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ABSTRACT Because nucleic acid amplification tests (NAATs) do not distinguish Clos-
tridium difficile infection (CDI) and asymptomatic C. difficile carriage, the diagnostic
predictive value of NAATs is limited when used in patients with a low probability of
CDI. In this issue of the Journal of Clinical Microbiology, Truong et al. (J. Clin. Micro-
biol., 55:1276 –1284, 2017, https://doi.org/10.1128/JCM.02319-16) report significant re-
ductions in hospital-onset CDI and oral vancomycin utilization at their institution follow-
ing implementation of a novel intervention that leveraged their clinical bioinformatics
resources to prevent C. difficile testing of stools from patients without clinically signifi-
cant diarrhea and in patients with recent laxative use.

In recent years, molecular diagnostic tests have been developed and commercialized
for a vast array of infectious diseases (1). Many clinical microbiology laboratories now

rely on molecular diagnostic tests as the primary method for the detection of many
pathogens, particularly for viruses and for bacteria that are difficult to cultivate.
Molecular diagnostic tests generally provide rapid results, have improved sensitivity,
may offer the ability to identify several pathogens with a single multiplex assay, and
augment clinical microbiology laboratory efficiency by reducing technologist labor
time for individual tests. Cost can be a significant barrier to implementation, but as the
variety of assays continues to expand, equipment and staff training become increas-
ingly more cost-effective. Thus, there are business incentives for manufacturers to
expand their selection of diagnostic test offerings and cost incentives for laboratories
to utilize them.

The exquisite sensitivity of many molecular diagnostic tests presents a challenge to
the clinician interpreting the test result, and as the variety of assays from individual
manufacturers continues to expand, this challenge becomes more common and com-
plex. The clinical significance of a positive result for a highly sensitive diagnostic test
may be unclear. For example, detection of a respiratory or gastrointestinal virus may
occur in the absence of symptoms related to that infection (i.e., a subclinical illness) or
represent prolonged shedding following resolution of a previous illness. Thus, the
pathogen detected may not be the true cause of the patient’s illness, and mistakenly
attributing the patient’s illness to the detected pathogen may adversely impact patient
care. For example, the patient may suffer adverse effects of unnecessary treatment or
of initiated hospital isolation precautions. Additionally, the test result may preclude
evaluation for the correct etiology of the patient’s illness.

Clostridium difficile is an excellent example of a pathogen for which molecular
diagnostics have overcome a variety of challenges associated with other diagnostic
modalities (2). Toxigenic strains of C. difficile, an obligate anaerobic bacterium, cause
disease through the expression of toxins, primarily toxin B. Toxin production usually
occurs in the setting of intestinal microbiota perturbations resulting from antibiotic
exposure (3). However, asymptomatic carriage of toxigenic strains can occur in a host
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with normal protective intestinal microbiota and/or in patients with protective immu-
nity against C. difficile toxins and potentially against non-toxin antigens that had
developed following previous exposure to C. difficile (4).

Because C. difficile toxin expression is the primary driver of C. difficile infection (CDI)
symptomatology, the most specific C. difficile diagnostic tests detect free toxin in stool
(2). The gold standard for toxin detection is the cell culture cytotoxicity neutralization
assay (CCCNA). In this assay, an appropriate cell line is observed for cytopathic effect
(CPE) after incubation with a fecal filtrate prepared from a clinical stool specimen. In
cases in which CPE is observed, a positive test is confirmed if CPE is prevented with C.
difficile (or C. sordelii) antiserum. Because of technical difficulties with this assay, long
turnaround times, and potentially suboptimal sensitivity compared to that of toxigenic
stool culture, CCCNA is not commonly performed as a routine diagnostic test.

Toxigenic culture is considered the gold standard for detecting a toxigenic strain of
C. difficile in a stool specimen (2). First, C. difficile is cultured anaerobically. To differ-
entiate between a toxigenic strain and a nontoxigenic strain of C. difficile, the broth
supernatant is assessed for the presence of toxin, either by CCCNA or toxin enzyme
immunoassay (EIA). Thus, toxigenic culture identifies C. difficile toxin production only in
vitro, identifying a strain that has the potential to produce toxin in vivo. This is in
contrast to CCCNA, which identifies toxin production in vivo. Similarly to CCCNA,
toxigenic culture suffers from long turnaround time and relatively extensive labor
requirements that limit its use for routine diagnostic testing. Furthermore, because
toxigenic culture does not identify the toxin in vivo, it does not reliably differentiate
between CDI and asymptomatic C. difficile carriage. Toxigenic culture is considered to
have greater sensitivity than CCCNA and is thus generally considered to be the
preferred test between these two gold standards (2). Although stools that test toxigenic
culture positive and CCCNA negative could potentially represent a false-negative
CCCNA result, similar results could also occur in patients with asymptomatic C. difficile
carriage. Thus, studies assessing CDI test performance are most reliable when ensuring
that stools are collected from patients who meet the clinical definition of CDI (5).

