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Abstract
From December 26, 2020 to February 28, 2021, quantitative antigen test (Ag test) of SARS-CoV-2 was
conducted by using a nasopharyngeal swab for 990 patients aged from 0 to 99 years old (average age;
63.1 +/-22.5 years old, male: 537, female: 463), who presented at least one of the following symptoms,
such as fever, respiratory symptoms, and taste disorder. In 578 patients, Ag test and PCR test were
conducted at the same time and these patients were analyzed. In 74 patients with Ag > = 1.0, 44 patients
were PCR positive (positive ratio = 0.59). In 43 patients with Ag > = 10.0, 41 patients were PCR positive
(positive ratio = 0.95), and all of 42 patients with Ag > = 100.0 were PCR positive. In 504 patients with Ag < 
1.0, only �ve patients were PCR positive (positive ratio = 0.01). In 31 patients with 10 > Ag > = 1.0, three
patients were PCR positive (positive ratio = 0.10). All eight patients presented a typical pneumonia, and
�ve patients had a history of close contact with COVID-19 patients within 14 days. With an appropriate
cut off value, Ag test is concluded to have enough sensitivity and speci�city. Considering the advantage
of handiness, rapidness, high-throughput and economy over PCR test, Ag test seems useful diagnostic
method for COVID-19 in the pandemic situation.

Introduction
The acute respiratory infectious disease caused by SARS-CoV-2, named COVID-19, which emerged in
December, 2019 at Wuhan in China[1, 2] has spread out around the whole world within several months
and the number of the infected people has increased up to approximately 130 million, including the dead
person more than 3 million at a point in time in April, 2021 in the whole world[3]. This pandemic infection
does not still stand at present.

From November, 2020 through February, 2021, the third wave of infection attacked Japan. In this period,
outbreaks in the nursing homes for elderly people and the medical hospitals became the serious problem
in addition to the increased number of the infected person, because these patients are at high risk for
severe infection. To prevent an outbreak of infection in the nursing homes and the hospital, early
detection of infected patients is also important in addition to the universal protective and preventive
management to minimize the outbreak. For the early detection of infected patients, sensitive, rapid, easier
and less expensive diagnostic tests are being required. In this setting, antigen test for SARS-CoV-2 is
expected to work as an alternative and useful diagnostic method for PCR test[4, 5]. We report our
retrospective experience to investigate the sensitivity and speci�city of quantitative antigen test for SARS-
CoV2 (Ag test) provided by SYSMEX (Kobe, Japan) in the real clinical situation.

Methods
The Musashino Red Cross Hospital is a tertiary center hospital in Tama area, just west of Tokyo, which
accepts more than 10,000 ambulances annually, and designated as infection center hospital in this area.
We conducted Ag test for the patients with at least one of the following symptoms, such as fever,
respiratory symptoms, and taste disorder[6], from December 26, 2020 to February 28, 2021.
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Nasopharyngeal swab was used for Ag test and PCR test. For Ag test, HISCLTMSARAS-CoV-2 Ag Kit
(SYSMEX; Kobe, Japan) was used and assay was carried out automatically by HISCL-5000 (SYSMEX;
Kobe, Japan). Brie�y, protein was extracted from the nasopharyngeal swab, reacted with biotinylated anti-
SARS-CoV2 antibody, and then further reacted with streptavidin-bound micro-magnetic beads, which was
precipitated, washed, and then reacted with alkaline-phosphatase conjugated secondary anti-SARS-CoV-2
antibody. Sample was washed and then substrate was added and chemiluminescence was measured.
Each procedure was performed in accordance to the protocol manual of the supplier, and cut off value > 
= 1.0 was determined positive according to a supplier document. Clinical information of each patient was
obtained from the electronic medical records, and analyzed with the results of Ag test, PCR test and chest
CT scan image. Diagnosis of COVID-19 was principally determined on the basis of positive PCR result.

Results
From December 26, 2020 to February 28, 2021, quantitative antigen test (Ag test) of SARS-CoV-2 was
conducted for 990 patients aged from 0 to 99 years old (average age; 63.1 +/-22.5 years old, male: 537,
female: 463). In 32 patients, Ag test was repeated twice, and all tests were negative. In 407 patients, 243
patients were negative for Ag test, and 164 patients were negative for both of Ag test and PCR test, which
was conducted in the sample that was obtained at a different day, usually one to 14 days later from Ag
test. In 578 patients, Ag test and PCR test were conducted at the same time and these patients were
analyzed below.

