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ABSTRACT Current tests for the detection of Clostridioides (formerly Clostridium) dif-
ficile free toxins in feces lack sensitivity, while nucleic acid amplification tests lack
clinical specificity. We have evaluated the Singulex Clarity C. diff toxins A/B assay
(currently in development), an automated and rapid ultrasensitive immunoassay
powered by single-molecule counting technology, for detection of C. difficile toxin A
(TcdA) and toxin B (TcdB) in stool. The analytical sensitivity, analytical specificity, re-
peatability, and stability of the assay were determined. In a clinical evaluation, fro-
zen stool samples from 311 patients with suspected C. difficile infection were tested
with the Clarity C. diff toxins A/B assay, using an established cutoff value. Samples
were tested with the Xpert C. difficile/Epi assay, and PCR-positive samples were
tested with an enzyme immunoassay (EIA) (C. Diff Quik Chek Complete). EIA-
negative samples were further tested with a cell cytotoxicity neutralization assay.
The limits of detection for TcdA and TcdB were 0.8 and 0.3 pg/ml in buffer and 2.0
and 0.7 pg/ml in stool, respectively. The assay demonstrated reactivity to common
C. difficile strains, did not show cross-reactivity to common gastrointestinal patho-
gens, was robust against common interferents, allowed detection in fresh and frozen
stool samples and in samples after three freeze-thaw cycles, and provided results
with high reproducibility. Compared to multistep PCR and toxin-testing procedures,
the Singulex Clarity C. diff toxins A/B assay yielded 97.7% sensitivity and 100% speci-
ficity. The Singulex Clarity C. diff toxins A/B assay is ultrasensitive and highly specific
and may offer a standalone solution for rapid detection and quantitation of free tox-
ins in stool.
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Clostridioides (formerly Clostridium) difficile, a spore-forming, anaerobic, Gram-
positive bacterium, is the most common cause of antibiotic-associated diarrhea and

nosocomial infection in Europe and the United States and places a high financial
burden on the health care system (1, 2). The clinical manifestations caused by C. difficile
range in severity from asymptomatic colonization to mild diarrhea to fatal pseudomem-
branous colitis or toxic megacolon (3, 4). C. difficile infection (CDI) is mediated by toxin
A (TcdA) and toxin B (TcdB), and detection of either free toxins or toxigenic C. difficile
in stool is part of the CDI case definition (4).

Current laboratory tests used in the diagnosis of CDI have crucial limitations. The cell
cytotoxicity neutralization assay (CCNA) has relatively high sensitivity and specificity for
free TcdB, but its long turnaround time makes it clinically impractical. Nucleic acid
amplification tests (NAATs) targeting tcdA and/or tcdB are rapid and sensitive but not
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clinically specific. Current enzyme immunoassays (EIAs) targeting both toxins, although
rapid and specific, are hampered by a lack of sensitivity (4, 5). Although it is highly
debated (6), the presence of toxins may better correlate with clinical outcomes than do
molecular testing results, and there is a concern that the use of NAATs leads to
overdiagnosis of CDI (7, 8). Compared with current EIAs, however, NAATs allow safe
exclusion of CDI (6). Many laboratories have now implemented algorithms for CDI
testing that combine the results of NAATs and EIAs in multiple steps (4, 5). Thus, there
remains a need for a simple standalone test with the specificity of EIAs and the
sensitivity of NAATs.

The Singulex Clarity C. diff toxins A/B assay, powered by single-molecule counting
technology and in development for use on the Singulex Clarity system (Singulex Inc.,
Alameda, CA, USA), is an automated and rapid ultrasensitive immunoassay for the
detection of C. difficile TcdA and TcdB in stool. The sensitivity of the Singulex single-
molecule counting technology has been illustrated previously in numerous studies
(9–12). Here, we describe the analytical and clinical performance of the Singulex Clarity
C. diff toxins A/B assay.