Because of long turnaround times and labor requirements for CCCNA and toxigenic
culture, neither of the tests is commonly performed clinically. Toxin EIAs represent the
most commonly utilized commercially available assay for the detection of free toxin in
stool (2). Toxin EIAs have fallen out of favor in the United States because of perceived
suboptimal sensitivity (i.e., frequent false-negative results) (6). However, closer exami-
nation of previous studies assessing performance of toxin EIAs demonstrates that toxin
EIA sensitivity is generally higher in testing against CCCNA, the gold standard for toxin
production, than against toxigenic culture, which does not detect free toxin in stool (2).
Similarly to the concerns regarding CCCNA sensitivity described above, stools that test
toxigenic culture positive and toxin EIA negative could represent asymptomatic C.
difficile carriage rather than a falsely negative EIA result.

Nonetheless, skepticism regarding the sensitivity of toxin EIAs for the diagnosis of
CDI in the United States is prevalent. Nucleic acid amplification tests (NAATs), such as
PCR and loop-mediated isothermal amplification (LAMP), are now the most commonly
used tests for the diagnosis of CDI in the United States (7, 8). The excellent sensitivity
and analytical specificity, low labor requirements, and quick turnaround time of NAATs
have prompted the widespread adoption of NAATs as the preferred method of CDI
diagnosis (2, 6). The exquisite sensitivity of NAATs is supported by the substantial
increases in CDI rates across medical centers after the transition from toxin EIAs to
NAATs for CDI diagnosis (2, 6, 9).

Based on existing sensitivity and analytical specificity data for NAATs and toxin EIAs,
one could argue that NAATs are superior because they provide a rapid and more
reliable method of CDI diagnosis, which expedites the initiation of appropriate treat-
ment and prompt early isolation of infected patients to limit C. difficile hospital
transmission. However, numerous studies have raised concerns about the clinical signifi-
cance of positive results from C. difficile NAATs. NAATs primarily detect tcdB, the gene
that encodes toxin B, and some assays additionally detect tcdA. Thus, like toxigenic
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culture, NAATs identify a strain in stool that has the potential to produce toxin in vivo.
Two large clinical research studies in the United States (10) and the United Kingdom
(11) questioned the clinical significance of a positive PCR test (10) (or toxigenic culture
[11]) when the patient also tests negative by toxin EIA because these patients have
benign clinical outcomes that are similar to those seen with patients who do not have
CDI. Furthermore, several studies have demonstrated the high rate of NAAT (or
toxigenic culture) positivity in patients without diarrhea, including hospitalized children
(12) and adults (9) as well as children with cancer (13). In addition, even among patients
with diarrhea, a high proportion test positive by NAAT who have a likely alternate
diarrheal etiology, such as recent laxative use (2) or a concomitant viral illness (14). With
the recent incorporation of toxigenic C. difficile testing in multiplex PCR panels that can
detect several gastrointestinal pathogens with a single assay, C. difficile has become the
most common pathogen that is detected concomitantly with other pathogens (15, 16).

The plethora of data demonstrating a high frequency of C. difficile NAAT positivity
in patients without CDI reveals the primary limitation of NAATs for CDI diagnosis:
substantial discordance between analytical specificity and diagnostic specificity. While
the analytical specificity of a diagnostic test refers to the accurate detection of a
substance in a sample (irrespective of the clinical condition of the patient), diagnostic
specificity refers to the accurate diagnosis of a patient with the particular condition (17).
Analytical specificity and diagnostic specificity diverge when a large proportion of samples
collected from patients without the clinical condition contain the target pathogen. Under
such circumstances, the diagnostic predictive value is suboptimal when the test is used in
patients who are unlikely to have an infection related to the target pathogen. A well-
described example of a test with divergent analytical and diagnostic specificities is the
group A streptococcal rapid antigen detection test (RADT) (18). Because RADTs have
excellent analytical specificity, they also accurately identify patients who have pharyn-
geal streptococcal carriage. The frequency of asymptomatic group A streptococcal
carriage in school-aged children is up to 20 to 30%. Thus, carriers of group A strepto-
coccus who have a viral upper respiratory infection test positive by RADT, likely leading
to unnecessary treatment for streptococcal pharyngitis. Because the positive predictive
value is increased when the test is used in a high-prevalence population, the Centor
criteria were established to guide testing decisions for streptococcal pharyngitis and to
encourage physicians to limit testing to only those with a high pretest probability of
harboring the infection.

Although similar formal criteria for CDI testing do not exist, limiting CDI testing in
low-risk populations can augment the diagnostic predictive value of C. difficile NAATs
and reduce misdiagnosis of CDI in patients with C. difficile carriage who do not have
clinically significant diarrhea and/or whose diarrhea is more likely to be related to an
alternate etiology. This is exceedingly important in particular patient populations, such
as hospitalized children (12) and adults (9), in whom the prevalence of C. difficile
carriage exceeds 10 to 20%, and children with cancer, in whom carriage rates may be
as high as 30 to 50% (13). However, because hospitalization and malignancy, for
example, can be risk factors for both CDI and C. difficile carriage, C. difficile testing
decisions can be quite difficult in practice.

