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ABSTRACT

The COVID-19 has caused a lot of fear and unease among people all around
the globe. This disease is caused by the virus called Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2). Since new viruses are emerging from
animal reservoirs causing diseases in humans with increasing mortality rate
there is an urgent need to find an antiviral drug with a broad spectrum activity.
Hence, this review article discusses about the antiviral drug remdesivir which
has shown a broad spectrum activity. Remdesivir is currently approved by the
FDA for the treatment of patients suffering from severe Covid-19. The scope
of this review is to discuss the risks and benefits of using the drug Remde-
sivir, whether the treatment with it reduces mortality, whether it can reduce
the time of hospitalized patients, the possible adverse effects and whether it
can be used as a prophylactic agent for healthcare professionals concerned
with screening and management of Covid 19 positive patients and suscepti-
ble individuals who have a high risk of developing Covid-19 will be discussed.
Since this is the first and only drug that has been approved by FDA, Remde-
sivir should be used in patients with Covid 19 with caution owning the side
effects and limited data available on it. More research should be conducted to
find another drug or vaccine which would be more beneficial for patients with
Covid19
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beings in the past two decades which have been
potentially deadly. The ongoing pandemic is caused
by SARS-CoV-2.

The outbreak of Covid-19 initially began in Wuhan
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province in China during December 2019 and has
since then spread all around the globe. So far
(November 2"?, 2020), the confirmed cases world-
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wide is 46 million, the number of people recov-
ered is 31 million and a number of people who have
lost their lives is 1.2 million. According to current
evidence, the virus is transmitted by respiratory
droplets and having close contact from who-so ever

INTRODUCTION

is inhabiting the virus. It has been also found that
feces are positive for SARS-CoV2 nucleic acid, sug-
gesting that the oral route may also be a potential

The Coronaviruses are a group of viruses which
have positive-sense single-stranded RNA virus with
a nucleocapsid of helical symmetry, and they are
enveloped. Three (MERS, SARS, SARS-CoV-2) among
the coronaviruses have produced diseases in human

route. Therefore the disease can be spread by those
who have symptoms and also by those who have no
symptoms at all. Symptoms start to appear from
the 5th to 14th day after exposure. Hence, it is rec-
ommended to isolate for 14 days if you have been
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exposed to the virus or have the clinical symptoms.
The clinical symptoms of the symptomatic patient
can look like the common flu. A greater number of
people experience dry cough, fever, fatigue and dys-
pnea. While a lesser number of them experience
diarrhea, headache, productive cough (Huang et al,,
2020; Chen et al,, 2020; Wang et al.,, 2020a). While
more than half of the people recover within weeks
of acquiring the coronavirus, there are a few who
develop severe Covid-19 requiring hospitalization.
The SARS-CoV-2 seems to attack the type Il pneu-
mocytes in lower bronchi by binding the receptor-
binding domain of S(spike) protein to a virus to
ACE2 receptors on the cell surface of host cells (Con-
tini et al., 2020). These ACE2 receptors seem to be
higher in GIT, kidneys and testes than in lungs sug-
gesting that these organs can also be a target of the
virus causing symptoms other than respiratory.

The laboratory findings in the patients affected by
Covid-19 include high CRP, lymphocytopenia, neu-
trophilia, leukocytosis (Wu et al, 2019). But these
are not specific to Covid-19 disease. Since there has
been no specific treatment for it various measures to
prevent the spread of infection can be followed. To
limit the spread of infection, frequent hand washing,
maintaining physical distance from others, quaran-
tine, wearing a mask should be done.

Since nations are gripped with fear and panic not
only due the fear of contracting the disease and
dying but also the economic downfalls, there is a
need to explore all possible ways to find a treatment
for this disease. With current research and clinical
evidence, Remdesivir the only drug made available
for the treatment of Covid-19. Previously, only sup-
portive treatments were given. In this review article,
the antiviral drug-Remdesivir will be discussed.

The drug Remdesivir was developed by Gilead Sci-
ences and is said to have broad-spectrum antiviral
effects. On the 11" of May 2020, FDA had approved
Remdesivir for Emergency Use Authorization so that
healthcare providers could use it to treat patients
who had severe Covid-19. Severe Covid19 is defined
has those patients with Sp0O2 <95% on room air or
requiring supplemental oxygen or mechanical ven-
tilation or Extracorporeal Membrane Oxygenation
(ECMO) or heart-lung bypass machine. In October
22,2020, FDA approved its use in patients above 12
years old with a weight of at least 40 kilograms for
treatment of Covid 19 requiring hospitalization.

