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Aim: Elderly adults are at higher risk for severe COVID-19 infection. This multicenter, pro-
spective cohort study assessed immunogenicity after COVID-19 vaccinations in elderly resi-
dents compared with staff in geriatric intermediate care facilities. Predictors of lower antibody
titers were also examined.

Methods: Fifty-four residents and 117 staff who had received three doses of the COVID-19
mRNA vaccine between March 2021 and September 2022 were included. Anti-receptor binding
domain antibody titers were measured 3—4 weeks and 6 months after the vaccinations. Adjusted
geometric mean titers (GMT) were calculated using multivariable linear mixed effects models.

Results: After the first dose, residents had a significantly lower adjusted GMT than did staff
(115 vs. 267 AU/mL, P < 0.01), whereas the adjusted GMT of residents was comparable to that
of staff after the third dose (14 178 vs. 12 159 AU/mL, P = 0.63). However, 6 months later, the
adjusted GMT of residents was less than half that of staff (1645 vs. 4302 AU/mL, P < 0.01). In
residents, steroid users had a significantly lower adjusted GMT than did steroid nonusers.

Conclusions: The third dose of mRNA vaccine boosted the immune response of elderly
residents. However, their antibody titers, particularly in steroid users, were highly attenuated
6 months after the last vaccination. For this population, attention should be focused on addi-
tional vaccinations. Geriatr Gerontol Int 2025; 25: 588-597.

Keywords: antibody titer, booster dose, immunogenicity, long-term care facility, mRNA
COVID-19 vaccine.
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Immunity of COVID-19 vaccine in elderly residents

Introduction

During the COVID-19 pandemic, great efforts, including vaccina-
tion, were made to prevent infection and severe disease. One of
the most vulnerable populations was elderly nursing home resi-
dents, who faced a disproportionate risk of severe disease and
mortality from COVID-19.1? Therefore, under the vaccination
strategy in Japan, vaccination with the primary series (first and sec-
ond doses) and periodic booster doses, including vaccines with
updated strains adjusted for the variants of concern, were rec-
ommended for them. In Japan, the mRNA vaccines (BNT162b2
or mRNA-1273) were mainly used, and they had tolerable safety
and high efficacy against COVID-19 in randomized, controlled,
phase 3 trials.>*

As the pandemic subsides and transitions into the post-
pandemic phase,>® the vaccination strategy for COVID-19 has
changed. Since April 2024, the vaccination strategy in Japan has
been to provide only once-a-year vaccination for high-risk
populations such as elderly (65 years and older) persons and those
aged 60-64 years with underlying illnesses. However, sentinel sur-
veillance showed a bimodal peak in summer and winter in Japan,
and more than 80% of hospitalized patients due to COVID-19
were aged 60 years or older.” In addition, several studies have
shown that antibody titers wane over time after vaccination,®? and
some countries continue to vaccinate high-risk populations twice
a year.!®!! In order to consider future directions, including the
frequency and timing of vaccination, information regarding the
long-term immunogenicity of COVID-19 vaccines, especially for
high-risk populations, should be accumulated.

However, there is a scarcity of reports on longitudinal immu-
nity after vaccinations in residents of elderly care facilities, even
though they are a high-risk group for severe infections. Under-
standing the immunogenicity of booster doses, the extent of wan-
ing immunity over time, and how the waning differs according to
individuals’ characteristics will be crucial for the appropriate
scheduling and targeting of future booster vaccinations and when
considering COVID-19 management at these facilities. The pre-
sent study provides immunogenicity data up to 6 months after the
first booster dose of vaccination following the primary series of
vaccination in elderly residents compared with staff in geriatric
intermediate care facilities (GICFs). During the study period,
because the infection had not prevailed yet among the study par-
ticipants at the facilities, it was possible to examine the genuine
long-term immunogenicity of the vaccine itself. In addition, fur-
ther multivariate analysis in the present study using a linear mixed
effects model showed predictors of lower antibody titers at each
time point, taking into account the longitudinal changes of anti-
body titers.

Methods

Study design and participants

This prospective cohort study included residents and staff at nine
GICFs belonging to the Osaka Association of Geriatric Health Ser-
vice Facilities between March 2021 and September 2022. The res-
idents at these GICFs are elderly persons who do not require
hospitalization but are mentally or physically impaired.'? The eli-
gibility criteria for this study were as follows: (1) individuals who
received both the primary series and the third dose of COVID-19
mRNA vaccination; (2) individuals who could be followed for
more than six months; and (3) individuals who consented to
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participate in this study. Those with a history of contraindications
to the COVID-19 mRNA vaccination were excluded.

