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Abstract 

Background We conducted a multicenter study to evaluate the performance of a novel fully automated molecu-
lar point-of-care test using transcription-reverse transcription concerted reaction that can detect influenza A and B 
within 15 min in nasopharyngeal swabs and gargle samples (TRCsatFLU).

Methods Patients who visited or were hospitalized at eight clinics and hospitals with influenza-like illnesses between 
December 2019 and March 2020 participated in this study. We collected nasopharyngeal swabs from all patients 
and gargle samples from patients whom the physician judged fit to perform gargling. The result of TRCsatFLU was 
compared to a conventional reverse transcription-polymerase chain reaction (RT-PCR). If the results of TRCsatFLU and 
conventional RT-PCR were different, the samples were analyzed by sequencing.

Results We evaluated 233 nasopharyngeal swabs and 213 gargle samples from 244 patients. The average age of the 
patients was 39.3 ± 21.2. Of the patients, 68.9% visited a hospital within 24 h of symptom onset. The most common 
symptoms were fever (93.0%), fatigue (79.5%), and nasal discharge (64.8%). All patients in whom the gargle sample 
was not collected were children. Influenza A or B was detected in 98 and 99 patients in nasopharyngeal swabs and 
gargle samples using TRCsatFLU, respectively. Four and five patients in nasopharyngeal swabs and gargle samples, 
respectively, with different TRCsatFLU and conventional RT-PCR results. Influenza A or B was detected using sequenc-
ing in all samples with different results. Based on the combined conventional RT-PCR and sequencing results, the 
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of TRCsatFLU for influenza 
detection in nasopharyngeal swabs were 0.990, 1.000, 1.000, and 0.993, respectively. In the gargle samples, the 
sensitivity, specificity, PPV, and NPV of the TRCsatFLU for detecting influenza were 0.971, 1.000, 1.000, and 0.974, 
respectively.

Conclusions The TRCsatFLU showed great sensitivity and specificity for the detection of influenza in nasopharyngeal 
swabs and gargle samples.
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Trial registration: This study was registered in the UMIN Clinical Trials Registry (reference number: UMIN000038276) 
on October 11, 2019. Before sample collection, written informed consent for the participation and publication of this 
study was obtained from all participants.

Keywords Rapid detection, Influenza, TRC method, RT-PCR

Background
Influenza is a major infectious disease that spreads dur-
ing the winter with clinics receiving many influenza 
patients during the flu season. As antiviral agents for 
influenza, such as neuraminidase inhibitors are already 
available, it is essential to accurately test and diagnose 
influenza. Rapid influenza diagnostic tests (RIDTs) have 
been widely used in clinics because of their simplicity and 
speed. However, they often have low sensitivity, espe-
cially in the early stage of influenza, compared to nucleic 
acid tests [1]. Therefore, molecular point-of-care (POC) 
tests and highly sensitive automated immunochromato-
graphic antigen tests (digital immunoassays, DIAs) for 
influenza have been developed and showed markedly 
higher sensitivities than traditional rapid influenza diag-
nostic tests [2]. Recently, applying transcription-reverse 
transcription concerted reaction (TRC), a novel fully 
automated molecular POC machine (TRCsat®; Tosoh, 
Tokyo, Japan) with a dedicated single-use cartridge for 
influenza (TRCsatFLU; Tosoh, Tokyo, Japan) was devel-
oped. TRC is a gene-detecting method that involves rapid 
isothermal RNA amplification using an intercalation-
activating fluorescence (INAF) probe, and It has been 
used to diagnose tuberculosis, nontuberculous myco-
bacterial infections, mycoplasma pneumonia, chlamydial 
infections, and gonorrhea [3, 4]. TRCsatFLU contains all 
the elements required for detecting influenza A and B, 
and it can detect influenza A and B within 15 min. One 
feature of TRCsatFLU, apart from other POC molecu-
lar tests, is that it can detect influenza from gargle sam-
ples in addition to nasopharyngeal swabs with simple 
sample preparation without purification. In a previous 
single-center study, TRCsatFLU showed comparable 
performance to the conventional reverse transcription-
polymerase chain reaction (RT-PCR) method for detect-
ing influenza viruses in nasopharyngeal swabs and gargle 
samples obtained from patients with influenza-like illness 
(ILI) [5]. However, in a previous study, we divided the 
study period into two and collected gargle samples only 
from the second period. In addition, because the study 
was conducted in only a secondary hospital where many 
adult patients with underlying diseases were seen, it is 
unclear whether TRCsatFLU could show the same results 
in patients with ILI, including children, who visit clinics. 
Therefore, we conducted a multicenter study in several 
clinical settings, including pediatric clinics, to evaluate 

the performance of TRCsatFLU for detecting influenza 
viruses in nasopharyngeal swabs and gargle samples.

