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Abstract: The COVID-19 pandemic has flared across every part of the globe and affected populations
from different age groups differently. People aged from 40 to 80 years or older are at an increased risk
of morbidity and mortality due to COVID-19. Therefore, there is an urgent requirement to develop
therapeutics to decrease the risk of the disease in the aged population. Over the last few years, several
prodrugs have demonstrated significant anti-SARS-CoV-2 effects in in vitro assays, animal models,
and medical practice. Prodrugs are used to enhance drug delivery by improving pharmacokinetic
parameters, decreasing toxicity, and attaining site specificity. This article discusses recently explored
prodrugs such as remdesivir, molnupiravir, favipiravir, and 2-deoxy-D-glucose (2-DG) and their
implications in the aged population, as well as investigating recent clinical trials.

Keywords: prodrug; aged population; remdesivir; molnupiravir; favipiravir; 2-Deoxy-D-glucose
(2-DG)

1. Introduction

Every corner of the world has been affected by the current pandemic, coronavirus
disease 2019 (COVID-19) [1–4]. According to the WHO, approximately 66 million people
worldwide have died from COVID-19 [5]. To combat COVID-19, scientists around the world
have worked tirelessly to develop small-molecule drugs [3–6], traditional medicines [7–13],
and vaccines [10,14–16]. Vaccination has been the primary method of COVID-19 manage-
ment to date. Over 12 billion doses of vaccines have been administered worldwide [5]. Due
to the rapid changes in the SARS-CoV-2 viral genome, there is a challenge to the efficacy of
vaccines [17–19]. Although effective in attaining herd immunity among most of the popula-
tion, they seem ineffective against new variants such as omicron, delta, deltacron, and many
more [20–23]. This necessitates the development of a safe and potentially brand-new drug
to combat the continuing epidemic [24,25]. At the cellular level, antiviral prodrugs seem to
be more effective [26]. A prodrug is a molecule that is converted into active metabolites
inside the body to attain maximum therapeutic value. The prodrug carries its astonish-
ing activity in the masked form, which prolongs its duration of action and increases the
pharmacokinetic properties [27]. According to our review of the literature, four prodrugs,
remdesivir, molnupiravir, favipiravir, and 2-deoxy-D-glucose, are particularly well known
for their roles in COVID-19 [28–31].

The most widely used medication during the COVID-19 pandemic has been remde-
sivir (RDV), an ester prodrug of G-5734 [32]. Currently, it is the only drug in the small
molecule antiviral category which is approved by the US FDA to manage nonhospitalized
high-risk COVID-19 patients [33]. It contains a single phosphate moiety that efficiently
carries it through the biological membrane and is converted to the triphosphate form to
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perform its activity [34]. RDV acts by inhibiting the RNA-dependent RNA polymerase
(RdRp) enzyme of SARS-CoV-2. It is a broad-spectrum antiviral molecule that has a good
effect, with EC50 values of 0.77, 0.069, 0.012, and 0.090 against SARS-CoV-2, SARS-CoV,
EBOV, and MERS-CoV, respectively [35]. A study with a modified prodrug of RDV on
human plasma suggests that the modification improved its half-life to 77% after 4 h from
47% after 2 h [36]. Another drug that targets RdRp is molnupiravir, which is a prodrug of
β-D-N4-hydroxycytidine [37]. It is under phase II/III trials [38]. A hamster model study
concluded that molnupiravir, when administered with favipiravir, shows a synergistic
effect [39]. In 2021, molnupiravir was provisionally stated as a first-line drug for the treat-
ment of moderate COVID-19 patients in the UK [40]. Phospho-ribosylation of favipiravir,
to its active form with triphosphate, inhibits RdRp [41]. A study suggested that the admin-
istration of the drug increases the G→ A and C→ T or C→ U mutation, which reduces the
viral titer [42]. Unlike the above three molecules, 2-deoxy-D-glucose (2-DG) works through
different mechanisms. This prodrug is ideally used in anticancer and anti-viral actions [43].
Due to its structure being similar to glucose, cells absorb it, and it inhibits hexokinase,
which is necessary for glycolysis, the production of energy. This reduces energy production,
preventing the virus from nourishing itself [44]. Apart from this molecule, some molecules
specifically target Mpro, such as PF-07304814 and GC-376 [45–47]. Other broad-spectrum
prodrugs target RdRp, such as tenofovir [48], AT-527 [49], cyanorona-20 [50], and many
more. All of these molecules have proven their effectiveness against COVID-19 in one
way or another. The present article focuses on the synthesis and clinical trials of major
prodrugs which are used in the treatment of COVID-19 in aged populations. It also covers
the consequences observed during the trials.

2. Chemistry and Synthesis of Anti-SARS-CoV-2 Prodrugs

Prodrugs can be chemically classified into carrier-linked prodrugs and bioprecursor
prodrugs [51]. A carrier-linked prodrug consists of an active drug linked to an enzymati-
cally removable carrier group. It can further be subclassified as a bipartite prodrug, where
the carrier molecule is directly attached to an active drug; a tripartite prodrug, where the
carrier molecule is attached to an active drug via a spacer or linker; or a mutual prodrug
(codrug), which consists of two active drugs attached to each other, usually synergistic,
where one will play a carrier role for the other and vice versa [52]. Finally, a bioprecursor
prodrug is a compound that can be metabolized enzymatically to the active drug by molec-
ular modification. Bioprecursor prodrugs can be converted into active forms by different
mechanisms, such as biological oxidation mediated by CYP450 enzyme systems, proton
activation, hydrolysis, elimination, reduction, nucleotide activation, phosphorylation, sul-
fation, and decarboxylation [53]. Here, we have discussed the synthesis of promising
anti-SARS-CoV-2 bioprecursor prodrugs that can be activated by nucleotide activation
(remdesivir, molnupiravir, and favipiravir) and by phosphorylation (2-deoxy-D-glucose).

2.1. Synthesis of Remdesivir

The complete synthetic route for Remdesivir was developed by Gilead biopharmaceuti-
cals and involved the coupling of an adenosine nucleoside analog (9) with p-nitrophenolate
2-ethylbutyl-L-alaninate (12) (Scheme 1) [54]. The coupling was carried out in the pres-
ence of MgCl2 and N,N’-diisopropylethylenediamine base, followed by the deprotection
of isopropylidene with HCl to afford Remdesivir. Tribenzylated ribose sugar (1) was
first converted into ribolactone (2). Next, N-amination of pyrrole-2-carboxaldehyde (3)
was carried out with hydroxylamine-O-sulfonic acid, followed by coupling with amidine
and iodination to obtain 7-iodopyrrolotriazin-4-amine (6). Intermediates (2) and (6) were
then treated with isopropyl magnesium chloride lithium chloride complex to generate a
1:1 anomeric mixture of intermediate (7), which was then subjected to cyanation using
trimethylsilyl cyanide followed by acetonide protection to obtain adenosine nucleoside
analog (9) (Scheme 2A). Finally, the p-nitrophenolate 2-ethylbutyl-L-alaninate precursor (12)
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was synthesized from 2-ethylbutyl-L-alanine (10) and phosphorodichloridate (11) using
the sequence of reactions shown in Scheme 2B.

