 
compared to GS-441524triphosphate. On the other hand, 
human mitochondrial RNA polymerase effectively 
distinguishes these two substrates, and the selectivity 
ratio for adenosine triphosphate and GS-441524 
triphosphate is approximately 500. The presence of 
activated Remdesivirin cells results in delayed chain 
termination in the synthesis of RNA. Remdesivir was 
used in two patients with Ebola successfully-both 
patients survived.  

This moved Remdesivir into Phase 2 of clinical 
development for its use in Ebola patients. Additionally, 
when used in a new born from an Ebola virus-positive 
lady on the day of birth (together with monoclonal 
antibodies ZMapp), Remdesivir contributed to the 
eradication of the virus in the child (as proved by PCR) 
and it seems to be doing well at the 12 months of age. 
Despite these and some other positive records, potential 
Ebola outbreaks still represent a danger for affected 
populations, especially due to the ways of transmission, 
various social aspects, and current limits of therapeutic 
interventions [31-34]. 

Nipah Virus: 
Nipah virus (Paramyxoviridae) is another pathogenic 
RNA virus. This virus was transmitted to humans from 
fruit bats. Additionally, transmission between persons 
was confirmed. Similarly, to COVID-19 infection, 
Nipah virus also causes respiratory and neurological 
disorders, with a 40 to 75 % mortality according to the 
World Health Organization. Treatment, similarly to the 
treatment of the COVID-19 infection, is still under 
development. Remdesivir represents a viable option, as 
it seems to be highly effective in the African green 
monkey model. Experiments performed using this model 
with infecting the experimental animals with a lethal 
dose of virus have shown that Remdesivir administered 
in one dose daily during 12 days saved all the treated 
animals compared to the monkeys that were not treated. 
All the animals left without treatment died during the 

experiment. It indicates that Remdesivirmay represent a 
suitable treatment also for the Nipah virus [35-37]. 

Middle East Respiratory Syndrome (MERS): 
Coronaviruses belong to the Orthocoronavirinae family 
and transmission between various species is one of their 
properties. At present, therapeutic strategies for these 
viruses do not exist, but the present crisis has made 
researchers and medical doctors pay increasing attention 
to this issue. Remdesivir seems to represent a viable 
option in the treatment of various corona (and other) 
infections through the inhibition of the viral RNA 
dependent RNA polymerase. Middle East Respiratory 
Syndrome coronavirus (MERS-CoV) serves as the 
causative agent of respiratory disease that has caused 
over 2468 infections in humans, with more than 851 
deaths registered in 27 states during the last 8 years. 
MERS-CoV infection seems to respond to the 
Remdesivir therapy, as shown in the nonhuman primate 
model through the inhibition of viral replication, as 
demonstrated in vitro. Treatment by Remdesivir (starting 
24 h before infection by MERS-CoV) resulted in the full 
inhibition of clinical symptoms by inhibiting MERS-
CoV replication in the lungs, thus preventing the 
appearance of lung tissue lesions. The treatment with 
Remdesivir in the early stages of MERS infection has 
shown significant clinical benefit, accompanied by the 
diminished formation and severity of lung lesions. 
Compared to other agents (Lopinavir, ritonavir, and 
possibly interferon beta), Remdesivir shows the highest 
anti-MERS activity in-vitro, and it improves various 
pulmonary functions in a murine model in-vivo. This 
effect is achieved through the competition of the 
triphosphate of activated Remdesivir (10-cyano 
analogue of adenosine with adenine replaced by 4-
aminopyrrolo[2,1-f][1,2,4]triazin-7-yl-) competing with 
ATP via various mechanisms [37,38]. 

