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Abstract:
Background:
Clostridioides difficile Infection (CDI) is an acute disease that needs a fast proper treatment. Unfortunately, the diagnosis, and above all the
understanding of the results, remain arduous.
Objective:
This study analyzed routine and integrative results of all fecal samples from patients over time. Our aim was to understand the dynamics of CDI
infection and the meaning of “difficult to interpret” results, to make physicians better understand the various tools they can use.
Methods:
We evaluated routine results obtained from 815 diarrheal stools with Enzyme Immunoassay (EIA) that detects C. difficile Glutamate
Dehydrogenase (GDH) antigen and toxin B. We also reanalyzed a part of samples using integrative tests: a Real-time polymerase chain reaction
(RT-PCR) for C. difficile toxin B gene (tcdB) and the automated immunoassay VIDAS C. difficile system for GDH and toxins A/B.
Results:
EIA GDH positivity increased through multiple testing over time, with a P value <0.001, depicting a sort of bacterial growth curve. Eighty-five
percent of GDH positive/toxin B negative, i.e., discrepant, samples PCR were tcdB positive, 61.5% of discrepant tcdB positive samples were
VIDAS toxins A/B positive, and 44.4% of GDH EIA negative stools were VIDAS GDH positive.
Conclusion:
The results confirmed the low sensitivity of the EIA system for C. difficile GDH and toxins, questioned the use of the latter for concluding any CDI
diagnostic algorithm, and led us to indicate the algorithm beginning with tcdB molecular research, and continuing in positive cases with VIDAS
CD GDH method, as the most effective for CDI.
Keywords: Clostridioides difficile infection, Diagnosis, Rapid enzyme immunoassay, Real-time polymerase chain reaction, Algorithm, TcdB
molecular researc.
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1. INTRODUCTION
Clostridioides difficile is a Gram-positive, spore forming,
strictly anaerobic bacterium. It is the leading cause of the
principal antibiotic-associated diarrhea. In humans, C. difficile
Infection (CDI) is mediated by cytotoxic enzymes, i.e., toxin A
(TcdA), toxin B (TcdB), and, when present, by the binary toxin
(CDT), which can potentiate intestinal damage [1].
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Given the feature of acute infection, CDI needs a rapid
reliable diagnosis, which avoids empirical therapies and
consequent further dismicrobism, responsible for most cases
[2]. Diagnosis of CDI is performed through the detection of
toxins in stools. The Cell Cytotoxicity Neutralization Assay
(CCNA) primarily reveals the presence of TcdB through
cytopathic effect, whose specificity is assured precisely by
neutralization. Given its high sensitivity and specificity, CCNA
is recommended as a reference test. Accomplishment of the
CCNA procedure is long and burdensome, thus, for routine
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diagnosis, toxins are revealed by enzyme immunoassays
(EIAs), which, though low in sensitivity, are fast and manageable [3].
Little toxin, sufficient to cause intestinal damage, such as
in vitro cytopathic effect, yet not sufficient enough to be
always detected by the enzyme immunoassay, primarily
complicate CDI diagnosis [3]. For this reason, the efficacy of
the EIA system has been increased entrusting it with the
detection of C. difficile glutamate dehydrogenase (GDH),
present during infection in large quantities [3] but endowed
with a lower specificity, since GDH is common to toxigenic
and non-toxigenic strains [4, 5]. Secondly, in the human bowel,
C. difficile can be present in spore and vegetative forms, both
sharing tcdB, the gene codifying for TcdB and nowadays used
as a diagnostic target [6]. Thanks to the most recent works it is
now possible to overcome the old consequent debate, between
those authors who feared unrecognized infection and those who
feared over-diagnosis [7]. In 2016 and 2018, respectively, the
European and American Society of Infectious Diseases updated
diagnostic guidance documents for CDI, giving important
evidence about laboratory diagnosis [8, 9]. The most interesting evidences are the inappropriateness of any test used as a
stand-alone, the evaluation of new available tests and their
possible employment in integrating the diagnostic systems and
creating a necessary algorithm.
In our opinion, however, clinicians continue to have
difficulty interpreting those diagnostic results which are not
fully consistent with each other, or are incomplete. Therefore,
the aim of this work was to discover what is behind the socalled ‘difficult to interpret’ results and what can be extrapolated [4]. We report results obtained with C. difficile GDH
