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The sustained epidemic of Omicron subvariants of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a worldwide concern, and older adults are at high risk. We conducted a prospective
cohort study to assess the immunogenicity of COVID-19 mRNA vaccines (BNT162b2 or mRNA-1273) in
nursing home residents and staff between May 2021 and December 2022. A total of 335 SARS-CoV-2
naive individuals, including 141 residents (median age: 88 years) and 194 staff (median age: 44 years)
participated. Receptor-binding domain (RBD) and nucleocapsid (N) protein IgG and neutralizing titer
(NT) against the Wuhan strain, Alpha and Delta variants, and Omicron BA.1 and BA.5 subvariants were
measured in serum samples drawn from participants after the second and third doses of mRNA vaccine
using SARS-CoV-2 pseudotyped virus. Breakthrough infection (BTI) was confirmed by a notification of
COVID-19 or a positive anti-N IgG result in serum after mRNA vaccination. Fifty-one participants experi-
enced SARS-CoV-2 BTI during the study period. The RBD IgG and NTs against Omicron BA.1 and BA.5 were
markedly increased in SARS CoV-2 naive participants 2 months after the third dose of mRNA vaccine,
compared to those 5 months after the second dose, and declined 5 months after the third dose. The
decline in RBD IgG and NT against Omicron BA.1 and BA.5 in SARS-CoV-2 naive participants after the sec-
ond and the third dose was particularly marked in those aged > 80 years. BTIs during the BA.5 epidemic
period, which occurred between 2 and 5 months after the third dose, induced a robust NT against BA.5
even five months after the booster dose vaccination. Further studies are required to assess the sustain-
ability of NTs elicited by Omicron-containing bivalent mRNA booster vaccine in older adults.

© 2023 The Author(s). Published by Elsevier Ltd.
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1. Introduction adults who live in nursing homes are at high risk of COVID-19

[2], and it has been reported that 14 % and 26.6 % of COVID-19

Coronavirus disease 2019 (COVID-19) is caused by severe respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), which was first
detected in a patient with pneumonia in December 2019 in
Wuhan, China, and became pandemic in early 2020 [1]. Older

Abbreviations: BTI, breakthrough infection; COVID-19, coronavirus disease
2019; ELISA, enzyme-linked immunosorbent assay; LTCF, long-term care facility;
NGS, next-generation sequencing; N protein, nucleocapsid protein, NT, neutralizing
titer; RBD, receptor-binding domain; S, spike; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; SARS-CoV-2pv, severe acute respiratory syndrome
coronavirus 2 pseudotyped virus; VSVs, vesicular stomatitis virus.

* Corresponding author.
E-mail address: toyamaeiken1@chic.ocn.ne.jp (K. Oishi).
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deaths in Japan and the United States, respectively, have occurred
among nursing home residents [3-5]. A previous study on the clus-
ters of COVID-19 in long-term care facilities (LTCFs) during early
2020 found that both a larger number and size of clusters in LTCFs
were independently linked to higher mortality [5], highlighting the
importance of preventing COVID-19 outbreaks in LTCFs.
COVID-19 vaccine development was rapid and vaccines have
been introduced worldwide since the end of 2020. In randomized,
controlled trials conducted in 2020, the COVID-19 messenger RNA
(mRNA) vaccines, BNT162b2 (Pfizer-BioNTech) and mRNA-1273
(Moderna), were more than 90 % effective at preventing COVID-
19 approximately 2 months after vaccination [6,7]. In Japan, the
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1st and 2nd dose of mRNA vaccines (BNT162b2 vaccine) have been
administered to healthcare workers since February 2021, followed
by adults aged > 65 years, adults with underlying medical condi-
tions, adults aged 60-64 years, and nursing home staff. The booster
dose by BNT162b2 vaccine or mRNA-1273 vaccine has been
administered to the same vaccine targets more than 6 months after
the 2nd dose.

Several SARS-CoV-2 variants have been reported worldwide
since December 2020, including B.1.1.7 (Alpha), B.1.351 (Beta),
P.1 (Gamma), B.1.617.2 (Delta), and B.1.1.529 (Omicron) [8]. These
variants of concern which have altered virus characteristics, such
as transmissibility and antigenicity, may have evolved in response
to herd immunity [9]. The initial mRNA vaccines targeted the
Wuhan strain, and certain SARS-CoV-2 variants have shown evi-
dence of immune evasion [10,11]. A recent study reported high
mortality and morbidity among vaccinated residents in a nursing
home in Kyoto Prefecture, Japan during an outbreak of the Omicron
variant [12].

