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Abstract

Background: The Pandemic of coronavirus disease (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has critically impacted the spread of infection within nursing facilities. We evaluated the
usefulness of genetic and serological tests conducted during a COVID-19 outbreak in a nursing facility in Japan.

Methods: After the first identification of SARS-CoV-2 infection, a comprehensive, facility- and/or unit-wide PCR
testing from nasopharyngeal swabs was repeatedly performed in a three-unit facility including 99 residents with
dementia and 53 healthcare personnel. Additionally, PCR testing was conducted separately for residents and staff
with fever of ≥37.5 °C. Facility-wide serological testing, including rapid kit testing and quantitative assay, was
conducted twice over 1 month apart.

Results: A total of 322 PCR and 257 antibody tests were performed. 37 (24.3%) of the 152 individuals (25/99 residents,
25.3%; 12/53 staff, 22.6%) were identified as PCR-positive. Seven residents died with a mortality of 7.1% (7/99). Among
the 37 individuals, 10 (27.0%) were asymptomatic at the time of testing. PCR positivity was concentrated on one unit
(Unit 1) (20/30 residents, 66.7%; 9/14 staff, 64.3%). The other units showed a limited spread of infection. In unit-wide
and separate tests, PCR positivity detection was highly prevalent (22.9 and 44.4%, respectively) in Unit 1, compared
with that in the other units. Serological testing identified two additional infected residents with a negative PCR result
and showed that no staff was newly identified as infected.

Conclusions: Thorough PCR testing, in combination with comprehensive and separate tests, is critical for managing
COVID-19 outbreaks in nursing facilities, particularly, in units considered an epicenter. Serological testing is also beneficial
for tracing contacts, confirming the number of infected individuals, and authorizing the termination of the outbreak.
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Background
The coronavirus disease (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has spread worldwide, and the World Health Organization
declared the pandemic state on March 11, 2020. In Japan,
the number of infected people started to increase from the
end of February, and the infection rapidly spread from late
March, reaching the peak of the first wave in mid-April.
COVID-19 outbreaks within hospitals have been regarded
as a critical concern and attracted great attention [1]. Con-
trastingly, not much attention has been paid to such out-
breaks in long-term elderly care facilities. In some
countries, nursing facility residents have been reported to
account for a high percentage of deaths due to COVID-
19, and infection control at these facilities has been
stressed as an urgent issue because the control measures
are greatly lacking in the nursing facilities [2, 3]. In Japan,
COVID-19 outbreaks in nursing facilities have not been
fully investigated, and the actual status is unclear [4].
Comprehensive polymerase chain reaction (PCR) test-

ing during the spread of SARS-CoV-2 in nursing facil-
ities has been reported [5–7]. This facility-wide PCR
testing showed a high prevalence of infection at approxi-
mately 40–80% and the contribution to rapid transmis-
sion by asymptomatic infected residents at the time of
testing. These reports suggest the importance of prompt,
comprehensive PCR testing to detect residents with no
symptoms in nursing facilities.
We recently experienced a COVID-19 outbreak in a

100-bed long-term care facility in a local city of 1.5 mil-
lion individuals in Japan. The nursing facility, mostly oc-
cupied by residents with dementia, experienced the
spread of SARS-CoV-2 in April. There was a serious
concern that the virus had rapidly spread across the fa-
cility because most residents had difficulties in cooperat-
ing with basic infection control measures. In this facility,
from the beginning of the outbreak, multiple PCR tests
were performed separately for residents and staff with
fever, as well as repeated facility/unit-wide testing. Add-
itionally, multiple facility-wide antibody testing was
planned and implemented. Our experience could pro-
vide useful information on future control measures for
COVID-19 outbreaks in nursing facilities.

