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C o r r e s p o n d e n c e

SARS-CoV-2 Omicron Variant Neutralization in Serum 
from Vaccinated and Convalescent Persons

To the Editor: During the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic, several new viral variants have emerged, 
leading to the virus becoming more contagious. 
However, efficient immune escape has not been 
observed, and vaccines have remained effective. 
Most recently, the B.1.1.529 (omicron) variant 
has been described, which the World Health 
Organization classified as a variant of concern 
on November 26, 2021.1

The omicron variant is characterized by a large 
number of mutations, with 26 to 32 changes in 
the spike (S) protein.2 Given that many of these 
mutations are in regions that are known to be 
involved in immune escape, we studied whether 
serum samples obtained from persons who had 
been vaccinated against SARS-CoV-2 or who had 
recovered from SARS-CoV-2 infection (i.e., conva-
lescent) would be able to neutralize the omicron 
variant. The observation that the omicron vari-
ant is more likely than previous variants to cause 
reinfection suggests some level of immune escape.3

We obtained serum samples from persons 

who had been infected with the B.1.1.7 (alpha), 
B.1.351 (beta), or B.1.617.2 (delta) variant of 
SARS-CoV-2 and from persons who had received 
two doses of the mRNA-1273 vaccine (Spikevax, 
Moderna), the ChAdOx1-S vaccine (also known 
as ChAdOx1 nCoV-19; Vaxzevria, AstraZeneca), 
or the BNT162b2 vaccine (Comirnaty, Pfizer–
BioNTech) or had received heterologous vaccina-
tion (i.e., one dose each) with the ChAdOx1-S 
and BNT162b2 vaccines. For all serum samples, 
we determined titers of neutralizing antibodies 
against the alpha, beta, delta, and omicron vari-
ants using a focus-forming assay with replication-
competent SARS-CoV-2 viruses, as described pre-
viously.4 We also obtained serum samples from 
persons who had been infected and were subse-
quently vaccinated (convalescent–vaccinated) or 
had been vaccinated and had subsequent break-
through infection (vaccinated–convalescent). We 
analyzed neutralizing antibody titers against the 
delta and omicron variants in these samples.

A total of 10 participants had been infected 
with the alpha variant, 8 with the beta variant, 
and 7 with the delta variant. Ten participants had 
received two doses of the mRNA-1273 vaccine, 
10 the ChAdOx1-S vaccine, and 20 the BNT162b2 
vaccine; 20 participants had received heterolo-
gous vaccination with the ChAdOx1-S and 
BNT162b2 vaccines. In addition, 5 participants 
had been infected and subsequently received 
one or two doses of the BNT162b2 vaccine, and 
5 had been vaccinated with two doses of the 
mRNA-1273, ChAdOx1-S, or BNT162b2 vaccine 
and subsequently had breakthrough infection. 
The characteristics of the participants are shown 
in Tables S1 through S3 in the Supplementary 
Appendix, available with the full text of this let-
ter at NEJM.org.

Serum samples from vaccinated persons neu-
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tralized the omicron variant to a much lesser 
extent than any other variant analyzed (alpha, 
beta, or delta) (Fig. 1 and Table S4). We found 
some cross-neutralization of the omicron variant 
in samples obtained from persons who had re-
ceived either homologous BNT162b2 vaccination 
or heterologous ChAdOx1-S–BNT162b2 vaccina-
tion but not in samples from persons who had 
received homologous ChAdOx1-S vaccination. 
We did not find neutralizing antibodies against 
the omicron variant in serum samples obtained 
4 to 6 months after receipt of the second dose of 
the mRNA-1273 vaccine. However, in this group, 
the interval between receipt of the second dose 
and sampling was longer than for the other 

vaccination-regimen groups, for which serum 
samples were obtained only 1 month after re-
ceipt of the second dose. We did not analyze 
serum samples from persons who had received 
a third dose of vaccine. Serum samples that were 
obtained from convalescent participants largely 
did not neutralize the omicron variant, although 
cross-neutralization was observed against other 
variants. However, 9 of the 10 serum samples 
that were obtained from convalescent–vaccinated 
or vaccinated–convalescent participants were able 
to neutralize the omicron variant, although to a 
lesser degree than the delta variant.

The omicron variant has already become the 
dominant variant in many countries and is caus-

Figure 1. Neutralization of the B.1.1.529 (Omicron) Variant as Compared with Other Variants of Concern.

