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Background: Antibody testing is essential for accurately estimating the number of people infected with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This study aimed to investigate the in-
fluence of background factors on seroprevalence by testing for anti-SARS-CoV-2 antibodies in blood
samples obtained from the staff of three hospitals.
Methods: This cross-sectional observational study was conducted from June 8 to July 4, 2020, as part of
a mandatory health examination. Leftover blood samples collected during the health examinations at
each hospital were used to test for the presence of anti-SARS-CoV-2 antibodies. The Elecsys Anti-SARS-
CoV-2 RUO assay was used for antibody detection. The relationship between staff age, gender, body
mass index, blood pressure, work environments with different exposure risks, place of residence, and
campus location and seroprevalence was investigated. The data were anonymized prior to analysis.
Results: A total of 3,677 individuals were included in the study, comprising 2,554 females (69.5%) and
1,123 males (30.5%). Anti-SARS-CoV-2 antibody (immunoglobulin G) was detected in 13 participants
(0.35%). Seroprevalence was slightly higher in males than females (0.62% vs. 0.23%, P=0.08). By occupa-
tion, anti-SARS-CoV-2 antibodies were found in 6 (0.75%) physicians, 6 (0.31%) nurses, and one individ-
ual (0.11%) in the medical personnel group, with slightly higher levels in physicians. No significant dif-
ference was noted in the seroprevalence in terms of all background factors.
Conclusions: Our study shows that the background factors do not impact seropositivity rates. Thor-
ough daily infection control and adherence to recommended health guidelines were found to reduce in-
fection risk. (J Nippon Med Sch 2022; 89: 513―519)
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Introduction

Coronavirus disease (COVID-19) caused by the severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

which was first reported in China in December 2019, has
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resulted in >281 million cases and >5.4 million deaths

worldwide (as of December 29, 2021)1.

Healthcare workers (HCWs) are a high-risk group for

SARS-CoV-2 infection2,3. Several studies have investigated

the links between seroprevalence and environmental

risks4,5. For example, studies examining the correlation

between SARS-CoV-2 infection and individual behavioral

history found that the risk of infection was higher in con-

ditions with inadequate infection control measures, such

as cohabitation, attending school or private gatherings,

visiting bars and restaurants, and participating in indoor

sports activities4,5. It has also been reported that the sero-

prevalence of SARS-CoV-2 antibodies is high among

healthcare workers who have frequent contact with pa-

tients, such as nurses and support service workers6,7. It is

clear from previous studies that various environmental

risk factors can lead to increased transmission of SARS-

CoV-2.

This study aimed to investigate the relationship of

background factors with seroprevalence by testing for

anti-SARS-CoV-2 antibodies in blood samples obtained

from staff in three hospitals. The use of seroprevalence

provides insights into the spread of the COVID-19 pan-

demic in Japan before vaccines was introduced.

Materials and Methods

Study Design and Participants

In this study, we analyzed information collected during

routine staff health check-ups at three hospitals of the Ki-

tasato Institute in Japan and tested the leftover serum

samples from these routine health check-ups for the pres-

ence of anti-SARS-CoV-2 antibodies. This cross-sectional

observational study was conducted at three affiliated

hospitals of the Kitasato Institute located in the Tokyo

metropolitan area: Minato Ward (Kitasato University Ki-

tasato Institute Hospital [KUKIH]); Sagamihara City, Ka-

nagawa Prefecture (Kitasato University Hospital [KUH]);

and Kitamoto City, Saitama Prefecture (Kitasato Medical

Center [KMC]). Health and residency data were collected

as part of a mandatory employee health check-up at the

three hospitals. Physical examinations were conducted at

the hospitals where the staff worked. The health check-

ups were conducted from June 8 to July 4, 2020. Of the

3,734 eligible employees, 3,677 (98.5%) consented to par-

ticipation in this study. As the study was conducted be-

fore the availability of COVID-19 vaccines, all staff were

unvaccinated. We analyzed the association between the

anonymized health examination data (age, sex, body

mass index, blood pressure [BP], and hospital affiliation)

and area of residence (at the prefecture city ward level).

