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Abstract

Objectives: The GeneSoC® that launched recently enables
the quantitative detection of target genes (in approximately
15 min) using microfluidic thermal cycling technology. Here,
we compared the diagnostic performance of the “GeneSoC®
SARS-CoV-2 N2 Detection Kit” (Kyorin assay) and conven-
tional severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) detection assays to verify the clinical useful-
ness of the Kyorin assay.

Methods: Two hundred samples (100 nasopharyngeal and
100 saliva specimens) were collected from patients with
suspected SARS-CoV-2 infection between May 2020 and
August 2021. Conventional SARS-CoV-2 detection assays were
performed using the Japanese National Institute of Infec-
tious Diseases (NIID) assay, Ampdirect™ 2019-nCoV
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Detection Kit (SHIMADZU assay), and Lumipulse Presto
SARS-CoV-2 Ag (FUJIREBIO assay), according to each manu-
facturer’s instructions.

Results: Using the NIID and SHIMADZU assays as refer-
ences, the positive and negative concordance rates and the
kappa coefficient in the Kyorin assay were 96.9-97.9 %, 99.0—
100.0 %, and 0.96-0.98, respectively. The positivity rate of the
FUJIREBIO assay was slightly lower than that of the refer-
ence assay (p<0.05).

Conclusions: The Kyorin assay showed a favorable concor-
dance rate with conventional SARS-CoV-2 detection assays,
making it a useful, rapid, and high-performance assay for
detecting SARS-CoV-2, which may lead to early diagnosis and
appropriate treatment.

Keywords: GeneSoC® SARS-CoV-2; COVID-19; real-time
RT-PCR; microfluidic chip

The recently developed GeneSoC® (Kyorin Pharmaceutical
Co., Ltd., Tokyo, Japan) incorporates a heater with a preset
temperature at the bottom of the microfluidic channel.
GeneSoC® employs a thermal cycling technique in which a
sample placed in a microfluidic channel is moved pneu-
matically over a heater to quickly change the temperature of
the sample to a desired temperature; this is repeated to
perform a thermal cycle. This technique enables rapid real-
time reverse transcription-polymerase chain reaction, and
results can be obtained approximately 15 min after the start
of the measurement using RNA-extracted samples, PCR
buffer, enzyme mix, and primer/probe mix. “GeneSoC®
SARS-CoV-2 N2 Detection Kit” (Kyorin Pharmaceutical Co.,
Ltd., Tokyo, Japan; Kyorin assay), a dedicated reagent for
GeneSoC®, was launched in April 2022. Therefore, we veri-
fied the clinical usefulness of the Kyorin assay in the diag-
nosis of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection by comparing the results obtained
with the kit with those of conventional SARS-CoV-2 detection
assays using residual samples collected from patients
infected or suspected to be infected with SARS-CoV-2.

A total of 200 samples (100 nasopharyngeal and 100
saliva specimens) were collected from patients with
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suspected SARS-CoV-2 infection at the Sapporo Medical
University Hospital and the public health center of Sapporo
City between May 2020 and August 2021. The saliva speci-
mens were collected in sterile petri dishes or spitz tubes, and
the nasopharyngeal specimens were collected using a kit
containing a nasopharyngeal nylon-flocked swab and a tube
containing universal transport medium viral transport me-
dium (Copan Diagnostics, Murrieta, CA, USA). The samples
were stored at —80 °C until immediately before the assay. In
this study, the RNA extraction step was performed manually
using the QIAamp Viral RNA Mini kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions. The
Kyorin assay was analyzed according to the manufacturer’s
instructions. We used three conventional SARS-CoV-2
detection assays: The N2 assay of the Japanese National
Institute of Infectious Diseases (NIID) assay and the Amp-
direct™ 2019-nCoV Detection Kit (Shimadzu Corporation,
Kyoto, Japan; SHIMADZU assay) for nucleic acid amplifica-
tion tests (NAATS), and Lumipulse Presto SARS-CoV-2 Ag
(Fujirebio Inc., Tokyo, Japan; FUJIREBIO assay) for quanti-
tative antigen tests (Supplementary Methods). The NIID and
SHIMADZU assays were used as a reference.

Statistical analysis of quantitative variables was per-
formed using the Shapiro-Wilk test to confirm normality,
and the results were evaluated using the Mann-Whitney U
test, correlation coefficient, and correlation test. Qualitative
variables were analyzed using the kappa coefficient, McNe-
mar’s test, and y* test. All statistical analyses were performed
using IBM SPSS Statistics version 24 (IBM Corp., Chicago, IL,
USA). Statistical significance was set at p<0.05. This study was
approved by the Sapporo Medical University Hospital Insti-
tutional Review Board (Ethics number 332-54).

