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ARTICLE INFO ABSTRACT

Keywords: Aims: To evaluate the performance of the C. difficile Quik Chek Complete (QCC) (TechLab, USA) versus the
Clostridium GeneXpert C. difficile polymerase chain reaction (PCR) assay (Cepheid, CA, USA).
GeneXpert Methods: A retrospective chart analysis conducted at the American University of Beirut Medical Center (AUBMC)
'(r;f?ns covering the period from January 2015 to September 2018.

X

Results: A total of 788 samples were simultaneously tested by the two methods and analyzed in this study. 49%
were positive with the QCC-EIA assay (GDH and/or toxins). The GeneXpert assay showed 40% positivity, based
on the detection of either toxin B or binary toxin genes. Using GeneXpert as a reference test, the performance of
C. difficile Quik Chek was evaluated in terms of sensitivity (96%), specificity (81%), PPV (77%) and NPV (97%).
Among the concordant negative results with the QCC-EIA assay (GDH—/Toxins-), 97% were negative by
GeneXpert, while among the concordant positive results (GDH + /Toxins+), 92% were positive by GeneXpert.
Regarding the discordant QCC-EIA results (GDH + /Toxins-), 77% were positive by PCR.

Conclusion: C. difficile Quik Chek immunoassay is a solid method to use as an upfront for stool testing of C.
difficile infections with satisfactory sensitivity and specificity when compared to GeneXpert assay. When results
of the immunoassay are concordant for both the toxins and GDH components, it is very unlikely for the results to
be different with molecular assays such as the GeneXpert. However, for discordant results, we recommend
following up such cases with a molecular assay like GeneXpert.

1. Introduction community acquired C. difficile infection has almost doubled in the

period from 2011 to 2015 (Ofori et al., 2018). This is exacerbated by

Clostridiodes difficile is an anaerobic gram-positive clinically sig-
nificant enteric bacterium and one of the most important nosocomial
pathogens in humans (Paredes-Sabja et al., 2014). It was first evidenced
in 1978 to be the predominant cause of antibiotic-associated diarrhea
(Bartlett et al., 1978). Since then, increasing prevalence of this pa-
thogen has been reported. For example, in 2014, there was an estimated
606,058 cases of C. difficile infection in the United States (Desai et al.,
2016). However, despite advances in treatments and growing under-
standing of the molecular epidemiology of C. difficile, incidence, even
among the community, as well as severity continue to increase world-
wide (Freeman et al., 2010). In the United States, the incidence of

the emergence of new hypervirulent strains, such as BI/NAP1/027 with
increased resistance to fluoroquinolone (Mcdonald et al., 2005).
Rapid and accurate diagnostic testing is crucial in improving patient
outcome and in decreasing spread of infection (Martin et al., 2016).
Currently, several tests are available for C. difficile diagnosis, including
culture, immunoassays and molecular platforms, but they differ in
many important aspects. (Peng et al., 2018). While Stool culture and
cytotoxic cell neutralisation assay (CCNA) are much more sensitive than
immunoassays, they are more expensive, more cumbersome and have a
much higher turnaround time (Oldfield IV et al., 2014). When it comes
to immunoassay-based tests, such as Premier Toxins A&B (Meridian
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Bioscience, Cincinnati, OH) and C. difficile Quik Chek Complete (Aler-
e.Techlab, Blacksburg,VA, USA), they are better in terms of the cost,
ease of use and the short turnaround time. However, low sensitivity of
some assays has been reported (as low as 49%) when using stool culture
as reference tests (Bissell, 2010). In addition, molecular assays, such as
BD GeneOhm C. difficle assay (Becton Dickinson Diagnostics, San Diego,
CA; BD) and Xpert C. difficile assay (Cepheid, CA, USA), are easier to
perform and have acceptable sensitivity and specificity. In fact, Berry
et al. demonstrated that when clinical diagnosis of C. difficile was used
as a reference, PCR had a sensitivity and specificity of 99.1% and 98.9%
respectively (Berry et al., 2014). But such a high sensitivity may lead to
over diagnosis and unnecessary treatment, especially if diagnosis of C.
difficile relies exclusively on molecular methods (Polage et al., 2015).
Furthermore, performing molecular testing on all patients suspected of
CDI would not be cost effective (Chapin et al., 2011).

In Lebanon, two main studies reported the toxinotypes, molecular
characterization and resistance genes among C. difficile (Berger et al.,
2018; Moukhaiber et al., 2015); none has addressed the laboratory
methods used for its detection. Therefore, the current study was war-
ranted to review our medical center experience in testing for C. difficile
using the immunoassay C. difficile Quik Chek Complete (QCC-EIA),
versus the GeneXpert C. difficile polymerase chain reaction (PCR) assay.

