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Neutralization of the SARS-CoV-2 Omicron 
BA.4/5 and BA.2.12.1 Subvariants

To the Editor: Emerging subvariants of the 
B.1.1.529 (omicron) variant of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) have 
reignited concern about further immune escape. 
Specifically, BA.2.12.1, which is on the rise in 
the United States, has two more mutations 
(L452Q and S704L) than BA.2 (Fig. S1A in the 
Supplementary Appendix, available with the full 
text of this letter at NEJM.org).1 In addition, 
BA.4 and BA.5 (hereafter, BA.4/5), which bear 
identical spike proteins, have become the domi-
nant strains in South Africa.2 Here, we examine 
neutralizing-antibody titers in serum samples 
obtained from vaccinated persons who had re-
ceived a single booster dose of the same vaccine 
used in the two-dose series and who had been 
previously infected with SARS-CoV-2.

We first used a pseudotyped lentivirus neu-
tralization assay to examine the neutralizing-
antibody resistance to these subvariants in 4 health 
care workers who had received two doses of the 
mRNA-1273 vaccine (Moderna) and 11 health 
care workers who had received two doses of the 
BNT162b2 vaccine (Pfizer–BioNTech) (Table S1).3 
The titers of these viruses in HEK293T-ACE2 and 
CaLu-3 cells are shown in Figures S1B and S1C. 
The BA.4/5 and BA.2.12.1 subvariants had neu-
tralization resistance that was similar to that of 
the BA.1 and BA.2 subvariants (Fig.  1A, S2A, 
and S2B). However, the 4 health care workers 
who had received three doses of the mRNA-1273 
vaccine and the 11 health care workers who had 
received three doses of the BNT162b2 vaccine 
had dramatically increased neutralizing-antibody 
titers overall. As compared with the response 
against the ancestral SARS-CoV-2 strain bearing 
the D614G mutation, neutralizing-antibody titers 
were 4.1 times as low against the BA.4/5 variant 
and 3.2 times as low against the BA.2.12.1 vari-
ant (P<0.001 for both comparisons), and the titers 
were approximately 2.8 times as low against the 
BA.1 and BA.2 variants (Fig. 1B, S2C, and S2D). 

The neutralizing-antibody resistance of BA.2_
L452Q was stronger than that of BA.2_S704L, 
which had neutralizing-antibody titers that were 
approximately 3.7 times and 2.9 times as low, 
respectively, as those against the D614G strain 
(P<0.001 for both comparisons) (Fig. 1B).

In serum samples obtained from patients who 
were hospitalized in the intensive care unit (ICU) 
during the delta wave of the coronavirus disease 
2019 pandemic, neutralization of the delta vari-
ant was 66.5% higher than that of the D614G 
variant (Fig. 1C). BA.4/5 and BA.2.12.1 had less 
escape from neutralization in serum samples 
obtained during the delta wave; geometric mean 
values for neutralization titers were 5.0 times as 
low against the BA.4/5 variant as against the 
D614G variant (P<0.01), and the values were 5.5 
times as low against the BA.2.12.1 variant as 
against the D614G variant (P<0.001) (Fig. 1C). 
However, the neutralizing-antibody titers were 
14.9 times as low against the BA.2 L452Q variant 
as against the D614G variant (P<0.001), and the 
titers were 13.8 times as low against the BA.2_
S704L variant as against the D614G variant 
(P<0.001) (Fig. 1C) — even lower than the titers 
against BA.4/5 and BA.2.12.1. During the delta 
wave, unvaccinated patients had a neutralizing-
antibody response that was more biased toward 
neutralization of the delta variant than that in 
vaccinated patients (Fig. S3A and S3B).

In 30 persons who were infected with the 
omicron variant and who were hospitalized but 
not admitted to the ICU, neutralizing-antibody 
titers against BA.4/5 and BA.2.12.1 were 37.8% 
and 10.2% lower, respectively, than those against 
BA.2 (P>0.05 for both comparisons). The BA.2 
single mutants (i.e., BA.2_L452Q and BA.2_S704L) 
had neutralizing-antibody escape that was simi-
lar to that of the BA.4/5 and BA.2.12.1 subvari-
ants, with neutralizing-antibody titers that were 
14.1% and 26.6% lower, respectively, than those 
against BA.2 (P>0.05 for both comparisons) 
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(Fig. 1D). Notably, 2 of 30 BA.1-infected but un-
vaccinated patients (Patients U12 and U13) had 
high neutralizing-antibody titers against all the 
variants except BA.4/5, whereas patients who 
had received a booster dose had broader neutral-
ization against all the variants examined (Fig. 
S3C and S3D). Overall, these results showed that 
infection during the BA.1 wave did not appear 
to offer effective protection against the newly 
emerged sublineages.

In this study, we characterized infection-
induced immunity and vaccine-induced immu-
nity against newly emerged omicron subvari-
ants. Booster vaccination provided sufficient 
neutralizing-antibody titers against the BA.4/5 
and BA.2.12.1 subvariants, albeit to a lower 
extent than against BA.1 and BA.2.4,5 These 
findings underscore the importance of boost-
er vaccination for protection against emerging 
variants.

Figure 1. Stronger Immune Escape with the BA.4/5 and 
BA.2.12.1 Omicron Subvariants than with BA.1 and BA.2.

Shown are neutralizing-antibody titers against virus 
pseudotyped with spike protein from ancestral severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
bearing the D614G mutation, along with the B.1.617.2 
(delta) variant, the BA.1, BA.2, BA.4/5, and BA.2.12.1 
subvariants of the B.1.1.529 (omicron) variant, and the 
BA.2 single mutants BA.2_ L452Q and BA.2_S704L in 
serum samples obtained from health care workers 3 to 
4 weeks after they had received the second dose of 
messenger RNA (mRNA) vaccine (Panel A) and from 
health care workers after they had received the third 
(booster) dose of the same mRNA vaccine (Panel B). 
Also shown are neutralizing-antibody titers in serum 
samples obtained from patients with coronavirus dis-
ease 2019 (Covid-19) in the intensive care unit (ICU) 
during the delta wave of the Covid-19 pandemic (Panel 
C) and from patients who were hospitalized with Cov-
id-19 but were not admitted to the ICU during the BA.1 
wave of the pandemic (Panel D). In all panels, dots in-
dicate individual samples, and the horizontal dashed 
lines indicate the limit of detection. The geometric 
mean values for the 50% neutralization titers (NT

50
) 

are shown at the top of the plots along with the per-
centage of persons with NT

50
 values above the limit of 

detection. I bars represent 95% confidence intervals. 
The statistical significance of the neutralizing-antibody 
titers against the subvariants relative to those against 
the ancestral SARS-CoV-2 strain bearing the D614G 
mutation was determined by means of one-way repeat-
ed-measures analysis of variance with Bonferroni’s mul-
tiple testing correction. NS denotes not significant.
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D Hospitalized Patients during Omicron Wave (N=30)
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