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Following the initial outbreak of coronavirus disease 2019 (CO-
VID-19) caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) in late 2019, WHO declared the end of this 
public health emergency in May 2023 [1]. COVID-19 control 
measures have since been relaxed in Korea [2]. Nevertheless, 
since early 2023, the XBB lineage has been predominant in sev-
eral countries, including Korea, and it continues to differentiate. 
According to the Korea Disease Control and Prevention Agency 
(KDCA), the variant detection rates for the third week of July 
2023 were 5.9%, 22.7%, 27.1%, 20.0%, and 15.4% for XBB.1.5, 

XBB.1.9.1, XBB.1.9.2, XBB.1.16, and XBB.2.3, respectively, indi-
cating that XBB lineage variants are predominant [3].

XBB.1.5 and XBB.1.16 have raised concerns regarding reinfec-
tion and reduced vaccine efficacy owing to their enhanced im-
mune evasion [4, 5]. Conducting neutralization studies compar-
ing sublineages in individuals who have been either vaccinated 
or previously infected with Omicron variants is important to pro-
vide evidence for public health control strategies and to support 
the development of suitable vaccines. Therefore, we used neu-
tralization testing to investigate the state of the outbreak in Ko-
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rea and to predict the likelihood of reinfection. Using recovery-
phase serum from patients infected during the Omicron BA.1.1 
outbreak and from third dose–vaccinated individuals, we per-
formed neutralization testing for 19 major variants of Omicron 
sublineages that had been detected during a specific time (from 
January 2022 to May 2023) in Korea. This study was conducted 
at the KDCA with approval from KDCA’s Institutional Review 
Board (2021/12/2-PE-A). 

We broadly divided participants into those who had been in-
fected with Omicron variants and those who had not. Specimens 
were collected from January 2022 to March 2022. All partici-
pants in the infected group were from an infection cluster at a 
senior care facility, and Omicron sublineage BA.1.1 was detected 
using whole-genome sequencing of specimens from this group. 
We used convalescent specimens from the unvaccinated in-
fected group (N=6) collected 15 days (on average) after symp-
tom onset. The third dose–vaccinated breakthrough infection 
group individuals (N =16) were infected at an average of 64 
days after their last vaccination, and specimens were collected 
17 days (on average) post-infection. The uninfected group (N=7) 
consists entirely of third dose–vaccinated individuals, and speci-
mens were collected at an average of 21 days after their last 
vaccination (Table 1).

We used live viruses from the S clade and 19 Omicron sublin-
eages (BA.1, BA.1.1, BA.2, BA.2.12.1, BA.2.3, BA.4, BA.5.2.1, 
BA.2.75, BA.2.75.2, BA.4.6, XBC, BF.7, BQ.1, BQ.1.1, BN.1, 
XBB.1, XBB.1.5, XBB.1.9.1, and XBB.1.16) obtained from the 
KDCA (registered with Global Initiative on Sharing All Influenza 
Data). For immunogenicity analysis, we performed the plaque 
reduction neutralization test 50 (PRNT50) and measured the 
level of neutralizing antibodies for all 20 sublineages [6].

The unvaccinated infected group showed the highest neutral-

izing activity against BA.1.1 (geometric mean titer [GMT], 151), 
the same sublineage that infected the participants. This was fol-
lowed by BA.1 (GMT, 83) and BA.2.12.1 (GMT, 37), whereas the 
neutralizing activity against BA.2 (GMT, 19), BA.2.3 (GMT, 13), 
BA.4 (GMT, 10), and XBC (GMT, 15) was low, close to the cutoff 
values. No neutralizing activity was observed against the S clade 
or XBB lineages. Overall, the neutralizing activity levels were ei-
ther low or below the cutoff, rendering it difficult to compare 
sublineages (Fig. 1A).

The third dose–vaccinated uninfected group showed the high-
est neutralizing activity against the S clade (GMT, 1740), which 
includes the same variant as the vaccine. The neutralizing activ-
ity against XBB.1, XBB.1.5, XBB.1.9.1, and XBB.1.16 was 19.6-
fold, 24.6-fold, 9.1-fold, and 19.6-fold lower than that against 
BA.1.1 (the dominant variant in the initial Omicron outbreak in 
Korea), respectively. Likewise, the neutralizing activity against 
XBB.1, XBB.1.5, XBB.1.9.1, and XBB.1.16 was 10.1-fold, 12.6-
fold, 4.7-fold, and 10.1-fold lower than that against BA.5.2.1 (the 
dominant variant in the second half of 2022), respectively (Fig. 
1B).