Data collection

At the time of recruitment, the staff were asked to fill out a ques-
tionnaire form using the medical records of residents with the fol-
lowing information: age, sex, height and body weight, underlying
diseases (e.g., hypertension, diabetes mellitus, etc.), prescription
drugs (steroids, anticancer drugs, etc.), and nursing care level.
These underlying diseases are known to increase individual risk of
severe illness from COVID-19.% As for nursing care level, the fol-
lowing five levels are allowed for admission to GICFs: care levels
1 and 2 (moderate disability), and care levels 3-5 (severe disability).
Elderly persons certified as care levels 3-5 require almost complete
assistance with activities of daily living,"*'* Staff themselves also
completed a self-administered questionnaire to collect similar
information other than nursing care level.

Vaccination

All vaccines used in this study were original strain vaccines. The
primary series of vaccinations was performed using BNT162b2
vaccine twice at about a 21-day interval between March 9, 2021
and July 16, 2021. The participants received the booster dose as
the third vaccination approximately 7 months after the second
vaccination, using either BNT162b2 or mRNA-1273 vaccine
according to availability at each facility. The timing of the third
dose varied among facilities, but the last vaccination was com-
pleted on March 25, 2022.

Serological assessment

Blood samples were collected at six time points: within 1 week
before the first vaccination (S0), 3 weeks after the first vaccination
(S1), 4 weeks after the second vaccination (S2), 6 months after the
second vaccination (S3), 4 weeks after the third vaccination (S4),
and 6 months after the third vaccination (SS). Antibody titers of
the anti-receptor-binding domain (anti-RBD) of the spike protein
of SARS-CoV-2 IgG and anti-SARS-CoV-2 nucleocapsid
protein IgG (anti-N) were measured in the collected blood sam-
ples. Anti-N titers were used to judge whether the participant had
already been infected during the study period by means of two
immunoassays for confirmation: Alinity i SARS-CoV-2 IgG
(Abbott Laboratories, Chicago, Illinois, USA) and Elecsys Anti-
SARS CoV-2 (Roche Diagnostics, Basel, Switzerland). If both
anti-N titers of the blood sample were above the cutoff (values of
>1.40 for Alinity i SARS-CoV-2 IgG and>1.0 for Elecsys
Anti-SARS CoV-2), the participant was considered to have
been previously infected.'>'® Anti-RBD titers were also measured
using two immunoassays for confirmation: AdviseDx SARS-
CoV-2 IgG II (ARCHITECT) (Abbott Laboratories [Abbott assay])
and Elecsys Anti-SARS CoV-2S (Roche Diagnostics [Roche
assay]).”’]x The quantitative range of the Abbott assay was 0.0-
40 000 AU/mL, and that of the Roche assay was 0.4-25 000 U/mL
in this study.

Statistical analysis

When comparing participants’ characteristics, values are presented
in summary form as percentages for categorical variables and as
medians and ranges for continuous variables. Differences between
categories were tested using Fisher’s exact test, the chi-squared
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test, or the Mantel-extension test for categorical variables and the
Wilcoxon rank-sum test for continuous variables.

The geometric mean antibody titer (GMT) and its 95% confi-
dence interval (95% CI) were used at each time point to assess the
change in anti-RBD antibody titers using the two assays. For data
processing, titers of less than 0.1 AU/mL were treated as 0.1 AU/
mL for the Abbott assay, and titers of less than 0.4 U/mL were
treated as 0.4 U/mL for the Roche assay, as in the previous
study.'” GMTs were compared between categories using the
Wilcoxon rank-sum test or the Kruskal-Wallis test. Sex-stratified
analyses were also performed for GMT for each age category.

A linear mixed effects model was used for multivariate analysis
to examine the independent effects of the following factors on
post-vaccination titers at each point: role in the facilities (staff or
resident), age category (<45, 45-59, 60-84, 285 years), sex, body
mass index (BMI) category (<18.5, 18.5-24.9, 225.0 kg/mz),
underlying diseases, and steroid use. Because there is expected to
be a strong correlation between the age of the participants and
their role, the variance inflation factor (VIF) was checked.
Although it is generally accepted that multicollinearity exists when
the VIF exceeds 10,%°2! the VIF calculated in this study was less
than 10. Antibody titers are expressed as the adjusted GMT
values, and the ratio of antibody titers to the reference category is
expressed as the ratio of the mean (RoM) and its 95% CL

A subgroup analysis limited to residents was also conducted to
examine the antibody titers by resident-specific characteristics.
The linear mixed effects model included age category (60-84,
>85 years), sex, BMI category, care level (low 1-2, high 3-5),
underlying diseases, and steroid use as explanatory variables.

All statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA), and significance was
set at P < 0.05.

Results

Study population and participants’ characteristics

A total of 259 individuals, including 172 staff and 87 residents,
were initially enrolled in the cohort. Of them, 88 were excluded
because one or more of the blood samples from SO to SS were not
available (n = 78), necessary information was missing (n = 2), or

Enrolled participants
N=259 (172 staff, 87 residents)

they were regarded as post-infection with SARS-CoV-2 according
to positive anti-N antibody levels (z = 8). Finally, the cohort for
the analysis included 171 individuals, including 117 staff and
54 residents (Fig. 1).

Table 1 shows the participants’ characteristics. The median
age of staff was 47 years (range, 20-78 years) and of residents was
89 years (range, 71-101 years), 43% of staff were under the age of
45 years, and 70% of residents were 85 years or older. Both staff
(62%) and residents (83%) were predominantly female. One-third
of residents were underweight (BMI <18.5 kg/m?), and one-third
of staff were overweight (BMI >25.0 kg/mZ)A Few staff and resi-
dents used steroids (3% of staff, 6% of residents).

Longitudinal changes in anti-RBD antibody titers in all
participants

Table 2 shows the change in anti-RBD antibody titers and 95%
Cls with the Abbott assay. For total participants, GMT increased
after the first and second vaccinations (421 AU/mL at S1 and
6024 AU/mL at S2) and decreased after 6 months (625 AU/mL at
S3), but increased considerably after the third vaccination
(17 723 AU/mL at S4), then decreased 6 months later (5311 AU/
mL at SS), with this latter level similar to that after the second
dose (S2). Until receiving the third dose, antibody titers in resi-
dents were significantly lower than those in staff, but after the
third dose (S4), the difference was no longer significant
(18 786 AU/mL in staff vs. 15623 AU/mL in residents). Six
months later, however, GMT was again significantly lower in resi-
dents (6525 AU/mL in staff vs. 3400 AU/mL in residents). In addi-
tion, GMT was significantly lower with older age, lower BMI,
underlying disease, and steroid use before receiving the third dose
(ST to S3), but there was no significant difference in GMT for
most categories after the third dose (S4). In the sex-stratified anal-
ysis, lower GMTs with older age were observed from S1 to S3
regardless of sex (Table S1).

With the Roche assay, the negative effects of residents, older
age, lower BMI, and underlying disease for antibody titers
remained at each point (Table S2). The sex-stratified analysis also
showed lower GMT trends with older age regardless of sex
(Table S3).

One or more of the blood samples
N from SO to S5 not available
N=78 (47 staff, 31 residents)

Blood samples from SO to S5
available
N=181 (125 staff, 56 residents)

Unable to confirm necessary information
N=2 (1 staff, 1 resident)
Infected during the study period*
N=8 (7 staff, 1 resident)

Eligible participants
N=171 (117 staff, 54 residents)

* Anti-N antibody titers above cutoff values for both Abbott and Roche assays
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Figure 1 Cohort development flow
diagram.
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Table 1 Characteristics of participants in the study facilities

Characteristic Overall Staff Residents P-value*
(n=171) (n=117) (n=>54)

Age (years), median (range) 55 (20-101) 47 (20-78) 89 (71-101) <0.01

Age category (years)

<45 50 (29) 50 (43) 0 (0)

45-59 49 (29) 49 (42) 0 (0)

60-84 34 (20) 18 (15) 16 (30)

>85 38 (22) 0 (0) 38 (70) <0.01
Sex

Male 54 (32) 45 (38) 9(17)

Female 117 (68) 72 (62) 45 (83) <0.01
BMI (kg/m?), median (range) 22.0 (13.1-38.6) 22.8 (14.8-38.6) 20.1 (13.1-31.3) <0.01
BMI category (kg/m?)