Methods
Study definition
Clinical data on symptoms were collected from the med-
ical records kept at the facility. There were few records
regarding the subjective and objective symptoms charac-
teristic of COVID-19. This was probably because most
residents were not able to communicate their subjective
symptoms, such as shortness of breath, which is typical
for COVID-19, owing to severe dementia, and the de-
tailed recording of objective symptoms depended on the

nursing staff. Therefore, only fever and cough were de-
fined as symptoms related to COVID-19 in terms of data
reliability.
Herein, two types of PCR testing, comprehensive (fa-

cility/unit-wide) and separate tests, were performed. In
comprehensive PCR testing, residents and staff with a
positive result were classified as symptomatic if they had
a temperature of ≥37.5 °C (fever) and/or cough within
14 days prior to testing. PCR-positive residents and staff
were classified as presymptomatic if they were not classi-
fied as symptomatic at the time of testing and developed
fever and/or cough within 7 days after testing. PCR-
positive residents and staff were classified as asymptom-
atic if they were not considered symptomatic or pre-
symptomatic. PCR testing was separately conducted
when residents and staff had fever, regardless of cough-
ing, resulting in being classified as symptomatic at the
time of PCR positivity. PCR testing was performed in in-
dividuals with a fever with ≥37.5 °C according to the rec-
ommendations of the Ministry of Health, Labor and
Welfare of Japan.

Laboratory testing
Nasal or pharyngeal swab specimens for the PCR assay
were collected in the facility. One-step real-time reverse
transcriptase-PCR was performed by the Fukuoka City
Institute of Health and Environment, according to the
Manual for the Detection of Pathogen 2019-nCoV by
the National Institute of Infectious Diseases [8]. Cycle
threshold (Ct) values below 40 cycles were determined
as positive for SARS-CoV-2.
Serological testing was performed using the serum

samples collected for comprehensive testing and those
remaining from other biochemical tests. Rapid antibody
kit testing was conducted as previously described [9].
The result of IgM antibody detection was not used in
this report because of the low ability to detect IgM,
which was obtained in our preliminary research [9].
Antibody testing for PCR-positive residents and staff
was performed basically after 14 days or more. In the
case of positive PCR and negative IgG results, additional
antibody testing was performed.
The quantitative levels of IgG antibodies for SARS-

CoV-2 were examined using the same serum samples
used for the rapid antibody testing. A chemilumines-
cent microparticle immunoassay, based on the nucleo-
capsid antigen of SARS-CoV-2 (SARS-CoV-2 IgG
reagent kit, Abbott Laboratories Co., Ltd., Park, IL,
USA), was used and performed on an ARCHITECT
i2000SR automated analyzer, according to the manu-
facturer’s instructions. Calculated signal-to-cutoff
values of ≥1.4 indicated positive detection of anti-
SARS-CoV-2 IgG antibodies.
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Statistical analyses
Categorical variables were analyzed using Fisher’s exact
test. Continuous variables were compared using the
Wilcoxon rank-sum test. The association between two
variables was analyzed using Spearman’s rank correlation
test. P values of < 0.05 were considered statistically sig-
nificant. All statistical analyses were performed using
JMP Pro, version 14 (SAS Institute, Inc., Cary, NC,
USA).

Results
Outbreak description
In Fukuoka City, Japan, the first case of COVID-19 was
reported in late February, 2020, and the number of
SARS-CoV-2-infected cases gradually increased in
March; the first wave of the COVID-19 epidemic peaked
in April. The facility reported herein is a 100-bed nurs-
ing facility divided into three units with long-term resi-
dents; it included 99 residents and 53 staff (full-time
healthcare personnel) as of April 1 (Table 1). Most resi-
dents had developed advanced dementia (Table 1). All
visitors were restricted to the facility from the beginning
of March (Fig. 1). On March 31, a nursing staff who had
worked in Unit 1 developed a fever and underwent PCR
testing for SARS-CoV-2 in another hospital, resulting in