2.2. Synthesis of Molnupiravir

Molnupiravir is a ribonucleoside prodrug composed of two structural fragments—N-
hydroxycytosine and ribose sugar. Several synthetic routes to molnupiravir have recently
been published using uridine, cytidine, or ribose as key starting materials [55]. Emory
University was the first one to report a five-step synthetic method using uridine as a
starting material, which has the drawback of very low yield and the use of the costly
reagent 1,2,4-triazole (Scheme 3). This method starts with the synthesis of acetonide 16
by protecting the vicinal diol, followed by its reaction with isobutyric acid anhydride
in the presence of 4-dimethylaminopyridine (DMAP) and triethylamine to obtain the
corresponding isobutyryl ester 17. The subsequent steps are chlorination, coupling with
1,2,4-triazole (18), the formation of hydroxylamine analog (19), and finally, the deprotection
of acetonide using formic acid to afford molnupiravir. Unfortunately, the yield after the
five steps was very poor [56].

To overcome the problems associated with the above scheme, a facile, high-yield,
and low-cost commercial potential manufacturing route was developed by Merck and
Codexis [57]. It consists of a three-step process containing ribose as a key starting material
(Scheme 3A). Ribose was first esterified enzymatically. The next step required the usage
of four enzymes—phosphorylation by MTR kinase, nucleobase formation by uridine
phosphorylase, regeneration of acetyl phosphate and ATP by acetate kinase, and then the
addition of pyruvate oxidase to generate the penultimate intermediate (22). In the last
step, the intermediate (22) acidic carbonyl group was converted into hydroxylamine to
afford molnupiravir.

Scheme 1. Final synthetic steps of Remdesivir, developed by Gilead.
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Scheme 2. (A) Synthesis of the adenosine nucleoside analog (9) developed by Gilead; (B) Synthesis
of p-nitrophenolate 2-ethyl butyl-L-alaninate (12); (C) Final synthetic steps of Remdesivir, developed
by Gilead.
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Scheme 3. Synthesis of Molnupiravir. (A) The original synthetic route reported by Emory University
used uridine as the starting material. (B) Potential synthetic route reported by Merck using ribose as
the starting material.

2.3. Synthesis of Favipiravir

The synthesis of favipiravir was first developed in 2000 by Furuta et al. from a Japanese
company named Toyama Chemical Co., Ltd. [58]. Their method began with the synthesis
of the methyl ester of 3-aminopyrazine-2-carboxylic acid (24), followed by bromination
using N-bromosuccinimide, diazotization, alcoholysis, and Buchwald–Hartwig carbon–
carbon bond coupling to synthesize the intermediate (28). Furthermore, aminolysis of the
methyl ester yielded aminopyrazine carboxamide (29). Finally, the diazotization of the
resultant intermediate (29), followed by treatment with Olah’s reagent (HF-pyridine) and
demethylation of the methoxy group, afforded favipiravir (31). However, this method has
the drawbacks of using a toxic reagent (Olah’s reagent), multistep synthesis, purification,
and an overall very poor yield (Scheme 4A).

Scheme 4. Synthesis of favipiravir. (A) Synthetic route developed by Toyama Company. (B) Potential
synthetic route developed by Nippon Soda and Toyama Company.
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Toyama then collaborated with Nippon Soda to develop an improved and facile route
that overcomes the problems associated with the earlier route (Scheme 4B) [59]. This
six-step synthesis began with the reaction of 2-aminopropanediamide (32) with glyoxal
in basic media to form the sodium salt of the intermediate (33). This was followed by
bromination and subsequent chlorination, then reaction with N,N′-diisopropylethylamine
in chlorobenzene at a reflux temperature to obtain 3,6-dichloro pyrazine-2-carbonitrile3,6-
dichloro pyrazine-2-carbonitrile (35). This was then treated with a fluorinating agent to
produce 3,6-difluoropyrazine-2-carbonitrile (36) and further reacted with potassium acetate
and hydrogen peroxide to obtain favipiravir.

2.4. Synthesis of 2-Deoxy-D-Glucose

Besides the recent use of 2-DG in COVID-19, it is effective against various other
diseases, including cancer, dermatitis, polycystic kidney disease, and neurological disor-
ders. Considering its promising therapeutic relevance, chemists have developed various
strategies to synthesize 2-DG. The various routes of its synthesis have been previously
reviewed and compiled by Marzabadi et al. [60] and Wijayasinghe et al. [61]. The methods
that use inexpensive and readily available D-glucose as a starting material may be the
most promising of all of the reported synthetic methods. W. Xu et al. reported a synthetic
protocol which bears a 62% yield at the last step (Scheme 5) [62]. In this method, D-glucose
is first acetylated to generate penta-O-acetyl-D-glucose, then treated with phosphorus
tribromide (PBr3) to afford 1-bromo-2,3,4,6-tetra-O-acetyl-D-glucose. It is then reduced to
triacetyl-O-D-glucal using Zn and monosodium phosphate (NaH2PO4). These steps are
followed by subsequent hydrolysis, bromination, and reduction to obtain 2-DG with high
yield and purity. Earlier, Vaidyanathaswamy et al. also reported the synthesis of 2-DG
using D-glucose, with a 60% yield in the last step [63].

Scheme 5. Synthesis of 2-Deoxy-D-Glucose.

3. Clinical Trials of Anti-SARS-CoV-2 Prodrugs for Aged Populations
3.1. Remdesivir

The FDA authorized Remdesivir (Veklury) as the initial antiviral therapy for COVID-
19 on 22 October 2020 [64]. A nucleoside analog under research named Remdesivir (GS-
5734; Gilead Sciences Inc., Foster, CA, USA) functions as a competitive inhibitor of viral
RdRp [65]. It is a prodrug of the adenosine nucleotide analog, which undergoes phospho-
rylation to form the nucleoside triphosphate analog after being converted to nucleoside
monophosphate (Figure 1). With a precision mass of 602.23 Da and the molecular formula
C27H35N6O8P, RdRp, a key enzyme for viral replication, interfaces with native ATP, and
thus, is beneficial for the utilization of the nucleoside triphosphate derivative. Remdesivir is
transformed within the body into GS-441524, an active molecule with the molecular formula
C12H13N5O4 (291.10 Da) [66]. Mechanism of Remdesivir has been shown in Figure 1.
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Figure 1. Mechanism of action of Remdesivir. It is converted into its nucleotide form and then
into GS-441524, which inhibits RdRp of SARS-CoV-2. Abbreviations: SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; ACE-2, angiotensin-converting enzyme 2.