MATERIALS AND METHODS
Singulex Clarity C. diff toxins A/B assay. The Singulex Clarity C. diff toxins A/B assay (in develop-

ment) measures TcdA and TcdB in stool on the Singulex Clarity system, an automated, in vitro diagnostics
platform utilizing single-molecule counting technology. The assay is a paramagnetic microparticle-based
immunoassay that uses single-photon fluorescence detection for analyte measurement. The Singulex
Clarity C. diff toxins A/B assay uses TcdA- and TcdB-specific monoclonal antibodies (BiosPacific, Em-
eryville, CA, USA; BBI Solutions, Cardiff, United Kingdom). A 100-�l volume of unformed stool sample or
0.1 g of solid stool sample is diluted 1:20 with 1.9 ml of standard buffer (Tris-buffered saline [TBS]-EDTA
with 3% bovine serum albumin [BSA]). The sample is centrifuged at 14,000 � g for 10 min, and 300 �l
of the supernatant is transferred into a sample tube and loaded onto the Singulex Clarity instrument. The
instrument automatically transfers each sample to a reaction vessel, where it is mixed and incubated for
5 min at 37°C with a 1:1 mixture of paramagnetic microparticles precoated with either anti-TcdA or
anti-TcdB antibodies (capture reagent) and fluorescently labeled (Alexa Fluor 647; Thermo Fischer
Scientific, Waltham, MA, USA) toxin-specific antibodies (detection reagent). During this time, toxins
present in the sample are bound by both the capture and detection antibodies, forming an immune
complex. Unbound material in the mixture is washed away during subsequent wash steps. Elution buffer
is added to cleave the immune complexes from the paramagnetic microparticles, releasing the fluores-
cently labeled antibodies. The resulting eluate, containing the dissociated, fluorescently labeled detec-
tion antibodies, is transferred to a detection vessel, where the labeled molecules are detected and
counted. The Singulex Clarity system reader is a confocal fluorescence microscope with an avalanche
photodiode detector. A proprietary algorithm counts detected events, and compares the results to a
previously established 11-point standard curve for native TcdA and TcdB isolated from strain VPI 10463,
toxinotype 0 (Native Antigen Company, Kidlington, United Kingdom). Concentrations of toxins for
generation of the standard curve were prepared by diluting toxin in Tris buffer with 3% BSA. The Singulex
Clarity software interpolates the data, including the detected events prime signal, into a combined
TcdA-TcdB concentration. The total turnaround time (sample in to result out) is 32 min. The system can
process 1 to 48 samples in an assay run.

Analytical sensitivity. (i) Limit of detection. Five frozen, deidentified stool samples obtained from
patients with suspected CDI (Bristol scale scores of 4 to 7; TriCore Reference Laboratories, Albuquerque,
NM, USA), which tested negative by EIA (C. Diff Quik Chek Complete assay; TechLab Inc., Blacksburg, VA,
USA), NAAT (BD MAX Cdiff assay; Becton, Dickinson Inc., Franklin Lakes, NJ, USA), and CCNA (C. difficile
TOX-B test; Techlab; tested at ARUP Laboratories, Salt Lake City, UT, USA), were pooled. TcdA (CDA-TNL-
100; Native Antigen Company) and TcdB (CDB-TNL-100; Native Antigen Company) were spiked at 12
different concentrations, at a TcdA-TcdB concentration ratio of 1:1, into pooled C. difficile-negative stool
(range, 0 to 50,000 pg/ml) and antigen-free sample diluent (TBS-EDTA with 3% BSA) (range, 0 to 10,000
pg/ml). Each point on each curve was run in triplicate, using one reagent lot, on one Clarity instrument.
TcdA and TcdB standard curves were interpolated from the TcdA-TcdB combination curve to analyze the
concentration of each toxin. The analytical limit of detection (LoD) was calculated as 2 times the standard
deviation (SD) of the blank divided by the slope of the standard curve.

(ii) Cutoff value establishment. A derivation cohort consisting of 103 frozen deidentified stool
samples from patients with suspected CDI (74 samples with Bristol scale scores of 5 to 7 and 29 samples
with a Bristol scale score of 4; TriCore Reference Laboratories and Discovery Life Sciences Laboratories,
Los Osos, CA, USA) was used to establish a preliminary cutoff value for the Singulex Clarity C. diff toxins
A/B assay, compared to the CCNA. Of the patients, 63.1% (65 patients) were women and 99.0% (102
patients) were �18 years of age. All samples, including 27 CCNA-positive samples (26%) and 76
CCNA-negative samples (74%), were tested in triplicate, and the mean concentration was used for cutoff
value establishment. Using the CCNA as the reference method, the area under the receiver operating
characteristic curve (AuROC) was calculated. The cutoff value was established as the Clarity C. diff toxins
A/B assay concentration that minimized the joint difference between the test sensitivity and the test
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specificity, in order to apply equal penalties to false-negative and false-positive results (13). The cutoff
value was used to classify positive and negative Clarity assay results in the subsequent studies.

