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The laboratory diagnosis of Clostridium difficile infec-
tion (CDI) continues to be challenging. Recent guide-
lines from professional societies in the United States
note that enzyme immunoassays for toxins A and B do
not have adequate sensitivity to be used alone for de-
tecting CDI, yet the optimal method for diagnosing this
infection remains unclear. Nucleic acid amplification
tests (NAATs) that target chromosomal toxin genes (usu-
ally the toxin B gene, tcdB) show high sensitivity and
specificity, provide rapid results, and are amenable to
both batch and on-demand testing, but these tests were
not universally recommended for routine use in the
recent guidelines. Rather, two-step algorithms that use
glutamate dehydrogenase (GDH) assays to screen for C.
difficile in stool specimens, followed by either direct
cytotoxin testing or culture to identify toxin-producing
C. difficile isolates, were recommended in one guideline
and either GDH algorithms or NAATs were recom-
mended in another guideline. Unfortunately, neither
culture nor direct cytotoxin testing is widely available.
In addition, this two-step approach requires 48 to 92
hours to complete, which may delay the initiation
of therapy and critical infection control measures.
Recent studies also show the sensitivity of several
GDH assays to be <90%. This review considers the
role of NAATs for diagnosing CDI and explores their
potential advantages over two-step algorithms, in-
cluding shorter time to results, while providing
comparable, if not superior, accuracy. (J Mol Diagn
2011, 13:573–582; DOI: 10.1016/j.jmoldx.2011.06.001)
The laboratory diagnosis of Clostridium difficile infection
(CDI) is, according to the latest clinical practice guide-
lines issued by the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of
America (IDSA), in a state of flux.1 The most widely used
tests in clinical microbiology laboratories for detection of
CDI [ie, enzyme immunoassays (EIAs) for toxins A and B]
are no longer considered to have adequate sensitivity to
be used as stand-alone tests for CDI.1,2 A comprehen-
sive survey of the literature, conducted by Crobach and
colleagues3 for the European Society of Clinical Microbi-
ology and Infectious Diseases (ESCMID), showed that
the mean sensitivity of well-type EIAs for toxins A and B
was 66%, whereas the mean sensitivity for membrane-
type EIAs for toxins A and B was only 52%, when com-
pared with toxigenic culture as the reference method.
Nucleic acid amplification tests (NAATs), which typically
show both high sensitivity and specificity for detection of
CDI, may ultimately be the best tests, according to recent
commentaries and practice guidelines from the American
Society for Microbiology (ASM, http://www.asm.org/images/
pdf/Clinical/clostridiumdifficile9-21.pdf, last accessed April
25, 2011)4–6; however, at publication of the SHEA-IDSA
guidelines, there was insufficient data in the literature on
which to base a recommendation for their use. The mean
sensitivity of PCR in the ESCMID survey was 86%,
whereas the mean specificity was 97%.3 In lieu of using
EIA tests or PCR assays as stand-alone tests, the SHEA-
IDSA guidelines recommended a two-step algorithm us-
ing glutamate dehydrogenase (GDH) as a screening test,
followed by either a cell culture cytotoxin neutralization
(CCCN) assay or bacterial culture coupled with a toxin
assay on the purified organism (ie, toxigenic culture) for
confirmation.1 The recommendations did not support the

Supported by BD GeneOhm, Cepheid, and Roche (L.R.P.).

Accepted for publication June 14, 2011.

F.C.T., E.J.B., and D.H.P. are employees and shareholders of Cepheid.

Address reprint requests to Fred C. Tenover, Ph.D., 904 Caribbean Dr.,

Sunnyvale, CA 94089. E-mail: fred.tenover@cepheid.com.