the first identification of COVID-19 in the facility on
April 1. Following this result, the administrative leader
at the facility decided to conduct PCR testing for all resi-
dents in Unit 1 and comprehensive testing for all staff,
under the permission of the Heath and Welfare Center
in Fukuoka City; comprehensive and separate PCR tests
were repeated during the outbreak in the facility. After
the identification of PCR-positive residents and staff, in-
fection control measures in each unit were enhanced
(Fig. 1). The PCR-positive residents were accommodated
and isolated in a room in Unit 4 that was not usually
used immediately after identification. Subsequently, resi-
dents with severe conditions were transferred to hospi-
tals, and other residents were treated in the facility. The
PCR-positive staff were hospitalized or remained at
home immediately after determining the result. The au-
thors, belonging to Kyushu University, were requested
by the administrative leader to perform serological test-
ing in the facility, resulting in the initiation of antibody
testing on April 23. The final PCR-positive resident in
the facility was identified on April 28. All previously
PCR-positive residents were retested and were PCR-
negative by June 1. Subsequently, a second facility-wide
antibody testing was implemented to confirm the ter-
mination of the COVID-19 outbreak in the facility. The

Table 1 Demographic characteristics in residents of the facility

Characteristic Unit 1 Unit 2 Unit 3 Total

Total number of residentsa 30 35 34 99

Gender, male 13 (43.3) 13 (37.1) 10 (29.4) 36 (36.4)

Age, mean years ± SD (range) 84.0 ± 7.8 (69–104) 84.9 ± 7.0 (66–99) 85.2 ± 9.1 (60–105) 84.7 ± 8.0 (60–105)

ADL

ADL scores (0–6)b, mean scores 2.1 1.9 1.5 1.8

Independent walking 13 (43.3) 9 (25.7) 12 (35.3) 34 (34.3)

Chronic underlying disease

Dementia 28 (93.3) 33 (94.3) 34 (100.0) 95 (96.0)

HDS-R (0–30)c, mean scores 6.7 8.3 4.3 6.3

Wandering behavior due to dementia 9 (30.0) 5 (14.3) 7 (20.6) 21 (21.2)

Hypertension 9 (30.0) 12 (34.3) 9 (26.5) 30 (30.3)

Cardiac disease 8 (26.7) 8 (22.9) 3 (8.8) 19 (19.2)

Chronic pulmonary disease 2 (6.7) 3 (8.6) 3 (8.8) 8 (8.1)

Renal disease 1 (3.3) 3 (8.6) 2 (5.9) 6 (6.1)

Cerebrovascular disease 5 (16.7) 11 (31.4) 10 (29.4) 26 (26.3)

Hepatic disease 2 (6.7) 3 (8.6) 4 (11.8) 9 (9.1)

Diabetes 2 (6.7) 6 (17.1) 8 (23.5) 16 (16.2)

Hyperlipidemia 2 (6.7) 2 (5.7) 5 (14.7) 9 (9.1)

Cancer 2 (6.7) 2 (5.7) 2 (5.9) 6 (6.1)

Data are no. (%) of residents, unless indicated otherwise
a Data include all residents who were present in the facility on April 1, 2020
b ADL scores indicate physical self-maintenance scale (PSMS) with a total maximum score of 6
c HDS-R is a screening test for age-associated dementia. Dementia was defined as a score of HDS-R ≤ 20 (total maximum score of 30)
ADL, activities of daily living; HDS-R, the revised Hasegawa’s dementia scale
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facility was reopened to new residents and visitors on
June 15.

PCR testing
A total of 283 real-time PCR tests were performed be-
tween April 1 and 28, finally reaching 322 tests including
additional 39 tests performed by June 15. From March
31 to April 28, 37 of the 152 individuals (24.3%) in the
facility (25/99 residents, 25.3%; 12/53 staff, 22.6%) were
identified as PCR-positive for SARS-CoV-2 (Fig. 2).
Seven residents, including four in Unit 1 and three in
Unit 3, died after identification, resulting in a mortality
of 7.1% (7/99). No staff died in the facility. PCR positiv-
ity detection was most pronounced in Unit 1 (20/30 resi-
dents, 66.7%; 9/14 staff, 64.3%), followed by Unit 3 (5/34
residents, 14.7%; 2/14 staff, 14.3%). Only one staff mem-
ber was identified as PCR-positive in Unit 2. This test
was possibly false-positive based on the subsequent
negative results on serial antibody testing.
Table 2 shows the detection rate of real-time PCR