(iii) Analytical reactivity. Two frozen deidentified stool samples from patients with suspected CDI
(Bristol scale scores of 5 to 7; TriCore Reference Laboratories) that tested triple positive or triple negative
by EIA, NAAT, and CCNA were pooled to make sample sets with TcdA-TcdB concentrations just above
(“low positive”; range, 19 to 32 pg/ml) or just below (“high negative”; range, 6 to 13 pg/ml) the cutoff
value. The analytical reactivity against 38 toxigenic or nontoxigenic strains of C. difficile with 8 different
toxinotypes was determined; strains were selected according to FDA guidelines (14). Toxinotyping was
based on restriction fragment length polymorphism analysis of the 19-kb region of C. difficile pathoge-
nicity locus, which encodes TcdA and TcdB, and ribotyping was based on comparisons of the patterns
of PCR products in the 16S-23S rRNA intergenic spacer region. The C. difficile strains were cultured for 24
to 48 h in cycloserine-cefoxitin mannitol broth with taurocholate and lysozyme and cycloserine-cefoxitin
fructose agar. Colonies were harvested into sterile phosphate-buffered saline (PBS) and diluted with PBS
to a turbidity of a 0.5 McFarland standard (calculated based on an optical density at 600 nm of 1.0
equaling 1 � 109 cells/ml) prior to inoculation into sample matrices, to achieve a theoretical bacterial
concentration of �106 CFU/ml. Each strain was spiked into stool with high-negative toxin concentrations
and was tested in up to 3 replicates using one reagent lot on one Clarity instrument.

Analytical specificity. (i) Cross-reactivity. Cross-reactivity against other gastrointestinal pathogens
(29 aerobic bacteria, 3 microaerophilic bacteria, 18 anaerobic bacteria, 1 fungus, and 8 viruses) at
medically relevant concentrations (based on estimations of bacterial concentrations according to the
optical density of the inoculum) of �106 CFU/ml was determined in accordance with FDA guidelines (14).
Bacteria and fungi were cultured according to ATCC recommendations and spiked into the TcdA-TcdB
low-positive and high-negative stool samples. Viruses, which were vendor confirmed to be at medically
relevant concentrations of �105 PFU/ml, were inoculated into stool samples directly from frozen-thawed
stock (viral culture fluid). Each strain was tested in 3 replicates using one reagent lot on one Clarity
instrument.

(ii) Potential interference. Potential interference by 11 endogenous or exogenous substances at
medically relevant concentrations was determined. Sample panels with low-positive or high-negative
TcdA-TcdB concentrations were spiked with an interfering substance or with the corresponding solvent
(control case). Each sample was tested in 4 replicates using one reagent lot on one Clarity instrument.
The potential interference was assessed based on the difference in qualitative results and on the percent
difference between the signals obtained with spiked and control samples. The acceptance criterion for
determining interference was that the difference, if any, was within �20%.

Assay repeatability and stability. (i) Reproducibility. Eighty-five frozen deidentified stool samples
from patients with suspected CDI (TriCore Reference Laboratories and Discovery Life Sciences Labora-
tories) were tested in triplicate using one reagent lot on one Clarity instrument. Of the patients, 63.5%
(54 patients) were women and 97.6% (83 patients) were �18 years of age.

(ii) Stability. To determine sample stability, 5 C. difficile-positive stool samples (Bristol scale scores of
5 to 7) and 5 C. difficile-negative stool samples (3 with Bristol scale scores of 5 to 7 and 2 with a Bristol
scale score of 4; TriCore Reference Laboratories and Discovery Life Sciences Laboratories), which had
been tested with the CCNA, were stored under room temperature (20°C to 25°C), refrigerated (2°C to 8°C),
or frozen (�70°C) conditions. Samples stored at room temperature were tested within 4 h after arrival at
the laboratory (baseline) and again 4 to 8 h after arrival. Samples stored at 2°C to 8°C were tested at day
2 and at week 1, and samples stored at �70°C were tested at weeks 1, 2, and 3 and at months 3 and 6.
As an additional test, samples were subjected to three freeze-thaw cycles. Each sample was tested in 3
replicates at each time point, using two reagent lots on one Clarity instrument. The qualitative result for
each time point was used to determine the stability of each sample.