Remdesivir should bind to SARS-CoV-2 RdRp with great affinity, according to molec-
ular docking research, supporting its molecular mode of action [67]. Remdesivir has
demonstrated low cytotoxicity in cultured cells and broad-spectrum antiviral efficacy by
inhibiting the replication of several RNA viruses, including filoviruses, paramyxoviruses,
pneumonia viruses, arenaviruses, and coronaviruses [68]. Several clinical trials are being
conducted to fully evaluate the effectiveness of remdesivir in nations such as the USA,
Norway, Canada, France, and China. Remdesivir is used in two dosages, with the first dose
being 200 mg and the subsequent doses being 100 mg for the duration of the program. On
29 April 2020, the results of the first multicenter, randomized, double-blind, and placebo-
controlled clinical trial were released [69]. The study’s main endpoint was the average
time that a patient took to perceive a significant improvement. It involved 237 patients in
China (158 received remdesivir and 79 received a placebo). The outcomes demonstrated
that the time it took for a patient to see an improvement in symptoms was not substantially
shortened by using remdesivir. Remdesivir may have provided few clinical benefits due to
COVID-19 patients’ high mortality and slow virus clearance rates [70]. Additionally, there
are not enough data on remdesivir, particularly in drug-gene and drug-disease intercommu-
nication. Both in vitro and in vivo investigations have demonstrated its antiviral activity
against SARS-CoV-2 [71,72]. Remdesivir has been prescribed as an emergency medication
in several nations for COVID-19 patients, and some of these individuals exhibited better
clinical results. However, extensive clinical trials must still be carried out to demonstrate
the effectiveness of remdesivir in treating SARS-CoV-2 patients. Remdesivir effectively
combatted novel varieties, including B.1.17 and B.1.351 [32,73,74]. In Table 1, some clinical
trials which were performed in aged populations are listed.
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Table 1. Clinical trials on remdesivir have focused more on aged populations.

Other ID Study Type Study Starts End of Study Phase Age Group Remarks NCT No.

CAP-China
Remdesivir 2 Interventional 6 February 2020 10 April 2020 3 ≥18 years,

• 237 participants
• Primary outcome: six death; five ICU, requiring

extracorporeal membrane oxygenation (IMV), needed
Noninvasive ventilation (NIV) therapy; three
Hospitalization, requiring respirator oxygen (but not
NIV/HFNC); two hospitalizations, no need for additional
oxygen, one discharge with clinical meetup

• Secondary outcome: ventilation system for 28 days,
continuous oxygenation, admission in hospital until
recovery upper and lower respiratory tract samples are
2019-nCoV RT–PCR negativity

NCT04257656

LGH003 Interventional 1 June 2020 30 November
2020

Early phase
1 15 to 80 years

• 30 participants
• Primary outcome (10 days): measure the permeability of

drug, concentration of drug into the body, volume
of distribution

• Secondary outcome (15 days): the general prognosis of
COVID-19 patients following medication therapy, duration
spent in the hospital, whether in the ICU or in HDUs, until
the date of discharge, time that the need for respiratory
distress has expanded from the beginning

NCT04560231

BEX-06001 Interventional 4 September
2020 30 April 2021 2 ≥18 years

• 60 participants
• Primary outcome (28 days): measure expanded of hospital

stay days and clinical
• Secondary outcome (28 days): relieves and encounters

diseases, does not require more treatment, does not require
ventilator support (but not NIV/HFNC therapy),
ICU/hospitalization, needing ECMO and/or IMV, death,
endotracheal, oxygen supplementation, time to 2019 nCoV
RT–PCR negativity in the nasopharyngeal swab, the
incidence of significant serious adverse reactions, death rate
ended up causing

NCT04596839
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Table 1. Cont.

Other ID Study Type Study Starts End of Study Phase Age Group Remarks NCT No.

COVID 19
treatment Interventional 16 June 2020 1 December

2020 2, 3 Older adults,
• 200 participants
• Primary outcome (6 months): number of patients with

improvement or mortality
NCT04345419

REC-H-
PhBSU-21001 Interventional 1 November

2020 1 April 2021 4 18 to 80 years • 90 participants (recruiting) NCT04738045

UW 20-535 Interventional 20 November
2020

30 September
2021 2 Above 18 years

• Primary outcome (30 days): Clinical improvement
• Secondary outcome: hospitalization (30 days),

nasopharyngeal swab viral load (7 days), evaluate mediators
(7 days), adverse events (5 days), mortality (30 days)

NCT04647695

M.A.R.M.C.D./
2020/1985 Interventional 15 August 2020 10 February

2021 3 16 to 80 years

• 205 participants
• Primary outcome (30 days): clinical Improvement
• Secondary outcome (30 days): duration of ICU stays,

mortality rate, recovery time, the effectiveness of oxygen
capacity, period taken in failure of clinical study

NCT04678739

GS-US-553-
9020 Interventional 14 September

2020 22 March 2021 1, 2 Above 18 years

• 156 participants
• Primary outcome (7 days): average weight loss, saliva,

nasopharyngeal and oropharyngeal weight has difference
due to SARS-CoV-2 viral load

• Secondary outcome (5 to 30 days): Number of participants
including all physiologically supervised consultations or
death, proportion of people who have experienced therapies
abnormalities, proportion of participants undergoing
diagnosis adverse reactions, proportion of participants to
treatment-emergent adverse reactions leading to study
treatment cessation, and pharmacokinetic criteria

NCT04539262

FMASU
P56a/2020 Interventional 27 July 2020 1 March 2021 3 18 to 80 years • 77 participants

• Primary outcome (14 days): evaluation of viral clearance NCT04853901



Molecules 2023, 28, 2332 10 of 30

Table 1. Cont.

Other ID Study Type Study Starts End of Study Phase Age Group Remarks NCT No.

