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What Are the Approaches We Know of to Tackle COVID‐19?
Vaccines, Antivirals, Monoclonal antibodies, DEX, Vitamin D, What else?
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https://www.frontiersin.org/articles/10.3389/fmolb.2020.606393/full

Pfizer Introduces an Oral Antiviral (PF‐07321332) with 89% Efficacy vs COVID‐19
Paxlovid™ is an oral protease inhibitor which impairs viral replication
Pfizer’s is testing PF‐07321332 (PAXLOVID™),a drug in the class of medicines called protease
inhibitors and works by blocking the activity of the SARS‐CoV‐2‐3CL protease, an enzyme that
the coronavirus needs to replicate. Protease inhibitors are used to treat other viral pathogens
such as HIV and hepatitis C.
Participants in the trial were also given a low dose of Ritonavir, a medication commonly used
in combination treatments for HIV (Lopinavir/Ritonavir; 400 mg/100 mg BID). Co‐administration
of these drugs in HIV improves the pharmacokinetics (PK) of both. Ritonavir protects the drug
from metabolism, or breakdown, which keeps the drug bioactive for longer periods of time.
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PF‐07321332

Ritonavir

The company said its data on the drug is based on a Ph2‐3 study of 1,219 adults who had at
least one underlying medical condition and a laboratory‐confirmed infection(PCR POS) within
a five‐day period and resulted in 89% efficacy. Dosed within 5 days of POS PCR + symptoms.
Paxlovid Dose: 1 mg Ritonivir: 100 mg; BID (twice daily)
Drug Group: 6 hospitalizations and 0 deaths; 607 participants
Placebo Group: 41 hospitalizations and 10 deaths; 612 participants

https://www.pfizer.com/news/press‐release/press‐release‐
detail/pfizers‐novel‐covid‐19‐oral‐antiviral‐treatment‐candidate

https://clinicaltrials.gov/ct2/show/NCT05011513?
term=Pfizer&cond=COVID‐19&draw=3&rank=17

Lagevrio™ (Molnupiravir, Merck) ‐ An Oral Pill for COVID‐19? Shows Promise
Lagevrio™ (Molnupiravir) is an experimental antiviral drug that is orally active and was originally
developed for the treatment of influenza. The drug is a mutagen that changes the RNA  protein
codes which the virus cannot repair; This is different from Remdesivir amino acid substitution
mutations which can be repaired.
Given these are mutagens, avoidance in pregnancy is recommended.
In regard to COVID‐19, results of a trial demonstrate the safety, tolerability, and antiviral efficacy
of Molnupiravir to reduce replication of SARS‐CoV‐2 and accelerate clearance of infectious virus.
The drug is now being evaluated in Phase III clinical trial, the MOVe‐OUT study, to treat non‐
hospitalized patients with laboratory‐confirmed COVID‐19. Molnupiravir was found to significantly
reduce SARS‐CoV‐2 RNA levels from baseline as compared with those treated with a placebo.
if Molnupiravir receives Emergency Use Authorization (EUA) or approval by the U.S. Food and Drug
Administration (FDA), Merck will receive approximately $1.2 billion to supply approximately 1.7
million courses of Molnupiravir to the United States government. (Scott Gottlieb: “this is not
enough for stopping the pandemic”)

https://www.forbes.com/sites/williamhaseltine/2021/03/16/molnupiravir‐a‐
new‐hope‐for‐prevention‐and‐treatment‐of‐covid‐19‐and‐other‐dangerous‐
viruses
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Pfizer’s Oral Antiviral PF‐07321332 vs Merck’s Molnupiravir
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The former is an oral protease inhibitor – the later is a mutagen/cytidine replacement
Pfizer’s PAXLOVID™ (PF‐07321332) is a
protease inhibitor and works by blocking the
activity of the SARS‐CoV‐2‐3CL protease, an
enzyme that the coronavirus needs to
replicate. Replication requires the 3CL
protease to help unfold new protein strings
that are selectively cleaved to make NSPs
(non‐structural proteins) that are required to
reassemble new virions.
Merck’s Lagevrio™ (Molnupirvir) has a
different mechanism as it interferes with
protein translation by mutations that make
errors in 3‐D structures of newly made
proteins (enzymes, scaffolds, structural
guides, etc). The drug does not allow the
robust CoV proof‐reading mechanisms to
make repairs.
(Remdesivir mutations are repairable)
https://www.pfizer.com/news/press‐release/press‐release‐
detail/pfizers‐novel‐covid‐19‐oral‐antiviral‐treatment‐candidate