Clinical evaluation. The study was approved by the institutional review board at Stanford University
(Palo Alto, CA, USA) (protocol IRB-43749). Frozen stool samples from 311 patients with suspected CDI,
collected at the Stanford Health Care Diagnostic Microbiology Laboratory, were tested with the Singulex
Clarity C. diff toxins A/B assay (Fig. 1). The samples were not thawed prior to this study. Of the patients,
46.0% (143 patients) were women and 84.9% (264 patients) were �18 years of age. Sample collection
and testing for this cohort were described previously for PCR-positive samples (15). In summary, all
samples had been previously tested at Stanford Health Care with a PCR assay detecting tcdB (Xpert C.
difficile/Epi; Cepheid Inc., Sunnyvale, CA, USA), and PCR-positive samples (n � 211) were tested for the
presence of free toxins with a rapid membrane EIA (C. Diff Quik Chek Complete). EIA-negative samples
(n � 110) were further tested with a CCNA (C. difficile TOX-B test, yielding 31 CCNA-positive samples and
79 CCNA-negative samples). The study was designed based on a meta-analysis showing that PCR-
negative samples are CCNA negative and EIA-positive samples are CCNA positive (5). EIA-positive or
CCNA-positive samples were considered true toxin-positive samples, and PCR-negative samples were
considered C. difficile-negative samples.

Statistical methods. Statistical differences in toxin concentrations were assessed by the Mann-
Whitney U test if subjects were separated into two groups, by the Kruskal-Wallis test if subjects were
separated into more than two unordered groups, and by analysis of variance (ANOVA) contrast models
if subjects were separated into more than two ordered groups. Common procedures were used to
calculate the sensitivity and specificity, with associated exact Clopper-Pearson 95% confidence intervals
(CIs). Spearman’s correlation coefficient was used to measure the strength and direction of the linear
association between the Clarity C. diff toxins A/B assay and PCR cycle threshold (CT) results. Statistical
analyses were performed with SAS 9.4, Analyze-It for MS Excel 4.51, and GraphPad Prism 5.0 software.
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RESULTS
Analytical sensitivity. (i) LoD. The LoDs for TcdA and TcdB were 0.8 and 0.3 pg/ml

in buffer and 2.0 and 0.7 pg/ml in stool, respectively.
(ii) Cutoff value establishment. The AuROC curve demonstrated a C-statistic of

0.99 (95% CI, 0.98 to 1.00). The cutoff value was set at 16.7 pg/ml. In this cohort, the
sensitivity was 96.3% (95% CI, 81.0 to 99.9%), compared to the CCNA, and the specificity
was 96.1% (95% CI, 88.9 to 99.2%).

(iii) Analytical reactivity. At an estimated concentration of �1 � 108 CFU/ml for
each toxinotype, the Singulex Clarity C. diff toxins A/B assay successfully detected
toxins from all tested toxinotypes (see Table S1 in the supplemental material). The
analytical reactivity did not diminish when only one toxin was present. In the absence
of TcdA and TcdB, the assay correctly yielded a negative result.

Analytical specificity. (i) Cross-reactivity. When a microorganism was spiked into
stool at either a low-positive or high-negative C. difficile toxin concentration, all samples
were correctly reported as positive or negative, respectively (Table S1).

(ii) Potential interference. No interference was detected when common endoge-
nous and exogenous substances were tested with the Singulex Clarity C. diff toxins A/B
assay (Table S2).

Assay repeatability and stability. (i) Repeatability. All 3 replicates gave the same
result for 84/85 samples tested (repeatability, 99.0%).

(ii) Stability. Qualitative analysis at each time point showed no drift, compared to
the baseline (�4 h) reading. Samples for C. difficile toxin testing were stable for up to
8 h at room temperature, 1 week at 2°C to 8°C, 3 months at �70°C, and three
freeze-thaw cycles (Table S3).

Clinical evaluation. The median toxin concentrations in the 100 PCR-negative,
79 PCR-positive/EIA-negative/CCNA-negative, 31 PCR-positive/EIA-negative/CCNA-
positive, and 101 PCR-positive/EIA-positive samples were 0 pg/ml (interquartile
range [IQR], 0 to 1.25 pg/ml), 3.5 pg/ml (IQR, 0.3 to 3.5 pg/ml), 319.3 pg/ml (IQR,
116.3 to 319.3 pg/ml), and 4,334 pg/ml (IQR, 1,030 to 15,487 pg/ml; P � 0.001),
respectively (Fig. 2). The Singulex Clarity C. diff toxins A/B assay results were
positive for 129 of the 132 PCR-positive/EIA-positive or EIA-negative/CCNA-positive
samples (sensitivity, 97.7% [95% CI, 93.0% to 99.4%]), and results for all PCR-
negative samples were negative (specificity, 100% [95% CI, 95.4% to 100%]). The 3
false-negative samples included 2 EIA-positive samples and 1 EIA-negative/CCNA-
positive sample. Among the 79 PCR-positive/EIA-negative/CCNA-negative samples,
18 (22.8%) were positive by the Singulex Clarity C. diff toxins A/B assay. The median
toxin concentrations in toxin-positive samples with the Singulex Clarity C. diff

