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Background: SARS-CoV-2 vaccination has started worldwide, including Japan. Although high rates of vac-
cine response and adverse reactions of BNT162b2 vaccine have been reported, knowledge about the rela-
tionship between sex differences and antibody response is limited. Furthermore, it is uncertain whether
adverse reactions are associated with the vaccine response.
Methods: This prospective observational study included 673 Japanese participants working in a medical
school and its affiliated hospital in Tokyo, Japan (UMIN000043340). Serum samples were collected before
the first dose and three weeks after the second dose of BNT162b2 vaccine, and antibody titers against the
receptor-binding domain of the spike protein of SARS-CoV-2 were measured. Answers to questionnaires
about background characteristics and adverse reactions were obtained at the time of sample collection,
and the relationship between antibody titers was analyzed.
Results: After excluding participants who did not complete receiving two doses of vaccination or two ser-
ies of serum sample collection, 646 participants were analyzed. Although all participants became sero-
positive after vaccination, antibody titers were highly variable among individuals (260.9–57,399.7A U/
mL), with a median titer of 13478.0AU/mL. Mean titer was higher in females than in males and higher
in young (�45 years old) participants than in aged (>45 years old) participants. Participants who experi-
enced adverse reactions demonstrated a higher antibody titer after vaccination than those without
adverse reactions. Multivariable analysis demonstrated that young age, female sex, and adverse reactions
after the second dose were independently related to higher antibody titers after the second dose.
Discussion: A favorable antibody response was observed after two doses of BNT162b2 vaccination among
mostly healthy Japanese participants, especially among female and young participants. Although further
investigation is essential, our results imply that the systemic adverse reactions (i.e., fever and general
fatigue) are associated with a higher antibody response that indicates the acquisition of humoral
immunity.
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1. Introduction

The coronavirus disease (COVID-19) pandemic continues to
affect the health of the global population, as well as the world
economy. Vaccination is the key method to combat the pandemic.
The Pfizer-BioNTech BNT162b2 mRNA severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccine is one of the newly
developed SARS-CoV-2 vaccines using the messenger RNA coding
spike protein of SARS-CoV-2 and has demonstrated dramatic effi-
cacy in clinical trials [1,2] and the real-world [3,4]. In Japan,
although the BNT162b2 vaccine was approved in February 2021,
the vaccination rate remains low after approval according to the
limited number of vaccines and human resources, as well as a poor
logistic system [5]. Therefore, only a few studies have been con-
ducted on vaccination responses in the Japanese population. It is
of considerable interest to study whether high vaccination efficacy
can be obtained in the Japanese population as observed relative to
other populations.

While the severity of COVID-19 is thought to be related to age,
sex, and obesity [6–8], it is uncertain whether these factors are also
related to vaccination responses. Furthermore, it has been reported
that the rate of adverse reactions is high after SARS-CoV-2 vaccina-
tion, including BNT162b2 vaccination [9]. However, the relation-
ship between immune responses to vaccination and adverse
reactions remains to be elucidated. Oyebanji et al reported the
relationship between post-vaccination reactions and high antibody
titers [10], while Hwang et al reported no association [11] and Held
et al demonstrated the relationship was weak [12]. Thus, larger
cohort studies are required to clarify the relationship between
immune responses following vaccination and the adverse effects
of vaccines. As the first step to explore vaccination efficacy and
adverse reactions, we focused on antibody responses in the early
phase after vaccination. Vaccination efficacy is represented by
the prevention rate for COVID-19, which results from humoral
immunity and cellular immunity acquired by vaccination. In addi-
tion, it is possible that some adverse reactions may be caused by
immune reactions related to vaccination. Antibody responses in
the early phase are expected to provide suggestive information
regarding efficacy and adverse reactions.

We conducted a prospective observational study to assess the
factors affecting antibody responses to BNT162b2 vaccination
and whether the occurrence of adverse reactions is associated with
antibody responses in the Japanese population. We hypothesized
that antibody responses to the BNT162b2 vaccination may be
related to age, sex and adverse reactions.
2. Material and methods

2.1. Study population

From February 16, 2021, to March 9, 2021, Japanese health care
workers and university staff of Keio University Shinanomachi Cam-
pus (Tokyo, Japan), who were vaccinated against SARS-CoV-2, were
recruited for the present study. The campus has a university hospi-
tal with 960 beds and a medical school. Before mass vaccination,
written informed consent was obtained from all participants. The
study design was approved by the ethics committee of the Keio
University School of Medicine (Project authorization No.
20200330). Mass vaccination was carried out using BNT162b2 vac-
cines (COMIRNATY� intramuscular injection, Pfizer, New York,
USA), which were stored and prepared according to the package
insert. Each person underwent two doses of vaccination, three
weeks apart.
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2.2. Sampling and measurement of antibody titers

