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Background: Antibody levels decrease substantially at 6 months after the BNT162b2 vaccine. The factors
influencing titer of antibodies against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
among healthcare workers for coronavirus disease 2019 (COVID-19) is unclear.
Methods: We conducted a 6-month longitudinal prospective study in Japanese healthcare workers in a
tertiary care hospital for COVID-19. Participants in the study were tested for the presence of anti-spike
protein (SP) IgG antibodies before and at 1 and 6 months after the last vaccination dose.
Results: Among 1076 healthcare workers, 794 received the vaccine, and 469 entered the study. Five were
infected with SARS-CoV-2 (none among COVID-19 section workers) by the end of the study and 451 par-
ticipants were finally analyzed (mean age, 42.5 years; 27.3 % male; 18.8 % COVID-19 section workers).
Median SP IgG index values were 0.0, 44.4, and 5.5 before and at 1 and 6 months after the last dose,
respectively. Regression analysis revealed a negative correlation of SP IgG antibody levels with age
(P < 0.0001), and higher levels in COVID-19 section workers (P = 0.0185) and in females (P = 0.0201).
Conclusion: In healthcare workers at a COVID-19 hospital, IgG antibody titer was substantially lower at
6 months after receipt of the last dose of the BNT162b2 vaccine compared with that 1 month after the
last dose, but was better preserved among younger participants, COVID-19 section workers and females.
� 2022 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction Despite the high effectiveness of the vaccine, antibodies to sev-
Coronavirus disease 2019 (COVID-19) is a newly emerged dis-
ease that has affected many countries [1,2]. In Japan, vaccination
against COVID-19 began in March 2021, using the BNT162b2
(Pfizer-BioNTech) messenger RNA (mRNA) vaccine [3,4]. First pri-
ority was given to healthcare workers and persons aged
�65 years. Approximately 77 % of the Japanese population had
received at least one vaccine dose by the end of this study, 30
November 2021 [5].
ere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
induced by the BNT162b2 vaccine decrease substantially over
6 months, particularly among men, those aged >65 years, and per-
sons with immunosuppression [6]. Despite the rapid decline in
humoral response, protection against hospitalization and death is
reported to persist for 6 months after the second dose [7]. How-
ever, the potential factors that influence levels of antibodies to
SARS-CoV-2 virus in healthcare workers is not fully understood.
We prospectively examined antibody levels in healthcare workers
at a tertiary care hospital for COVID-19 at six months after receiv-
ing the last dose of the BNT162b2 vaccine.
2. Subjects and methods

2.1. Participants

Participants were recruited in March 2021 from among 1076
healthcare workers at the Saitama Cardiovascular and Respiratory
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Center. Of the 794 workers (73.8 %) who had received at least one
dose of BNT162b2 vaccine between March 2021 and May 2021,
469 gave informed consent to participate in the study, and a final
total of 451 were eligible for inclusion in analysis at 6 months after
the last dose (Fig. 1). The booster vaccination had not been started
by the end of this study in our hospital. Between 11 February 2020
and 30 November 2021, 851 patients with COVID-19 were admit-
ted to our 342-bed hospital, which includes 76 beds for COVID-19
patients.

2.2. Methods

The study was approved by the ethics committee of Saitama
Cardiovascular and Respiratory Center (IRB No. 2020053) and car-
ried out in accordance with the principles of the Declaration of Hel-
sinki. We conducted a prospective longitudinal cohort study. Study
recruitment including its purpose and design was announced on
hospital notice boards and participants visited a study room and
provided informed consent prior to blood sampling. Blood samples
were collected before receipt of the first vaccine dose and at one
month (±3 days) and 6 months (±14 days) after the last dose. The
entry criterion for antibody analysis was no SARS-CoV-2 infection
before or during the observation period, which was defined as neg-
ative anti-spike protein IgG (SP IgG) before vaccination and nega-
tive anti-nucleocapsid IgG (NP IgG) at the time of blood sampling
6 months after the last dose. Individuals who tested positive to
SARS-CoV-2 by polymerase chain reaction (PCR) during the follow
up period were also excluded from the analysis. All participants
completed a check sheet (age, sex, comorbidities, and allergic his-
tory) at the time of the first blood sampling and were asked to
record any side effects (temperature, local pain, high blood pres-
sure, redness, fatigue, arthralgia, or any symptoms) in a follow-
up sheet for two weeks after each dose.
Fig. 1. Flow chart of recruitment of participants and classification. Abbreviations: PC
immunoglobulin; COVID-19, coronavirus disease 19.
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2.3. IgG antibodies for SARS-CoV-2 with AIA-CL1200

