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ABSTRACT

Background: In the context of the coronavirus disease 2019 (COVID-19) pandemic, a rapid and reliable point-of-
care test is an essential tool for controlling the spread of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). In particular, an immunochromatography test (ICT) that uses saliva specimens for rapid antigen
detection not only reduces the risk of secondary infections but also reduces the burden on medical personnel.
Methods: The newly developed salivary antigen test kit “Inspecter Kowa® SARS-CoV-2” is an ICT to which saliva
specimens can be directly applied. We evaluated its usefulness in comparison with reverse transcription quan-
titative PCR (RT-qPCR) and the Espline® SARS-CoV-2 Kit for the detection of SARS-CoV-2 using nasopharyngeal
swab specimens. In this study, 140 patients with suspected symptomatic COVID-19 who visited our hospital were
enrolled, and nasopharyngeal swab and saliva specimens were collected after they consented to participate in the
study.

Results: Inspector Kowa SARS-CoV-2 was positive in 45 of 61 (73.8%) saliva that were positive by RT-qPCR and
the Espline® SARS-CoV-2 Kit was also positive in 56 of 60 (93.3%) Np swabs that were positive by RT-qPCR.
Good antigen detection was achieved by ICT with saliva and nasopharyngeal swab specimens when viral load
was >10° copies/mL, whereas detection sensitivity was low when viral load was <10° copies/mL, especially in
saliva specimens.

Conclusion: This ICT for the detection of SARS-CoV-2 salivary antigen is an attractive tool that does not require
specialized equipment and allows patients to perform the entire process from sample collection to self-diagnose
and to reduce the burden on medical care during a pandemic.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), was first reported in
Wuhan, Hubei province, central China, and immediately became a
worldwide public health threat. The COVID-19 is still estimated to be
causing 30,000 or more deaths weekly as of April 2022 [1]. In fact, the
emergence of mutant strains of SARS-CoV-2 has resulted in further
morbidity and mortality worldwide; therefore, disease control strategies
still depend upon the availability of rapid and reliable tests for
SARS-CoV-2 and the early isolation of patients [2,3].

Reverse transcription quantitative PCR (RT-qPCR) has been sug-
gested as the most reliable nucleic acid amplification test for the
detection of SARS-CoV-2, and nasopharyngeal (Np) swabs are also
considered to be the most suitable specimen for diagnoses [4]. However,
the acquisition of Np swab specimens is an invasive process that poses a
potential risk for SARS-CoV-2 transmission among healthcare workers.
In contrast, saliva can be self-collected safely by anyone, including
children, and can be used in place of Np swabs to resolve these issues
because saliva collection is non-invasive and does not require special-
ized technical skills [5,6]. There are various reports on the detection
sensitivity, specificity, and limitations of saliva-based tests [7-9]. Unlike
Np swab specimens, saliva can be affected by changes in the oral envi-
ronment due to the patient’s condition, timing of eating and drinking,
and the steps used to process samples.

Immunochromatography test (ICT) kits for COVID-19 antigens have
become popular because they take only 10-30 min to produce a result.
The need for point-of-care tests, such as ICTs for antigen detection, is
essential for strengthening the setup of testing for future pandemics
[10]. Especially, ICT devices that use saliva specimens for rapid antigen
detection not only reduce the risk of secondary infections but also
reduce the burden on medical personnel, the time for diagnosis, and the
requirement for expensive specialized laboratory equipment.

In this study, we carried out independent validation of point-of-care
tests for the detection of SARS-CoV-2 antigen to evaluate the usefulness
of a newly developed antigen test kit, which is dedicated exclusively to
saliva specimens (SARS CoV-2 Ag Diagnostic Test Kit; Inspecter Kowa®
SARS-CoV-2, Kowa Company, Ltd., Japan) compared with RT-qPCR and
an already established and widely used ICT kit with Np swab specimens.