Serial serum samples from each participant were collected, as
described below. The pre-vaccination samples were collected
before or on the same day as the first dose of vaccination. Post-
vaccination samples were collected between April 15 and April
28, 2021, approximately 3 weeks after the second dose. Immedi-
ately after sample collection, anti-SARS-CoV-2 spike protein S1
subunit receptor-binding domain (RBD) antibody titers were mea-
sured using SARS-CoV-2 IgG II Quant reagents (Abbott Laborato-
ries, Illinois, USA) and Alinity Analyzer i 1000SR (Abbott
Laboratories, Illinois, USA) according to the manufacturer’s instruc-
tions [13]. The manufacturer’s cut-off of the reagents is 50AU/mL.
2.3. Questionnaires

Answers to questionnaires were obtained from each participant
at the time of sampling. At the pre-vaccination sampling, an
inquiry into age, sex, height, body weight, use of systemic steroids
or other immunosuppressants, ongoing cancer chemotherapy, and
history of immunodeficiency, cancers, autoimmune diseases, dia-
betes, COVID-19, COVID-19-like illness, and close contact with
COVID-19 patients was made. At the post-vaccination sample col-
lection, the dates of the first and second doses of BNT162b2 vacci-
nation and adverse reactions after each vaccination were recorded.
Questions about adverse reactions were as follows: 1. Have you
experienced any symptoms feeling not well after vaccination?
(For participants who answered ‘‘yes” to the first question); 2.
Please select all the symptoms applicable for you from fever, gas-
trointestinal symptoms (nausea, vomiting, or diarrhea), local reac-
tions (ex. pain, swelling, reddishness), general fatigue, and others
(free description), and 3. According to the symptoms after vaccina-
tion, howmuch was your quality of daily living affected? (3 choices
displayed: not so much affected, somehow affected (ex. efficacy of
the job was reduced), and largely affected (ex. ill in bed)). At the
time of the second sample collection, participants were also able
to answer questionnaires on web forms a few days before sample
collection. The date of vaccination was validated according to the
description of BNT162b2 vaccination in participants’ medical
records, and the interval between the second dose of vaccination
and post-vaccination sample collection was calculated.
2.4. Statistical analysis

Participants who did not receive two series of vaccinations and
those who did not cooperate with pre- and post-vaccination sam-
ple collection were excluded from the statistical analysis set.

Summary statistics of the participants were constructed using
frequencies and proportions for categorical data, and mean and
standard deviation (SD) for continuous variables. We compared
the participant characteristics according to sex and age group
using Fisher’s exact test for categorical values and Student’s t-
test for continuous variables. Participants were divided into two
groups according to the age of 45 years (median age of overall par-
ticipants); the young group were 45 years or younger and the aged
group were older than 45 years. In addition, the association
between episodes of adverse reactions of the first and second doses
and participant characteristics were analyzed.

To determine the factors that affected the antibody response
after vaccination, antibody titers of the second sample were com-
pared according to patient characteristics such as sex, age group,
BMI, and history of COVID-19. Additionally, to investigate whether
adverse reactions were related to vaccination response, antibody
titers of post-vaccination samples were compared according to
the episode of adverse reactions after each dose.
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Finally, to identify factors independently associated with post-
vaccination antibody titers, analysis of covariance (ANCOVA) was
performed using the least-squares method. The model consisted
of five categorical values (sex, aged or young, history of COVID-
19, episode of adverse events after the first dose, and adverse
events after the second dose) and three continuous values (pre-
vaccination antibody titers, days after vaccination, BMI). All statis-
tical analyses were performed using JMP, version 15 and SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC, USA). Statistical
significance was set at p < 0.05.
3. Results

3.1. Study participants

Of the 673 health care workers and university staff included in
the present study, 23 participants who did not cooperate with
post-vaccination sample collection and four participants who did
not complete two doses of BNT162b2 vaccination were excluded
from the analysis. Finally, 646 participants were analyzed, of which
462 were female and 184 were male. Mean participant age was
45 years. Summary characteristics of the participants are pre-
sented in Table 1. Nine participants reported a history of COVID-
19. Antibody titers of pre-vaccination samples were
9.8 ± 106.1AU/mL (Supplement Fig. S1a).
3.2. Antibody titers of post-vaccination samples

After two doses of BNT162b2 vaccination, all the analyzed par-
ticipants became seropositive. The mean antibody titers were
15,463.9 ± 9,560.5 AU/mL (maximum: 57,399.7 AU/mL, minimum:
260.9 AU/mL) and median titers after the two doses were
13,478.0AU/mL (In quartile range: 8,482.8–20,560.0AU/mL).