positivity for SARS-CoV-2 in facility/unit-wide and other

separate tests. PCR positivity in the comprehensive test-
ing was highly prevalent in Unit 1 (16/70 PCR tests in
residents and staff, 22.9%), compared with that in the
other units. Additionally, a detection rate of 44.4% (12/
27 PCR tests in residents and staff) in Unit 1 was ob-
tained when residents and staff with fever were separ-
ately tested. The frequency of febrile episodes during the
outbreak in Unit 1 was not different between the PCR-
positive and -negative residents (Table S1).
The mode of symptom onset was examined in 17 resi-

dents and staff who were identified using facility/unit-
wide PCR testing (Table S2). Among them, 10 (58.8%)
did not develop any symptoms at the time of testing
(presymptomatic, n = 6; asymptomatic, n = 4). The real-
time PCR Ct values for these 10 individuals with no
symptoms at the time of testing were similar to those
for the symptomatic individuals (Fig. S1).

Serological testing
A total of 257 rapid antibody kit tests were performed
by June 15. A part of serum samples used for these tests

Fig. 1 COVID-19 outbreak timeline at the facility. Implementation of genetic and serological tests based on the identification of PCR-positive
residents and staff is shown. Major infection prevention and control measures implemented in the facility are shown below the timeline. Out-of-
facility contact with staff in Unit 1 and staff from other units were not completely restricted before April 8. PPE, personal protective equipment;
COVID-19, coronavirus disease
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Fig. 2 Detection timeline of residents and staff with positive PCR results for SARS-CoV-2. The number of residents and staff in each unit
represents the data as of April 1, 2020. The PCR + C and PCR + S indicate PCR positivity in comprehensive (facility/unit-wide) and separate PCR
testing, respectively. Staff no. 1 in Unit 1 was identified as PCR-positive in another hospital on March 31, 2020. SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2

Table 2 Facility/Unit-wide and separate PCR tests during the COVID-19 outbreak in the facility

Positive results of PCR assay for SARS-CoV-2 (%)

Facility/Unit-wide testinga Separate testingb

April 1–2 April 13–14 April 23–24 Subtotal April 1–28 Total

Unit 1

Residents (n = 30) 6/30 (20.0) N/A 3/13 (23.1) 9/43 (20.9) 11/24 (45.8) 20/67 (29.9)

Nursing staff members (n = 14) 2/13 (15.4) 5/10 (50.0) 0/4 (0.0) 7/27 (25.9) 1/3 (33.3) 8/30 (26.7)

Unit 2

Residents (n = 35) N/A N/A N/A N/A 0/17 (0.0) 0/17 (0.0)

Nursing staff members (n = 15) 0/15 (0.0) 0/14 (0.0) N/A 0/29 (0.0) 1/5 (20.0) 1/34 (2.9)

Unit 3

Residents (n = 34) N/A 1/33 (3.0) 0/29 (0.0) 1/62 (1.6) 4/10 (40.0) 5/72 (6.9)

Nursing staff members (n = 14) 0/14 (0.0) 0/13 (0.0) 0/11 (0.0) 0/38 (0.0) 2/4 (50.0) 2/42 (4.8)

Other staff members (n = 10) 0/10 (0.0) 0/10 (0.0) N/A 0/20 (0.0) 0/1 (0.0) 0/21 (0.0)