PF‐07321332

Molnupiravir

https://www.medrxiv.org/content/10.1101/2021.
06.17.21258639v1

Lagevrio™ (Molnupiravir, Merck) an Oral Antiviral Treatment for COVID‐19
Phase 2a trial evaluated the safety, tolerability, and antiviral efficacy of Molnupiravir in the treatment of
COVID‐19 (ClinicalTrials.gov NCT04405570).
Methods: Eligible participants with confirmed SARS‐CoV‐2 infection (PCR POS) and symptom onset within 7
days. Participants were randomized 1:1 groupings of 200 mg Molnupiravir or placebo, or 3:1 groupings of
Molnupiravir (400 or 800 mg) or placebo, both groups twice‐daily (BID) for 5 days.
Antiviral activity was assessed as time to undetectable levels of viral RNA RT‐PCR and time to elimination of
infectious virus isolation from nasopharyngeal swabs (time to Ct score of 40)
Results: 202 treated participants
• Virus isolation (PCR Ct scores) were significantly lower in
participants receiving 800 mg Molnupiravir (1.9%) versus
placebo (16.7%) at Day 3 (p = 0.02).
• At Day 5, virus was not isolated from any participants receiving
400 or 800 mg Molnupiravir, versus 11.1% of those receiving
placebo (p = 0.03).
• Time to viral RNA clearance was decreased
• A greater proportion of viral clearance was achieved in
participants administered 800 mg Molnupiravir versus
placebo (p = 0.01).
• Molnupiravir was generally well tolerated, with similar numbers
of adverse events across all groups.
https://www.medrxiv.org/content/10.1101/2021.06.17.21258639v1

04Oct21

Antivirals Remdesivir Vs Molnupiravir: Similar Mechanisms of Action
Both act on RNA‐dependent RNA
polymerase (RdRp) inhibition.

prodrug of
adenosine

Coronavirus RdRp enzymes catalyze
genome copying and the transcription of
multiple subgenomic RNAs. The RdRp‐
associated replication‐transcription
complex contains two accessory proteins
(nsp7 and nsp8, not shown) and an
exonuclease (inset) that are blocked by
mutations:

• Remdesivir is a prodrug of adenosine
(GS‐441524; C‐adenosine) which
inhibits RdRp by causing delayed chain
termination. These mutations are
repairable.

• Molnupiravir is a prodrug of cytidine
(N‐hydroxycytidine) which causes lethal
viral mutagenesis (these mutations
are not repairable)
https://journals.asm.org/doi/pdf/10.1128/CMR.00109‐21
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Molnupiravir: Mechanism of Action
Molnupiravir:
Oral Prodrug  GI absorption into blood 
hydroxylation to pass the cell membranes 
phosphorylation in the cytoplasm 
PO4‐active form for protein synthesis 
Ribosomal use / lethal mutation to the protein 3‐D structure
 Inability to use the NSPs (non‐structural proteins)
 = fewer viral copies

RNA copies itself (+gRNA) as POS string  NEG string(‐gRNA)
then –gRNA string  +gRNA a POS string again
…. This time with an error and fewer NSPs

Drug Replaces Cytidine

CA OR G causes
protein fold changes

PF‐07321332 (PAXLOVID™): Mechanism of Action
a protease inhibitor and works by blocking the activity of the SARS‐CoV‐2‐3CL protease (Mpro)
Paxlovid: targets the main protease (Mpro; also called the 3CL protease) of SARS‐CoV‐2.
Oral Prodrug  GI absorption into blood 
Passes through the cell membranes 
Acts as an Mpro inhibitor in the host cell cytoplasm 
Blocking the cleavage of polypeptides into NSPs
 Poor assemble new virions
 Reduction in NSPs (non‐structural proteins) = viral copies
PF‐07321332 was developed by modification of an
earlier identifies clinical candidate PF‐07304814.
PF‐07304814 is also a covalent (tight binding) inhibitor
with a phosphate prodrug of a hydroxyketone.
PF‐07304814 needs to be administered intravenously
limiting its use to a hospital setting. Stepwise
modification of a tripeptide mimetic led to the identity
of PF‐07321332 which allows for oral administration.
Image from: https://www.nature.com/articles/s41392‐020‐0178‐y

What are the NSPs (Non‐structural proteins) from COVID‐19?
a protease inhibitors of Mpro blocks their synthesis, 3D structure fidelity, and bioactivity
COVID‐19 NSPs include:
• the papain‐like protease (NSP3),
• the main protease (NSP5),
• the NSP7–NSP8 primase complex,
• the primary RNA‐dependent RNA polymerase (NSP12),
• a helicase– triphosphatase (NSP13),
• an exoribonuclease (NSP14),
• an endonuclease (NSP15) and,
• N7‐ and 2′O‐methyltransferases (NSP10 and NSP16).
>> Mpro cleaves the viral polyproteins, generating 12
nonstructural proteins (Nsp4‐Nsp16), including the RNA‐
dependent RNA polymerase (RdRp, Nsp12) and the helicase
(Nsp13).

NSPs

activity in viral reproduction

All of these proteins undergo structural degradations
that afford them as “debris” or other potentially
bioactive remnants that could be involved in Long
COVID pathologies.
The adaptive immune system finds these in circulation
and forms B and T cell memory cells specific to their
recognition and removal. They are non‐neutralizing
antibodies as they do NOT disrupt the intact virus from
infecting as do antibodies to the Spike protein.

https://www.nature.com/articles/s41586‐020‐2286‐9

