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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 �rst identi�cation 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 oC. 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 identi�ed 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 identi�ed two additional infected residents with a negative PCR result and showed
that no staff was newly identi�ed 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 bene�cial for tracing contacts, con�rming the number of infected individuals,
and authorizing the termination of the outbreak.

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 �rst wave in mid-April. COVID-19
outbreaks within hospitals have been regarded as a critical concern and attracted great attention [1].
Contrastingly, not much attention has been paid to such outbreaks in long-term elderly care facilities; the
pandemic has been rapidly deteriorating the living environment at nursing 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].
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Comprehensive polymerase chain reaction (PCR) testing during the spread of SARS-CoV-2 in nursing
facilities has been reported [5-7]. This facility-wide PCR testing showed a high prevalence of infection at
approximately 40-80% and the contribution to rapid transmission 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
million individuals in Japan. The nursing facility, mostly occupied 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 facility because most residents had di�culties in cooperating 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. Additionally,
multiple facility-wide antibody testing was planned and implemented. Our experience could provide
useful information on future control measures for COVID-19 outbreaks in nursing facilities.

Methods
Study de�nition

Clinical data on symptoms were collected from the medical records kept at the facility. There were few
records regarding the subjective and objective symptoms characteristic 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 detailed recording of objective
symptoms depended on the nursing staff. Therefore, only fever and cough were de�ned as symptoms
related to COVID-19 in terms of data reliability.

Herein, two types of PCR testing, comprehensive (facility/unit-wide) and separate tests, were performed.
In comprehensive PCR testing, residents and staff with a positive result were classi�ed as symptomatic if
they had a temperature of ≥37.5 oC (fever) and/or cough within 14 days prior to testing. PCR-positive
residents and staff were classi�ed as presymptomatic if they were not classi�ed as symptomatic at the
time of testing and developed fever and/or cough within 7 days after testing. PCR-positive residents and
staff were classi�ed as asymptomatic if they were not considered symptomatic or presymptomatic. PCR
testing was separately conducted when residents and staff had fever, regardless of coughing, resulting in
being classi�ed as symptomatic at the time of PCR positivity.

Laboratory testing

Nasal and pharyngeal swab specimens for the PCR assay were all 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.



Page 4/13

Serological testing was performed using the serum samples collected for comprehensive testing and
those remaining from other biochemical tests. An immunochromatographic assay kit, based on the
recombinant nucleocapsid antigen of SARS-CoV-2 (2019-nCoV Immunoglobulin (Ig)G/IgM Rapid Test
Cassette, Hangzhou Alltest Biotech Co. Ltd., China), was used for rapid antibody detection, according to
the manufacturer’s instructions. In brief, 10 µL of serum was loaded into the sample port, followed by the
addition of two drops (approximately 80 µL) of dilution buffer to drive capillary action along the strip. The
entire testing took 10 minutes to complete. The presence of anti-SARS-CoV-2 IgG antibodies is indicated
by a red line in the corresponding area of the device. 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 (data
not shown).

The quantitative levels of IgG antibodies for SARS-CoV-2 were examined using the same serum samples
used for the rapid antibody testing. A chemiluminescent microparticle immunoassay, based on the
nucleocapsid 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
manufacturer’s instructions. Calculated signal-to-cutoff values of ≥1.4 indicated positive detection of
anti-SARS-CoV-2 IgG antibodies.

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 signi�cant. All statistical analyses were
performed using JMP Pro, version 14 (SAS Institute, Inc., Cary, NC, USA).

Results
Outbreak description

In Fukuoka City, Japan, the �rst case of COVID-19 was reported in late February, 2020, and the number of
SARS-CoV-2-infected cases gradually increased in March; the �rst wave of the COVID-19 epidemic peaked
in April. The facility reported herein is a 100-bed nursing facility divided into three units with long-term
residents; it included 99 residents and 53 staff (full-time healthcare personnel) as of April 1 (Table 1).
Most residents 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 �rst identi�cation 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 residents 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 identi�cation of PCR-positive residents and staff,
infection 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
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identi�cation. Subsequently, residents with severe conditions were transferred to hospitals, and other
residents were treated in the facility. The PCR-positive staff were hospitalized or remained at home
immediately after determining the result. The authors, belonging to Kyushu University, were requested by
the administrative leader to perform serological testing in the facility, resulting in the initiation of antibody
testing on April 23. The �nal PCR-positive resident in the facility was identi�ed on April 28. Negative
conversion in all PCR-positive residents was achieved on June 1. Subsequently, a second facility-wide
antibody testing was implemented to con�rm the termination of the COVID-19 outbreak in the facility. The
facility was reopened to new residents and visitors on June 15.