Methods
Study design
This prospective observational study was conducted 
between December 16, 2019 and March 25, 2020. The 
original plan was to collect samples until May 31, 2022 
but the study was suspended early on March 25, 2020 
when the spread of coronavirus disease 2019 (COVID-
19) began in Japan [6–8]. Due to the continued COVID-
19 pandemic, the study was not resumed, and the analysis 
was conducted on the samples collected by March 25, 
2020. We selected seven internal medicine clinics, pedi-
atrics, and otorhinolaryngology clinics in Nagasaki 
Prefecture that could participate, the Urabe Otorhino-
laryngology Clinic, Iida Naika Syounika Clinic, Ohisama 
Pediatric Clinic, Nishida Gastrointestinal Intermedicine 
Clinic, Onitsuka Internal Medicine Clinic, Hirose Clinic, 
and Tomonaga Medical Clinic. We also included a hos-
pital that participated in the previous study, the Japanese 
Red Cross Nagasaki Genbaku Hospital. In eight medi-
cal facilities, we included patients who visited or were 
hospitalized with influenza-like illness (ILI), as defined 
by the World Health Organization’s case definition [9]. 
Patients were excluded if they were administered anti-
influenza agents within one month before sampling. 
After obtaining informed consent, nasopharyngeal swabs 
and gargle samples were collected. Two nasopharyngeal 
swabs (1PY1502P; Japan Cotton Swab Industry, Lim-
ited, Tokyo, Japan) were collected from all the patients 
by a healthcare provider. Gargle samples were collected 
from patients whom the physician judged to be able to 
perform gargling. In gargle samples, the patients gargled 
for 5  s with 20  mL of water (water for injection; Hikari 
Pharmaceutical CO., LTD. Tokyo, Japan), which was col-
lected. Gargle samples were stored at −20  °C in a con-
tainer (Multi-purpose container, 70  mL; Sarstedt, K.K., 
Tokyo, Japan) until further analysis. One of the swabs 
was used in each medical facility for detecting influenza 
by DIAs using silver amplification immunochromatogra-
phy (FUJI DRI-CHEM IMMUNO AG Cartridge FluAB; 
Fujifilm, Kanagawa, Japan) [10], according to manufac-
turer’s instruction. Another nasopharyngeal swab and 
gargle samples were stored at −20  °C in a sealable tube 
(PP screw cap test tube; Maruemu Corporation, Osaka, 
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Japan) without media until further analysis. The physi-
cians determined the clinical diagnosis based on medical 
history, physical findings, and DIAs results, from which 
they produced a clinical report for each patient. Since 
TRCsatFLU was not approved in Japan when this study 
was conducted, and it was necessary to prevent the use of 
TRCsatFLU results for the diagnosis of influenza at medi-
cal facilities, nasopharyngeal swabs and gargle samples 
were transferred to Tosoh Corporation for performing 
TRCsatFLU and RT-PCR. All information, such as clini-
cal report forms and TRCsatFLU and RT-PCR results, 
was summarized and analyzed at Nagasaki University 
Hospital. If the results of TRCsatFLU were different from 
those of RT-PCR, the samples were analyzed by sequenc-
ing at Tosoh Corporation.

Ethics
This study was approved by the ethics committee 
of Nagasaki University Hospital (approval number: 
19121603) and registered in the UMIN Clinical Trials 
Registry (reference number: UMIN000038276). Before 
sample collection, written informed consent for the par-
ticipation and publication of this study was obtained 
from all participants.

Data collection
To compile data on patient characteristics, we collected 
information on sex, age, underlying diseases, history of 
influenza vaccination, time since onset of symptoms, 
body temperature at the time of consultation, clinical 
diagnosis, results of DIAs, treatment for ILI, and the fol-
lowing signs and symptoms: fever (body temperature 
≥ 37.5 °C), cough, sore throat, nasal discharge, headache, 
arthralgia and myalgia, fatigue, nausea, and diarrhea.