Mean antibody titers were higher in female participants than in
male participants (16,272.0 ± 9,721.2AU/mL vs. 13,434.7 ±
8,849.0AU/mL, p < 0.001) and higher in young participants than
in aged participants (16,562.1 ± 9,745.1 AU/mL vs. 14,212.9 ±
9,203.1 AU/mL, p = 0.002) (Supplement Fig. S1b). Correlation anal-
ysis of age and post-vaccine antibody titer also demonstrated a
negative correlation (r = �0.157, p < 0.001, Pearson’s correlation
coefficient). However, no significant relationship were observed
between BMI and post- vaccine antibody titer (r = 0.063,
Table 1
Characteristics of the study participants.

All
n = 646

Male
n = 184

Age, years 44.1 ± 10.8 43.6 ± 11.
Male 184 (28.5) –
Female (%) 462 (71.5) –
BMI, kg/m2 23.4 ± 17.5 23.1 ± 3.0
Systemic steroid use 7 (1.1) 0 (0)
Other immunosuppressant use 11 (1.7) 1 (0.5)
Undergoing chemotherapy (%) 0 (0) 0 (0)
History of immunodeficiency (%) 1 (0.2) 1 (0.5)
History of malignancy (%) 12 (1.9) 3 (1.6)
History of autoimmune diseases (%) 17 (2.6) 1 (0.5)
History of diabetes (%) 4 (0.6) 1 (0.5)
History of COVID-19 (%) 9 (1.4) 3 (1.6)
History of COVID-19-like illness (%) 60 (9.3) 16 (8.7)
History of close contact with COVID-19 patients (%) 18 (2.8) 4 (2.2)
Interval between the 2nd dose of vaccination and

post-vaccination sample collection, days
21.2 ± 1.6 21.4 ± 1.8

BMI, body mass index; COVID-19, coronavirus disease
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p = 0.110, Pearson’s correlation coefficient) (Fig. 1). Participants
with COVID-19 history demonstrated higher antibody titers than
other participants (Table 2).
3.3. Adverse reactions

Of the total participants, 61.9% experienced adverse reactions
after the first dose, while 81.7% experienced adverse reactions after
the second dose (Table 3). The most common adverse reactions
after the first dose were local reactions, while almost the same
number of participants complained of local reactions, general fati-
gue, and fever after the second dose. Although one participant
answered that she had anaphylaxis after the first dose, she was
excluded from the analysis because she could not receive the sec-
ond dose according to the contraindications of the vaccine.
Younger age and female participants were likely to demonstrate
more adverse reactions, especially after the second dose. Partici-
pants with adverse reactions after the second dose demonstrated
approximately 1.5 times higher antibody titers than those without
adverse reactions (16,276.29 ± 9,802.80 AU/mL vs.
11,989.69 ± 7,891.74 AU/mL, p < 0.001). In addition, the partici-
pants who experienced systemic reactions such as fever and gen-
eral fatigue were likely to demonstrate higher antibody titers
(Table 4, Fig. S2).
3.4. Relation between age, sex, adverse reactions, and antibody
response

The ANCOVAmodel of eight variables demonstrated that female
sex (Adjusted least-squares mean difference 1,766.1 AU/mL (95%
CI; 915.1–2,617.1 AU/mL)), young age (1,331.5 AU/mL (95% CI;
579.3–2,083.8 AU/mL)), BMI (469.8 AU/mL (95% CI; 224.7 –714.8
AU/mL)), history of COVID-19 (6,052.4 AU/mL (95% CI; 633.4–
9,471.4 AU/mL)), and adverse reactions after the second dose
(2,107.1 AU/mL (95% CI;1,017.9– 3,196.3 AU/mL),were indepen-
dently related to a high antibody titer after two doses of vaccina-
tion (Fig. 2). Pre-vaccination antibody titer, and adverse events
after the first dose did not have statistically significant
relationships.
Female
n = 462