For the third dose–vaccinated BA.1.1 breakthrough infection 
group, neutralizing activity against the S clade variant used in 
the vaccine was the highest (GMT, 4,030). This group showed 
even higher neutralizing activity than the vaccinated uninfected 
group owing to the additional immunity acquired during infec-
tion. The neutralizing activity against XBB.1, XBB.1.5, XBB.1.9.1, 
and XBB.1.16 in this group was 36.5-fold, 67.7-fold, 25.7-fold, 
and 79.3-fold lower than that against BA.1.1, respectively. The 
neutralizing activity against XBB.1, XBB.1.5, XBB.1.9.1, and 
XBB.1.16 was 10.9-fold, 20.2-fold, 7.7-fold, and 23.6-fold lower 
than that against BA.5.2.1, respectively, demonstrating a 
marked decrease in neutralizing activity. The increased drop-off 

Table 1. Information on the study participants

Variable Unvaccinated infected 
group (N=6)

Third dose–vaccinated 
uninfected group (N=7)

Third dose–vaccinated breakthrough 
infection group (N=16)

Age (yr), median (range) 85 (75–94) 40 (28–54) 78 (53–95)

Vaccination history NA Pf-Pf-Pf (N=3)
Mo-Mo-Mo (N=2)

Az-Az-Pf (N=1)
Az-Pf-Mo (N=1)

Pf-Pf-Pf (N=2)
Az-Az-Pf (N=14)

Days since last vaccination, median (range) NA 21 (14–36) 64 (34–76)

SARS-CoV-2 variant causing infection BA.1.1 NA BA.1.1

Days since symptom onset, median (range) 15 (13–19) NA 17 (13–26)

Abbreviations: NA, not applicable; Pf, Pfizer-BioNTech (BNT162b2); Mo, Moderna (mRNA-1273); Az, Oxford-Astra Zeneca (ChAdOx1/AZD1222); SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.
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Fig. 1. Comparison of neutralizing antibody titers against Omicron sublineages. (A) Neutralizing activity in the unvaccinated group infected 
with BA.1.1 (N=6). This group had neutralizing activity against BA.5.2.1 below the cutoff, and there was no observable neutralizing activity 
against the XBB lineages, making it impossible to compare sublineages. (B) Neutralizing activity in the third dose–vaccinated uninfected 
group (N=7). This group showed lower neutralizing activity against XBB lineages than against BA.1.1 and BA.5.2.1. (C) Neutralizing activity 
in the third dose–vaccinated breakthrough infection (BA.1.1) group (N=16). Similar to that in the B group, the neutralizing activity against 
XBB lineages is the lowest, whereas the overall neutralizing ability is the highest among the three groups, indicating a hybrid immunity 
caused by breakthrough infections. The individual circles represent the GMT obtained from two independent experiments, each consisting 
of two replicates. The lines and error bars represent the geometric means and 95% confidence intervals for each group, respectively. The 
corresponding cutoff for PRNT50 was indicated by a dotted line at 10. The numbers at the top of each figure represent the GMT of neutraliz-
ing antibodies for each respective variant. The reference for comparative analysis, BA.1.1 and BA.5.2.1, is represented by blue circles, the 
analyzed XBB lineages are represented by red circles, and other variants are represented by black circles. The parentheses next to P values 
indicate the fold reduction in the GMTs of XBB lineages with reference to BA.1.1 and BA.5.2.1. P values were calculated via unpaired Mann–
Whitney U test using Prism version 9 (GraphPad Software, San Diego, CA, USA).
Abbreviations: GMT, geometric mean titer; PRNT50, 50% plaque reduction neutralization titer; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; 
ns, not significant. 

S

100,000

10,000

1,000

100

10

1

Major variants of Omicron sublineages detected in Korea (Jan 2022 to May 2023)

X
B
B
.1

.1
6

B
A
.1

B
A
.1

.1
B
A
.2

B
A
.2

.1
2.