and toxin B EIA analyses on stools collected during 10 months
from patients suspected of suffering from CDI, including
repeat samples. When possible, we employed integrative diagnostic systems to reanalyze samples with routine discrepant
results.
2. MATERIALS AND METHODS
2.1. Patients and Setting
This study was a cohort study of consecutive patients
admitted to the San Martino Hospital in Genoa, Italy, and of
subjects in the community from the same regional area,
affected by diarrhea, from June 2013 to March 2014. Patient’s
stools were analyzed at the microbiology laboratory for TcdB
detection. All clinical specimens were collected and stored for
the study which was approved by the Institutional Ethics
Committee of San Martino University Hospital (n. reg. CEA
13/11-Progetto istMicro1/2011). We considered the total
number of patients and analyses, including those repeated for
single subjects and changes of results concerning single
patients over the time.
2.2. Microbiological Methods
Diarrheic stools were routinely analyzed for the presence
of C. difficile GDH and C. difficile toxin B with a Rapid
Membrane EIA, C. difficile Quik Chek Complete (Techlab
Inc.) within 1 hour from arrival at the laboratory and according
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to the manufacturer's instructions. Depending on the
availability of fecal material, GDH positive, toxin B negative
samples, the previously called “discrepant samples” [4], were
further analyzed by nucleic acid amplification test for C.
difficile toxin B gene (tcdB) and the more sensitive automated
immunoassay VIDAS C. difficile Tox A/B (BioMerieux) [10].
For the detection of tcdB, bacterial DNA was extracted from
stools with the automated device QIAcube (QIAGEN). Using
the extracted DNA, we performed Real-Time Polymerase
Chain Reaction (RT-PCR) using RealCycler CDIF (Progenie
Molecular), suitable to detect the tcdB gene directly from
stools, following the manufacturer’s instructions. Fifty-three
EIA GDH negative/toxin B negative samples were reanalyzed
with the automated immunoassay VIDAS C. difficile GDH
(BioMerieux).
2.3. Statistical Methods
The occurrence of the three possible outcomes from the
assay matching GDH and toxin B (positive/positive, negative
/negative, positive/negative) with respect to tests repeated over
time was tested by means of the multinomial logistic model
[11]. This model performed the ratio between the percentage of
positive results (GDH positive/toxin B positive and GDH
positive/toxin B negative) for the additional samples over time
with respect to the first sample, thus estimating Relative Risks
(RRs). These RRs were then compared with the analogous
relative risks estimated for the double negative GDH
negative/toxin B negative outcome, thus obtaining the Relative
Risks Ratio (RRR). The standard errors estimated from the
multinomial model were adjusted by the clustering effect due
to the repeated observations on the same subject. The Kappa
test was performed to evaluate the agreement between the
different assays. To avoid the influence of repeated measures,
the Kappa test was applied to the sum of positivity of each
assay [12].
3. RESULTS
3.1. Patients, Stools and Analyses with the Routine EIA
System
Over the study period, we routinely analyzed 815 diarrheal
stools from 502 subjects with EIA systems. Fig. (1) shows total
patients, disease onset according to EIA C. difficile GDH/ toxin
B results, total stools and the relevant EIA results, grouped
according to single or multiple stools. We did not show
epidemiological data concerning patients as they were not
relevant to our analysis. Table 1 shows that, in addition to the
334 (66.5%) patients with a single analysis, 168 (33.5%) (data
not shown) patients with multiple analyses, i.e., 72 (14.4%)
patients with multiple analyses always giving the same result,
positive, negative or discrepant, and 96 (19.1%) giving
different results over time. Sixty of them (11.9%) had positive
onset, 19 (3.8%) had negative onset and 17 (3.4%) discrepant
(data not shown).
Table 2 reports the results of the EIA system for GDH and
toxin B, stratified by single or multiple stools. Observing the
row of percentages, it is clear that the frequency of positivity
increases through multiple testing over time. The multinomial
logistic model was applied to test this hypothesis. This model
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shows that the probability of finding a positive result significantly increases by performing up to two or three replicates,
at least for +/– (RRR = 2.36; 95%CI = 1.54-3.60 and
RRR=3.74; 95%CI = 2.07-6.76 respectively; P <0.001) while
for +/+ the result is not significant (P = 0.206) (Table 3).