TRC 
For TRCsatFLU, we soaked a new swab in a gargle sam-
ple for 5  s, and the swab containing the gargle solution 
was mixed with 1  mL extraction buffer containing sur-
factant, and it was infected into a single-use cartridge 
that contains all the elements required for rapid TRC. 
Nasopharyngeal swabs were mixed with 1 mL extraction 
buffer containing surfactant. Of the extraction buffer, 140 
μL was aliquoted for RT-PCR, and the remaining 860 μL 
was injected into the TRCsatFLU cartridge. Next, the 
cartridge was set in TRCsat®, and nucleic acid amplifica-
tion, detection, and determination of results were auto-
matically performed in the instrument. The procedure 
of rapid TRC in TRCsat® is as follows: the samples were 
incubated at 52  °C for 1  min and then mixed 30 μL of 
the sample with a dry reagent containing enzymes, sub-
strates, primers, and INAF probes and incubated at 46 °C 
to monitor fluorescence; it was automatically determined 

as positive when the fluorescence intensity ratio of 
the reaction solution exceeded 1.2. TRCsatFLU was 
designed to detect Influenza A(H1N1), A(H1N1)pdm09, 
A (H3N2), and B (Victoria and Yamagata lineages), but 
TRCsat® only showed the results with influenza A or B 
positive or influenza negative.

RT‑PCR and sequencing
We performed RNA extraction and RT-PCR according 
to the Influenza Diagnosis Manual 4th edition (National 
Institute of Infectious Diseases, 2019) [11]. In gargle 
samples, total RNA was isolated from 140 µL of a gargle 
sample using a QIAamp Viral RNA Mini Kit (Qiagen, 
Hilden, Germany). For nasopharyngeal swabs, total RNA 
was isolated from 140 µL of the extraction buffer using 
a QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Ger-
many). RT-PCR was performed using the primers and 
probes listed in Additional file 1: Table S1, the One-Step 
PrimeScript™ RT-PCR Kit (TAKARA BIO, Shiga, Japan), 
and QuantStudio5 Real-Time PCR System (Thermo 
Fisher Scientific, Massachusetts, USA). In brief, 2 μL of 
extracted RNA was added to 10 μL of 2X One Step RT-
PCR Buffer III, 0.4 μL each of 10 μM primers (Additional 
file 1: Table S1), 0.25 μL of 10.2 μM Taqman Probe, 0.4 
μL of 50X ROX Reference Dye II, 0.4 μL of PrimeScript 
RT enzyme Mix II, 0.4 μL of TaKaRa Ex Taq HS, and 5.75 
μL of RNase free water. The conditions consisted of 1 
cycle of 5 min at 42 °C, 10 s at 95 °C and followed by 45 
cycles of 5 s at 95 °C, 34 s at 55 °C for H1N1 or 58 °C for 
H3N2 and B. The result was analyzed using QuantStudio 
(Thermo Fisher Scientific, Massachusetts, USA), in which 
a cycle threshold value (Ct-value) < 40 was defined as a 
positive result.

If the results of TRCsatFLU were different from those 
of RT-PCR, the TRC and RT-PCR products were ana-
lyzed by sequencing according to the Influenza Diagnosis 
Manual 4th edition (National Institute of Infectious Dis-
eases, 2019) [11]. In brief, positive samples were purified 
using QIAquick PCR Purification kit (Qiagen, Hilden, 
Germany). Sequencing employed the ABI Big Dye Ter-
minator system (ThermoFisher Scientific, Waltham, MA, 
USA). It was performed at a contract sequencing facility 
(FASMAC Co., Ltd. Kanagawa, Japan). For each sequenc-
ing reaction, 50 ng template and 3.2 pmol primers (Addi-
tional file 1: Table S1) were used.

Statistical analysis
All statistical analyses were performed using R (the R 
Foundation for Statistical Computing, Vienna, Austria; 
version 4.0.3). Fisher’s exact test was used to compare 
categorical variables and the Mann–Whitney U test was 
used to compare continuous variables. The statistical 
significance level was set at p < 0.05. The sensitivity (Se), 
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specificity (Sp), positive predictive value (PPV), and neg-
ative predictive value (NPV) of the TRCsatFLU against 
the combined results of RT-PCR and sequencing were 
calculated with 95% confidence intervals (95% CI) as in 
the previous study [5].