REM-ENY-01 Interventional 12 October 2020 30 November
2021 3 12 to 100 years

• 2000 participants
• Primary outcome (30 days): To evaluate the safety and

acceptability of employing the tentatively authorized
prescription for those who are desperate for food

• Secondary outcome (30 days): percentage of patients who
experienced at least 1 treatment-related unexpected
reaction, the percentage of patients who experienced a
treatment-related illness

NCT04610541

CAP-China
Remdesivir 1 Interventional 12 February 2020 27 April 2020 3 Above 18 years • Suspended NCT04252664

DW_DWJ1248302 Interventional 2 February 2021 30 June 2021 3 19 years and
older

• 1022 participants
• Primary outcome (29 days): Rate of mortality
• Secondary outcome (29 days): Measure days spent

recovering, rankings of acceptable outcomes,
hospitalization period, death ratio

NCT04713176

VC-02-01 Interventional 16 June 2020 1 December
2020 2 18 years and

older

• 44 participants
• Primary outcome (28 days): count of participants who

were hospitalized but did not have pulmonary collapse or
other serious effects

• Secondary outcome: Frequency of sickness, the percentage
of fatalities, whether continuous breathing was necessary
and for how long, the use of antihypertensive medications,
oxygen therapy, the amount of demand for oxygen, and
the end of primary infection are all factors

NCT04410354

GS-US-540-5773-
2020-000841-15

ISRCTN1587426
Interventional 6 March 2020 30 June 2020 3 Above 12 years

• 4891 participants
• Primary outcome (14 days): proportion of volunteers

classified by clinical state on a basis of 7-point
rating variable

• Secondary outcome (10 days): respondents encountered
therapies adverse outcomes as a frequency

NCT04292899
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Table 1. Cont.

Other ID Study Type Study Starts End of Study Phase Age Group Remarks NCT No.

NEUROSIVIR Interventional 15 September
2020 31 March 2021 1 21 to 50 years

• 45 participants
• Primary outcome: percentage of patients who

experienced any treatment-related side effect, as well as
categorized laboratory results

• Secondary outcome: extended of area under curve with
infinite space, elevated value within the duration of
required time, distributed volume, clearance

NCT04480333

GS-US-540-9012
2020-003510-12 Interventional 18 September

2020 6 May 2021 3 Above 12 years

• 584 participants
• Primary outcome (28 days): percentage of participants
• Secondary outcome: time-weighted average change, time

to alleviation, required oxygen supplementation

NCT04501952

GS-US-540-5774
2020-000842-32

IS-
RCTN85762140

Interventional 15 March 2020 26 June 2020 3 Above 12 years

• 1113 participants
• Primary outcome (11 days): proportion of individuals

characterized by the clinical state on a 7-point
ordinary scale

• Secondary outcome (40 days): volunteers who
encountered therapies and a fraction of abnormalities

NCT04292730

GS-US-540-5912
2020-005416-22

DOH-27-012022-
4779

Interventional 31 March 2021 24 May 2022 3 Above 12 years

• 249 participants
• Primary outcome (29 days): measure intrusive ventilation

system or a mixture of all-cause mortality
• Secondary outcome: renal replacement therapy, time to

recover, the mortality rate

NCT04745351

SOL21 Interventional 24 July 2021 31 December
2023 4 Above 18 years

• 202 participants
• Primary outcome (1 year): recovery, fatigue, exertional

dyspnea, long-COVID symptoms
• Secondary outcome (2 years): recovery, fatigue, exertional

dyspnea, long-COVID symptoms

NCT04978259

RECH-PhBSU-
21011 Interventional 1 October 2020 5 April 2021 4 18 to 88 years • 150 participants

• Primary outcome (5-7 days): percentage of clinical cure
NCT04779047

Abbreviations: ECMO—extracorporeal membrane oxygenation, IMV—intermittent mandatory ventilation, NIV—noninvasive ventilation, HFNC—high flow nasal cannula, nCoV
RT–PCR—novel coronavirus reverse transcription polymerase chain reaction, ICU—intensive care unit, HDU—high dependency unit.
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The in vitro neutralization of omicron and its subvariants is still possible using remde-
sivir. Remdesivir can be completely infected by the omicron and delta versions of COVID-19.
As a triphosphate metabolite, it directly inhibits the SARS-CoV-2 RdRp enzyme [74]. An-
drea et al. studied the effect of remdesivir in people with SARS-CoV-2. It was administered
to patients aged 40 years and older, with 60 patients in the control group and 18 people
in the case group. The analysis showed that treatment with remdesivir and heparin led
to lower mortality [75]. The SARS-CoV-2 variants have not been discovered to have any
known ns12 mutations. Remdesivir is administered intravenously as an injection (100 mg)
to COVID-19 adult and pediatric patients who must weigh at least 40 kg. However, signifi-
cant contraindications have emerged, including anaphylaxis, hypersensitivity, shivering,
bradycardia, dermatitis, nausea, etc. Remdesivir causes premature rupture, preterm birth,
and fetal mortality; thus, pregnant women should not use it [76]. The most vulnerable
group in society is elderly patients; however, the efficacy and safety of remdesivir for el-
derly patients have been checked in clinical trials. The efficacy of remdesivir in a real-world
cluster of elderly patients hospitalized in Spain with COVID-19 was studied prior to the
start of the vaccination programme. Per the study, patients under the age of 80 who received
remdesivir had a 15.7% lower 30-day all-cause mortality rate and a 60% lower adjusted
mortality risk than untreated patients. Even though they were most likely among those
who should have received it, remdesivir was only given to a few patients with moderate
to severe dependence and dementia [77]. Older patients had a lower chance of exhibiting
raised severity scores than younger patients [78]. The risk of death for SARS-CoV2-infected
individuals above the age of 80 is significantly higher than the risk for patients under the
age of 80, according to recent epidemiological figures. Fever, cough, dyspnea, fatigue,
and myalgia are the most common symptoms in elderly individuals, and only a small
percentage of them develop acute respiratory distress syndrome (ARDS) [79].

3.2. Molnupiravir

The drug Molnupiravir (EIDD-2801) is the first orally available ribonucleoside which
contains an isopropyl ester prodrug of N4-hydroxycytidine (NHC/EIDD-1931) with broad-
spectrum antiviral activity against SARS-CoV-2 and other RNA viruses, as well as a high
barrier to resistance development [80]. Similarly, to remdesivir, it also inhibits virus
replication by inhibiting RdRp. It was first synthesized by the Emory Institute for Drug
Development and was later taken up by Merck for further development [81]. Molnupi-
ravir, a medicine which was co-developed by Merck and Ridgeback Biotherapeutics, was
revealed on 1 October 2021. It can significantly diminish the risk of hospitalization or
mortality in patients with mild or moderate COVID-19, which has sparked great interest
in the drug among the scientific community [82]. Several studies have elucidated the
mechanisms of Molnupiravir, emphasizing its critical role in the suppression of SARS-
CoV-2 infection [83,84]. First, Molnupiravir is hydrolyzed to N4-hydroxycytidine and then
phosphorylated to N4-hydroxycytidine triphosphate (MTP) with the help of host kinases
(Figure 2). MTP can cause mutations in viral synthesis and inactivate virus offspring by
participating in viral replication and increasing the G to A and C to U substitutions [40].
A normal complementary base pairing would pair G with C (G:C), and A would pair
with U or T (A: U/A: T), while MTP could pair either with A or G. After being integrated
into the template strand, C: G or U: A can moderately impede the extension of MTP: G
or MTP: A products, although this inhibition can be decreased when the concentration of
MTP is sufficiently high [83]. As a result of the strong antiviral action of Molnupiravir,
mutations from G to A (G: NHC: A) and C to U (C: G: NHC: A: U) have also been observed
in subsequent replication [84]. Detailed mechanism of action of Molnupiravir has been
give in Figure 2. In addition, Angelica Jayk Bernal and coworkers analyzed the effect
of Molnupiravir as an oral treatment in non-hospitalized patients. They concluded that
early treatment with Molnupiravir will reduce the risk of death and hospitalization in
unvaccinated patients with COVID-19 [80].
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Figure 2. Mechanism of action of Molnupiravir. It is hydrolyzed to form NHC and then phosphory-
lated to form the nucleotide analog NHC-triphophate, which inhibits RdRp of SARS-CoV-2. Abbrevia-
tions: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE-2, angiotensin-converting
enzyme 2; C, cytidine triphosphate; G, guanosine triphosphate; M, N4-hydroxycytidine triphosphate.

