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ABSTRACT

Background: Reverse transcription polymerase chain reaction (RT-PCR) is the gold standard for detection
of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Previously, the accuracy of the
quantitative LUMIPULSE SARS-CoV-2 antigen test was demonstrated using samples collected
retrospectively. In this study, the LUMIPULSE antigen test was clinically validated using prospective
samples.
Methods: In total, 1033 nasopharyngeal swab samples were collected from 1033 individuals, and an
additional 275 follow-up samples were collected from 43 patients who subsequently tested positive for
coronavirus disease 2019 (COVID-19). All 1308 samples were subjected to quantitative RT-PCR (RT-qPCR)
and the antigen test. The antibody response was investigated for patients with discordant results to
clarify if seroconversion had occurred.
Results: RT-qPCR identified 990 samples as negative and 43 as positive, while the antigen test identified
992 samples as negative, 37 as positive and four as inconclusive. The overall concordance rate was 99.7%
(1026/1029). Sensitivity, specificity, positive predictive value and negative predictive value of the antigen
test were 92.5% (37/40), 100% (989/989), 100% (37/37) and 99.7% (989/992), respectively, after exclusion
of the four inconclusive results. The kappa coefficient was 0.960 (95% confidence interval 0.892-0.960),
suggesting excellent agreement between the two tests. Seropositivity in five of seven patients with
discordant results suggested that the discrepancy was caused by samples collected during the late phase
of infection. Using follow-up samples, correlation was observed between the antigen level and the viral
load or cycle threshold value. The concordance rate between these test results tended to be high among
samples collected 0-9 days after symptom onset, but this decreased gradually in samples collected
thereafter.
Conclusions: This prospective study demonstrated that the LUMIPULSE antigen test is a highly accurate
diagnostic test for SARS-CoV-2.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

* Corresponding author at: Genome Analysis Centre, Yamanashi Central Hospital, 1-1-1 Fujimi, Kofu, Yamanashi, Japan.
E-mail address: hirotsu-bdyu@ych.pref.yamanashi.jp (Y. Hirotsu).

https://doi.org/10.1016/j.ijid.2021.02.005

1201-9712/© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2021.02.005&domain=pdf
mailto:hirotsu-bdyu@ych.pref.yamanashi.jp
https://doi.org/10.1016/j.ijid.2021.02.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijid.2021.02.005
http://www.sciencedirect.com/science/journal/12019712
www.elsevier.com/locate/ijid

Y. Hirotsu, M. Maejima, M. Shibusawa et al.
Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has spread rapidly around the world. Approximately
80% of infected patients with coronavirus disease 2019 (COVID-
19) develop mild symptoms and recover without specific
treatment (Matheson and Lehner, 2020). However, 20% of
patients deteriorate rapidly within 7-10 days of symptom
onset, and 25% of these patients will face mechanical
ventilation and high mortality rates (Matheson and Lehner,
2020).

Reverse transcription polymerase chain reaction (RT-PCR) is a
sensitive and specific assay that is considered the gold standard for
SARS-CoV-2 testing (Corman et al., 2020; Hirotsu et al., 2020a).
However, RT-PCR requires specialized equipment and skilled
technicians, and is time-consuming and expensive to perform.
As an alternative, the antigen test has been approved for the
diagnosis of patients with COVID-19 (US Food and Drug
Administration, n.d.).

Most antigen tests are developed for use as a rapid
diagnostic at the point of care. These tests are based on paper
assays or lateral flow immunochromatography and provide
qualitative detection of SARS-CoV-2. The simple-to-use format
of the rapid antigen test does not require special equipment or
operator skills. In general, these rapid kits have high specificity
but low sensitivity, which can yield false-negative results for
samples with low viral loads (Albert et al., 2020; Cerutti et al.,
2020; Linares et al., 2020; Mak et al., 2020; Scohy et al., 2020).
For instance, sensitivity is 30.2% (32/106) for the COVID-19 Ag
Respi-Strip (Coris BioConcept, Wallonia, Belgium) (Scohy et al.,
2020), 45.7% (16/35) for the Biocredit Covid-19 Ag Detection
Kit (BioVendor, Brno, Czech Republic) (Mak et al., 2020), 70.6%
(77/109) for the STANDARD Q COVID-19 Ag Test (SD Biosensor,
Suwon, Republic of Korea) (Cerutti et al., 2020), and 73.3-79.6%
(44/60 and 43/55) for the Panbio COVID-19 Ag Rapid Test
(Abbott, Abbott Park, IL, USA) (Albert et al., 2020; Linares et al.,
2020).