Results
Patient characteristics
During the study period, 286 patients with ILI partici-
pated. Excluded patients and samples were shown in 
Fig.  1: one patient was excluded due to withdrawal of 
consent; 11 nasopharyngeal swabs were excluded due 
to testing protocol deviation that mixed nasopharyngeal 
swabs with 1  mL extraction buffer for 10  s, not 5  s; 40 
patients were excluded due to failure of the freezer at the 
clinic where the samples were stored. Finally, 233 naso-
pharyngeal swabs and 213 gargle samples obtained from 
244 patients were evaluated. Patient characteristics are 
shown in Table  1. The average age of the patients was 
39.3 ± 21.2. The proportion of patients with underlying 
diseases and a history of influenza vaccination was 33.2% 
and 50.0%, respectively. Of the patients, 68.9% visited a 
hospital within 24  h of symptom onset. The most com-
mon symptoms were fever (93.0%), fatigue (79.5%), and 
nasal discharge (64.8%). In the clinical diagnosis based on 
history, physical findings, and the results of DIAs, 44.3% 
of the patients were diagnosed with influenza and 43.0% 
were diagnosed with acute upper respiratory infection. 

All patients in whom gargle samples were not collected 
were children. The average age of the patients was 2.9, 
and most of them (26/31) were under the age of 5.

Detection of influenza by TRCsatFLU in nasopharyngeal 
swabs and gargle samples
The results of the TRCsatFLU and RT-PCR are shown in 
Table 2. Influenza was detected in nasopharyngeal swabs 
and gargle samples using TRCsatFLU in 41.6% and 46.5% 
of patients, respectively. The positive rate for influenza 
was highest at 24–48  h after the onset of symptoms in 
both types of specimens (Fig. 2). Compared to DIAs, the 
positive rate for influenza within 6  h after the onset of 
symptoms in TRCsatFLU and RT-PCR in nasopharyngeal 
swabs was two times higher than that in DIAs (Fig. 2A). 
There were 14 cases with a clinical diagnosis of influ-
enza despite negative DIAs; influenza was detected in 5 
of 14 nasopharyngeal swabs and 4 of 13 gargle samples 
by TRCsatFLU (Additional file 2: Table S2). Additionally, 
influenza was detected by TRCsatFLU in 6 nasopharyn-
geal swabs and 10 gargle samples collected from the 
patients diagnosed as other than influenza (Additional 
file 2: Table S2).

Performance of TRCsatFLU on the detection of influenza
Four nasopharyngeal swabs showed different results in 
RT-PCR and TRCsatFLU: one tested positive for influ-
enza A(H1N1)pdm09 only with RT-PCR; two and one 

Fig. 1 Participant flow diagram. Participant flow diagram showing progression through phases of prospective observational study
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tested positive for influenza A and B, respectively, only 
with TRCsatFLU. In those four samples, influenza B and 
influenza A(H1N1)pdm09 were detected by sequencing 
in one and three samples, respectively. Based on the com-
bined RT-PCR and sequencing results, the Se, Sp, PPV, 
and NPV of TRCsatFLU in nasopharyngeal swabs were 
0.990, 1.000, 1.000, and 0.993, respectively (Table 3).

Five gargle samples showed different results in 
RT-PCR and TRCsatFLU: three tested positives for 

influenza A(H1N1)pdm09 only with RT-PCR, and two 
tested positive for influenza A only with TRCsatFLU. 
Influenza A(H3N2) was detected by sequencing in one 
of the samples that tested positive only with TRCsat-
FLU, and influenza A(H1N1)pdm09 was detected in 
all other samples. Based on the combined RT-PCR and 
sequencing results, the Se, Sp, PPV, and NPV of TRC-
satFLU in nasopharyngeal swabs were 0.971, 1.000, 
1.000, and 0.974, respectively (Table 3).

Table 1 Patient characteristics

SD standard deviation

Characteristic All Nasopharyngeal swabs and 
gargle samples

Nasopharyngeal swabs only Gargle samples only

N = 244 N = 202 N = 31 N = 11

N (%) N (%) N (%) N (%)

Age (average ± S.D.) 39.3  ± 21.2 44.6  ± 16.6 2.9  ± 2.9 43.5  ± 24.0

 Under 16 years old 37 (15.2%) 4 (2.0%) 31 (100%) 2 (18.2%)

Gender, female 138 (56.6%) 119 (58.9%) 14 (45.2%) 5 (45.5%)

Underlying diseases 81 (33.2%) 75 (37.1%) 3 (9.7%) 3 (27.3%)

