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

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med﻿﻿  nejm.org﻿ 1

Neutralizing Activity of BNT162b2-Elicited Serum

To the Editor: BNT162b2 is a nucleoside-modi-
fied RNA vaccine expressing the full-length pre-
fusion spike glycoprotein (S) of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2). 
In a randomized, placebo-controlled clinical trial 
involving approximately 44,000 participants, im-
munization conferred 95% efficacy against coro-
navirus disease 2019 (Covid-19).1

New, highly transmissible SARS-CoV-2 variants 
that were first detected in the United Kingdom 
(B.1.1.7 lineage), South Africa (B.1.351 lineage), 
and Brazil (P.1 lineage) with mutations in the S gene 
are spreading globally. To analyze effects on neu-
tralization elicited by BNT162b2, we engineered 
S mutations from each of the three new lineages 
into USA-WA1/2020, a relatively early isolate of 
the virus from January 2020 (Fig. S1 in the Sup-
plementary Appendix, available with the full text 
of this letter at NEJM.org). We thereby produced 
three recombinant viruses representing each of 
these lineages and two additional ones in which 
we engineered subsets of mutations of the B.1.351 
lineage. Thus, the first recombinant virus had all 
the mutations found in the S gene in the B.1.1.7 
lineage (B.1.1.7-spike), the second had all the 
mutations found in the S gene in the P.1 lineage 
(P.1-spike), the third had all the mutations found 
in the S gene in the B.1.351 lineage (B.1.351-spike), 
the fourth had an N-terminal domain deletion 
found in the B.1.351 lineage and the globally 
dominant D614G substitution (B.1.351-∆242-
244+D614G), and the fifth had the three muta-
tions from the B.1.351 lineage affecting amino 
acids in the receptor-binding site (K417N, E484K, 
and N501Y) and a D614G substitution (B.1.351-
RBD+D614G). The mutant amino acid residues 
in the B.1.351-RBD+D614G recombinant virus are 
also among those in the P.1 lineage virus, al-
though in the P.1 lineage virus, K417 is mutated 
to threonine rather than asparagine. All the mu-
tant viruses yielded infectious viral titers exceed-
ing 107 plaque-forming units per milliliter. The 
B.1.1.7-spike and B.1.351-spike viruses formed 

plaques that were smaller than those formed by 
the other viruses (Fig. S2).

We performed 50% plaque reduction neutral-
ization testing (PRNT50) using 20 serum samples 
that had been obtained from 15 participants in the 
pivotal trial1,2 2 or 4 weeks after the administra-
tion of the second dose of 30 μg of BNT162b2 
(which occurred 3 weeks after the first immuni-
zation) (Fig. S3). All the serum samples efficient-
ly neutralized USA-WA1/2020 and all the viruses 
with variant spikes. Almost all of them did so at 
titers higher than 1:40. Geometric mean neutral-
izing titers against USA-WA1/2020, B.1.1.7-spike, 
P.1-spike, B.1.351-spike, B.1.351-∆242-244+D614G, 
and B.1.351-RBD+D614G viruses were 532, 663, 
437, 194, 485, and 331, respectively (Fig. 1 and 
Table S1). Thus, as compared with neutralization 
of USA-WA1/2020, neutralization of B.1.1.7-spike 
and P.1-spike viruses was roughly equivalent, and 
neutralization of B.1.351-spike virus was robust 
but lower. Our data are also consistent with 
lower neutralization titers against the virus with 
the full set of B.1.351-spike mutations than 
against virus with either subset of mutations. 
Our findings also suggest that mutations that 
result in amino acid substitutions K417N, E484K, 
and N501Y in the receptor-binding site have a 
greater effect on neutralization than the 242–244 
deletion affecting the N-terminal domain of the 
spike protein.

Limitations of the study include the potential 
for mutations to alter neutralization by affecting 
spike function rather than antigenicity. Therefore, 
each neutralization assay with a different target 
virus is unique, and comparisons between neu-
tralization titers from different assays should be 
interpreted with caution. Neutralizing activity 
against the B.1.351 lineage virus was robust at a 
geometric mean titer that was much higher than 
that obtained after one dose of BNT162b2, when 
strong efficacy was already observed in the 
C4591001 efficacy trial.1-3 T-cell immunity may 
also be involved in protection,4 and BNT162b2 
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immunization elicits CD8+ T-cell responses that 
recognize multiple variants.5 Ultimately, conclu-
sions about vaccine-mediated protection that are 
extrapolated from neutralization or T-cell data 
must be validated by real-world evidence collected 
in regions where the SARS-CoV-2 variants are 
circulating.
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Figure 1. Serum Neutralization of Variant Strains of SARS-CoV-2 after the Second Dose of BNT162b2 Vaccine.

Shown are the results of 50% plaque reduction neutralization testing (PRNT50) with the use of 20 samples obtained 
from 15 trial participants 2 weeks (circles) or 4 weeks (triangles) after the administration of the second dose of the 
BNT162b2 vaccine. The mutant viruses were obtained by engineering the full set of mutations in the B.1.1.7, P.1., or 
B.1.351 lineage or subsets of the S gene mutations in the B.1.351 lineage (B.1.351-Δ242-244+D614G and B.1.351-
RBD+D614G) into USA-WA1/2020. Each data point represents the geometric mean PRNT50 obtained with a serum 
sample against the indicated virus, including data from repeat experiments, as detailed in Table S1 in the Supple‑
mentary Appendix. The data for USA-WA1/2020 are from three experiments; for B.1.1.7-spike, B.1.351-Δ242-
244+D614G, and B.1.351-RBD-D614G viruses from one experiment each; and for P.1-spike and B.1.351-spike viruses 
from two experiments each. In each experiment, the neutralization titer was determined in duplicate assays, and the 
geometric mean was taken. The heights of bars and the numbers over the bars indicate geometric mean titers. The 
I bars indicate 95% confidence intervals. Statistical analysis was performed with the use of the Wilcoxon signed-
rank test. The statistical significance of the difference between geometric mean titers in the USA-WA1/2020 neutral‑
ization assay and in each variant virus neutralization assay with the same serum samples are as follows: P = 0.02 for 
B.1.1.7-spike; P = 0.06 for P.1-spike; P<0.001 for B.1.351-spike; P = 0.99 for B.1.351-Δ242-244+D614G; and P = 0.005 for 
B.1.351-RBD+D614G. LOD denotes limit of detection.
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