MATERIALS AND METHODS

A systematic search was conducted in PubMed, New
England Journal of Medicine, The Lancet, JAMA,
Google Scholar.

The main description part of the article is divided
into,

1. Introduction, Mechanism of action, pharmaco-
dynamics, pharm kinetics

2. Benefits of using Remdesivir
3. Adverse effects of using the drugs

4. Whether it could be used has prophylaxis for
health care professionals and others who have
a high risk to develop Covid-19.

Introduction, Mechanism of action, pharmaco-
dynamics, pharmacokinetics

Remdesivir or GS-5734, an investigational broad-
spectrum anti-viral drug was developed more than
a decade ago. In 2009 Remdesivir was researched
has a potential treatment for Hepatitis C and Respi-
ratory Syncytial Virus.

Antiviral profiling of remdesivir done in 2013 and
early 2014 led to a suggestion that it could have
broad-spectrum antiviral activity. In 2014, it was
used for the Ebola outbreak in West Africa in 2014-
2016 and again in 2018 outbreak. It was shown
to be effective in rhesus macaques infected with
Ebola virus (Warren et al, 2016). Although it was
found effective in animal models, it did not prove to
be effective in a trial conducted in the Democratic
Republic of Congo (Mulangu et al., 2019).

The broad-spectrum activity of remdesivir has been
shown against filoviruses, paramyxovirus, pneu-
moviruses (Lo et al, 2017). Studies using ani-
mal models showed that remdesivir was effective
against coronaviruses (Brown et al, 2019), includ-
ing MERS and SARS. In an vitro study which used pri-
mary human lung epithelial cell cultures, it is found
to be effective against human coronaviruses and also
bat coronavirus (Sheahan et al, 2017). It was also
found effective in Vero E6 cells with 50% effective
concentration, The concentration of remdesivir was
reduced when it was combined with another antivi-
ral emetine in vitro (Wang at al,2020) (Choy et al,
2020). Despite these positive preclinical data, it
could not be developed clinically due to the lack of
potential study participants.

Mechanism of action

It acts by inhibiting of viral RNA dependent RNA
polymerase enzyme specifically nsp7. Remde-
sivir is a phosphoaramidate prodrug of 1’-cyano-
substituted nucleotide analogue. The active form of
remdesivir is the triphosphate form of Remdesivir(
RDV-TP) is used has a substrate for viral dependent
RNA polymerase. RDV-TP resembles the adenosine
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triphosphate (ATP), and it competes with nucleotide
during viral RNA synthesis. The incorporation of
RDV-TP in the viral RNA it results in the termina-
tion of new RNA synthesis. The coronavirus has
a proofreading process that can remove unwanted
nucleotides, which lead to the development of resis-
tance against remdesivir. But remdesivir seems to
surpass this action and has a result there has been
no resistance developed against remdesivir (Tches-
nokov et al,, 2019).

Pharmacokinetics and Pharmacodynamics

Remdesivir a prodrug of nucleoside monophos-
phate. It cannot be given oral has it will result in the
conversion of the prodrug to nucleoside monophos-
phate in the GI tract. This will result in poor absorp-
tion due to the change in the phosphate group.
To avoid hepatic first-pass metabolism and due to
low bioavailability it is given in intravenous form
When administered in IV form it is distributed into
the blood cells and tissues by passive diffusion
and results in a transformation of the prodrug to
nucleoside monophosphate and ultimately to the
active metabolite nucleoside triphosphate intracel-
lular. Remdesivir is widely distributed in most tis-
sues which include kidney, salivary glands, liver,
prostate gland. It does not cross the blood-brain
barrier. Remdesivir and its active metabolites and
primarily excreted renal (74%) and rest in feces
(18%). Its metabolism is mediated by hydrolases.
The plasma half-life of remdesivir is short (0.5-1
hour), while that of the active metabolite is long (20-
25 hours). Suggestions to use a combination of IV
and pulmonary administration (Sun, 2020) or just
aerosolized (Contini et al, 2020) suggests additional
benefits against Covid 19.

