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Abstract

Variants of SARS-CoV-2 have become a major public health concern due to increased
transmissibility, and escape from natural immunity, vaccine protection, and monoclonal antibody
therapeutics. The highly transmissible Omicron variant has up to 32 mutations within the spike
protein, many more than previous variants, heightening these concerns of immune escape. There
are now multiple antiviral therapeutics that have received approval for emergency use by the FDA
and target both the SARS-CoV-2 RNA-dependent RNA polymerase (RdRp) and the main protease
(Mpro), which have accumulated fewer mutations in known SARS-CoV-2 variants. Here we test
nirmatrelvir (PF-07321332), and other clinically relevant SARS-CoV-2 antivirals, against a panel
of SARS-CoV-2 variants, including the novel Omicron variant, in live-virus antiviral assays. We
confirm that nirmatrelvir and other clinically relevant antivirals all maintain activity against all
variants tested, including Omicron.
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Introduction

Coronavirus disease 2019 (COVID-19) has caused a global pandemic and millions of deaths due
to the viral agent, SARS-CoV-2. The catastrophic spread of COVID-19 has severely impacted
lives, which continues with the introduction of new variants, across the globe and has been
declared a public health emergency of international concern'.

Coronaviruses such as SARS-CoV-2 undergo genetic drift during replication in host organisms
through mutations generated by an error-prone RNA-dependent RNA polymerase (RdRp).
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Populations of SARS-CoV-2 that inherit the same distinctive mutations are termed variants. Over
the past year, the emergence of new variants has become a major factor in the ongoing COVID-
19 pandemic. Many variants of SARS-CoV-2 have been discovered; however, only some such as
the Delta and Omicron variants have recently been identified and labeled as variants of concern
(VOC) because of increased transmissibility and evasion of natural and vaccine-induced immune
responses?>,

The majority of mutations observed in the novel Omicron variant occur within the spike protein,
likely driven by the dominant nature of spike protein epitopes in the immune response to SARS-
CoV-2 infection and vaccination*. The Omicron variant is characterized by a large number of
mutations, with 26 to 32 changes in the spike protein®. While this is of major concern to the current
SARS-CoV-2 vaccines and monoclonal antibody therapeutics® 8, that exclusively target the spike
protein, the more recently authorized antiviral therapeutics for the treatment of COVID-19 target
other viral proteins which have accumulated fewer mutations throughout the emergence of SARS-
CoV-2 variants. Nirmatrelvir (the SARS-CoV-2 antiviral component of Paxlovid) targets the main
protease (Mpro or 3CL protease) of SARS-CoV-2 and has demonstrated nearly a 90% reduction
in hospitalization and death in clinical trials®!°. Molnupiravir and remdesivir target the viral RdRp
and have shown mixed efficacy in the clinic!'!2. It is crucial to evaluate the antiviral efficacy of
these clinically effective therapeutic antivirals that will play a critical role in the public health
response to current and future SARS-CoV-2 variants. Here we assess the susceptibility of the novel
Omicron variant of SARS-CoV-2 to the important clinical antiviral nirmatrelvir, compared to other
clinically relevant antiviral therapeutics.

