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Introduction: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is rapidly
spreading all over the world. A new quantifying reagent for detecting SARS-CoV-2 antigenwas developed
for early and accurate detection. We evaluated the novel quantitative reagent for detecting SARS-CoV-2
antigen using an automated laboratory device.
Methods: One-hundred nasopharyngeal samples were collected from 47 SARS-CoV-2-infected patients,
and 200 samples were collected from healthy donners. We measured the SARS-CoV-2 antigen and
nucleic acid using Lumipulse Presto SARS-CoV-2 Ag and the 2019 Novel Coronavirus Detection Kit,
respectively.
Results: The sensitivity and specificity of the SARS-CoV-2 antigen test were 75.7% (56/74) and 96.0% (192/
200), respectively. The concordance rate in the positive group between the antigen and nucleic acid tests
was 66% (66/100). In addition, the correlation coefficient between the concentration of SARS-CoV-2
antigen and the level of SARS-CoV-2 RNA was 0.74. There were 19 discrepant samples in which SARS-
CoV-2 RNA was detected without SARS-CoV-2 antigen. There was significant difference between the
discrepant and matched samples in terms of the time since symptom onset: the 19 discrepant samples
were collected a median of 33 days after onset, while the 55 matched samples were collected a median of
19 days after onset. In addition, the 19 discrepant samples were collected from patients who were im-
mune against SARS-CoV-2.
Conclusions: This novel SARS-CoV-2 antigen detection assay is highly sensitive, rapid, accurate, easily
diagnostic. It may be useful in both clinical diagnosis and in screening because it does not require special
methods such as PCR.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus that causes the atypical pneumonia known as coronavirus
disease 2019 (COVID-19), emerged in late 2019 inWuhan, China [1].
SARS-CoV-2 has lower pathogenicity than SARS-CoV, but higher
transmissibility from human to human [2]. The World Health Or-
ganization has declared COVID-19 a public health emergency of
ontrol and Laboratory Medi-
, South-1, West-16, Chuo-ku,

shi).

d The Japanese Association for Infecti
international concern and given the disease a “very high” risk
assessment at the global level [3,4].

Viral culture and nucleic acid tests are the gold standards to
diagnose SARS-CoV-2 infection. Several methods have been
developed to specifically detect viral nucleic acids, such as quan-
titative reverse-transcriptase polymerase chain reaction (RT-qPCR).
However, this technique takes hours to detect the nucleic acid, and
it takes days to isolate the virus. Moreover, specialized instruments
and expertise are required to carry out these tests [5e7]. Recently,
new approaches have been developed to diagnose SARS-CoV-2
infection by targeting anti-SARS-CoV-2 antibodies or SARS-CoV-2
antigen. The advantage of antibody testing is that the sample
species for testing is serum, which cannot be influenced by the
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Concordance between Espline SARS-CoV-2 and Lumipulse Presto SARS-CoV-2 Ag in the positive group.

Lumipulse Presto SARS-CoV-2 Ag Total

(þ) (�)

Espline SARS-CoV-2 (þ) 24 0 24
(�) 48 28 76

Total 72 28 100

Table 2
Concordance between the SARS-CoV-2 antigen and nucleic acid tests.

a

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

Lumipulse Presto SARS-CoV-2 Ag
((þ)�1.00 pg/mL)

(þ) 56 16 72

(-) 18 10 28

Total 74 26 100
Sensitivity: 75.7% (95% confidence interval: 65.0%e86.5%)
Concordance rate: 66.0%

b

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

Lumipulse Presto SARS-CoV-2 Ag
((þ)�1.00 pg/mL)

(þ) 0 8 8

(-) 0 192 192

Total 0 200 200
Specificity: 96.0% (95% confidence interval: 93.0%e99.0%)
Concordance rate: 96.0%
Concordance in the positive group (n ¼ 100) (a), and in the negative group (n¼200) (b)
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difference of the amount of measurement target every sampling
and carries a low risk of infection for healthcare workers [8].
However, the utility of antibody testing remains unclear. A positive
antibody test may indicate past infection, rather than active
infection, as it only shows whether the person has mounted an
immune response against SARS-CoV-2. Moreover, the test has low
sensitivity [8e10]. Conversely, antigen detection requires no special
skills, although one study reported that antigen-based assays are
100,000-fold less sensitive than nucleic acid tests in patients sus-
pected of SARS-CoV-2 infection, so they may produce more false
negative results in clinical practice [11]. Recently, a new quantifying
reagent for detecting SARS-CoV-2 antigen was developed to over-
come these problems. In the present study, we evaluated this re-
agent in a clinical laboratory setting.
Fig. 1. Correlation between SARS-CoV-2 antigen concentration and level of RNA.
2. Materials and methods

