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Abstract:
Objective We evaluated the change in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) anti-

body titers from three to six months after the administration of the BNT162b2 vaccine among healthcare

workers.

Methods A total of 337 healthcare workers who received 2 doses of the BNT162b2 vaccine were included

in this study. Factors associated with SARS-CoV-2 antibody titers at three and six months and the change in

SARS-CoV-2 antibody titers between three and six months after vaccine administration were analyzed using

a logistic regression analysis.

Results The SARS-CoV-2 antibody titer at 3 months was 4,812.1±3,762.9 AU/mL in all subjects and was

lower in older workers than in younger ones. The SARS-CoV-2 antibody titer at 6 months was 1,368.9±

1,412.3 AU/mL in all subjects. The SARS-CoV-2 antibody titers that were found to be high at three months

were also high at six months. The change in SARS-CoV-2 antibody titers from 3 to 6 months was -68.9%±

16.1%. The higher SARS-CoV-2 antibody titers at three months showed a more marked decrease from three

to six months than lower titers.

Conclusion This study demonstrates that SARS-CoV-2 antibody titers at three months decreased with age

and were associated with the antibody titers at six months and the change in titer from three to six months.

Older individuals in particular need to be aware of the declining SARS-CoV-2 antibody titers at six months

after the BNT162b2 vaccine. The results of this study may provide insight into COVID-19 vaccine booster

strategies.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has

had serious effects around the world. The BNT162b2

mRNA COVID-19 vaccine (Pfizer-BioNTech) confers high

protection against COVID-19 infection. The BNT162b2 vac-

cine was 95% effective in preventing COVID-19 occur-

rence (1). However, recently, breakthrough infections of

COVID-19 have been reported in vaccine recipients (2, 3).

A previous study reported concerns about reduced effective-

ness of the BNT162b2 vaccine for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) variants (4). The

BNT162b2 vaccine had high effectiveness against COVID-

19 infection and led to fewer hospital admissions for up to

six months (5, 6). However, breakthrough infections have

been correlated with SARS-CoV-2 antibody titers during the

peri-infection period (3). Therefore, a decline in antibody tit-

ers increases the risk of breakthrough infection. Further-

more, breakthrough infection is a concern in Japan, and the
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government of Japan is considering the administration of a

COVID-19 vaccine booster. We believe that understanding

the change in SARS-CoV-2 antibody titers after COVID-19

vaccine administration is important managing COVID-19

vaccine distribution.

In Japan, the COVID-19 vaccine was approved for health-

care workers before the general public. In this study, we

evaluated the change in SARS-CoV-2 antibody titers from

three to six months after the administration of the BNT162b

2 vaccine to healthcare workers.

Materials and Methods

In this study, we enrolled 337 healthcare workers in

Kamagaya General Hospital who received 2 doses of the

BNT162b2 mRNA COVID-19 vaccine in March and April

2021. SARS-CoV-2 antibody titers were measured at three

and six months after administration of the vaccine using the

SARS-CoV-2 IgG II Quant Reagent Kit (Abbott Japan, To-

kyo, Japan); a result of �50 AU/mL with this test is consid-

ered a positive result. This kit can quantitatively measure

immunoglobulin G (IgG) antibodies against the spike

receptor-binding domain of SARS-CoV-2 using the chemilu-

minescent microparticle immunoassay (CMIA) method.

There are several methods for testing COVID-19 antibody,

such as a CMIA, enzyme-linked Immunosorbent assay

(ELISA), and lateral flow immunoassay (LFIA). The CMIA

method has higher sensitivity and specificity than the ELISA

and LFIA (7).

We investigated factors associated with SARS-CoV-2 anti-

body titers at three and six months and the change in

SARS-CoV-2 antibody titers between three and six months

after vaccine administration.

Statistical analyses

A multivariate logistic regression analysis was performed

using variables with a p value <0.1 from the univariate lo-

gistic regression analysis. These variables included the age,

sex, body mass index (BMI), comorbidities of allergic and/

or collagen disease, current smoking habit, alcohol intake,

exercise habit, and side effects after vaccination. We also in-

cluded the SARS-CoV-2 antibody titers at three months as a

variable in the analyses at six months. A p value of <0.05

was considered significant.

Results

The baseline characteristics of the study subjects at base-

line were as follows: the mean age was 36.6±11.7 years,

and 71.8% participants were women, with a mean BMI of

22.4±3.4. Comorbidities were present in 9.2%, 11.6% were

current smokers, 13.1% had a daily alcohol intake 14.8%

exercised regularly, and 91.4% had side effects after the vac-

cine.

The SARS-CoV-2 antibody titer at 3 months was 4,812.1

±3,762.9 AU/mL in all subjects. The only significant factor

associated with SARS-CoV-2 antibody titers at 3 months

was age (p<0.001) (Table a). The SARS-CoV-2 antibody tit-

ers at three months were lower in older workers than in

younger ones. The SARS-CoV-2 antibody titer at 6 months

was 1,368.9±1,412.3 AU/mL in all subjects. The only sig-

nificant factor associated with SARS-CoV-2 antibody titers

at 6 months was the SARS-CoV-2 antibody titer at 3 months

(p<0.001) (Table b). The SARS-CoV-2 antibody titers that

were found to be high at three months were also high at six

months. Fig. 1 shows the SARS-CoV-2 antibody titer at 3

and 6 months in all subjects and all age groups (20-29, 30-

39, 40-49, and �50 years old).

The change in SARS-CoV-2 antibody titers from 3 to 6

months was -68.9±16.1%. The SARS-CoV-2 antibody titer

at 3 months was also significantly associated with the

change in SARS-CoV-2 antibody titers (p<0.001) (Table c).

