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Abstract

Background and Aims: Vaccines are the first line of defense against coronavirus

disease 2019 (Covid‐19). However, the antiviral drugs provide a new tool to fight the

Covid‐19 pandemic. Here we aimed for a comparative evaluation of authorized

drugs for treating Covid‐19 patients.

Methods: We searched in PubMed and Google Scholar using keywords and terms

such as Covid, SARS‐CoV‐2, Coronavirus disease 2019, therapeutic management,

hospitalized Covid‐19 patients, Covid‐19 treatment. We also gathered information

from reputed newspapers, web portals, and websites. We thoroughly observed,

screened, and included the studies relevant to our inclusion criteria. We included

only the United States Food and Drug Administration (FDA) authorized drugs for this

review.

Results: We found that molnupiravir and paxlovid are available for oral use, and

remdesivir is for only hospitalized patients. Paxlovid is a combination of nirmatrelvir

and ritonavir, nirmatrelvir is a protease inhibitor (ritonavir increases the concentra-

tion of nirmatrelvir), and the other two (remdesivir and molnupiravir) are nucleoside

analog prodrugs. Remdesivir and molnupiravir doses do not need to adjust in renal

and hepatic impairment. However, the paxlovid dose adjustment is required for mild

to moderate renal or hepatic impaired patients. Also, the drug is not allowed for

Covid‐19 patients with severe renal or hepatic impairment. Preliminary studies

showed oral antiviral drugs significantly reduce hospitalization or death among mild

to severe patients. Moreover, the US FDA has approved four monoclonal antibodies

for Covid‐19 treatment. Studies suggest that these drugs would reduce the risk of

hospitalization or severity of symptoms. World Health Organization strongly

recommended the use of corticosteroids along with other antiviral drugs for severe

or critically hospitalized patients.

Conclusion: All authorized drugs are effective in inhibiting viral replication for most

SARS‐CoV‐2 variants. Therefore, along with vaccines, these drugs might potentially

aid in fighting the Covid‐19 pandemic.
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1 | INTRODUCTION

The first reported severe acute respiratory syndrome due to

coronavirus‐2 (SARS‐CoV‐2) was in Wuhan, China, in December

2019. Coronavirus disease 2019 (Covid‐19) seriously threatened the

global healthcare systems. The world has seen more than 505 million

confirmed cases with more than 6.2 million related deaths in more

than 200 countries, areas, or territories as of April 21, 2022. Since the

first outbreak of SARS‐CoV‐2 in China and the declaration of the

pandemic, scientists all over the globe surged to develop treatment

options and preventive measures for the Covid‐19.1 People of all

ages are prone to get infected by a coronavirus. However, most of

the total cases occurred in middle‐aged adults aged 30–69 years.2

Transmissibility, hospitalization, and mortality depend on age, sex,

race, and comorbidity of patients. Obesity, older age, and chronic

diseases are risk factors for developing severity of Covid‐19

patients.2 The world observed a revolutionary outcome from the

Covid‐19 vaccine pipeline. Today, many vaccines have been

approved and are in different stages of clinical trials. Vaccines are

the first line of defense against Covid‐19.3‐6 There is also a need for

antivirals for therapeutic purposes. However, antiviral drugs are

designed for SARS‐CoV‐2 involve various strategies to inhibit viral

replication. For example, viral attachment to host cell inhibitor

candidates targets spike proteins of SARS‐CoV‐2 and human

angiotensin‐converting enzyme 2 (ACE2) receptor interaction‐

mediated viral entry.7‐9 Another strategy involves inhibiting viral

proteases, main protease (Mpro)10 or 3‐like proteases (3CLpro), and

papain‐like protease (Plpro).11,12 Furthermore, RNA‐dependent RNA

polymerase (RdRp) also emerged as a target in anti‐SARS‐CoV‐2 drug

design.13 Recently, only a few drugs are available against SARS‐CoV‐

2 for preventative (tixagevimab/cilgavimab) and curative (sotrovimab,

bebtelovimab, molnupiravir, and remdesivir, nirmatrelvir/ritonavir)