1

B
A
.2

.3
B
A
.4

B
A
.5

.2
.1

B
A
.2

.7
5

B
A
.2

.7
5.

2

B
A
.4

.6
X
B
C

B
F.
7

B
Q
.1

B
A
.1

.1

B
N
.1

X
B
B
.1

X
B
B
.1

.5

X
B
B
.1

.9
.1

83 151 19 37 13 10 3 6 3 3 15 3 322

ns

ns

A

S

100,000

10,000

1,000

100

10

1

Major variants of Omicron sublineages detected in Korea (Jan 2022 to May 2023)

X
B
B
.1

.1
6

B
A
.1

B
A
.1

.1
B
A
.2

B
A
.2

.1
2.

1

B
A
.2

.3
B
A
.4

B
A
.5

.2
.1

B
A
.2

.7
5

B
A
.2

.7
5.

2

B
A
.4

.6
X
B
C

B
F.
7

B
Q
.1

B
A
.1

.1

B
N
.1

X
B
B
.1

X
B
B
.1

.5

X
B
B
.1

.9
.1

1,740 767 491 455 645 216 210 252 270 66 203 311 5138164

P<0.05 ( 19.6x)
B

P<0.05 ( 24.6x)

P<0.05 ( 9.1x)

P<0.05 ( 19.6x)

P<0.05 ( 10.1x)

P<0.05 ( 12.6x)

P<0.05 ( 4.7x)

P<0.05 ( 10.1x)

79 25 20 54 25



Lee EJ, et al.
Immunogenicity analysis of Omicron lineages

292    www.annlabmed.org https://doi.org/10.3343/alm.2023.0256

in neutralizing activity in this group may be attributed to the high 
neutralizing activity against the BA variants; however, the overall 
neutralizing activity was still higher than that in the other two 
groups (Fig. 1C).

Our findings demonstrated that the unvaccinated infected 
(BA.1.1), third dose–vaccinated uninfected, and third dose–vac-
cinated breakthrough infection (BA.1.1) groups all showed a 
marked decrease in neutralizing activity against all XBB lineages 
compared with that against BA.1.1 and BA.5.2.1. This finding in-
dicates a significant risk of infection with the currently prevalent 
XBB lineage for individuals who exhibited waning vaccine effi-
cacy after vaccination or who were infected during the initial 
Omicron outbreak [7, 8]. As our study involved older patients, 
we could not analyze whether the age of the participants was 
responsible for the reduced immune response. However, our re-
sults are consistent with those of other studies and show that 
the XBB lineages induce a higher reduction in neutralizing ability 
than other Omicron sublineages [9-13]. Moreover, the differ-
ences in neutralizing antibody formation against different Omi-
cron sublineages between the unvaccinated infected and break-
through infection groups demonstrate that the vaccine provides 
immunity against more recent Omicron sublineages. Unvacci-
nated infected individuals showed almost no neutralizing activity 
against Omicron sublineages other than the variant with which 
they had been infected. Conversely, despite differences in neu-

tralizing activity levels, the vaccinated breakthrough infection 
group demonstrated neutralizing activity against all 19 tested 
Omicron sublineages, including those with which they had not 
been infected. This result is consistent with the findings of other 
studies, demonstrating that COVID-19 vaccines induce both an-
tibody and T-cell immune responses [14-16]. This finding further 
implies that vaccinated individuals are better able to produce 
neutralizing antibodies against other SARS-CoV-2 variants when 
infected than unvaccinated individuals, owing to vaccine-ac-
quired and hybrid immunity [17, 18]. In other words, as unvacci-
nated individuals do not easily acquire neutralizing activity 
against other variants, they face the highest risk of reinfection 
by the XBB lineage.

Although the small sample size limits the statistical signifi-
cance of our results, these findings would help identify individu-
als at increased risk of reinfection and establish control and 
vaccination strategies for immunologically vulnerable groups. In 
particular, as of June 1, 2023, the mandatory isolation of in-
fected patients at hospitals and palliative care institutes in Ko-
rea has been relaxed [19]. As unvaccinated infected individuals 
are unlikely to generate significant neutralizing activity against 
variants they have not been infected with, the risk of infection or 
reinfection in unvaccinated people is high. Therefore, vaccina-
tion or other protection strategies are required for unvaccinated 
high-risk groups.

Fig. 1. Continued.
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