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In 2010, we published an initial point-counterpoint on laboratory diagnosis of C. difficile
infection (CDI). At that time, nucleic acid amplification tests (NAATS) were just becoming
commercially available, and the idea of algorithmic approaches to CDI was being explored.
Now there are numerous NAATs in the marketplace and based on recent proficiency test
surveys, they have become the predominant method used for CDI diagnosis in the United States.
At the same time, there is a body of literature that suggests that NAATSs lack clinical specificity
and thus inflate CDI rates. Hospital administrators are taking note of institutional CDI rates
because they are publicly reported. They have become an important metric impacting hospital
safety ratings and value-based purchasing where hospitals may have millions of dollar of
reimbursement at risk. In this point-counterpoint using a Frequently Asked Question approach,
Ferric Fang of the University of Washington, who has been a consistent advocate for NAAT-
only approach for CDI diagnosis, will discuss the value of a NAAT-only approach, while
Christopher Polage of the University of California-Davis and Mark Wilcox of Leeds University,
UK, who have each recently written important articles on the value of toxin detection in the

diagnosis, will discuss the impact of toxin detection in CDI diagnosis.
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Frequently Asked Questions

1.

Why is there so much controversy about the performance of C. difficile diagnostic tests?

Fang- Diagnostic tests detect either toxigenic C. difficile or its toxins. Many labs have switched

from toxin assays to NAATs that detect toxigenic C. difficile in order to maximize
sensitivity, as toxin assays were previously missing cases of clinically significant CDI.
However some recent studies have highlighted that NAATs can be positive in colonized
patients without disease, and patients with positive toxin assays may have a worse prognosis
than those with a positive NAAT only (1, 2). This has renewed controversy about the

optimal approach to diagnosis CDI.

Polage and Wilcox- The performance of C. difficile diagnostic tests is controversial for 4

reasons:

D

2)

There is no reliable clinical or laboratory definition for CDI that accurately distinguishes true
CDI from non-CDI-related symptoms in all patients (3). Most diarrhea in hospitals is not due
to CDI and virtually all clinical signs and symptoms of CDI are non-specific and occur
commonly in patients without CDI (4, 5). Asymptomatic C. difficile colonization is also
common in hospitals, particularly among patients who get selected for C. difficile testing due
to shared risk factors between colonization and CDI (6, 7). Thus, the positive predictive
value of detecting toxigenic C. difficile in routine diarrheal samples submitted to the
laboratory is low and insufficient to diagnose CDI (1-3, 7).

The measured performance of C. difficile diagnostic tests is highly dependent on the
definition of CDI and ratio of CDI to colonization in the population being tested (2, 3, 8). For
example, toxin tests are sensitive (and agreement with toxigenic culture is high) in patients

with pseudomembranous colitis due to the high ratio of CDI to colonization in this
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3)

4

population (8). Conversely, toxin tests appear less sensitive in routine stool samples
submitted to the laboratory due to frequent overlap of non-CDI diarrhea with C. difficile
colonization and the lower ratio of CDI to colonization in this population (1-3, 8,9).
Anecdotal experiences with cases of severe CDI missed by toxin tests have promoted a desire
for absolute sensitivity regardless of specificity and an erroneous belief that all patients with
toxigenic C. difficile and diarrhea have CDI as the cause of their symptoms (9-14).
Widespread misclassification of non-CDI diarrhea in patients with C. difficile colonization as
‘CDI’ has reinforced the belief that toxin tests are insensitive for CDI without systematic
investigation to verify the true frequency of disease (2, 9, 11, 15-17).

C. difficile tests vary in performance accuracy, including those with the same target; for
example, there are marked and sometimes significant differences in sensitivity and specificity
between commercial toxin detection tests (1, 3, 9). Thus, use of less well performing tests

can reinforce perceptions driven by other factors (above).

Editor’s comment: The measured accuracy of any diagnostic test is dependent upon the

reference test to which the diagnostic test is being compared. The American Society for

Microbiology has a group that is currently working on an evidence based practice guideline for

laboratory detection of C. difficile infection. There are over 15 different reference methods that

have appeared in this literature some of which are clearly biased. This lack of a standard

reference method to define C. difficile infection clearly complicates an already very complicated

literature and there is no consensus in sight.

2.

What are the effects of using nucleic acid amplification testing for C. difficile on C.

difficile infection data that institutions report to public health authorities?
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94 initially increase the apparent infection rate at an institution. However, this is mitigated by
95 two factors. First, the National Health Safety Network applies a correction factor for
96 institutions that use NAATs to diagnosis CDI, so that institutions using more sensitive
97 diagnostic methods will not be penalized (18). Second, the greater detection of toxigenic C.
98 difficile by NAATs can facilitate more effective infection control measures so that
99 institutional infection rates subsequently decline (19-21). This has been the experience at my
100 own institution, where several years ago our CDI rates fell within a few months of
101 introducing NAAT and have remained low ever since. The sensitive detection of toxigenic
102 C. difficile can facilitate efforts to reduce institutional transmission. That said, public health
103 agencies must recognize that laboratory data alone cannot be used to accurately monitor CDI
? 104 rates, as laboratory tests detect both colonized and infected patients.
%
§ 105 Polage and Wilcox- When positive laboratory test results are used as the sole measure of
106 healthcare facility-onset CDI — as is currently the case for most hospitals in the United States
107 — NAAT-based CDI diagnosis can have a dramatic effect on the number of CDI cases
108 institutions report publically and affect hospital reimbursement under value-based payment
109 programs (18, 22-24). This is because NAAT-based CDI testing results in public reporting of
110 all fecal toxin-negative samples with toxigenic C. difficile as positive regardless of clinical
111 disease or treatment. Most hospitals using NAAT or GDH immunoassay plus NAAT for CDI
112 diagnosis see an increase in the number of ‘CDI cases’ reported publically by 1.5 to 3-fold
113 over rates derived from toxin tests (18, 23, 24). The NAAT-related increase is partially
114 accounted for by an adjustment in the NHSN standardized infection ratio (SIR) calculation
115 used to compare hospital performance, but the current adjustment does not fully correct for
5
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116 the increased number of positive results at all hospitals (24). This might be appropriate if all
117 toxin-negative patients with C. difficile detected by NAAT had CDI clinically, but this is not
118 the case (2, 3, 8). Recent outcome studies show that most toxin-negative patients with C.
119 difficile detected by NAAT or culture recover spontaneously without treatment and have a
120 significantly lower rate of adverse events than toxin-positive patients; furthermore, the
121 duration of symptoms for toxin-negative patients with C. difficile detected by NAAT is
122 similar to that for C. difficile-negative control patients (1, 2, 25). These findings suggest that
123 using NAAT as a standalone test for CDI diagnosis results in a considerable amount of over-
124 diagnosis that has important clinical, financial, and reputational implications for hospitals (2,
125 25). For this reason, guidelines in the UK and Europe now recommend toxin testing to
126 confirm CDI in NAAT-positive patients, and consideration of other causes for symptoms

? 127 before diagnosis and treatment of CDI in toxin-negative patients (3).

el

‘g

0

G 128

=

129 3. Should GDH immunoassays be used as a screening test to determine which stool
130 specimens should be subjected to toxin or nucleic acid amplification testing for C.