2. Materials and methods
2.1. Study design

This single-center prospective study was conducted to evaluate the
diagnostic value of an ICT kit using saliva for the diagnosis of COVID-19.
This study was conducted at Saitama Medical University Hospital, a
secondary emergency medical institution, from February 14 to March 5,
2022. During the study period, two sets of Np swab specimens and
additional saliva specimens were simultaneously collected from patients
referred to our hospital because of close contact with COVID-19 patients
or the presence of some symptoms of upper respiratory tract inflam-
mation including fever. Non-Japanese residents who did not fully un-
derstand Japanese, asymptomatic patients, children under the age of 15
years, and patients who did not consent to participate were excluded
from the study. Ethics approval was obtained from the Institutional
Review Board of Saitama Medical University Hospital (Ref No:
2021-105).

2.2. Sample collection and preparation

After cessation of eating or drinking for 30 min, >1.5 mL salivary
fluid was collected by the patients themselves in sterile containers
through the drooling technique. One of the two Np swabs was suspended
in 1,000 pL phosphate-buffered saline (PBS) for RNA extraction followed
by RT-qPCR. The remaining swab was used directly for rapid antigen
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testing with an Espline® SARS-CoV-2 Kit (Fujirebio, Inc., Tokyo, Japan).
Half of the saliva sample was set aside for ICT using Inspecter Kowa®
SARS-CoV-2, and the other half was diluted 1:1 with PBS and vortexed
for 15 s for homogenization, centrifuged at 15,000 rpm for 20 min, and
the supernatant was used for subsequent RNA extraction followed by
RT-qPCR. Thereafter, RNA extraction was performed with a QIAamp
Viral RNA Mini Kit (Qiagen, Hilden, Germany) using 140 pL of both the
PBS suspension of Np swabs and saliva supernatants respectively, and
RNA was finally eluted in 60 pL of the provided AVE buffer. To avoid a
significant impact on the results due to the storage condition of the
specimens after collection, both ICT analysis were performed immedi-
ately after sample collection according to the manufacturer’s in-
structions and the results were determined. On the other hand, PBS
suspensions of Np swabs and saliva supernatants for RNA extraction
were temporarily stored at —80 °C until use.

2.3. RT-qPCR

RT-qPCR for the specific amplification of the N2 gene of SARS-CoV-2
was performed using TagMan-based real-time RT-PCR with the
following sets of primers and probe (2.4 pM forward primer, 5'-AAA TTT
TGG GGA CCA GGA AC-3'; 3.2 pM reverse primer, 5'-TGG CAG CTG TGT
AGG TCA AC-3'; 0.4 uM probe, 5'-FAM-ATG TCG CGC ATT GGC ATG
GA-BHQ-3') [11]. RT-gPCR amplification was performed using a
QuantiTect Probe RT-PCR Kit (Qiagen). In brief, 5 pL extracted RNA was
added to the amplification mixture, and distilled water was added to a
final volume of 25 pL. Amplification was performed under the following
conditions: reverse transcription at 50 °C for 30 min; initial denaturation
at 95 °C for 15 min; and 40 cycles of denaturation at 94 °C for 15 s and
annealing/extension at 60 °C for 60 s. Positive RNA controls were pre-
pared in 10-fold serial dilutions ranging from 5.0 x 10° to 5.0 x 10°!
copies/reaction using in vitro synthesized SARS-CoV-2 RNA. A calibra-
tion assay was carried out in parallel to create a calibration curve by
RT-qPCR.

2.4. Antigen tests

Inspecter Kowa® SARS-CoV-2, an ICT based on a colloidal gold-
enhanced double antibody sandwich immunoassay for the qualitative
determination of the nucleocapsid protein of SARS-CoV-2, was per-
formed using saliva immediately after sample collection according to the
manufacturer’s instructions, and the results were determined by visual
examination. Briefly, the head of the attached swab was inserted into a
saliva specimen. The swab was then moved up and down the side of a
tube containing the suspension buffer at least 10 times and the tube was
squeezed five times by hand to completely dissolve the specimen in the
swab in the buffer. The suspension (100 pL, 3 drops) was added to the
well of the test cassette. After 15 min, the results were determined.