Materials and Methods

Two thousand Vero-TMPRSS2 or HeLa-ACE2 cells (BPS Bioscience) were seeded into 96-well
plates in DMEM (10% FBS) and incubated for 24 hours at 37°C, 5% CO2. Two hours before
infection, the medium was replaced with 100 uL of DMEM (2% FBS) containing the compound
of interest at concentrations 50% greater than those indicated, including a DMSO control. Plates
were then transferred into the BSL3 facility and 100 PFU (MOI = 0.025) was added in 50 pL of
DMEM (2% FBS), bringing the final compound concentration to those indicated. Plates were then
incubated for 48 hours at 37°C. After infection, supernatants were removed and cells were fixed
with 4% formaldehyde for 24 hours prior to being removed from the BSL3 facility. The cells were
then immunostained for the viral N protein (an inhouse mAb 1C7, provided by Dr. Thomas Moran,
Thomas.Moran@mssm.edu) with a DAPI counterstain. Infected cells (488 nm) and total cells
(DAPI) were quantified using the Celigo (Nexcelcom) imaging cytometer. Infectivity was
measured by the accumulation of viral N protein (fluorescence accumulation). Percent infection
was quantified as ((Infected cells/Total cells) - Background) *100 and the DMSO control was then
set to 100% infection for analysis. Data was fit using nonlinear regression and ICses for each
experiment were determined using GraphPad Prism version 8.0.0 (San Diego, CA). Cytotoxicity
was also performed using the MTT assay (Roche), according to the manufacturer’s instructions.
Cytotoxicity was performed in uninfected cells with same compound dilutions and concurrent with
viral replication assay. All assays were performed in biologically independent triplicates. Vero-
TMPRSS2 experiments were performed in the presence of the Pgp-inhibitor CP-100356 (2 puM)
in order to limit compound efflux.
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Nasopharyngeal swab specimens were collected as part of the routine SARS-CoV-2 surveillance
conducted by the Mount Sinai Pathogen Surveillance program (IRB approved, HS#13-00981).
Specimens were selected for viral culture on Vero-TMPRSS2 (BPS Bioscience) cells based on the
complete viral genome sequence information!'3. The SARS-CoV-2 virus USA-WA1/2020 was
obtained from BEI resources (NR-52281) and used as wild-type reference. Viruses were grown in
Vero-TMPRSS?2 cells (BPS Bioscience) for 46 d; the supernatant was clarified by centrifugation
at 4,000g for 5 min and aliquots were frozen at —80°C for long term use. Expanded viral stocks
were sequence-verified to be the identified SARS-CoV-2 variant and titered on Vero-TMPRSS2
cells before use in antiviral assays.

Results and Discussion

We have established live-virus immunofluorescence-based antiviral assays with many relevant
variants of SARS-CoV-2, including the novel Omicron variant, in both Vero-TMPRSS2 and
HeLa-ACE?2 cells. Six-point dose response curves were generated for nirmatrelvir antiviral activity
against the SARS-CoV-2/WALI strain, a previously described mouse adapted SARS-CoV-2 strain
(MA-SARS-CoV-2)'4 and representative Alpha, Beta, Delta, and Omicron variants. Variants were
collected from deidentified nasopharyngeal swab specimens as part of the routine SARS-CoV-2
surveillance conducted by the Mount Sinai Pathogen Surveillance program. Cytotoxicity assays
were run concurrently with the antiviral assays in uninfected cells using matched conditions.

We found that the potency of nirmatrelvir was similar across all variants tested (Fig. 1+2 and Table
1), including Omicron, as compared to the SARS-CoV-2/WAT strain in both Vero-TMPRSS2 and
HeLa-ACE2 cells. EIDD-1931 (the active metabolite of molnupiravir) and remdesivir also
maintained activity across variants. Vero-TMPRSS2 experiments were performed in the presence
of the Pgp-inhibitor CP-100356 (2 pM) in order to limit compound efflux (Table 2). These results
are congruent with the relative conservation observed in the SARS-CoV-2 Mpro and RdRp, as
compared to the spike protein, across all variants.

We can conclude that nirmatrelvir, molnupiravir, and remdesivir activity against the Delta and
Omicron variants, which make up the majority of new clinical infections, is preserved in vitro.
This aligns with recent observations reported by Vangeel et al.!> and Rai et al. (MS ID#:
BIORXIV/2022/476644). Therefore, we believe that there is a high probability of maintaining the
previously observed clinical activity for nirmatrelvir, molnupiravir, and remdesivir.