573

http://www.asm.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf
http://www.asm.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf
mailto:fred.tenover@cepheid.com


574 Tenover et al
JMD November 2011, Vol. 13, No. 6
use of an EIA test for confirmation of GDH-positive sam-
ples because of a lack of sensitivity of the EIA tests. This
is consistent with multiple reports,7–10 all of which note
that EIA confirmation of GDH-positive samples is too in-
sensitive for routine use, a conclusion also consistent with
the ASM guidelines. The SHEA-IDSA recommendations
and the guidelines from ASM are in sharp contrast to
those of ESCMID, which require a combination of two
positive test results (EIA, GDH, and/or PCR) for diagnosis
of CDI but accept any negative test result, including a
single EIA toxin A/B test, as an indication that the diar-
rheal disease is not caused by C. difficile. This ESCMID
guideline is based on the high negative predictive values
of EIAs, even though the sensitivities of the assays can be
�50%,3 a statistical phenomenon common to poorly per-
forming tests when used in a low-prevalence disease
setting. This phenomenon may also result in unaccept-
able positive predictive values. Given these conflicting
recommendations, the optimal methods for diagnosis of
CDI are worthy of closer examination.

Organism Description

The organism now known as C. difficile was described by
Hall and O’Toole in 1935,11 but it was not until 1978 that
Bartlett and colleagues12 identified C. difficile as the caus-
ative agent of antibiotic-associated pseudomembranous
colitis. C. difficile is a Gram-positive, anaerobic, spore-
forming rod. It is found in humans, a variety of animals,
and the environment.13,14 Two toxins, designated A and
B, encoded by the chromosomal genes tcdA and tcdB,
respectively, are part of a pathogenicity locus (PaLoc)
that is typically present in those strains of C. difficile that
cause disease. The toxins are regulated by two additional
genes, tcdC and tcdR; a holinlike protein is also encoded
by tcdE.15 According to an elegant series of experiments
by Lyras et al,16 toxin B is the most critical determinant of
pathogenicity for human infections. Although this has
been recently challenged by Kuehne et al,17 studies by
Leav and colleagues18 support the critical role of toxin B
in infection, noting that patients with low levels of anti-
body specific for toxin B, but not for toxin A, are more
likely to have recurrent disease. An additional toxin called
the binary toxin, which is present only in a few strains of
C. difficile, is encoded by two genes designated cdtA and
cdtB, located on the bacterial chromosome outside of
PaLoc.19 The role of binary toxin in pathogenesis remains
controversial.

The organism’s spores are resistant to heat and des-
iccation and can remain viable in the hospital environ-
ment for weeks.20 Spore production, which varies among
strains of C. difficile,21 enhances the ability of the organ-
ism to spread among hospitalized patients.22 Some
strains of C. difficile appear to have enhanced capability
for spreading and causing outbreaks. These include
the J strain described in 199923 and the 027/NAP1/BI
strain independently described in North America and

Europe24,25 in 2005 and 2006, respectively.
Laboratory Methods

A variety of laboratory methods can be used for diagno-
sis of CDI. A sample of their reported performance char-
acteristics is summarized in Table 1 and reviewed later.

Culture on Agar Media

Although culture methods for propagation of anaerobic
organisms used to be common in many clinical micro-
biology laboratories in the 1970s and 1980s, few lab-
oratories, at least in the United States, continue to use
culture-based methods for C. difficile detection.38 Ac-
cording to a recent survey conducted by the Associa-
tion of Practitioners of Infection Control, most testing
for identification of C. difficile in clinical samples is by
non– culture-based methods.38 Culture methods for C.
difficile are considered sensitive but not specific for
diagnosis because nontoxigenic strains of C. difficile,
which are not considered to be pathogenic, can be
recovered from stool samples of both symptomatic and
asymptomatic patients. Nevertheless, because of its
high sensitivity, culture, together with the identification
of toxin production from pure cultures of organisms
(referred to as toxigenic culture), has replaced the
CCCN assay as the reference method for CDI diagno-
sis in most studies.1,3 However, some investigators3,6

still hold that the identification of toxin in stool, and not
the detection of the organism or the gene that encodes
the critical toxin, should be considered the reference
method for diagnostic studies.