Anonymized leftover serum samples collected from indi-

viduals during their health examinations at each hospital

were reprocessed to test for the presence of anti-SARS-

CoV-2 antibodies. Health examination information, resi-

dence information, and antibody results were consoli-

dated, and all data analyses were performed using ano-

nymized data. Although a small percentage of partici-

pants held positions in more than one of the three hospi-

tals, most underwent physical examinations at their pri-

marily affiliated hospital. KUKIH, KUH, and KMC are

all tertiary care university-affiliated general hospitals.

There are 329 beds at KUKIH, 1,190 at KUH, and 327 at

KMC. Although the three hospitals are not medical insti-

tutions designated for infectious diseases, they accepted

patients with COVID-19. We defined nurses and nursing

assistants as “nurses” and laboratory technicians, phar-

macists, radiology technicians, medical engineering tech-

nicians, rehabilitation staff, nutrition staff, and nursery

staff as “medical personnel.” According to the European

Society of Cardiology and the European Society of Hy-

pertension guidelines, hypertension was defined as BP>

140/90 mmHg8.

Measurement of Anti-SARS-CoV-2 Antibodies

Anti-SARS-CoV-2 antibodies were measured using the

Elecsys Anti-SARS-CoV-2 RUO assay (Roche Diagnostics,

Basel, Switzerland), which is based on the modified

double-antigen sandwich immunoassay with recombi-

nant protein representing the nucleocapsid antigen that

measures the total antibody against SARS-CoV-2 (pan-

immunoglobulin). The assay was performed using a fully

automated Cobas e801 analyzer (Roche Diagnostics,

Basel, Switzerland). According to the U.S. Food and Drug

Administration9,10, the Elecsys anti-SARS-CoV-2 system

has 100% sensitivity (≥14 days after a positive polym-

erase chain reaction assay) and 99.8% specificity. The re-

sults were reported as the cut-off index, and results with

a cut-off index >1.0 were interpreted as positive (anti-

SARS-CoV-2 antibody present). The analytical and clini-

cal performance of the assay has been evaluated and de-

scribed in a previous study11.

Statistical Analysis

The Kolmogorov-Smirnov test was used to analyze the

normality of the data. Comparisons of normally distrib-

uted variables were performed using the t-test, whereas

comparisons of non-normally distributed variables were

performed using the Mann-Whitney U test. Comparisons

of categorical variables were performed using Fisher’s ex-

act test. Seroprevalence with 95% confidence intervals
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Fig. 1 Location and seroprevalence of anti-severe acute respiratory syndrome coronavirus 2 an-

tibodies among the three hospitals

Tokyo, Kanagawa, and Saitama cover an area of approximately 8,405 km2.

KUKIH: Kitasato University Kitasato Institute Hospital, KUH: Kitasato University Hospi-

tal, KMC: Kitasato Medical Center
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Table　1　Occupations of the severe acute respiratory syndrome coronavirus 2 sero-

prevalence survey participants

Hospital Sex Physicians Nursesa) Medical personnelb)

KUKIH (Tokyo) Male  19    6  26

Female  11   110  51

KUH (Kanagawa) Male 494   186 241

Female 194 1,296 478

KMC (Saitama) Male  60    22  69

Female  19   326  69

Total 797 1,946 934

a) Including nursing assistants
b) Includes laboratory technicians, pharmacists, radiology technicians, medical engi-

neering technicians, rehabilitation staff, nutrition staff, and nursery staff

KUKIH: Kitasato University Kitasato Institute Hospital, KUH: Kitasato University 

Hospital, KMC: Kitasato Medical Center

(CI) was calculated using the exact binomial technique.

The statistical analyses were performed using the JMP

version 14.0 software (SAS Institute, Inc., Cary, NC,

USA).

