
Letters

RESEARCH LETTER

Antibody Response and Variant Cross-Neutralization
After SARS-CoV-2 Breakthrough Infection
Breakthrough infections after vaccination against SARS-
CoV-2 are increasingly reported, possibly due to waning of
vaccine-induced antibody levels.1 Moreover, emerging vari-
ants of concern with diminished susceptibility to vaccine-

inducedantibodiesarerespon-
sible for most new cases.2,3

Studies have focused on de-
termining the rate of vaccine breakthrough based on anti-
body levels after standard vaccination practices.4,5 We as-
sessed antibody levels and variant cross-neutralization after
breakthrough infection.

Methods | Fully vaccinated health care workers subsequently
diagnosed with SARS-CoV-2 breakthrough infection based on
a positive polymerase chain reaction (PCR) test result were
sequentially recruited at the Oregon Health & Science Univer-
sity between January 31, 2021, and August 18, 2021. Only
those with no history of previous infection whose test results
were negative for nucleocapsid antibodies were included.
Controls were fully vaccinated individuals without a break-
through infection matched on sex, age, time between vaccine
doses, and time between sample collection and most recent
antigen exposure (PCR confirmation for those with break-
through infection and final vaccine dose for controls). Full-
length viral genomic sequencing was used to determine
SARS-CoV-2 variant identity. Enzyme-linked immunosorbent
assays were used to determine serum dilution titers with a
50% effective concentration (EC50) of IgG, IgA, and IgM
antibodies specific to the SARS-CoV-2 spike receptor-binding

domain. Live SARS-CoV-2 neutralizing serum dilution titers
were determined by 50% focus reduction neutralization tests
(FRNT50) against isolates of the original SARS-CoV-2 strain
(WA1) and variants of concern (Alpha, Beta, Gamma, and
Delta). Median breakthrough and control sera values were
calculated in GraphPad Prism and compared with the Wil-
coxon matched-pairs signed rank test with the Holm-Šídák
correction. Delta-neutralizing potency was determined by
comparing Delta- and WA1-neutralizing titers for sequence-
confirmed Delta variant breakthrough cases, non-Delta
breakthrough cases, and controls using the Kruskal-Wallis
test with Dunn correction. Statistical significance was
defined as 2-tailed P < .05. Additional laboratory methods
are provided in the Supplement. The Oregon Health & Sci-
ence University institutional review board approved this
study. Written informed consent was obtained.

Results | Twenty-six participants with breakthrough infec-
tions (mean age, 38 years; 20 [77%] women; 24 [92%] were vac-
cinated with BNT162b2, sampled a median 28 days after PCR
date and 213.5 days after final vaccination; 21 [81%] with mild
symptoms) were matched to 26 controls (mean age, 39 years;
21 [81%] women; 26 [100%] were vaccinated with BNT162b2,
sampled a median 28 days after final vaccination). Total re-
ceptor-binding domain–specific immunoglobulin increased in
participants with breakthrough infection with a median EC50

of 2152 (95% CI, 961-3596) compared with 668 (95% CI, 473-
892) in controls (322% increase; P < .001) (Figure 1A). Median
serum dilutions increased for both IgG and IgA. For example,
the median IgA EC50 after breakthrough infection was 120 (95%
CI, 44-246), compared with 24 (95% CI, 24-24) for controls
(502% increase; P < .001). IgM levels were not significantly dif-
ferent between groups (Figure 1B).

Figure 1. SARS-CoV-2 Spike Receptor-Binding Domain (RBD)–Specific Antibody Levels After Vaccination
and Breakthrough Infection
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Enzyme-linked immunosorbent assay
measurement of serum dilution titers
with a 50% effective concentration
(EC50) of SARS-CoV-2 spike
RBD-binding antibodies. The dotted
lines indicate the assay limits of
detection. Two-tailed P values were
determined using the Wilcoxon
matched-pairs signed rank test with
the Holm-Šídák multiple comparison
correction. Box plots were generated
using the Tukey method. The large
box displays the median and IQR.
The error bars indicate 1.5 times
the IQR or the furthest outlier,
whichever is closer to the median.
All individual data points are
displayed as filled circles.
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Among sequence-confirmed breakthrough cases, 10
were Delta and 9 were non-Delta infections. Among break-
through cases, the median FRNT50 against WA1 was 4646
(95% CI, 2283-7053) vs 489 (95% CI, 272-822) for controls
(950% increase; P < .001). FRNT50 results for Alpha, Beta,
and Gamma variants are shown in Figure 2A. In break-
through cases, median FRNT50 against the Delta variant was
2482 (95% CI, 1072-4923), compared with 243 (95%CI, 118-
336) for controls (1021% increase; P < .001) (Figure 2A). Sera
from Delta breakthrough cases displayed improved potency
against the Delta variant at 99% (95% CI, 73-151) of WA1
neutralization for each participant, compared with 36%
(95% CI, 33-52) for non-Delta cases and 41% (95% CI, 24-56)
for controls (Figure 2B).

Discussion | Results of this study showed substantial boosting
of humoral immunity after breakthrough infection, despite
predominantly mild disease. Boosting was most notable
for IgA, possibly due to the differences in route of exposure
between vaccination and natural infection. In addition,
breakthrough sera demonstrated improved variant cross-
neutralization, and Delta breakthrough infections in par-
ticular exhibited improved potency against Delta vs
WA1, suggesting that the protective immune response may
be broadened through development of variant boosters
with antigenic inserts matching the emerging SARS-CoV-2
variants. Limitations of this study include the small number
of samples and the difference in time from initial vaccina-
tion to serum collection between the breakthrough and
control groups, which emerging evidence suggests may con-
tribute to the development of variant cross-neutralizing
antibody responses.6
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Figure 2. Live SARS-CoV-2 Variants Neutralization After Vaccination and Breakthrough Infection
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Live SARS-CoV-2 neutralization by focus-forming assay. A, The dotted line
indicates the assay limit of detection. Two-tailed P values were determined
using the Wilcoxon matched-pairs signed rank test with the Holm-Šídák
multiple comparison correction. B, Participants with inconclusive sequencing
information were excluded from this analysis. Two-tailed P values were

determined using the Kruskal-Wallis test with the Dunn multiple comparison
correction. Box plots were generated using the Tukey method. The large box
displays the median and IQR. The error bars indicate 1.5 times the IQR or the
furthest outlier, whichever is closer to the median. All individual data points are
displayed as filled circles.
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