Enriching for Spores

One of the challenges of recovering bacterial agents of
diarrheal disease is the competing flora present in stool
samples. However, the resiliency of C. difficile spores
provides a means of enriching for C. difficile, by treating
the stool sample with either ethanol or heat before culture
on solid agar.39 These shock methods reduce the other
stool flora present and, when combined with chemicals
that stimulate growth of vegetative forms, such as tauro-
cholate, work well to enhance the sensitivity of the culture
method.

Selective Media

One of the most widely used selective agar media for
recovery of C. difficile from stool is pre-reduced cycloser-
ine-cefoxitin-fructose agar,40 which may be supple-
mented with taurocholate to enhance spore germina-
tion.41 This medium often is used in conjunction with an
enrichment broth, such as cycloserine-cefoxitin-mannitol
broth with taurocholate, lysozyme, and cysteine, to en-
hance recovery of C. difficile. Selective media typically are
incubated at 35°C for 48 hours before examination for C.
difficile colonies, which have a ground-glass appearance
and smell of para-cresol (similar to a horse barn). The
presence of large, Gram-positive, obligately anaerobic
rods on the agar medium, which are susceptible to 5

�g of vancomycin, is presumptive evidence of C. diffi-
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cile. Gas-liquid chromatography, demonstrating the
presence of isocaproic, isovaleric, and isobutyric ac-
ids as end products of glucose fermentation, can be
used for species confirmation.42 Direct plating of stool
on selective agar media, which is common in many
laboratories that perform anaerobic cultures for C. dif-
ficile, is 18% to 20% less sensitive than using broth
enrichment to enhance recovery of organisms in cul-
ture; however, broth enrichment adds at least 24 hours
to the turnaround time of testing, which is already
slow.33

CCCN Test

For many years, the CCCN test was considered the gold
standard for diagnosis of CDI because this was a direct
indication of the presence of a toxin (ie, toxin B) in a
clinical sample.1,2,5 Strains of C. difficile that do not pro-
duce toxins are common and considered nonpathogenic,
which is why culture methods alone are not sufficient for
diagnosis of CDI. Both older published results32 and the
conclusions of newer studies2,5 suggest that the CCCN
test lacks adequate sensitivity for detection of toxin-pro-
ducing strains, partially because of the degradation of
the toxin over time.43 Eastwood et al2 compared the re-
sults of EIA, CCCN, and toxigenic culture for detection of
C. difficile from a series of stool samples. Compared with
culture, CCCN was only 66.7% sensitive. A more recent

Table 1. Product Performance Data for Selected Tests for Labora
and TC

Type and name of test

Sensitivity

CCCN TC CCC

CCCN2,26,27

Laboratory-developed
cytotoxin

76

TechLab (Wampole) 64–67
EIA for toxins2,7,28–30

Meridian AB 96–99 48–58 94–
TechLab AB 60–96 87–
Remel Xpect 96 48 99

Lateral flow for
toxins7,28,29,31

TechLab 43–80 99
Meridian Immunocard 96 48 99

GDH2,6,7,28,31,32

Marion latex (no
longer available)

68

Biocite Triage 32–80
TechLab 83–94

NAATs26,27,33–37

Gen-Probe ProGastro
(PCR)

85–92 77 95–

BD GeneOhm (PCR) 84–96 84–94 95
Cepheid Xpert (PCR) 94–96
Meridian Illumigene

(LAMP)
92–98

CCCN and TC were the reference methods.
TechLab, Blacksburg, VA; Meridian Biosciences, Inc., Cincinnati, OH;

GenOhm, La Jolla, CA; Cepheid, Sunnyvale, CA.
CCCN, cell culture cytotoxin neutralization; TC, toxigenic culture.
study5 reiterated that a commercial CCCN assay was
only 67.0% sensitive when compared with toxigenic
culture.