p value Young
(�45 y)
n = 344

Aged
(>45 y)
n = 302

p value

4 44.2 ± 10.6 0.470 – – –
– – 108 (31.4) 76 (25.2) 0.082
– – 236 (68.6) 226 (74.8)
21.4 ± 3.1 <0.001 21.3 ± 3.0 22.5 ± 3.2 <0.001
7 (1.5) 0.201 1 (0.3) 6 (0.2) 0.055
10 (2.2) 0.193 3 (0.9) 8 (2.7) 0.125
0 (0) – 0 (0) 0 (0) –
0 (0) 0.285 1 (0.3) 0 (0) 1.000
9 (2.0) 1.000 4 (1.2) 8 (2.7) 0.243
16 (0.4) 0.052 6 (1.7) 11 (3.6) 0.147
3 (0.7) 1.000 0 (0) 4 (1.3) 0.047
6 (1.3) 0.720 6 (1.7) 3 (1.0) 0.514
44 (9.5) 0.881 39 (11.3) 21 (7.0) 0.059
14 (3.0) 0.792 8 (2.3) 10 (3.3) 0.480
21.2 ± 1.6 0.082 21.3 ± 1.7 21.1 ± 1.5 0.126



Fig. 1. Relationship between age, body mass index and antibody titer after the second dose of vaccination. Scatter plots showing the correlation between age and
antibody titer, and the correlation between BMI and antibody titer. The red lines and shading represent the regression lines and 95% confidence intervals, respectively. BMI,
body mass index; r, Pearson’s correlation coefficient. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Table 2
Relationship between participant characteristics and vaccination responses.

Number of patients
(n = 646)

Antibody titer of post-vaccine samples, AU/mL
(mean ± SD)

Sex
Male 184 13,434.7 ± 8,849.0 p < 0.001
Female 462 16,272.0 ± 9,721.2

Age
Young (�45 y) 344 16,562.1 ± 9,745.1 p = 0.002
Aged (>45 y) 302 14,212.9 ± 9,203.1

Systemic steroid use
No 639 15,535.8 ± 9,533.2 p = 0.068
Yes 7 8,899.1 ± 10,549.4

Other immunosuppressant use
No 635 15,526.0 ± 9,459.6 p = 0.423
Yes 11 11,879.0 ± 14,417.2

History of immunodeficiency
No 645 15,472.6 ± 9,565.3 P = 0.555
Yes 1 9,815.8

History of malignancy
No 634 15,362.9 ± 9,377.5 P = 0.051
Yes 12 20,795.1 ± 16,356.6

History of autoimmune diseases
No 629 15,504.9 ± 9,521.6 P = 0.508
Yes 17 13,946.3 ± 11,124.2

History of diabetes
No 642 15,465.9 ± 9,574.9 P = 0.938
Yes 4 15,139.9 ± 7,651.7

History of COVID-19
No 636 15,350.8 ± 9,465.4 P = 0.051
Yes 9 24,644.5 ± 12,151.1

History of COVID-19-like illness
No 585 15,389.6 ± 9,563.2 P = 0.453
Yes 60 16,365.9 ± 9,548.4

History of close contact with COVID-19 patients
No 627 15,384.8 ± 9,527.5 P = 0.181
Yes 18 18,813.0 ± 10,321.5
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4. Discussion

The messenger RNA vaccine was put to practical use first in
SARS-CoV-2 vaccination, which demonstrated a high vaccination
response compared to other conventional forms of inactivated vac-
cines [2]. The robust response to BNT162b2 vaccine was also
observed in our study: All the participants became seropositive
after two doses of the vaccination, and the mean titer of the anti-
1022
bodies was higher than the highest titer of pre-vaccination samples
collected from the participants with COVID-19 histories (2,606.5
AU/mL). Therefore, according to our study results, the BNT162b2
vaccine was demonstrated to have sufficient immunogenicity
among mostly healthy Japanese populations.

In this study, participants with a history of COVID-19 had
higher antibody responses after vaccination than those without a
history of COVID-19, as was found in a previous study [14]. In addi-



Table 3
Relationship between participant characteristics and adverse reactions.