The World Health Organization recommends that rapid
diagnostic tests should be used for symptomatic individuals
within the first 5-7 days following symptom onset, but should not
be used for individuals without any symptoms (World Health
Organization, 2020). There is growing demand for the clinical
utility and high accuracy of the quantitative antigen test to be
demonstrated. However, few prospective validation studies have
been reported for large cohorts.

The authors previously evaluated the accuracy of the
LUMIPULSE SARS-CoV-2 antigen test, which is a fully auto-
mated system based on the chemiluminescent enzyme
immunoassay principle (Hirotsu et al., 2020b). This antigen
test can measure the antigen level of SARS-CoV-2 nucleocapsid
protein quantitatively. The antigen test has been approved in
Japan and is widely used in hospitals, clinical laboratory
centres and airport quarantines. Fujirebio Europe acquired
CE marking in August 2020, and have started to supply the
antigen test globally (e.g. at German airports) (Fujirebio et al.,
2020a, b).

This article reports the findings from a prospective validation
study of the LUMIPULSE antigen test using a total of 1308
nasopharyngeal swab samples. Of these, 1033 were initial
samples collected prospectively from 1033 individuals. In
addition, 275 follow-up samples were collected longitudinally
from 42 confirmed cases of COVID-19 in this cohort. The antigen
test and quantitative RT-PCR (RT-qPCR) were conducted for each
sample. In addition, the antibody response in seven patients with
discordant results was examined to clarify their seroconversion
status.

International Journal of Infectious Diseases 105 (2021) 7-14
Materials and methods
Patients and samples

In total, 1308 nasopharyngeal swab samples were collected
from 1033 individuals. First, 1033samples from 1033 individuals-
including symptomatic individuals (i.e. those with a fever, cough,
sore throat, fatigue and/or headache), asymptomatic individuals
who had been in contact with an infected patient, and returnees
from abroad-were analysed prospectively. Among these 1033
individuals, 43 were confirmed as PCR-positive individuals
(hereafter termed ‘patients with COVID-19’), including 36 symp-
tomatic and seven asymptomatic patients. Second, 275 follow-up
samples were collected longitudinally from the 43 patients with
COVID-19. Thus, in total, 318 samples (43 initial and 275 follow-up
samples) were collected from the 43 patients with COVID-19
(average of 7.4 samples per patient, range 1-27 samples). All 1308
samples were subjected to RT-qPCR and the LUMIPULSE antigen
test.

The Institutional Review Board of the Clinical Research and
Genome Research Committee at Yamanashi Central Hospital
approved this study and the use of an opt-out consent method
(Approval Nos. C2019-30 and C2020-9). The requirement for
written informed consent was waived as this was an observational
study and due to the urgent need to collect COVID-19 data.
Participation in the study by patients was optional. All methods
were performed in accordance with the relevant guidelines and
regulations, and the Declaration of Helsinki.

Sample collection and processing

All nasopharyngeal swab samples were collected using cotton
swabs and placed in 3 mL of viral transport media (VTM) obtained
from Copan Diagnostics (Murrieta, CA, USA); 700 L of VTM was
used for the antigen test immediately after sample collection. The
residual VTM was stored temporarily at 4 °C, and 200 p.L of VTM
was used for nucleic acid extraction within 2 h of sample
collection.

SARS-CoV-2 antigen test (LUMIPULSE)

The sample antigen levels were determined quantitatively
using the LUMIPULSE SARS-CoV-2 antigen test (Fujirebio, Inc.,
Tokyo, Japan) in accordance with the manufacturer’s instructions
(Hirotsu et al., 2020b, 2021). In brief, 700 L of the VTM samples
was vortexed, transferred into a sterile tube, and centrifuged at
2000xg for 5 min. Aliquots (100 L) of the supernatant were used
for testing on the LUMIPULSE G600II automated system (Fujir-
ebio). For samples with an antigen level >5000 pg/mL, the samples
were diluted with the kit diluent and retested, and the antigen
level was calculated taking the dilution factor into account.
Samples with an antigen level >10 pg/mL were considered
positive, samples with an antigen level >1.0 pg/mL and <10.0
pg/mL were considered inconclusive, and samples with an antigen
level <1.0 pg/mL were considered negative, in accordance with the
manufacturer’s guidelines.