131 difficile?

132 Fang- GDH immunoassays are more sensitive than toxin assays and can be used to screen

133 specimens for the presence of C. difficile (26). However GDH is expressed by both toxigenic

134 and non-toxigenic strains of C. difficile, so GDH-positive specimens must be further tested

135 using NAAT and/or toxin assays. Such an approach is less expensive than performing

136 NAAT on all specimens but is also less sensitive, particularly for non-027 strains (27, 28).

137 This is not because of strain-dependent differences in GDH expression but most likely
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because 027 strains tend to attain higher organism burdens. The calculated sensitivity of the
GDH immunoassay is dependent on the sensitivity of the comparator method, and studies
including a blinded multi-center trial using the most sensitive comparators (NAAT and
toxigenic culture with detection of both spores and vegetative cells) have shown that GDH
assays miss approximately 20% of specimens detected by NAAT in patients with
symptomatic CDI (17, 27, 28). In short, a GDH-based algorithm is less costly but sacrifices

sensitivity.

Polage and Wilcox- GDH detection is sensitive for CDI because C. difficile vegetative cells

express and secrete GDH extracellularly, and GDH may play a role in C. difficile
colonization in vivo (29). As a result, most clinical samples with toxigenic C. difficile
detectable by culture or NAAT are positive by GDH immunoassays and virtually all samples
with toxins detectable are positive for GDH (3, 9, 30). The occasional samples that are
positive by NAAT but negative for GDH have a low concentration of C. difficile and no
toxins, suggesting that these are most likely C. difficile carriers or patients on treatment (30).
Most laboratory comparisons find that GDH immunoassays are >90% sensitive for C.
difficile, as confirmed by two meta-analyses; a few studies report slightly lower sensitivities
in the range of 83.1-87.6% (3, 9, 26). In the most recent meta-analysis, the pooled sensitivity
of GDH immunoassays was 94% (95% CI, 89-97%) and 96% (95% CI, 86-99%) relative to
cell cytotoxin neutralization assay and toxigenic culture, respectively; the pooled specificity
was 90-96% (3). Finally, recent studies showed that GDH expression is a reliable
characteristic of all common C. difficile strains, contradicting an earlier study, which
hypothesized that differential GDH expression might explain the lower sensitivity of two-

step immunoassay algorithms for some C. difficile ribotypes (9, 27). In summary, GDH

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
[
U2l
(0]
(N
i
O
"
Q
&)
o)
(=
=
O
()
—
Q.

(19)
\9)
9
<(

161 immunoassays are less expensive and modestly less sensitive as a screening test than some
162 NAAT; NAAT are generally more sensitive, specific, and expensive. Samples that test
163 positive by either method should be retested by a fecal toxin A/B immunoassay to confirm
164 clinical CDI disease (3). Individual laboratories should choose the C. difficile screening test
165 and algorithm that works best in their lab and institution.

166

167 4. What is the most cost-effective strategy for C. difficile diagnosis?

168  Fang- Although immunoassay methods are less costly for the laboratory than NAATS, a recent

169 cost-effectiveness analysis has determined that NAAT is the most cost-effective approach
170 from an institutional standpoint due to the $9,000 to $13,000 cost of each missed case of CDI
171 (31). Another study found that patients diagnosed with CDI by NAAT had a two-day shorter

P

%) 172 median length of stay compared to patients diagnosed by toxin immunoassay, even though

§ 173 the patients did not differ with regard to co-morbidity, prior hospitalizations, laboratory
174 parameters or mortality (32). Length of stay is an important contributor to the financial costs
175 of CDI (33, 34), and the authors suggested that the sensitive NAAT assay might result in
176 more timely diagnosis and treatment (32). In addition, reliance on a less sensitive diagnostic
177 method may lead to more empiric therapy (35) and repeat laboratory testing, because
178 clinicians lack confidence in a negative result. Thus, the use of NAAT can promote
179 responsible antimicrobial stewardship and reduce unnecessary antibiotic and laboratory
180 utilization.

181  Polage and Wilcox- The latest guidelines recommend a two or three-step algorithm as the most

182 effective strategy to diagnose CDI and minimize over-diagnosis of C. difficile colonized
183 individuals who have other causes of their diarrheal symptoms (3). The algorithm should
8

Microbiology

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
[
U2l
(0]
(N
i
O
"
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
9
<(

Microbiology

Microbiology

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

start with a rapid and sensitive screening test with high negative predictive value for CDI,
such as a GDH immunoassay or NAAT, to minimize empiric isolation and treatment of non-
CDI patients (3). Samples with a positive screening test should be retested with a toxin A/B
immunoassay to identify patients with toxins, who have the highest likelihood of CDI
clinically and need for treatment (3). Patients with toxigenic C. difficile but no fecal toxins
need additional clinical evaluation to distinguish incidental C. difficile colonization (most
patients) from CDI with a negative toxin test (fewer patients) (3). The overall sensitivity and
specificity of this approach was verified in a multicenter prospective study in the UK and
supported in a recent meta-analysis (1, 3). The emphasis on fecal toxin detection in this
algorithm to identify patients with high (toxin-positive patients) and low (toxin-negative
patients) likelihoods of clinical CDI disease is supported by outcome studies in multiple
countries (1, 2, 8, 25). In terms of cost, new economic models are needed to determine which
strategy is best since previous models inappropriately assumed that patients with toxigenic C.
difficile and negative toxin tests had CDI and overlooked the costs of CDI over-diagnosis,

including decreased hospital reimbursement (31, 36).

Editor’s comment: A March 2016 survey of 70 members of Clinmicronet, a global list serve of

doctoral clinical microbiologists showed that 55 laboratories used a NAAT only approach
while 9 used a GDH/toxin screen with PCR confirmation for GDH/toxin discrepant
specimens. CAP surveys of C. difficile testing also show a preponderance of laboratories
using a NAAT only approach. Only 6 of 70 respondents used the algorithm of a GDH or
NAAT screen with toxin confirmation of screen positive results described by Polage and

Wilcox. Three laboratories were considering changing to this approach. One microbiologist
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227

commented that the decision to change to this algorithm was driven by hospital

administration belief that using this approach would reduce reported CDI rates.