502
patients
with onset stool

124
CD
GDH+toxin B+

815
stools

68
CD
GDH+toxin B-

310
CD
GDH-toxin B-

502
patients

168
multiple stools
with onset

Table 3. Increase in frequency of C. difficile GDH/toxin B
EIA positivity stratified by multiple or single samples.
153
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GDH+toxin B-

463
CD
GDH-toxin B-
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GDH+toxin B+
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50 CD
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GDH-toxin B-

23 CD
GDH+toxin B-

45 CD
GDH-toxin B-
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Table 1. Patient cohort according to the number of
specimens collected and according the results of C. difficile
GDH/ toxin B EIA in fecal specimens.
Results

GDH+/toxin B+
[P=0.206]

Replicates Frequency Frequency RRR 95% Frequency RRR 95%
%
%
CI
%
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Fig (1). Flow chart of patients and the relevant laboratory results of
Clostridium difficile infections in stool samples by routine EIA system.

Specimen/s

using the integrative systems targeting tdB or the VIDAS C.
difficile toxin A/B and the VIDAS C. difficile GDH tests, and
the provenance according to patients and single or multiple
samples. Fig. (2) describes the total positive results for CDI
according to the stool sample during the time, obtained with
routine analyses and with the integrative tests utilized and
shown in Table 4.

Patients
Number

%

single

+/+

50

9.9

single

-/-

239

47.6

single

+/-

1

1

ref.

-, negative; +, positive ref., reference

Table 4. Results of C. difficile GDH/toxin B EIA analyses
according to the results obtained with integrative systems.
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Table 2. Results of C. difficile GDH/toxin B EIA, stratified
by multiple or single samples.
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3.2. Fecal Samples Analyzed with Integrative Tests
Table 4 shows, for descriptive purposes only, the relative
frequencies of the EIA GDH positive/toxin B negative and EIA
GDH negative/toxin B negative stools, which were positive

–

EIA Integrative Tests
CD
Toxin
B

–

total single

–

EIA
CD
GDH

–

tcdB PCR tcdB
+
PCR 50

71 (71)

10

19
(59.4)
29 (29)

VIDAS VIDAS
toxin B + toxin B
-

variable negative negative 24 (44.4)

30
(55.6)

Percentage values relative to the stools column are in brackets. *, percentage
value refers to the sum of lines 1 and 2.

3.2.1. Samples analyzed with PCR for tcdB
We selected 100 fecal samples, 68 EIA discrepant and 32
double negative, where to search for tcdB with the RealCycler
CDIF assay. Out of the 68 EIA discrepant samples, 85.3%
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were tcdB positive, while tcdB positivity decreased to 71%
among all one-hundred selected samples. In fact, the tcdB
positivity percentage among the 32 negative EIA samples was
40.6% and attributed greater sensitivity to PCR for toxin gene
compared to the EIA system for GDH. All eight discrepant
stools of patients who had always given the same discrepant
result were tcdB positive. This is noteworthy because,
assuming that the individual patient had the same intestinal C.
difficile strain in a short time, it leads us to consider the role of
genetic groups, hyper virulent or not, in the genesis of
discrepant results [3]. Thirty-two stools were EIA negative
from 23 patients giving variable results over time, half of
which also had discrepant EIA results and belonged to the
aforementioned group of 44 subjects. Three EIA negative
subjects had both positive and negative tcdB. Compared to
GDH EIA tests, tcdB assay shows an agreement, i.e., the
relative frequency when the two methods are jointly positive or
negative, of 69.4%. Applying the Kappa test to check the
repeatability between the two methods, the hypothesis of a
random agreement, estimated to be 42.1%, was rejected with a
P <0.001.