Viral nucleic acid extraction

Total nucleic acid was isolated from the samples using the
MagMAX Viral/Pathogen Nucleic Acid Isolation Kit (Thermo Fisher
Scientific, Waltham, MA, USA) on the KingFisher Duo Prime System
(Thermo Fisher Scientific), as described previously (Hirotsu et al.,
2020c, d). Briefly, 200 wL of VIM, 5 L of proteinase K, 265 L of
binding solution, 10 L of total nucleic acid binding beads, 0.5 mL
of wash buffer, and 0.5-1 mL of 80% ethanol was added to each well
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of a 96-well plate. The nucleic acids were eluted with 70 pL of
elution buffer. The total nucleic acids were subjected to RT-qPCR
immediately.

RT-qPCR

According to the protocol developed by the National Institute of
Infectious Diseases in Japan (Hirotsu et al., 2020a, c; Shirato et al.,
2020), one-step RT-qPCR was performed to detect SARS-CoV-2. This
PCR amplifies the nucleocapsid (N) gene of SARS-CoV-2
(NC_045512.2). The reaction mixture comprises 5 L of 4 x TagMan
Fast Virus 1-Step Master Mix (Thermo Fisher Scientific), 1.0 wL of
10 M forward primer (5'-AAATTTTGGGGACCAGGAAC-3'),1.4 wLof
10 pM reverse primer (5-TGGCAGCTGTGTAGGTCAAC-3'), 0.8 L of
5 WM probe (5-FAM-ATGTCGCGCATTGGCATGGA-TAMRA-3'),
6.8 L of nuclease-free water, and 5 pL of nucleic acid sample in
a 20-p.L total volume. The expected amplicon size is 158 bp. The
human ribonuclease P protein subunit p30 (RPP30) gene was used
(Integrated DNA Technologies, Coralville, IA, USA) as the internal
positive control (Hirotsu et al., 2020a).

RT-qPCR assays were conducted on a StepOnePlus Real-Time
PCR System (Thermo Fisher Scientific) with the following cycling
conditions: 50 °C for 5 min for reverse transcription, 95 °C for 20 s,
and 45 cycles at 95 °C for 3 s and 60 °C for 30 s. The threshold was
set at 0.2.

A cycle threshold (Ct) value was assigned to each PCR reaction,
and the amplification curve was assessed visually. According to the
national protocol (Version 2.9.1) (Shirato et al., 2020), a sample
was considered positive when a visible amplification plot was
observed, and a sample was considered negative when no
amplification was observed.

The absolute copy number of viral loads was determined using
serial diluted DNA control targeting the N gene of SARS-CoV-2
(Integrated DNA Technologies), as described previously (Hirotsu
et al., 2020a). The limit of detection of RT-qPCR using the primer/
probe was considered as two copies in accordance with the
previous report (Shirato et al., 2020).
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SARS-CoV-2 antibody test

To clarify the discordant results observed between RT-qPCR and
the antigen test in seven individuals, the pan-immunoglobulin
level was measured against the full length of SARS-CoV-2
nucleocapsid recombinant protein expressed in Escherichia coli.
The serum samples were subjected to the Elecsys Anti-SARS-CoV-2
test (Roche Diagnostics, Basel, Switzerland) on the cobas 8000
automated platform (Roche Diagnostics) (Muench et al., 2020).
This assay uses the electrochemiluminescence immunoassay
principle. Samples with a cut-off index (COI; electrochemilumi-
nescent signal of the test sample/cut-off value of the calibration
sample) <1.0 were considered negative, while those with COI > 1.0
were considered positive.