. Why do studies of symptoms and clinical outcomes in patients who have C.

difficile DNA or bacteria but not toxins in stool reach such different conclusions?

Fang- NAATSs and culture-based methods are more sensitive but less specific, whereas toxin

assays are less sensitive but more specific. Thus, patient selection is critically important for
the proper interpretation of test results. With regard to specificity, it is important to
recognize that no C. difficile diagnostic assay is completely specific for clinical disease.
Production of toxin is essential but not sufficient for disease, and even patients with high
fecal toxin levels may be asymptomatic (37, 38), particularly if they have toxin-neutralizing
antibodies (39). With regard to sensitivity, it is equally important to recognize that toxin
assays can be negative in patients with symptomatic (and even life-threatening) CDI (10, 13,
40, 41). The insensitivity of toxin assays has been demonstrated even for cases of
pseudomembranous colitis and was a major consideration leading to the development of
more sensitive NAAT assays. In fact, a false-negative toxin assay is a risk factor for a fatal
outcome in patients with fulminant CDI (10), and I note that one of the toxin-negative
patients in the Polage study (2) "had recurrent CDI as a contributing factor to death." The
bottom line is that a negative toxin assay cannot rule-out the possibility of CDI. On the other
hand, the greater sensitivity of NAAT or culture-based diagnostic methods can increase the
likelihood of false-positive results, particularly in patients with a low clinical probability of

C. difficile-associated disease. Exclusion of patients who fail to meet the clinical definition

10
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250

of diarrhea (or have formed stools), are receiving laxatives, or have previously tested
positive, can help to reduce the number of false-positive results. The best way to avoid false-
positive test results is to restrict diagnostic testing to patients who have clinical presentations
consistent with CDI, and inappropriate testing can account for many of the reported instances
of "overdiagnosis" (1, 2). Institutional guidelines with clear criteria for diagnostic testing can
be helpful in this regard.

Some have advocated the performance of both NAAT and toxin assays to optimize
patient management. However the data are conflicting. Although some studies suggest that
patients with positive toxin assays have a worse prognosis than those with positive NAAT
only (1, 2), many other carefully conducted studies involving more than 2,000 patients have
not found toxin assays to be predictive of symptoms, disease severity, mortality,
transmissibility or recurrence (15, 16, 38, 42-44). In any case, whether the detection of toxin
is indicative of a worse prognosis is beside the point. The notion that a toxin assay can
distinguish between colonization and infection is fundamentally flawed-- the distinction
between colonization and infection is a clinical one and cannot be based on laboratory
assessment alone. As Dubberke and Burnham have noted, one must "treat the patient, not the
test" (45). Some patients with positive toxin assays have asymptomatic colonization (37,
38), and some patients with negative toxin assays have CDI (10, 13, 15, 16, 40-44). More
than half of patients with symptomatic CDI would be missed by reliance on a toxin
immunoassay (15, 16, 42-44), an unacceptably high proportion of false-negative results.
Furthermore, patients with NAAT-positive/toxin-negative specimens may convert to toxin-
positive on re-testing; this was observed in 21% of individuals undergoing re-testing in the

Polage study (2). I recommend using a negative NAAT to rule-out the possibility of CDI and

11
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a positive NAAT to indicate the possibility of CDI in a patient with a compatible clinical
presentation; using this approach, toxin assays are unnecessary. Treatment decisions should
be based on clinical assessment and the presence or absence of toxigenic C. difficile, not on
the ability or failure to detect fecal toxin.

I feel compelled to point out a self-contradiction in the European guidelines that advocate
toxin testing. On one hand the guidelines acknowledge that "the decision to treat CDI is
ultimately a clinical decision. . . treatment should not be withheld on the basis of laboratory
tests alone"-- but on the other hand, they state that "using NAAT as a stand-alone test and
relying on clinical symptoms to discern patients from CDI from asymptomatic carriers is not
an optimal approach. . . samples with a positive result should be tested further with a toxin
EIA" (3). On what should treatment decisions be based, clinical assessment or the presence
of toxin? No wonder clinicians are confused.

I strongly disagree with the suggestion that a negative toxin assay means that a patient is
only colonized and not infected (1); such a simplistic approach is likely to result in the under-
diagnosis of CDI and harm to patients. Although some suggest that symptomatic patients
with CDI and negative toxin assays have self-limited disease that will resolve without
treatment (1, 2), this cannot be concluded from the available studies, as many of the patients
in these studies who had negative toxin assays received empiric treatment for CDI.
Furthermore, important clinical endpoints other than mortality, such as the duration and
severity of symptoms, were not measured, and the length-of-stay for culture-positive/toxin-
negative patients was actually significantly longer compared to controls with both tests
negative (1). Quite simply, the safety of withholding antimicrobial treatment from

symptomatic patients with positive NAAT and negative toxin assay results has not been

12
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established. Untreated patients will also continue to shed C. difficile with the potential to
transmit infection to others, in contrast to those receiving specific antimicrobial treatment

(46).

Polage and Wilcox- There is a growing consensus that most patients with C. difficile DNA or

bacteria but no fecal toxins (i.e., toxin-negative/C. difficile-positive) are clinically distinct
from toxin-positive patients, have better outcomes, and generally do not have CDI as a cause
of their symptoms (1-3, 25). Overall, 14 of 18 studies (78%) have reported a clinical
symptom or outcome difference in toxin-negative/C. difficile-positive patients and large
studies from multiple countries have found less severe disease, a shorter duration of diarrhea,
fewer CDI-related complications, and/or lower mortality in these patients (1, 2, 8, 11, 15-17,
25, 43, 44, 47-54). In several studies, outcomes were similar to negative controls despite
delayed or non-reporting of NAAT or culture results and delayed or no treatment for CDI,

further supporting an alternate cause of symptoms (not CDI) (1, 2, 8, 47, 53).

