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Abstract

Recently, a new rapid assay for the detection of tcdB gene of Clostridioides difficile was

developed using the GENECUBE. The assay can directly detect the tcdB gene from stool

samples without a purification in approximately 35 minutes with a few minutes of preparation

process. We performed a prospective comparative study of the performance of the assay at

eight institutions in Japan. Fresh residual stool samples (Bristol stool scale�5) were used

and comparisons were performed with the BD MAX Cdiff assay and toxigenic cultures. For

the evaluation of 383 stool samples compared with the BD MAX Cdiff assay, the sensitivity,

and specificity of the two assays was 99.0% (379/383), 98.1% (52/53), 99.1% (327/330),

respectively. In the comparison with toxigenic culture, the total, sensitivity, and specificity

were 96.6% (370/383), 85.0% (51/60), and 98.8% (319/323), respectively. The current

investigation indicated the GENECUBE Clostridioides difficile assay has equivalent perfor-

mance with the BD MAX Cdiff assay for the detection of tcdB gene of C. difficile.

Introduction

Clostridioides difficile is a Gram-positive, rod-shaped, obligate anaerobic bacterium.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0234119 June 3, 2020 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Hara T, Suzuki H, Oyanagi T, Koyanagi N,

Ushiki A, Kawabata N, et al. (2020) Clinical

evaluation of a non-purified direct molecular assay

for the detection of Clostridioides difficile toxin

genes in stool specimens. PLoS ONE 15(6):

e0234119. https://doi.org/10.1371/journal.

pone.0234119

Editor: Yung-Fu Chang, Cornell University, UNITED

STATES

Received: March 27, 2020

Accepted: May 19, 2020

Published: June 3, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0234119

Copyright: © 2020 Hara et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper.

http://orcid.org/0000-0001-7675-6347
https://doi.org/10.1371/journal.pone.0234119
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0234119&domain=pdf&date_stamp=2020-06-03
https://doi.org/10.1371/journal.pone.0234119
https://doi.org/10.1371/journal.pone.0234119
https://doi.org/10.1371/journal.pone.0234119
http://creativecommons.org/licenses/by/4.0/


C. difficile infection (CDI) includes C. difficile-associated diarrhea, pseudomembranous

colitis, ileus, and toxic megacolon [1], and is one of the most common healthcare-associated

infections worldwide with an incidence reported as 7.0 to 8.5 cases/10,000 patient days (PD) in

the United States [2], 1.5 to 4.7 case/10,000 PD in Europe [3], and 0.8–7.4 case /10,000 PD in

Japan [4, 5]. Diarrhea, especially hospital-based or healthcare-associated diarrhea, is a repre-

sentative symptom of CDI, and detection of toxins or toxigenic C. difficile in symptomatic

patients’ stools are the main criteria for diagnosis [6], and molecular detection of toxin genes

are now used commonly [6].

Several molecular assays for detection of toxin genes have been developed and are classified

into three groups: those that detect tcdB gene for the diagnosis of CDI, including the BD MAX

Cdiff assay [7], and the cobas Liat Cdiff assay [8]; those that detect cdt gene and tcdC mutations in

addition to tcdB gene, including the Xpert C. difficile [9] assay and the Verigene CDF Panel [10];

and multiplex molecular assays such the FilmArray GI panel [11] and the xTAG Gastrointestinal

Pathogen Panel [12]. Most molecular assays have been reported to have excellent performance for

the detection of tcdB [7, 13] and prompt identification was reported among several assays [14, 15].

GENECUBE (TOYOBO Co., Ltd., Osaka, Japan) is a a Qprobe-PCR based fully automated

rapid genetic analyzer capable of extracting nucleic acids from biological material, preparing

reaction mixtures, and amplifying a target gene by PCR. This device can handle a maximum of

eight samples at once and analyze up to four items at the same time. In the GENECUBE sys-

tem, purification mode, amplification mode or both modes can be selected for each assay;

amplification mode is used for PCR of purified samples or direct PCR of prepared samples.

GENECUBE is used for Mycobacterium tuberculosis [16], Mycobacterium avium, Mycobacte-
rium intracellulare, Neisseria gonorrhoeae [17], Chlamydia trachomatis, and Mycoplasma pneu-
moniae [18, 19]. In addition, assays for the determination of Staphylococcus aureus and mecA
were released [20] and rapid precise molecular identification of the causative pathogens from

positive blood culture medium without a purification process was reported.