Ethical Approval

This study was approved by the ethics committees of

KUKIH (20031), KUH (B20-127), and KMC (2020010) and

was conducted in accordance with the Declaration of

Helsinki. Informed consent was obtained from all partici-

pants.

Results

Anti-SARS-CoV-2 Antibody Prevalence

A total of 3,677 staff members (223 from KUKIH, 2,889

from KUH, and 565 from KMC) were included in the

study. Of these, 2,554 (69.5%) were females and 1,123

(30.5%) were males (Table 1). The mean age ± standard

deviation was 35 ± 11 years. The occupations of the par-

ticipants are shown in Table 1. SARS-CoV-2-specific anti-

bodies (immunoglobulin G) were detected in 13 indi-

viduals (0.35%). The seroprevalence according to the hos-

pital is shown in Figure 1.
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Table　2　Association of selected variables with seroprevalence among staff members tested for severe acute respiratory syn-

drome coronavirus 2 at the three affiliated hospitals

Variable
Total participants, 

No.

Seropositive participants
P value

No. % (95% CI)

Total 3,677 13 0.35 (0.19-0.60)

Age (years) ≤29 1,422  4 0.28 (0.08-0.72) 0.13

30–39 1,018  1 0.10 (0.002-0.55)

40–49 664  5 0.75 (0.25-1.75)

≥50 573  3 0.52 (0.11-1.52)

Sex Male 1,123  7 0.62 (0.25-1.28) 0.08

Female 2,554  6 0.23 (0.09-0.51)

Body mass index (kg/m2) <30 3,575 12 0.34 (0.17-0.59) 0.31

≥30 102  1 0.98 (0.02-5.34)

Blood pressure (mmHg) ≤140/90 3,624 12 0.33 (0.17-0.58) 0.17

>140/90 53  1 1.89 (0.05-10.07)

Occupation Physicians 797  6 0.75 (0.28-1.63) 0.09

Nurses a) 1,946  6 0.31 (0.11-0.67)

Medical personnel b) 934  1 0.11 (0.002-0.60)

Place of residence Live in the 23 wards of Tokyo 521  2 0.38 (0.05-1.38) 0.71

Live outside the 23 wards of Tokyo 3,156 13 0.35 (0.17-0.62)

Hospital KUKIH (Tokyo) 223  8 0.45 (0.01-2.47) 0.28

KUH (Kanagawa) 2,889  1 0.28 (0.12-0.54)

KMC (Saitama) 565  4 0.71 (0.19-1.80)

a) Including nursing assistants
b) Includes laboratory technicians, pharmacists, radiology technicians, medical engineering technicians, rehabilitation staff, nutri-

tion staff, and nursery staff

CI: confidence interval, KUKIH: Kitasato University Kitasato Institute Hospital, KUH: Kitasato University Hospital, KMC: Kitasa-

to Medical Center

Association of Seroprevalence with Selected Vari-

ables

The association between SARS-CoV-2 infection status

and the selected variables is shown in Table 2. Sero-

prevalence was slightly higher in males than females

(0.62% vs. 0.23%, P=0.08). By occupation, anti-SARS-CoV-

2 antibodies were found in 6 (0.75%, 95% CI: 0.28-1.63)

physicians, 6 (0.31%, 95% CI: 0.11-0.67) nurses, and one

individual (0.11%, 95% CI: 0.002-0.60) in the medical per-

sonnel group, with slightly higher levels in physicians.

The positive rate by age was 0.28% (95% CI: 0.08-0.72),

0.10% (95% CI: 0.002-0.55), 0.75% (95% CI: 0.25-1.75), and

0.52% (95% CI: 0.11-1.52) for those below 29, in their 30s,

in their 40s, and over 50 years old, respectively. How-

ever, no statistically significant differences were noted

across groups when tested for age, gender, BMI, BP, oc-

cupation, place of residence, and campus location.