Nonetheless, some studies reach the opposite conclusion - that toxin-negative/C. difficile-
positive patients have CDI and are not different from toxin-positive patients - and it is
important to understand how and why this might occur (11, 15-17, 43, 49). Most of these
studies were not adequately designed or powered to detect a statistical difference in rare
clinical outcomes, such as CDI-related complications or mortality and erroneously interpret a
non-significant P-value as evidence that differences do not exist (a type II statistical error)
(11, 15-17, 49). Many of these studies also have significant sources of bias, which likely
contributed to the authors’ conclusions, including clinical reporting or reviewer knowledge of
NAAT results, and automatic classification of patients with positive NAAT or culture as

having CDI regardless of disease status (11, 15-17, 43, 49). Another common problem is
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297 failure to acknowledge that many clinical signs and outcomes seen in patients tested for CDI
298 are common and non-specific in hospitals, and so are not necessarily indicative of, or related
299 to CDI (e.g., diarrhea, leukocytosis, ICU care) (11, 16, 49). Pre-analytic issues can also cause
300 negative results. One study routinely placed fecal samples in Cary-Blair transport media
301 before toxin testing, making it likely that pre-analytic dilution contributed to negative toxin
302 EIA results and so masked the relationship between fecal toxins and CDI-related outcomes
303 (43). In summary, there are good explanations for why some studies fail to find differences
304 between toxin-positive and toxin-negative/C. difficile-positive patients, and understanding
305 how and why such misinterpretations occur is critical to interpreting the literature in this
306 controversial field.

307 Editor’s comment: Because of the uncertainty of which testing approach is most accurate in

? 308 predicting that a patient has CDI, it is clear that pre-analytic considerations are essential in
-'-é 309 determining who should be tested for CDI. Ensuring that tested patients have documented
S
2 310 diarrheal disease and have not received laxatives in the past 48 hours is essential for
311 diagnostic accuracy regardless of testing approach.
312

313 6. Will increasing the sensitivity of assays for C. difficile toxins in stool increase the

314 accuracy of toxin assays?

315  Fang- Not necessarily. Toxin assays with increased sensitivity may reduce the incidence of

316 false-negative results. However, C. difficile toxins are labile at body temperature and

317 susceptible to inactivation by digestive enzymes (55, 56), so a completely sensitive toxin-

318 based assay may not be feasible. Even recent "ultra-sensitive" toxin assays are still less

319 sensitive than NAATSs (57). The likelihood of clinical illness in individuals with positive
14
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NAAT and negative ultra-sensitive toxin assay results remains to be determined. It should
also be noted that improvements in the sensitivity of toxin assays will not solve the issue of
false-positive results (i.e., specificity), which can be seen with any C. difficile diagnostic

method.

Polage and Wilcox- Maybe. Higher sensitivity toxin assays will decrease the number of CDI

cases ‘missed’ by toxin tests and bring the analytical and clinical performance closer to the
traditional cell cytotoxin neutralization assay (2, 30, 57, 58). This should be a good thing.
However, lowering the threshold for positive results will also decrease the specificity for CDI
and lead to classifying patients with transient or low levels of toxin due to C. difficile
colonization and antibiotic exposure as (likely erroneously) having disease (2, 57, 58). It is
not known whether detecting and treating these additional patients ‘labelled’ as having CDI
is necessary or beneficial (or possibly harmful) since most resolve their symptoms with
minimal or no treatment (2). These issues could be addressed by quantifying the level of
toxins to help physicians determine the likelihood that each patient has disease and warrants
treatment (57, 58). In any case, the overall diagnostic accuracy will depend on the test
performance characteristics in the population being tested. Test performance and diagnostic
accuracy are affected by many factors including local testing practices, use of diarrheagenic
medications, and the prevalence of CDI, C. difficile carriage, non-CDI diarrhea, anti-toxin
antibodies, and individual C. difficile strains in the population (5, 7, 59). Thus, high-
sensitivity toxin tests will probably improve diagnostic accuracy in hospitals/units with good
C. difficile testing practices, a low prevalence of C. difficile carriage, and low prevalence of
non-CDI diarrhea. However, diagnostic accuracy could easily be worse in hospitals/units

with indiscriminant C. difficile testing and a high prevalence of C. difficile carriage and non-
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7.

CDI diarrhea. Overall, accurate diagnosis of CDI depends on a multitude of factors and starts
at the bedside with good clinical evaluation of the likelihood of CDI and non-CDI diarrhea
and appropriate sampling and testing. Having a high sensitivity toxin test will definitely be
an improvement, but will not remove the need for laboratories to work with clinicians and

nurses to optimize clinical evaluation, testing, and diagnosis of symptomatic patients.

Should the diagnostic testing strategy for C. difficile infection be different in oncology,

transplant and other immunocompromised patients?

Fang- Immunocompromised hosts are at increased risk for CDI, and at least some studies

suggest comparable clinical severity of CDI in immunocompromised patients with positive
toxin assays and those with positive NAAT only (15, 49). However, as I advocate the use of
NAAT to diagnosis CDI in all patients, immunocompromised patients do not require a

special testing approach.

Polage and Wilcox- No. The two-step algorithm recommended in European guidelines is still

8.

preferred in oncology, transplant and immunocompromised patients (3). Moreover,
diagnostic strategies based solely on detection of toxigenic C. difficile (e.g., NAAT only) are
likely to perform worse in these patients due to high rates of treatment-related diarrhea and
C. difficile carriage (5, 60). The lower positive predictive value of detecting toxigenic C.
difficile when diarrheal symptoms occur in these patients reinforces the need for judicious
testing, thoughtful clinical evaluation, and fecal toxin testing to maximize the accuracy of

CDI diagnoses in these groups (3, 5, 60).

What is the significance of asymptomatic carriage of toxigenic C. difficile?
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367 61) and are at substantially increased personal risk for the eventual development of
368 symptomatic CDI (62, 63). Therefore the identification of asymptomatic carriers can
369 enhance infection control and prevention efforts. A recent study suggests that detection and
370 isolation of colonized patients can prevent hospital-acquired CDI (64), and a CDC analysis
371 has concluded that reduced transmission due to the isolation of carriers was responsible for
372 the reduction in CDI incidence (65). High-risk antibiotics (e.g., cephalosporins,
373 fluoroquinolones, clindamycin) should be avoided if at all possible in patients known to carry
374 toxigenic C. difficile, and the possibility of CDI should be immediately considered if
375 diarrhea, fever or other compatible symptoms develop.