Adverse reactions after the 1st dose Adverse reactions after the 2nd dose

(�) (+) P value (�) (+) P value

Number of participants (%) 245 (38.1) 398 (61.9) 115 (18.3) 514 (81.7)
Age, years 44.3 ± 11.3 43.9 ± 10.5 0.619 46.9 ± 11.0 43.5 ± 10.7 0.001
Female sex (%) 157 (64.1) 303 (76.1) 0.001 65 (56.5) 384 (74.7) <0.001
BMI, kg/m2 21.8 ± 2.9 21.9 ± 3.3 0.698 22.2 ± 3.2 21.8 ± 3.1 0.211
Pre-vaccination antibody titer, AU/mL 5.5 ± 34.1 12.6 ± 132.5 0.409 9.5 ± 51.4 10.2 ± 116.4 0.951
Systemic steroid use (%) 2 (0.8) 5 (1.3) 0.714 0 (0) 6 (1.2) 0.598
Other immuno-suppressant use (%) 1 (0.4) 10 (2.5) 0.059 2 (1.7) 8 (1.6) 1.000
History of immunodeficiency (%) 0 (0) 1 (0.3) 1.000 0 (0) 1 (0.2) 1.000
History of malignancy (%) 6 (2.5) 6 (1.5) 0.388 3 (2.6) 9 (1.8) 0.467
History of autoimmune diseases (%) 5 (2.0) 12 (3.0) 0.615 2 (1.7) 14 (2.72) 0.749
History of diabetes (%) 2 (0.8) 2 (0.5) 0.638 1 (0.87) 3 (0.58) 0.555
History of COVID-19 (%) 3 (1.2) 6 (1.5) 1.000 3 (2.6) 6 (1.2) 0.213
History of COVID-19-like illness (%) 20 (8.2) 39 (9.8) 0.574 14 (12.3) 44 (8.6) 0.213
History of close contact with COVID-19 patients (%) 12 (4.9) 6 (1.5) 0.014 4 (3.5) 14 (2.7) 0.550

BMI, body mass index; COVID-19, coronavirus disease.

Table 4
Relationship between adverse reactions and vaccination responses.

Number of participants Antibody titer of post-vaccine samples, AU/mL (mean ± SD)

Adverse reactions after the first dose
All

No 245 14,727.2 ± 8,844.6 P = 0.119
Yes 398 15,941.2 ± 9,988.4

Local reactions
No 289 14,957.1 ± 9,150.2 p = 0.213
Yes 354 15,904.4 ± 9,909.3

General fatigue
No 506 15,243.8 ± 9,542.3 p = 0.233
Yes 137 16,346.1 ± 9,703.3

GI symptoms
No 623 15,527.3 ± 9,520.3 p = 0.473
Yes 20 13,963.4 ± 11,462.5

Fever
No 604 15,187.2 ± 9,270.8 P = 0.002
Yes 39 19,992.8 ± 12,820.5

Quality of daily living affected
Not so much 161 15,541.3 ± 10,365.4 P = 0.035
Some how 213 15,696.5 ± 9,204.0
Largely 23 21,178.2 ± 13,095.7

Adverse reactions after the second dose
All

No 115 11,989.7 ± 7,891.7 P < 0.001
Yes 514 16,726.3 ± 9,802.8

Local reactions
No 256 14,764.2 ± 9,043.0 P = 0.116
Yes 373 15,992.5 ± 9,978.7

General fatigue
No 240 13,629.5 ± 9,463.3 P < 0.001
Yes 389 16,642.0 ± 9,548.1

GI symptoms
No 582 15,359.8 ± 9,497.4 P = 0.224
Yes 47 17,136.8 ± 11,013.7

Fever
No 342 12,957.9 ± 8,285.6 P < 0.001
Yes 287 18,513.0 ± 10,244.3

Quality of daily living affected
Not so much 87 13,154.9 ± 8,424.5 P < 0.001
Some how 228 15,328.2 ± 9,138.4
Largely 199 18,727.2 ± 10,538.1

GI, gastrointestinal.
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tion, younger age and female sex were associated with higher anti-
body titers after vaccination compared to older aged and male par-
ticipants, respectively. Although it is unclear whether the antibody
titer is directly related to protective effects against SARS-CoV-2
infections because the antibody we measured did not guarantee
neutralization activity, it is reasonable to consider that a higher
1023
humoral response after exposure to the spike protein of SARS-
CoV-2 could occur in young and female populations. This is com-
patible with the findings of a previous study demonstrating that
aging decreased antibody response among COVID-19 patients
and the fact that aged people demonstrated weaker immunologic
responses in COVID-19 vaccine trials [2,15]. Although reports