2.1. Sample collection

We collected 100 positive nasopharyngeal specimens from pa-
tients diagnosed with COVID-19 and 200 negative nasopharyngeal
specimens from healthy donors. Informed consent was obtained in
the form of opt-out on thewebsite. The details of this researchwere
published on the website to provide an opportunity for patients to
refuse. Those who rejected were excluded. The nasopharyngeal
swabs from patients with COVID-19 were collected multiple times
during hospitalization and treatment. All 300 samples were
collected using a kit containing a nylon-flocked nasopharyngeal
swab and a tube containing universal transport medium (UTM;
801
Copan Diagnostics, Murrieta, CA, United States). All samples were
tested using PCR at the time of collection to confirm whether they
were positive or negative. All 200 healthy donors, defined as the
negative group, had undergone SARS-CoV-2 nucleic acid tests and



Fig. 2. Predicting the level of RNA in the cut-off range of the antigen test. The level
of RNA was estimated based on the intersection of the horizontal arrow at an antigen
concentration of 1.0 pg/mL and the regression equation, as well as on the intersection
of the down arrow and the X-axis.
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were negative for anti-SARS-CoV-2 antibodies. COVID-19-positive
nasopharyngeal six swabs were purchased from Precision for
Medicine (Bethesda, MD, United States). Six samples were diluted
4-fold in steps to prepare 17 samples All samples were preserved
at �80 �C to await testing.
Fig. 3. Comparing universal transport medium (UTM) with viral transport medium (VTM
and VTM were 41 and 17, respectively. The median levels of RNA in UTM and VTM were 4.21
in UTM and VTM were 1.9 pg/mL and 0.42 pg/mL, respectively (b). All p-values were calcu
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2.2. Test for SARS-CoV-2 antigen

We measured the SARS-CoV-2 antigen using Lumipulse Presto
SARS-CoV-2 Ag and Espline SARS-CoV-2 (Fujirebio Inc., Tokyo,
Japan). The Lumipulse Presto SARS-CoV-2 Ag was analyzed using
the fully automated Lumipulse L2400 (Fujirebio Inc., Tokyo, Japan),
while the Espline SARS-CoV-2 was analyzed by hand. All assays
were performed according to the manufacturer's protocol.
2.3. Test for SARS-CoV-2 nucleic acid

The SARS-CoV-2 nucleic acid test was performed on a Light-
Cycler480 System (Roche, Basel, Switzerland) using the 2019 Novel
Coronavirus Detection Kit (Shimadzu Corporation, Kyoto, Japan). All
assays were performed according to the manufacturer's protocol,
and the samples were judged as positive or negative based on the
threshold cycle (Ct) valuedwhen the measured Ct value of the
sample was 40 or less, it was judged as positive.
2.4. Comparing detection levels between the SARS-CoV-2 antigen
and nucleic acid tests

Detection levels were compared using COVID-19-positive
nasopharyngeal swabs prepared by repeated 4-fold dilution.
2.5. Test for anti-SARS-CoV-2 antibody

We measured anti-SARS-CoV-2 antibodies using Elecsys anti-
SARS-CoV-2 (Roche Diagnostics GmbH, Mannheim, Germany) and
ARCHITECT SARS-CoV-2 IgG (Abbott, Illinois, United States). These
two reagents were analyzed using Cobas e801(Roche Diagnostics
GmbH, Mannheim, Germany) and ARCHITECT i2000SR (Abbott, Il-
linois, United States), respectively. All assays were performed ac-
cording to the manufacturer's protocol.
) in terms of the SARS-CoV-2 antigen and RNA levels. The number of samples in UTM
copies/mL and 22.25 copies/mL, respectively (a). The median SARS-CoV-2 concentrations
lated using the Wilcoxon rank-sum test.



Fig. 4. Measurement distribution in the negative group.
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2.6. Statistical analysis

Statistical analyses such as receiver operating characteristic
(ROC) curve analysis and p-value calculationwere performed using
SAS Platform JMP Pro version 15.1.0. (SAS Institute Inc., Cary, NC,
USA).
2.7. Ethical statement

This study was approved by the ethics committee of Sapporo
Medical University Hospital (reference number 2-1-48) and the
ethics committee of Sapporo Medical University. https://web.
sapmed.ac.jp/byoin/chiken/index.html (reference number 322-
144, 322-146).
Fig. 5. Receiver operating characteristic curve analysis.
3. Results

The 100 samples in the positive sample group were sourced
from 47 patients with COVID-19 who had a median age of 61 years
(range: 22e90 years); 61.7% of them were male. According to the
patients’ electronic medical records, the samples were collected a
median of 17 days (range: 1e88 days) after symptom onset in cases
where such information was available.

