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with subsequent breakthrough Omicron infections among
healthcare workers
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Dear editor,

A recent report found that neutralizing antibody titers against
Omicron variant induced by booster dose in uninfected individu-
als were significantly lower than those induced by Omicron variant
infection in individuals who received 2-dose or booster dose.! Al-
though a booster vaccination has demonstrated some protective ef-
fects against the Omicron variant infection, breakthrough infections
frequently occur in booster-vaccinated individuals.>> However,
data on the immune correlation of protection against breakthrough
Omicron infection in individuals who received booster dose are
limited. Thus, this prospective cohort study aimed to compare hu-
moral immune responses at 2 weeks and 3 months after a booster
dose of COVID-19 mRNA vaccines, respectively, among healthcare
workers (HCWs) who experienced Omicron breakthrough infec-
tions and those without Omicron infections.

We enrolled HCWs without a history of SARS-CoV-2 infection,
who received a COVID-19 booster vaccine after primary series, at
Asan Medical Center in Seoul, South Korea from November 2021
to December 2022 (Delta-dominant era). The study was approved
by the institutional review board at Asan Medical Center (IRB No
2020-0298) and informed consent was obtained from all the par-
ticipants.

We measured the serum level of neutralizing antibodies (IDsg)
and S1-specific IgG antibodies (IU/ml) at 2 weeks and 3 months,
respectively, after booster vaccination. The detailed methods about
the measurement of immune responses and statistical analysis are
described in Supplemental Materials. A breakthrough Omicron in-
fection was defined as the detection of SARS-CoV-2 infection by
SARS-CoV-2 polymerase-chain-reaction testing of their nasopha-
ryngeal specimens after 1 February 2022 (Omicron-dominant era).
We performed serologic testing for SARS-CoV-2 infection through
anti-SARS-CoV-2 nucleocapsid (N) protein antibody at 3 months
after the booster vaccination to rule out asymptomatic COVID-19
among HCWs who never had confirmed SARS-CoV-2 infection.

Among 119 HCWs, 60 (51%) received two-dose ChAdOx1 nCoV-
19 followed by BNT162b2, 48 (40%) received three-dose BNT162b2,
and 11 (9%) received 3-dose mRNA-1273. The median age was 34
years and 89 (75%) were female. Of them, 56 (47%) experienced
breakthrough Omicron infection at a median of 124 days (IQR
99.5-150) after booster vaccination (breakthrough group), and the
remaining 63 (53%) did not experience Omicron infection (non-
breakthrough group). four (3 ChAdOx1-BNT162b2 and 1 mRNA-
1273) HCWs who had positive anti-SARS-CoV-2 N protein antibody

https://doi.org/10.1016/j.jinf.2022.10.007

at 3 months after booster vaccination were excluded from the non-
breakthrough infection group (Supplementary Fig. 1). The baseline
characteristics between the two groups are presented in Supple-
mentary Table 1.

No significant difference in 2-week neutralizing antibody titers
against Omicron was observed between the breakthrough group
(median 1781.9, IQR 1499.5.0-4500.0) and non-breakthrough group
(median 2613.9, IQR 1770.7-4498.6, p = 0.10) (Fig. 1A). In addi-
tion, 2-week S1-specific IgG antibody titers were comparable be-
tween the breakthrough group (median 4142.2, IQR 2634.6-6099.9)
and non-breakthrough group (median 4311.3, IQR 3118.9-5975.3,
p = 0.79) (Fig. 1B). To measuring the 3-month immune response,
8 HCWs who experienced breakthrough Omicron infection be-
fore blood sampling were excluded (Supplementary Fig. 1). No
significant difference in neutralizing antibody titers against Omi-
cron 3 months after booster vaccination was observed between
the breakthrough group (median 442.2, IQR 191.3-807.4) and non-
breakthrough group (median 462.4, IQR 281.1-592.5, p = 0.39)
(Fig. 1A). In addition, S1-specific IgG antibody titers 3 months af-
ter booster vaccination were comparable between breakthrough
groups (median 925.7, IQR 602.8-1301.0) and non-breakthrough
group (median 1177.3, IQR 651.2-1561.5, p = 0.18) (Fig. 1B). We an-
alyzed time interaction by group and compared the slope from the
peak antibody titer to the antibody titer at 3 months after booster
vaccination. No significant difference in waning slope of neutraliz-
ing antibody titers in the time interaction was observed between
the two groups (8 = —380.5 [SE, 680.6]; p = 0.58) (Fig. 2A).
In addition, the waning slope of S1-specific IgG antibody titers
in the time interaction was comparable between the two groups
(B = 261.8 [SE, 353.1]; p = 0.46) (Fig. 2B).

In a prospective cohort study from Israel, the risk of break-
through infections with SARS-CoV-2 was correlated with levels of
neutralizing antibodies against ancestral SARS-CoV-2, and the peak
titers of neutralizing antibody were more likely associated with
the risk of breakthrough infection than the peri-infection titers of
neutralizing antibody.* However, few data regarding immune cor-
relation of protection against breakthrough Omicron infection after
booster vaccination are available. In this study, no significant differ-
ences in neutralizing and S1-specific IgG antibody titers at 2 weeks
and 3 months after booster vaccination were observed between the
breakthrough group and non-breakthrough group. In addition, no
significant difference in the waning slope of neutralizing and S1-
specific IgG antibody titers in the time interaction was observed
between the groups. Similar result was observed in subgroup anal-
ysis to compare humoral immune response between the symp-
tomatic breakthrough group and non-breakthrough group (Supple-
mentary Figs. 2 and 3). This finding is not consistent with previ-
ous studies supporting the assumption that the presence of the
neutralizing antibodies would correlate with the protection from
SARS-CoV-2 infection.’-® The discrepancy may be due to some pos-

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Comparison of neutralizing antibody and S1-specific IgG antibody titers between the breakthrough group and non-breakthrough group. Horizontal lines indicate the
median.
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Fig. 2. Time interaction of neutralizing antibody and S1-specific IgG antibody titers according to Omicron (B.1.1.529) breakthrough infections.

sibilities. First, due to the relatively small sample size, we could not
find any statistically significant differences. However, this possibil-
ity might not be high, considering that not only there was no dif-
ference in neutralizing antibody titers measured during outbreak
of Omicron, but also there was no difference in the decreasing
slope of neutralizing antibody titers over time between the groups.
Second, unlike the ancestral strain or the Delta variant (B.1.617.2),
Omicron infection is more likely to be confined to the upper respi-
ratory tract,’ and maintaining a steep concentration gradient with
much higher plasma neutralizing antibody titer is required to pre-
vent the cases of such mild infection.” Since all the breakthrough
Omicron infection cases in our study was asymptomatic or mild
illness, the result could be explained by the possibility that the
level of neutralizing antibody induced after booster dose is not suf-
ficiently high to prevent mild disease.

In conclusion, neutralizing antibody titers against Omicron at 2
weeks and 3 months after the booster dose of COVID-19 vaccines
was not correlated with subsequent breakthrough Omicron infec-
tions.

Supplement materials

Supplementary material associated with this article can be
found, in the online version.
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