RESULTS AND DISCUSSION

Benefits of using remdesivir
Severe Covid 19

A clinical trial conducted by (Wang et al., 2020b) in
China showed that remdesivir was not associated
with any significant clinical benefits in adults with
severe covid-19. Although not statistically signifi-
cant, there was a reduction in the time to clinical
improvement in the patients treated with remdisivir
compared to those receiving placebo. But this trial
had limitations of having not completed enrollment
due to control of infection and small sample size.

National Institute for Allergy and Infectious Dis-
eases (NIAID) conducted a clinical trial Adaptive
Covid-19 Treatment Trial (ACTT-1). This was a
double-blind, randomized, placebo-controlled trial
where intravenous remdesivir was given to adult

patients with severe Covid-19. Remdesivir was
given IV 200mg on day 1 followed by 100mg/d
for 10 days or until discharge or death. The pre-
liminary report of the trial showed that a 10 days
course of Remdesivir shortened the time to recov-
ery 11 days compared to those who got placebo
where the time to recovery was 15 days. How-
ever, the mortality rate remained the same in both
groups suggesting that although the time to recov-
ery is reduced, the prognosis of the both the groups
remain the same. The final report of the trial in
October 2020 also confirmed the same. It also sug-
gested the use of dexamethasone along with it. Also,
it was shown that there was fewer days of sub-
sequent oxygen use for patients requiring oxygen
at enrollment and shortened duration of ECMO or
mechanical ventilation for those requiring these at
enrollment. NIAID is conducting an ACTT-2 and
ACTT-3 with remdesivir. ACTT-2 will evaluate the
safety and efficacy of remdesivir in combination
with the anti-inflammatory drug a Janus Kinase
inhibitor- baricitinib compared to remdesivir alone
and a ACTT-3 combining interferon beta la with
remdesivir (Beigel et al., 2020).

Gilead Sciences conducted the SIMPLE trial to check
the safety and efficacy of two dosing durations - 5
days and 10 days - of remdesivir in adults patients
diagnosed with severe COVID-19 The final result
was the patient’s clinical status on day 14. The
clinical status was worse in 10 days group than
5 days group. The discharge rates were better in
the 5 days group, and the mortality rate was also
less. In this trial, there was no significant differ-
ence in 5 days treatment course or 10 days of treat-
ment course patients with severe covid-19 who did
not require mechanical ventilation. However, since
no placebo was used in this trial, and it was open
based the amount of benefit cannot be estimated
exactly (Goldman et al., 2020).

Moderate Covid 19

A randomized, open-label trial of hospitalized
patients with moderate Covid19 was done to deter-
mine the efficacy of remdesivir for 5 or 10 days com-
pared to standard care by assessing the clinical sta-
tus of the patients on the 11°" day. Here, moderate
Covid 19 pneumonia patients referred to patients
having pulmonary infiltrates and Sp02>94%. These
patients were divided randomly on 1:1:1 ratio to
receive remdeivir for 10 day or to receive remde-
sivir for 5 days or standard care. Remdesivir was
given IV 200mg on day 1 followed by 100mg/d.
The study showed that there was no clinical bene-
fit in 10 days of remdesivir compared to standard
treatment. Although the patients that received 5
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days remdesivir showed statistically significant clin-
ical status improvement compared to standard care
alone (Spinner et al, 2020).

Remdesivir and Tocilizumab

A case report on a pregnant female with severe
Covid19 showed that combining the use of remde-
sivir and tocilizumab, which is an interleukin 6
receptor blocker seems to effective. Since patients
of severe Covid19 have severe cytokine storm and
hyper inflammation, this seems to be an effective
combination. The patient had 7 days history of
symptoms of covid19 and also high-risk factors such
as hypertension, type 2 dm, intermittent asthma and
a BMI of 28. The patient was given on day 3 of
hospitalization due worsening of the clinical status,
Tocilizumab 400mg IV followed by 5 days of remde-
sivir. The patient showed clinical improvement and
was discharged on day 9 of hospitalization with no
short term adverse effects (Naqvi et al,, 2020).