FIG 1 Distribution of patients enrolled in the study and their test results. EIA, C. Diff Quik Chek
Complete.
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toxins A/B assay were 31.3 pg/ml (IQR, 22.3 to 209.7 pg/ml), 352.2 pg/ml (IQR, 124.6
to 540.2 pg/ml), and 4,680.5 pg/ml (IQR, 1,067.3 to 15,839.2 pg/ml; P � 0.001) for
the 18 PCR-positive/EIA-negative/CCNA-negative, 30 PCR-positive/EIA-negative/
CCNA-positive, and 99 PCR-positive/EIA-positive samples, respectively. The 2 PCR-
positive/EIA-positive but Clarity assay-negative samples were further investigated; both
were non-027 strains. One of the samples was EIA negative when retested, while the
second sample had insufficient volume remaining for retesting.

The median toxin concentration was higher in samples with 027 (n � 28) versus
non-027 (n � 183) strains (2,846 pg/ml [IQR, 96.4 to 7,729 pg/ml] versus 369.8 pg/ml
[IQR, 5.0 to 3,124 pg/ml]; P � 0.0058) (Fig. S1). The median CT values determined by PCR
for low-negative (0 pg/ml [n � 17]), high-negative (0.1 to 16.7 pg/ml [n � 47]),
low-positive (16.8 to 1,000.0 pg/ml [n � 64]), and high-positive (�1,000.0 pg/ml [n �

83]) samples (as determined by the Clarity assay) were 33.0 (IQR, 31.1 to 34.4), 30.2 (IQR,
26.2 to 33.9), 24.1 (IQR, 22.3 to 27.5), and 23.0 (IQR, 21.6 to 24.2; P � 0.001), respectively,
and there was a significant continuous correlation between toxin concentrations and CT

values (Spearman’s correlation coefficient, �0.64; P � 0.001) (Fig. 3). Individual sample
results are presented in Fig. 3.

DISCUSSION

There is a need for a standalone C. difficile diagnostic tool that can detect the C.
difficile toxins TcdA and TcdB with the sensitivity of a CCNA, the speed of NAATs,
and the automation of random-access NAATs. In this study, we showed that the
Singulex Clarity C. diff toxins A/B assay had 97.7% sensitivity and 100% specificity,
compared to a multistep toxin-testing procedure that included CCNA testing for
sensitive detection of free TcdB. This ultrasensitive toxin assay, which is automated
and rapid (i.e., 32 min), has the potential to be a standalone test to replace the
multistep testing algorithms currently recommended for C. difficile diagnosis (4, 5).
Implementation of this assay in health care systems around the globe may improve
antibiotic stewardship, given its high sensitivity and negative predictive value for
free fecal toxins.

With LoDs in stool of 2.0 pg/ml (TcdA) and 0.7 pg/ml (TcdB), the analytical sensitivity
of the Singulex Clarity C. diff toxins A/B assay is orders of magnitude higher than that
of any commercially available assay for the detection of toxins (16). Current EIAs have

FIG 2 C. difficile toxin concentrations in samples in various result categories. The Singulex Clarity C. diff
toxins A/B assay concentrations (combined TcdA and TcdB concentrations) are shown for stool samples
with different PCR (Xpert C. difficile/Epi), EIA (C. Diff Quik Chek Complete), and CCNA results. The dashed
line shows the preliminary cutoff value for the Singulex Clarity C. diff toxins A/B assay.
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LoDs ranging from 800 to 2,500 pg/ml, and more complex methods, such as cell-based
assays and real-time cellular analysis assays, do not detect concentrations lower than
200 pg/ml and have turnaround times of up to 60 h (17, 18). Several assays have been
described for ultrasensitive toxin detection, but none is commercially available for
clinical application. A cell-based immunocytotoxicity assay based on a real-time cell
electronic sensing system achieved a TcdA LoD of 0.1 to 1 pg/ml in buffer, but the LoD
in stool was not reported and the turnaround time was up to 4 h (19). Digital
enzyme-linked immunosorbent assays (ELISAs) by Quanterix Inc. (Lexington, MA, USA),
detecting molecules on paramagnetic beads, were shown to detect toxins A and B in
stool with LoDs of 0.45 and 1.5 pg/ml, respectively, and had a cutoff value in the same
range as the Clarity assay in a clinical evaluation (20). The Clarity C. diff toxins A/B assay
offers a simple sample-to-answer solution and, unlike the CCNA, can be performed in
less than 1 hour.