purposes. Here, we aimed for a comparative evaluation of the United

States Food and Drug Administration (USFDA)‐approved antivirals

for treating Covid‐19 patients based on current knowledge. We

summarized and presented the comparative dosage regimen, bene-

fits, and risks of authorized drugs for Covid‐19 therapy. Among

numerous experimental drugs directly or indirectly used in Covid‐19,

we included the specific drugs/combinations authorized for emer-

gency use by the US FDA. We have searched in PubMed and Google

Scholar using keywords and terms such as Covid, SARS‐CoV‐2,

coronavirus disease 2019, therapeutic management, hospitalized

Covid‐19 patients, Covid‐19 treatment. We also gathered informa-

tion from reputed newspapers, web portals, and websites. Studies

relevant to our inclusion criteria were thoroughly observed, screened,

and included. We excluded information about experimental drugs

except for FDA authorization. Primary screening was carried out

based on title and abstract, and then we screened out articles based

on relevancy, article type, and published year.

2 | REMDESIVIR

Remdesivir (DB14761) is the first US FDA‐approved antiviral to treat

Covid‐19. In October 2020, the US FDA approved it for emergency

use on individuals aged more than 12 years and over 40 kg.14 Now,

remdesivir is approved for temporary use in more than 50

countries.15 Remdesivir has been developed and considered a

broad‐spectrum antivirus during past outbreaks caused by corona-

viruses (Middle East respiratory syndrome [MERS]/SARS) and

filoviruses (Ebola). It has been reported to possess therapeutic

efficacy and prophylactic activity in several nonclinical models of

SARS/MERS.16 The US company Gilead Sciences discovered remde-

sivir (GS‐5734) as an intravenous (IV)‐administered 1′‐cyano‐

substituted nucleotide analog prodrug. It acts as a viral RNA

synthes is inhibitor (interferes RdRp), and its base portion resembles

adenosine. Biochemical studies revealed its mechanism. A 50‐

hydroxyl group when substituted with phosphoramidite, it stimulates

the drug delivery into the cell and its hydrolysis unveils monophos-

phate form. Then, it undergoes intracellular phosphorylation to form

active (triphosphate) metabolites.17 Also, the US FDA authorized a

combination of remdesivir with baricitinib for emergency use.18 Till

now, clinical trials concluded that remdesivir in a 3–5‐day‐long dose

regimen facilitates recovery from moderate to severe Covid‐19

symptoms by shortening the hospital stay. Also, it reduces the risk of

hospitalization.19 Studies also reported its efficacy against most

variants of coronavirus.20 Several studies supported that there is a

clear safety profile of remdesivir. According to a group of scientists

focusing on renal, cardiac, and hepatic safety, they found remdesivir

causing no significant changes in glomerular filtration rate and liver

enzymes even in impaired patients. However, they observed a

reduction in heart rate, but there was no cardiovascular system (CVS)

toxicity even with severe CVS comorbidity.20 A recent review article

also found a similar safety profile. Multiple‐dose of remdesivir

resulted in reversible hepatocellular enzyme elevations, but there was

no renal or hepatic toxicity. According to the most recent and the

largest clinical trial, no significant adverse drug reactions (ADR) and

mortality occurred with remdesivir treatment. ADRs could have

resulted from Covid‐19 severity rather than remdesivir treatment.21

Despite being a safe IV drug, its stability and oral bioavailability are

yet to be improved.22 Scientists also surged to develop remdesivir

delivery via a noninvasive route of administration. It would allow the

initiation of antiviral treatments from the early event of diagnosis. By

deuteration, Xie et al.23 designed a tri‐isobutyryl ester prodrug
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(VV116) of GS‐441524 (RVn: the active metabolite of remdesivir).

VV116 showed satisfactory efficacy against SARS‐CoV‐2 in the Vero

E6 cell line with oral bioavailability of about 80% in preclinical studies.

In addition, it showed chemical stability over high humidity, lights,

and temperature.23 Another promising orally bioavailable remdesivir‐

like prodrug candidate is ODBG‐P‐RVn.24 It also showed efficacy on

five different cell lines.25 Along with IV remdesivir, oral Rvn prodrugs

would be game‐changers in the early treatment of Covid‐19.