Molnupiravir has been tested in preclinical studies as an orally bioavailable nucleoside
analog prodrug of NHC. Being a prodrug, it demonstrates enhanced stability. Furthermore,
it exhibits higher oral bioavailability in ferrets, nonhuman primates, and mice than the pro-
totype metabolite NHC. [85,86]. In addition, according to preclinical studies, Molnupiravir
has shown a low risk of genotoxicity [83,84,87]. Table 2 describes the ongoing clinical trials
on Molnupiravir.

Molnupiravir provides broad antiviral action against various genetically unrelated
coronaviruses, including the recently identified SARS-CoV-2 variants of concern (alpha,
beta, gamma, delta, and omicron) [86,88]. Recent research has revealed that Molnupiravir
can suppress the omicron variant both in vitro and in vivo [89,90]. Nevertheless, the data
on its effectiveness and safety in the omicron-infected population are still insufficient.
Andrea et al. studied the safety and efficacy of molnupiravir in 192 patients with a mean
age from 70.4 to 15.4 years among 144 patients over 60 years. The early onset of antiviral
treatment avoids disease progression and reduces comorbidities such as cardiovascular
disease, chronic lung disease, obesity, and diabetes. In addition, molnupiravir has no inter-
action with other chronic treatments [91]. One study assessed the efficacy of molnupiravir
in hospitalized COVID-19 patients. Among 11,822 patients, molnupiravir was adminis-
tered to 203 patients, whereas 387 did not receive any antiviral therapy and thus required
dexamethasone and baricitinib therapy. Treatment with molnupiravir reduced mortality,
and it was evident in patients over 80 years of age that were treated in the first five days of
the disease that molnupiravir therapy did not affect the frequency of need for ventilation.
Nevertheless, patients treated with molnupiravir required oxygen supplementation less
frequently [92]. Molnupiravir was effective when provided orally to adults aged 80 and up,
potentially enhancing the results. Furthermore, this medicine efficiently stopped human
transmission of the SARS-CoV-2 virus in hospital wards. There were no deaths within
30 days, demonstrating its effectiveness. Only 55% of the target patients experienced mild
adverse events within seven days of internal administration. Only nausea was noted; no
other serious side effects were observed, indicating that the medicine can be safely given to
elderly individuals. Early Molnupiravir treatment reduced the likelihood of death in older
people at risk for COVID-19. Because the sample size was so small, it was insufficient as
reliable evidence [93].
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Table 2. Clinical trials on molnupiravir have focused more on aged populations.

Other ID Study Type Study Start Date Study Completion Date Phase Age Group Remarks NCT No.

EIDD-2801-2003 Interventional 19 June 2020 21 February 2021 Phase 2 18 years and older

• 204 participants
• Primary estimated outcome estimates

the time required for SARS-CoV-2
clearance in nasopharyngeal Swabs

• Secondary outcome-Determine
Molnupiravir’s safety and tolerability

NCT04405570

EZ-SS-029 Interventional 12 August 2022 July 2027 Phase 3 50 years and older

• 4000 participants
• Primary outcome—evaluate the safety,

effectiveness, and adverse effect of
Molnupiravir in adults with mild
COVID-19

• Secondary outcome—evaluate
tolerability and the association
between the efficacy of Molnupiravir
and the period between the onset of
symptoms and the start of therapy

NCT05459532

MOL-112021 Interventional 1 December 2021 11 March 2022 Phase 3 18 Years to 80 years

• 240 participants
• Primary outcome—the prevalence of

patients with COVID-19 severity has
increased from baseline.

• Secondary outcome—score the severity
of symptoms using the COVID-19
Major Symptom Rating Scale.

NCT05595824

4482-001
MK-4482-001
PHRR201210-

003189
jRCT2031200404
2020-003367-26

Interventional 19 October 2020 11 August 2021 Phase 2
Phase 3 18 years and older

• 304 participants
• Primary outcome—evaluate the time

required for the sustained recovery and
adverse effect

• Secondary outcome—measure the rate
of mortality

NCT04575584
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Table 2. Cont.

Other ID Study Type Study Start Date Study Completion Date Phase Age Group Remarks NCT No.

4482-002
MK-4482-002
PHRR201209-

003186
jRCT2031210148
2020-003368-24

Interventional 19 October 2020 5 May 2022 Phase 2/3 18 years and older

• 1734 participants
• Primary outcome—% of participants

hospitalized and/or dying and having
a negative impact

• Secondary outcome—time to long-term
remission or improvement of each
specified COVID-19 sign/symptom
and progression

NCT04575597

4482-013
MK-4482-013

jRCT2031210281
PHRR211007-

003980
2021-000904-39

Interventional 11 August 2021 17 November 2022 Phase 3 18 years and older

• 1376 participants
• Primary outcome—% of individuals

with undetectable SARS-CoV-2, ≥1
adverse event, and withdrawal from
study treatment owing to AE

• Secondary outcome— % of subjects
with detectable and undetectable
SARS-CoV-2

NCT04939428

EIDD-2801-2004 Interventional 16 June 2020 21 February 2022 Phase 2 18 years and older

• 71 participants
• Primary outcome—the number of

participants who achieve virologic
clearance and have severe Adverse
Events (SAEs) after taking
Molnupiravir orally.

• Secondary outcome

NCT04405739

NL78705.018.21 Observational 14 December 2021 14 June 2024 - 18 years and older

• 1000 participants
• Primary outcome—treatment with

monoclonal antibodies and antivirals
changes serologic responses

• Secondary outcome—the therapeutic
impact of monoclonal antibodies and
antiviral medicines, as well as the
incidence of treatment-emergent
adverse effects

NCT05195060
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Table 2. Cont.

Other ID Study Type Study Start Date Study Completion Date Phase Age Group Remarks NCT No.

