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Introduction

Background

Clostridioides difficile is the primary causative agent of antibiotic-associated diarrhea in healthcare facilities
[1]. Excessive use of broad-spectrum antibiotics can disrupt the balance of the gut microbiome, resulting in
an overgrowth of C. difficile leading to C. difficile infection (CDI) [2].

The diagnosis of CDI has evolved from traditional culture-based methods [3,4] to multi-step algorithms,
which are now recommended by major guidelines such as the Infectious Diseases Society of America and
the European Society of Clinical Microbiology and Infectious Diseases [5,6]. In Korea, a two-step algorithm
is commonly employed, involving an initial screen using a sensitive glutamate dehydrogenase (GDH)
assay and a toxin enzyme immunoassay (EIA), followed by a nucleic acid amplification test (NAAT) for
discordant results (e.g., GDH-positive, toxin-negative) [7].

The effectiveness of such algorithms depends significantly on the performance of the initial EIA tests.
Several commercial EIA platforms are available, and their performance characteristics may vary, thereby
affecting the diagnostic accuracy. Therefore, the evaluation and comparison of these frontline assays are
important. Furthermore, the use of NAATS has introduced new diagnostic challenges. While NAATs are
highly sensitive, they can detect asymptomatic carriers, creating a clinically ambiguous scenario of a “NAAT-
positive, toxin EIA-negative” result [8].

To address this diagnostic uncertainty, an approach utilizing the real-time polymerase chain reaction (PCR)
cycle threshold (Ct) value as a semi-quantitative proxy for bacterial load has emerged. The hypothesis that
lower Ct values (indicating higher bacterial loads) correlate with more severe disease has been supported
by some studies; however, the clinical utility of this approach remains debated [9-11]. There is a growing
interest in the role of quantitative NAATS, particularly in Europe [12]; however, the comparability of Ct

values generated by different molecular diagnostic platforms remains a critical, underinvestigated issue.

Objectives

This study had two primary objectives. The first was to evaluate the performance of two widely used
EIA platforms, C. Diff Quik Chek Complete (QCC; TechLab) and RIDASCREEN C. difficile GDH and
Toxin A/B (RIDA; R-Biopharm). The second was to examine the correlation and compatibility of Ct values
generated by two different real-time PCR platforms, the Seegene Allplex GI-Bacteria (I) assay (Seegene) and
the Xpert C. difficile assay (Cepheid), in EIA-discordant samples.

Methods

Study design

We analyzed 180 residual stool samples that had been submitted for CDI testing at the Kangdong Sacred
Heart Hospital, Seoul, Korea, between June 2019 and December 2019. After collection, all stool samples
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were stored at —70°C for 1 day to 6 months. All 180 samples were then thawed and tested simultaneously
using QCC, RIDA, and the Allplex GI-Bacteria(I) assay. Subsequently, the samples were refrozen, and those
showing discordant results were retested using the Xpert C. difficile assay within 3 days. This retrospective
study evaluated the diagnostic accuracy, adhering to the Standards for Reporting Diagnostic Accuracy
Studies guidelines (https://www.equator-network.org/reporting-guidelines/stard/).

C. Diff Quik Chek Complete assay

C. Diff QCC is an immunochromatographic assay that simultaneously tests for GDH and toxins in a
single cartridge. Stool samples were tested using QCC according to the manufacturer’s instructions. Each
tube containing diluted stool sample was closed and thoroughly mixed. A 500-uL mixture, comprising 25 pL.
of stool sample with diluent and conjugate, was transferred to the device's sample well. The mixture was left
to incubate for 15 min at a temperature of 20°C-25°C. After incubation, 300 puL of wash buffer was added to
the reaction window, followed by 2 drops of substrate. The results were recorded after 10 min. If a color band
corresponding to GDH and/or toxins was visible in the display window of the device, it was reported to be
positive.

RIDASCREEN C. difficile GDH and toxin A/B assay

RIDASCREEN C. difficile GDH and Toxin A/B (RIDA) are enzyme-linked immunosorbent assays that
detect GDH and toxins A/B separately in 96-well plates. Stool samples were tested using RIDA according
to the manufacturer’s instructions. RIDA GDH and RIDA Toxin A/B tests were performed sequentially
using separate reagents. The GDH and toxin A/B concentrations were determined using an automated

immunoassay system, EVOLIS (Bio-Rad), at a dual wavelength of 450 nm and 620 nm.

Allplex GI-Bacteria(l) assay

The Allplex GI-Bacteria () assay is a multiplex real-time PCR assay that can detect tcdB (encoding C.
difficile toxin B). It also simultaneously detects other pathogens that cause gastrointestinal infections.