The results were shown in Table 1 and Fig. 1. In 74 patients with Ag > = 1.0, 44 patients were positive for
PCR test (positive ratio = 0.59). In 43 patients with Ag > = 10.0, 41 patients were PCR positive (positive
ratio = 0.95), and all of 42 patients with Ag > = 100.0 were PCR positive. In 504 patients with Ag < 1.0, only
�ve patients were positive for PCR test (positive ratio = 0.01), all of whom presented typical pneumonia
and three had a history of close contact with COVID-19 patients. In 31 patients with 10 > Ag > = 1.0, three
patients were positive for PCR test (positive ratio = 0.10), and all of these patients had a typical
pneumonia and one had a history of close contact with COVID-19 patients. As the other 28 patients with
negative PCR test had no sign of pneumonia in the chest CT scan image, and no history of close contact
with COVID-19 patients within 14 days, they were clinically determined not be infected with SARS-CoV-2.
For two patients with negative PCR test and Ag > = 10, one was 11-year-old boy and had no history of
contact with COVID-19 patient with Ag test of 13.8. The other of 64-year-old male with Ag test of 54.7 had
a typical pneumonia and his wife was positive for PCR test. The latter patient was clinically managed as
COVID-19.

Table 2 presented the cases in which PCR test was positive and Ag test was negative (Ag < 1.0). All
patients presented typical subpleural interstitial pneumoniae in the chest CT scan image, and three out of
�ve had a history of close contact with COVID-19 patients within 14 days.

Figure2 presented the relation of Ag cut off value and the date when the test sample was obtained in the
patients with positive PCR test and Ag > = 1.0, whose onset date was determined from the clinical
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information. Five patients were dead (red circle), and �ve patients received arti�cial respiratory
management and survived (green circle). Although, the sample size was small, there was no apparent
correlation with Ag cut off value at the diagnosis and prognosis. Within at least 10 days after the onset,
Ag test seemed stable and useful as a diagnostic method for COVID-19.

Discussion
The advantage of antigen test is the handiness, rapidness, high-throughput and economy. It takes only
15–20 minutes to get the result, a one-third of the common PCR testing, and costs one-third of PCR test
in Japanese health insurance system. Furthermore, automated antigen assay by HISCL-5000 (SYSMEX;
Kobe, Japan) can manage more samples than PCR test at once.

It has been reported that sensitivity of antigen test is inferior to that of PCR test[7]. However, viral load is
much higher between 2 days before and �ve days after the onset[8], when the infection control
management is most important to prevent and minimize an outbreak. In this setting, sensitivity of antigen
test is practically enough to investigate the symptomatic patients. It has been reported that 45% of
COVID-19 patients were asymptomatic during the infection and 32% were asymptomatic at the time of
diagnosis in a closed cohort study for COVID-19 outbreak in aircraft carrier[9]. According to the meta-
analysis, it is speculated that 33% of infected people are asymptomatic[10]. It is now considered that
antigen test is not suitable for the asymptomatic patients or screening test for the cohort[4, 7]. However,
the sensitivity of antigen test has improved recently, and repeated and sequential test could compensate
the disadvantage of antigen test for asymptomatic patients.

Another issue is a false positivity of antigen test. As shown in this study, we have to be careful for the
interpretation of 100 > Ag > = 1.0. In this setting, we have to make proper diagnosis by additional PCR test
in consideration of the clinical information, such as the presence of typical pneumonia, characteristic
symptoms like taste disorder and the recent history of contact with COVID-19 patient.

Based upon our foregoing observation, we think that quantitative Ag test for SARS-CoV-2 is useful
clinically and should be used more widely and e�ciently to make a rapid diagnosis of COVID-19 in the
situation with pandemic spread of SARS-CoV-2.
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Tables
Please see the supplementary �les section to view the tables.

Figures

Figure 1

Ag cut off value of each patient Ag cut off value of each patient, in whom Ag and PCR test were
conducted at the same time is plotted in ascending order. Red diamond presents a patient with positive
PCR test.
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Figure 2

Relation of Ag cut off value and tested date The Ag cut off value and the date when the sample was
obtained in the patients with positive PCR test and Ag >=1.0 is plotted. Red circle presents the dead
patient, and green circle presents the one who received arti�cial respiratory support and survived.
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