Statistical analysis

Sensitivity, specificity, positive predictive value and negative
predictive value were calculated, using the results of RT-qPCR as
the reference, and with exclusion of samples with an inconclusive
result on antigen testing. Student’s t-test was calculated to
determine significant differences between the groups, and
P < 0.05 was considered to indicate statistical significance.
Cohen’s kappa coefficient of results between the two tests with
95% confidence intervals (CI) was calculated using R Version
3.1.2 (http://www.r-project.org/). Cohen’s kappa values >0.81
were interpreted to indicate near-perfect agreement (Landis and
Koch, 1977).

Results
Comparison of the antigen test and RT-qPCR results

In total, 1308 nasopharyngeal swab samples (1033 initial
samples and 275 follow-up samples) were collected from 1033

individuals. Each sample was subjected to both RT-qPCR and the
LUMIPULSE SARS-CoV-2 antigen test.

PCR-positive patients (n=43)

PCR-negative patients Symptomatic Asymptomatic
(n=990) (n=36) (n=7)
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Figure 1. Prospective study of the antigen levels in 1033 initial samples collected from 1033 individuals. The dot plots show the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) antigen levels in the samples identified by polymerase chain reaction (PCR) as negative (n = 990) or positive (n = 43). Among the 43 PCR-positive
individuals, 36 were symptomatic and seven were asymptomatic. The two dashed lines indicate the decision threshold for the LUMIPULSE antigen test. The lower dashed line
indicates 0 logio pg/mL (1 pg/mL) and the upper dashed line indicates 1 log;o pg/mL (10 pg/mL).
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Among the 1033 initial samples, RT-qPCR identified 990 as
negative and 43 as positive (symptomatic, n = 36; asymptomatic,
n=7; Figure 1). The antigen level of RT-qPCR-positive patients was
significantly higher than that of RT-qPCR-negative patients
(P =0.78 x 1073, Student's t-test) (Figure 1). The mean antigen
level was —0.7 log;o pg/mL (range —2.0 to 0.4 logo pg/mL) for
RT-qPCR-negative patients and 4.4 log,o pg/mL (range 0.7-5.5 logo
pg/mL) for RT-qPCR-positive patients (Figure 1). There was no
significant difference in antigen levels between symptomatic and
asymptomatic patients (P = 0.36, Student's t-test). To determine
the accuracy of the antigen test, the results from RT-qPCR were
compared with those from the antigen test for each sample. The
antigen test identified 992 samples as negative, 37 as positive, and
four as inconclusive (Table 1). Thus, the rate of inconclusive results
with the antigen test was 0.4% (4/1033).

The mean viral load (logio copies/pL) was 1.3 [median +
standard deviation (SD) 1.1 4 0.5] in the antigen-test-negative and
RT-qPCR-positive samples, and 5.4 (median + SD 5.6 + 1.3) in the
samples judged to be positive by both tests (P = 0.88 x 1075,
Student's t-test) (Table 1). The mean Ct value of RT-qPCR was 36.7
(median #+ SD 36.0 &+ 2.1) in the antigen-test-negative and RT-
gPCR-positive samples, and 21.9 (median 4 SD 21.0 & 4.4) in the
samples judged to be positive by both tests (P = 0.13 x 107>,
Student's t-test). The Ct value of samples that were on the
borderline between positive and negative based on the antigen test
results was approximately 35.

The overall concordance rate between the two tests was 99.7%
(1026/1029). The antigen test exhibited sensitivity of 92.5% (37/40),
specificity of 100% (989/989), positive predictive value of 100%
(37/37) and negative predictive value of 99.7% (989/992). The kappa
coefficient was 0.960 (95% CI 0.892-0.960), suggesting excellent
agreement between the two tests. These results suggest that the
antigen test can judge the positive or negative status of almost all
samples with high accuracy compared with RT-qPCR.

Discrepant results attributable to samples with low viral load collected
from seropositive patients

There were seven discordant results (0.7%, 7/1033) between RT-
qPCR and the antigen test (Table 2). Of these, three were negative
on the antigen test and positive on RT-qPCR (Cases #1-3), three
were inconclusive on the antigen test and positive on RT-qPCR
(Cases #4-6), and one was inconclusive on the antigen test and
negative on RT-qPCR (Case #7).

Cases #1-3 had returned from overseas (two from Brazil and
one from India) and tested positive on RT-PCR at airport quarantine
in Japan. Cases #4-7 lived in the district and were admitted to the
study hospital. Case #7 was found in cardiopulmonary arrest at
home and was an emergency admission to the hospital but passed
away shortly afterwards.