method [10]. Positive VIDAS toxin B stools were globally 24
out of 39. Out of the 24 VIDAS toxins positive stools, only 9
were onset samples, while 15 from 13 patients were repeats
(data not shown). The observed agreement with GDH is 60.0%,
quite different from the random one of 46.2%, thus the random
agreement hypothesis was rejected by the Kappa test (P
<0.001).
3.2.3. Samples analyzed with the automated immu-noassay
VIDAS C. difficile GDH
We analyzed 54 EIA GDH negative/toxin B negative
samples with the VIDAS C. difficile GDH test, in order to
confirm the greater sensitivity of this system on the GDH target
with respect to EIA. We selected these samples as likely to be
positive, in that coming from 36 patients with variable results.
We obtained 24 VIDAS C. difficile GDH positive results and
30 negative. Out of 24 VIDAS GDH positive stools, only 5
were onset samples, while 19 from 17 patients were repeats,
and 11 preempted those obtained with the EIA system (data not
shown). Since the observed and the expected agreement with
EIA GDH were only slightly different (50.0 and 47.2
respectively) the Kappa test suggested that the concordance
between the two assays was not significant (P = 0.138). Out of
24 EIA GDH negative stools retested with both VIDAS for
GDH and PCR for tcdB, 15 were GDH positive and 9 were
negative, while 12 were tcdB positive and 12 were negative
(data not shown).

3.2.2. Samples analyzed with the automated immunoassay
VIDAS C. difficile Tox A/B
We selected 39 toxin B EIA negative samples where tcdB
and GDH EIA positivity ensured, respectively, the presence of
toxigenic strains and germinating conditions, to search for
toxin B with a test more sensitive than EIA, the VIDAS

6
Relative frequency of positive test (%)

100
90
80
12

70

17

24

9

18

5
8

60

30

8

81

50
40

44

35

192
5
124

6
21
18

36
1

20
10
0
1st Sample

2nd Sample

3rd Sample

4th Sample or more

CD GDH (502 / 168 /72 / 73)
CD toxin B (502 / 168 / 72/ 73)
tcdB (18 / 33 / 26 / 23)
CD GDH VIDAS (8 / 15 / 14 / 17)
CD toxin B VIDAS (13 / 14 / 6 / 6)