Recently, a new assay for the detection of tcdB of C. difficile with the GENECUBE was cre-

ated by TOYOBO Co., Ltd. The assay can be performed in approximately 35 minutes with a

few minutes of preparation process without a purification. In this study, we performed a multi-

center study to evaluate the new C. difficile assay.

Materials and methods

Study design (samples and strains)

This study was performed to evaluate the clinical performance of the GENECUBE Clostri-
dioides difficile assay for the detection of tcdB in stool samples. Comparisons were performed

with the BD MAX Cdiff assay (Becton Dickinson and Company, Ltd., New Jersey, USA) and

toxigenic cultures (Fig 1).

Fresh residual stool samples (Bristol stool scale�5 [21]), which were submitted for the eval-

uation of CDI, were obtained from eight hospitals (Hiroshima University Hospital; HUD,

St. Marianna University School of Medicine Hospital; SMD, University of Tsukuba Hospital;

TUD, University of Fukui Hospital; FUD, Chutoen General Medical Center; CTD, Tsuruga

Municipal Hospital; TRD, Tone Chuo Hospital; TCD, and Tsukuba Medical Center Hospital;

TMD) between November 2018 and March 2019. All the stool samples were anonymized after

clinical testing and the study was performed on the anonymized residual stool samples.

In the first evaluation, the GENECUBE assay evaluation and C. DIFF QUIK CHEK COM-

PLETE (QUIK CHEK, Abbott Diagnostics Medical Co., Ltd., Illinois, USA) assay evaluations

were performed at each institution. If each institution routinely used the QUIK CHEK for the

evaluation of CDI on a daily basis, we used these results in the current study. After the first
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evaluation, registered stool samples were transported in cool conditions (2–8˚C) for the sec-

ond evaluation to SRL Inc. (Tokyo, Japan) for BD MAX assay evaluation with the BD MAX

Cdiff assay and to Miroku Medical Laboratory Inc. (Nagano, Japan) for toxigenic culture. SRL

Inc. was the only commercially available centralized laboratory in Japan to accept stool sam-

ples for the molecular assay evaluation of toxin genes of C. difficile in 2018. BD MAX assay

evaluation with the BD MAX Cdiff assay was performed as per the manufacturer’s instruction.

Positive control and negative control were examined for each evaluation.

The GENECUBE assay evaluation with GENECUBE C. difficile assay was performed within

3 days after the submission of stool samples from wards. BD MAX assay evaluation with the

BD MAX Cdiff assay and toxigenic culture were performed within 5 days after the submission

of stool samples. Assay evaluation of stool samples with insufficient stool volume or with an

excess of due date were excluded.

This study was approved by institutional review boards of Hiroshima University Hospital

(protocol no. E1395-1) and of each hospital. All assay evaluations were performed after

approval.

GENECUBE assay evaluation with the GENECUBE C. difficile assay

For sample preparation, approximately 20–50 μL stool sample was obtained with a single-use

cotton swab and samples were diluted with 1 mL of lysis buffer in filter-equipped tubes (Fig 2).

Fig 1. Study procedure for the evaluation of the GENECUBE Clostridioides difficile assay. C. DIFF QUIK CHEK COMPLETE test of stool samples of University of

Fukui Hospital were performed at Miroku Medical Laboratory Inc. MML, Miroku Medical Laboratory Inc.; SRL, SRL Inc.

https://doi.org/10.1371/journal.pone.0234119.g001
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After filtration of the diluted stool samples, 200 μL diluted stool samples were treated by bead-

beating for 20 s with easy beads (TOYOBO Co., Ltd.,) for DNA extraction and then centri-

fuged for 3 mins at 13,000 ×g after the addition of 200 μL of lysis buffer. Then 20 μL superna-

tant was used for the assay evaluation.

The PCR conditions were as follows: denaturation at 97˚C for 15 s, and 60 cycles of 97˚C

for 1 s, 54˚C for 5 s and 63˚C for 2 s. The PCR products were subjected to a melting point anal-

ysis, the conditions of which were: 94˚C for 30 s and 39˚C for 30 s, followed by heating from

40˚C to 75˚C in increments of 0.09˚C/s. Data were analyzed automatically and displayed on

the GENECUBE monitor after completion of the assay evaluation.

