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Efficacy of Antibodies and Antiviral Drugs against 
Omicron BA.2.12.1, BA.4, and BA.5 Subvariants

To the Editor: As of June 2022, the B.1.1.529 
(omicron) variant of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has been di-
vided into five distinct sublineages: BA.1, BA.2, 
BA.3, BA.4, and BA.5.1 Most circulating omicron 
variants belong to sublineage BA.2; however, the 
prevalence of BA.2.12.1 (a subvariant of BA.2), 
BA.4, and BA.5 is increasing rapidly in several 
regions of the world.2 Previous studies have shown 
that the BA.2 subvariants have sensitivities to some 
monoclonal and polyclonal antibodies that are 
lower than those of the ancestral strains and other 
SARS-CoV-2 variants.3-5

As compared with BA.2, the BA.2.12.1 sub-
variant has substitutions L452Q and S704L in its 
spike protein, and both BA.4 and BA.5 have ad-
ditional changes. Substitutions L452Q, L452R, and 
F486V are in the receptor-binding domain of the 
spike protein, the major target for monoclonal 
antibody therapies, which is worrisome with re-
spect to the effectiveness of current monoclonal 
antibodies that have been approved by the Food 
and Drug Administration (FDA) against these vari-
ants. The efficacy of monoclonal antibodies against 
the BA.2.12.1, BA.4, and BA.5 subvariants that 
have been isolated from patients is unknown.

In this study, we examined the neutralizing 
ability of FDA-approved monoclonal antibodies, 
individually and in combination, against omicron 
BA.2.12.1 (hCoV-19/USA/NY-MSHSP-PV56475/2022), 
BA.4 (hCoV-19/USA/MD/HP30386/2022), and BA.5 
(hCoV-19/Japan/TY41-702/2022) isolates. We con-
firmed that the BA.5 isolate had five additional 
amino acid changes (69–70del, L452R, F486V, and 
Q493) in its spike protein as compared with a BA.2 
isolate (hCoV-19/Japan/UT-NCD1288-2 N/2022) 
(Fig. S1 in the Supplementary Appendix, available 
with the full text of this letter at NEJM.org). The 
BA.2.12.1 isolate consisted of a mixed viral popu-
lation encoding either R or W at position 682, in 
addition to having L452Q and S704L substitu-
tions. The BA.4 isolate contained a V3G mutation 

in the signal peptide region of the spike protein, 
in addition to the other five changes (i.e., 69–70del, 
L452R, F486V, and Q493).

Live-virus focus reduction neutralization test-
ing (FRNT) showed that monoclonal antibody 
REGN10933 (marketed as casirivimab) lost neu-
tralizing activity against BA.2.12.1, BA.4, and 
BA.5 (Table 1 and Fig. S2). However, REGN10987 
(marketed as imdevimab) retained neutralizing 
activity against these isolates. The combination 
of casirivimab and imdevimab also inhibited 
BA.2.12.1, BA.4, and BA.5; however, the value of 
this combination was higher (indicating reduced 
neutralizing activity) on 50% focus reduction 
neutralization testing (FRNT50) by a factor of 
131.6 against BA.2.12.1, by a factor of 133.5 
against BA.4, and by a factor of 317.8 against BA.5 
than against the ancestral strain (SARS-CoV-2/
UT-NC002-1T/Human/2020/Tokyo) used in our 
study. COV2-2196 (marketed as tixagevimab) had 
neutralizing activity against BA.2.12.1 (although 
its FRNT50 value for this virus was higher by a 
factor of 54.7 than against the ancestral strain) 
but not against BA.4 or BA.5. However, COV2-2130 
(marketed as cilgavimab) neutralized BA.2.12.1, 
BA.4, and BA.5. The combination of tixagevimab 
and cilgavimab inhibited BA.2.12.1, BA.4, and 
BA.5, with a low FRNT50 value (38.1 ng per millili-
ter, 37.8 ng per milliliter, and 192.5 ng per millili-
ter, respectively). However, as compared with the 
FRNT50 value against the ancestral strain, the 
FRNT50 value of this combination was higher by 
a factor of 6.1 against BA.2.12.1, by a factor of 
6.0 against BA.4, and by a factor of 30.7 against 
BA.5. The precursor of sotrovimab (S309) lost 
inhibitory capability against BA.2.12.1, BA.4, 
and BA.5. Of the FDA-approved monoclonal an-
tibodies that we tested, only LYCoV1404 (mar-
keted as bebtelovimab) efficiently neutralized 
BA.2.12.1, BA.4, and BA.5; the FRNT50 values for 
these isolates were similar to those for the an-
cestral strain.
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Remdesivir and molnupiravir (inhibitors of 
the RNA-dependent RNA polymerase of SARS-
CoV-2) and nirmatrelvir (an inhibitor of the main 
protease) have been approved by the FDA for the 
treatment of coronavirus disease 2019 (Covid-19). 
We therefore tested these antiviral drugs by de-
termining the in vitro 50% inhibitory concentra-
tion (IC50) of each compound against BA.2.12.1, 
BA.4, and BA.5. As compared with the amino 
acid sequence of the reference strain Wuhan/
Hu-1/2019, all three isolates encoded the P314L 
mutation in their RNA-dependent RNA poly-
merase and the P3395H mutation in their main 
protease (Fig. S3). The susceptibilities of 
BA.2.12.1, BA.4, and BA.5 to the three com-
pounds (with higher values indicating reduced 
susceptibility) were similar to those of the an-
cestral strain (SARS-CoV-2/UT-NC002-1T/Hu-
man/2020/Tokyo). For the BA.2.12.1 subvariant, 
the IC50 was lower by a factor of 0.3 with remde-
sivir, was higher by a factor of 1.1 with molnu-
piravir, and was lower by a factor of 0.7 with 
nirmatrelvir; for the BA.4 subvariant, the IC50 
was lower by a factor of 0.7 with remdesivir and 
was higher by factors of 1.2 and 1.1 with molnu-
piravir and nirmatrelvir, respectively; and for the 
BA.5 subvariant, the IC50 was higher by factors of 
1.2, 1.5, and 1.6 with remdesivir, molnupiravir, 
and nirmatrelvir, respectively (Table 1 and Fig. S4).

The main limitation of our study is the lack 
of clinical data on the efficacy of these monoclo-
nal antibodies and antiviral drugs for the treat-
ment of patients infected with BA.2.12.1, BA.4, 
or BA.5 subvariants. Overall, our data suggest 
that the three small-molecule antiviral drugs 
remdesivir, molnupiravir, and nirmatrelvir may 
have therapeutic value against the sublineages 
BA.2.12.1, BA.4, and BA.5 of SARS-CoV-2 omi-
cron variants. Our data also indicate that bebt-
elovimab is effective against BA.2.12.1, BA.4, and 
BA.5. However, in clinical use, these variants may 
be less susceptible to combination therapy with 
casirivimab and imdevimab and with tixagevimab 
and cilgavimab. In addition, sotrovimab may not 
provide effective treatment against BA.2.12.1, 
BA.4, or BA.5. Our findings show that the selec-
tion of monoclonal antibodies to treat patients 
who are infected with omicron variants should 
be carefully considered.
Emi Takashita, Ph.D.
National Institute of Infectious Diseases 
Tokyo, JapanTa
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