These results confirm that therapeutic strategies targeting viral proteins other than the spike protein
are robust against many clinically relevant SARS-CoV-2 variants. The SARS-CoV-2 spike protein
is under heavy selective pressure, due to being exposed on the surface of the virus and therefore
subject to immune pressure. This selective pressure has led to the majority of variant mutations
occurring within the spike protein and a subsequent reduction of efficacy for vaccines as antibody
titers wane’-!%, and for most monoclonal antibodies!”!8. As therapies targeting the SARS-CoV-2
Mpro and RdRp proteins become more widely used, the scientific community will need to closely
observe mutations rates within these two viral proteins and monitor whether the deployment of
these viral countermeasures impacts the genetic drift towards resistance against nirmatrelvir,
remdesivir, and molnupiravir.
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Figure 1. IF-based live-virus antiviral (solid lines) and MTT-based cytotoxicity (dashed lines) dose response curves for
nirmatrelvir, remdesivir, and EIDD-1931 (molnupiravir) against a panel of SARS-CoV-2 variants in HeLa-ACE2 cells. The ICso
and CCso of each compound against each variant is indicated in Figure 2 and Table 1. No loss of activity was observed for tested
inhibitors against the Omicron variant. Data are means + SD of a representative experiment performed in biological triplicate.
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Figure 2. Antiviral ICso calculated from 6-point dose-response curves in IF-based live-virus antiviral assays for nirmatrelvir,
remdesivir, and EIDD-1931 (molnupiravir) against a panel of SARS-CoV-2 variants in HeLa-ACE2 cells. The ICs0 was
calculated and graphed using GraphPad Prism version 8.0.0. No loss of activity was observed for tested inhibitors against the
Omicron variant. Data are means + SD of two independent experiments performed in biological triplicate.
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Table 1. Nirmatrelvir ICso, ICoo, and CCso against clinically relevant SARS-CoV-2 variants in
HeLa-ACE?2 cells (n=6).

ICso ICoo CCso ICso ICoo CCso ICso ICo CCso

Variant (M) (M) @M @M M)  @EM) M) (uM) (uM)

SARS-CoV-2 USA-

WA1/2020 0.21 0.72 >10 0.54 2.34 >20 1033 26.61 >10
(‘22‘3212‘532%3' 0.13 027 >10 050 120 >20 830  >10 >10
Sﬁ}rslagg X;.zlﬁ?)h Yoo 024 >10 061 1.02 >20 96  >10 >10
sﬁzitc(‘]’gvliffg 023 078  >10 060 1.09 >20 >10  >10 10
iirlf:ntcgfﬁ?;lzt? 017 117 >10 069 216  >20 1279 77 >10
SARS-CoV-2 Omicron 019 >10 076 201  >20 1044 8.1 >10

variant (B.1.1.529)
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Table 2. Nirmatrelvir ICso, IC90, and CCso against clinically relevant SARS-CoV-2 variants in Vero-
TMPRSS?2 cells (n=3).

ICso ICoo CCso ICso ICoo CCso ICso ICoo CCso

Variant (M) (M) M) @M @M @M) @M M) @EM)

SARS-CoV-2 USA-

WA1/2020 0.04 0.05 >10 0.05 0.06 >20 1.12 3.33 >10

(mouse-adapted) MA-

SARS-CoV-2/WA1 0.02 0.03 >10 0.02 0.02 >20 0.76 3.55 >10

SARS-CoV-2 Alpha

variant (B.1.1.7) 0.02 0.05 >10 0.04 0.05 >20 0.60 1.23 >10

SARS-CoV-2 Beta

variant (B.1.617.2) 0.12 0.14 >10 0.03 0.05 >20 2.35 5.42 >10

SARS-CoV-2 Delta

variant (B.1.617.2) 0.07 0.13 >10 0.02  0.03 >20 1.81 4.65 >10

SARS-CoV-2 Omicron

variant (B.1.1.529) 0.02 0.05 >10 0.02  0.09 >20 0.25 >10 >10
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