UoL001542 Interventional 3 July 2020 30 April 2024 Phase 1
Phase 2 18 years and older

• 600 participants
• Primary outcome—determine the

safety, ability, and tolerability
• Secondary outcome—assess

clinical progress

NCT04746183

MOL-05-02-2021 Interventional 1 April 2022 31 December 2023 Not Appli-
cable 18 years to 45 years

• 50 participants
• Primary outcome—evaluate the Cmax,

tmax, AUC0-t (area under curve),
AUC0-inf, AUCextr, t1/2, kel, MRT,
ratio of Cmax, ratio of AUC0-t, and
ratio of AUC0-inf

• Secondary outcome—evaluate safety
and tolerability

NCT05412173

NDPHRECOVERY
2020-001113-21

ISRCTN50189673
Interventional 19 March 2020 November 2032 Phase 2

Phase 3 0 years and older

• 50,000 participants
• Primary outcome—evaluate causes

of mortality
• Secondary outcome—assess the

composite death endpoint or the
requirement for mechanical ventilation

NCT04381936

COVIC-19 Interventional 1 April 2022 10 September 2024 Phase 3 Child, adult, older
adult

• 680 participants
• Primary outcome—proportion of

subjects hospitalized with COVID-19
symptoms that worsened or died

• Secondary outcome—the percentage of
patients who require supplementary
oxygen, noninvasive ventilation,
intubation, or mechanical ventilation.

NCT05271929
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Table 2. Cont.

Other ID Study Type Study Start Date Study Completion Date Phase Age Group Remarks NCT No.

ASC10-102 Interventional 28 November 2022 9 October 2023 Phase 1 18 years and older

• 32 participants
• Primary outcome—the number of

individuals who experienced a
Treatment-Emergent Adverse Event
(TEAEs) and measured PK parameters
for Molnupiravir

• Secondary outcome—time (days) to
complete resolution of all COVID-19
signs/symptoms

NCT05596045

PR005 Observational 1 December 2021 30 September 2027 - 18 years to 50 years

• 2000 participants
• Primary outcome—examine obstetric

and neonatal outcomes, infant weight
and height, and developmental
milestones in infants

• Secondary outcome

NCT05013632

VIR21001 Interventional 30 September 2021 August 2024 Phase 2 18 years to 50 years

• 1500 participants
• Primary outcome—positive controls

and viral clearance rates for newly
available and repurposed medicines

• Secondary outcome—viral kinetics in
early COVID-19 illness, the number of
antiviral treatment arms, and viral
clearance rates

NCT05041907

EIDD-2801-1001
2020-001407-17 Interventional 10 April 2020 11 August 2020 Phase 1 18 years to 60 years

• 130 participants
• Primary outcome—number of

treatment participants, adverse events
and treatment severity unexpected
adverse events

• Secondary outcome

NCT04392219
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3.3. Favipiravir

Favipiravir is a prodrug with antiviral properties and is used to treat COVID-19. It has
a low molecular weight of 157.1 g/mol [94]. Favipiravir is a purine base analog; after oral
administration, favipiravir is converted into its active metabolite, favipiravir ribofuranosyl-
5B-triphosphate (Favipiravir-RTP), by intracellular phosphor-ribosylation [95]. It acts as a
selective inhibitor of RdRp of RNA viruses. Favipiravir has a broad spectrum of antiviral
properties that enable various RdRps in several types of RNA viruses. The favipiravir
RTP adds pressure on coronavirus nucleotides, which already have low cytosine in their
SARS-CoV-2 genome. With an increased frequency of mutation, favipiravir RTP has a
positive effect on the virus cytopathic effect, which induces a reduction in viral RNA. It
has a long binding affinity to RdRp; hence, it targets SARS-CoV-2 and ultimately prevents
viral transcription and replication [96]. Mechanism of action of Favipiravir has been shown
in Figure 3.

Figure 3. Mechanism of action of favipiravir. It is phosphoribosylated to afford its active nucleotide
analog, which inhibits RdRp of SARS-CoV-2. Abbreviations: SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; ACE-2, angiotensin-converting enzyme 2; RdRP, RND-dependent RNA
polymerase; gRNA, guide RNA.

The effect of favipiravir on SARS-CoV-2-infected people was studied by performing
a placebo-controlled phase 2 trial. Before starting this trial, a non-randomized study of
favipiravir in patients aged 18 and above were found the drug to exhibit more than a 90%
viral clearance [97]. The clinical trial data found that favipiravir was beneficial over a
placebo regarding secondary progression in infected patients. Upon oral administration,
it inhibited viral replication, and its pharmacokinetic properties also act on the virologic
activity [98].

Another randomized, open-label phase 3 clinical study was undertaken in patients
aged 18–75 years to determine the safety and efficacy of the drug. For oral administration
of favipiravir, RT–PCR negativity was 28.7% earlier in moderate COVID-19 patients. The
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antiviral effect was 40% faster than that of a placebo, and it was found to be safe and well-
tolerated in open-label clinical trials [99]. Yuan et al. performed another study to evaluate
favipiravir’s clinical efficacy and safety in patients with severe fever with thrombocytopenia
syndrome (SFTS). A total of 23,350 patients aged < 70 years, between 60 and 70 years, and
>70 years were involved in the study. Favipiravir significantly reduced case fatality rates
from 20% to 9%; however, a significant effect was observed among patients aged <70 years
with a therapy duration of >5 days. Instant favipiravir therapy could help SFTS patients
aged 60–70 years; however, these therapies cause hyperuricemia and thrombocytopenia in
>70-year-old patients [100]. A clinical study was conducted in China to study favipiravir’s
effectiveness against SARS-CoV-2 patients, especially in elderly individuals that were
65 years and older. Patients received 1600 mg twice a day on day 1, and 600 mg twice a day
from day 2 to day 14, and the primary outcome was monitored by computed tomography
to evaluate the efficiency of the drug [101]. Ivashcenko et al. conducted an open-label study
with 60 patients that were above 60 years of age or older. Patients received 1800–1600 mg
on the first day and 800–600 mg on the second day, which resulted in decreased viral load
and normalized body temperature, and approximately 62.5% and 92.5% of patients had a
negative PCR result on day 5 and day 10, respectively [102].

Patients received either a placebo or 1800 mg of favipiravir BID (two times a day) on
day 1 and 800 mg of favipiravir BID from days 2 to 13. Although there were more patients
over 65 years of age in the placebo group, there were higher- or medium-risk patients in
the favipiravir group. A 2020 observational study by Fujita Health University found that
symptoms deteriorated more frequently in patients 60 and older than in younger patients
and that senior patients saw improvements in fewer cases than younger individuals. The
numbers of patients in trials testing favipiravir as a COVID-19 medication were modest,
and a tiny percentage of people that were 65 and older took part in the trials [103,104].