History of Influenza vaccination 122 (50.0%) 102 (50.5%) 14 (45.2%) 6 (54.5%)

Time since onset of symptoms

 0–6 h 33 (13.5%) 26 (12.9%) 5 (16.1%) 2 (18.2%)

 6–12 h 31 (12.7%) 21 (10.4%) 9 (29.0%) 1 (9.1%)

 12–24 h 104 (42.6%) 86 (42.6%) 13 (41.9%) 5 (45.5%)

 24–48 h 45 (18.4%) 41 (20.3%) 3 (9.7%) 1 (9.1%)

 48–72 h 21 (8.6%) 20 (9.9%) 1 (9.7%) 0 (0.0%)

 72 h - 7 (2.9%) 6 (3.0%) 0 (0.0%) 1 (9.1%)

 Unknown 3 (1.2%) 2 (1.0%) 0 (0.0%) 1 (9.1%)

Symptoms

 Fever 227 (93.0%) 186 (92.1%) 31 (100%) 10 (90.9%)

 Fatigue 194 (79.5%) 177 (87.6%) 1 (3.2%) 8 (72.7%)

 Nasal discharge 158 (64.8%) 128 (63.4%) 20 (64.5%) 10 (90.9%)

 Cough 157 (64.3%) 137 (67.8%) 18 (58.1%) 2 (18.2%)

 Headache 152 (62.3%) 144 (71.3%) 1 (3.2%) 7 (63.6%)

 Sore throat 150 (61.5%) 141 (69.8%) 2 (6.5%) 7 (63.6%)

 Arthralgia 129 (52.9%) 124 (61.4%) 0 (0.0%) 5 (45.5%)

 Myalgia 97 (39.8%) 92 (45.5%) 9 (29.0%) 4 (36.4%)

 Diarrhea 15 (6.1%) 14(6.9%) 1 (3.2%) 1 (9.1%)

 Nausea 13 (5.3%) 11 (5.4%) 0 (0.0%) 1 (9.1%)

Results of influenza antigen test using silver amplification immunochromatography

 Influenza A 93 (38.1%) 84 (41.6%) 5 (16.1%) 4 (36.4%)

 Influenza B 1 (0.4%) 1 (0.5%) 0 (0.0%) 0 (0.0%)

 Negative 150 (61.5%) 117 (57.9%) 26 (83.9%) 7 (63.6%)

Clinical diagnosis

 Influenza 108 (44.3%) 98 (48.5%) 6 (19.4%) 4 (36.4%)

 Acute upper respiratory infection 105 (43.0%) 77 (38.1%) 21 (67.7%) 7 (63.6%)

 Acute bronchitis 17 (7.0%) 14 (6.9%) 3 (9.7%) 0 (0.0%)

 Others 14 (5.7%) 13 (6.4%) 1 (3.2%) 0 (0.0%)
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Comparison of TRCsatFLU results between nasopharyngeal 
swabs and gargle samples
We evaluated TRCsatFLU results in nasopharyngeal 
swabs and gargle samples collected from the same 
patients. Of 202 patients, 86 were positive for influenza 
in both specimens. However, 14 had different results 
between nasopharyngeal swabs and gargle samples: 
seven tested positive for influenza A only in nasopharyn-
geal swabs, one tested positive for influenza B only in 
nasopharyngeal swabs, and six patients tested positive 
for influenza A only in gargle samples.

In the patients who tested positive for influenza only 
in nasopharyngeal swabs, the percentage of fever and 
headache, the percentage of diagnosing influenza, 
the influenza-positive rate by DIAs and RT-PCR in 

Table 2 Results of TRCsatFLU

Nasopharyngeal swabs
(N = 233)

Gargle samples
(N = 213)

N (%) N (%)

TRCsatFLU

 Influenza A 97 (41.6%) 99 (46.5%)

 Influenza B 1 (0.4%) 0 (0.0%)

 Negative 135 (57.9%) 114 (53.5%)

RT-PCR

 Influenza A(H1N1)
pdm09

96 (41.2%) 100 (46.9%)

 Influenza B 0 (0.0%) 0 (0.0%)

 Negative 137 (58.8%) 113 (53.1%)