Stool samples were analyzed using the Allplex GI-Bacteria (I) assay in combination with the Microlab
Nimbus system (Hamilton), which automated DNA extraction and PCR. A stool volume of 150-200 pLL was
transferred into 1 mL of stool lysis buffer. The suspension was pulse-vortexed for 1 min and incubated for
an additional 10 min at room temperature. Afterward, the sample was centrifuged for 2 min at 14,000 rpm
to obtain 800 pL of supernatant for the automated nucleic acid extraction procedure. PCR was performed
on a CFX96 real time PCR detection system (Bio-Rad) as follows: 50°C for 20 min and 95°C for 15 min,
followed by 45 cycles of 95°C for 10's, 60°C for 10's, and 72°C for 30 s. PCR results were interpreted using
Seegene Viewer software (Seegene), and a positive result was defined as a fluorescence curve crossing the Ct

at a value of <45.
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Xpert C. difficile assay

The Xpert C. difficile assay is a fully automated, integrated, closed system that detects tcdB and binary
toxin, as well as the deletion at nucleotide 117 on tcdC, the gene encoding the negative regulator of toxin
production, which serves as a marker for identifying a C. difficile virulent strain known as 027/NAP1/BI[13].

Stool samples were tested using the Xpert C. difficile assay according to the manufacturer’s instructions.
Briefly, a swab was taken from each stool sample and inserted into a vial containing sample reagent. The
vials were then vortexed at high speed for 10 s. The entire sample was transferred to the sample chamber of
the Xpert C. difficile assay cartridge. The results were interpreted using the GeneXpert Dx system (Cepheid),
and a positive result was defined as a Ct value of < 38.

Statistical analysis

Samples positive in both molecular assays were considered true positives, and those negative in both
assays were considered true negatives. In cases of discordant results, the final classification was determined
according to the Xpert C. difficile assay result. The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), positive likelihood ratio, negative likelihood ratio, area under the curve
(AUC), and 95% confidence interval (CI) were calculated. Cls for sensitivity, specificity, and accuracy were
calculated using the Clopper—Pearson exact method. CIs for the likelihood ratios were calculated using the

"Log method" [14]. The CIs for predictive values are standard logit CIs [15], except when the predictive value
is 0 or 100.0%, in which a Clopper—Pearson CI is reported [16]. The DeLLong test was used to compare the
AUCs [17]. The correlation between the Ct values of the two molecular methods was analyzed using the
Pearson correlation analysis. A p—value < 0.05 was considered statistically significant. Statistical analyses
were performed using SPSS version 24 (IBM Corp.) and MedCalc version 10.0 (MedCalc Software Ltd.).

Results

Performance of QCC/RIDA GDH and toxin A/B

The concordance rates of QCC and RIDA-GDH for true positives and true negatives were 93.9% (169/180)
and 89.4% (161/180), respectively. QCC/RIDA GDH demonstrated sensitivities of 100.0% and 94.4%,
specificities of 92.4% and 88.2%, PPV of 76.6% and 66.7%, and NPV of 100.0% and 98.4%, respectively
(Fig. 1, Table 1). QCC and RIDA GDH showed comparable AUCs (QCC, 0.959; 95% CI, 0.918-0.983
vs. RIDA GDH, 0.927; 95% CI, 0.879-0.960; p = 0.073; Fig. 2).

The concordance rates of QCC and RIDA toxins for true positives and true negatives were 90.0% (162/180)
and 86.1% (155/180), respectively. The QCC/RIDA toxin demonstrated sensitivities of 51.4% and 28.6%,
specificities of 99.3% and 100.0%, PPV of 94.7% and 100.0%, and NPV of 89.4% and 85.3%, respectively
(Fig. 1, Table 1). QCC showed significantly higher AUC than that of RIDA toxin (QCC, 0.736; 95% CI,
0.665-0.799 vs. RIDA toxin, 0.643; 95% CI, 0.568-0.713; p = 0.007; Fig. 2).
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Fig. 1. Sensitivity and specificity of C. Diff Quik Chek Complete and RIDASCREEN C. difficile GDH and
toxin A/B. QCC, C. Diff Quik Chek Complete; RIDA, RIDASCREEN C. difficile assay; X-axis, percentages.