Table 1
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At the beginning of hospitalization, the antibody levels were
positive in Cases #1-5 but the viral loads were low (range 1.0-2.2
logyo copies/pL), indicating that these patients were seropositive
for SARS-CoV-2 at a later phase of infection (Table 2). Conversely,
the antibody response had likely only just commenced in Case #6,
as reported previously (Omata et al., 2021) (Table 2).

Correlation between antigen level and viral load of SARS-CoV-2

In this prospective study, 318 nasopharyngeal swab samples
were collected from 43 patients with COVID-19. These 318 samples
included 43 initial samples and an additional 275 follow-up
samples collected during hospitalization. Of 318 samples, 43 initial
samples had been analysed previously (Figure 1), and these data
were used for the following analyses.

Consistent with the previous report (Hirotsu et al., 2020b), the
viral load determined by RT-qPCR and the antigen level were
correlated for both the initial samples (R? = 0.835) and the follow-
up samples (R?> = 0.773) (Figure 2A). Similarly, there was
correlation between the Ct value and the antigen level in both
the initial samples (R> = 0.884) and the follow-up samples
(R? = 0.774) (Figure 2B). The coefficient of determination for the
initial samples was slightly higher than that for the follow-up
samples. These results suggest that variability increased in follow-
up samples because these samples included lower viral load
samples collected from hospitalized patients who were in a late
phase of infection or recovery.

Relationship between test results and timing of sample collection from
symptom onset

Of 318 samples collected from 43 patients with COVID-19, 250
nasopharyngeal swab samples were collected from 36 symptom-
atic patients and 68 samples were collected from seven
symptomatic patients. To investigate the relationship between
time since symptom onset and test results, these 250 samples from
symptomatic patients were examined up to 30 days after symptom
onset.

Positive results on both the antigen test (71%-98%) and RT-qPCR
(94-100%) were observed in a high proportion of samples collected
within 0-9 days of symptom onset (Figure 3A). However, the
positive result ratio of the antigen test declined over 10-30 days
after symptom onset (Figure 3A). Overall, the positive result ratio
of RT-qPCR was higher than that for the antigen test over the entire
observation period (Figure 3A). The concordance ratio between RT-
gPCR and the antigen test was high (95-100%) for samples
collected within 0-9 days of onset, low (50-64%) for samples
collected within 10-24 days of symptom onset, and slightly
increased (67-80%) for samples collected within 25-30 days of
symptom onset (Figure 3B).

Comparison of LUMIPULSE antigen test and quantitative reverse transcription polymerase chain reaction (RT-qPCR) results.

Antigen test RT-qPCR Number of samples (%) Mean antigen level (range) Mean viral load (range) Ct value, mean (range)
(logio pg/mL) (logqo copies/uL)

Negative Negative 989 (95.7%) —0.74 (-2 to —0.0044) NA NA

Negative Positive 3(0.3%) —0.28 (—0.74 to —0.97) 1.3 (1.0-1.9) 36.7 (35-39)

Positive Negative 0 (0%) NA NA NA

Positive Positive 37 (3.6%) 4.5 (1.4-5.6) 5.4 (1.4-7.7) 21.9 (14-35)
Inconclusive Negative 1(0.1%) 0.37 NA NA

Inconclusive Positive 3 (0.3%) 0.59 (0.15-0.89) 1.7 (1.3-2.2) 34.3 (33-36)

Total 1033 (100%)

Ct, threshold cycle; NA, not available.

Antigen levels were determined by the LUMIPULSE antigen test. Viral load and Ct value were determined by RT-qPCR. There were significant differences in viral load
(P=0.88 x 107°) and Ct value (P = 0.13 x 10~°) between the antigen-test-negative and RT-qPCR-positive samples, and samples that were positive on both tests.
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Table 2

International Journal of Infectious Diseases 105 (2021) 7-14

Quantitative reverse transcription polymerase chain reaction (RT-qPCR), LUMIPULSE antigen test, and antibody test results for the seven discordant cases.