376  Polage and Wilcox- Asymptomatic C. difficile carriers outnumber CDI patients by at least 5 to 1

P

%) 377 in most hospitals and are likely to be an important source of nosocomial C. difficile

§ 378 transmission and infection (6, 7, 62, 64). A few studies have linked asymptomatic carriers to
379 a third or more of hospital-onset CDI cases (6, 7, 61). These observations have sparked an
380 interest in screening and isolation of asymptomatic carriers as a strategy to decrease
381 healthcare-associated CDI (6, 7, 64). So far, a single before-and-after study has been
382 published with results suggesting that screening may be effective (64). However, the current
383 absence of proven interventions for asymptomatic colonization and potential ramifications of
384 isolating large numbers of patients emphasizes the need for larger, well-controlled, multi-
385 center studies to confirm the effectiveness of screening before widespread adoption (7, 64).
386 Asymptomatic C. difficile colonization may also be an important predisposing risk factor
387 for CDI, but the story is somewhat mixed (59, 62, 66). Studies from the 1990s associated
388 lack of symptoms after C. difficile acquisition with pre-existing anti-toxin antibodies and
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prior asymptomatic C. difficile colonization with lower risk of CDI in hospitals (59, 66).
These studies promoted the belief that most asymptomatic C. difficile carriers were immune
to C. difficile toxins but the high rate of colonization with a non-toxigenic C. difficile strain
(which also protects against CDI) was a potential confounder in one often mentioned review
(59, 66). More recently, asymptomatic C. difficile colonization has been associated with an
increased risk of CDI, but it is unclear if this is an artifact of NAAT testing, a change in the
epidemiology and pathophysiology of CDI, or simply a reflection of differential risk
according to the toxigenic status of colonizing strains (62). Hence, more work is needed to
determine the relationship between asymptomatic C. difficile carriage and subsequent risk of
CDL

Finally, as noted above, asymptomatic C. difficile colonization is probably an important
source of erroneous CDI diagnoses in hospitals using C. difficile tests with poor predictive
value for CDI, as colonized patients with diarrheal symptoms due to medications, underlying

disease, and other infectious agents will yield positive (misleading) results (2, 5, 7, 67-69).

Editor’s comment: One of the ongoing discussions concerning C. difficile is if admission

screening has any benefit. If asymptomatic patients are found to be colonized, they would
likely to be isolated since there are data suggesting colonized patients may spread C. difficile.
Although limiting the use of “high risk” antimicrobials in colonized patients is an attractive
idea, whether it will reduce CDI infection rates is not understood. Since treatment does not
reliably clear C. difficile in significant proportion of patients with CDI, antimicrobial

clearance of carriage is also likely to be ineffective as well.
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9. Much of the debate seems to be about the potential for false-positive results for C.
difficile infection. What are the consequences of administering antibiotics to treat C.

difficile infection to patients who are colonized, but not infected, with C. difficile?

Fang- Administering antibiotics to asymptomatic colonized patients will not provide a clinical
benefit and will disrupt the host microbiota. The use of unnecessary antibiotics can also
promote the emergence of antibiotic-resistant organisms such as VRE (vancomycin-resistant

enterococci) (70).

Polage and Wilcox- Antibiotic treatment for CDI is not benign. Metronidazole and vancomycin
increase the risk of colonization and infection with multi-drug resistant organisms and
promote rebound overgrowth of C. difficile in colonized patients after antibiotic
discontinuation, which can lead to prolonged shedding or active infection (CDI) (71-73).
Reflexive treatment of patients with false-positive results for CDI can also lead to delayed
recognition of outbreaks (e.g., norovirus) or alternative diagnoses (e.g., medication-induced
diarrhea, ischemic colitis), and treatment failure (67-69). In the near future, antibiotic use in
hospitals will be reported publically and hospitals will be mandated to implement
antimicrobial stewardship programs to improve antibiotic use, creating additional incentives
for hospitals to curb excessive/unnecessary antibiotic use. Thus, routine administration of
antibiotics to patients with false-positive results for CDI has significant negative

consequences for patients and hospitals.

19

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
6
O
(1)
o
U2l
(0]
(AT
-
o
"
Q
2
=
(=
=
O
()
h—
(O
(19)
\9)
9
<

Microbiology

Microbio|ogy

434
435
436
437
438
439
440
441
442
443
444

445

ACKNOWLEDGMENTS

F.C.F. has received: consulting and lecture fees from Cepheid and BioFire Diagnostics. He is
grateful to Susan Butler-Wu and April Abbott for their helpful suggestions.

C.R.P. has received: consulting fees from BioFire Diagnostics, genePOC, and Seres; lecture fees
from Alere; research funding from Cepheid and BioFire Diagnostics; and research materials
from Cepheid, Alere, and TechLab.

M. H. W. has received: consulting fees from Actelion, Astellas, bioMerieux, Medlmmune,
Merck, Pfizer, Qiagen, Sanofi-Pasteur, Seres, Summit, Synthetic Biologics and Valneva; lecture
fees from Alere, Astellas, Merck & Pfizer; and grant support from Actelion, Astellas,

bioMerieux, Da Volterra, Merck, Sanofi-Pasteur, Seres and Summit.

20

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
!
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
!
()
—
Q.

(19)
\9)
9
<(

Microbiology

Microbiology

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

Planche TD, Davies KA, Coen PG, Finney JM, Monahan IM, Morris KA, O’Connor
L, Oakley SJ, Pope CF, Wren MW, Shetty NP, Crook DW, Wilcox MH. 2013.
Differences in outcome according to Clostridium difficile testing method: a prospective
multicentre diagnostic validation study of C difficile infection. Lancet Infect Dis 13:936—
945.

Polage CR, Gyorke CE, Kennedy MA, Leslie JL, Chin DL, Wang S, Nguyen HH,
Huang B, Tang YW, Lee LW, Kim K, Taylor S, Romano PS, Panacek EA, Goodell
PB, Solnick JV, Cohen SH. 2015. Overdiagnosis of Clostridium difficile Infection in the
Molecular Test Era. JAMA Intern Med 175:1792—-1801.

Crobach MJT, Planche T, Eckert C, Barbut F, Terveer EM, Dekkers OM, Wilcox
MH, Kuijper MH. 2016. European Society of Clinical Microbiology and Infectious
Diseases: Update of the diagnostic guidance document for Clostridium difficile infection.
Clin Microbiol Infect 22:S63-S81.

Bartlett JG, Gerding DN. 2008. Clinical recognition and diagnosis of Clostridium
difficile infection. Clin Infect Dis 46 Suppl 1:S12-18.

Polage CR, Solnick JV, Cohen SH. 2012. Nosocomial diarrhea: Evaluation and
treatment of causes other than Clostridium difficile. Clin Infect Dis 55:982-9.

Donskey CJ, Kundrapu S, Deshpande A. 2015. Colonization versus carriage of
Clostridium difficile. Infect Dis Clin North Am 29:13-28.

Martin JS, Monaghan TM, Wilcox MH. 2016. Clostridium difficile infection:
epidemiology, diagnosis and understanding transmission. Nature Reviews

Gastroenterology & Hepatology 13:206-216.

