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Plasma Neutralization of the SARS-CoV-2 Omicron Variant

To The Editor: The newly emerged B.1.1.159 
(omicron) variant of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)1 has a large 
number of changes — 32 — in its spike protein 
relative to that of the original virus (Wuhan-hu-1), 
particularly in the receptor-binding domain and 
the N-terminal domain, the primary targets of 
neutralizing antibodies. Previously, we showed 
that approximately 20 changes introduced into a 
synthetic polymutant spike protein (PMS20) are 
sufficient for substantial evasion of the poly-
clonal neutralizing antibodies elicited in the 
majority of persons who have recovered from 
coronavirus disease 2019 (Covid-19) or have re-
ceived two doses of an mRNA vaccine.2 Of note, 
several changes in the PMS20 spike protein are 
the same as or similar to changes in the omi-
cron variant (Fig. S1 in the Supplementary Ap-
pendix, available with the full text of this letter 
at NEJM.org).

We measured neutralizing antibody titers 
against Wuhan-hu-1, PMS20, and omicron spike 
pseudotypes in 169 plasma specimens from 47 
persons with diverse exposures to SARS-CoV-2 
antigens through infection, vaccination, or both 
(see Supplementary Methods and Tables S1, S2, 
and S3).3-5 In plasma specimens obtained at 
approximately 1 month and 6 months after in-
fection from persons who had recovered from 
Covid-19, the 50% neutralization titer (NT50) 
values were a mean (±SD) of 60±47 and 37±27 
times lower for PMS20 than for Wuhan-hu-1, 
respectively, and 58±51 and 32±23 times lower 
for omicron than for Wuhan-hu-1 (Fig. S2A and 
S2B). Similarly, plasma specimens obtained from 
different persons in the same cohort 1 year after 
infection had NT50 values that were 34±24 times 
lower for PMS20 and 43±23 times lower for omi-
cron than for Wuhan-hu-1 (Fig. S2C).

In plasma specimens from persons who had 
received two doses of an mRNA vaccine (BNT162b2 
[Pfizer–BioNTech] or mRNA-1273 [Moderna]) 
1.3 months before sampling, the NT50 values were 
187±24 times lower for PMS20 and 127±66 times 
lower for omicron than for Wuhan-hu-1 (Fig. S3A). 

At 5 months after vaccination, the neutralization 
potency was 58±23 times lower for PMS20 and 
27±17 times lower for omicron (Fig. S3B). Many 
plasma specimens from recipients of the single-
dose Ad26.COV2.S vaccine (Johnson & Johnson–
Janssen), obtained 1 or 5 months after vaccina-
tion, lacked detectable neutralizing activity 
against PMS20 or omicron (Fig. S3C and S3D), 
which precluded a meaningful quantitative as-
sessment of variant-specific differences.

Of note, however, vaccination of persons who 
had recovered from Covid-19 or administration 
of a third dose of an mRNA vaccine to vacci-
nated persons at least 6 months after the second 
dose of an mRNA vaccine led to a substantial 
gain in neutralizing activity against PMS20 and 
omicron (Fig. S4). Specifically, after vaccination 
in persons who had previously been infected 
with SARS-CoV-2, the NT50 values were 238 
times, 214 times, and 154 times greater for 
Wuhan-hu-1, PMS20, and omicron pseudotypes, 
respectively, than the prevaccination convalescent-
phase titers in the same persons (Fig. 1A). For 
those who had received two doses of an mRNA 
vaccine approximately 6 months earlier and then 
received a third dose of an mRNA vaccine ap-
proximately 1 month before sampling, the NT50 
values after the booster dose were 26 times 
greater for Wuhan-hu-1, 35 times greater for 
PMS20, and 38 times greater for omicron 
(Fig. 1B). Neutralizing titers against omicron 
were substantial (ranging from 1411 to 56,537) 
in all persons who had had Covid-19 and were 
then vaccinated and in those who had received 
three doses of an mRNA vaccine, but titers were 
low or undetectable in many unvaccinated per-
sons who had had Covid-19 and in recipients of 
only two doses of an mRNA vaccine (Fig. 1).

Although these findings indicate that the 
omicron variant shows an unprecedented degree 
of neutralizing antibody escape, they also sug-
gest that boosting and promoting affinity matu-
ration of antibodies in persons who have previ-
ously been infected or vaccinated,4,5 with the use 
of existing Wuhan-hu-1–based vaccine immuno-
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gens, will provide additional protection against 
infection with the omicron variant and subse-
quent disease.
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Figure 1. Wuhan-hu-1, PMS20, and Omicron Plasma Neutralizing Titers.

Panel A shows the trajectories of NT
50

 values against Wuhan-hu-1, polymutant spike protein (PMS20), and omicron 
pseudotypes in previously unvaccinated persons who had recovered from Covid-19, measured approximately 1 month 
(mean ±SD, 41±12 days) and 6 months (194±12 days) after infection and then at approximately 1 year (360±15 days) 
after infection, which corresponded to 41±21 days after vaccination (“plus vaccine”) (see Table S2). Panel B shows the 
trajectories of NT

50
 values against Wuhan-hu-1, PMS20, and omicron pseudotypes in persons who had received an 

mRNA vaccine, measured 1 month (42±19 days) and 5 months (165±33 days) after the second dose of an mRNA vac-
cine and at 30±18 days after the third dose (“boost”) that was administered at least 6 months after the second dose.
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