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The reverse transcription polymerase chain reaction (RT-PCR) offers high sensitivity, but has some 
drawbacks, such as the time required for the RNA extraction. Transcription reverse-transcription 
concerted reaction (TRC) Ready® SARS-CoV-2 i is easy to use and can be performed in about 40 
minutes. TRC Ready® SARS-CoV-2 i and real-time one-step RT-PCR using the TaqMan probe tests of 
cryopreserved nasopharyngeal swab samples from patients diagnosed with COVID-19 were compared. 
The primary objective was to examine the positive and negative concordance rates. A total of 69 
samples cryopreserved at -80° C were examined. Of the 37 frozen samples that were expected to be 
RT-PCR positive, 35 were positive by the RT-PCR method. TRC Ready® SARS-CoV-2 i detected 33 
positive cases and 2 negative cases. One frozen sample that was expected to be RT-PCR positive was 
negative on both TRC Ready® SARS-CoV-2 i and RT-PCR. In addition, one frozen sample that was 
expected to be RT-PCR positive was positive by the RT-PCR method and negative by TRC Ready® 
SARS-CoV-2 i. Of the 32 frozen samples that were expected to be RT-PCR negative, both the RT-
PCR method and TRC Ready® SARS-CoV-2 i yielded negative results for all 32 samples. Compared 
with RT-PCR, TRC Ready® SARS-CoV-2 i had a positive concordance rate of 94.3% and a negative 
concordance rate of 97.1%. TRC Ready® SARS-CoV-2 i can be utilized in a wide range of medical 
sites such as clinics and community hospitals due to its ease of operability, and is expected to be useful 
in infection control.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was first reported in Wuhan City in the 
Hubei province of China in December 2019 and then 
spread globally. All genetic sequences of the virus were 
released on January 12, 2020 (1). The World Health 
Organization (WHO) declared it a pandemic on March 
11, 2020 (2). The infection spread to Japan in February 
2020, and a state of emergency was declared on April 7, 
2020.
 Data that can be used for COVID-19 diagnosis, 
such as severity markers (3) and diagnostic imaging 
(4) are increasing, but definitive diagnosis can be made 
by detecting pathogens, pathogen genes or pathogen 
antigens (5). Currently, COVID-19 testing uses a method 
of amplifying and detecting RNA sequences specific 

to the novel coronavirus by the reverse transcription 
polymerase chain reaction (RT-PCR) method. Although 
RT-PCR is characterized by high sensitivity, there 
are drawbacks, such as the requirement for manual 
performance of RNA extraction and the time-consuming 
nature of the measurements. Consequently, ways to 
reduce the burden on the laboratory technician and obtain 
results efficiently are needed.
 The transcription reverse-transcription concerted 
reaction (TRC) method, which is a nucleic acid 
amplification test that amplifies and detects RNA at a 
constant temperature, can also be used (6). Using this 
method, the TRC Ready® system (Tosoh Bioscience, 
Tokyo, Japan) automates each process of the nucleic 
acid amplification test and has individually packaged 
reagents. The TRC Ready® system is also useful for 
detecting Norovirus, Mycobacterium tuberculosis 
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complex, Mycobacterium avium, Mycobacterium 
intracellulare, Mycoplasma pneumoniae, Neisseria 
gonorrhoeae and Chlamydia trachomatis.
 In the present study, the results from TRC Ready® 
SARS-CoV-2 i and of RT-PCR with cryopreserved 
nasopharyngeal swab samples of patients diagnosed with 
COVID-19 at our hospital were compared.

2. Materials and Methods

2.1. Study design and methods

The nasopharynxes of COVID-19 patients diagnosed 
at the National Center for Global Health and Medicine 
from October 2, 2020 to January 15, 2021 were wiped 
with FLOQSwabs (COPAN, Murrieta, CA, USA) and a 
general-purpose transport medium UTM (COPAN) was 
used. This study included 69 specimens that had been 
cryopreserved at -80°C.
 The samples used in this study came from patients 
who participated in the prospective observational study 
of novel coronavirus infections (NCGM-G-003472-03) 
or the Filmarray Respiratory Panel 2.1 collection 
and storage of surplus specimens after examination 
(NCGM-G-004174-00) at the National Center for Global 
Health and Medicine. The subjects were those who 
consented to the secondary use of the stored specimens 
among those who participated in the study of collection 
and storage of surplus specimens after the examination 
(NCGM-G-004174-00). A retrospective study was 
conducted with the approval of the Ethics Committee 
(NCGM-G-004073-01).

2.2. Primary and secondary objectives

The primary objective was to examine the positive and 
negative concordance rates for TRC Ready® SARS-
CoV-2 i compared with RT-PCR. The secondary 
objective was to compare the viral load of cryopreserved 
positive specimens with the cycle threshold (Ct). To 
confirm whether SARS-CoV-2 genes were detected in 
the samples for which TRC Ready® SARS-CoV-2 i and 
RT-PCR were not in concordance, residual liquid from 
nucleic acid purification was measured with real-time 
PCR, and sequence analysis was performed using an 
analysis primer for the obtained PCR products.