Firstly, we compared SARS-CoV-2 antigen detection ability be-
tween the Lumipulse Presto SARS-CoV-2 Ag and the Espline SARS-
CoV-2. The concordance rate between the Lumipulse Presto SARS-
CoV-2 Ag and Espline SARS-CoV-2 was 52% (52/100; Table 1). The
Lumipulse Presto SARS-CoV-2 Ag judged 72 of the 100 patient
samples as positive. The 2019 Novel Coronavirus Detection Kit
judged 74 of the 100 samples as positive at the same time as an-
tigen measurement. Therefore, the sensitivity of the Lumipulse
Presto SARS-CoV-2 Ag was 75.7% (56/74; Table 2a). On the other
hand, the specificity when testing the 200 negative samples was
96% (192/200; Table 2b).

In the 100 positive samples, the correlation coefficient between
the concentration of SARS-CoV-2 antigen and the level of SARS-
CoV-2 RNA was 0.74 (Fig. 1). Seventeen samples from six com-
mercial swabs were prepared by dilution, which were then
measured using both the Lumipulse Presto SARS-CoV-2 Ag and
2019 Novel Coronavirus Detection Kit to compare the detection
capacity. The level of RNA corresponding to an antigen
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concentration of 1.0 pg/mL was 35.77 copies/mL, as determined
from the regression equation (Fig. 2). On the other hand, 74 of the
100 positive samples had <35.77 copies/mL, and 37 of these were
judged as positive by the Lumipulse Presto SARS-CoV-2 Ag. How-
ever, the median levels of RNA in the 74 samples preserved in UTM
were lower than those of the purchased samples preserved in viral
transport medium (VTM) (p ¼ 0.02), while the median concentra-
tion of SARS-CoV-2 antigen in the 74 samples was higher than that
of the purchased samples (p ¼ 0.01) (Fig. 3a and b). The antigen
concentration in the samples from the 200 healthy donors was
lower than 1.0 pg/mL in almost all cases, although it showed wide
variation. A histogram analysis of the 200 negative samples indi-
cated that the most appropriate cut-off value was 0.97 pg/mL
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(Fig. 4), while ROC curve analysis of the 74 positive and 226
negative samples indicated that themost effective cut-off valuewas
1.34 pg/mL, based on the sensitivity and specificity (Fig. 5). We
investigated the clinical performance of the two calculated cut-off
values in all 300 samples (Table 3aed). There were 34 discrepant
samples between the results of the antigen and nucleic acid tests in
the positive group. Nineteen of these were judged as negative by
the antigen test and positive by the nucleic acid test. These 19
samples were collected a median of 33 days (range: 13e88 days)
after symptom onset, while the 55 samples for which the antigen
and nucleic acid tests matched were collected a median of 13 days
(range: 1e60 days) after symptom onset (Fig. 6). Additionally, the
antibody against SARS-CoV-2 was detected in the serum of the 19
patients who showed a discrepancy, which was collected at a
similar time (Table 4). Eleven of these 19 samples were derived
from two patients. Therefore, the antigen load seemed to be lower
when more time had passed since symptom onset, while RNA
remained in the nasopharynx (Fig. 7a and b). However, the antigen
Table 3
Concordance between the results of SARS-CoV-2 antigen and nucleic acid tests by each c

a

Lumipulse Presto SARS-CoV-2 Ag
((þ)�1.34 pg/mL)

(þ)

(-)

Total
Sensitivity: 74.3% (95% confidence interval: 64.0%e83.6%)
Concordance rate: 68.0%

b

Lumipulse Presto SARS-CoV-2 Ag
((þ)�1.34 pg/mL)

(þ)

(-)

Total
Specificity: 98.0% (95% confidence interval: 95.0%e100.0%)
Concordance rate: 98.0%

c

Lumipulse Presto SARS-CoV-2 Ag
((þ)S0.97 pg/mL)

(þ)

(-)

Total
Sensitivity: 75.7% (95% confidence interval: 65.5%e85.9%)
Concordance rate: 66.0%

d

Lumipulse Presto SARS-CoV-2 Ag
((þ)S0.97 pg/mL)

(þ)

(-)

Total
Specificity: 95.0% (95% confidence interval: 92.5%e97.5%)
Concordance rate : 95.0%
When 1.34 pg/mL was set as the cut-off value in the positive (3a) and negative groups
When 0.97 pg/mL was set as the cut-off value in the positive (3c) and negative groups
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and nucleic acid loads showed corresponding trends of increasing
and decreasing concentration.
4. Discussion