Health Examination Data of Seropositive Staff

Table 3 shows the health examination data of the 13

staff who tested positive for the anti-SARS-CoV-2 anti-

body. All six doctors were male, and five of the six

nurses were female. None of the staff had clinical symp-

toms at the time of the health examination, and there

were no significant findings on white blood cell or chest

X-rays. The antibody titer varied from 1-132 cut-off index

(C.O.I.) with a median antibody titer of 37.3.

Discussion

Serum antibody testing is a critical tool in managing in-

fectious diseases and is used to diagnose, evaluate herd

immunity, and determine whether immunity is acquired

after vaccination. Antibody measurement is important

because COVID-19 symptoms are often absent to mild.

We found a 0.35% seroprevalence to SARS-CoV-2 among

HCWs from three medical university hospitals with in-

tensive care units located in the southern Kanto region of

Japan. The first COVID-19 emergency declaration in Ja-

pan was issued from April 7 to May 25, 2020. The Japa-

nese government surveyed the antibody prevalence using

the Elecsys Anti-SARS-CoV-2 immunoassay among resi-

dents of major Japanese cities from June 1 to June 7 and

from December 14 to December 25, 2020. The area tested

in June were Tokyo, Osaka, and Miyagi, with a sero-

prevalence of 0.30%, 0.34%, and 0.23%, respectively. The

second survey in December revealed a seroprevalence of

0.91%, 0.58%, 0.14%, 0.54%, and 0.19% in Tokyo, Osaka,
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Table　3　Line listing from medical examinations of healthcare workers who tested positive for anti-severe acute respiratory 

syndrome coronavirus 2 antibodies

Occupations Sex Age
Smoking 

status
BMI 

(kg/m2)
WBC 

(/mm3)

anti-SARS-
CoV-2 

antibody 
(C.O.I.)

Chest X-ray

Physician Male Thirties Nonsmoker 25.9 4.4 54.5 None

Physician Male Forties Nonsmoker 20.7 5.6 81.7 Obsolete shadows 
in both upper 

pulmonary fields

Physician Male Forties Nonsmoker 26.7 6.8 54 None

Physician Male Forties Nonsmoker 23.9 6.5 4.7 None

Physician Male Fifties Unknown 20.7 4.3 2.2 None

Physician Male Seventies Nonsmoker 18.1 6.6 1.2 Obsolete shadows 
in both upper 

pulmonary fields

Nurse a) Male Twenties Unknown 30.5 5.4 107 None

Nurse a) Female Twenties Nonsmoker 21.6 4.3 132 None

Nurse a) Female Twenties Unknown 20.5 5.9 5.5 None

Nurse a) Female Twenties Unknown 18.4 6.3 37.3 None

Nurse a) Female Forties Unknown 22.3 4.3 121 None

Nurse a) Female Fifties Nonsmoker 29.8 7.3 2 Funicular shadow 
in left inferior 

pulmonary area

Medical personnel Female Forties Nonsmoker 18.6 4.4 1 None

a) Including nursing assistants, BMI: body mass index, WBC: white blood cell, C.O.I.: cut-off index

Miyagi, Aichi, and Fukuoka, respectively12,13. The same

measurement protocol was used in this study, and the

study findings are consistent with the results of the Japa-

nese government surveys of the general population.

COVID-19 is communicable even before the onset of dis-

ease symptoms, and approximately 11-33% of SARS-CoV-

2 infections are asymptomatic14,15. A report of anti-SARS-

CoV-2 antibody measurements in 3,248 HCWs from 13

hospitals in the United States reported a seroprevalence

of 6%, and 69% had no history of COVID-19 diagnosis16.

Therefore, a serological diagnostic method that detects

anti-SARS-CoV-2 antibodies in the blood is essential to

determine the number of cases accurately.

This study found no significant difference in the anti-

body seroprevalence according to background factors.