COVID-19: 
Clinical Trials Evaluating Remdesivir as a Treatment for 
COVID-19 Originally, within the period of January to 
March 2020, Remdesivir was given to individual 
COVID-19 patients on a compassionate-use basis. 
Remdesivir was administered for 10 days (200 mg 
intravenously on day 1, and 100 mg per day on the day 2 
to 10). An analysis of data for 53 patients (22 in the 
USA, 22 in Europe or Canada, and 9 in Japan) has 
shown that 25 patients (47 %) were treated successfully 
and 7 patients (13 %) died. Clinical improvement was 
seen in 36 of 53 patients (68 %). On 6 February 2020, 
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the first global clinical trial began in China, specifically 
in Hubei. The designed clinical trial was a randomized, 
double-blind, placebo-controlled, and multi-center study, 
with a participation of 237 hospitalized patients 
(aged≥18 years). The study found that there were no 
statistically significant clinical benefits associated with 
Remdesivir use. However, the clinical improvement 
time for the patients was shorter while using the antiviral 
drug compared to those receiving placebo. The first 
randomized and controlled clinical trial for Remdesivir 
in the United States has been begun by the University of 
Nebraska Medical Center (UNMC) in Omaha to 
evaluate Remdesivir’s safety and efficacy in hospitalized 
adults diagnosed with COVID-19. The trial was 
overseen by the National Institute of Allergy and 
Infectious Diseases (NIAID), part of the National 
Institutes of Health. The participants in the trial should 
be examined and diagnosed with SARS-CoV-2 infection 
as well as evidence of lung association, such as speedy 
sounds when breathing (rales), with a need for 
supplemental oxygen or abnormal chest X-rays, or 
barely breathing and requiring mechanical ventilation. 
Individuals with confirmed infection who have mild 
symptoms or no symptoms will not be involved in the 
study. The preliminary data analysis, as well as results, 
was released on 29 April 2020. The study showed that 
the recovery time was reduced by 31 % for the patients 
who received Remdesivir compared to the placebo 
group. Moreover, the mortality rate was 8.0 % for the 
group receiving Remdesivir, while it was 11 % for the 
group who received a placebo. Moreover, Gilead 
Sciences Inc. released data on a Gilead sponsored Phase 
3 randomized trial in 12 years and older hospitalized 
patients with severe COVID-19 disease. The design of 
the study was randomized, open-label, and multicentre, 
and the estimated enrolment of the study was 6000 
patients. The data revealed that patients who were 
treated for 5 days with Remdesivir had a comparable 
clinical improvement compared to the patients who were 
treated for 10 days with Remdesivir. Additionally, the 
study indicated the proposed treatment duration for 
severe cases, which can aid in monitoring other COVID-
19 cases that require treatment in an intensive care unit. 
In the United States, a clinical trial phase 3 has been 
launched on 21 February 2020. The study is designed to 
be an adaptive, randomized, double-blind, placebo-
controlled trial to assess the safety and efficacy of 
Remdesivir in hospitalized adults (aged ≥ 18 years) 
diagnosed with COVID-19. The study was proposed to 

be a multicenter trial that will be conducted in roughly 
100 sites all over the world. The study will compare 
different investigational therapeutic agents, including 
Remdesivir, to a control. The project originally enrolled 
394 patients, however, with the recent enrolment rates 
the total sample size could reach 600 or even more than 
800. To date, the study results have not been posted or 
may not yet be posted because they are pending a quality 
control (QC) review by the National Library of Medicine 
(NLM) or the sponsor or investigator is addressing QC 
review comments provided by the NLM. After all this, 
the clinical trials showed diverse results that were due to 
the different rules of patients’ enrolment and different 
endpoints. The clinical trials performed in China had 
stricter conditions for the enrolment of patients, such as 
having an interval from symptom onset to the enrolment 
of 12 days or less. Besides this, the time (in days) from 
randomization to the point of a decline of two levels on a 
six-point ordinal scale of clinical status (1 = discharged 
and 6 = death) was the primary endpoint for the China 
trial. In contrast, in the National Institute of Allergy and 
Infectious Diseases trial, the primary endpoint was time 
to recuperation, which was indicated as recovered 
enough to leave hospital or a resumption of normal 
activity level. Currently, the ClinicalTrials.gov database 
registers 30 trials for Remdesivir (6 trials are using the 
term “GS-57340” instead of Remdesivir) concerning 
COVID-19. However, more time is needed to evaluate 
all the data and information from these trials. Currently, 
three clinical trials are enrolling patients to study the 
therapeutic usefulness of Remdesivir. One trial is 
organized in Hospital Cochin in Paris, France, and two 
are in the USA. One clinical trial organized in Wuhan, 
China, was suspended [38-42]. 