Fig. 2 Positive rate of influenza in each test by time since onset of symptoms. Nasopharyngeal swabs were collected from all patients using two 
swabs (A). Gargle samples were collected from patients whom the physician judged fit to perform gargling (B). A highly sensitive automated 
antigen test was performed using silver amplification immunochromatography for influenza (FUJI DRI-CHEM IMMUNO AG Cartridge FluAB; Fujifilm, 
Kanagawa, Japan) at clinics and hospitals. Nasopharyngeal swabs and gargle samples for TRC and RT-PCR were stored at − 20℃ until further 
analysis. The samples were transferred to Tosoh Corporation to perform TRCsatFLU and RT-PCR
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nasopharyngeal swabs, and the influenza-positive rate 
by RT-PCR in gargle samples were significantly lower 
than the patients who tested positive for influenza in 
both samples (Table 4). In the patients who tested posi-
tive for influenza only in gargle samples, the percentage 
of patients who visited the medical facilities within 6  h 
since the onset of symptoms was significantly higher than 
those who tested positive for influenza in both samples 
(Table  4). Additionally, the percentage of diagnosing 
influenza, the influenza-positive rate by DIAs and RT-
PCR in nasopharyngeal swabs were significantly lower in 
the patients who tested positive for influenza only in gar-
gle samples than those in the patients who tested positive 
for influenza in both samples (Table  4). However, there 
was no difference between the patients who tested posi-
tive for influenza only in nasopharyngeal swabs and only 
in gargle samples.

Discussion
TRCsatFLU showed greater sensitivity and specific-
ity in both nasopharyngeal swabs and gargle samples 
compared to the combined RT-PCR and sequencing. 
The sensitivity/specificity of the TRCsatFLU in naso-
pharyngeal swabs and gargle samples were 0.990/1.000 
and 0.971/1.000, respectively, which are similar to those 
of the previous single-center study (1.000/1.000 and 
0.946/1.000, respectively) [5]. We conducted this study 
by adding seven clinics to the hospital that participated 
in the previous study. Therefore, there were differences 
in patient backgrounds between this study and the pre-
vious study. The average age in this study was ten years 
younger than that in the previous study because only this 
study included children. In addition, the percentages of 
patients with symptoms such as fever, fatigue, nasal dis-
charge, headache, sore throat, arthralgia, and myalgia in 
this study were higher than those in the previous study. 
Fewer patients visited clinics and hospitals 72  h after 

symptom onset compared to those in the previous study 
(2.9% versus 13.8%), which might have influenced the dif-
ference. The proportion of influenza variants was also 
different between the two studies. In the previous study, 
the most detected variant was influenza B, and the most 
detected influenza A variant was. In contrast, in this 
study, the most detected variant was influenza A(H1N1)
pdm09, and influenza B and A(H3N2) was detected from 
only one patient each. Thus, despite differences in patient 
backgrounds and influenza variants, the TRCsatFLU 
showed the same test performance in both studies.

TRCsatFLU can detect influenza A and B within 
15 min. The most common RIDTs are antigen tests using 
immunochromatography in nasopharyngeal swabs. How-
ever, since conventional antigen tests have very low sen-
sitivity in the early stages of influenza, [1] in this study, 
commercially available high-sensitivity DIAs using silver 
amplification immunochromatography [10] were used at 
clinics and hospitals for clinical diagnosis. However, the 
positive rate for influenza in DIAs was obviously lower 
than that of TRCsatFLU in this study. Notably, in patients 
who visited clinics or hospitals within 6 h from the onset 
of symptoms, the positive rate for influenza in DIAs was 
half of that for TRCsatFLU. In addition, there were 14 
cases with a clinical diagnosis of influenza despite nega-
tive DIAs. Among them, influenza was detected in 5 of 
14 nasopharyngeal swabs and 4 of 13 gargle samples by 
TRCsatFLU. Those results are similar to the results of a 
multicenter study that we conducted at the same time as 
this study [12]. In the study, we compared cobas®Liat® 
PCR System (Liat) and DIAs, and Liat showed a higher 
positive rate than DIAs (51.6% versus 40.7%), and the dif-
ference was evident within 18 h from the onset of symp-
toms [12]. Since other previous studies also reported a 
higher sensitivity of molecular POC tests compared to 
DIAs [2, 13, 14], molecular POC tests, including TRC-
satFLU, can contribute to the accurate diagnosis of 
influenza.

