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Abstract: As coronavirus disease 2019 (COVID-19) outbreaks in healthcare facilities are a serious public health
concern, we performed a case-control study to investigate the risk of COVID-19 infection in healthcare workers. We
collected data on participants' sociodemographic characteristics, contact behaviors, installation status of personal
protective equipment, and polymerase chain reaction testing results. We also collected whole blood and assessed
seropositivity using the electrochemiluminescence immunoassay and microneutralization assay. In total, 161 (8.5%) of
1,899 participants were seropositive between August 3 and November 13, 2020. Physical contact (adjusted odds ratio 2.4,
95% confidence interval 1.1-5.6) and aerosol-generating procedures (1.9, 1.1-3.2) were associated with seropositivity.
Using goggles (0.2, 0.1-0.5) and N95 masks (0.3, 0.1-0.8) had a preventive effect. Seroprevalence was higher in the
outbreak ward (18.6%) than in the COVID-19 dedicated ward (1.4%). Results showed certain specific risk behaviors of
COVID-19; proper infection prevention practices reduced these risks.
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Introduction coronavirus disease 2019 (COVID-19) pandemic in
March 2020, data on disease control measures have
Since the World Health Organization declared the accumulated (/-3) and vaccines have been made
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available. However, owing to the emergence of severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) variants and breakthrough infections, COVID-19
is still spreading worldwide in 2022 (4). In particular,
SARS-CoV-2 infection in nosocomial settings remains
a public health concern (5). Although guidance on
infection prevention strategies for healthcare practices
is provided by the state or agency (6,7), COVID-19
outbreaks in healthcare facilities continue to occur (8).
Even after more than two years after the beginning of
the pandemic, the spread of the SARS-CoV-2 infection
in healthcare facilities is an important issue as it can
lead to a shortage of healthcare workers and restrictions
on medical care in hospitals. The risk of SARS-CoV-2
infection in healthcare workers needs to be clarified
to protect healthcare workers and preserve medical
resources.

In Japan, approximately 22 million COVID-19 cases
were reported by October 2022 (9). Analyzing the data
of the early pandemic period, i.e., the period before the
spread of COVID-19 in the community, would be useful
for assessing the risk of SARS-CoV-2 infection limited
to healthcare facilities.

Front-line healthcare workers are highly exposed to
infection through contact with patients with COVID-19;
and, they are at an increased risk of infection compared
with the general public (2,3,10). Previous studies
have reported a high seroprevalence of COVID-19
among healthcare workers having direct contact with
patients with COVID-19 (3,11). Two cohort studies
demonstrated that the improper use or lack of personal
protective equipment (PPE) was associated with a higher
prevalence of COVID-19 (70,12). Although face masks
reduce the risk of infection (//,73,14), evidence on the
efficacy of other PPEs and quantitative assessments are
limited. Overall, specific risk behaviors for SARS-CoV-2
infection during hospital work are not fully understood.

We conducted this study to investigate COVID-19
risk among healthcare workers in Japan. Additionally,
we also explored the differences in seropositivity across
diverse occupations not limited to front-line healthcare
workers.

Materials and Methods
Study design and participants

We performed a case-control study to evaluate the
association between SARS-CoV-2 infection and
possible risk factors in nosocomial outbreak settings. We
assessed sociodemographic factors, contact history with
patients with COVID-19, and PPE use as possible risk
factors among staff in seven facilities (Supplementary
Table S1, https://www.globalhealthmedicine.com/
site/supplementaldata.html?ID=63). SARS-CoV-2
infection was defined by a positive result of a serologic
test performed using the methods described here. Only

(6)

participants with both epidemiological information and
antibody results available were included. As we focused
on the risk in nosocomial settings, participants with
contact histories outside their facilities were excluded
from the analyses.

Participants were recruited from hospitals where
COVID-19 outbreaks occurred between March and
August 2020 in Japan (/5). Not only front-line healthcare
workers but also affiliated workers such as cleaning staff
were included.

We appointed a representative for each participating
hospital, who explained the study outline, benefits, and
risks to all staff members. Participation in the study
was voluntary and all the participants provided written
informed consent. This study was approved by the
ethics committee of the National Institute of Infectious
Diseases (NIID) (No. 1177) and conducted according to
the principles in the Declaration of Helsinki.

Procedures

An identification code was created for each participant,
and only anonymized information was shared with
the analysis team. The link between the participant's
identification code and personal data was managed by
the respective hospital representatives.