Culture and identification of C. difficile
Briefly, approximately 100 μL stool sample was mixed with 100 μL trypticase soy broth (Becton

Dickinson and Company) and treated by ethanol shock for 30 min in an equal volume of 99%

ethanol before inoculation, as previously described. Treated stool samples were cultivated with

selective agar (CCMA-EX, Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) at 35˚C for 48 h

under anaerobic conditions in an anaerobic chamber. Colonies of C. difficile were initially

identified by their colony appearance and then confirmed by both matrix-assisted laser

desorption ionization-time of flight mass spectrometry (MALDI/TOF MS, Bruker Corpora-

tion, Massachusetts, USA) and the glutamate dehydrogenase (GDH) of the QUIK CHEK.

Analysis of tcdA, tcdB, cdt genes and tcdC mutation in isolated C. difficile
strains

C. difficile strains were plated on CCMA-EX agar and grown at 35˚C for 46–48 h in anaerobic

conditions. Sample preparation was conducted with the concentration of 4 McFarland stan-

dard. DNA was extracted from 200 μL of the suspended sample using a QIAamp DNA Mini

Kit (QIAGEN N.V., Hilden, Germany) and eluted in a final volume of 100 μL. Real time PCR

was performed according to previous papers (Table 1) [22–24].

This assay evaluation was performed on a CFX real-time PCR system (Bio-Rad Laborato-

ries, Inc. Hercules, CA, USA) in a 96-well optical plate format with a THUNDERBIRD Probe

qPCR Mix QPS-101 (TOYOBO Co., Ltd.). For testing of the isolates, each 18 μL reaction mix-

ture consisted of 1×THUNDERBIRD Probes, 0.3 μM of each specific primer, 0.2μM of the

fluorescent probes, sterile water, and 2 μL DNA template. The thermal cycling conditions were

as follows: one cycle 95˚C for 1 min, followed by 40 cycles (45 cycles for testing of stool speci-

mens) at 95˚C for 5 s and 55˚C for 1 min. Date was acquired with the Bio Rad CFX Manager

software v 3.0 (Bio Rad).

Fig 2. Preparation of test samples for the GENECUBE Clostridioides difficile assay.

https://doi.org/10.1371/journal.pone.0234119.g002
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Investigation of analytical sensitivity and comparison with other assays

For the determination of the limit of detection of the GENECUBE C. difficile assay and com-

parisons with other assays, we used two spiked stool samples and spiked demineralized water

for the evaluation. Culture-negative stool samples were pooled and used as matrix of spiked

stool samples. C. difficile strain ATCC9689 was spiked into negative pooled stool samples at a

concentration of 1.5 × 107 CFU/mL, 1.5 × 106 CFU/mL, 1.5 × 105 CFU/mL, 7.5 × 104 CFU/

mL, 5.0 × 104 CFU/mL, 3.0 × 104 CFU/mL, 1.5 × 104 CFU/mL, and 1.5 × 103 CFU/mL for

each set of two pooled stool samples and one demineralized water sample. For the concentra-

tion, 1 McFarland was regarded as approximately 3.0 × 107 CFU/mL as previously described

[25]. For the GENECUBE C. difficile assay, 50 μL spiked sample was used for assay evaluation

and tests were performed four times for each sample. The LODs were estimated as the lowest

concentration at which the positivity rate was 100%. As a comparison, the BD MAX Cdiff

assay and QUIK CHEK were evaluated with these spiked samples. A single test was performed

for each sample. Both the GENECUBE evaluation and the BD MAX evaluation were per-

formed on the same day with the same spiked samples, which were preserved in cool condi-

tions for a day after spiked samples were prepared.

Statistical analyses

The GENECUBE assay results were compared with each result of BD MAX Cdiff assay and

toxigenic culture. The positive predictive value and negative predictive value were calculated

from routine 2×2 result tables. The 95% confidence intervals (CIs) were calculated by the

Table 1. Primers and probes used for real-time PCR.