21

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

ine

=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
\9)
<(

Microbiology

Microbiology

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

10.

1.

12.

13.

14.

15.

Gerding DN, Olson MM, Peterson LR, Teasley DG, Gebhard RL, Schwartz ML,
Lee JT, Jr. 1986. Clostridium difficile-associated diarrhea and colitis in adults. A
prospective case-controlled epidemiologic study. Arch Intern Med 146:95-100.

Burnham CA, Carroll KC. 2013. Diagnosis of Clostridium difficile infection: an
ongoing conundrum for clinicians and for clinical laboratories. Clin Microbiol Rev
26:604-630.

Dallal RM, Harbrecht BG, Boujoukas AJ, Sirio CA, Farkas LM, Lee KK, Simmons
RL. 2002. Fulminant Clostridium difficile: an underappreciated and increasing cause of
death and complications. Ann Surg 235:363-372.

Guerrero DM, Chou C, Jury LA, Nerandzic MM, Cadnum JC, Donskey CJ. 2011.
Clinical and infection control implications of Clostridium difficile infection with negative
enzyme immunoassay for toxin. Clin Infect Dis 53:287-290.

Johal SS, Hammond J, Solomon K, James PD, Mahida YR. 2004. Clostridium
difficile associated diarrhoea in hospitalised patients: onset in the community and hospital
and role of flexible sigmoidoscopy. Gut 53:673-677.

Lashner BA, Todorczuk J, Sahm DF, Hanauer SB. 1986. Clostridium difficile culture-
positive toxin-negative diarrhea. Am J Gastroenterol 81:940-943.

Pepin J, Valiquette L, Alary ME, Villemure P, Pelletier A, Forget K, Pepin K,
Chouinard D. 2004. Clostridium difficile-associated diarrhea in a region of Quebec from
1991 to 2003: a changing pattern of disease severity. CMAJ 171:466-472.

Erb S, Frei R, Stranden AM, Dangel M, Tschudin-Sutter S, Widmer AF. 2015. Low
sensitivity of fecal toxin A/B enzyme immunoassay for diagnosis of Clostridium difficile

infection in immunocompromised patients. Clin Microbiol Infect 21:998.¢9-998.e15.

22

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.

(19)
\9)
9
<(

Microbiology

Microbiology

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

16.

17.

18.

19.

20.

21.

22.

Humphries RM, Uslan DZ, Rubin Z. 2013. Performance of Clostridium difficile toxin
enzyme immunoassay and nucleic acid amplification tests stratified by patient disease
severity. J Clin Microbiol 51:869-873.

Berry N, Sewell B, Jafri S, Puli C, Vagia S, Lewis AM, Davies D, Rees E, Ch'ng CL.
2014. Real-time polymerase chain reaction correlates well with clinical diagnosis of
Clostridium difficile infection. ] Hosp Infect 87:109-114.

Gould CV, Edwards JR, Cohen J, Bamberg WM, Clark LA, Farley MM, Johnston
H, Nadle J, Winston L, Gerding DN, McDonald LC, Lessa FC. 2013. Effect of
nucleic acid amplification testing on population-based incidence rates of Clostridium
difficile infection. Clin Infect Dis 57:1304—-1307.

Catanzaro M, Cirone J. 2012. Real-time polymerase chain reaction testing for
Clostridium difficile reduces isolation time and improves patient management in a small
community hospital. Am J Infect Control 40:663-666.

Napierla M, Munson E, Skonieczny P, Rodriguez S, Riederer N, Land G, Luzinski
M, Block D, Hryciuk JE. 2013. Impact of toxigenic Clostridium difficile polymerase
chain reaction testing on the clinical microbiology laboratory and inpatient epidemiology.
Diagn Microbiol Infect Dis 76:534-538.

Mermel LA, Jefferson J, Blanchard K, Parenteau S, Mathis B, Chapin K, Machan
JT. 2013. Reducing Clostridium difficile incidence, colectomies, and mortality in the
hospital setting: a successful multidisciplinary approach. Jt Comm J Qual Patient Saf
39:298-305.

Centers for Disease Control and Prevention. 2016. Multidrug-resistant organism &

Clostridium difficile Infection (MDRO/CDI) Module.

23

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.

(19)
\9)
9
<(

Microbiology

Microbiology

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

23.

24.

25.

26.

27.

http://www.cdc.gov/nhsn/PDFs/pscManual/12pscMDRO_CDADcurrent.pdf  Accessed
online: November 6, 2016

Koo HL, Van JN, Zhao M, Ye X, Revell PA, Jiang ZD, Grimes CZ, Koo DC, Lasco
T, Kozinetz CA, Garey KW, DuPont HL. 2014. Real-time polymerase chain reaction
detection of asymptomatic Clostridium difficile colonization and rising C. difficile-
associated disease rates. Infect Control Hosp Epidemiol 35:667-673.

Marra AR, Edmond MB, Ford BA, Herwaldt LA, Algwizani AR, Diekema DJ. 17
Oct 2016. Failure of risk-adjustment by test method for C. difficile laboratory-Identified
event reporting. Infect Control Hosp Epidemiol doi: 10.1017/ice.2016.227

Longtin Y, Trottier S, Brochu G, Paquet-Bolduc B, Garenc C, Loungnarath V,
Beaulieu C, Goulet D, Longtin J. 2013. Impact of the type of diagnostic assay on
Clostridium difficile infection and complication rates in a mandatory reporting program.
Clin Infect Dis 56:67-73.

Shetty N, Wren MW, Coen PG. 2011. The role of glutamate dehydrogenase for the
detection of Clostridium difficile in faecal samples: a meta-analysis. J Hosp Infect 77:1—
6.

Tenover FC, Novak-Weekley S, Woods CW, Peterson LR, Davis T,
Schreckenberger P, Fang FC, Dascal A, Gerding DN, Nomura JH, Goering RV,
Akerlund T, Weissfeld AS, Baron EJ, Wong E, Marlowe EM, Whitmore J, Persing
DH. 2010. Impact of strain type on detection of toxigenic Clostridium difficile:
comparison of molecular diagnostic and enzyme immunoassay approaches. J Clin

Microbiol 48:3719-3724.

24

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

@
=
S
= O

@

o

7]

(0]
(=
o .

),
"y

\9)

2]

=)

(=
=
= O

@
o

(>

(1)

\9)

\9)
<

Microbiology

Microbiology

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

28.

29.

30.

31.

32.

33.

34.

Larson AM, Fung AM, Fang FC. 2010. Evaluation of tcdB real-time PCR in a three-
step diagnostic algorithm for detection of toxigenic Clostridium difficile. J Clin Microbiol
48:124-130.