Table 1. The performance of C. Diff Quik Chek Complete and RIDASCREEN C. difficile GDH and toxin A/B

Sensitivity Specificity Positive likelihood ratio  Negative likelihood ratio AUC PPV NPV Accuracy
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI, P) (95%CI) (95%CI) (95%CI)
QCCGDH 100.0% 924% 13.1 0.0 0959 76.6% 100.0% 93.9%
(90.3-100.0) (86.7-96.1) (74-23.1) (0.918-0.983, (65.0-852) (97.3-100.0) (89.3-96.9)
<0.001)
RIDAGDH 944% 882% 80 0.1 0927 66.7% 984% 894%
(81.3-993) (81.8-93.0) (5.1-12.6) 0.0-02) (0.879-0.960, (56.0-75.9) (94.3-99.6) (84.0-935)
<0.001)
QCCtoxinA/B 514% 99.3% 746 05 0.736 94.7% 894% 90.0%
(34.0-68.6) (962-100.0) (10.3-539.9) 04-0.7) (0.665-0.799, (713-992) (858-922) (84.7-94.0)
<0.001)
RIDA toxinA/B 28.6% 100.0% - 0.7 0643 100.0% 853% 86.1%
(14.6-463) (97.5-100.0) 0.6-09) (0.568-0.713,  (692-100.0) (82.5-87.7) (802-90.8)
<0.001)

Abbreviations: GDH, glutamate dehydrogenase; CI, confidence interval; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; QCC, C. Diff Quik Chek
Complete; RIDA, RIDASCREEN C. difficile assay.
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Fig. 2. Area under curve (AUC) of C. Diff Quik Chek Complete and RIDASCREEN C. difficile GDH and toxin
A/B. (A) AUC of GDH; (B) AUC of toxin A/B. QCC, C. Diff Quik Chek Complete; RIDA, RIDASCREEN C.
difficile assay; GDH, glutamate dehydrogenase.
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Results of Allplex Gl-Bacteria(l) assay and discrepancy test

Of the 180 stool samples collected, 36 (20.0%) tested positive in the Allplex GI-Bacteria(I) assay. Among
the 36 positive samples, 26 showed discordant QCC and RIDA toxin results. These 26 samples were tested
using the Xpert C. difficile assay, 25 of which showed positive results (Table 2).

The Ct values of the 25 “true-positive” samples ranged from 31.5 to 44.8 in the Allplex GI-Bacteria(I)
assay and from 23.7 to 36.3 in the Xpert C. difficile assay (Fig. 3). The Ct value of one sample that tested
negative in the Xpert C. difficile assay was 35.5 in the Allplex GI-Bacteria(I) assay and 38.1 in the Xpert C.
difficile assay. No significant correlation was observed between Ct values of the two molecular assays (r =
0.201,p=0.324).

Table 2. Results of Allplex GI-Bacteria(I) and Xpert C. difficile assays in 26 EIA-discordant samples

QCC RIDA Allplex GI-Bacteria(I) assay Xpert C. difficile assay

GDH ToxinAB__ GDH ToxinA/B (Toxin B) (Toxin B) No- of specimens
Positive Negative Positive Negative Positive Positive 16
Positive Positive Positive Negative Positive Positive 7
Positive Negative Negative Negative Positive Positive 1
Positive Positive Negative Negative Positive Positive 1
Positive Negative Positive Negative Positive (Ct 35.5) Negative (Ct 38.1)" 1

“The cutoff Ct value for toxin B in the Xpert C. difficile assay was 38.0. However, the Ct value near the cutoff value of the toxin B gene can be used for further
evaluation.
Abbreviations: QCC, C. Diff Quik Chek Complete; RIDA, RIDASCREEN C. difficile assay; GDH, glutamate dehydrogenase; Ct, cycle threshold.
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Fig. 3. Correlation of toxin B gene cycle threshold values from Allplex GI-Bacteria(I) and Xpert C.
difficile assays. PCR, polymerase chain reaction.
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Discussion

Key results

QCC and RIDA GDH demonstrated high concordance (93.9%, 89.4%) with sensitivities of 100.0% and
94.4%, respectively, and comparable AUC. For toxin detection, QCC showed significantly higher sensitivity
than RIDA (51.4% vs 28.6%) and superior AUC (0.736 vs 0.643, p=0.007). Among 180 samples, 36 (20%)
were Allplex-positive. Of 26 EIA toxin-discordant samples, 25 were Xpert-positive. True-positive Ct values
ranged from 31.5-44.8 (Allplex) and 23.7-36.3 (Xpert).

Performance of EIA platforms in a multi-step algorithm
In this study, both QCC and RIDA showed high sensitivity and specificity for GDH detection, consistent

with previous reports [18-21]. However, a significant performance difference was observed for toxin A/
B detection. The sensitivity of QCC (51.4%) was consistent with previous studies [6,20-22], whereas the
sensitivity of RIDA was notably lower at 28.6%, which fell below the previously reported range of 33.0%—
86.0% [7,20,21,23]. This suggests that RIDA may not have detected a substantial proportion of true CDI
cases in this study population.