Total 8/82 (9.8) 6/80 (7.5) 3/57 (5.3) 17/219 (7.8) 19/64 (29.7) 36/283 (12.7)c

a Facility/unit-wide PCR testing on April 13–14 and 23–24 was performed for the remaining residents and staff of the unit, excluding PCR-positive
individuals up to each time point
b The timeline of PCR positivity in the separate PCR testing is shown in Fig. 2
c The number of residents and staff with a positive PCR result does not include a case of staff 1 in Unit 1 who was identified as PCR-positive in another hospital
on March 31, 2020
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; N/A, not available
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was applied to antibody quantification assay (Table S3).
Among the 37 PCR-positive residents and staff, serum
samples from the 33 individuals were obtained. Of
these 33 individuals, 31 were positive for IgG anti-
bodies in both kit and quantification tests (Fig. S2a).
One resident who was negative for IgG in the kit
testing showed IgG positivity in the quantification
assay (Fig. S2a, resident no. 25 in Table S3). One staff
showed IgG negativity between the kit and quantifica-
tion tests, suggesting a possible false-positive result in
the PCR testing with a Ct value of 19.6 (Fig. S2a, staff
no. 10 in Table S3).
No staff had positive IgG testing results in both the

first and second facility-wide tests (Table 3). In the
first testing, three residents showed IgG positivity.
One resident in Unit 2 had a negative IgG result in
the quantification assay, resulting in a false-positive
result in the kit testing (resident no. 26 in Table S3).
Of the two remaining residents in Unit 1, one showed
both positive PCR and IgG results, as of April 23
(resident no. 20 in Table S3). Another resident had
negative PCR and positive IgG results, as of April 23.
(resident no. 27 in Fig. 3a). In the second testing, one
resident in Unit 2 was newly identified as IgG-
positive (Table 3). This resident became seropositive
for IgG after an initial negative status, although PCR
positivity had never been detected by June 15 (resi-
dent no. 28 in Fig. 3b). Thus, serological testing most
likely identified two residents infected with SARS-
CoV-2 who could not be detected in the series of
PCR testing. Finally, as of June 15, serological testing
showed that no individuals in the facility were newly
identified as infected since April 29.

Discussion
Several circumstances can be identified with a presymp-
tomatic or an asymptomatic status with positive PCR re-
sults at the time of comprehensive testing during
outbreaks in nursing facilities [6, 7]. In this study, a high
frequency of PCR positivity detection in comprehensive
testing was observed in Unit 1, which became the center
of the outbreak in the facility, leading to the identifica-
tion of asymptomatic individuals at the time of testing.
We re-recognized the usefulness of facility/unit-wide
PCR testing during the COVID-19 outbreak in our nurs-
ing facility. In Unit 1, PCR positivity was also detected at
a high frequency when separate testing was performed.
Identifying PCR-positive individuals with fever as early
as possible by conducting separate testing is important
to prevent the spread of SARS-CoV-2. The PCR-
negative residents in Unit 1 had febrile episodes at the
same level during the outbreak in the unit. This implies
that there are limits to infection control measures based
only on symptoms. It is also particularly difficult to iso-
late all residents with fever. The “test-based strategy” is
stressed as an infection prevention and control method
for COVID-19 in nursing facilities [10]. Performing mass
PCR testing in combination with comprehensive and
separate tests as promptly as possible is effective for con-
trolling COVID-19 outbreaks in nursing facilities.
Resident no. 20 in Unit 1 was identified on the basis of

both PCR and IgG positivities on the same collection
day (April 23). In our preliminary research using the
same antibody kit applied herein, IgG antibodies were
detected from day 7 after symptom onset, and the detec-
tion rate reached 100% on day 13 or later [9]. Accord-
ingly, this resident in Unit 1 might have spread the virus