Blood sampling and questionnaire survey were
conducted from August to November 2020 (Supplementary
Figure S1, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). The participants were
required to provide their epidemiological information
on a web-based questionnaire system using their
smartphone or computer; the questionnaire comprised the
following information: sociodemographic characteristics,
underlying medical conditions, occupation, career,
details and frequency of contact history with patients
with COVID-19, PPE use, and polymerase chain
reaction (PCR) results. Information on behavior of each
participant during the outbreak period was obtained
for data on contact history and PPE use. Data of PCR
tests performed at each hospital prior to the serologic
test in this study was obtained. The response status was
regularly checked, and non-responders were alerted to
answer the questions. Each participant was informed
of the serologic test result through their personal page
in the system. The page was set to be displayed only to
the participants who answered the questionnaire so as to
improve the completion rate.

The participants were divided into six age groups,
each comprising 10 years, ranging from 20s to 70s
and over. Their underlying disorders were grouped
as immunodeficiency/malignancy and others. Career,
defined as the number of years in their occupation, was
classified into five groups, in multiples of five. Data
on the type of ward was sought for participants whose
facilities provided medical treatment for patients with
COVID-19, and type of ward was classified as dedicated
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COVID-19 ward (ward for the treatment of patients with
COVID-19), outbreak ward (non-COVID-19 ward where
an outbreak was detected among staff or in-patients),
and non-outbreak ward (non-COVID-19 ward where
no outbreak was detected among staff or in-patients).
Participants who had contact history with patients with
COVID-19 were required to provide the details and
frequency of their contact (with or without the following
actions: entering the room, contact with the surrounding
environment, approach within 1 m, conversation, and
physical contact). PPE use during treatment of patients
with COVID-19 was evaluated as follows: used always,
used sometimes, and not used. PPE included surgical
masks, gloves, goggles, gowns or aprons, and N95
masks. As the situations where the use of N95 masks
was recommended varied by facility, N95 mask use
during aerosol-generating procedures was assessed as all
participating facilities recommended its use.

Blood samples were collected at each hospital
and transported to the NIID in cold chain. We
tested for the anti-SARS-CoV-2 antibody using
electrochemiluminescence immunoassay (ECLIA,
Elecsys” Anti-SARS-CoV-2; Roche Diagnostics K.K.,
Basel, Switzerland) and microneutralization assay (NIID,
Tokyo, Japan). Seropositivity was defined as a positive
result for any of these tests, with a cut-off titer of 1.0 for
the ECLIA and 1:5 for the microneutralization assay.

The ECLIA was performed on all the samples
according to the manufacturer's instructions (/6). The
assay detects antibodies to SARS-CoV-2 nucleocapsid
protein, including immunoglobulin G (IgG), using serum
or plasma. The test for antibodies to nucleocapsid protein
returns positive results in case of the SARS-CoV-2
infection, not the vaccination. The manufacturer has
claimed a sensitivity of 99.5% (95% confidence interval
[CI]: 88.1-100) based on the test results in symptomatic
patients within 14 days post PCR diagnoses. The
specificity was evaluated as 99.8% (95% CI: 99.7-
99.9) from test results of samples collected before the
emergence of SARS-CoV-2 (/6). The cut-off index of the
assay was defined as 1.0 by the manufacturer. The assay
was performed as a screening test, and the screening-
positivity criterion was set as 0.1 or higher in this study
(17). Screening-positive cases were evaluated for SARS-
CoV-2 microneutralizing antibody using the following
method.

The microneutralization assay was developed at
the NIID (/8). Vero E6/TMPRSS2 cells and SARS-
CoV-2 JPN/TY/WK-521 strain were used for the assay
(18). The test serum was diluted in serial two-fold
steps from 1:5 to 1:160 and the challenge virus (100
Tissue Culture Infectious Dose 50/50ul) was allowed
to react at 37°C for 1 hour. Next, VeroE6/TMPRSS
cells were added to the mixture and incubated at 37 °C
for 5 days. After the incubation, the cytopathic effect
(CPE) of each well was observed under an inverted
microscope. The microneutralization titer was evaluated
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after formalin fixation and crystal violet staining. The
highest dilution of wells without CPE was defined as the
microneutralization titer.

Statistical analyses

The characteristics of participants with seropositivity
were compared using Pearson chi-squared test or Fisher
exact test, as appropriate. The outcome of interest was
a positive serologic test for SARS-CoV-2, and the
possible risk factors were sociodemographic factors,
contact history with patients with COVID-19, and PPE
use. The risk factors were evaluated using adjusted odds
ratios (OR) with 95% Cls using multivariable logistic
regression models. Of the significant factors explored
using univariable analyses, those affecting the adjusted
ORs were included in the final models as possible
confounding factors (Supplementary Table S2, https.//
www.globalhealthmedicine.com/site/supplementaldata.
html[?ID=63). The missing values were coded as "no
record" and included in the analyses. All analyses were
performed using STATA version 15 (StataCorp, College
Station, Texas).