Future Perspective: 
After decades of research on direct-acting antiviral 
drugs, Remdesivir is the first nucleoside analogue that 
can be used to treat infections caused by a respiratory 
virus. In the light of its beneficial clinical effects, its 
favourable safety profile, and the absence of alternatives 
to treat COVID-19, Remdesivir will increasingly be 
used outside the context of clinical trials or 
compassionate-use programs. The drug is already 
available in the United States and Japan based on 
emergency-use authorizations and was recently 
approved in Europe. However, treatment with the 
antiviral drug Remdesivir alone will not be sufficient to 
reliably save the lives of patients suffering from 
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COVID-19 or to solve the hazardous public health issues 
caused by the ongoing COVID-19 pandemic. Antiviral 
therapy in hospitalized patients cannot prevent the virus 
from being transmitted among communities and cannot 
reverse pathophysiological processes that have occurred 
already at the time of diagnosis. In general, prophylactic 
measures would be much more efficient in reducing 
COVID-19-associated morbidity and mortality as well 
as economic implications. The prophylactic use of 
Remdesivir might be effective, as it completely 
protected exposed macaques from MERS-CoV-induced 
clinical disease.  
Prophylactic effects are also known from other 
virostatic-acting drugs like neuraminidase inhibitors that 
may prevent influenza virus infections and can also be 
used as post exposition prophylaxis. However, the 
prophylactic use of Remdesivir is generally hampered by 
its poor oral bioavailability and the absence of an oral 
formulation. Further pharmacological efforts are needed 
to make the drug accessible to an outpatient population. 
Recently, the manufacturer announced in an open letter 
that a phase 1 trial with Remdesivir inhalation is being 
planned and already accepted by the FDA. Interestingly, 
another SARS-CoV-2 active nucleoside analogue called 
EIDD-1931, which is orally bioavailable, is currently in 
preclinical evaluation. Finally, it should be mentioned 
that drug pricing will also have significant implications 
for the possibility of applying Remdesivir with a broader 
scope.  
The therapeutic efficacy of Remdesivir might be 
improved by the addition of other antivirals or 
immunomodulatory agents. It has recently been shown 
that glucocorticoids are able to improve clinical 
outcomes in cases of severe and critical COVID-19. 
Based on these data, it can be expected that physicians 
will use both Remdesivir and glucocorticoids to treat 
patients with severe or critical COVID-19. However, 
combination therapy should be used with caution, as 
drug interactions may occur. In vitro, Remdesivir acts as 
the substrate or inhibitor of several drug-metabolizing 
enzymes (e.g., CYP3A4), which could influence the 
exposure levels of other therapeutic agents. In addition, 
these agents may interfere with the pharmacokinetics of 
Remdesivir.  
The immunomodulatory drug hydroxychloroquine, for 
example, seems to reduce the antiviral activity of 
Remdesivir by impairing its intracellular metabolic 
activation. Another approach that may improve clinical 
outcomes could be combination therapy with direct 

antiviral drugs that target several processes within the 
viral life cycle. Although this strategy is highly effective 
in the therapy of chronic infections with HIV and HCV, 
it is unclear if this is true for acute infections with 
SARS-CoV-2. Clinical trials evaluating combination 
therapy are needed to estimate their role in COVID-19. 

CONCLUSION: 
This study was an attempt to descriptively analyse ADEs 
reported to date for Remdesivir to add to the information 
about the safety of Remdesivir reported to date from 
published clinical trials in patients with COVID-19 
given potential concerns. The most important ADEs 
were elevation of liver enzymes and those arising from 
kidney injury, which is in line with the product 
information given by the FDA. These findings call for 
greater monitoring of liver enzymes during treatment, 
building on existing guidance, with the potential for dose 
adjustments, as well as monitoring renal function before 
and during treatment with Remdesivir. Greater guidance 
can also be given by the authorities as more knowledge 
becomes available including potential doses of 
Remdesivir in patients with COVID-19 with existing 
hepatic impairment or poor renal function. 
There is both in-vitro and limited clinical evidence that 
supports the use of Remdesivir to treat SARS-CoV-2. 
However, Phase 3 clinical trials have not yet been 
completed and partial data has not yet been reported. 
The side-effects profile of Remdesivir remains similarly 
not well defined. Until high-quality studies report 
significant improvements with administration of IV 
Remdesivir, the use of this experimental drug should be 
limited to randomized controlled trials. Therefore, the 
potential of Remdesivir as a standard of care therapy for 
COVID-19 remains to be determined.The use of 
Remdesivir for COVID-19 treatment has not been 
clarified yet, and more detailed studies are needed on 
these drugs.  
The ongoing studies will provide more high-quality 
evidence on the benefit and harmful effects of 
Remdesivir. 
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