In the present study, we evaluated the Lumipulse Presto SARS-
CoV-2 Ag. The concordance rate between Lumipulse Presto SARS-
CoV-2 Ag and the Espline SARS-CoV-2 was 52%. The 48 samples
that showed a discrepancy between the Lumipulse Presto SARS-
CoV-2 Ag and Espline SARS-CoV-2 were all judged as positive by
the Lumipulse Presto SARS-CoV-2 Ag, and all concentrations were
<96.08 pg/mL, as measured by the Lumipulse Presto SARS-CoV-2
Ag (data not shown). Previous studies have reported that antigen
reagents have low detection capacity [11]. Such reagents, including
the Espline SARS-CoV-2, employ the immunochromatography (IC)
method. In particular, the Lumipulse Presto SARS-CoV-2 Ag used
the chemiluminescence enzyme immunoassay (CLEIA), which has a
reported detection capacity equivalent to that of the nucleic
ut-off value.

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

55 13 68

19 13 32

74 26 100

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

0 4 4

0 196 196

0 200 200

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

56 16 72

18 10 28

74 26 100

2019 Novel Coronavirus Detection
Kit

Total

(þ) (-)

0 10 10

0 190 190

0 200 200

(3b)
(3d)



Fig. 6. Comparing days after onset at the time of sample collection between the
positive matched and antigen-only positive groups. The median number of days
after onset was 33 days in the 19 samples that only tested positive in the antigen test.
The median number of days after onset was 19 days in the 55 samples that tested
positive in both the antigen and nucleic acid tests. All p-values were calculated using
the Wilcoxon rank-sum test.
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amplification test [12]. Therefore, because the sensitivity of antigen
detection had improved, we believed that the reported problems
with sensitivity had been overcome.

The sensitivity and specificity of the SARS-CoV-2 antigen test,
using the nucleic acid test as the gold standard, were 75.7% and
96%, respectively, in the present study. In the positive group, the
concordance rate between the antigen and nucleic acid tests was
66%. The concentration of SARS-CoV-2 antigen correlated well with
the level of SARS-CoV-2 RNA (r ¼ 0.74), as reported for other RNA
viruses [13].

Next, we investigated the capability of antigen detection. The
level of RNA corresponding to 1.0 pg/mL of the antigen
Table 4
Discrepant samples that only tested positive for SARS-CoV-2 antigen.

Divergence Sample ID Days after onset (day) Concentration of SARS-CoV-2

1 13 0.78
2 13 0.30
3 19 1.18
4 20 0.26
5 22 0.58
6 28 0.14
7 29 0.95
8 31 0.34
9 32 0.41
10 33 0.27
11 34 0.38
12 34 0.44
13 44 0.26
14 48 0.43
15 54 0.13
16 59 0.21
17 75 0.30
18 79 0.30
19 88 0.44
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concentration was 35.77 copies/mL, determined using the obtained
regression equation. The detection performance of this reagent was
sufficient compared to previous reports involving RT-qPCR [14].
However, in 57 of the positive samples with an antigen concen-
tration <10 pg/mL, as measured using the Lumipulse Presto SARS-
CoV-2 Ag, the level of RNA corresponding to 1.0 pg/mL of antigen
concentration was 2.56 copies/mL, determined using the obtained
regression equation (data not shown). We assumed that the dif-
ference was caused by different preservation solutions. The pur-
chased samples were preserved in Centers for Disease Control and
Prevention protocol VTM [15], while our samples were preserved in
UTM. Analysis of preservation medium showed that the concen-
tration of SARS-CoV-2 antigen in UTMwas higher than that in VTM,
perhaps because VTM contains fetal bovine serum, which affects
antigen-antibody reactivity, but not nucleic acid test reactions.
Therefore, VTM may not be suitable as a solution for sample
collection when conducting antigen tests [16].

The negative group samples showed variation, although almost
all were under 1.0 pg/mL, which was the cut-off value according to
the manufacturer's protocol. Because enzyme immunoassays
involve a non-specific reaction [17], we next validated the cut-off
value. By ROC and histogram analysis, the effective cut-off values
were 1.34 and 0.97 pg/mL, respectively. However, no significant
advantage was identified using three cut-off values (0.97, 1.00, and
1.34 pg/mL) in the present study.