Espline® SARS-CoV-2, an ICT based on a sandwich enzyme immu-
noassay targeting the SARS-CoV-2 nucleocapsid antigen, was performed
immediately after sample collection according to the manufacturer’s
instructions [10]. Briefly, Np swabs were soaked directly in the kit’s
pretreatment solution, mixed approximately 10 times, and 20 pL (2
drops) was added dropwise to the test cassette after incubation for 5
min. After 30 min, the results were determined as positive when both the
reference and judgment lines could be confirmed visually, and negative
when only the reference line was observed.

2.5. Clinical data

Patients’ clinical data were collected retrospectively from the elec-
tronic medical records, and the date of symptom onset was defined as
the first day of symptoms caused by COVID-19. We also investigated the
number of days from symptom onset to when the patient visited our
hospital as well as the severity of disease at the time of consultation.
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3. Results

A total of 179 referred first-visit patients who had provided Np swab
specimens, additional saliva samples, and informed consent were
enrolled in the study. We retrospectively excluded 39 patients due to an
insufficiently low volume of saliva and asymptomatic individuals;
therefore, we finally included 140 patients in the study (Fig. 1). The
median age of the enrolled patients was 36.0 years (interquartile range
[IQR]: 25.0-49.3) and 73 (52.1%) were women. The median time from
onset to hospital visit and sampling was 2.0 days (IQR: 2.0-3.0).

3.1. RT-gPCR

All 140 Np swab specimens and saliva specimens were subjected to
RT-qPCR, and the number of SARS-CoV-2 RNA copies in the reactions
was calculated from Ct values using the formula based on values ob-
tained with reference standard RNA. SARS-CoV-2 was detected by RT-
qPCR in 61 of the 140 saliva samples (43.6%) and 60 of the 140 Np
swab specimens (42.9%). Fig. 2 shows the correlation of viral load be-
tween the Np swab and saliva specimens collected at the same time. The
correlation coefficient was R? = 0.0002 and there was no significant
correlation between the two sets of samples.

3.2. Inspecter Kowa® SARS-CoV-2 using saliva

In the analysis with Inspecter Kowa® SARS-CoV-2 using saliva, all
RT-gPCR-negative samples (n = 79) gave negative results (100% spec-
ificity), whereas antigens were detected in 45 of the 61 RT-qPCR-
positive samples (73.8% sensitivity) (Table 1a). The median number
of SARS-CoV-2 RNA copies in the positive Inspecter Kowa® SARS-CoV-2
samples was 6.50 log copies/mL (IQR: 0.97-6.99) (Fig. 3a). Fig. 3a also
shows the viral load in the Inspecter Kowa® SARS-CoV-2-positive and
-negative saliva specimens. Median viral load was significantly different
between the antigen-positive specimens (6.50 log copies/mL) and

Individuals screened at
Saitama Medical University Hospital
from February 14 to March 5, 2022

(n=179)

Excluded (n = 39)
due to insufficient saliva samples
and asymptomatic individuals

Received Np swab specimens (n = 140)
and provided saliva samples (n = 140)

Np swab Saliva
(n =140) (n =140)
Allocation Allocation
ICT test RNA extraction = RNA extraction ICT test
Espline® Inspecter Kowa
SARS-CoV-2 ’ RT-GPCR ‘ ’ RT-aPCR ‘ SARS-CoV-2
Test Kit 4 4

Fig. 1. Flow chart summarizing the study design. Initially, 179 patients were
enrolled, but 39 were excluded due to insufficient sample volume, leaving 140
patients for the analysis.
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Fig. 2. Correlation of viral load analyzed using RT-qPCR between saliva and Np
swab specimens.

Table 1a
Concordance between Inspecter Kowa® SARS-CoV-2 and RT-qPCR.