Animal studies have shown that toxin positivity is necessary for C. difficile
virulence (21, 22). Clinical studies have shown that toxin-positive patients have
more severe outcomes than toxin-negative patients and that NAAT-positive/toxin-
negative and NAAT-negative patients have similar outcomes (7, 8). Most NAAT-
positive/toxin-negative patients are currently treated, due to lack of an ultrasensi-
tive toxin assay. The Clarity C. diff toxins A/B assay detected 97.7% of EIA-positive
or CCNA-positive samples and, in addition, detected toxins in 23% of PCR-positive/
EIA-negative/CCNA-negative samples. The latter finding may be due to the fact that

FIG 3 C. difficile toxin concentrations and CT values determined by PCR (Xpert C. difficile/Epi) for samples
tested with the Singulex Clarity C. diff toxins A/B assay. (a) CT values for low-negative (0 pg/ml),
high-negative (0.1 to 16.7 pg/ml), low-positive (16.8 to 1,000.0 pg/ml), and high-positive (�1,000.0
pg/ml) samples. (b) Distribution of samples and correlation between C. difficile toxin concentrations and
CT values. Red plus signs indicate samples negative by the Clarity C. diff toxins A/B assay, and blue circles
indicate samples positive by the Clarity C. diff toxins A/B assay.
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the Clarity assay may have higher analytical sensitivity than the CCNA and the CCNA
detects only TcdB, while the Clarity assay detects both TcdA and TcdB. Recent
studies reported that some C. difficile strains may produce only TcdA (23). Our
findings indicate that the Clarity C. diff toxins A/B assay can refine the selection of
patients who are most likely to benefit from treatment. Studies have also shown
that toxin concentrations may predict clinical outcomes and identify patients who
need more aggressive treatment (16, 17, 24). A clinical study is under way to define
the cutoff value for the Clarity C. diff toxins A/B assay based on clinical severity,
outcomes, and the need for therapy.

In the absence of a sensitive and rapid test for C. difficile toxins in stool, it has been
shown that PCR CT values, which correlate with organism burdens, may be used for
prediction of toxin results (25–27). Studies estimating CT values for toxin prediction
used either toxin EIA or CCNA as reference methods. With the advent of ultrasensitive
toxin assays, the impact of toxin concentrations on CDI pathology can be evaluated;
further studies are needed to understand the clinical utility of both ultrasensitive toxin
tests and CT values for diagnosis and therapy guidance (28).

The median toxin concentration was higher in samples with ribotype 027 versus
non-027 strains. Although outbreaks of 027 strains have been associated with more
severe outcomes and such strains are thought to be more virulent due to increased
toxin production and other mechanisms (29), there is growing evidence opposing this,
at least in nonepidemic settings (15, 30). Toxin concentrations may reflect only one of
many 027 virulence factors, while increased sporulation capacity (31) and fluoroquin-
olone administration (32) may drive separate virulence mechanisms. The need for 027
genotyping is not currently recommended for routine clinical laboratories diagnosing
nonepidemic CDI cases (33).

Although the findings of this study are promising, this study has several limita-
tions. First, given the concern that storage conditions can affect toxin stability,
testing with fresh samples might have been preferred over frozen samples. How-
ever, multiple studies have shown that, although toxins deteriorate at room tem-
perature, they are stable in longer-term storage under refrigerated or frozen
conditions (34–36). Second, this study did not correlate toxin findings with clinical
data. A follow-up study is under way to investigate clinical outcomes for toxin-
positive and toxin-negative patients, including PCR-positive/CCNA-negative/Clarity-
positive patients. Lastly, this was a single-center study. Given the geographical
variation of C. difficile strains, multicenter studies are preferred and will be per-
formed for regulatory approval purposes.

In summary, the Singulex Clarity C. diff toxins A/B assay described in this study is an
ultrasensitive and highly specific assay, compared with multistep toxin-testing algo-
rithms. It may be used as a standalone test for rapid detection of free toxins in stool,
to guide treatment for patients with CDI.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/JCM
.00908-18.

SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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