Antigen Detection Methods

EIA Methods

EIA methods for toxins A and B have been among the
most widely used diagnostic tests for diagnosing CDI
over the last two decades because they are rapid, simple
to perform, and relatively inexpensive.2 Although toxin B
is the determinant of pathogenicity,16 testing for both
toxins can potentially add sensitivity to an assay, be-
cause of the differential lability of toxins in feces.43 Most
of the EIA assays were compared with CCCN during
initial evaluations, which made the test appear to have
adequate sensitivity for routine laboratory use.2 However,
more recent studies,28,44 in which toxigenic culture with
broth enrichment was used as the reference method,
indicate that many EIA assays have sensitivities no better
than 60%.

GDH Assays

GDH is a cell-associated enzyme antigen (protein) found
on most isolates of C. difficile and occasionally on the
surface of other Clostridium species. It is relatively stable
in the feces and, because of its apparent ubiquity on

iagnosis of CDI When Compared with the Results of CCCN

icity
Predictive value of

positive result
Predictive value of

negative result

TC CCCN TC CCCN TC

100 100 97

99 93 94

95–98 51–88 69–88 99 87–92
96 92

84 95 46 99 85

94 97 76 97
99 95 91 99 87

95 59 96

100 100 84–95
97 83–88 97–98

98 69 94 98 96

98 65–70 84–90 99 97–99
96–97 80–84 98–99
98–99 92 99

Lenexa, KS; Biocite, Inc, San Diego, CA; Gen-Probe, San Diego, CA; BD
tory D

Specif

N

97
99

96

Remel,
isolates of C. difficile, has been proposed as a sensitive
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but nonspecific screening test for C. difficile in stool sam-
ples.1,45 Because GDH assays are purported to be highly
sensitive but not specific for toxin-producing C. difficile
isolates, this assay is usually used to screen stool spec-
imens as part of a two- or three-step algorithm. Data from
recent studies46,47 supported the use of a two-step ap-
proach, although another study7 raised concerns about
using EIA tests for toxins A and B as confirmatory tests for
GDH-positive samples because of the low sensitivity of
the toxin EIAs. The SHEA-IDSA guidelines recommend
screening liquid stools using a GDH EIA test and con-
firming positive results with either CCCN or toxigenic
culture.1 However, this approach often requires sev-
eral days to complete, and neither assay is commonly
available in clinical laboratories. The recent compre-
hensive study of C. difficile detection methods,2 which
reported the sensitivity of a commonly used GDH as-
say as 87.6% when compared with toxigenic culture, is
consistent with concerns of falsely GDH-negative sam-
ples raised by the report of Larson et al.48 Novak-
Weekley et al34 reported that initial GDH screening
failed to identify approximately 15% of samples con-
taining toxigenic C. difficile isolates. In addition, the
mean sensitivity of membrane-type GDH assays in the
ESCMID survey was only 60% when compared with
toxigenic culture,3 suggesting that GDH screening
may not be as highly sensitive as previously as-
sumed.13 A recent meta-analysis of GDH tests by
Shetty and colleagues45 reported that, when compared
with the results of toxigenic culture, the sensitivity of
GDH assays ranged from a low of 79.2% to 98% and
varied with the prevalence of CDI. This, along with the
data on GDH sensitivity reported by Peterson and
Robicsek,5 calls into question the utility of a two-step
approach. Indeed, a recent point-counterpoint article6

on C. difficile laboratory methods cited the sensitivity of
GDH assays as an unresolved issue. A recent report by
Tenover and colleagues33 suggests that some of the
variability of the sensitivity of GDH assays reported in
the literature may be because of reduced sensitivity of
GDH assays for detecting PCR ribotypes other than
type 027.

Why Are There Disparities in the Published
Reports of Test Performance for Antigen-Based
Assays?