We conducted a cohort study of residents and staff of nursing
homes in Toyama Prefecture, Japan to evaluate the antibody
responses against the SARS-CoV-2 Omicron subvariants after
receiving an mRNA vaccine in people at high risk of COVID-19.

2. Materials and methods
2.1. Study participants

This study was conducted between May 2021 and December
2022, and a total of 335 SARS-CoV-2 naive individuals were
enrolled from six nursing homes in Toyama Prefecture, Japan, on
May 2021. The study participants included 141 residents (median
age: 88 years; range: 57-103 years) and 194 facility staff (median
age: 44 years, range: 18-79 years). We defined a case of break-
through infection (BTI) as a notification of COVID-19 confirmed
by a positive result of reverse transcription polymerase chain reac-
tion (RT-PCR) or immunochromatography test for SARS CoV-2, or a
positive result of anti-N IgG in serum, a biomarker of natural infec-
tion [13], following COVID-19 mRNA vaccination. Consequently,
the study participants consisted of 284 SARS CoV-2 naive (161 staff
and 123 residents) and 51 SARS-CoV-2 BTI participants which
included one BTI participant during epidemic period of Alpha vari-
ant, 14 BTI participants during epidemic period of BA.1 subvariant,
and 36 BTIs during epidemic period of BA.5 subvariant 2 months
after the third dose (Table, Fig. 1B).

All participants received two doses of the BNT162b2 vaccine
(30 pg per dose) intramuscularly as the initial series vaccination
between April and June 2021. For the third dose, 131 participants
received the BNT162b2 vaccine, and 204 participants received
the mRNA-1273 vaccine (100 pg per dose) between January and
March 2022 (Fig. 1A and B). Blood sampling was carried out from
May to June 2021 prior to COVID-19 vaccination, and two and five
months following the primary vaccination series from August to
September 2021 and November to December 2021, respectively.
Blood sampling was carried out two and five months following
the booster (third dose) vaccination from March to June 2022
and June to September 2022, respectively.

2.2. Whole-genome sequencing of SARS-CoV-2

Clinical samples of nasopharyngeal swabs or saliva, which
tested positive by PCR or antigen test at hospitals in Toyama Pre-
fecture, were collected at Toyama Institute of Health under the
national surveillance of COVID-19. A total of 1,356 samples were
subjected to the genomic analyses between March 2021 and Octo-
ber 2022. Viral RNA was isolated using a QIAamp Viral RNA Mini
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Kit (Qiagen, Hilden, Germany), according to the manufacturer’s
instructions. Whole-genome amplification of escape mutants was
performed using a modified version of the ARTIC Network protocol
for SARS-CoV-2 genome sequencing [14]. A next-generation
sequencing (NGS) library was constructed using the QlAseq FX
DNA Library kit (Qiagen) and sequenced using the iSeq platform
(Illumina, San Diego, CA, USA). NGS reads were mapped to the
SARS-CoV-2 Wuhan-Hu-1 reference genome sequence (GenBank
accession no. MN908947.3) using the BWA-MEM algorithm (ver-
sion 0.7.13-r1126) [15], and variant allele frequency analysis was
conducted using VarScan version 2.4.3 [16,17]. Subsequently, the
variant of Alpha (B.1.1.7) or Delta (B.1.617.2), or the subvariant
of Omicron BA.1 (B.1.1.529.1) or Omicron BA.5 (B.1.1.529.5) were
determined using COG-UK (https://pangolin.cog-uk.io/) for each
SARS-CoV-2 positive sample. We were, however, unable to deter-
mine the genotype of participants with BTI notified from the nurs-
ing homes in this study.