Fig (2). Total positive results for Clostridium difficile infection deriving from onset and repeat analyses over time performed with routine EIA
GDH/toxin B system and with integrative tests, i.e., RT-PCR for tcdB, the automated immunoassay VIDAS C. difficile Tox A/B and the automated
immunoassay.
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4. DISCUSSION
In the last years, a better knowledge of C. difficile infection
clarified some misleading points, which previously had
increased the intrinsic limits of diagnostic tools. The main
achievement is represented by the fact that over diagnosis is no
longer contested with evidence of cases of underdiagnoses, and
vice versa [13 - 16]. Actually, the diagnostic guidance
recommendation for using a diagnostic algorithm just arises
from awareness that various pathogenic frameworks, due to the
same bacterium, are possibly present behind various
unsatisfying diagnoses or fragments of results, and cannot be
distinguished by a single test alone [8, 9]. Nevertheless, CDI
diagnosis remains complex, more than that of most bacterial
infections [3]. In our opinion, some viewpoints do remain
unconvincing, such as the idea of possible toxins’ degradation,
and prevent clinicians from having a vision clear enough to
extrapolate what is best for the individual patient from diagnostic results.
We evaluated the first and the additional analyses of all
subjects suspected of being affected by CDI, to know the
dynamic of the infection, to select samples for analyses with
integrative tests and to frame the relevant results in the right
context.
One third of our cohort was composed of subjects who
gave subsequent samples over time. More than one third of the
stools were repeats. This aspect primarily shows a lack of
confidence in the tests for CDI detection, which led to the
disregard, in our institution, of the recommendation not to
repeat tests [8].
Data from routine analyses show that, by performing up to
three or four new EIA analyses, the probability of detecting
GDH positivity significantly increases, while that of finding
toxin B positivity increases less clearly. In the past, the
possible benefit deriving from repeated testing using CCNA,
PCR for tcdB and the EIA system for toxins was excluded [17 19]. It is possible that the most sensitive analyses, as well as
the least sensitive one, were equally indifferent to possible
changes in bacterial amount during infection. Different to the
EIA GDH performance observed here, CCNA and PCR for
tcdB may not require peaks in quantity to detect their targets,
and EIA toxin B sensitivity may never reach the detection
threshold.
Previous studies showed that C. difficile bacterial load in
infection, expressed as CFU/g or tcdB DNA copies/mL,
positively correlates with stools positive for tcdB and even for
toxins’ products detected with the EIA system [20, 21]. Other
works reported the same correlation indirectly, through the
degree of severity of the cases [16, 22, 23]. Therefore, results
varying over time within single subjects could indirectly
indicate variable fecal loads of C. difficile, that, probably as in
other infections, follows a sort of growth curve. We did not
consider the gain in positivity of the repeats obtained with
integrative tests, even if apparently evident, in that we
performed a precise selection of stools eligible for further
analyses, distorting our epidemiology.
We absolutely do not propose additional samples to
achieve a diagnostic certainty, in that this would contradict the
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need for fast results. Moreover, EIA GDH multiple analyses
would not be exhaustive, yielding a gain in positivity resulting
from the intermediate sensitivity, while recovery of positivity
for EIA toxins would not be significant. We analyzed results
from repetitions just to confirm the bacterial dynamics we had
hypothesized, which in turn is partly responsible for the
complexity of CDI diagnosis, and which, in our opinion, must
be taken into account.
Out of the thirty-nine EIA discrepant/tcdB positive
samples, which indicated the presence of vegetative and
toxigenic strains, twenty-four were positive for C. difficile
toxin B with the VIDAS ToxinA/B test. Given the low quantity
of many feces, these results are partial, when compared to the
total number. However, we can assert that, in these samples,
CD toxin was present, detectable with a test more sensitive
than the routine one, and not degraded, as instead emerged
from other works [21, 24 - 26]. In our opinion, toxin quantity
under the detection threshold of the EIA, and more rarely under
the threshold of VIDAS system, whose higher sensitivity
compared to EIA is also confirmed on GDH target, is the most
plausible explanation for GDH positive, toxins negative, tcdB
positive results. The toxins’ instability had already been
considered responsible for the greater sensitivity of Toxigenic
Cultures (TC) compared to CCNA [7]. It is now ascertained
that the greater sensitivity of TC, compared to detection toxin
products’ detection, is illusory and due to the low specificity of
the method that, like PCR for tcdB, also detects spore forms
[16].
Our results, as well as those of authors here cited, lead us
to disagree with the specific proposal to follow with EIA
systems for CD toxins the positivity of CDI algorithms started
with EIA GDH or with PCR for tcdB [8, 9, 27]. In fact, EIA
systems for toxins detection are not sensitive enough to
conclude the algorithm in case of its own negativity.
Furthermore, given the current availability of EIA tests
complete for both GDH and toxins A/B, the choice of GDH
alone as the first step of the algorithm is not clear, and testing
for toxins in sequence would be a step backwards. Companies
improved EIA systems for CDI with GDH to recover samples
that would be negative when evaluated for toxins alone, and to
address the search for tcdB only where it is worthwhile. That is
where GDH indicates CD germination but the toxins’ products
are not detected. However, the present data on the greater
sensitivity of VIDAS and on its ability to anticipate GDH
detec-tion compared to EIA, although few, show the possibility
that EIA does not detect a GDH positivity that would otherwise
be detectable. Since the VIDAS system is not manageable as
EIA, the same VIDAS for GDH is not suitable as a starting
point for a routine algorithm. Moreover, here, we confirmed
the higher sensitivity of PCR for tcdB compared to both EIA
and VIDAS for GDH, due in part to the molecular method
itself, which is indeed amplification, and partly to the different
target [3].
VIDAS C. difficile GDH. On top of the columns are the
absolute numbers of positive results. The frame containing the
legend of tests utilized, shows the total number of 1st samples
(onset assay) and those of the 2nd, 3rd, and 4th samples (repeat
assays), in brackets.
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The bacterial dynamic we observed by following a large
number of subjects over time, and the variables it can
contribute to create, confirm the great complexity of the
disease. This imposes, in turn, an unequivocal diagnostics, only
achievable through an algorithm. We think that, in the current
state of technology, the beginning of CDI algorithm should be
entrusted to the search for tcdB, nowadays manageable.
Positive cases, in which it is worth continuing the
investigation, in small quantities, should be followed by
VIDAS GDH, to exclude spore forms. In fact, in our opinion, it
is preferable to begin any diagnostic process with the more
sensitive method, especially when it is possible to correct its
poor specificity, rather than underestimating a disease.
CONCLUSION