2. Materials and methods

The research design used for the study was a retrospective chart
review. It reviewed the results of simultaneous testing of C. difficile in
stool specimens by QCC-EIA and GeneXpert. The QCC-EIA is based on
the detection of C. difficile GDH and toxins A and B, while the
GeneXpert is based on the detection of mutations in the toxin B gene
(tcdB),the binary toxin gene (cdtA and cdtB) as well as the tcdC gene
deletion which is associated with the toxicogenic ribotype 027 strain
(Pilate et al., 2016) .

Records for patients tested for C. difficile were obtained from the
Epic Beaker, the laboratory information system at the American
University of Beirut Medical Center (AUBMC), covering the period from
January 2015 to September 2018.

For both assays, obvious diarrheic stool samples are the accepted
ones for testing and the sample is rejected in our laboratories if fecal
content is solidified. Otherwise, handling, preparation and testing of
specimens are performed and interpreted according to manufacturers'
instructions in both tests at our laboratories that are accredited by the
College of American Pathologists (CAP).

For the comparison of the two methods, GeneXpert was assigned as
the reference test. The statistical analysis was computed through the
Statistical Package for the Social Sciences (SPSS) software to determine
sensitivity, specificity, Positive Predictive Value (PPV) and Negative
Predictive Value (NPV). True Positives (TP) were defined as stool
samples that tested positive with both assays, and True Negatives (TN)
were defined as stool samples that tested negative with both assays.
Furthermore, False Positives (FP) were defined as stool samples that
tested positive with the QCC-EIA and negative with the GeneXpert
assay, while False Negatives (FN) were defined as stool samples that
tested negative with QCC-EIA and positive with the GeneXpert assay.

3. Results

A total of 788 samples were simultaneously tested by the two
methods and analyzed in this study. The patient population for these
samples had a mean and median age of 52 and 58 years respectively,
and comprised of 51% males and 49% females.

Table 1 shows the results obtained for both assays being positive or
negative. It showed that 49% were positive with the QCC-EIA assay
considering their findings in both GDH and toxins. The GeneXpert assay
showed 40% positivity, based on the detection of toxin B and binary
toxin genes.
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Table 1
Summary of results of GeneXpert and C. difficile Quik Chek in cross tabulation.
GeneXpert
Positive Negative Total
C. difficile Positive 302 88 390 (49%)
Quik Chek Negative 12 386 398 (51%)
Total 314 (40%) 474 (60%) 788
Table 2

Statistical measures and predictive values of QCC-EIA using GeneXpert as the
reference test.

Value (%) (95% Confidence Interval)

Sensitivity 96 93%-97%
Specificity 81 77%—-84%
Positive Predictive Value 77 73%-81%
Negative Predictive Value 97 95%-98%

Using GeneXpert as a reference test, the performance of C. difficile
Quik Chek was evaluated for its statistical values revealing sensitivity
(96%), specificity (81%), PPV (77%) and NPV (97%) as shown in
Table 2.

Table 3 shows the concordant as well as the discordant QCC-EIA
results alongside with GeneXpert results. Among the concordant nega-
tive results (GDH — /Toxins-), 97% were negative by GeneXpert. On the
other hand, among the concordant positive results (GDH + /Toxins +),
92% were positive by GeneXpert. Regarding the discordant QCC-EIA
results (GDH + /Toxins-), 77% were positive by PCR.

4. Discussion

This study assessed the performance of C. difficile Quik Chek against
the GeneXpert Assay. It showed a sensitivity and specificity of 96% and
81%, which are both satisfactory for use of C. difficile Quik Chek as an
upfront test. These findings are in concordance to a similar study in
Saudi Arabia where the sensitivity and specificity of C. difficile Quik
Chek against GeneXpert were 100% and 93% (Senok et al., 2017).
However, there are some studies reporting lower sensitivities of C.
difficile Quik Chek. For example, when using toxigenic culture as a re-
ference test, the sensitivity of C. difficile Quik Chek was previously re-
ported to be 60%, though the specificity was still high at 99.6% (Sharp
et al., 2010). In the same study, the sensitivity and specificity of Gen-
eXpert were near perfect (100% and 99.6% respectively) (Sharp et al.,
2010), and this supports the use of the GeneXpert assay as a reference
test for C. difficile Quik Chek.

In another study, the sensitivity and specificity of C. difficile Quik
Chek when only taking into account the antigen component (GDH)
were found to be 97.6% and 93. (Oldfield 1V et al., 2014)%, respec-
tively, against GeneXpert (Chung and Lee, 2016). When only con-
sidering the toxin component, sensitivity was much lower at 55%
(Chung and Lee, 2016). Similarly, sensitivity of C. difficile Quik Chek
against GeneXpert for the toxin component was found to be much lower

Table 3
Comparison of concordant and discordant C. difficile Quik Chek results with
GeneXpert results.