Index values of SARS-CoV-2 SP and NP IgG were measured using
commercial CLEIA reagents (CL AIA-PACK anti-SARS-COV-2-SP-IgG
and CL AIA-PACK anti-SARS-COV-2-NP-IgG, TOSOH Corp., Tokyo,
Japan). Previous validations of these reagents have shown to have
high sensitivity and specificity [8]. The cut off values for SP IgG and
NP IgG were both 1.0, according the manufacturer’s instructions.
SP IgG index values have been reported to correlate with 50 % neu-
tralizing titer (NT50) values [9].

2.4. Statistical analysis

Data are expressed as the median (range) or mean (standard
deviation, SD). The values of different groups were compared by
the Mann-Whitney U test for two groups or the Kruskal-Wallis test
followed by Dunn’s test for three or more groups. Paired data
before and after vaccination were compared by Friedman test. Cat-
egorical data were compared using Fisher’s exact test. A multivari-
able regression model was used to examine the association
between the variables and SP IgG index values. P < 0.05 was con-
sidered statistically significant. JMP Ver. 13, (SAS Institute Japan
Ltd., Tokyo, Japan) and Prism 9.3 (GraphPad Software, San Diego,
CA, USA) were used for statistical analyses.

3. Results

The characteristics of the participants are shown in Fig. 1 and
Table 1. Thirteen participants dropped out of the study by
6 months, and five were excluded from analysis due to evidence
of SARS-CoV-2 infection before or during the study period, all of
whom were non-COVID-19 section workers that were asymp-
tomatic or had only mild symptoms. Among the 451 participants
R, polymerase chain reaction; SP, spike protein; NP, nucleocapsid protein; IgG,
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analyzed, 85 (18.8 %) were COVID-19 section workers. The COVID-
19 areas were separated from non-COVID-19 areas by different
wards and different rest areas. The stuffs of the original wards that
had changed to COVID-19 wards were assigned to COVID-19 sec-
tion workers with regular rotation. All stuffs who had worked in
COVID-19 area were designated as COVID-19 section workers. Dur-
ing the period from the admission of the first COVID-19 patient to
our hospital until the end of the study, no COVID-19 section
worker was infected with COVID-19.

The median SP IgG index values (range) were 0.0 (0.0–0.3)
before vaccination, 44.4 (0.8–202.2) one month after the last dose,
and 5.5 (0.1–53.2) 6 months after the last dose (Fig. 2).
Table 1
Participant characteristics.

Participants, (n) 451
Sex, male, n (%) 123 (27.3 %)
Age, mean, SD 42.5, 12.0
COVID-19 section worker, n (%) 85 (18.8 %)
Received second dose, n (%) 448 (99.3 %)
Comorbidities, n (%) 71 (15.7 %)
Allergic history, n (%) 65 (14.4 %)

Abbreviations: SD, standard deviation; COVID-19,
coronavirus disease 2019.

Fig. 2. SP IgG index titers before and at 1 and 6 months after the last dose of
BNT162b2 vaccine. Before vaccination, SP IgG titers of all subjects were below the
threshold (index 1.0). The index titers below detection limit are designated as 0.01
in the figure. Abbreviations: SP, spike protein; IgG, immunoglobulin.

Table 2
Index SP-IgG titer values according to participant background and side effects of vaccinat

Yes n

COVID-19 section worker 7.5 (0.7–53.2) 85
Arthralgia, myalgia 6 (0.1–53.2) 210
Local pain 5.8 (0.1–53.2) 361
Sex, male 4.6 (0.2–28.3) 123
Received second dose 5.5 (0.2–53.2) 448
Fever 7 (1.4–52) 80
Induration 6.35 (1.9–30.7) 84
Comorbidities 4.9 (0.2–28.1) 71
General malaise 5.8 (0.1–53.2) 253
Redness 6.6 (0.1–26.4) 63
Headache 5.9 (1–30.9) 110
Diarrhea, nausea 6.05 (1.5–14.6) 48
Allergic history 5.6 (0.5–30.9) 65
Numbness 5.3 (1.3–22.9) 29