2.3. Neutralizing activity against SARS-CoV-2 pseudotyped virus

Pseudotyped vesicular stomatitis viruses (VSVs) bearing SARS-
CoV-2 S proteins were generated as previously described [18].
The expression plasmids for the truncated spike (S) protein of
SARS-CoV-2 variants, pCAGG-pm3-SARS2-SHu-d19_Eng (Alpha
variant), pCAGG-pm3-SARS2-SHu-d19_B.1.617.2 (Delta variant),
pCAGG-pm3-SARS2-SHu-d19_B.1.1.529.1 (Omicron BA.1 subvari-
ant), and pCAGG-pm3-SARS2-SHu-d19_B.1.1.529.5 (Omicron BA.5
subvariant), were provided by Drs. C. Ono and Y. Matsuura of the
Research Institute for Microbial Diseases, Osaka University, Japan.
The SARS-CoV-2 pseudotyped VSVs (SARS-CoV-2pv) were stored
at — 80 °C until use.

Serum samples were collected from participants 2 and 5 months
after two doses of the initial vaccination series, and 2 and 5 months
after the third vaccination. Neutralizing activity was measured
using a chemiluminescence reduction neutralizing test of SARS-
CoV2pv bearing S proteins of the ancestral strain (Wuhan), Alpha
(B.1.1.7), Delta (B.1.617.2), Omicron BA.1 (B.1.1.529.1), and Omi-
cron BA.5 (B.1.1.529.5). Briefly, VeroE6/TMPRSS2 cells on 96-well
plates were mixed with 1 pL of participant serum in Dulbecco’s
Modified Eagle’s Medium containing 8 % fetal bovine serum and
10 puL of SARS-CoV-2pv, and incubated at 37 °C, 5 %CO, overnight.
The negative and positive controls were assayed in the same man-
ner as the test samples. The level of infection inhibition was calcu-
lated using luciferase activity as an indicator of neutralizing
activity, and each specimen was measured in duplicate. Neutraliz-
ing activity was expressed as the neutralizing titer (NT) by dividing
the value of luciferase activity in the negative control serum by the
value of luciferase activity in the test serum using SARS-CoV-2pv.
The chemiluminescent assay was performed using a Pica gene
BrillianStar-LT (TOYO B-Net, Tokyo, Japan), and measured using a
GloMax navigator system (Promega, WI, USA). We confirmed sig-
nificant correlations between the NTs against SARS-CoV2pv and
those against SARS-CoV-2 live virus using rabbit and human
immune serum (Supplementary Fig. 1). SARS-CoV-2 live virus
and rabbit immune serum were kindly provided by Dr. S. Fukushi,
National Institute of Infectious Diseases, Japan [19].

2.4. SARS-CoV-2 IgG ELISA

Receptor-binding domain (RBD) protein (1 pg/mL, 50 pL/well)
(ACRO Biosystems, Newark, DE, USA) of the SARS-CoV-2 Wuhan
strain or nucleocapsid (N) protein (1 pg/mL, 50 pL/well) (ACRO
Biosystems, Newark, DE, USA) was coated onto enzyme-linked
immunosorbent assay plates overnight at 4 °C. The plates were
washed with phosphate-buffered saline containing 0.1 % Tween
20 (PBST) and incubated with 20 % Blocking-One plus PBST. After
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Fig. 1. Genomic epidemiology and study design. (A) Genomic epidemiology of SARS-CoV-2 variants or Omicron subvariants in Toyama Prefecture. The proportions of each
variant or Omicron subvariant were determined by analyzing 0 to 178 SARS-CoV-2 positive samples in each month. (B) Flow chart of the nursing home cohort study. After the
enrollment of 335 SARS CoV-2 naive participants, participants with BTI were detected during epidemic periods of Alpha variant (n = 1), BA.1 subvariant (n = 14) and BA.5
subvariant (n = 36). Six participants had positive results for anti-N IgG 2 months (n = 2) and 5 months (n = 4) after the third dose. Seventy-seven study participants were
excluded from the study because 49 received a fourth dose of mRNA vaccine before blood collection 5 months after the third dose. Fourteen staff members and seven
residents declined blood collection 5 months after the third dose of mRNA vaccine, and seven residents died of old age. Abbreviations: V2, 1st and 2nd dose of vaccine; V3, 3rd
dose of vaccine, V2 + 2 M, 2 months after the 2nd dose of vaccine; V2 + 5 M, 5 months after the 2nd dose of vaccine; V3 + 2 M, 2 months after the 3rd dose of vaccine; V3 +5 M,
5 months after the 3rd dose of vaccine, BTI; breakthrough infection.
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blocking, serum diluted 400- or 1600-fold for RBD protein, and
100-fold for N protein was added, and the cells were washed. Next,
anti-human IgG horseradish peroxidase (Promega, Madison, WI,
USA) was added, washed, and ABTS solution (Merck, Darmstadt,
Germany) was added. After stopping the reaction with 4 N sulfuric
acid, the enzyme activity was detected at 405/490 nm using a plate
reader. An absorbance of 1.0 or higher was interpreted as positive
for anti-N protein IgG. The dynamic ranges were 1 to 1.0 x 10° for
neutralizing antibody titers, and 0 to 8.0 x 10* U/mL for anti-RBD
IgG and anti-N protein IgG, respectively.