A recent in vitro study by Wang et al. reported that favipiravir and oseltamivir
combination therapy might facilitate clinical recovery in patients and reduce SARS-CoV-
2 infection [105]. The viral clearance rate for AVIFAVIR versus the standard of care in
hospitalized SARS-CoV-2 patients was nearly 62.5% when investigated in phase 2 and
phase 2/3 trials. Two different doses, 1600/600 mg and 1800/800 mg, were given and
showed similar virologic responses. On day 10, viral clearance was achieved in 92.5% of
patients who received AVIFAVIR and 80% of patients who received SOC [106]. Further
analysis and safety data were obtained from phase 2 and 3 clinical studies of favipiravir. It
could be reliable and endurable in a short span of use; however, more evidence is required
for longer-term treatments [107]. Table 3 describes the ongoing trials on favipiravir.
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Table 3. Clinical trials on favipiravir have focused more on aged populations.

Other ID Study Type Study Start Date Study Complication Date Phase Age Group Remark NCT Number

Favipiravir-A Interventional 16 February 2021 13 July 2021 Phase 3 50 years and older

• 500 participants
• Primary outcome: need of

oxygen supplement
• Secondary outcome: there were

changes in ICU stay and mortality rate

NCT04818320

CONTROL-
COVID-

Favipiravir-1
Interventional 16 October 2020 November 2021 Phase 2 65 years and older

• 760 participants
• Primary outcome: after treatment,

there were no new cases of COVID-19
until 25 days.

• Secondary outcome: improvement in
common symptoms after 40 days
of administration.

NCT04448119

FMASU
P14/2020 Interventional 18 April 2020 20 June 2020 Phase 3 18 to 80 years

• 100 participants
• Primary outcome: viral clearance

observed within 14 days. Normal body
temperature and two successive
negative tests were analyzed.

• Secondary outcome: improvement of
radiological abnormalities in patients.

NCT04349241

RC 20/220/R Interventional 23 July 2020 4 August 2021 phase 2
and 3 18 years and older

• 231participenats.
• Primary outcome: negative RT–PCR

test within 15 days.
• Secondary outcome: Normal

symptoms were normalized within 72
h of administration. The severity of
disease complications was decreased
within 28 days.

NCT04464408

FAV-052021 Interventional 11 August 2021 30 December 2021 phase 3 18 years to 80 years • 217 participants NCT05185284

FAV052020 Interventional 21 May 2020 20 August 2020 phase 3 18 years to 80 years • 200 participants NCT04542694



Molecules 2023, 28, 2332 21 of 30

Table 3. Cont.

Other ID Study Type Study Start Date Study Complication Date Phase Age Group Remark NCT Number

FAVI-COV-
US201 Interventional 17 April 2020 30 October 2020 Phase 2 18 years to 80 years

• 50 participants
• Primary outcome: at 29 days decrease

in viral clearance.
• Secondary outcome: respiration rate,

oxygen saturation, pulse rate, and
systolic blood pressure.

NCT04358549

CVD-04-CD-001 Interventional 22 August 2020 27 January 2021 Phase 3 21 to 70 years

• 353 patients involved.
• Primary outcome: After 1–28 days of

treatment, resolution of hypoxia in the
patient and the score of RT–PCR
is improved.

• Secondary outcome: hospital
discharge time interval was shorter
after treatment.

NCT04529499

COVID-19-FAV-
HQ Interventional 16 November 2020 16 February 2021 Phase 3 18 to 59 years

• 1120 participants
• Primary outcome: worsening of

clinical findings
• Secondary outcome: complete

resolution in symptoms and signs

NCT04981379

Favipiravir covid Interventional 20 April 2020 28 September 2020 Phase 2 and
phase 3 18 to 80 years

• 96 participants (divided into 2 groups:
favipiravir and chloroquine, each
having 48 participants)

• Clinical outcomes: patients treated
with favipiravir had shorter hospital
stays and did not require mechanical
ventilation compared to those treated
with Chloroquine.

NCT04351295
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3.4. 2-Deoxy-D-Glucose

2-DG is a glucose analog which is effective as an antiviral agent and was approved by
the Indian Council of Medical Research (ICMR) in May 2021 for the treatment of SARS-CoV-
2 infection. It is essentially a glucose molecule in which the 2-hydroxyl group is replaced by
hydrogen [108]. The glucose analog enters the cytosol and is phosphorylated to 2-DG-6P
(2-deoxy-D-glucose-6-phosphate) by the enzyme hexokinase, which is further metabolized
by phosphate-glucose isomerase, leading to the accumulation of 2-DG-6P in cells and the
depletion of cellular ATP [31]. Specifically, in infected lung cells, it decreases glycolysis
and energy production and inhibits viral replication. Thus, the cell survival rate decreases
and the cell death pathway is activated [109]. Further, 2-DG is more stable than its active
metabolite, 2-DG-6P, and has a longer shelf life. The drug 2-DG-6P is a potent inhibitor
of glycolysis, which is a central metabolic pathway in cells. The direct administration of
2-DG-6P can result in systemic toxicity. In Figure 4, Detailed information has been shown
with their mechanism of action. However, by administering 2-DG as a prodrug, the cells
and tissues regulate the conversion to the active metabolite, which can help to minimize
toxicity. The Drug Controller General of India (DCGI) approved its emergency use as an
adjuvant therapy in coronavirus patients on 17 May 2021. It reduces viral load and the
need for oxygen supplement therapy [110].

Figure 4. Mechanism of action of 2-Deoxy-D-glucose. It is converted into its active form, 2-deoxy-D-
glucose, which depletes cellular ATP. Abbreviations: SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; ACE-2, angiotensin-converting enzyme 2; TCA, tricarboxylic acid cycle; ATP, adenosine
triphosphate; S protein, spike protein.

Preliminary in vitro studies have shown that 2-DG can potentially reduce the viral
load in host cells [111]. Vero and Vero E6 cell lines were used as in vitro model systems
to study the effect of fluorescent 2-DG against SARS-CoV-2 infection. It was discovered
that 2-DG treatment of Vero cells compromised SARS-CoV-2’s infection and multiplication
efficiency, reducing the ability to infect newer cells and showing overall effective inhibition
of virus growth [112]. In addition, it was discovered that 2-DG possessed a binding energy
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of −140.05 kcal/mol with 3CLpro. Furthermore, bioanalytical and toxicity studies suggest
that 2-DG produces sufficient oral bioavailability without side effects or toxicity [113].