While another case report using the same 2 combi-
nation of drugs in 2 patients with an almost identical
history resulted in 1 patient having Hemophagocytic
syndrome (HLH). According to the author, this could
suggest that even though tocilizumab blocks IL-6
receptor, it can leave other alternative pathways
remain open causing HLH. The author, therefore,
suggests to use Remdesivir before secondary uncon-
trolled inflammatory response takes place if the
later does occur then tocilizumab is an option (Aki-
nosoglou et al, 2021). Since an increase in IL-6
seems to associated with increased association with
death and critical illness combining an IL-6 recep-
tor blocker and a viral replication inhibitor seems to
work well.

Remdesivir and Convalescent plasma

Another case report combined remdesivir with con-
valescent plasma in a pregnant patient with severe
covid19. 1 unit of convalescent plasma was given
on a day of admission, and remdesivir was given on
day 5 of hospitalization for 10 days. The patient
showed signs of clinical improvement by 5 days of
initiation of remdesivir. Although there was a mild
elevation of transaminases after 3days of initiation
of remdesivir, it was normalized by the 6" day. No
other short term adverse effects was noted, and the
patient was discharged on completion of remdesivir
treatment (Anderson et al.,, 2020).

Vitamin D and Remdesivir

The combination of Vitamin D and Remdesivir
seems to have a synergistic effect has shown
by (Arya and Dwivedi, 2020).

Remdesivir in Cancer Patient

Remdesivir given to a patient will Chronic Lympho-
cytic leukaemia with covid19 and resulted in tempo-
rary suppression of the infection. As such, 2 courses
of remdesivir was given, but it did not result in erad-
ication of the disease. This suggests that although
it suppresses the infection, it is temporary in an
immunocompromised individual (Helleberg et al,
2020).

Adverse Effects of using Remdesivir

In ACTT-1 study the most common adverse effects
found in the remdesivir group was anemia, acute
kidney injury, decreased estimated glomerular fil-
tration rate or creatinine clearance, or increased
blood creatinine, pyrexia, increased blood glucose
level and increased aminotransferase levels. Other-
wise, the incidence of adverse events was not found
to be significantly different between the remdesivir
group and the placebo group.

In Simple Study, the most common adverse effects
in either group was nausea and acute respiratory
failure, increased aminotransferase levels, constipa-
tion. The patients that discontinued the treatment
due to adverse effect had serious adverse effects and
died during treatment was more in 10 days treat-
ment group Serious adverse effects are Acute Res-
piratory failure, Septic shock, Acute respiratory dis-
tress syndrome.

Remdesivir induced liver injury is reported, and
therefore remdesivir should be given with close
monitoring of liver functions and with a caution in
those with prior liver disease (Zampino et al., 2020;
Li and Su, 2020). It is contraindicated in those
with liver (ALT-5 times above the baseline) or renal
(eGFR<30ml/min) dysfunction. Longer duration of
Remdesivir could itself lead to high mortality in the
patients.

Whether it could be used has prophylaxis for
health care professionals and others who have a
high risk to develop Covid-19

Remdesivir has shown to have potential prophy-
lactic and therapeutic efficacy in rhesus macaques
infected with MERS-CoV. They were treated prophy-
lactically 24 hours before inoculation with MERS-
CoV. Those treated prophylactically showed a reduc-
tion of clinical signs, reduction in viral lung loads,
absence gross and histologic lung lesions. Based on
this study, Remdesivir could be used prophylacti-
cally in humans (de Wit et al, 2020). But seeing
the adverse effects and limited clinical benefits of
Remdesivir it may not be wise to use the drug pro-
phylactically.
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CONCLUSION

Several questions still remain unanswered like the
optimal time to start remdesivir, the optimal dose
and duration, the impact on mortality, the effect of
the drug in combination with other drugs, whether
specific groups of patients may benefit more or less,
the long term effect, the significant benefits and
risks still remain unknown. It does seem to be effec-
tive in reducing the clinical time to recovery lead-
ing to a shorter duration of hospital stay. This is
particularly useful in hospitals in making more beds
available to other patients and also in decreasing
the use of hospital resources. A subsequent reduc-
tion in oxygen use among the patients on using the
drug also suggests a reduction in disease burden.
Remdesivir may not be the miracle drug we hoped
it to be. But seeing its slight clinical benefit and side
effects in Covid 19 and since no other treatment has
been approved for Covid 19, it is better to be used
with caution. The still multiple ongoing trials on
remdesivir may give us a clear idea of remdesivir
and whether it is better to use it alone or in combi-
nation.
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