Target genes Oligonucleotide Sequence (5’-3’)a,b Amplicon size(bp) Region Reference

tcdA tcdA_F CAGTCGGATTGCAAGTAATTGACAAT 102 [27]

tcdA_R AGTAGTATCTACTACCATTAACAGTCTGC 5891–5993c

tcdA_P FAM-TTGAGATGATAGCAGTGTCAGGATTG-TAMRA

tcdB tcdB_F TACAAACAGGTGTATTTAGTACAGAAGATGGA 240 [27]

tcdB_R CACCTATTTGATTTAGMCCTTTAAAAGC 5681–5921d

tcdB_P FAM-TTTKCCAGTAAAATCAATTGCTTC-TAMRA

cdtA cdtA_F GATCTGGTCCTCAAGAATTTGGTT 103 [28]

cdtA_R GCTTGTCCTTCCCATTTTCGATT 1051–1153e

cdtA_P FAM-CAAGAGATCCGTTAGTTGCAGCATATCCAATTGT-MGBEQ

cdtB cdtB_F AAAAGCTTCAGGTTCTTTTGACAAG 132 [28]

cdtB_R TGATCAGTAGAGGCATGTTCATTTG 837–968e

cdtB_P CY5-AACTCTTACTTCCCCTGAAT-BHQ2

tcdC tcdC_F GCACAAAGGRTATTGCTCTACTGG 70 [26]

tcdC_R1 AGCTGGTGAGGATATATTGCCAA

tcdC_R2 CAAGATGGTGAGGATATATTGCCA

tcdC_P_wt FAM-AAACACRCCHAAAATAA-MGBEQe

tcdC_P_mut HEX-AAACACRCCAAAATAA-MGBEQ

a FAM, 6-carboxyfluorescein; TAMRA, Carboxy tetramethyl-rhodamine; MGBEQ,Minor Groove Binder Eclipse Quencher; CY5, Cy5 carboxylic acid; BHQ-2, Black

Hole Quencher 2; HEX, Hexachlorofluorescein.
b R = A or G; H = A,C or T
c On the basis of sequence in GeneBank with accession number M30307 for tcdA
d On the basis of sequence in GeneBank with accession number X53138 for tcdB
e On the basis of sequence in GeneBank with accession number L76081 for cdtA and cdtB

https://doi.org/10.1371/journal.pone.0234119.t001
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method of Clopper and Pearson using the online calculator at https://statpages.info/ctab2x2.

html.

Results

Analytical sensitivity

The results of the spike assay evaluation are summarized in Table 2. In the GENECUBE assay

evaluation, all positive results (100%) were obtained down to 1.5 × 103 CFU/mL for demineral-

ized water samples and 3.0 × 104 CFU/mL for stool samples.

GDH tests were positive down to 5.0 × 104 CFU/mL for demineralized water samples and

stool samples. Molecular assay evaluations of BD MAX were positive down to 1.5 × 104 CFU/

mL for demineralized water samples and 3.0 × 104 CFU/mL for pooled stool sample 1, how-

ever the test was negative for pooled stool sample 2 at the concentrations of 7.5 × 104 CFU/mL.

Based on these results, the LODs of the GENECUBE assay evaluation were estimated to be

3.0 × 104 CFU/mL for the detection of toxigenic C. difficile.

Clinical stool samples and results of each assay evaluation

A total of 383 clinical stool samples met the study criteria (HUD 106, SMD 29, TUD 21, FUD

17, CTD 80, TRD 54, TCD 39, and TMD 37) and were evaluated by GENECUBE, BD MAX,

and culture assay evaluations. In this study, C. difficile was cultivated from 85 stool samples

and toxin-producing C. difficile was cultivated from 60 stool samples (70.6%). Both toxin-pro-

ducing C. difficile and non-toxin producing

C. difficile were isolated from one stool sample.

Of the 60 toxigenic strains, 55 strains were tcdA-positive/tcdB-positive and five strains were

tcdA-negative/ tcdB-positive. cdt mutation was detected in five strains (5/60; 8.3%) and tcdC
mutation was detected in one strain (1/60; 1.7%) in this study.

Table 2. Investigation of the limit of detection of the GENECUBE Clostridioides difficile assay compared with other assays.

CFU/mLa Demineralized Water Pooled stool sample 1b Pooled stool sample 2b

GENECUBEc C. DIFF QUIK

CHEK

COMPLETE

BD MAXc GENECUBE C. DIFF QUIK

CHEK

COMPLETE

BD MAX GENECUBE C. DIFF QUIK

CHEK

COMPLETE

BD MAX

(Positive / Tests) Toxin GDH (Positive / Tests) Toxin GDH (Positive / Tests) Toxin GDH