Girinathan BP, Braun S, Sirigireddy AR, Lopez JE, Govind R. 2016. Importance of
glutamate dehydrogenase (GDH) in Clostridium difficile colonization in vivo. PloS One
11:¢0160107.

Dionne LL, Raymond F, Corbeil J, Longtin J, Gervais P, Longtin Y. 2013.
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 51:3624-3630.

Schroeder LF, Robilotti E, Peterson LR, Banaei N, Dowdy DW. 2014. Economic
evaluation of laboratory testing strategies for hospital-associated Clostridium difficile
infection. J Clin Microbiol 52:489—496.

Akbari M, Vodonos A, Silva G, Wungjiranirun M, Leffler DA, Kelly CP, Novack V.
2015. The impact of PCR on Clostridium difficile detection and clinical outcomes. J] Med
Microbiol 64:1082-1086.

Kyne L, Hamel MB, Polavaram R, Kelly CP. 2002. Health care costs and mortality
associated with nosocomial diarrhea due to Clostridium difficile. Clin Infect Dis 34:346-
353.

Lipp MJ, Nero DC, Callahan MA. 2012. Impact of hospital-acquired Clostridium

difficile. J Gastroenterol Hepatol 27:1733-1737.

25

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
[
U2l
(0]
(N
i
O
"
Q
&)
o)
(=
=
O
()
—
Q.

(19)
\9)
9
<(

Microbiology

Microbiology

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

35.

36.

37.

38.

39.

40.

41.

42.

Peppard WJ, Ledeboer NA. 2014. Implementation of polymerase chain reaction to rule
out Clostridium difficile infection is associated with reduced empiric antibiotic duration
of therapy. Hosp Pharm 49:639-643.

Bartsch SM, Umscheid CA, Nachamkin I, Hamilton K, Lee BY. 2015. Comparing the
economic and health benefits of different approaches to diagnosing Clostridium difficile
infection. Clin Microbiol Infect 21:77 €71-79.

McFarland LV, Elmer GW, Stamm WE, Mulligan ME. 1991. Correlation of
immunoblot type, enterotoxin production, and cytotoxin production with clinical
manifestations of Clostridium difficile infection in a cohort of hospitalized patients. Infect
Immun 59:2456-2462.

Anikst VE, Gaur RL, Schroeder LF, Banaei N. 2016. Organism burden, toxin
concentration, and lactoferrin concentration do not distinguish between clinically
significant and nonsignificant diarrhea in patients with Clostridium difficile. Diagn
Microbiol Infect Dis 84:343-346.

Kelly CP, LaMont JT. 2008. Clostridium difficile--more difficult than ever. N Engl J
Med 359:1932-1940.

Stefan MS, Gupta E. 2010. Fulminant Clostridium difficile colitis post total hip
replacement. Am J Case Rep 11:237-240.

Sayedy L, Kothari D, Richards RJ. 2010. Toxic megacolon associated Clostridium
difficile colitis. World J Gastrointest Endosc 2:293-297.

Guerrero DM, Chou C, Jury LA, Nerandzic MM, Cadnum JC, Donskey CJ. 2011.
Clinical and infection control implications of Clostridium difficile infection with negative

enzyme immunoassay for toxin. Clin Infect Dis 53:287-290.

26

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
9
<(

Microbiology

Microbiology

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

43.

44,

45.

46.

47.

48.

49.

Rao K, Micic D, Natarajan M, Winters S, Kiel MJ, Walk ST, Santhosh K, Mogle
JA, Galecki AT, LeBar W, Higgins PD, Young VB, Aronoff DM. 2015. Clostridium
difficile ribotype 027: relationship to age, detectability of toxins A or B in stool with
rapid testing, severe infection, and mortality. Clin Infect Dis 61:233-241.

Reigadas E, Alcala L, Marin M, Munoz-Pacheco P, Catalan P, Martin A, Bouza E.
2016. Clinical significance of direct cytotoxicity and toxigenic culture in Clostridium
difficile infection. Anaerobe 37:38—42.

Dubberke ER, Burnham CAD. 2015. Diagnosis of Clostridium difficile infection: Treat
the patient, not the test. JAMA Int Med 175:1801-1802.

Sunkesula VCK, Kundrapu S, Muganda C, Sethi AK, Donskey CJ. 2013. Does
empirical Clostridium difficile infection (CDI) therapy result in false-negative CDI
diagnostic test results? Clin Infect Dis 57:494-500.

Baker 1, Leeming JP, Reynolds R, Ibrahim I, Darley E. 2013. Clinical relevance of a
positive molecular test in the diagnosis of Clostridium difficile infection. J Hosp Infect
84:311-315.

Beaulieu C, Dionne LL, Julien AS, Longtin Y. 2014. Clinical characteristics and
outcome of patients with Clostridium difficile infection diagnosed by PCR versus a three-
step algorithm. Clin Microbiol Infect 20:1067-1073.

Kaltsas A, Simon M, Unruh LH, Son C, Wroblewski D, Musser KA, Sepkowitz K,
Babady NE, Kamboj M. 2012. Clinical and laboratory characteristics of Clostridium
difficile infection in patients with discordant diagnostic test results. J Clin Microbiol

50:1303-1307.

27

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
9
<(

Microbiology

Microbiology

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

50.

51.

52.

53.

54.

55.

56.

Kumar S, Pollok R, Muscat I, Planche T. 9 Aug 2016. Diagnosis and outcome of
Clostridium difficile infection by toxin enzyme immunoassay and PCR in an island
population. J Gastroenterol Hepatol doi: 10.1111/jgh.13504.

Origiien Sabater J, Fernanadez-Ruiz M, Lopez-Medrano F, Ruiz Merlo T, San Juan
Garrido R, Morales-Cartagena A, Orellana MA, Aguado Garcia JM. 2016. Are we
overtreating patients with diarrhea on the sole basis of a positive polymerase chain
reaction (PCR) assay for Clostridium difficile? Abstr 26th European Congress of Clinical
Microbiology and Infectious Diseases, abstr P0607, Amsterdam, Netherlands.

Patel H, Randhawa J, Nanavati S, Marton LR, Baddoura WJ, DeBari VA. 2015.
Laboratory and clinical features of EIA toxin-positive and EIA toxin-negative community-
acquired Clostridium difficile infection. Ann Clin Lab Sci 45:333-339.

Su WY, Mercer J, Van Hal SJ, Maley M. 2013. Clostridium difficile testing: have we
got it right? J Clin Microbiol 51:377-378.