There are several rapid RT-PCR technologies for the 
detection of influenza, such as Liat, ID NOW (formerly 
Alere™ i), and GeneXpert Xpress (Xpert). Some mul-
ticenter studies have reported their performance for 
detecting influenza: the sensitivity/specificity of Liat, ID 
NOW, and Xpert for influenza A and B was reported as 
0.996/0.975 and 0.993/0.997, 0.978–0.993/0.966–0.981 
and 0.929–0.976/0.983–1.000, and 0.953–1.000/0.948–
1.000 and 0.938–1.000/0.995–1.000 [15–20]. Compared 
to the results of these previous studies, TRCsatFLU 
showed comparable sensitivity and specificity in naso-
pharyngeal swabs. TRCsatFLU has a unique feature: 
it can detect influenza in gargle samples with simple 
sample preparation without purification. In this study 
and previous single-center studies, TRCsatFLU showed 

Table 3 Performance of TRCsatFLU in nasopharyngeal swabs 
and gargle samples

CI confidence

Nasopharyngeal swabs
(N = 233)

Gargle samples
(N = 213)

True-positive 98 99

True-negative 134 111

False-positive 0 0

False-negative 1 3

Se (95% CI) 0.990 (0.945–1.000) 0.971 (0.916–0.994)

Sp (95% CI) 1.000 (0.959–1.000) 1.000 (0.951–1.000)

PPV (95% CI) 1.000 (0.945–1.000) 1.000 (0.951–1.000)

NPV (95% CI) 0.993 (0.959–1.000) 1.000 (0.925–0.995)
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great sensitivity and specificity in gargle samples [5]. 
Some studies have reported the performance of molec-
ular POC tests on gargle samples, and the sensitivity of 

Xpert and Liat for influenza detection in gargle sam-
ples is 0.917 (11/12 samples) and 1.000 (15/15 samples), 
respectively, compared to in-house RT-PCR [21, 22]. In 

Table 4 Characteristics of patients with different results between nasopharyngeal swabs and gargle sample

NS not significant (P > 0.2)

Positive 
in both 
samples

Positive only in 
nasopharyngeal 
swabs

P value compared 
to positive in both 
samples

Positive only in 
gargle samples

P value compared 
to positive in both 
samples

P value compared 
positive only in 
nasopharyngeal 
swabs and only in 
gargle samples

(N = 86) (N = 8) (N = 6)

N (%) N (%) N (%)

Age (average ± S.D) 44.9  ± 22.9 50.9  ± 22.9 NS 41.3  ± 10.9 NS NS

 Under 16 years old 3 (3.5%) 1 (12.5%) NS 0 (0.0%) NS NS

Gender, female 53 (61.6%) 5 (62.5%) NS 1 (16.7%) 0.078 0.138

Underlying diseases 29 (33.7%) 4 (50.0%) NS 2 (33.3%) NS NS

History of Influenza 
vaccination

33 (38.4%) 4 (50.0%) NS 2 (33.3%) NS NS

Time since onset of symptoms

 0–6 h 6 (7.0%) 2 (25.0%) 0.137 3 (50.0%) 0.011 NS

 6–12 h 6 (7.0%) 1 (12.5%) NS 0 (0.0%) NS NS

 12–24 h 43 (50.0%) 1 (12.5%) 0.063 3 (50.0%) NS 1

 24–48 h 21 (24.4%) 3 (37.5%) NS 0 (0.0%) NS 0.245

 48–72 h 7 (8.1%) 1 (12.5%) NS 0 (0.0%) NS 0.209

 72 + h 2 (2.3%) 0 (0.0%) NS 0 (0.0%) NS NS

 Unknown 1 (1.2%) 0 (0.0%) NS 0 (0.0%) NS NS

Symptoms

 Fever 82 (95.3%) 5 (62.5%) 0.012 6 (100%) NS 0.209

 Fatigue 77 (89.5%) 8 (100%) NS 5 (83.3%) NS NS

 Nasal discharge 54 (62.8%) 5 (62.5%) NS 3 (50.0%) NS NS

 Cough 70 (81.4%) 8 (100%) NS 5 (83.3%) NS NS

 Headache 70 (81.4%) 4 (50.0%) 0.060 5 (83.3%) NS NS

 Sore throat 59 (68.6%) 7 (87.5%) NS 5 (83.3%) NS NS

 Arthralgia 58 (67.4%) 5 (62.5%) NS 4 (66.7%) NS NS

 Myalgia 48 (55.8%) 4 (50.0%) NS 1 (16.7%) 0.093 NS

 Diarrhea 5 (5.8%) 0 (0.0%) NS 1 (16.7%) NS NS

 Nausea 4 (4.7%) 0 (0.0%) NS 0 (0.0%) NS NS

Results of DIAs

 Influenza A 80 (93.0%) 3 (37.5%)  < 0.001 1 (16.7%)  < 0.001 NS

 Negative 6 (7.0%) 5 (62.5%) 5 (83.3%)