We thank Dr. Jennifer McDermott for English editing
REFERENCES
[1]

[2]

[3]

[4]

The above mentioned algorithm is quite feasible with the
current tools, although these are not available in all diagnostic
laboratories. Anyway, even incomplete results, and those
somewhat discordant, can be correctly interpreted and utilized
by physicians. Faecal CD GDH alone, not supported by toxins
or tcdB positivity, not found or not searched, represents the risk
of germination for any new toxigenic strains. The tcdB
positivity alone, not supported by the presence of GHD and
toxins’ products, not found or not searched, indicates the faecal
presence of C. difficile spore forms that can germinate when
the environment is suitable, condition underlying CDI recurrence [13, 28]. The algorithm itself must be clearly interpreted
as a diagnostic path that distinguishes the low amount of toxin
from the non-toxigenic C. difficile, and germination or not of
toxigenic strains.
ETHICS
APPROVAL
PARTICIPATE

ACKNOWLEDGEMENT

AND

CONSENT

[5]

[6]

[7]

[8]

TO
[9]

The study was approved by the Institutional Ethics
Committee of San Martino University Hospital (n. reg. CEA
13/11-Progetto istMicro1/2011), Italy.
[10]

HUMAN AND ANIMAL RIGHTS
Not applicable.
CONSENT FOR PUBLICATION

[11]

Informed consent was obtained from each participant.
[12]

STANDARD OF REPORTING

[13]

STROBE guidelines and methodology were followed.
AVAILABILITY OF DATA AND MATERIALS

[14]

Not applicable.
FUNDING

[15]

None.
CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or
otherwise.

[16]