GeneXpert, No. (%)

Result Positive Negative Total
C. difficile GDH — /Toxins- 12 (3) 386 (97) 398
Quik Chek GDH + /Toxins + 12 (92) 1(8) 13
GDH + /Toxins- 290 (77) 87 (23) 377
Total 314 474 788
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in another study, at 46.7%, while specificity was also high, at 100%
(Qutub et al., 2019). These findings suggest that C. difficile Quik Chek is
much more sensitive for the GDH component rather than the toxin
component.

In our study, the number of samples testing positive for the antigen
component was very low (13 out of 788). Therefore, we preferred not to
separate the antigen and the toxin components of the C. difficile Quik
Chek assay for the statistical analysis. However, all of our positive
samples were positive for the GDH component, and only 13 of these
were also positive for the toxin component. We can conclude that the
sensitivity that we calculated for the assay in general (GDH and/or
toxin) is also a good estimate of the sensitivity of the GDH component
of C. difficile Quik Chek specifically. At 96.2%, this value confirms the
findings aforementioned in previous studies. The NPV calculated for the
assay was very high (97%) which further confirms the strong sensitivity
for the assay. The PPV was also high at 77% indicating good specificity.

To preserve cost-effectiveness while at the same time maintaining
acceptable accuracy of diagnosis, a solution is to combine sensitive and
cheap tests such as immunoassays with confirmatory test that are more
accurate such as molecular assays. Using a two-step algorithm, as re-
quested by American Society of Microbiology, whereby discordant re-
sults of combined GDH/toxin enzyme immunoassays (positive enzymes
with negative toxins or vice-versa) are followed up by molecular testing
(real time PCR) was shown to improve accuracy of diagnosis at a low
cost (Vasoo et al., 2014). It was reported that concordant results of
combined GDH/toxin enzyme immunoassays (both positive or both
negative) are reliable and help us rule out or rule in C. difficile infection
without the need of confirmatory testing (Department of Health and
Social Care, 2012). It is possible that a sample, which tested negative
for both GDH and toxins A and B enzyme immunoassays, can test po-
sitive on PCR. However, the clinical implication of such a scenario is
unclear. In many cases C. difficile colonizes the GI tract without causing
disease, and thus, further molecular testing after negative concordant
GDH/EIA testing may lead to over diagnosis and unnecessary treatment
(Admin. For C. difficile, 2017). In fact, Polage et al. (2015) demon-
strated that patients with negative immunoassay testing but positive
molecular testing had similar clinical outcomes than patients who
tested negative for C. difficile with both methods (Polage et al., 2015).
For discordant C. difficile Quik Chek results, Sharp et al. (2010) de-
monstrated that using reflex GeneXpert testing led to a sensitivity and
specificity of 100% and 99.6% respectively for the diagnosis of C. dif-
ficile infection (Sharp et al., 2010). Combined GDH antigen and toxins
immunoassay is cheap and has acceptable sensitivity and specificity,
and therefore can be used as an upfront test. An alternate 2-step algo-
rithm is initial GDH testing, followed by toxin A + B enzyme im-
munoassay or NAAT if GDH is positive. GDH-negative samples are re-
ported as negative for C. difficile. However, this algorithm has a lower
sensitivity for diagnosis of C. difficile (Surawicz et al., 2013).

Furthermore, our results support the need for implementation of a
two-step algorithm, especially in cases of discordant results with im-
munoassay. Indeed, we found that, when the GDH and Toxin results
were discordant, the GeneXpert assay was positive in 290/377 cases
(77%), confirming C. difficile infection, and it was negative in 87/377
cases (23%), ruling out C. difficile infection. In other words, stool
samples with discordant results were about 3.3 times more likely to
have a positive result with PCR. Of note, all our discordant results
consisted of a positive GDH assay with a negative toxin assay (no pa-
tient in our study had a positive toxin assay with a negative GDH assay).

In contrast, stool samples with concordant results were far more
likely to result in the same way with confirmatory PCR testing. More
specifically, concordant negative results with C. difficile Quik Chek were
32.3 times more likely to also test negative with PCR. In addition,
concordant positive results with C. difficile Quik Chek were 12 times
more likely to also test positive with PCR. This supports the notion that
stools with concordant results on immunoassays are unlikely to test in a
different manner with confirmatory testing like PCR, and therefore
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diagnosis can be established without the need of confirmatory testing.
5. Conclusion

In conclusion, C. difficile Quik Chek immunoassay is a solid method
to use upfront for stool testing of C. difficile infections with satisfactory
sensitivity and specificity when compared to GeneXpert assay. When
results of the immunoassay are concordant for both the toxin and GDH
component, it is very unlikely for the results to be different with mo-
lecular assays such as the GeneXpert. However, discordant results be-
tween the GDH and toxin component have a much lower specificity for
C. difficile detection, and we recommend following up such cases with a
molecular assay like GeneXpert.
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