Table 3 Facility-wide rapid antibody kit testing performed in the facility

Positive results of IgG for SARS-CoV-2

Facility-wide testing

April 23-27a June 12-15b Total

Unit 1

Residents (n = 13) 2/13c 1/10c 3/23

Nursing staff members (n = 4) 0/4 0/4 0/8

Unit 2

Residents (n = 34) 1/34c 2/32c 3/66

Nursing staff members (n = 14) 0/14 0/14 0/28

Unit 3

Residents (n = 29) 0/29 0/28 0/57

Nursing staff members (n = 12) 0/12 0/12 0/24

Other staff members (n = 10) 0/10 0/8 0/18

Total 3/116 3/108 6/224
aThe testing was performed for PCR-negative residents and staff who were present in the facility as of April 22, 2020.
b The testing was performed for PCR-negative residents and staff who were present in the facility as of June 11, 2020.
c These include repeated IgG-positive results in the same resident.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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for at least 1 week. The clinical courses of residents nos.
27 and 28 likely suggested that a false-negative result
was obtained from the PCR tests performed on April 7
and 21 (presumed symptom onset days), respectively
(Fig. 3). The false-negative rate of PCR testing for SARS-
CoV-2 has been reported to be the highest on the day of
symptom onset [11]. Considering the subsequent persist-
ence of fever in these residents, multiple tests might
have resulted in PCR positivity. Resident no. 27, similar
to resident no. 20, might have contributed to the spread
of SARS-CoV-2 in Unit 1 for approximately 2 weeks.
Further thorough measures, such as weekly unit-wide
PCR testing, could contribute to the prompt detection of
infected residents in units that are considered hot spots
for COVID-19 in nursing facilities.
IgG antibody production was observed in all residents

and staff infected with SARS-CoV-2 in the facility, ex-
cept for four residents in whom serum samples were not
obtained and one staff with a possible false-positive PCR
result. IgG antibodies for SARS-CoV-2 were found to be
produced regardless of age (Fig. S2b). Additionally, IgG
production seemed to persist for at least 2 months after
the infection (Fig. S2c). Thus, serological testing can ef-
fectively be used to demonstrate SARS-CoV-2 infection
in elderly nursing facilities. Rapid and simple antibody
kit testing could be useful for practical outbreak settings.

Serological testing is not recommended for the diagnosis
of an active SARS-CoV-2 infection [10], and has been
rarely reported in COVID-19 outbreaks in nursing facil-
ities. Our investigation suggests that serological testing
could be useful for tracing close contacts, confirming
the number of infected residents and staff, and authoriz-
ing the termination of outbreaks in nursing facilities.
This study has some limitations. First, the description

of symptoms characteristic of COVID-19 is scarce. This
could not be avoided because of the difficulty in accur-
ately extracting symptoms as described in the methods
section. Symptomatic status misclassification for some
asymptomatic individuals might have occurred, aside
from presymptomatic individuals who were all subse-
quently in a febrile status. Second, although the reliabil-
ity of the rapid antibody kit used was verified using a
quantification assay, the accuracy of the assay has not
been guaranteed. It was previously reported that the sen-
sitivity and specificity were 100 and 99.6%, respectively,
for the performance of this assay [12, 13]. Therefore, the
reliability of the quantification assay used in this study is
presumed to be extremely high.

Conclusions
Mass PCR testing, in combination with comprehensive
and separate tests, is critical for managing COVID-19

Fig. 3 Clinical course of residents with PCR-negative and IgG-positive results for SARS-CoV-2. The serum sample obtained from resident no. 28 on
May 1 was the one remaining from biochemical testing. The calculated signal-to-cutoff values of ≥1.4 indicate positive detection of anti-SARS-
CoV-2 IgG antibodies. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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outbreaks in nursing facilities. Thorough PCR testing
should be conducted for prompt detection of infected
individuals, especially in facility units considered an out-
break epicenter. Serological testing is also useful for tra-
cing close contacts, confirming the number of infected
individuals and authorizing the termination of outbreaks.
In the current situation in which there is no vaccination
or chemoprophylaxis for SARS-CoV-2 infection, the
COVID-19 outbreaks in nursing facilities could cause
catastrophic consequences. We believe that our experi-
ence could be of significant use to many healthcare pro-
fessionals for future infection control measures.
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