Clinical Diagnosis

 Influenza 83 (96.5%) 5 (62.5%) 0.007 2 (33.3%)  < 0.001 0.138

 Acute upper res-
piratory infection

3 (3.5%) 1 (12.5%) NS 3 (50.0%) 0.003 0.245

 Acute bronchitis 0 (0.0%) 2 (25.0%) 0.006 1 (16.7%) 0.065 NS

Results of RT-PCR in nasopharyngeal swabs

 Influenza A(H1N1)
pdm09

85 (98.8%) 6 (75.0%) 0.018 1 (16.7%)  < 0.001 0.103

 Negative 1 (1.1%) 2 (25.0%) 5 (83.3%)

Results of RT-PCR in gargle samples

 Influenza A(H1N1)
pdm09

85 (98.8%) 2 (25.0%) < 0.001 5 (83.3%) 0.127 0.103

 Negative 1 (1.1%) 6 (75.0%) 1 (16.7%)
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addition to gargle samples, several non-nasopharyngeal 
swab specimens, such as nasal aspirate-wash, naso-
pharyngeal aspirate, throat swabs, and saliva have been 
evaluated using molecular POC tests. The sensitiv-
ity of molecular POC tests in the nasal aspirate wash, 
nasopharyngeal aspirate, throat swabs, and saliva was 
0.900–1.000, 0.980–1.000, 0.75–0.83, and 0.750–0.918, 
respectively [19, 23, 24]. Among these samples, only 
nasopharyngeal aspirate showed high sensitivity com-
parable to gargle samples in this study [23]. The results 
in previous studies [5, 19, 21–24] and this study indi-
cate that the gargle sample is an excellent specimen for 
detecting influenza by molecular POC tests. However, 
the sample preparation method was not described in 
the previous studies that evaluated the gargle samples 
using Xpert and Liat [21, 22]. In addition, molecular 
POC tests other than TRCsatFLU do not officially des-
ignate gargle samples as specimens. Therefore, further 
studies are needed to determine whether gargle sam-
ples can be used as specimens in molecular POC tests 
other than TRCsatFlu.

In this study, the positive rate for influenza in TRC-
satFLU was higher in the gargle samples (46.5%) than 
in nasopharyngeal swabs (41.6%). However, in the 202 
patients for whom both samples were taken, the positive 
rate was slightly lower in gargle samples (45.5%) than in 
nasopharyngeal swabs (46.5%). Among the 202 patients, 
8 were positive for influenza only in nasopharyngeal 
swabs, and 6 were positive for influenza only in gar-
gle samples, but there were no significant differences in 
patient background between them. Therefore, it is not 
clear which cases of gargle samples should be used in 
preference to nasopharyngeal swabs. When compared 
to patients who tested positive for influenza in both sam-
ples, the influenza-positive rate by DIAs and RT-PCR 
and the percentage of diagnosing influenza were signifi-
cantly lower in patients who tested positive for influenza 
only in either of the samples. These results suggest that 
the viral load in the sample was low in the patients who 
tested positive for influenza only in either of the samples.

This study had some limitations. We could only col-
lect samples for one season because of the COVID-19 
pandemic, as described in the Materials and Methods 
section. Therefore, we analyzed the data collected from 
fewer patients than initially planned. In addition, only 
one patient with an influenza B infection was included 
in this study. In a previous study, the TRCsatFLU showed 
high sensitivity and specificity for influenza B in naso-
pharyngeal swabs [5] but its performance in gargle sam-
ples remains unknown. In this study, TRCsatFLU has not 
been compared with other molecular POC tests. Thus, a 
comparative study is needed to determine if TRCsatFLU 
performs as well as other molecular POC tests.

Conclusions
The novel molecular POC test, TRCsatFLU, showed great 
sensitivity and specificity for the detection of influenza. 
Since TRCsatFLU detects influenza in gargle samples col-
lected by the patient, it can contribute to reducing the 
exposure risk to pathogens during sample collection by 
healthcare professionals.
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