In this issue of Journal of Clinical Microbiology, Truong and colleagues (19) report
their results from a novel intervention that leveraged their clinical bioinformatics
resources to prevent C. difficile PCR testing of stools from patients without clinically
significant diarrhea and from patients with recent laxative use. Nursing staff members
were trained to record the consistency of all stools in the Epic (Verona, WI) electronic
health record (EHR). In the EHR, a real-time data tracking report was developed to
demonstrate dates/times of bowel movements, stool consistency, and recent laxative
administration. When C. difficile PCR was ordered by a clinician, laboratory personnel
reviewed this report and cancelled tests for patients who did not meet criteria for
clinically significant diarrhea related to CDI (i.e., patients with �3 unformed/mucous
stools in 24 h) (6) and/or in those who received laxatives in the previous 48 h. This
intervention resulted in a significant reduction of hospital-onset CDI rates, as well as of
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the frequency of oral vancomycin utilization. Notably, the intervention was safe; there
was no difference in complication rates between patients with cancelled CDI testing
orders and patients with clinically significant diarrhea who tested negative for C.
difficile.

This novel intervention is an evidence-based, potentially broadly reproducible ap-
proach that can supplement many other strategies for reducing unnecessary CDI
testing. While many laboratories currently perform C. difficile testing only on unformed
stools (i.e., stools that take the shape of the container), the intervention devised by
Truong and colleagues would additionally limit testing on stools that are unformed as
a consequence of laxative use or that are collected from a patient with fewer than 3
unformed stools in a 24-h period. Another strategy for limiting unnecessary C. difficile
testing includes avoiding repeat NAATs during the same diarrheal illness. As an
exquisitely sensitive assay that can reliably rule out CDI with a single test, the diagnostic
predictive value of NAATs drops significantly with each subsequent test once the
patient initially tests negative. Many children’s hospitals limit C. difficile testing to only
children 12 months of age or older to avoid misdiagnosis of CDI in infants (8), a
population with a high frequency of C. difficile carriage and in whom symptomatic CDI
almost never occurs. In hospitals that have transitioned to a multiplex PCR platform for
the detection of several diarrheal pathogens in a single assay, to avoid misdiagnosis of
CDI in patients with C. difficile carriage, some suppress the C. difficile result unless the
result is requested by the clinician.

While the intervention devised by Truong and colleagues was very effective in the
hospital setting, it cannot be implemented in patients being evaluated for a diarrheal
illness in the outpatient setting. Hospital-onset CDI represents only a minority of CDIs
in pediatric and adult populations (20, 21). Furthermore, in our pediatric population,
inappropriate C. difficile testing was performed frequently in children with community-
onset diarrhea (14). Based on these data at our children’s hospital, we implemented an
intervention incorporating education of health care providers regarding the limitations
of NAATs in children and an EHR alert to clinicians ordering C. difficile PCR testing (22).
This alert cautioned against ordering C. difficile PCR in children at low risk of CDI, such
as those in the following categories: children without CDI risk factors and with vomiting
as a significant complaint (i.e., children more likely to have a viral diarrheal illness);
children without clinically significant diarrhea; children with recent laxative use; chil-
dren whose diarrhea resolved after recent treatment (i.e., avoiding “test of cure”); and
children with a negative PCR result from the previous 7 days. During the 18 months
following the intervention, we demonstrated a significant reduction in C. difficile PCR
testing and test positivity rates (particularly in the outpatient and emergency depart-
ment setting) and a reduction of approximately $250,000 in patient charges related to
unnecessary C. difficile testing and subsequent treatment. Thus, similarly to the inter-
vention developed by Truong and colleagues, our testing intervention was also impor-
tant for CDI-related antibiotic stewardship.

In summary, there is an abundance of evidence suggesting that inappropriate use
of C. difficile NAATs in low-risk populations reduces the assay diagnostic predictive
value and leads to CDI misdiagnosis and unnecessary treatment. Furthermore, because
health care-associated infection (HAI) rates are an important hospital quality metric,
and with the threat of hospital nonreimbursement for HAIs such as CDI, hospitals have
a financial incentive for accurately measuring and avoiding overestimation of CDI rates
(23). Prudent use of NAATs through health care provider education, clinical microbiol-
ogy laboratory oversight, and leveraging of hospital bioinformatics resources can
optimize the diagnostic predictive value of C. difficile NAATs. Ideally, assays that can
more reliably differentiate patients with C. difficile carriage from those with CDI are
necessary to completely overcome the discordant analytical and diagnostic specificities
of NAATs. An ultrasensitive toxin enzyme-linked immunosorbent assay currently under
clinical investigation may be one such assay that provides improved diagnostic spec-
ificity while overcoming the potentially poor sensitivity of existing toxin EIAs (24).
However, even if this important diagnostic challenge for CDI is solved with improved
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diagnostics, highly sensitive molecular diagnostics will continue to emerge and be
more broadly utilized for other infectious diseases. Thus, implementation and utiliza-
tion of these assays in a manner that limits misdiagnosis will be vitally important for
optimizing the clinical utility of molecular diagnostic assays.
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