Case # Residence Antigen test Antigen level (pg/mL) RT-qPCR Viral load (logyo copies/uL) Antibody test COI at admission
#1 Brazil Negative 0.8 Positive 11 Positive 69.9
#2 Brazil Negative 0.6 Positive 1.9 Positive 84.3
#3 India Negative 0.18 Positive 1.0 Positive 1.0
#4 Japan Inconclusive 2.35 Positive 2.2 Positive 2.6
#5 Japan Inconclusive 142 Positive 13 Positive 3.2
#6 Japan Inconclusive 7.85 Positive 1.7 Negative 0.3
#7 Japan Inconclusive 2.36 Negative NA Negative 0.09
COI, cut-off index; NA, not available.
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Figure 2. Correlation between the antigen level and viral load or threshold cycle (Ct) value. In the study cohort, 43 patients with coronavirus disease 2019 were identified. A
total of 318 samples were collected from these patients, including 43 initial and 275 follow-up samples. The dot plots show the correlation between the antigen level as
determined in the LUMIPULSE antigen test and the viral load (A) or Ct value (B) as determined on quantitative reverse transcription polymerase chain reaction. SARS-CoV-2,

severe acute respiratory syndrome coronavirus-2.

Detection rate of antigen test decrease after 10 days of symptom onset

Among the 250 follow-up samples from 36 symptomatic
patients, the overall concordance rate was 80.6% (162/201),
sensitivity was 76.1% (124/163), and specificity was 100%
(38/38) (Table 3). Sensitivity was high (94.4-100%) for the samples
collected within 0-9 days of symptom onset; however, this
declined gradually for samples collected >10 days after symptom
onset. Notably, specificity was 100% throughout the observation
period (Table 3).

Discussion

This study prospectively validated the performance of the
LUMIPULSE SARS-CoV-2 antigen test. Compared with RT-qPCR, the
accuracy of the antigen test was high when the test was conducted
using initial samples from 1033 patients who visited the hospital.
The sensitivity of the LUMIPULSE antigen test (92.5%) was higher
than that of a conventional rapid antigen test (approximately 30—
70%) (Albert et al., 2020; Cerutti et al., 2020; Linares et al., 2020;
Mak et al., 2020; Scohy et al., 2020). The positive detection rate of
the antigen test decreased gradually in follow-up samples
collected from patients hospitalized with COVID-19. To the
authors’ knowledge, this is the first longitudinal, prospective
study to provide real-world data illustrating the clinical validity of
antigen tests for COVID-19 screening.

In 1033 individuals, three (0.3%) were judged as positive on RT-
qPCR and negative on the antigen test (Cases #1-3 in Table 2). This
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study found that these false-negative results were attributed to the
samples with very low viral load obtained from seropositive
patients. Furthermore, in hospitalized patients, the antigen test
tended to judge negative for samples collected >10 days after
symptom onset, but RT-qPCR often remained positive (Figure 3). In
a previous study, the authors consistently observed discordant
results in samples collected from a persistent viral-shedding
patient (Hirotsu et al., 2021). These results suggest that the viral
load was low and protein translation was likely to be attenuated in
host cells. It is believed that assessing the immune response with
an antibody test is useful to interpret the discrepant results (Omata
etal., 2021). In antigen-test-negative and RT-PCR-positive samples,
the two possibilities need to be examined carefully: namely, the
sample was collected from a patient in a late or recovery phase of
infection, or the sample was collected from a patient in a very early
phase of infection.

False-positive results are a burden to both patients and
healthcare workers, necessitating patient quarantine and surveys
of up to 100 individuals who had close contact with these patients.
To prevent misleading false-positive results, a highly specific test is
needed. Previously, a case report showed a false-positive result
with the LUMIPULSE antigen test (Ogawa et al., 2020). However,
the percentage of false-positive results is 0.3% (1/301) according to
the data on the kit's package insert, suggesting that the LUMIPULSE
antigen test yields a robust result. In the present study, specificity
was 100% for both the initial samples (989/989 samples) and
follow-up samples (38/38 samples). The authors encountered
fluctuating results when using viscous samples in a preliminary
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Figure 3. Effect of the timing of sample collection since symptom onset on test results. In total, 250 samples were collected from 36 symptomatic patients with coronavirus
disease 2019 for 30 days after symptom onset, and these samples were subjected to both the LUMIPULSE antigen test and quantitative reverse transcription polymerase chain
reaction (RT-qPCR). (A) Positive result ratio was calculated by the number of positive samples on RT-qPCR or antigen test during the period since symptom onset divided by
the total number of samples tested in that period. (B) The concordance ratio indicates the percentage of samples with equivalent results from the antigen test and RT-qPCR

when excluding samples with inconclusive antigen test results.

study, but resolved this issue by centrifuging the samples
sufficiently and using the supernatants for the antigen test (data
not shown). It is hoped that further scrutiny of false-positive
samples will lead to increased accuracy regardless of the nature of
the sample.