Results

A total of 2,059 employees were enrolled in this
study (Figure 1). Of these, 124 did not answer the
questionnaire, two did not undergo the serologic test, and
34 had contact history with COVID-19-infected persons
outside their facility. After excluding these cases, 1,899
participants were included in the analyses.

Participating facilities were distributed in four
out of eight regions in Japan (Supplementary Table

2,059 enrolled in this study

N * 124 unavailable for epidemiological information
+ Two unavailable for serologic test of SARS-CoV-2
* 34 had contact history with SARS-CoV-2 infected
persons outside their hospitals
(15: family members, 19: others)
v

1,899 included in the analyses

Figure 1. Study flow diagram. We recruited the study
participants voluntarily among healthcare workers working at
seven hospitals where outbreaks of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) occurred between
March and August 2020 in Japan. A total of 1,899 participants
were included in the analyses, excluding those who were
unavailable for epidemiological information or the result of
serologic test and those who had contact with SARS-CoV-2
infected persons outside their hospitals.
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S1, https://'www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). Three of these
facilities had provided medical treatment to COVID-19
patients during each outbreak period. The outbreaks
were detected from March to August 2020 and lasted
weeks to months (Supplementary Figure S1, https.//
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=063).

Blood collection was conducted from August
3 to November 13, 2020, and the period from
outbreak to blood sampling was about 2 weeks to
4 months (Supplementary Figure S1, https://www.

globalhealthmedicine.com/site/supplementaldata.
html?ID=63). The microneutralization assay was
performed on 205 samples that screened positive (Table
1). Of these, 140 samples had a microneutralization
titer of 1:5 or more, and 21 had an antibody titer of 1 or
more on the ECLIA and a microneutralization titer of
less than 1:5. A total of 161 samples (8.5%, 95% CI 7.3-
9.8) were seropositive. We classified 161 seropositive
participants as cases and 1738 seronegative participants
as controls. Seropositivity proportion varied by facility,
ranging from 24.4% (33 of 135, 95% CI 17.5-32.6)
to 1.0% (2 of 196, 95% CI 0.1-3.6; Supplementary

Table 1. Results of the serologic test for severe acute respiratory syndrome coronavirus 2 among healthcare workers in

Japan between August and November, 2020

Microneutralization titer, n

Total, n
<15 1:5 1:10 1:20 1:40 1:80
Antibody titer <0.1 1,694 NA® NA NA NA NA NA
(ECLIA) >0.1,<1 46 44 0 2 0 0 0
>1 159 21 40 47 36 10 5

ECLIA: electrochemiluminescence immunoassay; NA: not applicable; “Cases that showed < 0.1 on the ECLIA and were not tested on the

microneutralization assay.

Table 2. Sociodemographic characteristics of participants by seropositivity

Variables All participants, 7 (%) Seropositive’, n (%) Seronegative, 1 (%) p value
Sex 0.003
Male 583 (31) 32(20) 551(32)
Female 1,315 (69) 129 (80) 1,186 (68)
Unknown 1 (0) 0(0) 1(0)
Age group (years) 0.001
<30 609 (32) 72 (45) 537 (31)
31-40 473 (25) 41 (25) 432 (25)
41-50 415 (22) 21 (13) 394 (23)
51-60 270 (14) 14 (9) 256 (15)
61-70 107 (6) 10 (6) 97 (6)
>171 25 (1) 3(2) 22 (1)
Underlying disorder 0.284
Immunodeficiency or malignancy 33(2) 3(2) 30(2)
Others 564 (30) 48 (30) 516 (30)
No underlying disorders 1,260 (66) 103 (64) 1,157 (67)
Unknown 42 (2) 7 (4) 35(2)
Occupation NA®
Office worker 165 (9) 503) 160 (9)
Doctor 248 (13) 16 (10) 232 (13)
Nurse 836 (44) 102 (63) 734 (42)
Nursing assistant 103 (5) 16 (10) 87 (5)
Rehabilitation staff 105 (6) 7(4) 98 (6)
Radiologist 99 (5) 2(1) 97 (6)
Pharmacist 39(2) 1(1) 38(2)
Nutritionist 34(2) 0(0) 34(2)
Laboratory technician 89 (5) 0(0) 89 (5)
Social worker 23 (1) 0(0) 23 (1)
Psychologist 3(0) 0(0) 3(0)
Caregiver 25(1) 1(1) 24 (1)
Cleaning staff 17 (1) 4(2) 13 (1)
Others 113 (6) 7 (4) 106 (6)
Career (years) 0.056
<5 704 (37) 74 (46) 630 (36)
6-10 412 (22) 38 (24) 374 (22)
11-20 440 (23) 27 (17) 413 (24)
21-30 218 (11) 13 (8) 205 (12)
>31 125 (7) 9 (6) 116 (7)