Moreover, 2-DG also has multiple pharmacological effects and controls SARS-CoV-2
infection by improving the host immune response. According to a fractional-order optimal
control problem (FOCP) study, 2-DG generates better results in preventing and controlling
SARS-CoV-2 infection [114]. In addition, Verma et al. concluded that 2-DG could enhance
the efficacy of low-dose radiation therapy (LDRT) in COVID-19 pneumonia patients by
preventing lung damage. Furthermore, low doses could decrease the cytokine storm by
inducing anti-inflammatory responses [115]. Table 4 describes the ongoing clinical trials
on 2-DG.
Table 4. Clinical trials on 2-DG have focused more on aged populations.

Other ID Study Type Study Start
Date

Study
Complication

Date
Phase Age Group Remarks NCT Number

COMPOSIT
Study Interventional 4 January 2021 4 January 2022 Not

applicable
40 years and

older

50 participants
This study was

conducted on 220
COVID patients; 42%
of patients improved
symptomatically and

became free from
depending on oxygen

supplementation.

NCT05009563

The Institute of Nuclear Medicine and Allied Sciences (INMAS) and a DRDO scientist
initiated phase 2 clinical trials in May 2020 [116]. The phase 2 study found substantial
recovery progress in 2.5 median days in normalizing vital parameters between the 2-DG
arm and progress to the SoC arm. A further phase 3 trial enrolled various Indian states
and was recently approved in May 2021 by the DCGI for the emergency use of 3-DG as
an adjoining therapy in patients with moderate to severe COVID-19 [117]. A randomized,
open-label phase 2 clinical trial evaluated the efficacy, safety, and tolerability of 2-DG. A
total of 110 patients between the ages of 18 and 65 with moderate to severe COVID-19 were
involved in this study. A dose of 63 mg/kg/day, 90 mg/kg/day, or 126 mg/kg/day of
2-DG was given to the patients; among these doses, 90 mg/kg/day showed a beneficial
effect in the treatment of severe to moderate COVID-19 [118].

4. Impact of Prodrugs on Vaccinated COVID-19 Patients

Various treatment options have been investigated to prevent the catastrophic progres-
sion of COVID-19 in communities. Vaccinated patients have also been monitored regarding
the use of antiviral prodrugs to reduce the progression of disease symptoms. Recently,
a matched-pair retrospective study was conducted to assess the role of remdesivir and
vaccination in preventing severe clinical outcomes [119]. The nonhospitalized vaccinated
patients who received a three-day course of remdesivir had a 75% lower risk of hospital-
ization and a 95% lower risk of respiratory failure. In addition, the study concluded that,
in high-risk, nonhospitalized patients, vaccination combined with a three-day course of
remdesivir significantly prevented severe clinical progression of COVID-19.

To evaluate the efficacy of another antiviral prodrug, molnupiravir, a phase 2 ex-
perimental study called AGILE CST-2 was conducted in vaccinated and unvaccinated
COVID-19 patients [120]. The study included 180 participants with an average age of
43 years. Most of them had already received their first dose of the COVID-19 vaccine. The
experiment included patients with alpha (37 of 180), delta (72 of 180), omicron (38 of 180),
and EU1 (28 of 180) variants. Participants in the molnupiravir group received negative
PCR results faster (8 days) than those in the placebo group (11 days). Thus, molnupiravir
was found to have antiviral activity in vaccinated and unvaccinated individuals infected
with a wide range of SARS-CoV-2 variants, although this evidence is inconclusive.

A longitudinal study covering the role of vaccine, favipiravir, and micronutrient
supplementation was conducted to evaluate post-COVID symptoms [121]. The study
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included 923 people (18.2% were fully vaccinated). One of the most frequently reported
post-COVID symptoms was fatigue. The combination of micronutrients such as vitamins
C and D and favipiravir did not affect all post-COVID symptoms. When infected with
SARS-CoV-2, a full COVID-19 vaccination prevents the disease and the development of
residual symptoms. As a result, it is critical to reconsider the prescription of micronutrients
or adjust the dose of favipiravir in the current guidelines.

5. Conclusions and Future Perspectives

The scientific community has made significant progress in generating potential an-
tiviral medications; however, effective anti-SARS-CoV-2 therapies are still not accessible.
COVID-19 can be treated effectively with broad-spectrum anti-SARS-CoV-2 prodrugs.
Aging generates various biochemical changes in the immune system which have been asso-
ciated with age-related disorders and susceptibility to infectious infections. The likelihood
of developing severe symptoms increases with age, with people aged 40 and older having
the greatest risk of developing major symptoms. Several prodrugs have demonstrated
significant anti-SARS-CoV-2 effects in vitro, in animal models, and in medical practice;
their effectiveness in avoiding mortality is limited. Various factors should be considered
for prodrug treatment, such as modes of drug administration, optimized combination
treatment, prodrug-based lead optimization, and rationalized doses. Because of its rapid
viral clearance, improved clinical recovery rate, and availability as an oral medicine with
an evidenced safety profile, it is a promising treatment which can be repurposed to treat
COVID-19. All prodrugs used for the treatment of aged people reduce the risk of death
and hospitalization in unvaccinated and vaccinated patients with COVID-19. Therefore,
all prodrugs are suggested for use in patients with the highest risk of hospital admission.
Continuing clinical trials on prodrugs worldwide will provide further information on their
clinical effectiveness, safety, and therapeutic role in the overall care of COVID-19.

All potential anti-SARS-CoV-2 prodrugs that are activated by phosphorylation play
an important role in the treatment of COVID-19. In the majority of systematic reviews,
including meta-analyses, remdesivir was not confirmed to be the best antiviral for SARS-
CoV-2 infection; nevertheless, a reduction in hospitalization and adverse events in COVID-
19 patients was demonstrated. Remdesivir did not significantly reduce mortality or the
need for mechanical ventilation, especially compared to a placebo. Furthermore, additional
pharmacological trials are being conducted to examine the molecule’s efficacy in treating
COVID-19. In vitro studies of favipiravir have shown high efficacy against COVID-19
infection using concentrated and safe therapeutic doses. Favipiravir encourages quicker
viral clearance, treatment outcomes, and enhanced radiological imaging in hospitalized
patients. However, it may not be beneficial for those that are not hospitalized. Monitoring
hyperuricemia while taking favipiravir will help to ensure that the medication is terminated
as soon as possible. Molnupiravir is only required for a short period (five days) and is
easier to administer in an outpatient setting, resulting in higher compliance. The benefit
of molnupiravir is that it may be manufactured on a larger scale and does not require
cold transportation or administration in hospital settings, unlike other EUA-approved
COVID-19 medicines. However, it remains unclear whether molnupiravir is a “miracle”
drug. The drug 2-DG was approved for emergency use by the Indian drug authority.
It accumulates in virus-infected cells, inhibiting viral reproduction by preventing viral
synthesis and energy output. Establishing an online data repository for recording the
efficacy and side effects of 2-DG would be tremendously useful in combining data on 2-DG
administration in COVID-19. To confirm the early findings, a multicentric study with a
larger population and from other geographical regions is needed.
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