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1. Introduction

The coronavirus disease (COVID-19) pandemic, caused by the 
spread of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), marked its debut in 2019. To date, this single- 
stranded ribonucleic acid (RNA) virus has caused more than 
5,485,911 deaths worldwide [1,2]. Unfortunately, medications 
targeting RNA respiratory viruses have had limited therapeutic 
benefit in practice and pose a significant burden in the man-
agement of COVID-19 patients [3,4]. Since then, multiple 
COVID-19 vaccines have entered the market, including mRNA- 
based vaccines, such as the Moderna mRNA-1273 and the 
Pfizer-BioNTech BNT162b2 vaccine, and viral vector vaccines, 
such as the Oxford/AstraZeneca AZD1222 (ChAdOx1) vaccine, 
administered under emergency authorized use [5]. Despite the 
protection they provide, these vaccines only offer short-term 
immunization and subsequent ‘booster’ doses are vital [6]. 
Further limitations of vaccine use lie in their efficacy with 
emerging SARS-CoV-2 variants and protection of immunosup-
pressed patients [7]. This stresses the urgency of investigating 
and implementing efficient and safe antivirals that will, in 
conjunction with the vaccines, offer the population protection 
against the COVID-19 disease.

There are multiple products on the market currently for the 
management of COVID-19, with fusion inhibitors, protease 
inhibitors and transcription inhibitor antivirals showing pro-
mising results [8]. The official recommendations from the 
National Institutes of Health for non-hospitalized patients are 
Paxlovid, Remdesivir and Sotrovimab, in addition to 
Molnupiravir [9].

Firstly, Paxlovid (PF-07321332/Nirmatrelvir and ritonavir), 
was approved by the Medicines and Healthcare products 
Regulatory Agency (MHRA) on 31st December 2021 and has 
evidenced reduced hospitalization rates in mild and moderate 
COVID-19 disease [10,11]. Secondly, Remdesivir (Molecular 
cell), an experimental used for Ebola infection in 2016, has 
also been approved by the MHRA in May 2020 to be used in 
COVID-19 pneumonia, who fit the clinical criteria, for up to 
5 days, and 10 days for those severely immunocompromised 
[8,12,13]. Sotrovimab (Xevudy, developed by GSK), a single 
500 mg IV dose of monoclonal antibody, was found to reduce 

hospitalization by 79% in COVID-19 disease, when adminis-
tered over 30 mins and was approved for individuals aged 12 
and above, weighing over 40 kg [14]. Finally, Molnupiravir, 
approved by the MHRA on 4th November 2021, is a broad 
acting oral antiviral used to treat multiple viruses including 
Influenza and Ebola, and more recently SARS-CoV-2 [7]. This 
review will highlight Molnupiravir’s impact on the treatment 
of COVID-19, through analyzing latest clinical trial data and 
possible limitations of this drug.

Molnupiravir’s discovery began in 2013 with the aim to 
treat the New World alphavirus, the Venezuelan equine ence-
phalitis virus [7]. This novel drug inhibits the RNA-dependent 
RNA polymerase (RdRp) enzyme which subsequently results in 
RNA virus replication errors.

Figure 1 illustrates the different methods of action antivirals 
can interfere in the SARS-CoV-2 cycle; like Remdesivir, 
Molnupiravir acts on step 5, RNA replication [8]. Although 
similar in reducing reproduction and pathogenicity of the 
virus, Molnupiravir is thought to be effective in treating even 
Remdesivir-resistant patients [6]. In a silico study using com-
putational analysis, 45 analogs of molnupiravir against SARS- 
CoV-2 RdRp were evaluated; certain analogs showed the 
strongest inhibition of up to 7.3 kcal/mol, namely compound 
C17 with isobutyric acid ester, and monophosphate forms. 
This study identified key pharmacological properties that 
may explain the efficacy of molnuprivair [15]. Additionally, it 
is important to note that although the recent B.1.1.529 (omi-
cron) variant contains mutations in the RdRp enzyme, a 2022 
in vitro study confirmed that Malnupiravir’s efficacy was still 
preserved [16].