Those with higher SARS-CoV-2 antibody titers at three

months showed a more marked decrease from three to six

months than others. Figs. 2 and 3 show the change in

SARS-CoV-2 antibody titers from 3 to 6 months by SARS-

CoV-2 antibody titers at 3 months groups using tertiles in all

subjects and age groups (20-29, 30-39, 40-49, and �50 years

old).

Discussion

This study is a report of the changes in SARS-CoV-2 an-

tibody titers from three to six months after administration of

the BNT162b2 vaccine in Japan. This study revealed that

the SARS-CoV-2 antibody titers at three months decreased

with age. In previous studies, the SARS-CoV-2 antibody tit-

ers at seven days after the administration of BNT162b2 vac-

cine were associated with age and sex (8). SARS-CoV-2 an-

tibody titers within two to five weeks after the BNT162b2

vaccine administration were associated with age, immuno-

suppressive medication, COVID-19 infection history, sex,

duration between doses, glucocorticoids, medication for al-

lergy, and alcohol habit (9). SARS-CoV-2 antibody titers at

three months after the BNT162b2 vaccine were associated

with age and smoking (10). Age is thus a common factor as-

sociated with SARS-CoV-2 antibody titer within three

months.

In a previous study, low neutralizing antibody titers were

associated with men, older individuals, and receiving im-

munosuppressive medication for over six months (11). In the

present study, SARS-CoV-2 antibody titers showed a rapid

decline from three to six months after receiving the COVID-

19 vaccine. The SARS-CoV-2 antibody titer at three months

was associated with the SARS-CoV-2 antibody titers at six

months as well as the change in SARS-CoV-2 antibody tit-

ers from three to six months. The SARS-CoV-2 antibody tit-

ers at six months in older people tended to be low, although

age was not a significant factor at six months, as shown in

Fig. 1. Furthermore, subjects with higher values of SARS-

CoV-2 antibody titers at three months were more likely to

have decreased values at six months, as shown in the Fig. 3.
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Table.　Factors Associated with (a) SARS-CoV-2 Antibody Titers at 3 Months, (b) 
SARS-CoV-2 Antibody Titers at 6 Months, and (c) the Change in SARS-CoV-2 Anti-
body Titers from 3 to 6 Months after Receiving the Vaccine.

(a)

Univariate analysis Multivariate analysis

Variables p value p value

Age <0.001 <0.001

Sex 0.667

Body mass index 0.599

Comorbidities of allergic and/or collagen disease 0.166

Current smoker 0.117

Daily alcohol intake 0.077 0.517

Exercise regularly 0.876

Side effects after the vaccine 0.320

(b)

Univariate analysis Multivariate analysis

Variables p value p value

Age <0.001 0.984

Sex 0.741

Body mass index 0.617

Comorbidities of allergic and/or collagen disease 0.640

Current smoker 0.167

Daily alcohol intake 0.200

Exercise regularly 0.489

Side effects after the vaccine 0.287

SARS-CoV-2 antibody titer at 3 months <0.001 <0.001

(c)

Univariate analysis Multivariate analysis

Variables p value p value

Age 0.376

Sex 0.061 0.068

Body mass index 0.440

Comorbidities of allergic and/or collagen disease 0.285

Current smoker 0.668

Daily alcohol intake 0.475

Exercise regularly 0.575

Side effects after the vaccine 0.705

SARS-CoV-2 antibody titer at 3 months <0.001 <0.001

We believe that even subjects with higher values of SARS-

CoV-2 antibody titers at three months need to be careful re-

ductions in their titers in the future.

Several limitations associated with the present study war-

rant mention. First, this study did not record SARS-CoV-2

antibody titers immediately after the BNT162b2 vaccine. In

previous studies, the SARS-CoV-2 antibody titers at 1-1.5

months gradually decreased over three months after the

BNT162b2 vaccine administration (12, 13). However, we

still believe that our results are useful, as we measured the

six-month data after the BNT162b2 vaccine for future stud-

ies. Second, this study did not evaluate the relationship be-

tween the SARS-CoV-2 antibody titer and prevention of

COVID-19 infection. The change in SARS-CoV-2 antibody

titers and neutralizing antibodies at 6 months was -86.8%

and -86.4%, respectively (14). We believe that the decrease

in SARS-CoV-2 antibody titers led to the decreased neutral-

izing antibody titers. Finally, the sample size was small, and

the study period was short. Therefore, further studies should

be performed to evaluate the relationship between the

SARS-CoV-2 antibody titer and prevention of COVID-19 in-

fection with larger samples sizes and a longer study period.

In conclusion, this study demonstrates that SARS-CoV-2

antibody titers at three months decreased with age and were

associated with antibody titers at six months and the change

in titer from three to six months. Increasing age has been

shown to be associated with mortality due to and recurrence

of COVID-19 infection (15, 16). Based on our results and
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Figure　1.　SARS-CoV-2 antibody titer at three and six months 
in all subjects and age groups (20-29, 30-39, 40-49, and ≥50 
years old). 

Figure　2.　Change in SARS-CoV-2 antibody titers from three 
to six months by SARS-CoV-2 antibody titers at three months 
using tertiles. 

Figure　3.　Change in SARS-CoV-2 antibody titers from three 
to six months in all subjects and age groups (20-29, 30-39, 40-
49, and ≥50 years old).  

these reports, older people in particular need to be aware of

declining SARS-CoV-2 antibody titers at six months after

the BNT162b2 vaccine. The results of this study may pro-

vide insight into COVID-19 vaccine booster strategies.

This study was approved by the independent ethics committee

of Kamagaya General Hospital (approval number: TGE01730-

064) and was undertaken following the principles of the Declara-

tion of Helsinki.

Informed consent was obtained from the patients after explain-

ing the study protocol.
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