2.5. Statistical analysis

RBD IgG values and NT activity by virus strain, age, and sex
were analyzed using IBM SPSS Statistics 27.0 (IBM, Armonk, NY).
The NT value was log-transformed. Statistical significance was
defined as p < 0.05. The Mann-Whitney U test and Wilcoxon
signed-rank test were used to compare non-parametric variables
between groups. Correlations between the test findings were
expressed using Pearson’s correlation coefficient. The Jonck-
heere-Terpstra test was used to determine the trend in titer by
age group.

2.6. Ethical approval

This study was approved by the Ethical Review Committee of
the Toyama Institute of Health (approval number #R3-11) and
was conducted according to the principles expressed in the Decla-
ration of Helsinki. Informed consent was obtained from the partic-
ipants or their surrogates.

3. Results
3.1. Genomic epidemiology of SARS-CoV-2

In Toyama Prefecture, the COVID-19 epidemic caused by the
Alpha and the Delta variants emerged between March and August
and between July and October 2021, respectively. The COVID-19
epidemic caused by the Omicron variant (BA.1 subvariant) began
in December 2021 in Japan. Omicron BA.1 was replaced by BA.2
between April and July 2022, which was then replaced by Omicron
BA.5 between August and December 2022 (Fig. 1A).

3.2. RBD IgG and NT response in SARS-CoV-2 naive participants

The geometric mean RBD IgG titer in serum samples from 284
SARS-CoV-2 naive participants increased from the baseline value
to 1.6 x 10* U/mL 2 months after the second dose and decreased
to 7.1 x 10> U/mL 5 months after the second dose (Fig. 2A). The
geometric mean RBD IgG titer of 284 SARS-CoV-2 naive partici-
pants increased to 3.7 x 10% U/mL 2 months after the third dose,
and the geometric mean RBD IgG titer of 211 participants who
were SARS-CoV-2 naive declined to 2.3 x 10 U/mL 5 months after
the third dose. In 284 SARS-CoV-2 naive participants, the geomet-
ric mean NTs against Wuhan, and Alpha, Delta, and Omicron BA.1
and BA.5 against SARS-CoV-2pv increased from the baseline value
to 33.8,6.4,2.7,1.2 and 1.1, respectively, 2 months after the second
dose, and declined to 19.9, 5.2, 2.1, 1.0 and 1.0, respectively,
5 months after the second dose of mRNA vaccine (Fig. 2B). In con-
trast, the geometric mean NTs against Wuhan, and Alpha, Delta,
and Omicron BA.1, and BA.5 in 284 SARS-CoV-2 naive participants
increased noticeably to 336.0, 119.4, 43.1, 6.0, and 5.2, respec-
tively, 2 months after the third vaccination, and declined to 88.0,
30.1, 23.2, 2.4, and 1.7, respectively, 5 months after the third dose
of mRNA vaccine.
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One participant, a facility staff member aged 41 years, had BTI
during the Alpha epidemic period (August 2021), and the RBD
IgG and NTs in this participant increased 2 months after the third
dose of mRNA vaccine (Supplementary Fig. 2). During the Omicron
BA.1 epidemic period (Jan to Mar 2022), 14 participants had BTI
before the third dose of COVID-19 mRNA vaccine. The geometric
mean RBD IgG titer in these 14 participants with BTI markedly
increased (5.8 x 10* U/mL) two months after the third dose, from
the baseline 5 months after the second dose (3.9 x 10* U/mL,
p < 0.001) (Fig. 2C). The geometric mean NTs against Wuhan,
Alpha, Delta, and Omicron BA.1 and BA.5 also significantly
increased (1373.4, 1077.8, 155.7, 38.1, and 10.5, respectively) in
these 14 participants with BTI from the baseline 5 months after
the second dose (p < 0.001, Fig. 2D). The geometric mean NTs in
these participants with BTI significantly declined 5 months after
the third dose, compared to those 2 months after the third dose
(p < 0.01 for Wuhan, p < 0.05 for Alpha and Omicron BA.1).