What accounts for the stark performance differences
between immunoassays, particularly the GDH and
toxin A and B EIAs, and other direct detection methods
reported in the literature? One explanation could be
degradation of toxin proteins in transport or during
storage before batch testing.43 Toxin A and, espe-
cially, toxin B are subject to time-dependent degrada-
tion due to proteolysis and pH effects.32 Although
these proteins are generally stable in stool at 4°C, this
is not the ambient temperature of the gastrointestinal
tract, within which degradation is probably a continu-
ous process. Specimens may sit for several minutes to

hours at room temperature in a bedpan before being
placed in a transport container and sent to the labora-
tory for processing. Thus, ample opportunities exist for
toxin degradation before the specimen reaches the
laboratory. Another possible explanation for the varia-
tion in test sensitivity is the sequestration of toxin pro-
teins via naturally occurring polymers in the gut. Toxin
A binds carbohydrate components, and both toxins A
and B are bound by anionic polymers.49 Toxin seques-
tration by natural dietary sources of anionic carbohy-
drate polymers, such as carrageenans, within the gas-
trointestinal tract could make the toxins less available
for detection with antibody-based assays.50 Sucralfate
may also bind toxin B, reducing its detection by anti-
gen-based assays.51

A third explanation for the disparity in results among
antigen detection assays is related to the genetic di-
versity of the target proteins, particularly the antigenic
variation of the toxins, which may decrease the sensi-
tivity of antibody-based assays, depending on the
strain mix present in a hospital or a community. For
example, a recent study33 of 350 human isolates of
toxigenic C. difficile from North America reported that,
although 18 different PCR ribotypes and seven differ-
ent pulsed-field gel electrophoresis patterns were de-
tected, approximately 30% of the isolates demon-
strated unique undesignated ribotyping patterns and
46% were novel undesignated pulsed-field gel electro-
phoresis patterns, indicating a high degree of genetic
diversity among the isolates. Of those organisms that
were typable, a disparity in performance of both toxins
A and B and GDH antigen tests compared with PCR
was observed. Although GDH assays showed equiva-
lent sensitivity to the PCR test for ribotype 027 strains
when compared with the results of toxigenic culture,
the sensitivity of GDH screening assays for non-027
strains decreased to 69.4% compared with toxigenic
culture.33 The sensitivities of toxins A and B EIA test
results were significantly lower for ribotypes 002
(15.4%), 027 (78.4%), and 106 (18.8%) compared with
sensitivities of 100%, 100%, and 75% for the PCR
assay, respectively (P � 0.0001, P � 0.0001, and P �
0.0005, respectively).33 This suggests that variations in
the protein sequences, particularly within tcdB, directly
affect the sensitivity of the antigen-based assays,
whereas the PCR tests, which target conserved DNA
regions, are less affected by sequence variation. To
investigate this further, the amino acid sequences of
toxin B from 16 isolates of C. difficile (based on DNA
sequences available in GenBank) were aligned. The
amino acid sequence heterogeneity at each residue
position is indicated in the red regions in Figure 1
(higher peaks indicate greater sequence diversity).
The antigenicity of the sequences, which was calcu-
lated using the algorithm of Kolaskar and Tonga-
onkar,52 is indicated by the black lines (higher peaks,
either above or below the midline indicate greater an-
tigenicity). Many of the regions of high antigenicity
(black lines) also show highly variable amino acid se-
quences (red regions), suggesting the possibility of
strain-to-strain variation in antigenicity. Thus, antibod-

ies raised against a limited number of common-type
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strains of C. difficile may have difficulty detecting the
full range of strain types of C. difficile that cause dis-
ease in humans, as indicated in the North American
study.33 On the other hand, nucleic acid– based as-
says have primarily targeted sequences in the con-
served regions of tcdB, such as those labeled with blue
bars above the graph (where the amino acid sequence
variability shown in red is low). These gene sequences

0 20 40 60 80 10

GeneOhm

Illumigene

Prodesse

Xpert

Stippled sections (all colors) =
time

Time of assay steps (min

Figure 1. Amino acid heterogeneity (red) and predicted antigenicity of toxi
from 16 C. difficile isolates. The red-shaded plot is the variability of the amin
is indicated by higher peaks. The black line indicates the predicted antigeni
peaks indicate high antigenicity). The blue bars indicate regions of DNA se
ribotypes 001, 017, 027, and 078 and pulsed-field gel electrophoresis types
Figure 2. Steps involved in four FDA-cleared nucleic acid amplification assays for th
literature.34,36,53,54 rxn, reaction.
appear to be conserved across the various strain
types, making the impact on the sensitivity of PCR-
based diagnostic tests low.