RT-qPCR Overall Kappa value
Positi Neaati agreement (95% CI)
ositive egative o\ 9504 1)

Inspecter Positive 45 0 88.6 0.764
Kowa® Negative 16 79 (83.3-93.8) (66.1-86.7)
SARS-

Cov-2 Total 61 79

antigen-negative samples (64 log copies/mL; p < 0.01).

3.3. Espline® SARS-CoV-2 test Kit using Np swab specimens

In the Espline® SARS-CoV-2, all RT-qPCR-negative samples (n = 80)
also gave negative test results (100% specificity), whereas antigens were
detected in 56 of the 60 RT-qPCR-positive samples (93.3% sensitivity)
(Table 1b). The median number of SARS-CoV-2 RNA copies in the pos-
itive Espline® SARS-CoV-2 Test Kit samples was 7.74 log copies/mL
(IQR: 6.74-8.39) (Fig. 3b). Fig. 3b also shows the viral load in the Esp-
line® SARS-CoV-2-positive and -negative Np swab specimens. There was
no significant difference in median viral load between the antigen-
positive specimens (7.74 log copies/mL) and antigen-negative samples
(6.19 log copies/mL; p = 0.27).

3.4. Comparative verification of antigen tests

Overall agreement between the Inspecter Kowa® SARS-CoV-2 and
Espline® SARS-CoV-2 Kits was 87.9% (Table 1c). Table 2 shows the
changes in the positive concordance rate of each rapid antigen detection
kit and RT-qPCR according to viral load in each sample. Saliva speci-
mens in particular were shown to produce false negative results when
viral load was decreased to <1.0 x 10° copies/mL using Inspecter
Kowa® SARS-CoV-2, and Np swab specimens were also shown to pro-
duce false negative results when viral load was decreased to <1.0 x 10*
copies/mL using the Espline® SARS-CoV-2 Test Kit. Comparing the
histograms of viral load, saliva samples had peaks between 1.0 x 10°
and 10° copies/mL, while Np swab had peaks at 1.0 x 10° copies/mL
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Table 1b
Concordance between Espline® SARS-CoV-2 and RT-qPCR.

RT-qPCR Overall Kappa value
Positi Negati agreement (%) (95% CI)
ositive egative (95% CI)

Espline® Positive 56 0 97.1 0.941
SARS- Negative 4 80 (94.4-99.9) (88.4-99.8)
Cov-2 Total 60 80

Table 1c

Concordance between Inspecter Kowa® SARS-CoV-2 and Espline® SARS-CoV-2.

Espline® SARS-CoV- Overall Kappa value

2 agreement (95% CI)
L . (%) (95% CID)
Positive ~ Negative
Inspecter Positive 42 3 87.9 0.738
Kowa® Negative 14 81 (82.4-93.3) (62.2-85.5)
SARS- Total 56 84
CoV-2 o
Table 2

Percentage of positive matches with RT-qPCR test results according to viral load
in each sample.

Viral load Saliva Np swab
i L
(copies/mL) Positive saliva antigen n Positive Np swab antigen
test (positive rate, %) test (positive rate, %)
<10® 3 0(0.0) 1 0 (0.0)
10%-10* 2 1 (50.0) 1 1 (100)
10*-10° 12 2(16.7) 7 6 (85.7)
10°-10° 18 16 (88.9) 8 7 (87.5)
10°-107 21 21 (100) 13 12(92.3)
107-10% 3 3 (100) 20 20 (100)
108-10° 2 2 (100) 10 10 (100)
Total 61 45 60 56
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(Fig. 4).
4. Discussion