2.3. Inclusion criteria

Inclusion criteria for the study were age of at least 
20 years, those who had a stored nasopharyngeal 
swab sample, and participants who consented to 
the "Prospective observational study of coronavirus 
infectious disease" (NCGM-G-003472-03).

2.4. Real-time one-step RT-PCR method using the 
TaqMan probe

The real-time one-step RT-PCR method using the 
TaqMan probe (QIAGEN, Tokyo, Japan) is the most 
commonly used method in Japan, and it involves a real-
time reverse transcription-PCR method with hydrolysis 
probe using complementary strand DNA reverse 
transcribed from viral RNA as a template.
 The QIAamp Viral RNA Mini Kit (QIAGEN) was 
used to isolate samples from viral RNA. RT-qPCR was 
performed using StepOne plus (Applied Biosystems, 
Tokyo Japan) according to the protocol of the National 
Institute of Infectious Disease, Japan (7).
 The hydrolysis probe method uses a reporter dye 
(R) as a fluorescent dye at the 5' end and a 20-30 mer 
oligonucleotide labeled with a quencher (Q) at the 3' end. 
When the probe is intact, the reporter dye is quenched by 
the quencher and fluorescence resonance energy transfer, 
thus suppressing fluorescence. The probe then hybridizes 
to the virally derived cDNA that was reverse transcribed 
from viral RNA.
 Subsequently, as the extension reaction by the 
primer proceeds, the probe is hydrolyzed by TaqDNA 
polymerase, so that the reporter dye is released from the 
probe and fluoresces. When probe hybridization and the 
PCR reaction are repeated for 40 cycles, the amount of 
free reporter dye increases in proportion to the amount 
of PCR product, so that the growth curve of the target 
gene sequence can be created in real time by monitoring 
fluorescence intensity. Those whose amplification curve 
is confirmed within 40 cycles are considered positive. 
Detection of SARS-CoV-2 genes from specimens and 
calculation of copy numbers were based on the real-
time one-step RT-PCR method using the protocol of the 
National Institute Diseases on the N2 set.

2.5. TRC Ready® SARS-CoV-2 i

The TRC Ready® SARS-CoV-2 i is a nucleic acid 
amplification test based on the TRC method, which 
combines a DNA probe labeled with an intercalator 
fluorescent dye and a constant temperature RNA 
amplification method to amplify and detect RNA in one 
step (6). When the SARS-CoV-2 RNA promoter primer 
and SARS-CoV-2 RNA antisense primer included in this 
kit bind to SARS-CoV-2 RNA, the enzymes (reverse 
transcriptase, RNA polymerase) use the substrates (dNTP, 
NTP, ITP) used for transcription, reverse transcription, 
etc., and RNA is amplified and synthesized.
 In parallel with this RNA amplification reaction, 
the fluorescently labeled SARS-CoV-2 RNA detection 
probe binds to the amplified and synthesized RNA, and 
the fluorescence intensity increases, so the fluorescence 
intensity in the reaction solution is measured over time. 
Thus, SARS-CoV-2 RNA in the sample is detected. 
TRCReady® SARS-CoV-2 i was used for detection. The 
TRCR® Purification Kit and TRCR® P-ASSIST were 
used for purification. The assay was performed on the 
Automated TRCR Real-time Monitor TRCReady®-80. 
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 For the 32 frozen samples that were expected to be 
RT-PCR negative, both the RT-PCR method and TRC 
Ready® SARS-CoV-2 i yielded negative results for all 32 
samples (Table 1).
 The positive concordance rate was 94.3% and 
the negative concordance rate was 97.1%. In the 35 
patients who were positive by RT-PCR, median SARS-
CoV-2 RNA viral load was 12,221 copies/mL (range 
2-2,009,922), and median cycle threshold (Ct) was 27.3 
(range 15.7-39.7). Examining the correlation between 
SARS-CoV-2 RNA viral load and Ct value, Spearman's 
rank correlation coefficient (r) was -0.591 and showed 
significance (p = 0.0001).
 Ct values were high for the two samples that were 
positive by the RT-PCR method but negative by TRC 
Ready® SARS-CoV-2 i at 36.1 and 39.5 (Figure 2). Real-
time PCR was performed for the nucleic acid purification 
products of the discordant samples. In a sequence 
analysis using analysis primers for the obtained PCR 
products, SARS-CoV-2 sequences were confirmed from 
all samples.

From the examination results, TRC Ready® SARS-
CoV-2 i had a positive concordance rate of 94.3% and a 
negative concordance rate of 97.1% compared with the 
real-time one-step RT-PCR method using the TaqMan 
probe. The RT-PCR method offers high sensitivity and 
specificity and is widely used in Japan, but it is time-
consuming and requires specific skills to perform 

TRCReady® SARS-CoV-2 i cut-off value is positive 
when the fluorescence ratio exceeds 1.3 within 20 
minutes from the start of the reaction.