Nucleic Acid Amplification Methods

A comparison of the number of steps and length of time
required to perform the four US Food and Drug Admin-
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istration (FDA)– cleared nucleic acid amplification as-
says for laboratory diagnosis of CDI, based on their
respective package inserts, is shown in Figure 2. The
tests require anywhere from 45 minutes to 3 hours to
perform and vary in complexity from 3 to 12 steps.
Those assays that have multiple manual steps are
more prone to crossover contamination than those as-
says in which extraction and amplification are per-
formed in sealed tubes.

PCR Assays

The use of a PCR assay to detect tcdB of C. difficile was
first reported by Gumerlock et al55 in 1993. Since then, a
variety of PCR assays targeting either tcdB or the tcdC
regulator gene have been described.28,34,56 All three
FDA-cleared commercial PCR-based assays for C. diffi-
cile use tcdB as their major target. Evaluations of several
commercial PCR assays26,34,35 have appeared in the
literature, and several investigators8–10 have proposed
using PCR assays to confirm GDH screening tests in lieu
of using EIA assays because of the low sensitivity of the
EIA component of the assays. The SHEA-IDSA guidelines
suggest that PCR may be the most sensitive and specific
diagnostic method for CDI detection, but additional stud-
ies in which toxigenic culture is used as the reference
method are needed to validate this approach, particularly
because PCR assays tend to be more expensive than
antigen-based methods.1 In their investigation compar-
ing EIA, GDH, and PCR-based methods, Larson et al48

retested GDH-negative stool samples by PCR and iden-
tified four additional positive samples among their cohort
of patients. All four patients had subsequent stool sam-
ples that were positive by both PCR and toxigenic cul-
ture, and a review of the patients’ medical records re-
vealed that three of four patients already had been
treated for CDI.48 Thus, retesting of GDH-negative sam-
ples by PCR lowered the sensitivity of the GDH algorithm
from 97.1% to 83.8%, and the negative predictive value
also decreased from 99.7% to 97.9%.

The report of Larson and colleagues48 addresses the
key controversy of using PCR methods for detection of
CDI, which is whether the increased sensitivity and

Table 2. The Effect of Various Testing Algorithms on Isolation o

Testing approach
Average cost/test

($)

GDH or EIA alone 18.00
Reflex to NAAT for GDH� and EIA- 19.12
Reflex to toxigenic culture for

GDH� and EIA-
18.51

Reflex to direct cytotoxin for GDH�
and EIA-

18.32

NAAT alone 35.00

Assumptions: 1000 patients tested with each test or algorithm; 10
GDH-positive and EIA-negative samples � 32, which will be retested us
performed per day; no pre-emptive isolation if test results are reported on
orders includes time for other tests; isolation continues until the day the

*Sensitivity and specificity values are based on published literature.2–
speed of direct PCR testing of liquid stool samples is
worth the added expense of the method when compared
with EIA testing. In their cost analysis, Larson et al48

concluded that the increased cost of either direct PCR
testing or the three-step algorithm (GDH testing, followed
by EIA confirmation of positive samples, followed by PCR
testing of GDH-positive EIA-negative samples) was justi-
fied by the earlier detection of CDI cases, which would
prevent additional cases of nosocomial CDI and shorten
the length of stay for patients with CDI. Babady et al, 57 in
their recent study of a commercial PCR assay, also con-
cluded that using PCR as a stand-alone test for CDI was
cost-effective after considering both turnaround time and
labor costs. Using PCR for tcdB as a stand-alone test for
CDI detection also is advocated strongly in a recent
point-counterpoint editorial by Fang6, whereas Wilcox
and colleagues6 argue in the same article that the best
approach is still unknown but probably requires at least
two methods used in either parallel or series. The uncer-
tainty, as presented by Wilcox and colleagues6 in the
same article, is that CCCN, which they feel is the best
indicator of disease, clearly lacks sensitivity compared
with toxigenic culture and, thus, cannot be used as a
stand-alone test. The issue of whether PCR assays iden-
tify C. difficile isolates that harbor tcdB genes that are not
expressed is often raised. Although there are no pub-
lished data to address this issue directly, the problem
can be mitigated by testing only liquid stool samples from
those patients who are suspected of having CDI, as
noted in the package inserts of each of the products that
are FDA cleared in the United States. It is conceivable
that some patients may be colonized with toxigenic C.
difficile strains but have symptoms based on another di-
arrheal pathogen; however, such instances are likely rare
in most institutions.