Abbreviations: SP, spike protein; IgG, immunoglobulin; COVID-19, coronavirus disease 2
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The relationships between SP IgG index values and background
conditions and side effects of vaccination are shown in Table 2.
Simple analyses showed that COVID-19 section worker, arthral-
gia/myalgia, female sex, fever, induration, comorbidities, and gen-
eral malaise were associated with higher SP IgG antibody titer at
6 months after vaccination. Levels of SP IgG antibody differed
according to age group and sex (Fig. 3). Male participants in their
50 s and 60 s had lower SP IgG antibody levels than males in their
20 s. There was no significant difference in IgG antibody levels
among the female age groups. SP IgG antibody level differed
according to area of work in the hospital (Fig. 4), with the median
index value 1.42 times higher in workers in the COVID-19 section
compared with workers in the non-COVID-19 section (7.5 vs 5.3,
P = 0.0003).

There was a difference between the COVID-19 section workers
and non-COVID-19 section workers in male percentages (16.5 %
vs 29.7 %, respectively, P = 0.0146), but not in ages (mean 41.1 years
vs 42.8 years, respectively, NS).

In the regression analysis, younger age (P < 0.0001), COVID-19
section worker (P = 0.0185) and female sex (P = 0.0201) were inde-
pendently associated with higher SP IgG titer (Table 3).
4. Discussion

This prospective observational study of healthcare workers in a
tertiary hospital for COVID-19 found a significant decrease in SP
IgG antibody levels at 6 months after receipt of the last dose of
BNT162b2 vaccine. Antibody titer was associated with age, sex,
comorbidities, reactions after vaccination, and working in a
COVID-19 area. In particular, COVID-19 section workers had signif-
icantly higher SP IgG antibody titers than non-COVID-19 section
workers. Furthermore, COVID-19 section workers did not record
a single event of SARS-CoV-2 infection during the study period.
The results of this study indicate the factors influencing antibody
levels 6 months after vaccination and are encouraging for health-
care workers that may be repeatedly exposed to COVID-19 positive
patients.

Neutralizing antibodies are considered to correlate with protec-
tion [10,11]. The CL-AIA SP IgG index value used in this study has
been reported to correlate with neutralizing activities for SARS-
CoV-2 [9]. In a previous study, subjects with an SP IgG index value
greater than 10 had high enough NT50 values [9]. In the present
study, 19.1 % of participants had an index value of SP IgG greater
than 10 at 6 months after the last dose. Of note, it has been
reported that effectiveness against any SARS-CoV-2 infection was
approximately 20 % in months 5–7 after the second dose of
BNT162b2 [7].
ion.

no n P value

5.3 (0.1–45) 366 0.0003
5.1 (0.2–30.7) 202 0.0014
4.5 (0.2–23.2) 57 0.0014
5.8 (0.1–53.2) 328 0.0015
0.5 (0.1–2) 3 0.0048
5.3 (0.1–53.2) 337 0.0054
5.35 (0.1–53.2) 334 0.0116
5.8 (0.1–53.2) 379 0.0307
5.1 (0.2–45) 161 0.0344
5.4 (0.2–53.2) 350 0.277
5.4 (0.1–53.2) 305 0.4908
5.4 (0.1–52) 365 0.5281
5.5 (0.1–53.2) 386 0.5605
5.5 (0.1–53.2) 385 0.7041

019.



Fig. 3. Distribution of SP IgG index titers at 6 months after the last dose of
BNT162b2 vaccine. The horizontal lines indicate median values, shown according to
sex and decade of age. The difference in medians as a whole was tested by the
Kruskal-Wallis test, and the differences between groups were tested by Dunn’s test.
Abbreviations: SP, spike protein; IgG, immunoglobulin; F, female; M, male.

Fig. 4. SP IgG index titers in COVID-19 section workers and in non-COVID-19
section workers at 6 months after the last dose of BNT162b2 vaccine. The horizontal
lines indicate median values. Abbreviations: SP, spike protein; IgG, immunoglob-
ulin; COVID-19, coronavirus disease 2019.

Table 3
Regression analysis for SP-IgG antibodies.