Voth DE, Ballard JD. Clostridium difficile toxins: Mechanism of
action and role in disease. Clin Microbiol Rev 2005; 18(2): 247-63.
[http://dx.doi.org/10.1128/CMR.18.2.247-263.2005]
[PMID:
15831824]
Thorpe CM, Kane AV, Chang J, Tai A, Vickers RJ, Snydman DR.
Enhanced preservation of the human intestinal microbiota by
ridinilazole, a novel Clostridium difficile-targeting antibacterial,
compared to vancomycin. PLoS One 2018; 13(8): e0199810.
[http://dx.doi.org/10.1371/journal.pone.0199810] [PMID: 30071046]
Burnham CA, Carroll KC. Diagnosis of Clostridium difficile infection:
An ongoing conundrum for clinicians and for clinical laboratories.
Clin Microbiol Rev 2013; 26(3): 604-30.
[http://dx.doi.org/10.1128/CMR.00016-13] [PMID: 23824374]
Stahlmann J, Schönberg M, Herrmann M, von Müller L. Detection of
nosocomial Clostridium difficile infections with toxigenic strains
despite negative toxin A and B testing on stool samples. Clin
Microbiol Infect 2014; 20(9): O590-2.
[http://dx.doi.org/10.1111/1469-0691.12558] [PMID: 24450741]
Cançado GGL, Silva ROS, Nader AP, Lobato FCF, Vilela EG. Impact
of simultaneous glutamate dehydrogenase and toxin A/B rapid
immunoassay on Clostridium difficile diagnosis and treatment in
hospitalized patients with antibiotic-associated diarrhea in a university
hospital of Brazil. J Gastroenterol Hepatol 2018; 33(2): 393-6.
[http://dx.doi.org/10.1111/jgh.13901] [PMID: 28730697]
Thanissery R, Winston JA, Theriot CM. Inhibition of spore
germination, growth, and toxin activity of clinically relevant
C. difficile strains by gut microbiota derived secondary bile acids.
Anaerobe 2017; 45: 86-100.
[http://dx.doi.org/10.1016/j.anaerobe.2017.03.004] [PMID: 28279860]
Wilcox MH, Planche T, Fang FC, Gilligan P. What is the current role
of algorithmic approaches for diagnosis of Clostridium difficile
infection? J Clin Microbiol 2010; 48(12): 4347-53.
[http://dx.doi.org/10.1128/JCM.02028-10] [PMID: 20980568]
Crobach MJ, Planche T, Eckert C, et al. European society of clinical
microbiology and infectious diseases: Update of the diagnostic
guidance document for Clostridium difficile infection Clin Microbiol
Infect 2016; 22(Suppl. 4): S63-81.
[http://dx.doi.org/10.1016/j.cmi.2016.03.010] [PMID: 27460910]
McDonald LC, Gerding DN, Johnson S, et al. Clinical practice
guidelines for Clostridium difficile infection in adults and children:
2017 update by the Infectious Diseases Society of America (IDSA)
and Society for Healthcare Epidemiology of America (SHEA). Clin
Infect Dis 2018; 19;66(7): e1-e48.
Eastwood K, Else P, Charlett A, Wilcox M. Comparison of nine
commercially available Clostridium difficile toxin detection assays, a
real-time PCR assay for C. difficile tcdB, and a glutamate
dehydrogenase detection assay to cytotoxin testing and cytotoxigenic
culture methods. J Clin Microbiol 2009; 47(10): 3211-7.
[http://dx.doi.org/10.1128/JCM.01082-09] [PMID: 19710274]
Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic
Regression. 3rd ed. Hoboken, NJ: Wiley 2013.
[http://dx.doi.org/10.1002/9781118548387]
Altman DG. Practical Statistics for Medical Research 403-405
London. Chapman & Hall/CRC 1991.
Mori N, Yoshizawa S, Saga T, et al. Incorrect diagnosis of
Clostridium difficile infection in a university hospital in Japan. J Infect
Chemother 2015; 21(10): 718-22.
[http://dx.doi.org/10.1016/j.jiac.2015.06.009] [PMID: 26238001]
Alcalá L, Martín A, Marín M, et al. The undiagnosed cases of
Clostridium difficile infection in a whole nation: Where is the
problem? Clin Microbiol Infect 2012; 18(7): E204-13.
[http://dx.doi.org/10.1111/j.1469-0691.2012.03883.x]
[PMID:
22563775]
Diekema DJ. Rising stakes for health care-associated infection
prevention: Implications for the clinical microbiology laboratory. J
Clin Microbiol 2017; 55(4): 996-1001.
[http://dx.doi.org/10.1128/JCM.02544-16] [PMID: 28122873]
Polage CR, Gyorke CE, Kennedy MA, et al. Overdiagnosis of
Clostridium difficile infection in the molecolar test era. JAMA Intern
Med 2015; 175(11): 1792-801.
[http://dx.doi.org/10.1001/jamainternmed.2015.4114]
[PMID:

Analysis of Routine and Integrative Data

[17]

[18]

[19]

[20]

[21]

[22]