0 0/4 (0%) - - - 0/4 (0%) - - - 0/4 (0%) - - -

1.5 × 103 4/4 (100%) - - - 1/4 (25%) - - - 1/4 (25%) - - -

1.5 × 104 4/4 (100%) - - + 3/4 (75%) - - - 3/4 (75%) - - -

3.0 × 104 4/4 (100%) - - + 4/4 (100%) - + + 4/4 (100%) - - -

5.0 × 104 4/4 (100%) - + + 4/4 (100%) - + + 4/4 (100%) - + -

7.5 × 104 4/4 (100%) - + + 4/4 (100%) - + + 4/4 (100%) - + -

1.5 × 105 4/4 (100%) - + + 4/4 (100%) - + + 4/4 (100%) - + +

1.5 × 106 4/4 (100%) - + + 4/4 (100%) - + + 4/4 (100%) - + +

1.5 × 107 4/4 (100%) + + + 4/4 (100%) + + + 4/4 (100%) + + +

GENECUBE, GENECUBE Clostridioides difficile assay; BD MAX, BD MAX Cdiff assay; GDH, glutamate dehydrogenase.
a C. difficile strain ATCC9689 (0.5 McFarland suspension = 1.5 × 107 CFU/mL).
b Culture-negative frozen stool samples for C. difficile were used as a matrix of pooled stool samples.
c The GENECUBE system and the BD MAX system automatically show the results of molecular analyses on a display when the assay evaluations are complete. We used

the automatic analysis to determine “positive” and “negative”.

https://doi.org/10.1371/journal.pone.0234119.t002
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The results of QUIK CHEK showed that GDH was positive in 59/85 C. difficile positive

stool samples (69.4%) and toxin was positive in 16/60 toxigenic C. difficile positive stool sam-

ples (26.7%). As for the GENECUBE assay evaluation, positive results were obtained in 55/383

stool samples. No stool samples had the result of “invalid” with the requirement of re-assay

evaluation in this study. For the BD MAX assay evaluation, positive results were obtained in

53/383 stool samples. Re- assay evaluation was performed for an invalid result in one stool

sample at the first assay evaluation because of high viscosity.

Comparison of the GENECUBE assay with the BD MAX assay

The comparison of the GENECUBE assay with the BD MAX assay is summarized in Table 3.

The sensitivity, and specificity of the two assays were 99.0% (379/383), 98.1% (52/53) and

99.1% (327/330), respectively.

Of the four stool samples with disconcordance between the two assays, one stool sample

was negative by the GENECUBE assay evaluation and positive by the BD MAX assay evalua-

tion. C. difficile was not isolated from the stool sample and the GDH assay evaluation of the

stool sample was negative. The other three samples were positive by GENECUBE assay evalua-

tion and negative by BD MAX assay evaluation. Toxigenic C. difficile was isolated from all

three stool samples and all were positive for GDH.

Comparison of the GENECUBE assay evaluation with toxigenic culture

The comparison of the GENECUBE assay evaluation with toxigenic culture is summarized in

Table 4. The total, sensitivity, and specificity of two assay evaluation were 96.6% (370/383),

85.0% (51/60) and 98.8% (319/323), respectively.

Of the 13 stool samples with disconcordance between the two assays, nine stool samples

were negative by the GENECUBE assay evaluation and positive by toxigenic culture. The BD

MAX Cdiff assay and GDH assay evaluations were negative in the nine stool samples. The

other four samples were positive by the GENECUBE assay evaluation and negative by toxi-

genic culture. The BD MAX Cdiff assay was positive in the four stool samples and GDH assay

evaluation was positive in two of the four stool samples.

Table 3. Comparison of the GENECUBE Clostridioides difficile assay with BD MAX Cdiff assay.

GENECUBE Total

Positive Negative

BD MAX Positive 52 1a 53

Negative 3b 327 330

Total 55 328 383

Total (%) 99.0% (97.1–99.4) c

Sensitivity (%) 98.1% (91.2–99.9)

Specificity (%) 99.1% (98.0–99.4)

GENECUBE, GENECUBE C. difficile assay; BD MAX, BD MAX Cdiff assay
a C. difficile was not cultivated in selective agar in anaerobic conditions and the GDH assay evaluation of stool sample

was negative.
b Toxigenic C. difficile was isolated from all three stool samples and GDH assay evaluations of stool samples were all

positive.
c Date in parentheses are 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0234119.t003
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Discussion

This is the first study evaluating the performance of the GENECUBE C. difficile assay. We

report that the assay can be performed without a purification step. Using spiked stool samples

and clinical samples, the GENECUBE C. difficile assay detected all GDH-positive toxigenic C.

difficile-containing stool samples and had a non-inferior ability to detect the tcdB gene com-

pared with the BD MAX Cdiff assay. In the one case of a negative result by the GENECUBE

assay evaluation and positive result by the BD MAX assay evaluation, a false-positive of the BD

MAX assay evaluation was considered based on the negative culture result. In the three cases

of positive results of the GENECUBE assay evaluation and negative result of the BD MAX

assay evaluation, a true-positive was considered based on the positive culture result.