In this study, we compared the performance of the Inspecter Kowa®
SARS-CoV-2 Kit using saliva specimens with conventional RT-qPCR and
the Espline® SARS-CoV-2 Antigen Test Kit using Np swab specimens.
The clinical advantage of Inspecter Kowa® SARS-CoV-2 is that it can be
performed using saliva samples collected by patients without the need
for expert skills and equipment. Therefore, by introducing an ICT-based
test kit, it is possible to establish an immediate COVID-19 rapid
screening system at low cost, not only in hospitals but also in all facilities
including schools, workplaces, and dormitories, where regular screening
is especially essential for safe daily operations. Patients with asymp-
tomatic SARS-CoV-2 infection still have a significant impact on the
spread of the virus and are important targets for controlling the
pandemic. In addition, some patients have substantial viral shedding
before the onset of symptoms [12]. Because it is important to recognize
SARS-CoV-2 infection early and stop its transmission using active
screening, the test kit verified in this study may be ideal for infection
control owing to its ease of use, as it could allow patients to perform the
entire process from saliva collection to self-diagnose and to reduce the
burden on medical care during a pandemic.

The overall sensitivity and specificity of Inspecter Kowa® SARS-CoV-
2 with saliva specimens was 88.6% and 100%, respectively. In this
study, the results of both antigen tests using saliva and Np swab speci-
mens were directly influenced by the amount of virus in the samples:
when viral load was <1.0 x 103 copies, the sensitivity of both antigen
tests was significantly reduced. Unexpectedly, there was no correlation
between the amount of virus in saliva and Np swab specimens in this
study, whereas it has been reported that in patients with low viral load,
such as asymptomatic patients, the viral load is lower in saliva speci-
mens than in Np swab specimens [13]. Compared with the viral load of
the saliva specimens,1.0 x 10* to 1.0 x 10° more virus was detected in
the Np swab specimens. This discrepancy between saliva and Np swab
specimens might depend on the sensitivity of the reagents or the pres-
ence of reaction inhibitors in the specimen as well as the possibility that
viral RNA fragments or antigen accumulation in the absence of
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Fig. 4. Histograms of SARS-CoV-2 viral load in each specimen.

infectivity might be detected in Np swab specimens [14].

Several antigen-based rapid diagnostic test kits also are reported to
have difficulty in detecting SARS-CoV-2 in samples with a low viral load,
regardless of whether a saliva or Np swab specimen is used [15,16].
Additionally, it has been reported that a high viral load results in a
shorter time to generate an antigen-positive test result; therefore,
antigen-based test kits should be used to detect and estimate viral load in
clinical specimens [17]. In addition, rapid antigen tests, although less
sensitive than RT-qPCR, have been suggested to accurately reflect both
the presence of infectious virus and the potential risk of SARS-CoV-2
infection [18]. Further studies using a larger number of specimens are
warranted to determine the detailed detection sensitivity and quanti-
tative evaluation when using Inspector Kowa SARS-CoV-2 with saliva
specimens as well as its association with infectivity.

Notably, Inspecter Kowa® SARS-CoV-2 did not generate any false
positive results, despite the presence of various symbiotic pathogens in
the oral cavity and the different physical backgrounds of the patients
[19]. Saliva specimens have been suggested to be useful for the diagnosis
of COVID-19 in children as well as in adults, whereas the collection of Np
swab specimens is an invasive and specialized procedure that is espe-
cially difficult to perform on children [20]. In the long-running
COVID-19 pandemic, ICTs with saliva are attractive point-of-care test
that can be performed immediately using specimens that can be easily
collected by anyone. In this study, saliva was self-collected in a tube and
used for analysis. According to the kit’s instructions, saliva can be pro-
duced by pressing the tip of the tongue against the lower jaw, and then
collected by absorption with a cotton swab. A limitation of this study is
that we did not obtain data for the saliva swab pool testing (lollipop
method) using cotton swabs, so we cannot assess the impact of different
collection methods on detection sensitivity. Evaluation of efficacy in
children also remains a future issue.

It is obvious that not all tests are suitable for diagnosis in all clinical
settings. Finally, the role of ICT-based salivary diagnosis in the detection
of SARS-CoV-2 antigen is to easily identify viral shedding and reduce the
medical burden as an on-site direct test that can be performed by
anyone.
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