Although we acknowledge that the use of stored stool samples can affect toxin stability [24], this finding
does not appear to be an isolated phenomenon. In a similar study by Yoo et al., which used toxigenic culture
as the reference method, the RIDA toxin assay also showed lower sensitivity (33.3%) than the QCC assay
(60.0%) [20]. This suggests that the difference in performance between the assays is a consistent finding
beyond the limitations of our sample conditions. Therefore, based on its superior toxin detection sensitivity,

QCC is amore suitable choice for the initial screening test in a multistep CDI diagnostic algorithm.

The peril of Ct values for risk stratification

The use of real-time PCR Ct values as a proxy for the bacterial load has shown significant promise for
improving CDI diagnostics. Kamboj et al. [11] reported that a Ct value cutoff of 28.0 on the Xpert assay
could predict 91.0% of severe and 100.0% of complicated CDI cases, establishing a direct link between lower
Ctvalues and increased clinical severity. Furthermore, Suleiman et al. [8] demonstrated that incorporating Ct
value reporting into the diagnostic process reduced unnecessary antibiotic treatment by 23% (p = 0.025) in
pediatric populations. Although these studies identified specific Ct value cutoffs using the Xpert assay, other
commercial platforms, such as the Allplex system, are also used in clinical settings. Consequently, there is
a risk that clinicians or laboratories may attempt to apply published Ct cutoffs derived from Xpert studies
to results obtained from other platforms. However, the results of our study revealed a fundamental problem
with this Ct-value-based approach for risk stratification.

The core finding of our study was the lack of statistically significant correlation (r = 0.201, p = 0.324)
between the Ct values obtained from the Seegene Allplex and Xpert assays on the same set of discordant
samples. This discrepancy can be attributed to various technical factors, including differences in DNA

extraction protocols, primer and probe sequences targeting different gene regions, amplification efficiencies,
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and proprietary algorithms used by each system to determine the Ct. Thus, the Ct value of a sample obtained
from one platform cannot be reliably extrapolated to an equivalent value on the same sample obtained from
another platform. This finding challenges the feasibility of establishing a universal Ct cutoff for clinical
decision-making because applying a cutoff value validated for one assay to the results from another assay
could lead to inconsistent risk stratification. Therefore, our results underscore the necessity of platform-

specific validation before generalized Ct value cutoffs are broadly adopted in clinical guidelines.

Implications for the NAAT-positive, toxin-negative dilemma

The clinical management of patients with NAAT-positive/toxin-negative status remains debatable. While
these patients may have a lower risk of recurrence [25,26], recent meta-analyses show that their 30-day
mortality is often not statistically different from patients with NAAT-positive/toxin-positive [25,26]. This
suggests that a subset of this group remains at risk for severe outcomes, highlighting the potential danger of
withholding treatment based solely on negative toxin EIA results.

Our results indicate the lack of interchangeability in Ct values between PCR platforms, especially in
samples with high Ct values, and a universal and reliable Ct value cutoff to stratify risk in this population may
not be feasible. This finding reinforces the value of the proposed multistep algorithm. Because a universal
Ct cutoff value cannot be reliably applied, using a sensitive NAAT to clarify discordant initial EIA results is

essential to provide clinicians with the critical information needed for these nuanced decisions.

Limitations

This study had several limitations. First, although toxigenic culture or cell cytotoxicity neutralization
assay has traditionally been regarded as the reference standard, many recent studies have used NAAT-based
methods as practical reference standards. Nevertheless, the absence of toxigenic culture may still have
influenced the estimated performance of EIAs. Second, our sample collection was limited to a single 500-
bed hospital, and the relatively small sample size of 180 stool samples may have affected the results. Third,
with regard to specimen stability, the Xpert C. difficile assay was not conducted simultaneously with the
initial EIAs or Allplex assay. Although samples were stored at —70°C to minimize degradation, the interval
between tests and the freeze-thaw process could potentially impact the detection of labile toxins or nucleic
acid integrity. Although DNA is generally more stable than protein toxins, the lack of correlation in Ct
values between Seegene Allplex and Xpert assays could be influenced by the storage duration; however, the
consistent internal controls in both molecular assays suggested that degradation was not the primary driver of
the observed discrepancies. Nevertheless, we attempted to minimize this limitation by ensuring standardized
storage conditions. Fourth, the absence of clinical information from the patients precluded evaluation of the
test results for clinical plausibility.
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Conclusion

QCC demonstrated superior toxin detection sensitivity compared to RIDA, making it more suitable for the
initial screening step of a CDI diagnostic algorithm. The Ct values for the C. difficile toxin B gene were not
interchangeable between the Seegene Allplex and Xpert assays. Our results underscore the need for platform-
specific validation. A universal Ct cutoff for CDI risk stratification is currently unachievable, highlighting
a critical area for future research and standardization before such strategies can be safely and effectively

implemented in clinical practice.
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