NA: not applicable; “Seropositive: Microneutralization titer > 5 or antibody titer by ECLIA > 1; "The data were too sparse for analysis.
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Table 3. Seropositive proportion for severe acute respiratory syndrome coronavirus 2 by sociodemographic factors among
healthcare workers in Japan between August and November, 2020

Variables Seropositive proportion (%, 95% CI) OR p value Adjusted OR* p value
Sex
Male 5.53.8-7.7) 1 (ref) 1 (ref)
Female 9.8 (8.3-11.5) 1.9 (1.3-2.8) 0.002 1.3 (0.8-2.1) 0.352
Age group (years)
<30 11.8 (9.4-14.7) 2.5(1.5-4.2) 0.000 2.2(1.2-3.9) 0.011
31-40 8.7 (6.3-11.6) 1.8 (1.0-3.1) 0.037 1.6 (0.8-2.8) 0.156
41-50 5.1(3.2-7.6) 1 (ref) 1 (ref)
51-60 5.2(2.9-8.5) 1.0 (0.5-2.1) 0.942 1.0 (0.5-2.2) 0.970
61-70 9.3 (4.6-16.5) 1.9 (0.9-4.2) 0.100 2.3 (0.9-6.0) 0.095
>71 12.0 (2.5-31.2) 2.6 (0.7-9.2) 0.151 1.4 (0.3-6.5) 0.684
Occupation
Office worker 3.0 (1.0-6.9) 1 (ref) 1 (ref)
Doctor 6.5(3.7-10.3) 2.2(0.8-6.1) 0.130 5.1 (1.6-15.9) 0.005
Nurse 12.2 (10.1-14.6) 4.4 (1.8-11.1) 0.001 5.4 (2.0-14.6) 0.001
Nursing assistant 15.5(9.1-24.0) 5.9 (2.1-16.6) 0.001 9.0 (2.9-28.1) 0.000
Rehabilitation staff 6.7 (2.7-13.3) 2.3(0.7-7.4) 0.168 1.8 (0.5-6.6) 0.346
Radiologist 2.0 (0.2-7.1) 0.7 (0.1-3.5) 0.623 0.8 (0.1-4.3) 0.749
Pharmacist 2.6 (0.1-13.5) 0.8 (0.1-7.4) 0.877 0.7 (0.1-6.9) 0.780
Nutritionist 0(0-10.3) NA NA NA NA
Laboratory technician 0(0-4.1) NA NA NA NA
Social worker 0(0-14.8) NA NA NA NA
Psychologist 0 (0-70.8) NA NA NA NA
Caregiver 4.0 (0.1-20.4) 1.3 (0.1-11.9) 0.797 1.9 (0.2-19.1) 0.568
Cleaning staff 23.5(6.8-49.9) 9.8 (2.4-41.2) 0.002 22.7(3.9-132.0) 0.001
Career (years)
<5 10.5 (8.3-13.0) 1 (ref) 1 (ref)
6-10 9.2 (6.6-12.4) 0.9 (0.6-1.3) 0.490 0.7 (0.5-1.2) 0.242
11-20 6.1 (4.1-8.8) 0.6 (0.4-0.9) 0.012 0.8 (0.4-1.4) 0.376
21-30 6.0 (3.2-10.0) 0.5 (0.3-1.0) 0.048 0.9 (0.4-2.0) 0.781
>31 7.2 (3.3-13.2) 0.7 (0.3-1.4) 0.259 1.2 (0.4-3.8) 0.696

CI: confidence interval; OR: odds ratio; NA: not applicable; “Adjusted by sex, age, hospital, occupation, and contact history with coronavirus

disease 2019 patients.

Table S1, https://'www.globalhealthmedicine.com/site/
supplementaldata.html?ID=063).

Women accounted for 69.3% (1,315 of 1,899) of
the participants and most seropositive cases were also
women (80.1%, 129 of 161; Table 2). The number of
seropositive participants was the highest for the age
group of 20s (44.7%, 72 of 161) and decreased with
age. The largest number of participants were nurses
(44.0%, 836 of 1,899), followed by doctors (13.1%,
248 of 1,899) and office workers (8.7%, 165 of 1,899).
About two-thirds of seropositive participants were
nurses (102 of 161, 63.4%), and 9.9% each were
doctors (16 of 161) and nursing assistants (16 of 161).
None of the nutritionists, laboratory technicians,
or social workers had positive serologic tests. The
characteristics of underlying disorders and career
were similar between seropositive and seronegative
participants.