Among the 100 positive samples, 34 showed a discrepancy be-
tween the results of the antigen test and those of the nucleic acid
analysis. Sixteen samples were judged as positive by the antigen
test and negative by the nucleic acid test. Because SARS-CoV-2
nucleic acid was detected in all samples at the time of collection,
the discrepancy was likely caused by RNA degradation due to
freezing and thawing, or by variations in the results due to low
levels of RNA. Conversely, we analyzed the discrepancies among
samples that were judged as negative by the antigen test and
positive by the nucleic acid test. There were 19 such samples, and
we checked the clinical information and measured antibodies
against SARS-CoV-2 in serum collected at a similar time. The time
since onset in the discrepant samples was significantly longer than
in the matched samples. The nineteen samples were from seven
patients, all of whom had antibodies against SARS-CoV-2 in their
serum. Next, we analyzed the details of the two patients whose
antigen (pg/mL) Ct value ARCHITECT
SARS CoV-2 IgG
((þ) �1.40 pg/

mL)

Elecsys Anti-SARS-
CoV-

2 ((þ) �1.00 C.O.I.)

38.15 (þ) 7.90 (þ) 12.00
39.15 (þ) 126.00 (þ) 10.40
38.05 (þ) 31.80 (þ) 16.50
35.4 (þ) 2.14 (þ) 8.18
39.82 (þ) 2.68 (þ) 8.30
38.66 (þ) 9.47 (þ) 350.00
35.39 (þ) 86.00 (þ) 134.80
36.36 (þ) 169.00 (þ) 194.00
36.32 (þ) 50.00 (þ) 62.80
37.44 (þ) 52.50 (þ) 91.30
36.1 (þ) 15.40 (þ) 24.15
33.04 (þ) 55.20 (þ) 236.00
37.25 (þ) 3.34 (þ) 18.85
34.97 (þ) 3.27 (þ) 24.40
36.65 (þ) 2.54 (þ) 16.60
37.34 (þ) 2.78 (þ) 19.55
38.51 (þ) 1.45 (þ) 9.76
38.56 (�) 1.31 (þ) 8.18
36.22 (�) 0.79 (þ) 3.82



Fig. 7. Changes over time in the antigen concentration and Ct value in two cases. Open circle (〇): SARS-CoV-2 antigen negative, closed circle (C): SARS-CoV-2 antigen positive,
opened square (▫): PCR negative, closed square (-): PCR positive, open square with asterisk (▫*): not detected, closed circle with asterisk (C*): out of Y-axis range.
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clinical course could be investigated. Antigen levels seemed to
reduce gradually after the date of onset as antibody was produced.
However, RNA remained in the nasopharynx, indicating that sub-
mitting a nasopharyngeal swab for antigen testing will not produce
useful results 13 days after onset. The antibody against SARS-CoV-2
is still not well understood. Researchers do not knowwhether it is a
neutralization antibody. We concluded that antibody detectionwas
not useful for detecting active SARS-CoV-2 infection because the
antibody is not detectable in the serum until 3e5 days after onset
[18]. As shown in our results, the sensitivity problem of the antigen
tests has been resolved, and the sensitivity of the Lumipulse SARS-
CoV-2 Ag was equivalent to that of the nucleic acid test. Therefore,
this new reagent has sufficient capability to diagnose initial infec-
tion. Moreover, because the results of antigen detection almost
behaved as the results of PCR in the investigation of two clinical
courses, this highly sensitive antigen test can be used as a surrogate
for nucleic acid testing. That said, antigens may not be detected
long after onset, when antibodies have been acquired.

The nucleic acid test is the current gold standard for the diag-
nosis of COVID-19 globally. The antigen test, mainly qualitative test,
is also widely used due to the rapidity, low cost, and simple tech-
nique; however, it has been less sensitive than the nucleic acid test
[11,19]. Our study indicated that the quantitative antigen test,
which has not been commonly available yet, would be highly
sensitive. This novel reagent for the SARS-CoV-2 test has the po-
tential to play a role in suppressing the spread of SARS-CoV-2
infection [20].

The major limitation of the present study was that asymptom-
atic individuals were not included in the positive group. Addi-
tionally, further research is needed to determine whether patients
with COVID-19 can infect others when no SARS-CoV-2 antigen is
detected in the nasopharynx. Nonetheless, SARS-CoV-2 antigen
detection is an excellent clinical test because it does not require any
806
special methods or techniques, such as PCR, and it takes less time to
report the results than PCR.

In conclusion, the Lumipulse Presto SARS-CoV-2 Ag may an
important role in clinical laboratory testing and help us to prevent
the spread of infection all over the world. We hope that new highly
sensitive antigen tests such as Lumipulse Presto SARS-CoV-2 Ag
will be developed and evaluated sufficiently.
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