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Infection and Vaccine-Induced Neutralizing-Antibody 
Responses to the SARS-CoV-2 B.1.617 Variants

To the Editor: A second wave of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infections in India is leading to the emergence 
of SARS-CoV-2 variants. The B.1.617.1 (or kappa) 
and B.1.617.2 (or delta) variants were first identi-
fied in India and have rapidly spread to several 
countries throughout the world. These variants 
contain mutations within the spike protein lo-
cated in antigenic sites recognized by antibodies 
with potent neutralizing activity.1-3 We used se-
rum samples obtained from infected and vacci-
nated persons to assess neutralizing activity 
against the SARS-CoV-2 variants in a live-virus 
assay.

For the analyses, we used B.1.617.1 virus that 
had been isolated from a mid-turbinate swab 
obtained from a patient in Stanford, California, 
in March 2021 (hCoV-19/USA/CA-Stanford-15_
S02/2021) and B.1.617.2 virus from a nasal swab 
that had been obtained from a patient in May 
2021 (hCoV-19/USA/PHC658/2021). As compared 
with the WA1/2020 variant (nCoV/USA_WA1/2020; 
spike 614D), the B.1.617.1 and B.1.617.2 variants 
contain mutations in key regions within the 
spike, including the N-terminal antigenic super-
site,4 the receptor-binding domain, and the poly-
basic furin cleavage site (Tables S1 and S2 in the 
Supplementary Appendix, available with the full 
text of this letter at NEJM.org). We used an in 
vitro, live-virus focus reduction neutralization test 
(FRNT50 [the reciprocal dilution of serum that 
neutralizes 50% of the input virus])5 on a Vero 
E6 cell line (engineered to express TMPRSS2) 
to compare the neutralizing-antibody responses 
against WA1/2020 in serum samples from 24 
persons who had recovered from coronavirus 
disease 2019 (Covid-19) (obtained 31 to 91 days 
after symptom onset),1 from 15 persons who had 
received the mRNA-1273 (Moderna) vaccine (ob-
tained 35 to 51 days after the second dose), and 
from 10 persons who had received the BNT162b2 
(Pfizer–BioNTech) vaccine (obtained 7 to 27 days 
after the second dose).

All samples from infected and vaccinated 
persons showed less neutralizing activity against 
both the B.1.617.1 and B.1.617.2 variants than 
against WA1/2020 (Fig. 1). Among convalescent 
serum samples, the FRNT50 geometric mean titer 
(GMT) against B.1.617.1 was 79 (95% confidence 
interval [CI], 49 to 128), as compared with 514 
(95% CI, 358 to 740) against WA1/2020 (five 
samples had undetectable activity against the 
B.1.617.1 variant); the GMT against B.1.617.2 was 
207 (95% CI, 135 to 319), as compared with 504 
(95% CI, 358 to 709) against WA1/2020 (one 
sample had undetectable activity against the 
B.1.617.2 variant). Among the mRNA-1273 sam-
ples, the GMT against B.1.617.1 was 190 (95% 
CI, 131 to 274), as compared with 1332 (95% CI, 
905 to 1958) against WA1/2020; the GMT against 
B.1.617.2 was 350 (95% CI, 229 to 535), as com-
pared with 1062 (95% CI, 773 to 1460) against 
WA1/2020. Among the BNT162b2 vaccine serum 
samples, the GMT against B.1.617.1 was 164 
(95% CI, 104 to 258), as compared with 1176 
(95% CI, 759 to 1824) against WA1/2020; the 
GMT against B.1.617.2 was 235 (95% CI, 164 to 
338), as compared with 776 (95% CI, 571 to 1056) 
against WA1/2020. Among the three sample 
groups, the GMTs against the B.1.617.1 and 
B.1.617.2 variants were significantly lower than 
those against the WA1/2020 strain.

Our results show that the B.1.617.1 variant 
was 6.8 times less susceptible, and the B.1.617.2 
variant was 2.9 times less susceptible, to neu-
tralization by serum from persons who had re-
covered from Covid-19 and from vaccinated per-
sons than was the WA1/2020 variant. Despite this 
finding, a majority of the convalescent serum 
samples (79% [19 of 24 samples] against 
B.1.617.1 and 96% [23 of 24 samples] against 
B.1.617.2) and all serum samples from vaccinated 
persons still had detectable neutralizing activity 
above the threshold of detection against both 
variants through 3 months after infection or after 
the second dose of vaccine. Thus, protective 
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immunity conferred by the mRNA vaccines is 
most likely retained against the B.1.617.1 and 
B.1.617.2 variants.
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Figure 1. Neutralizing-Antibody Responses against  
the WA1/2020, B.1.617.1, and B.1.617.2 Variants.

Shown is the neutralizing activity against natural infec‑
tion with severe acute respiratory syndrome coronavi‑
rus 2 among 24 samples from persons who had recov‑
ered from coronavirus disease 2019 (obtained 31 to 91 
days after symptom onset) (Panel A), 15 samples from 
persons who had received the mRNA‑1273 (Moderna) 
vaccine (obtained 35 to 51 days after the second dose) 
(Panel B), and 10 samples from persons who had re‑
ceived the BNT162b2 (Pfizer–BioNTech) vaccine (ob‑
tained 7 to 27 days after the second dose) (Panel C). 
Two independent neutralization assays were performed: 
activity against B.1.617.1 was compared with that against 
WA1/2020, and activity against B.1.617.2 was compared 
with that against WA1/2020. The focus reduction neu‑
tralization test (FRNT50 [the reciprocal dilution of se‑
rum that neutralizes 50% of the input virus]) geomet‑
ric mean titers for WA1/2020, B.1.617.1, and B.1.617.2 
are shown in each panel. The connecting lines between 
WA1/2020 and B.1.617.1 or WA1/2020 and B.1.617.2 
represent matched serum samples. The horizontal 
dashed lines along the x axes indicate the limit of de‑
tection (FRNT50 geometric mean titer, 20). Normality of 
the data was determined with the use of the Shapiro–
Wilk normality test. Nonparametric pairwise analyses 
for neutralization titers were performed with the use  
of the Wilcoxon matched‑pairs signed‑rank test.
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