PCR testing

A total of 283 real-time PCR tests were performed between April 1 and 28, �nally 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 identi�ed as PCR-positive for
SARS-CoV-2 (Fig. 2). Seven residents died after identi�cation, resulting in a mortality of 7.1% (7/99). PCR
positivity detection was most pronounced in Unit 1 (20/30 residents, 66.7%; 9/14 staff, 64.3%), followed
by Unit 3 (5/34 residents, 14.7%; 2/14 staff, 14.3%). Only one staff member was identi�ed as PCR-
positive in Unit 2.

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 testing was highly prevalent in Unit 1 (16/70 residents
and staff, 22.9%), compared with that in the other units. Additionally, a detection rate of 44.4% (12/27
residents and staff) in Unit 1 was obtained when residents and staff with fever were separately 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 residents and staff who were identi�ed 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 was applied to antibody quanti�cation 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 antibodies in both kit and quanti�cation tests (Fig. S2a). One resident who was negative for IgG in the
kit testing showed IgG positivity in the quanti�cation assay (Fig. S2a). One staff showed IgG negativity
between the kit and quanti�cation tests, resulting in a false-positive result in the PCR testing (Fig. S2a).
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No staff had positive IgG testing results in both the �rst and second facility-wide tests (Table 3). In the
�rst testing, three residents showed IgG positivity. One resident in Unit 2 had a negative IgG result in the
quanti�cation 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 identi�ed 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 (resident no. 28 in Fig. 3b). Thus, serological testing most
likely identi�ed 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
identi�ed as infected since April 29.

Discussion
Several circumstances can be identi�ed with a presymptomatic or an asymptomatic status with positive
PCR results 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 identi�cation 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 nursing 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 di�cult to
isolate all residents with fever. The “test-based strategy” is stressed as an infection prevention and
control method for COVID-19 in nursing facilities [9]. Performing mass PCR testing in combination with
comprehensive and separate tests as promptly as possible is effective for controlling COVID-19
outbreaks in nursing facilities.

Resident no. 20 in Unit 1 was identi�ed 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 detection rate reached 100% on day
13 or later (data not shown). Accordingly, this resident in Unit 1 might have spread the virus 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 [10]. Considering the subsequent persistence 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.
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IgG antibody production was observed in all residents and staff infected with SARS-CoV-2 in the facility,
except 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 effectively 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 [9], and has
been rarely reported in COVID-19 outbreaks in nursing facilities. Our investigation suggests that
serological testing could be useful for tracing close contacts, con�rming the number of infected residents
and staff, and authorizing 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 di�culty in accurately extracting symptoms as described in the
methods section. Symptomatic status misclassi�cation for some asymptomatic individuals might have
occurred, aside from presymptomatic individuals who were all subsequently in a febrile status. Second,
although the reliability of the rapid antibody kit used was veri�ed using a quanti�cation assay, the
accuracy of the assay has not been guaranteed. It was previously reported that the sensitivity and
speci�city were 100% and 99.6%, respectively, for the performance of this assay [11,12]. Therefore, the
reliability of the quanti�cation 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 outbreaks in nursing facilities. Thorough PCR testing should be conducted for prompt detection of
infected individuals, especially in facility units considered an outbreak epicenter. Serological testing is
also useful for tracing close contacts, con�rming 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 experience could be of signi�cant use to many healthcare
professionals for future infection control measures.
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Figure 1

COVID-19 outbreak timeline at the facility Implementation of genetic and serological tests based on the
identi�cation of PCR-positive residents and staff is shown. Major infection prevention and control
measures implemented in the facility are shown below the timeline. PPE, personal protective equipment;
COVID-19, coronavirus disease
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Figure 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. SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2
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Figure 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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