3 | MOLNUPIRAVIR

The USFDA has approved molnupiravir (DB15661) for emergency use in

treating Covid‐19 patients in December 2021. It is a prescription‐only

orally‐available drug approved for treating mild‐to‐moderate adult Covid‐

19 patients with a high risk for developing complications and hospitaliza-

tion.26 It also secured efficacy against various strains of SARS‐CoV‐2.27

Cox et al.28 developed molnupiravir (MK‐4482/EIDD‐2801), an isobutyryl

ester prodrug of β‐D‐N4‐hydroxycytidine analog (cytidine and uridine). It

shows broad‐spectrum anti‐RNA virus activity by inducing error

catastrophe during replication. Like remdesivir, it needs RdRp29 and

targets cellular kinases. However, it acts as a mutagenic agent rather than

a chain terminator.30 It promptly converts to its triphosphate form MTP

and acts as a substrate for viral RdRp in the cellular environment.

Tautomeric variants of molnupiravir can cause mutations during G‐to‐A

and C‐to‐U transitions and finally lead to inhibition of viral replication.31

Moreover, molnupiravir with favipiravir32 or dihydroorotate

dehydrogenase inhibitors such as IMU‐838/vidofludimus and

BAY240223433 has shown synergistic effects in preclinical studies, yet

to be clinically established. However, molnupiravir lacks ADR data as it is

hard to distinguish between treatment‐related adverse events and Covid‐

19‐related adverse events. As of December 26, 2021, we still have a

small amount of safety data. On the basis of some evidence on

mammalian cells, molnupiravir is assumed to be mutagenic and

genotoxic.34 However, considering the risk‐benefit and totality of data,

the UK authorized molnupiravir.35 Moreover, a systematic review article

summarized the molnupiravir‐associated ADRs. The most common side

effects were nausea, headache, insomnia, diarrhea, elevated ALT, and so

forth, in mild‐to‐severe patients, which indicates the drug is safe and well‐

tolerated at a desired therapeutic concentration in plasma. However,

most studies are still ongoing to find safety data.36 There are several

advantages to being orally administered drug over IV remdesivir.

However, further studies should clarify its long‐term genotoxicity and

other potential ADRs.

4 | PAXLOVID (RITONAVIR‐BOOSTED
NIRMATRELVIR)

Mpro (also called 3CLpro) and PLpro processes (by proteolytic

digestion) viral polyproteins pp1a and pp1ab to generate functional

viral proteins to facilitate replication. Thus, proteases have become a

possible drug target in antiviral development.37,38 Several studies

reported nirmatrelvir (DB16691, PF‐07321332) as a potential

protease inhibitor for Covid‐19 treatment. Positive results were

observed with viral protease 3CLpro.37,39 In December 2021, USFDA

approved under brand name Paxlovid (Pfizer), a combination of

nirmatrelvir and ritonavir for emergency use in Covid‐19 treatment.40

Ritonavir (DB00503) is an HIV protease inhibitor.41 Unlike nirma-

trelvir, ritonavir cannot inhibit protease of SARS‐CoV‐2. It inhibits

cytochrome P450 and P‐glycoprotein. Therefore, this drug enhances

the half‐life of nirmatrelvir.42 Consequently, nirmatrelvir concentra-

tion remains higher in the binding sites.43 Pfizer reported paxlovid

reduces hospitalization or death rate by 89% among mild‐to‐severe

Covid‐19 patients.44 Also, paxlovid appeared more effective when

compared to molnupiravir.45 However, in terms of ADRs, treatment‐

associated mild adverse events were reported between paxlovid and

placebo groups at 19% and 21%, respectively.46 Scientists are also

hoping that the therapeutic efficacy of paxlovid will remain at a

safety margin as the omicron variant of SARS‐CoV‐2 emerges.47 As

ritonavir is a hepatic and renal enzyme cytochrome P450 and

multidrug‐resistant protein P‐glycoprotein inhibitor, it might have

several drug‐drug interactions. Therefore, we should take additional

cautions for Covid‐19 patients who have a comorbidity of other

diseases or immune/hepatic/renal impairment.42,48,49 Paxlovid has

proven itself effective, but, more importantly, the safety profile of

this combination drug should provide long‐term reliability.