There were 13 discordant cases when the results of the GENECUBE C. difficile assay and

toxigenic culture were compared in this study. As for the nine cases of negative results of the

GENECUBE assay evaluation and positive result of toxigenic culture, we considered that the

toxin genes in the stool samples were below the limit of detection of the GENECUBE for the

negative result of the BD MAX assay evaluation and GDH assay evaluation. In this study, the

four cases were positive results of the GENECUBE assay evaluation and the negative culture

result. C. difficile is highly sensitive to the culture method used, especially the alcohol shock

procedure [26]. However, even when the alcohol shock procedure was performed, toxic genes

were still detected in culture-negative stool samples by molecular examination [27]. We think

toxigenic C. difficile was present in the stool samples because positive results were also

obtained when using different primers and probes (BD MAX Cdiff assay) for the tcdB gene

and when using another detection method (GDH test).

In the previous studies, the sensitivity between molecular assays and toxigenic culture have

been reported as 82%–97% for the BD MAX Cdiff assay [7, 10, 15, 28] and 83%–100% for the

Xpert C. difficile [7, 10, 15, 28, 29]. Based on these results, we consider that the GENECUBE C.

difficile assay has sufficient ability as a molecular assay.

In the clinic, sample-to-answer molecular assay evaluation is useful and two excellent C. dif-
ficile assays are commercially available worldwide. The cobas Liat Cdiff assay is the fastest

molecular assay for the detection of a toxin gene in C. difficile and is complete in about 20 min-

utes [8]. The Xpert C. difficile assay requires 45 minutes; however, the assay can detect cdt
and tcdC gene mutations in addition to the tcdB gene. Furthermore, the Xpert C. difficile
assay is considered to have lowest limit of detection for toxin genes in stool samples [30]. Both

assays use a cartridge and do not require laborious preparation procedures. Regarding the

Table 4. Comparison of the GENECUBE Clostridioides difficile assay with toxigenic culture.

GENECUBE Total

Positive Negative

Toxigenic culture Positive 51 9a 60

Negative 4b 319 323

Total 55 328 383

Total (%) 96.6% (94.1–98.0) c

Sensitivity (%) 85.0% (77.1–89.3)

Specificity (%) 98.8% (97.3–99.6)

GENECUBE, GENECUBE C. difficile assay; BD MAX, BD MAX Cdiff assay
a BD MAX Cdiff assay and GDH assay evaluations were negative in the nine stool samples.
b BD MAX Cdiff assay was positive in the four stool samples and GDH assay evaluation was positive in two of the four stool samples.
c Date in parentheses are 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0234119.t004
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GENECUBE C. difficile assay, the assay evaluation time is as short as for the cobas Liat Cdiff

and Xpert C. difficile assays, and the GENECUBE C. difficile assay is economical because it

requires less expensive materials (tips and tubes); however, the preparation and hands-on time

are longer than for the cobas Liat Cdiff and Xpert C. difficile assays. The GENECUBE system

can perform four assays simultaneously and selectively; thus, if the development of assays for

the cdt gene, tcdC mutations, and/or other genes from enteric pathogens are achieved, the

GENECUBE C. difficile assay will have a higher clinical utility than the current version.

There were a limitation in the current study and the GENECUBE C. difficile assay. while

assay evaluations of spiked stool samples were performed at same time under the same condi-

tions using the GENECUBE and the BD MAX assays, the BD MAX assay evaluation was per-

formed after the GENECUBE assay evaluation for clinical stool samples and an opposite assay

evaluation was not conducted. A delay in BD MAX assay evaluation might negatively affect

the test performance of the assay. In addition, current study evaluated the comparison only

with the BD MAX assay. Further comparative study such with the Xpert C. difficile assay was

required for the evaluation of the GENECUBE C. difficile assay.

In conclusion, our evaluation indicated that the new non-purification molecular assay has

equivalent performance with other current molecular identification assays for C. difficile toxin

genes.
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