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Dear Editor:

The older population is the main victim of the coronavirus disease 2019 (COVID-19) pandemic

[1]. Many studies have shown that residents at long-term care facilities (LTCF) have been greatly

affected by COVID-19 [2], indicating a requirement of a comprehensive strategy to protect the

elderly for normalization of social functions. Here, we aimed to assess the immune response after

a third-dose mRNA vaccine booster among older Japanese people. Our results suggest an

importance of antibody titter to establish a treatment priority in the vulnerable population.

To investigate the antibody titres against SARS-CoV-2 among older individuals, 23

facilities (12 day-care centres [DCC] and 11 LTCFs) responded to our call to participate. Each

participant received either two doses of BNT162b2 or mRNA-1273 vaccines at least six months

prior. For comparing the titres with those of younger generations, we collected data from the

nursing care staff at the DCCs and LTCFs. Additionally, our previous data of healthcare workers

was used [3]. Mokobio SARS-CoV-2 IgM & IgG Quantum Dot immunoassay (Mokobio

Biotechnology R&D Centre Inc., MD, USA) was used for the point-of-care fingertip whole blood

sampling test. In this study, we defined non-responders as those whose post-booster antibody

titres were less than 1,000 U/mL at any test time after vaccination (<3 months). This was based

on neutralizing activity against the wild-type virus and immune evasion of the Omicron variant

as explained in our previous literature [3]. Post-booster antibody titres were analysed by
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stratifying according to age, sex, living status, and vaccine type. A logistic regression model was

used for the multivariate analysis. The institutional review board of Okayama University Hospital

approved this study (No. 2112-044), and written informed consent was obtained from all the

participants.

Data of 1,046 older adults were eligible for the analysis. The median age of the population

was 86 years, with a female predominance (66.3%). Among the participants, 67.2% resided at

LTCFs. The proportion of receiving vaccine boosters after two doses of BNT162b2 (59.2%) was

higher than that of mRNA-1273 (40.2%) vaccine administration. Then, we incorporated data of

nursing care staff working at DCCs and LTCFs, and the healthcare workers at hospitals to

demonstrate the distribution of post-booster antibody titres by age as compared with COVID-19

survivors at the facility with the cluster [3]. Of the 1,771 people, we excluded those examined 1

to 9 days after the booster dose (N=415), and a total of 1,356 individuals were analysed.

Antibody titres were widely distributed in each age group (Fig. 1). The invalid (too high

for measurement) testing rate was over 10% in those aged <60 years. With age, it decreased to

5.4% in septuagenarians, 4.7% in octogenarians, and 3.2% in nonagenarians. Based on the finding,

we regarded those with antibody titres less than 250 U/mL as poor responders, which corresponds

to two-fold the LD50 concentration level in vitro. The number and proportion of non-responders

increased with age: 2 (0.9%) septuagenarians, 23 (5.4%) octogenarians, and 29 (9.4%)
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nonagenarians. Moreover, the antibody titers of COVID-19 survivors one month after the cluster

event was apparently higher than those after the post third-dose vaccination. Despite the

extremely high age of these groups (median ages of those two times-vaccinated and three times-

vaccinated were 86.5 years and 88 years, respectively), the invalid testing rates were 39.3% and

47.1%, respectively, and no non-responders were detected.

Further, we investigated the explanatory factors for third-dose vaccine responsiveness

among the older population (Table 1). To exclude data derived from those shortly after the booster

vaccination, we included only data from 10 days after vaccination (N=982). The proportions of

responders aged <70 years (81.4%), 70-79 years (septuagenarians, 80.5%), 80-89 years

(octogenarians, 72.7%), and >90 years (over nonagenarians, 66.3%) decreased with age.

Univariate analysis suggested that men, commuters to DCC, and 250 days after the booster were

significantly associated with the vaccine responsiveness. A result of the multivariate analysis did

not show significant differences in age group, sex, and living status; while, the third-dose

vaccination with mRNA-1273 was associated with a significantly higher response rate than

BNT162b2 (75.8% vs. 70.6%: odds ratio [95% CI]; 1.37 [1.00 — 1.89]). In comparison with the

group of the 10-19 days period, the vaccine response rate in those with a longer period after

vaccination (250 days) was significantly lower (77.2% vs. 63.0%: odds ratio [95% CI]; 0.55 [0.33

-0.92])
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Older people are at increased risk of developing severe COVID-19. According to a

population-based seroprevalence study in Switzerland, the fatality risk for those aged >65 years

was approximately 5.6%, significantly higher than that of the younger generation (<0.001%) aged

under 50 years [4]. In the United States, the number of deaths among people aged > 65 years is

presumably 97 times higher than that among people aged 18-29 years [5]. This can be explained

by immunosenescence and multimorbidity of underlying diseases among the elderly [6, 7]. People

age not only physically but also immunologically, and they lose the capability to respond to

foreign antigens [6]. Experts in immune aging indicate that the oldest old (nonagenarians and

centenarians) population can be classified into high-performing and low-performing individuals

based on genetic variants that advantageously function for healthy aging [8, 9]. Notably, there

were apparent non-responders to the third booster, although the multivariate analysis indicated

that age was not associated with vaccine response rate. This may be explained by the low-

performing properties of these individuals. Our data suggested mRNA-1273 booster was

significantly associated with the vaccine responders. Consistently, a randomized control study

concluded that, in comparison with BNT123b2, mRNA-1273 booster vaccination can trigger a

stronger neutralizing activity against the Omicron variant in older people [10].