<18.5 21 (12) 6 (5) 15 (28)

18.5-24.9 111 (65) 78 (67) 33 (61)

225.0 39 (23) 33 (28) 6 (11) <0.01
Type of third vaccine

BNT162b2 109 (72) 86 (86) 23 (45)

mRNA-1273 42 (28) 14 (14) 28 (55) <0.01

Data missing 20 17 3
Underlying disease’

No 72 (42) 68 (58) 4(7)

Yes 99 (58) 49 (42) 50 (93) <0.01
Steroid use

No 165 (97) 114 (97) 51 (94)

Yes 6 (4) 3 (3) 3 (6) <0.01

*P-values were obtained using Fisher’s exact test, chi-squared test (variables with two categories), the Mantel-extension test (variables with three or

more categories), or the Wilcoxon rank-sum test (continuous variables).

THypertension, diabetes mellitus, heart disease, stroke, asthma, chronic obstructive pulmonary disease (COPD), kidney disease, and so on.

BMI, body mass index. Data are expressed as 7 (%) unless otherwise indicated.

Linear mixed effects model analysis to identify predictors
for anti-RBD antibody titers at each point

Table 3 shows the adjusted GMT, RoM, and its 95% CI with the
Abbott assay. Adjusted GMT was significantly lower for residents,
older age (especially 260 years age group), lower BMI, and steroid
use before receiving the third dose (S1 to S3), but there was no
significant difference in GMT after the third dose (S4). However,
6 months later, adjusted GMT was again significantly lower in res-
idents (4302 AU/mL in staff vs. 1645 AU/mL in residents; RoM
0.38) and steroid users (4340 AU/mL in nonusers vs. 1631 AU/
mL in users; RoM 0.38).

A similar trend was observed in the analysis with the Roche
assay (Table S4).

Immunogenicity after vaccinations only for residents

Table 4 shows the adjusted GMT, RoM, and its 95% CI with the
Abbott assay in residents. After the first vaccination (S1), adjusted
GMT was significantly lower for those aged 85 years and older
compared with those aged less than 84 years (RoM = 0.36), for
those in a higher care level compared with those in a lower care
level (RoM = 0.52), and for steroid users compared with nonusers
(RoM = 0.26). After the second dose, the significant difference
disappeared, but 6 months later with the third dose (SS), the
adjusted GMT was again significantly lower in steroid users
(RoM = 0.25).

A similar trend was observed in the analysis with the Roche
assay (Table S5).

© 2025 The Author(s). Geriatrics & Gerontology International

Discussion

The present results indicate that the antibody response to the
COVID-19 mRNA vaccine was lower in elderly residents than in
staff even after receiving the primary series of vaccinations, but the
third dose provided them with a similar level of antibody titers to
in the staff.

To date, elderly persons have been known to have lower anti-
body titers and less durability before receiving the third dose.?
Furthermore, in a study conducted in a Japanese long-term care
facility, residents were shown to have significantly lower antibody
titers than healthcare workers after the second dose.?> However, a
separate study of healthcare workers in Japan reported that anti-
body titers in elderly persons reached levels comparable to those
in younger adults after the third dose.?* Furthermore, a Canadian
study, which measured both IgG levels and neutralization activities
up to one month after the third dose, showed similar findings.*®
The present results are consistent with these previous reports and
suggest that third vaccine doses strongly improved vaccine immu-
nogenicity, even in elderly residents.

However, antibody titers did not persist up to 6 months after
the third vaccination in elderly residents. Similarly, in a study con-
ducted at long-term care facilities in the UK, the third dose vacci-
nation strongly increased the antibody response of elderly
residents, but antibody titers fell 21-78% within 100 days after the
third dose, and 27% of participants developed a breakthrough
Omicron variant infection.*® Another study of healthcare workers
showed a 25% decrease of antibody titers per 30 days after the
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Immunity of COVID-19 vaccine in elderly residents

third dose in both younger adults and those aged 40 years or
older.?” In addition, a study of healthcare workers evaluating the
antibody titers after the fifth and sixth booster doses reported
lower antibody titers more than six months after the last vaccina-
tion.?® These results, along with the present results, suggest that
antibody titers decrease over time since the last booster dose, and
the decay may be faster in the elderly population. Thus, some vul-
nerable populations such as elderly residents may need repeated
vaccinations to maintain their antibody levels.

In this study, of the characteristics examined other than role in
the facilities, steroid use was the only predictor of lower antibody
titers at 6 months after the third vaccination, especially for resi-
dents. A previous study reported that immunosuppressed
healthcare workers had 65% of the antibody titer compared with
those without immunosuppression at 6 months after the primary
series of vaccinations.”> Even 6 months after the third dose,
another study showed that the antibody titer was about 60% lower
with immunosuppression than without.”” The present findings
support the previous reports regarding the lower immunogenicity
and shorter durability of steroid users.