2.6. Statistical analyses

SPSS version 24 (IBM Corporation, Armonk, NY, USA) 
was used for all statistical analyses. Spearman's rank 
correlation coefficient was used for the significance test 
comparing the two groups, with significance set at p < 
0.05.

3. Results and Discussion

A total of 69 samples that were cryopreserved at -80 
°C were examined. The median time from freezing the 
sample at -80°C to testing was 288 days (range 263-349). 
Of these samples, 37 were expected to be RT-PCR positive 
based on the RT-PCR test results at the time of collection, 
and 32 were expected to be negative (Figure 1). Of the 37 
frozen samples that were expected to be RT-PCR positive, 
35 were positive by the RT-PCR method. Using TRC 
Ready® SARS-CoV-2 i, there were 33 positive cases and 2 
negative cases.
 One frozen sample that was expected to be RT-PCR 
positive was negative on both TRC Ready® SARS-CoV-2 
i and RT-PCR. In addition, one frozen sample that was 
expected to be RT-PCR positive was positive by the RT-
PCR method and negative by TRC Ready® SARS-CoV-2 i.

Figure 1. Study flowchart. A total of 69 nasopharyngeal swab samples that were cryopreserved at -80°C were examined. Of these 37 samples 
were expected to be RT-PCR positive based on RT-PCR test results at the time of collection and 32 samples were expected to be negative. Frozen 
samples were thawed to room temperature, then measured with the TRC Ready® SARS-CoV-2 i and real-time one-step RT-PCR method using a 
TaqMan probe.

Table 1. Comparison of results from TRC Ready® SARS-CoV-2 i and real-time one-step RT-PCR using the TaqMan probe 
for cryopreserved nasopharyngeal swab samples of patients diagnosed with COVID-19

Real-time one-step RT-PCR method using the TaqMan probe

Total

Positive

33
1
34

Positive
Negative

TRC Ready® SARS-CoV-2 i

Negative

2
33
35

Total

35
34
69



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2023; 17(2):134-138. 137

appropriately.
 On the other hand, TRC Ready® SARS-CoV-2 i 
provides the rapidity that is a feature of the nucleic acid 
amplification test method, and can be performed in about 
40 minutes. In addition, six samples can be measured 
at the same time simultaneously, and the procedures 
are not difficult. The reaction reagents and starting 
solution of this kit are individually encapsulated for each 
measurement, so there is no need to prepare reagents at 
the time of measurement. Furthermore, since the reaction 
is completed in one closed tube, there is almost no risk 
of contamination. In addition, it is possible to perform 
measurement operations automatically using dedicated 
equipment.
 With this kit, reaction inhibition originating in a 
sample can be detected by an internal control in the 
reagent, and false-negative results can be prevented. Real-
time PCR was performed for the nucleic acid purification 
products of discordant samples, and in the sequence 
analysis, SARS-CoV-2 sequences were confirmed from 
all samples. Since there were no mutations in the regions 
amplified by RT-PCR or TRC Ready® SARS-CoV-2 i, the 
discordance is thought to have been caused by variation in 
measurements due to viral loads near the lower detection 
limit. Sethuraman et al. reported that high Ct levels make 
it difficult to isolate the virus responsible for an infectious 
disease from the sample, even if the genetic test is positive 
(8).
 The TRC Ready® system is also useful for detecting 
Norovirus, Mycobacterium tuberculosis complex, 
Mycobacterium avium, Mycobacterium intracellulare, 
Mycoplasma pneumoniae, Neisseria gonorrhoeae and 
Chlamydia trachomatis with a change of the reagents 
(9,10). Systems like TRC Ready®, which are easy to 
use and that can be used to detect various bacteria, can 

increase testing frequency and efficiency, thereby aiding in 
infection control in community hospitals.

4. Limitations

This was a retrospective study. Moreover, the number of 
positive and negative samples did not match because the 
samples were cryopreserved and usable.

5. Conclusion

Compared with the RT-PCR method, TRC Ready® SARS-
CoV-2 i had a positive concordance rate of 94.3% and a 
negative concordance rate of 97.1%. TRC Ready® SARS-
CoV-2 i can be used in a wide range of medical sites 
such as clinics and community hospitals due to its simple 
operability, and it is expected to be useful in infection 
control.
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Figure 2. Correlation between SARS-CoV-2 RNA viral load and cycle threshold value in 35 RT-PCR positive patients. Examining the 
correlation between SARS-CoV-2 RNA viral load and Ct value, Spearman's rank correlation coefficient (r) was -0.591 (p = 0.0001). Ct values 
were high for the two samples that were positive by the RT-PCR method but negative by TRC Ready® SARS-CoV-2 i at 36.1 and 39.5.
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