Collectively, to reduce the number of COVID-19 victims among the older people, the

establishment of a triage system for non-responders against vaccination is warranted. The
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fingertip whole blood sampling test as a point-of-care testing was useful to identify the non-

responder individuals in LTCF. Henceforward, serological testing protocols and an elderly-

oriented booster schedule should be discussed to lessen the clinical burden of the disease and

facilitate social normalization.

Acknowledgements: We would like to thank all the staff at the day-care centres and long-term

care facilities who contributed to data sampling.

Author Contribution

HH and MN conceived and designed the study; HH, TH, and MN were responsible for blood

sampling; HH performed the statistical analysis and documented the manuscript; TY, ST, and FO

supervised the study; all authors interpreted the results, critiqued the manuscript, and gave final

approval to the submitted manuscript.

Data Availability Statement

Data in detail will be available if requested to the corresponding author.

Competing interests: None to report.

Declaration: This manuscript has not been published previously in any language, in whole or in

part, and is not currently under consideration elsewhere. We have read and understood your

journal’s policies and believe that neither the manuscript nor the study violates any of them.



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

Funding: This research was conducted as part of "Covid-19 Al & Simulation Project”" run by

Mitsubishi Research Institute commissioned by Cabinet Secretariat.

References

1.

Liu K, Chen Y, Lin R, Han K. Clinical features of COVID-19 in elderly patients: A

comparison with young and middle-aged patients. J Infect. 2020;80:e14-e18. https://doi:

10.1016/j.jinf.2020.03.005.

McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG, et al.

Epidemiology of Covid-19 in a long-term care facility in King County, Washington. N Engl

J Med. 2020;382:2005-11. https://doi.org/10.1056/NEJM0a2005412.

Hagiya H, Nakano Y, Furukawa M, Sunada N, Hasegawa T, Sakurada Y et al. Early-stage

antibody kinetics after the third dose of BNT162b2 mRNA COVID-19 vaccination

measured by a point-of-care fingertip whole blood testing. Res Sq.

https://assets.researchsquare.com/files/rs-1557956/v1/2¢ce6303d-a7e6-469c-a53e-

c41be27{0e82.pdf?c=1650471039; 2022.

Perez-Saez J, Lauer SA, Kaiser L, Regard S, Delaporte E, Guessous I, et al. Serology-

informed estimates of SARS-CoV-2 infection fatality risk in Geneva, Switzerland. Lancet

Infect Dis. 2021;21:¢69-70. https://doi.org/10.1016/S1473-3099(20)30584-3.



about:blank
about:blank

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

5.

10.

Centers for Disease Control and Prevention. Demographic Trends of COVID-19 cases and

deaths in the US reported to CDC. https://covid.cdc.gov/covid-data-tracker/#demographics

[accessed 13 May 2022]

Aiello A, Farzaneh F, Candore G, Caruso C, Davinelli S, Gambino CM, et al.

Immunosenescence and its hallmarks: How to oppose aging strategically? A review of

potential options for therapeutic intervention. Front Immunol. 2019;10:2247.

https://doi.org/10.3389/fimmu.2019.02247.

Akbar AN, Gilroy DW. Aging immunity may exacerbate COVID-19. Science.

2020;369:256—7. https://doi.org/10.1126/science.abb0762.

Tedone E, Huang E, O’Hara R, Batten K, Ludlow AT, Lai TP, et al. Telomere length and

telomerase activity in T cells are biomarkers of high-performing centenarians. Aging Cell.

2019;18:e12859. https://doi.org/10.1111/acel.12859.

Lio D, Scola L, Giarratana RM, Candore G, Colonna-Romano G, Caruso C, et al. SARS

CoV2 infection _The longevity study perspectives. Ageing Res Rev. 2021;67:101299.

https://doi.org/10.1016/j.arr.2021.101299.

Poh XY, Tan CW, Lee IR, Chavatte JM, Fong SW, Prince T, et al. Antibody response of

heterologous vs homologous mRNA vaccine boosters against the SARS-CoV-2 omicron

variant: Interim results from the PRIBIVAC study, A randomized clinical trial. Clin Infect


about:blank
about:blank
about:blank
about:blank

127

128

129

130

131

132

133

134

135

136

137

Dis. 2022:ciac345. https://doi.org/10.1093/cid/ciac345.

Figure legend

Fig. 1. Distribution of post-third-dose antibody titres of 1,356 individuals in comparison

with COVID-19 survivors

Antibody data of healthcare workers, nursing care staff, and older people examined 10 days or

after the vaccine booster was administered. In addition, the antibody titres of COVID-19 survivors

who were infected in a cluster event at a long-term care facility were provided by vaccination

doses. The lowest values in each younger age group were 317.9 U/mL in <30 years; 392.3 U/mL,

30-39 years; 320.7 U/mL, 40—49 years; 258.5 U/mL, 50-59 years; and, 284.6 U/mL, 60—69 years.
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