In the analysis limited to residents, higher care levels were
associated with lower antibody titers after the first vaccination, but
the negative association was no longer observed thereafter.
Though frailty has been reported to decrease the immune
response to pneumococcal or influenza vaccines,?**° some studies
of the COVID-19 mRNA vaccine have also reported that poor
performance status®' or a higher score on clinical frailty scale®? is
strongly associated with lower antibody titers up to 6 months after
the primary series of vaccinations. However, the latter studies, as
well as the present study, showed that the booster dose induced
an appropriate immune response even in such frail persons,
suggesting the benefit of the booster vaccination in these
individuals.

Since April 2024, Japan has initiated annual routine vaccina-
tion for elderly persons over 65 years old and those at risk of
severe COVID-19 infection. However, elderly residents or steroid
users may already have decreased antibody titers 6 months after
the last booster dose. Although there is no evidence regarding the
protective levels of antibody titers against infection or severe ill-
ness, this population may need to be vaccinated more frequently
than others and should be prioritized for future additional vacci-
nations. Further research on the disease burden of COVID-19
and trends of seroprevalence after annual vaccination, especially
in elderly facility residents or steroid users, is warranted in subse-
quent years.

This study has the following strengths: first, anti-N antibodies
were measured serologically, and potentially infected individuals
were excluded. This allowed us to evaluate pure vaccine-induced
changes in antibody titers in SARS-CoV-2 infection-naive individ-
uals. Second, the robustness of the results was confirmed by using
two different assays, Abbott and Roche,**** and the predictive
factors for lower antibody titers were almost the same with the
two assessments, which supports the validity of the present study
results.

However, there are several limitations in this study. First, the
study participants received only the monovalent vaccine with
the original strain. Because variant strains of concern have
emerged over time, vaccines with updated strains have been devel-
oped. Therefore, caution is needed for the generalizability of the
present results to vaccines against variant strains. Second, only
antibody titers were measured, without assessment of cellular
immunity to evaluate the immune response. According to the pre-
vious studies, T cell responses were significantly lower in individ-
uals aged >80 years than in younger individuals,® and steroid

© 2025 The Author(s). Geriatrics & Gerontology International

treatment was shown to suppress the T cell response to vaccina-
tion in patients with systemic autoimmune rheumatic disease.>® In
addition, a recent study reported that booster vaccination in older
adults over 65 years of age impaired memory T-cell activation,
while the B-cell response was induced at levels comparable to
those in younger adults.’” This suggests that additional vaccina-
tion may increase IgG antibody titers, and that even elderly indi-
viduals may have an adequate immune response. Third, the small
number of residents in this study may have resulted in some sig-
nificant factors related to the antibody response being missed. The
present study also excluded potentially infected participants dur-
ing the study period, to examine the longitudinal immunity of the
vaccine itself, so the clinical effectiveness of vaccination among
the study participants could not be assessed. Fourth, the sample
size was not sufficient for obtaining adequate data regarding the
infection rates or hospitalization rates after vaccinations among
the elderly residents, compared with those of the general
population.

In Japan, up to seven doses of the vaccine had been available
by the end of 2023, whereas the prevalence of infection reached as
high as 64.5% in March 2023.%® Therefore, it may be necessary to
consider whether the present study results, which showed the
immunogenicity up to 6 months after the third vaccination, could
be applied to those who received four or more vaccinations or
those who have already been infected. However, considering that
antibody titers decreased 6 months after the fifth or sixth vaccina-
tion among healthcare workers,”® antibody titers among elderly
residents or steroid users would also likely decrease at 6 months
even after the additional vaccination. Moreover, taken together
with the present results, the extent of waning immunity at
6 months after the last dose may be larger in elderly residents or
steroid users. Because vaccination coverage in Japan decreased
after the third dose, it may be important to remind these vulner-
able individuals about the need for periodic booster doses to
maintain their immunity.

Conclusion

The immune response of elderly residents was boosted by the
third COVID-19 mRNA vaccination. However, six months after
the last vaccination, antibody titers were significantly lower than
those of staff. Additional vaccinations are required for elderly resi-
dents, particularly for those who use steroids: this may help to
determine the priority for booster dose administration and the
appropriate timing of vaccination.
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