Participants in their 20s had increased odds of
seropositivity compared with those in their 40s
(aOR 2.2, 95% CI 1.2-3.9: Table 3). The odds of
seropositivity in doctors (aOR 5.1, 95% CI 1.6-15.9),
nurses (aOR 5.4, 95% CI 2.0-14.6), nursing assistants
(aOR 9.0, 95% CI 2.9-28.1), and cleaning staff (aOR
22.7,95% CI 3.9-132.0) were higher than those among

©

office workers. Seropositivity odds were not higher in
women than in men. We could not find any association
between career and seropositivity after controlling for
confounders.

Having contact history with COVID-19 patients
was associated with seropositivity (aOR 4.8, 95% CI
2.8-8.1; Table 4). The group with physical contact with
COVID-19 patients had a higher seropositive proportion
than the group without it (aOR 2.4, 95% CI 1.1-5.6).
The seropositivity of the participants who performed
aerosol-generating procedures for COVID-19 patients
was higher than those who did not (aOR 1.9, 95% CI
1.1-3.2; Table 5). No association was found between
other contact histories and seropositivity (Table 4).
Total number of contact days and average contact
time per day were analyzed for contact frequency with
COVID-19 patients, but we did not find any association
between these factors and COVID-19 infection.

Participants who used goggles all the time during
medical procedures (aOR 0.2, 95% CI 0.1-0.5; Table 5),
and those who used them occasionally (aOR 0.5, 95%
CI 0.2-1.0), were less infected than those who did not.
No association was found between infection and the
use of surgical masks, gloves, and gowns, regardless of
their frequency of use. The group who always used N95
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Table 4. Seropositive proportion for severe acute respiratory syndrome coronavirus 2 by contact history with coronavirus
disease 2019 patients among healthcare workers in Japan between August and November, 2020

Number of seropositive Seropositive proportion

Variables participants (%, 95% CI) OR p value Adjusted OR p value

Any contact history with

COVID-19 patients®
Yes 125/1,011 12.4 (10.4-14.6) 5.3(3.3-8.5)  0.000 4.8 (2.8-8.1) 0.000
No 20/768 2.6 (1.6-4.0) 1 (ref) 1 (ref)

The following analyses are among the participants who had any contact history with COVID-19 patients.

(Details of contact history”)

Entering the room
Yes 105/733 14.3 (11.9-17.1) 2.9(1.6-5.3)  0.000 0.8 (0.3-2.0) 0.647
No 13/239 5.4(2.9-9.1) 1 (ref) 1 (ref)

Contact with the surrounding

environment
Yes 101/660 15.3 (12.6-18.3) 3.5(2.0-6.1)  0.000 1.0 (0.4-2.3) 0.937
No 15/304 4.9 (2.8-8.0) 1 (ref) 1 (ref)

Approach within 1m
Yes 115/875 13.1 (11.0-15.6) 3.4(1.2-93)  0.020 1.8 (0.5-5.9) 0.356
No 4/93 4.3 (1.2-10.6) 1 (ref) 1 (ref)

Conversation
Yes 111/819 13.6 (11.3-16.1) 3.2(1.5-7.1)  0.003 2.5 (1.0-6.4) 0.051
No 7/151 4.6 (1.9-9.3) 1 (ref) 1 (ref)

Physical contact
Yes 104/648 16.0 (13.3-19.1) 3.5(2.1-6.0)  0.000 2.4 (1.1-5.6) 0.037
No 17/331 5.1(3.0-8.1) 1 (ref) 1 (ref)

(Frequency of contact history” )

Total days of contact
<3 28/356 7.9 (5.3-11.2) 1 (ref) 1 (ref)
4-7 24/156 15.4 (10.1-22.0) 2.1(1.2-3.8) 0.011 1.4 (0.7-2.7) 0.307
8-14 21/122 17.2 (11.0-25.1) 2.4 (1.3-4.5) 0.004 1.5 (0.8-3.0) 0.237
15-30 23/132 17.4 (11.4-25.0) 2.5(1.4-4.5) 0.003 1.7 (0.9-3.3) 0.131
>31 20/182 11.0 (6.8-16.5) 1.4 (0.8-2.6) 0.231 1.0 (0.5-2.1) 0.900

Average time of contact per day
< 15min 23/327 7.0 (4.5-10.4) 1 (ref) 1 (ref)
> 15min, < 1H 30/308 9.7 (6.7-13.6) 1.4 (0.8-2.5) 0.220 1.0 (0.5-1.9) 0.969
>1H,<2H 21/121 17.4 (11.1-25.3) 2.8(1.5-5.2) 0.002 1.3 (0.6-2.6) 0.546
>2H 48/206 23.3(17.7-29.7) 4.0 (2.4-6.8) 0.000 1.5(0.8-2.8) 0.251