5 | MONOCLONAL ANTIBODIES AND
SOTROVIMAB

Monoclonal antibodies have attracted the focus of scientists from the

early stage of Covid‐19 pandemic. The US FDA has authorized (for

emergency use) four monoclonal antibodies to treat Covid‐19 patients

with a high risk of hospitalization or progressing severity. They are

casirivimab (DB15941) plus imdevimab (DB15940), bamlanivimab

(DB15718) plus etesevimab (DB15897), tixagevimab (DB16394) plus

cilgavimab (DB16393), and sotrovimab (DB16355).50 However, during

the Omicron wave, the FDA paused the recommendation of

casirivimab plus imdevimab and bamlanivimab plus etesevimab

because of the significant reduction in susceptibility.51,52 Sotrovimab

(previously VIR‐7831, GSK4182136 was developed by GlaxoSmithK-

line and Vir Biotechnology Inc.) sustained its recommendation among

the monoclonal antibodies by FDA,53 WHO,54 and UK.55 Genetically

engineered human monoclonal antibody sotrovimab possess the ability

to act longer duration. It has proven therapeutic efficacy against many

variants of concern.56 However, it did not exert any potential

improvement in hospitalized or oxygen‐required patients.57 Sotrovi-

mab showed its safety according to clinical trial NCT04545060 funded

by Vir Biotechnology and GlaxoSmithKline in 868 patients (among

them, sotrovimab group n= 430 and placebo group n= 438). In the

above study, 17% of participants from sotrovimab group reported

adverse events, and the rate was 19% for the placebo group.

Therefore, research reports supported sotrovimab as a safer option

for treating Covid‐19 patients.56
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6 | BARICITINIB

Baricitinib (DB11817) is an orally administrable Janus kinases (JAKs)

inhibitor indicated for rheumatoid arthritis. However, like several

examples of JAK inhibitors, it also shows antiviral, antibacterial, and

antifungal activities as side effects.58 In the second half of 2020, the

USFDA authorized emergency use of remdesivir/baricitinib combination

as anti‐SARS‐CoV‐2 therapy.18 WHO strongly recommended cortico-

steroids with remdesivir/baricitinib for severe Covid‐19 cases from

Omicron wave.54 Baricitinib intracellularly suppresses JAK1/JAK2 and

consequently inhibits proinflammatory signal of several cytokines.

Besides, baricitinib is assumed to interrupt the passage and intracellular

assembly of SARS‐CoV‐2 into the target cells mediated by the ACE2

receptor.59 In combination therapy, cellular entry of SARS‐CoV‐2 is

inhibited by baricitinib whereas remdesivir retards viral replication.

Therefore, in severe cases, the synergistic effect of this combination is

reported to be beneficial in the management of cytokine storm,

inflammation, SARS‐CoV‐2 replication, and viral load.60 Some scientists

recommended baricitinib over another JAK inhibitor, ruxolitinib for its

abundant availability in low‐cost generic versions.61 In terms of safety

concerns, there is plenty of safety data. For example, Kalil et al.62

concluded remdesivir/baricitinib combined therapy is superior to

remdesivir monotherapy in the case of hospitalized patients. They did

not find any significant difference in adverse events among placebo,

control, and combination patient groups. Although there is a possibility

regarding the risk of secondary infections, immunosuppression, and

thrombosis in worst cases.62 Furthermore, baricitinib/remdesivir/

recombinant human ACE2 combination was reported to possess

synergism that lowers the required dose of individual drugs. This finding

might be helpful in ADR management.63 We presented the comparative

evaluation of USFDA‐approved antiviral drugs for treating Covid‐19

patients in Table 1.

7 | CONCLUSION

Preventive and curative approaches against Covid‐19 will bring

significant benefits despite of having some negligible risks. Oral

antiviral medications have several advantages over IV antivirals.

Safety, treatment in early stages to prevent hospitalization. More

importantly, oral medication is the most convenient way for

outpatients. However, oral antivirals might develop genotoxicity

and mutagenesis to host cells. Also, it lacks safety data on pregnancy

and some chronic complications. The virus is changing itself and

creating new challenges for the efficacy of oral antivirals.69‐71 Early

diagnosis and initiation of treatment are vital success factors for oral

antivirals in Covid‐19 treatment. Preliminary studies showed that

authorized drugs for Covid‐19 therapy significantly reduce hospital-

ization or death among mild to severe patients. We can anticipate

that the pandemic phase of Covid‐19 might be ended after this

massive Omicron waives; however, the Covid‐19 will continue.72‐75

Therefore, along with vaccines, these drugs might potentially aid in

fighting the Covid‐19 pandemic.T
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