26348734]
Borek AP, Aird DZ, Carroll KC. Frequency of sample submission for
optimal utilization of the cell culture cytotoxicity assay for detection of
Clostridium difficile toxin. J Clin Microbiol 2005; 43(6): 2994-5.
[http://dx.doi.org/10.1128/JCM.43.6.2994-2995.2005]
[PMID:
15956442]
Mohan SS, McDermott BP, Parchuri S, Cunha BA. Lack of value of
repeat stool testing for Clostridium difficile toxin. Am J Med 2006;
119(4): 356.e7-8.
[http://dx.doi.org/10.1016/j.amjmed.2005.08.026] [PMID: 16564786]
Aichinger E, Schleck CD, Harmsen WS, Nyre LM, Patel R. Nonutility
of repeat laboratory testing for detection of Clostridium difficile by use
of PCR or enzyme immunoassay. J Clin Microbiol 2008; 46(11):
3795-7.
[http://dx.doi.org/10.1128/JCM.00684-08] [PMID: 18784320]
Dionne LL, Raymond F, Corbeil J, Longtin J, Gervais P, Longtin Y.
Correlation between Clostridium difficile bacterial load, commercial
real-time PCR cycle thresholds, and results of diagnostic tests based
on enzyme immunoassay and cell culture cytotoxicity assay. J Clin
Microbiol 2013; 51(11): 3624-30.
[http://dx.doi.org/10.1128/JCM.01444-13] [PMID: 23966497]
Leslie JL, Cohen SH, Solnick JV, Polage CR. Role of fecal
Clostridium difficile load in discrepancies between toxin tests and
PCR: is quantitation the next step in C. difficile testing? Eur J Clin
Microbiol Infect Dis 2012; 31(12): 3295-9.
[http://dx.doi.org/10.1007/s10096-012-1695-6] [PMID: 22814877]
Reigadas E, Alcalá L, Marín M, et al. Clinical significance of direct
cytotoxicity and toxigenic culture in Clostridium difficile infection.
Anaerobe 2016; 37: 38-42.

The Open Microbiology Journal, 2019, Volume 13 349

[23]

[24]

[25]

[26]

[27]

[28]

[http://dx.doi.org/10.1016/j.anaerobe.2015.10.003] [PMID: 26505927]
Origüen J, Corbella L, Orellana MA, et al. Comparison of the clinical
course of Clostridium difficile infection in glutamate dehydrogenasepositive toxin-negative patients diagnosed by PCR to those with a
positive toxin test. Clin Microbiol Infect 2018; 24(4): 414-21.
[http://dx.doi.org/10.1016/j.cmi.2017.07.033] [PMID: 28811244]
Crobach MJT, Baktash A, Duszenko N, Kuijper EJ. Diagnostic
guidance for C. difficile infections. Adv Exp Med Biol 2018; 1050:
27-44.
[http://dx.doi.org/10.1007/978-3-319-72799-8_3] [PMID: 29383662]
Postma N, Kiers D, Pickkers P. The challenge of Clostridium difficile
infection: Overview of clinical manifestations, diagnostic tools and
therapeutic options. Int J Antimicrob Agents 2015; 46(Suppl. 1):
S47-50.
[http://dx.doi.org/10.1016/j.ijantimicag.2015.11.001]
[PMID:
26612229]
Martínez-Meléndez A, Camacho-Ortiz A, Morfin-Otero R,
Maldonado-Garza HJ, Villarreal-Treviño L, Garza-González E. Current knowledge on the laboratory diagnosis of Clostridium difficile
infection. World J Gastroenterol 2017; 23(9): 1552-67.
[http://dx.doi.org/10.3748/wjg.v23.i9.1552] [PMID: 28321156]
Gateau C, Couturier J, Coia J, Barbut F. How to diagnose infection
caused by Clostridium difficile. Clin Microbiol Infect 2018; 24(5):
463-8.
[http://dx.doi.org/10.1016/j.cmi.2017.12.005] [PMID: 29269092]
Seekatz AM, Rao K, Santhosh K, Young VB. Dynamics of the fecal
microbiome in patients with recurrent and nonrecurrent Clostridium
difficile infection. Genome Med 2016; 8(1): 47.
[http://dx.doi.org/10.1186/s13073-016-0298-8] [PMID: 27121861]

© 2019 Piatti et al.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