CI: confidence interval; OR: odds ratio; COVID-19: coronavirus disease 2019; ‘Adjusted by sex, age, hospital, and occupation; "Adjusted by sex,
age, hospital, occupation, entering the room, contact with the surrounding environment, approach within 1m, conversation, and physical contact.

masks during the aerosol-generating procedure had a
lower seropositive proportion than the group who did
not use them (aOR 0.3, 95% CI 0.1-0.8). No association
was found between the group who used N95 masks
occasionally and SARS-CoV-2 infection.

Only one of 71 workers in the COVID-19 ward
was seropositive (seropositivity proportion 1.4%,
95% CI 0.04-7.6), while 35 of 188 were positive in
the outbreak ward (18.6%, 95% CI 13.3-24.9; Figure
2). The seropositivity proportion in the non-outbreak
ward (1.4%, 95% CI 0.6-2.9) was similar to that in the
COVID-19 ward.

PCR results prior to the serologic test were obtained
for 965 of 1,899 participants (Supplementary Table
S3, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=63). When both positive
and negative PCR results were reported, the analyses
were performed using positive results. Of the 121
participants who reported PCR positive results, 23 were
seronegative. The duration from PCR to serologic test
ranged from 96 to 192 days.

(10)

Discussion

This study revealed certain risk behaviors for SARS-
CoV-2 infection in nosocomial settings: physical contact
and aerosol-generating procedures with patients with
COVID-19. Doctors, nurses, and nursing assistants
whose work involved such risk behaviors were more
infected than office workers. Among occupations
not involving patient-care, cleaning staff had a high
seroprevalence; therefore, infection prevention measures
for this employee group are also important. Of the
PPE, goggles and N95 masks prevented SARS-CoV-2
infection with dose-response relationships.

The total seroprevalence in participants in this study
(8.5%, 95% CI 7.3-9.8; 161 of 1,899) was much higher
than that in the general population in Japan (0.7%, 103 of
15,043), according to a survey conducted several months
after our study (20). As such, the study was conducted
at a time when the infection was not widespread in the
community and was appropriate for assessing the risk of
infection in health care institutions.
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Table 5. Preventive effect of severe acute respiratory syndrome coronavirus 2 infection by using personal protective
equipment among healthcare workers in Japan between August and November, 2020

Number of seropositive Seropositive proportion

Variables participants (%, 95% CI) OR p value Adjusted OR p value

Any medical procedures

for COVID-19 patients®
Yes 94/607 15.5 (12.7-18.6) 2.1(1.3-3.3) 0.001 1.5 (0.8-2.5) 0.170
No 27/337 8.0 (5.3-11.4) 1 (ref) 1 (ref)

The following analyses® are among participants who performed any medical procedures for COVID-19 patients.

Surgical masks use
Always 86/539 16.0 (13.0-19.3) 1.6 (0.6-4.1) 0.365 1.0 (0.3-3.1) 0.993
Sometimes 3/21 14.3 (3.0-36.3) 1.4 (0.3-6.3) 0.690 0.9 (0.1-5.7) 0.918
Never 5/46 10.9 (3.6-23.6) 1 (ref) 1 (ref)

Gloves use
Always 62/466 13.3(10.4-16.7) 0.5 (0.2-1.1) 0.069 0.5 (0.1-1.8) 0.302
Sometimes 23/103 22.3(14.7-31.6) 0.9 (0.4-2.2) 0.804 0.6 (0.2-2.0) 0.384
Never 9/37 243 (11.8-41.2) 1 (ref) 1 (ref)

Goggles use
Always 39/363 10.7 (7.8-14.4) 0.4 (0.2-0.7) 0.001 0.2 (0.1-0.5) 0.000
Sometimes 28/124 22.6 (15.6-31.0) 1.0 (0.5-1.8) 0.956 0.5 (0.2-1.0) 0.041
Never 27/118 22.9(15.7-31.5) 1 (ref) 1 (ref)

Gowns or aprons use
Always 53/396 13.4 (10.2-17.1) 0.7 (0.4-1.4) 0.320 1.5(0.5-4.9) 0.483
Sometimes 28/135 20.7 (14.2-28.6) 1.2 (0.6-2.5) 0.612 1.4 (0.5-4.0) 0.537
Never 13/73 17.8 (9.8-28.5) 1 (ref) 1 (ref)

Aerosol-generating procedures

for COVID-19 patients®
Yes 43/221 19.5 (14.5-25.3) 2.7(1.7-4.1) 0.000 1.9 (1.1-3.2) 0.021
No 57/689 8.3 (6.3-10.6) 1 (ref) 1 (ref)

The following analysis is among participants who performed aerosol-generating procedures for COVID-19 patients.