The median age of patients with confirmed and sus-
pected SARS-CoV-2 infection was 51 years (interquartile
range [IQR], 36-68 years). Seventy-four samples for which
the date of symptom onset was obtained from electronic
medical records were collected on median day 7 (IQR: 4-
10 days), nasopharyngeal swabs on day 7 (IQR: 4.5-10 days),
and saliva on day 5 (IQR: 4-7 days). Out of the total number of
samples, 94 (47 %) were positive in the Kyorin assay, with no
difference in positivity rates between the 48 nasopharyngeal
specimens (48 %) and 46 saliva specimens (46 %) (p=0.77).
The median viral load of nasopharyngeal specimens was
1.45 x 10° copies/uL, which was significantly higher than that
of the saliva specimens (160 x 10* copies/uL) (p<0.01,
Figure 1A). The total concordance rates of the Kyorin assay
with the NIID and SHIMADZU assays were 98.0 and 99.0 %,
respectively, indicating high rates (Table 1). The positivity
rate of the FUJIREBIO assay was significantly lower (p<0.01).
There were four cases using the NIID assay, two cases using
the SHIMADZU assay, and seven cases using the FUJIREBIO
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assay that were discordant with the Kyorin assay (Table 2,
two discordant duplicate cases: No. 2 and No. 4). The median
viral load of the samples that were discordant between the
Kyorin and the FUJIREBIO assays was 9.00 x 10° copies/uL,
which was significantly lower than that of the concordant
samples (5.56 x 10 copies/uL) (p<0.01, Figure 1B). Further-
more, the median Ct value of the samples that were discor-
dant between the Kyorin and the FUJIREBIO assays was 36.7
(range, 35.3-39.0), which was significantly higher than that
of the concordant samples (median Ct value, 29.1; range,
15.5-37.4; p<0.01; Supplementary Figure). In the same way,
the median Ct value of the samples that were discordant
between the SHIMADZU and the FUJIREBIO assays was 34.3
(range, 27.9-39.7), which was significantly higher than that
of the concordant samples (median Ct value, 28.7; range,

15.8-37.7; p<0.01). The RNA levels, Ct values, and
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Figure 1: Relationship between SARS-CoV-2RNA levels. (A) Relationship
between SARS-CoV-2 RNA levels and the sample type. (B) Relationship
between the results of the two SARS-CoV-2 detection assays that have
positive results and the RNA levels. The p-values were calculated with the
Mann-Whitney U test. (+), positive; (-), negative.
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Table 1: Evaluation of the Kyorin and FUJIREBIO assays in comparison with conventional SARS-CoV-2 detection assays.
NIID assay Total concordance  Positive concordance  Negative concordance Kappa McNemar’s
rate rate rate (95% CI) test
* - (95 % CI), (%) (95 % CI), (%) (95 % CI), (%)
Kyorin assay + 93 1 98.0 96.9 99.0 096 p=0.31
- 3 103 (96.1-99.9) (93.4-100.0) (97.2-100.0)  (0.92-1.00)
FUJIREBIO assay — + 86 1 94.5 89.6 99.0 0.89 p=0.01
- 10 103 (91.3-97.7) (83.5-95.7) (97.2-100.0)  (0.83-0.95)
SHIMADZU assay Total concordance Positive concordance Negative concordance Kappa McNemar’s
rate rate rate (95% CI) test
* - (95 % CI), (%) (95 % CI), (%) (95 % CI), (%)
Kyorin assay + 94 0 99.0 97.9 100.0° 0.98 p=0.16
- 2 104 (97.6-100.0) (95.1-100.0) (0.95-1.00)
FUJIREBIO assay  + 87 0 95.5 90.6 100.0° 0.91 p<0.01
- 9 104 (92.6-98.4) (84.8-96.5) (0.85-0.97)
295 % CI could not be calculated. NIID, National Institute of Infectious Diseases; CI, confidence interval; +, positive; —, negative.
Table 2: Discordant results between the GeneSoC SARS-CoV-2 N2 Detection Kit and conventional SARS-CoV-2 detection assays.
No. Kyorin assay NIID assay, SHIMADZU assay FUJIREBIO assay, Days from onset to Sample type
(Ct value) copies/pL (Ct value of N2) pg/mL sample collection
1 + - + + 5 Saliva
(35.3) (32.2) (3.31)
2 - + + - 7 Nasopharyngeal swab
(2.43 x 107 (34.9)
3 - + - - 3 Nasopharyngeal swab
(1.06 x 107
4 - + + - NA? Saliva
(522 x 1079 (39.7)
5 + + + - NA? Saliva
(37.3) (1.02 x 10") (34.3)
6 + + + - NA? Saliva
(36.7) (1.43 x 10" (34.2)
7 + + + - 1" Nasopharyngeal swab
(36.0) (9.44 x 10°%) (33.6)
8 + + + - NA? Saliva
(36.5) (8.85 x 10°) (36.2)
9 + + + - 12 Nasopharyngeal swab
(35.3) (8.24 x 10°) (34.1)
10 + + + - 12 Nasopharyngeal swab
(39.0) (3.35 x 109 (38.9)
11 + + + - NA? Saliva
(37.7) (6.25x 107" (27.9)