Yuhashi K, Yagihara Y, Misawa Y, Sato T, Saito R, Okugawa S, Moriya K. 2016.
Diagnosing Clostridium difficile-associated diarrhea using enzyme immunoassay: the
clinical significance of toxin negativity in glutamate dehydrogenase-positive patients.
Infect Drug Resist 9:93-99.

Sullivan NM, Pellett S, Wilkins TD. 1982. Purification and characterization of toxins A
and B of Clostridium difficile. Infect Immun 35:1032-1040.

Bowman RA, Riley TV. 1986. Isolation of Clostridium difficile from stored specimens
and comparative susceptibility to various tissue culture cell lines to cytotoxin. FEMS

Microbiol Lett 34:31-35.

28

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

ine

=
O
o)
(1)
—
U2l
(0]
o
i
O
=
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
\9)
<(

Microbiology

Microbiology

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

57.

58.

59.

60.

61.

62.

63.

Song L, Zhao M, Duffy DC, Hansen J, Shields K, Wungjiranirun M, Chen X, Xu H,
Leffler DA, Sambol SP, Gerding DN, Kelly CP, Pollock NR. 2015. Development and
validation of digital enzyme-linked immunosorbent assays for ultrasensitive detection
and quantification of Clostridium difficile toxins in stool. J Clin Microbiol 5§3:3204-3212.
Ryder AB, Huang Y, Li H, Zheng M, Wang X, Stratton CW, Xu X, Tang YW. 2010.
Assessment of Clostridium difficile infections by quantitative detection of fcdB toxin by
use of a real-time cell analysis system. J Clin Microbiol 48:4129-4134.

Kyne L, Warny M, Qamar A, Kelly CP. 2000. Asymptomatic carriage of Clostridium
difficile and serum levels of IgG antibody against toxin A. N Engl J Med 342:390-397.
Alonso CD, Kamboj M. 2014. Clostridium difficile infection (CDI) in solid organ and
hematopoietic stem cell transplant recipients. Curr Infect Dis Rep 16:414.

Curry SR, Muto CA, Schlackman JL, Pasculle AW, Shutt KA, Marsh JW, Harrison
LH. 2013. Use of multilocus variable number of tandem repeats analysis genotyping to
determine the role of asymptomatic carriers in Clostridium difficile transmission. Clin
Infect Dis 57:1094—-1102.

Zacharioudakis IM, Zervou FN, Pliakos EE, Ziakas PD, Mylonakis E. 2015.
Colonization with toxinogenic C. difficile upon hospital admission, and risk of infection:
a systematic review and meta-analysis. Am J Gastroenterol 110:381-390.
Tschudin-Sutter S, Carroll KC, Tamma PD, Sudekum ML, Frei R, Widmer AF,
Ellis BC, Bartlett J, Perl TM. 2015. Impact of toxigenic Clostridium difficile
colonization on the risk of subsequent C. difficile infection in intensive care unit patients.

Infect Control Hosp Epidemiol 36:1324—-1329.

29

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

(15)
=
=
O
o)
(1)
[
U2l
(0]
(N
i
O
"
Q
&)
o)
(=
=
O
()
—
Q.
(19)
\9)
9
<(

Microbiology

Microbiology

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

64.

65.

66.

67.

68.

69.

70.

Longtin Y, Paquet-Bolduc B, Gilca R, Garenc C, Fortin E, Longtin J, Trottier S,
Gervais P, Roussy JF, Levesque S, Ben-David D, Cloutier I, Loo VG. 2016. Effect of
detecting and isolating Clostridium difficile carriers at hospital admission on the
incidence of C difficile infections: A quasi-experimental controlled study. JAMA Intern
Med 176:796-804.

O'Hagen J, McDonald L, Jernigan J, Slayton R. 2016. Role of asymptomatic
Clostridium difficile carriers in intra-hospital transmission and healthcare-associated
Clostridium difficile infection: a transmission modeling analysis. ID Week Abstracts,
New Orleans, LA, #2084.

Shim JK, Johnson S, Samore MH, Bliss DZ, Gerding DN. 1998. Primary symptomless
colonisation by Clostridium difficile and decreased risk of subsequent diarrhoea. Lancet
351:633-636.

Jackson M, Olefson S, Machan JT, Kelly CR. 2016. A high rate of alternative
diagnoses in patients referred for presumed Clostridium difficile infection. J Clin
Gastroenterol 50:742-746.

Koo HL, Ajami NJ, Jiang ZD, Dupont HL, Atmar RL, Lewis D, Byers P, Abraham
P, Quijano RA, Musher DM, Young EJ. 2009. A nosocomial outbreak of norovirus
infection masquerading as Clostridium difficile infection. Clin Infect Dis 48:¢75-77.
Matta SK, Greenberg A, Singh A. 2015. Diarrhea with Clostridium difficile-positive
stool-trick or treat: a teachable moment. JAMA Intern Med 175:1746-1747.

Gerding DN. 1997. Is there a relationship between vancomycin-resistant enterococcal

infection and Clostridium difficile infection? Clin Infect Dis 25 Suppl 2:5206-S210.

30

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

©
=
8
o
©
o
)
©
(a 1R
o -
N
"
\9)
2]
=)
-
=
O
©
o
N
©
\9)
\9)
&

Microbiology

Microbiology

668

669

670

671

672

673

674

675

676

677

678

679

680

681

71.

72.

73.

Johnson S, Homann SR, Bettin KM, Quick JN, Clabots CR, Peterson LR, Gerding
DN. 1992. Treatment of asymptomatic Clostridium difficile carriers (fecal excretors) with
vancomycin or metronidazole. A randomized, placebo-controlled trial. Ann Intern Med
117:297-302.

Lawley TD, Clare S, Walker AW, Goulding D, Stabler RA, Croucher N, Mastroeni
P, Scott P, Raisen C, Mottram L, Fairweather NF, Wren BW, Parkhill J, Dougan G.
2009. Antibiotic treatment of Clostridium difficile carrier mice triggers a supershedder
state, spore-mediated transmission, and severe disease in immunocompromised hosts.
Infect Immun 77:3661-3669.

Lewis BB, Buffie CG, Carter RA, Leiner I, Toussaint NC, Miller LC, Gobourne A,
Ling L, Pamer EG. 2015. Loss of microbiota-mediated colonization resistance to
Clostridium difficile infection with oral vancomycin compared with metronidazole. J

Infect Dis 212:1656-1665.

31

SA331 40 ALISHIAINN AQ 2T0Z ‘€ Arenuga- uo /Bio wse woly/:dny wouy papeojumoq


http://jcm.asm.org/