N95 masks use
Always 22/153 14.4 (9.2-21.0) 0.3 (0.2-0.8) 0.008 0.3 (0.1-0.8) 0.022
Sometimes 6/23 26.1(10.2-48.4) 0.7 (0.2-2.3) 0.586 0.5 (0.1-2.1) 0.321
Never 14/43 32.6 (19.1-48.5) 1 (ref) 1 (ref)

CIL: confidence interval; OR: odds ratio; COVID-19: coronavirus disease 2019; “Adjusted by sex, age, hospital, and occupation; bAdjusted by sex,

age, hospital, occupation, and eye shield use.
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Figure 2. COVID-19 seroprevalence by ward type
among healthcare workers in Japan between August and
November, 2020. The wards were classified as COVID-19
ward (ward for the treatment of COVID-19 patients), outbreak
ward (non-COVID-19 ward where outbreak was detected
among staff or in-patients), and non-outbreak ward (non-
COVID-19 ward where outbreak was not detected among staff
or in-patients). The point estimates (dots) and 95% confidence
intervals (lines) of COVID-19 seroprevalence are shown.
The COVID-19 ward had the lower seroprevalence than the
outbreak ward and similar to the non-outbreak ward.

So far, healthcare workers with patient contact had
been reported to have high seropositivity (3,17,13,21,22).
Our study also showed that doctors, nurses, and nursing
assistants, i.e., those who are engaged in patient care,

(11)

were more infected than office workers. Rehabilitation
staff, radiologists, and caregivers also had contact
with patients, but they were not more infected than
office workers. These results might reflect that they
had a lesser chance of being included in risk behaviors
such as aerosol-generating procedures. There were no
seropositive participants among nutritionists, laboratory
technicians, social workers, and psychologists. Similar
to our study, fewer instances of infection in laboratory
technicians were reported in previous studies (2,23),
and the risk of infection from specimens obtained from
patients with COVID-19 was low.

Cleaning staff showed a high seropositivity in our
study. One case series also reported SARS-CoV-2
infection in cleaning staff who had no contact with
patients with COVID-19 (24). Of the eight infected
cleaners in the study, only one wore a face shield and
had limited opportunities for infection prevention and
control (IPC) training (24). In another observational
study, cleaning staff had the highest seropositivity among
staff working in hospitals with COVID-19 outbreaks
(23). Of the 17 cleaning staff members who participated
in our study, none reported a history of contact with
patients with COVID-19. Two of the four cleaners who
were seropositive had not undergone PCR testing during
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the outbreak period as they were not suspected to have
SARS-CoV-2 infection by epidemiological investigation.
Transmission by inhalation of infected aerosols in areas
with patients with COVID-19 or through contact with
contaminated fomites was suspected (25). Cleaning staff
might be less trained in infection control than frontline
healthcare workers and it is important to strengthen IPC
training for them.

Healthcare workers in their 20s were more infected
than those in their 40s. The susceptibility to SARS-
CoV-2 infection by age group during the pre-vaccination
period has been previously discussed. One systematic
review and meta-analysis about household transmission
of SARS-CoV-2 reported the secondary infection rate
in family members with patients with COVID-19 to be
low in children and high in older adults (26). In addition,
population-based seroepidemiological surveys showed
that children were less infected than adults, and the
point estimates of seropositivity rates in people in their
40s and 50s were higher than those in other generations
(22,27). We could not find reports of young adults being
more susceptible to infection in the general population.
Healthcare workers, meanwhile, have been reported to
be more infected in the younger age group, similar to our
study (2,3). Healthcare workers in their 20s might have
more close contact with patients with COVID-19 than
those in their 40s and 50s, and they might be unfamiliar
with PPE use.

Physical contact with patients with COVID-19,
the closest form of contact in our questionnaire, was
considered a risk behavior for SARS-CoV-2 infection.
The association between other contact behaviors with
patients with COVID-19 (entering the room, contact
with the surrounding environment, approach within 1
m, conversation) and seropositivity was unclear, but
the point estimates of OR tended to be higher for closer
contact.

The group that always used N95 masks during
aerosol-generating procedures was found to be less
infected, which was consistent with previous studies
(1,3,13). However, there was no conclusive result on
the association between surgical masks use and SARS-
CoV-2 infection in our study. As N95 masks users
were trained rigorously on the use of PPE, they might
have been able to ensure appropriate fitting of their
masks. However, surgical masks were worn by diverse
hospital staff, and some participants might have been
unfamiliar with wearing them correctly. In addition,
some participants reported a lack of PPE during the
study period. The preventive effect of surgical masks
may have been underestimated owing to their improper
wear or reuse. Among other PPE, the use of goggles
prevented SARS-CoV-2 infection with dose-response
relationships.