Variable coefficient SD t value P value

Received second dose 0.6654 0.1083 6.14 <0.0001
Age �0.0069 0.0014 �5.17 <0.0001
COVID-19 section worker, no �0.0452 0.0192 �2.37 0.0185
Sex, male �0.0413 0.0177 �2.33 0.0201
Arthralgia, no �0.0295 0.0165 �1.79 0.0747
Induration, no �0.0346 0.0207 �1.67 0.0952
Fever, no �0.0319 0.0198 �1.61 0.1075
Headache, no 0.0291 0.0181 1.61 0.1082
Pain, no �0.0369 0.0235 �1.57 0.1169
General malaise, no �0.0235 0.0175 �1.34 0.1798
Diarrhea, nausea, no 0.0233 0.0245 0.95 0.3441
Allergic history, no �0.0133 0.0219 �0.61 0.5411
Numbness, no 0.0084 0.0302 0.28 0.7782
Redness, no 0.0015 0.0228 0.07 0.9482
Comorbidity, no �0.0007 0.0217 �0.03 0.9728

Abbreviations: SP, spike protein; IgG, immunoglobulin; COVID-19, coronavirus
disease 2019.
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We analyzed the association of SP IgG level with age, sex,
comorbidities, side effects after vaccination, and history of working
in the COVID-19 section. We found that antibody levels were
higher in women than in men and decreased with age, as reported
previously [6,12,13]. It would be important to note that young
males showed similar antibody responses as females. It suggests
that the men’s lifestyle or sex hormones may affect antibody
response later in their life. In addition, univariable analysis
revealed that being a COVID-19 section worker, comorbidity, and
side effects after vaccination (arthralgia/myalgia, fever, induration,
or general malaise) were associated with high SP IgG antibody
titer. After regression analysis, a factor of working in the COVID-
19 section was more highly associated with high antibody titer
than was sex. However, the effect of male percentages should
partly influence the result of univariate analysis of COVID-19 sec-
tion workers. The effect of reactions after vaccination has not been
clarified. Significant symptoms after vaccination have been associ-
ated with high antibody titer [14]; however, another study showed
no correlation between vaccine-associated symptoms and vaccine-
induced antibody titers [15]. We previously reported that local
pain was significantly related to antibody titer at 1 month after
vaccination even after regression analysis [16]. However, there is
limited evidence regarding the variables associated with antibody
titer at 6 months after vaccination.

During the period of medical service for COVID-19, from Febru-
ary 2020 to the end of this study 30 November 2021, 5 (0.46 %)
hospital staffs were infected with SARS-CoV-2 which was
approximately-one-third of the rate in the surrounding commu-
nity (1.58 %; cumulative 115,839 COVID-19 patients per
7,342,262 population in Saitama prefecture) [17]. In the first vacci-
nation campaign between March and May 2021, 794 (73.8 %) staff
had been vaccinated and the final vaccination rate at our hospital
by 30 November 2021 was �90 %. All infected staff either had mild
disease or were asymptomatic. According to an American study,
15 % of healthcare workers were vaccine hesitant [18]. Previous
studies from the UK reported that patient-facing healthcare work-
ers had increased risk of admission with COVID-19 [19], and that
healthcare workers were at high risk of COVID-19, 38 % of whom
were asymptomatic [20]. Low infection rate with SARS-CoV-2 in
our hospital could be attributed to a number of factors besides high
vaccination rate, for example, improved access to personal protec-
tive equipment (PPE), higher awareness of potential COVID-19
exposure, and immunity from repeated subclinical exposure.

There are several limitations of this study that should be noted.
First, the study size is relatively moderate so that it might not be
enough to detect other meaningful covariables. Second, it was con-
ducted in healthy workers and does not represent the general pop-
ulation. More data are required in the elderly and younger
populations. Finally, we tested only IgG antibody against the spike
protein, and other isotype antibodies or antigen-specific T cells
were not evaluated. Therefore, the results of this study represent
only a part of immune mechanisms induced by vaccines.
5. Conclusions

In healthcare workers at a COVID-19 hospital, IgG antibody titer
at 6 months after receipt of the last dose of the BNT162b2 vaccine
was substantially decreased compared with that at 1 month after
vaccination, but was better preserved among younger staff,
COVID-19 section workers, and females.

The results of this study provide additional insight into the
immune response at 6 months after BNT162b2 vaccination. A
sub-threshold exposure to SARS-CoV-2 might enhance antibody
levels after BNT162b2 vaccination without symptomatic infection
or antibody seroconversion in healthcare workers.
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