During the Omicron BA.5 epidemic period (Jun to Sep 2022), the
geometric mean RBD IgG titer (4.4 x 10% U/mL) in 35 participants
with BTI five months after the third dose did not differ from those
2 months after the third dose (4.3 x 10% U/mL, p > 0.05, Fig. 2E).
The geometric mean NTs against Wuhan, Alpha, Delta, and Omicron
BA.1 and BA.5 significantly increased in these 35 participants two
months after the third dose (266.3, 95.2, 50.6, 6.4, and 5.7) from
the baseline 5 months after the second dose (p < 0.001, Fig. 2F).
Because 35 participants had BTI between 2 and 5 months after the
third dose, the geometric mean NTs against Wuhan, Alpha, Delta,
and Omicron BA.1 and BA.5 significantly increased (860.0, 220.7,
141.0, 20.1, and 30.0) in these 35 participants 5 months after the
third dose, compared with those 2 months after the third dose
(p < 0.001 for Delta, Omicron BA.1 and BA.5, p < 0.05 for Wuhan
and Alpha).

3.3. RBD IgG and NT response in the participants SARS-CoV-2 naive
participants by age group

The geometric mean RBD IgG titers and NTs by age group of the
SARS-CoV-2 naive participants are shown in Fig. 3. Two and
5 months after the second and third doses, the decline in the geomet-
ric mean of RBD IgG titers was significantly correlated with age
(p < 0.001, Fig. 3A). Two and 5 months after the second dose, the
decline in the geometric mean NTs against Wuhan, Alpha, Delta,
Omicron BA.1 and BA.5 were similarly correlated with age
(p < 0.001, Fig. 3B). Two and 5 months after the second dose, the
NTs against Omicron BA.1 and BA.5 were at negligible levels in all
age groups. In contrast, the NTs against Omicron BA.1 and BA.5 were
increased 2 months after the third dose but waned 5 months after
the third dose, especially in those aged 80 years and older. Two
and 5 months after the third dose, the NTs against Omicron BA.1
and BA.5 were significantly correlated with age (p < 0.001, Fig. 3B).

We also examined whether the immune responses after the sec-
ond and third dose of COVID-19 mRNA vaccine differed between the
staff and the residents in the SARS CoV-2 naive participants in a com-
mon age group of 57-79 years (Table 1). Although NTs against
Wuhan, Alpha, Delta, and Omicron BA.5 were significantly higher
in the staff than in the residents after the second dose of mRNA vac-
cine, no difference was found in enhanced levels of RBD IgG and NTs
against Wuhan and all variants including BA.5 between the two
groups 2 months after the third dose (median age: 64 years for the
staff and 75 years for the residents) (Supplementary Fig. 3).

4. Discussion

In this study, a booster dose of mRNA vaccine resulted in a
marked increase in RBD IgG titers and NTs in nursing home resi-
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Fig. 2. Anti-RBD IgG titers and neutralizing titers at 2 and 5 months after two doses and the third dose of mRNA vaccine in participants with or without BTIL (A) SARS-CoV-2
RBD IgG antibody titers, (B) Neutralizing titers against SARS-CoV-2pv of SARS-CoV-2 naive participants. (C) SARS-CoV-2 RBD IgG antibody titers, (D) Neutralizing titers of
participants with BTI during BA.1 epidemic period (January to March 2022). (E) SARS-CoV-2 RBD IgG antibody titers, (F) Neutralizing titers of participants with BTI during
BA.5 epidemic period (June to September 2022). 14 participants were infected from January to March 2022 (during the Omicron BA.1 epidemic period); and 36 participants
were infected from June to September 2022 (during the Omicron BA.5 epidemic period). ", p <0.001; ', p < 0.01; * p < 0.05; NS, not significant. Abbreviations: RBD, receptor-
binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; V2, 2nd dose of vaccine; V2 + 2 M, 2 months after the 2nd dose of vaccine; V2 + 5 M, 5 months
after the 2nd dose of vaccine; V3, 3rd dose of vaccine; V3 + 2 M, 2 months after the 3rd dose of vaccine; V3 + 5 M, 5 months after the 3rd dose of vaccine; BTI, breakthrough
infection.