The outbreak ward had the highest seroprevalence in
this study, and the COVID-19 ward had as few infections
as the non-outbreak ward. By facility, seropositivity

(12)

proportions were the highest in facilities that did not
treat patients with COVID-19 during the study period.
A questionnaire survey conducted in Japan from July to
September 2021 also reported nosocomial outbreaks in
facilities that did not provide COVID-19 inpatient care
(8). The high seroprevalence in facilities that did not treat
patients with COVID-19 suggests that viral transmission
seemed to occur from an undiagnosed SARS-CoV-2-
infected person with incomplete PPE use. In addition, the
low seroprevalence in the COVID-19 ward indicated that
risk factors could be modified with appropriate infection
prevention.

In the 23 participants who previously tested positive
by PCR and negative for serologic testing, the shortest
duration from PCR to serologic test was 96 days. IgG
for SARS-CoV-2 were produced approximately 2 weeks
after infection (28,29). Therefore, the negative serologic
results were not due to early testing. Longitudinal
antibody responses against SARS-CoV-2 are under
discussion. Some studies reported that neutralizing
antibodies against SARS-CoV-2 had declined within
a few months after disease onset (30), whereas others
reported them to last for months to half a year (3/-33).
All 17 participants who reported the PCR test date had
an interval of more than 3 months from the PCR to the
antibody test, and 13 had more than half a year (median
184 days, range 96-192 days). This group might include
those who had seroconverted, but the value decreased by
the time the serologic test was conducted.

Multiple variants of SARS-CoV-2 have been
reported during this pandemic. This study assessed the
risk of wild-type virus infection, and the strength of
the association between each risk factor and infection
may not be consistent in the current epidemic of SARS-
CoV-2 variants. However, quantitative risk assessments
including a control group were limited in Japan, and the
results of this study would be useful as fundamental data
for future pandemics caused by strains with different
infectivity.

This study has several strengths. First, we evaluated
the SARS-CoV-2 infection through seroprevalence
using a robust method. ECLIA was performed for
screening in all cases, and the positivity criteria were
set lower than the manufacturer's criteria so that false
negatives were excluded. The screening-positive cases
were tested using a microneutralization assay with
high sensitivity and specificity. Second, we collected
epidemiological information through a web-based
system. As we were able to check the real-time response
status, a high response rate (1,935 out of 2,059, 94.0%)
could be obtained by sending appropriate reminders.
Third, we recruited study participants regardless of
prior PCR results. People with positive PCR results
would be more concerned about the contexts in which
they became infected than those who had negative PCR
results or had not performed PCR. Therefore, we were
able to minimize recall bias. Finally, as there were only
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a few community-acquired SARS-CoV-2 infections
during our study period, we were able to assess the risk
of infection limited to each healthcare facility.

Our study has several limitations. As this was a
case-control study, causality could not be discussed. We
could only show the strength of associations between
SARS-CoV-2 infection and possible risk factors.
However, the risk behaviors associated with SARS-
CoV-2 infection in our study were consistent with other
research methods such as cohort studies, systematic
reviews, and meta-analyses (2,3,1/-13,34,35). In
addition, a dose-response relationship was found in the
preventive effect of the use of goggles, which suggested
a causal relationship. Second, wearing of PPE by
patients with COVID-19 in contact with the participants
seems to be a possible confounding factor, but we
could not adjust this factor as we did not seck this
information. Third, we could not exclude selection bias
because we employed voluntary participation. Those
with prior positive PCR results might have been more
likely to not participate in the study than those who
had negative results or were untested. Therefore, the
seropositivity rate might be underestimated. However,
it is unclear whether this bias raises or lowers the odds
of risk behaviors. As information was collected through
a self-reported questionnaire, recall bias could have
occurred. Social desirability bias might influence the
responses, especially with regard to PPE use. We tried
to mitigate these information biases by communicating
the serologic test result after questionnaire completion.

In conclusion, we investigated specific risk
behaviors in nosocomial settings and the preventive
effect of each PPE with a quantitative assessment.
The differences in seropositivity rates by ward type
suggested that these risk factors can be modified
through appropriate infection prevention measures.
COVID-19 outbreaks in hospitals which affect medical
resources still remained a public health concern in
2022. Nonpharmaceutical intervention with proper
PPE use remains critically important, especially for
populations with inadequate IPC training.
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