Once absorbed, Malnupiravir is converted in the plasma to 
EIDD-1931, the active nucleoside analogue [6]. EIDD-1931 was 
found to be widely bioavailable in the lungs and successfully 
converted into its triphosphate form in the central nervous 
system in pharmacokinetic and distribution studies in mice, 
rats, ferrets and dogs [7]. Pre-clinical studies at Emory 
University showed that molnupiravir yielded no significant 
chromosomal damage or genotoxicity. However, the 
Therapeutic Goods Administration of Australia reported rever-
sible, dose-related bone marrow toxicity in dogs and bone and 
cartilage toxicity in rats after 3 months of use [17].
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During the phase I trial, Molnupiravir was well tolerated, 
with more adverse effects reported in the control group of the 
double-blinded study. Additionally, 93.3% of adverse events 
were classified as mild. No serious adverse events were 
reported and other investigations, such as basic observations 
and electrocardiography, were unremarkable [7]. Common 
side effects of the drug have been nausea, headaches and 
diarrhea. Other reported effects include hot flushes, flu-like 
symptoms and pain in the limbs and back [6]. It is tolerated 
well orally, with food affecting rate of absorption of the anti-
viral, however not its extent [18].

Considering the use of molnupiravir in pregnancy, there are 
currently no studies investigating its impact regarding human 
intrauterine development or neonatal complications, but 
reproductive and maternal toxicity were shown in animal 
trials. Hence the manufacturer suggests women of childbear-
ing age should utilize effective contraception while on treat-
ment, and for at least four days post treatment [19,20]. 
Similarly, because of the limited data, no drug interactions 
have been identified to date. The only contraindication 
noted was hypersensitivity to the drug’s active substance or 
excipients [17].

A 2021 open-label, dose escalating randomized controlled 
trial assessed three doses of 300 mg, 600 mg and 800 mg. The 
antiviral was safe and well-tolerated, with no serious adverse 
events reported. For phase II evaluation, a dose of 800 mg 
twice daily for 5 days was recommended [21]. However, when 
another phase II trial was carried out, there was a reduced viral 
RNA clearance time (RNA negativity) when this dosage and 
frequency was followed, in contrast to the placebo (p = 0.01) 
[22]. The drug is currently in phase 3 trials and further data is 
needed to confirm the drug’s full efficacy in treating SARS-CoV 
-2. However, in interim analysis of their Phase 3 MOVe-OUT 

trial (MK-4482-002) (NCT04575597), Merck declared that 
Molnupiravir reduced the risk of hospitalization or death by 
approximately 50%. On day 29, 7.3% (28/385) of patients were 
hospitalized or died, in comparison to 14.1% (53/377) in the 
placebo group (p = 0.0012). 8 patients had died in the placebo 
group, in contrast to none in the drug group. These results 
have led to the development and mass production of 
Molnupiravir, with countries including the United Kingdom 
have approved for use [23]. Similarly, the Food and Drug 
Administration in the United States issued an emergency use 
authorization for this drug [24]. However, despite European 
Medicines Agency’s approval of Molnupiravir, there are still 
conflicting concerns regarding its efficacy as France has can-
celed their order for the drug. This again, further reinforces the 
need for and importance of further clinical trials [20,25].

2. Conclusion

In conclusion, Molnupiravir has been shown to potentially 
halving all hospitalization and deaths in mild to moderate 
COVID-19 cases. As an oral antiviral that can be taken at 
home, Molnupiravir provides a promising advancement in 
our fight against COVID-19, alongside vaccination.

3. Expert opinion

This effective drug holds the advantage of being one of many 
limited SARS-CoV-2 treatments that can be taken orally. 
Subsequently, patients do not need to attend hospitals to 
have drugs administered intravenously, protecting both the 
patient and others, that may be immunocompromised, in the 
hospitals. Additionally, phase 3 interim analysis, although lim-
ited, has already shown promising results, with a significant 
impact on this condition’s prognosis. Despite the promising 

Figure 1. The life cycle of the SARS-CoV-2 virus and the mechanism of action of the antivirals. reproduced from [8] with permission of Elsevier.
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data for efficacy and reduction in hospitalization, it is impor-
tant to take into consideration that most physicians are 
bounded by approved guidelines, and local guidelines of 
their constituent hospital/practice. This would be key for pol-
icymakers, and government as they endeavor to flatten to the 
epidemic curve to reduce the burden on hospitals against the 
waves of COVID-19 disease. However, these pressures do not 
come without their shortcomings; phase 3/4 clinical trial data, 
as many of these drugs are approved for emergency use over 
that past 6–12 months, are not enough to observe any side 
effects. Confounding factors may also be identified. 
Additionally, performing meta-analysis on various trials will 
ultimately provide reliable data, to guide both clinical and 
policy decisions. There are many factors that will dictate how 
Molnupiravir will be incorporated into SARS-CoV-2 treatment, 
and beyond scientific data, this will depend on availability, 
supply chain, funding and political decisions. However, in the 
short to medium term,   the authors predict that this effica-
cious drug will be widely approved across the globe, given its 
promising results quoted above.
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