dents and staff. The NTs after the second and third doses were by SARS-CoV-2 variants from the herd immunity raised by three
highest against the Wuhan strain, followed by the Alpha, Delta doses of mRNA-based COVID-19 vaccine [9-11]. Our results show-
and Omicron BA.1, and BA.5 variants, indicating immune evasion ing that a third dose of mRNA vaccine elicited an enhanced
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Fig. 3. Anti-RBD IgG titers and neutralizing titers 2 and 5 months after two and three doses of mRNA vaccine in SARS-CoV2 naive participants by age group. (A) SARS-CoV-2
RBD IgG titer. (B) Neutralizing titers against SARS-CoV-2pv. N = 284. ™, p < 0.001; *, p < 0.05; NS, not significant, using the Jonckheere-Terpstra test. Abbreviations: RBD,
receptor-binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SARS-CoV-2pv, severe acute respiratory syndrome coronavirus 2 pseudotyped virus.
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Table 1
Sex and age distribution and SARS-CoV-2 infection status of study participants.
SARS-CoV-2 naive SARS-CoV-2 breakthrough infection Total
Staff Residents Subtotal Staff Residents Subtotal
Participants (n) 161 123 284 33 18 51 335
Female (%) 114 (71) 92 (75) 206 (73) 28 (85) 16 (89) 44 (86) 250 (75)
Age, years, median (IQR) 47(36-58) 88 (83-93) 66 (45-86) 38 (26-43) 90 (85-94) 43 (35-86) 62 (43-86)
Age group
18-29 years 21 21 9 9 30
30-39 years 29 29 9 38
40-49 years 40 40 11 11 51
50-59 years 36 1 37 2 2 39
60-69 years 22 2 24 2 2 26
70-79 years 13 14 27 2 2 29
80-89 years 56 56 7 7 63
90-103 years 50 50 9 9 59

IQR: interquartile range.

immune response in RBD IgG and NTs against variant strains,
including the Omicron BA.1 variant, are consistent with the results
of previous studies in healthcare workers [20-22] and nursing
home residents [23,24]. In this study, we also found that a third
dose of mRNA vaccine induced an enhanced NT against Omicron
BA.5 which was comparable to those against BA.1. A recent study
reported that two doses of mRNA vaccine induced an expanded
antibody breadth for approximately 5 months after vaccination.
The authors suggested that the neutralizing breadth of the resting
memory B cell subset may induce Omicron-neutralizing antibodies
after a third dose of mRNA vaccine [25].

We also found that BTIs that occurred in the 35 participants
during the BA.5 epidemic period augmented NTs against Wuhan,
Alpha, and Delta, and Omicron BA.1 and BA.5, induced by the third
dose of COVID-19 mRNA vaccine. Previous reports on the boosting
antibody response in healthcare workers after one or two doses of
mRNA vaccine are consistent with our findings [26,27]. A recent
study reported that the effectiveness of previous infection and
three doses of BNT162b2 vaccine was 77.3 %, whereas the effec-
tiveness of previous infection and two doses of BNT162b2 vaccine
was 55.1 % [28]. The authors concluded that hybrid immunity
resulting from previous infection and recent booster vaccination
provides the strongest protection. In our study, it is necessary to
clarify how long the NT against BA.5 lasts in sera of the 35 partic-
ipants with BTI due to the hybrid immunity.