?Details are unknown due to administrative samples. Ct, cycle threshold; NIID, National Institute of Infectious Diseases; NA, not applicable; +, positive; —,

negative.

luminescence intensity in the other three SARS-CoV-2
detection assays were highly correlated (p<0.01, Figure 2).
In this study, as in a previous report [1], the viral load in
nasopharyngeal swabs was higher than that in saliva.
Nasopharyngeal and saliva specimens were not collected
from the same patient; however, the median number of days

from symptom onset to sample collection was almost the
same, suggesting a similar trend in the same patient. How-
ever, there was no difference in the positivity rates between
the nasopharyngeal and saliva specimens. The median
number of days from symptom onset to sample collection
was seven (IQR: 4-10 days), and there were only a few
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Figure 2: Correlation of RNA levels with Ct values and luminescence
intensity.
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samples with a low viral load after 11 days [2], which was
considered to have no effect on the positivity rate among the
specimen types. In addition, the Kyorin assay used RNA
extracted and purified with the “QIAamp Viral RNA Mini
Kit”, and was less susceptible to inhibitors in the sample,
which was considered to be a contributing factor. The Kyorin
assay and reference method mostly agreed with each other,
although some samples showed discordant results. Among
such results, sample No. 1 (Table 2) was negative only in the
NIID assay, suggesting a high possibility of false-negative
results for the NIID assay. We considered that the discordant
result was caused by the difference in sampling because the
Ct value of the Kyorin assay was 35.3, which was converted to
a very small amount of 1.59 x 10" copies/uL. Samples No. 2, 3,
and 4 also showed low viral loads in the NIID assay
(522 x 10-2.43 x 10° copies/uL) near the detection limit
(NIID assay: 3.91 x 107 copies/uL [3], SHIMADZU assay:
1.00 x 10° copies/uL [4]), suggesting a discrepancy between
the Kyorin assay and reference methods. Samples No. 5-11
tested negative in the FUJIREBIO assay and positive in the
other three assays. The viral load of the samples that were
discordant between the Kyorin and FUJIREBIO assays was
significantly lower than that of the concordant samples, and
the Ct value was significantly higher in the discordant
samples than in the concordant samples. It has been re-
ported that antigen levels seem to decrease gradually with
the production of antibodies in the blood when days from
symptom onset to sample collection elapse and that a small
amount of RNA fragments may remain in the nasopharynx
[5, 6]. Therefore, it was considered that a trace amount of
RNA remaining in the nasopharynx was detected by the
three NAATSs and was not detected by the FUJIREBIO assay,
owing to lower detection sensitivity. Ct values correlate with
the number of days from disease onset to sample collection
[2] and viral infectivity of the virus [7]. Therefore, the Ct
value may be a useful tool for estimating the time of infec-
tion. In this study, we confirmed a correlation (correlation
coefficient: —0.97) between the Ct value of the Kyorin assay
and the viral load analyzed by the NIID assay in positive
samples, which was similar or higher than that of the SHI-
MADZU and FUJIREBIO assays. This may be because the
Kyorin assay was designed relative to the primer-probe set
of the NIID assay, and thus more closely approximates the
PCR reaction. The regression equations (Figure 2) for the
Kyorin, SHIMADZU, and FUJIREBIO assays obtained in this
study can be used to estimate viral load to some extent from
Ct values and luminescence intensity and may help in
the future standardization of these assays. In November
2023, “GeneSoC® PCR Preparation Kit Type A” (Kyorin
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Pharmaceutical Co., Ltd., Tokyo, Japan) that enables RNA
extraction in approximately 1min was launched. In the
future, it is desirable to evaluate the clinical usefulness of the
Kyorin assay with the simple and rapid RNA extraction Kit.

In conclusion, the Kyorin assay showed favorable
agreement with the conventional NAATSs. However, samples
with a low viral load may yield false-negative results in any
of the SARS-CoV-2 detection assays evaluated in this study.
The interpretation must be comprehensive and include
clinical symptoms, the presence or absence of infection op-
portunities, the timing of sample collection, and retesting
using different assays.
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