LAMP Assays

Commercial loop-mediated amplification (LAMP) assays
are isothermal nucleic acid amplification reactions that
do not require expensive instrumentation to perform. The
first LAMP assay for C. difficile was described by Kato et
al58 in 2005 and targeted tcdB. More recently, a commer-
cial LAMP assay that targets the tcdA gene (toxin A) of C.

ts with CDI

vity of test/
ithm (%)*

No. of patients positive
for CDI missed

Specificity of test/
algorithm (%)*

55 45 94
85 15 93.9
86 14 93.9

77 23 93.9

95 5 96
(table continues)

alence (ie, 100 true-positive patients and 900 true-negative patients);
of the reflex methods; testing on first shift of each day; one test type is

ay as ordered (ie, �8-hour turnaround time); pre-emptive isolation for CDI
ult is negative; assumes a 5-day length of stay.
–30,32–37,44–48,53–56,58–61
f Patien

Sensiti
algor

% prev
ing one
same d
difficile has been described. Norén et al36 reported sen-
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sitivity and specificity values of 98% and 98%, respec-
tively, for 272 samples using toxigenic culture as the gold
standard. However, this report also notes that targeting
tcdA may be suboptimal because of the “importance of
toxin B in virulence and the existence of toxin A-negative
strains.”36 Although some C. difficile strains, such as toxi-
notypes VIII and X, are reported as toxin A negative (but
toxin B positive), vestigial tcdA sequences still present in
such isolates apparently are sufficient to provide a pos-
itive amplification signal.59 A more recent study37 of 472
stool samples reported sensitivity and specificity results
of 91.8% and 99.1%, respectively, although the research-
ers did not specifically report testing known toxin A–neg-
ative isolates. Data on detection of other C. difficile strain
types, such as toxinotypes XIV and XX19, which are toxin
A negative and have more substantial deletions of tcdA,
are lacking. One commercial LAMP assay has been
cleared by the FDA for testing symptomatic children be-
tween 1 and 2 years of age. The three FDA-cleared PCR
assays are not specifically cleared for use in samples
from children less than 2 years of age. Since infants are
frequently colonized shortly after birth with toxigenic C.
difficile strains that they may still harbor asymptomatically
until 2 years of age, testing samples from children be-
tween the ages of 1 and 2 years continues to be
controversial.

Potential Limitations of Direct Detection
Methods

Tests for C. difficile, whether culture, antigen, or nucleic
acid based, perform two important, but slightly divergent,
functions: first, they are used to diagnose patients with
clinical presentations consistent with CDI so that appro-
priate therapy can be initiated; and second, they identify
the human reservoirs of C. difficile that require timely in-
fection control measures to prevent hospital spread.
For the latter purpose, CCCN-based testing is proba-
bly inadequate because it will miss up to 30% of pos-
itive specimens, and EIA typically will miss, on aver-
age, 50% of cases; in a worst-case scenario, EIA may
miss up to 85% (if ribotype 002 was the predominant
hospital strain) of potentially infectious cases in need

Table 2. Continued

No. of false-positive
test results

Patients in isolation
with CDI

54 Days 1–5, 55
55 Day 1, 55; days 2–5, 85
55 Days 1–4, 55; day 5, 86

55 Days 1–2, 55; days 3–5, 77

36 Days 1–5, 95
of contact isolation precautions.33 However, direct de-
tection methods, whether based on culture or NAAT,
run the potential risk of overestimating the etiological
role of C. difficile in nosocomial diarrheal disease, es-
pecially in patients with extended hospitalization who
may develop diarrhea because of any number of other
infectious or noninfectious causes. Clearly, as de-
scribed by Larson et al,48 patients who test negative by
toxin assays (either A and B or GDH) but who are
positive by both PCR and culture can benefit from
therapy, but additional studies are needed to clarify
optimal management of such patients.