Serum samples were obtained from participants who had received two doses of the mRNA-1273 vaccine (Panel A), two doses of the 
ChAdOx1-S vaccine (Panel B), heterologous ChAdOx1-S–BNT162b2 vaccination (Panel C), or two doses of the BNT162b2 vaccine (Panel D) 
or who had recovered from infection (i.e., convalescent) with the B.1.1.7 (alpha) variant (Panel E), the B.1.351 (beta) variant (Panel F), or 
the B.1.617.2 (delta) variant (Panel G). Samples were analyzed for 50% neutralization titers (IC

50
) against the alpha (blue), beta (orange), 

delta (purple), and omicron (red) variants. Bars indicate means, and symbols individual serum samples. Samples from the same partici-
pant are connected by lines. The dashed line in each panel indicates the limit of detection. The numbers in Panels A through G indicate 
the proportion of serum samples that were positive (>1:16) for the omicron variant. Serum samples from participants who had been in-
fected and were subsequently vaccinated (convalescent–vaccinated; open bars) or who had been vaccinated and subsequently had break-
through infection (vaccinated–convalescent; shaded bars) were analyzed for IC

50
 against the delta and omicron variants (Panel H). In 

the left part of Panel H (convalescent–vaccinated), open circles indicate participants who received a single dose of the BNT162b2 vac-
cine after infection, and closed circles those who received two doses of the BNT162b2 vaccine; in the right part (vaccinated–convalescent), 
closed circles indicate participants who had been vaccinated with two doses of the BNT162b2 vaccine before infection, stars those who 
had been vaccinated with two doses of the ChAdOx1-S vaccine, and squares those who had been vaccinated with two doses of the 
mRNA-1273 vaccine.
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ing considerable illness and death, although 
possibly to a somewhat lesser extent than previ-
ous variants. Although receipt of a third dose 
(booster) of the BNT162b2 vaccine may increase 
the level of cross-neutralizing antibodies to the 
omicron variant,5 on the basis of the data from 
the present study, the rapid development of new, 
variant-adapted vaccines is warranted.
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Ultrarapid Nanopore Genome Sequencing 
in a Critical Care Setting

To the Editor: Rapid genetic diagnosis can 
guide clinical management, improve prognosis, 
and reduce costs in critically ill patients.1,2 Al-
though most critical care decisions must be made 
in hours, traditional testing requires weeks and 
rapid testing requires days. We have found that 
nanopore genome sequencing can accurately and 
rapidly provide genetic diagnoses. Our workflow 
combines streamlined preparation of commer-
cial nanopore sequencing, distributed Cloud-
based bioinformatics, and a custom variant-prior-
itization approach (Fig. 1).3

Between December 2020 and May 2021, at two 
hospitals in Stanford, California, we enrolled 12 
patients who were generally representative of 
persons living in the United States with respect 
to race, ethnic group, and sex (Tables S1 and S2 
in the Supplementary Appendix, available with 
the full text of this letter at NEJM.org). We ob-
tained an initial genetic diagnosis in 5 of the 
patients (Table S3). The shortest time from arrival 
of the blood sample in the laboratory to the 
initial diagnosis was 7 hours 18 minutes.

After establishing a diagnosis in Patient 1, we 
updated our bioinformatics framework to per-
mit the transfer of terabytes of raw signal data 

to Cloud storage in real time and distributed the 
data across multiple Cloud computing machines 
to achieve near real-time base calling and align-
ment, a step that reduced the postsequencing 
run time (base calling through alignment) by 
93%, from 7 hours 21 minutes to 34 minutes 
(the average of postsequencing run times for 
Patients 2 to 12) (Table S5).

Flow cells were washed and reused until ex-
haustion to reduce the sequencing cost per 
sample. Libraries were bar-coded in Patients 1 
through 7 to prevent carryover from one sample 
to the next. After processing the sample ob-
tained from Patient 7, we benchmarked and ad-
opted a bar-code–free method to rapidly gener-
ate genome sequences.3 Removing the bar-coding 
process accelerated sample preparation by 37 
minutes, to an average of 2.5 hours, and enabled 
us to load a greater amount of patients’ DNA 
into each flow cell (333 ng vs. 155 ng) and in-
crease pore occupancy (to 82% from 64%) (Figs. 
S1 and S2 and Table S4). Our sequencing work-
flow generated 173 to 236 Gb of data per ge-
nome using 48 flow cells, with an alignment 
identity of 94% (Fig. S3) and 46 to 64× autoso-
mal coverage (i.e., each base of each autosome 
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