The slightly higher seroprevalence in the older age

group, males, and physicians could be due to the older

age group of the positive physicians and the fact that the

6 of them were males. Other studies have reported that

the severity of COVID-19 is higher in older patients,

males, and individuals with comorbidities17,18. There is no

evidence that hypertension is associated with an in-

creased risk of SARS-CoV-2 infection19. The lower suscep-

tibility to viral infections among females than among

males may be due to the protection offered by the X

chromosome and sex hormones, which play an important

role in innate and adaptive immunity20. Although there

were more females among various occupations in our

study, there was no significant difference in the sero-

prevalence of anti-SARS-CoV-2 antibodies. Fukuda et al.

classified physicians and nurses as a high-risk group for

pathogen exposure and reported antibody-positive rates21.

During the 1918-1919 influenza pandemic, nurses and

physicians were intensively exposed to the pandemic A/

H1N1 strain. Nursing staff who were new to their assign-

ments at the time of the influenza pandemic were at a

higher risk of influenza-related mortality because of oc-

cupational exposures to bacterial respiratory pathogens

that they had not previously encountered22. This study

was conducted in the early stage of the SARS-CoV-2 epi-

demic. Compared to the present, we estimate that the

risk of exposure to physicians and nurses was higher be-

cause this was when the probability that a somewhat

limited number of personnel, mainly physicians and

nurses, response to COVID-19 patients was high. How-

ever, in this study, the seroprevalence of anti-SARS-CoV-2

antibodies was examined separately by occupation; no

significant difference was observed, suggesting that the

impact of contact frequency on seroprevalence was low.

Large differences in the seroprevalence of anti-SARS-

CoV-2 antibodies among HCWs (0.3-43%) have been re-

ported in different studies21,23―25, suggesting that the preva-
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lence of SARS-CoV-2 infection among HCWs varies

widely between countries. Furthermore, there are indica-

tions that old buildings, small spaces, and a lack of opti-

mal facilities for isolating infectious patients may also in-

crease the risk of infection among HCWs26. It has been re-

ported that closer contact with COVID-19 individuals is

associated with antibody positivity6,7. None of the three

affiliated hospitals in this study was a nationally desig-

nated infectious disease hospital. Although the three hos-

pitals were operated separately, a common nosocomial

infection control manual was used in all three hospitals

before the COVID-19 pandemic. Therefore, the same in-

fection control measures were in place in the three study

hospitals. As previously reported27, the study results also

indicate that thorough daily infection control measures

and adherence to guidelines can reduce the risk of SARS-

CoV-2 infection, regardless of the nature of the work and

frequency of exposure.

The presence of serum antibodies is associated with a

low risk of re-infection28,29. However, among individuals

who have recovered from COVID-19, antibodies may not

be sufficient to prevent reinfection, especially in individu-

als with mild disease30, and there is a risk of reinfection

in individuals with previous SARS-CoV-2 infection31.

Since antibodies produced in past infections may not pre-

vent reinfection, it is necessary to monitor the duration

of the immune response by assessing the trends in serum

antibody retention.

This study had some limitations. First, the relationship

between the antibodies measured and the neutralizing

activity against SARS-CoV-2 was not evaluated. How-

ever, immunoassays that recognize antibodies targeting

different domains of the S protein have been demon-

strated to correlate well with virus-neutralizing activ-

ity32,33. Second, multiple tests could increase the reliability

of the results; however, in this study, only one method

was used. Third, we did not examine the relationship be-

tween the frequency of contact with COVID-19 patients

and seroprevalence. Since the study was conducted

anonymously, we could not ascertain the actual number.

In our study, no significant difference was noted in the

anti-SARS-CoV-2 antibody seroprevalence in terms of all

background factors. Although the results were obtained

from three hospitals, our findings largely reflect the

prevalence of SARS-CoV-2 before vaccination in Tokyo,

Kanagawa, and Saitama. This study shows that adher-

ence to current infection prevention and control measures

can reduce the risk of SARS-CoV-2 infection, regardless

of the hospital location.
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