In this study, the NTs of the SARS-CoV-2 naive participants were
36.7-fold lower for BA.1 and 51.8-fold lower for BA.5, than to the
Wouhan strain, and the NTs of participants with BTI during the Omi-
cron BA.5 period were 42.8-fold lower for BA.1 and 28.7-fold lower
for BA.5 than to the Wuhan strain. A previous study found that the
NTs of SARS-CoV-2 naive individuals (median age of 35 years) after
three doses of mRNA vaccine were 6.4-fold lower for BA.1 and 21-
fold lower for BA.5, compared with wild-type SARS-CoV-2 [29].
Differences in NTs for BA.1 and BA.5 between our study (more than
30-fold lower for BA.1 and BA.5) and a previous study (no more
than 21-fold lower for BA.1 and BA.5) may be explained, in part,
by the difference in the age distribution of the participants.

We found that the NTs against Omicron BA.1 and BA.5 increased
noticeably 2 months after the third dose of mRNA vaccine, but
rapidly declined in SARS-CoV-2 naive participants 5 months after
the third dose in this study. These findings contrast with those of a
recently published study [30], which found a somewhat less steep
rate of decay in NTs in individuals with prior SARS-CoV-2 infection,
including individuals infected with the Omicron variant, 9 months
after the third dose of mRNA vaccine [31]. The authors reported that
the 30-day rates of decline in the NT were 17.1 % against prototypic
virus with the D614G mutation and 12.1 % against BA.4/5, and noted
that individuals with prior SARS-CoV-2 infection had high NTs
against Omicron subvariants, especially BA.4/5.
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A previous study found an age-dependent negative correlation
between spike-specific IgG levels among adults in Germany after
a second dose of BNT162b2 vaccine [32]. Another study reported
an age-dependent decrease in RBD IgG and NTs against variants
among healthcare workers in a teaching hospital, whose age ran-
ged from 20 to 70 years [21]. Collectively, these findings are in
agreement with our findings of age-dependent decrease in RBD
IgG and NTs after the second and third doses of the mRNA vaccine
in nursing homes. In our study, RBD IgG and NTs differed signifi-
cantly between the staff and the residents after the second dose
of COVID-19 mRNA vaccine, but no difference was found in the
increase levels of antibody responses between the two groups after
the third dose. These findings suggest that the booster dose of
COVID-19 mRNA vaccine affords high levels of NTs against Omi-
cron subvariants even in the frail residents in the nursing home,
which is consistent with a recent report [33].

In this study, we also found that the NTs were at very low levels
5 months after the third dose of mRNA vaccine especially in SARS-
CoV-2 naive participants aged > 80 years in this study. Because the
prevalence of Omicron BA.5 remained high from August until the
end of 2022 in Japan, the BA.1 or BA.5 bivalent mRNA vaccine is
currently (in February 2023) being administered to persons
aged > 12 years who have completed the first and second dose
of mRNA vaccine since October 2022. A recently published paper
and a preprint paper reported that NTs against BA.5 from the
BA.1 or the BA.5 bivalent mRNA vaccine booster was superior or
comparable to those by monovalent mRNA vaccine boosters
[34,35]. The sustainability of the NTs against BA.5 elicited by
BA.1 or the BA.5 bivalent mRNA vaccine boosters in adults
aged > 80 years remains unclear. Further studies are needed to
evaluate the sustainability of NTs in older adults following admin-
istration of an Omicron-containing bivalent mRNA booster vaccine.

Our study has some limitations. First, we analyzed the data of
antibody responses in nursing home staff living in the community
and residents of nursing homes as one cohort. Second, we did not
collect information of the medical history of each participant,
including the presence of chronic medical conditions. These factors
might have affected antibody responses. Third, although certain
chronic medical conditions, such as autoimmune diseases and
the use of immunosuppressants, may affect the antibody response
[36], we were unable to evaluate the influence of such chronic
medical conditions on the antibody response in this study.

5. Conclusions

In SARS CoV-2 naive participants, the RBD IgG and NTs against
Omicron BA.1 and BA.5 were noticeably increased 2 months after
the booster dose of COVID-19 mRNA vaccine. The RBD IgG and
NT against Omicron BA.1 and BA.5 in SARS-CoV-2 naive partici-
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pants declined 2 and 5 months after the third dose in an age-
dependent manner, and was particularly marked in those
aged > 80 years. BTIs during the epidemic period of BA.5 (between
2 and 5 months after the booster dose) induced robust NTs against
Omicron BA.5 even 5 months after the booster dose vaccination.
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