Data on SARS-CoV-2 infectivity are accumulating (Rhee et al.,
2020). RT-PCR yields a positive result for a long duration (6-7
weeks following infection), even in the presence of an extremely
low viral load (Sun et al., 2020; Hirotsu et al., 2021). However, RT-
PCR cannot directly indicate the presence of viable and infectious
SARS-CoV-2. In-vitro studies have revealed that the infectivity of
SARS-CoV-2 is only maintained in clinical samples for
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approximately 8-10 days after symptom onset (Bullard et al.,
2020; La Scola et al., 2020; Million et al., 2020; Perera et al., 2020;
van Kampen et al., 2020; Wolfel et al., 2020). Therefore, RT-PCR-
positive results can reflect the presence of non-infectious viral
‘debris’ in samples collected several weeks after symptom onset or
recovery. Notably, this study observed that the rate of positive
results with the antigen test declined rapidly at approximately 9
days after symptom onset. Based on in-vitro studies, the timing of
the decrease in antigen levels appears to mark the point when the
levels of infectious virus particles diminish (Bullard et al., 2020; La
Scola et al., 2020; Million et al., 2020; Perera et al., 2020; van
Kampen et al., 2020; Wolfel et al., 2020). Further studies using
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Table 3
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Relationship between timing of sample collection following symptom onset and LUMIPULSE antigen test and quantitative reverse transcription polymerase chain reaction

(RT-gPCR) results.

Days since Number of Concordant Concordant Discordant Discordant Inconclusive on  Overall Sensitivity® Specificity®
symptom onset  samples (positive (negative (antigen test: negative/  (antigen test: antigen test agreement”
on both on both RT-qPCR: positive) positive/RT-
tests) tests) qPCR: negative)
0-3 44 43 0 0 0 1 100% 100% NA
4-6 37 28 0 0 0 9 100% 100% NA
7-9 48 34 2 2 0 10 94.7% 94.4% 100%
10-12 37 14 3 10 0 10 63.0% 58.3% 100%
13-15 20 4 5 5 0 6 64.3% 44.4% 100%
16-18 23 1 8 9 0 5 50.0% 10.0% 100%
19-21 12 0 5 4 0 3 55.6% 0% 100%
22-24 11 0 5 5 0 1 50.0% 0% 100%
25-27 12 0 6 3 0 3 66.7% 0% 100%
28-30 6 0 4 1 0 1 80.0% 0% 100%
Total 250 124 38 39 0 49 80.6% 76.1% 100%
NA, not available.
2 These data were calculated after excluding the 49 inconclusive samples from the total of 250 samples.
cell-based models and non-human primate models are required to Acknowledgements

clarify the relationship between antigen levels and virus infectivity
(Munster et al., 2020; Wolfel et al., 2020), and to investigate
whether monitoring the antigen level will help to determine the
length of quarantine needed, likely response to treatment and
timing of hospital discharge.

A possible limitation of this study is the portability of the
LUMIPULSE antigen test. Although it is easier to conduct than RT-
qPCR, it requires specific equipment and centrifugation. Therefore,
it is difficult to test outside of the clinical laboratory. There is also a
serious concern about how to manage this test in low-income
countries. There is a need to develop tests that can be applied to a
wide range of circumstances by making the equipment more
accessible and improving the protocol.

In conclusion, the LUMIPULSE SARS-CoV-2 antigen test system
can be applied easily in the majority of hospitals that are caring for
patients with COVID-19, and it offers good sensitivity and high
specificity as a clinical tool. The antigen level, viral load and Ct
value determined with the antigen test and RT-qPCR provide
meaningful information regarding the stage of infection in patients
with COVID-19.
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