Fig. 2. Covariate analysis of antibody titer after the second dose of vaccination in relation to the participant background and adverse reactions. The ANCOVA model of
eight variables was demonstrated. A dot and bar represented standardized partial regression coefficient b and 95% confidence interval for b. BMI, body mass index; COVID-19,
coronavirus disease.
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about sex differences according to vaccine response were limited,
Takahashi et al. demonstrated that more robust T cell activation
was observed in females than in males, which implies that a stron-
ger immune response could occur in females after exposure to
SARS-CoV-2 [16]. Additionally, Fink et al. demonstrated greater
TLR7 activation and antibody production in female mice after influ-
enza vaccination [17], which led to the understanding of higher
antibody responses in females after vaccination. Bauernfeind
et al. reported that antibody responses were higher in males, espe-
cially among those with severe adverse reactions [18]. However,
the number of analyzed vaccinee was limited after matching,
which might lead to the contrary results to our study.

Adverse reactions were observed in approximately 80% of par-
ticipants in our study, while severe allergic reactions were
observed in only one participant with anaphylaxis who was elim-
inated from the analysis. Young and female participants were
likely to complain of adverse reactions more frequently, which is
consistent with the findings of previous reports [2,19]. Similar to
previous reports [20], a higher frequency of adverse reactions,
except for anaphylaxis, was observed after the second dose than
after the first dose, supporting the hypothesis that adverse reac-
tions are partially related to acquired immunity after the first dose.
The fact that systemic reactions such as fever and general fatigue
were more common after the second dose than after the first dose
supports our hypothesis, although information on the antibody
titer immediately before the second dose is required to confirm
our hypothesis.

Thus, sex differences in the frequency of adverse reactions
might not be apparent after the first dose, but sex differences after
the second dose, according to a stronger immune response after
vaccination among females.

Interestingly, our study results demonstrated higher antibody
titers among the participants with adverse reactions after the sec-
ond dose, which was independently statistically significant after
multivariate analysis including age, sex, and BMI. This fact might
be useful information for those who had adverse reactions after
the BNT162b2 vaccine, because the adverse reactions after the sec-
ond dose might be a sign of a better response to vaccination.
According to our hypothesis about adverse reactions and acquired
immunity by the BNT162b2 vaccination, it is easy to explain why
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the relation to the antibody titer was not observed with the
adverse event after the first dose but was observed after the second
dose. Although further studies are essential to make a firm conclu-
sion, our new findings showing the association of higher antibody
responses with adverse reactions after the second dose suggest the
possibility that some adverse reactions such as fever and general
fatigue after vaccination may reflect acquisition of the immunity
against SARS-CoV-2. Therefore, the results might aid in promoting
COVID-19 vaccination to people even if they fear experiencing the
adverse reactions.

The present study had several limitations. First, the antibody
titers measured was not neutralizing antibodies, which are
directly related to protection against SARS-CoV-2 infections.
However, the epitope of the antibody our quantitative reagents
measured were the receptor-binding domain of the S1 subunit
of the spike protein; therefore, we might expect that our results
could be similar to that of the neutralizing antibody. Second, the
use of questionnaires could not avoid recall bias, although the
questionnaires were obtained within a few weeks after vaccina-
tion. Additionally, we did not use objective definition (for exam-
ple, defining fever as a body temperature higher than 37.5 �C) of
the symptoms of adverse reactions for participants when collect-
ing the questionnaire data, therefore the answer might be subjec-
tive. Third, data on cellular immunity are lacking, which have
important roles in natural infections [21]. Fourth, our participants
were university campus staff, and most of them were younger
than 65 years old, which is the retirement age of the university.
Therefore, it is uncertain whether people older than 65 years
demonstrate the same trends as those of our study. Fifth, most
of the participants in this study were Japanese. According to
the homogenous nature of the study population, the generaliz-
ability of the results might be limited due to the potential racial
or geographical differences in immune reactions. Finally, our
observations were limited to the antibody response after three
weeks of vaccination, which might be the peak of the antibody
response after exposure to SARS-CoV-2 components [22]. To
overcome these limitations, a longitudinal observation of the
cohort including cellular immunity and neutralization antibody
is essential, which are now ongoing in our study groups in addi-
tion to these preliminary results.
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5. Conclusions

In conclusion, an observational study of over 600 healthy Japa-
nese cohorts revealed sufficient antibody response after two doses
of BNT162b2 vaccination, which were related to younger age,
female sex, and adverse reactions after the second dose, suggesting
that adverse reactions after the second dose might reflect acquisi-
tion of the immunity.
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