Effect of Various Testing Algorithms on Isolation
of Patients with CDI

A review of various testing algorithms and their impact on
the isolation of patients with CDI is presented in Table 2.
This model assumes testing of 1000 patients in a hospital
with 10% prevalence of CDI (ie, 100 true-positive patients
and 900 true-negative patients). The average cost per
test reflects reagents only and not the cost of capital
equipment or labor. Sensitivity and specificity values are
based on published literature2,28,34,53,62 and represent
midrange values. For the model, the sensitivity of the
GDH portion of the GDH-EIA testing algorithm was set at
87%,2,34,45 so the sensitivity of the testing algorithms that
reflex to NAATs, CCCN, or toxigenic culture testing for
GDH-positive/EIA-negative specimens cannot exceed
this value, because specimens that are negative by GDH
will be excluded from further testing. GDH and EIA test-
ing may be either in parallel (ie, together in the same test)
or sequential, if a stand-alone GDH assay is used, fol-
lowed by an independent EIA toxin A/B test.2,34 The
model assumes that 32 specimens will be GDH positive
and EIA negative and, thus, available for reflex testing.
The sensitivities of the reflex tests are as follows: NAATs,
95%26,33,34,56,57; toxigenic culture, 99%42; and cytotoxin
testing, 70%.2,5,37 The isolation protocols are based on
data from studies by Lee et al63 and Peterson et al.64 The
model assumes that only one laboratory test is performed
each day (on the first shift), so reflex test results for
NAATs would be available the following day (because
one protocol requires 3 hours to complete), toxigenic

Patients in isolation
without CDI

Patients with CDI
not in isolation

ys 1–5, 54 Days 1–5, 45
y 1, 54; days 2–5, 55 Day 1, 45; days 2–5, 15
ys 1–4, 54; day 5, 55 Days 1–4, 45; day 5, 14

ys 1–2, 54; days 3–5, 55 Days 1–2, 45; days 3–5, 23

ys 1–5, 36 Days 1–5, 5
Da
Da
Da

Da

Da
culture results in 4 days, and CCCN (direct cytotoxin
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testing) results in 2 days. The length of patient stay in the
health care facility is set at 5 days. Thus, toxigenic culture
results are typically available 1 day before the patient is
discharged in this model, because they require 4 days to
complete. Patients with negative test results are not
placed in isolation if test results are available the same
day (ie, for GDH/EIA testing alone and NAAT alone). For
the three reflex tests, the model assumes that patients will
be placed in isolation if the GDH component is positive
and not removed from isolation until negative results are
received for the reflex test; however, patients will not be
treated for CDI until a final positive laboratory test result is
available. This is based on infection control protocols in
use at several US hospitals.5,20

The model illustrates several points. First, if GDH/EIA
testing results are used without further testing, there are
almost as many patients in contact isolation who have
CDI (true positives, 55 patients) as who do not have CDI
(false positives, 54 patients). In addition, 45 patients with
CDI are not in isolation (false negatives) and will continue
to spread disease on the hospital wards. In contrast,
GDH/EIA algorithms that reflex to PCR, toxigenic culture,
or CCCN testing increase the sensitivity of detecting CDI
cases over using GDH/EIA alone, although the false-
positive results remain high (55 patients), as do the costs
of unnecessarily isolating these patients. This is consis-
tent with the results of several reports.7–10 Although
CCCN is recommended in the SHEA-IDSA guidelines,1

this approach is less desirable as a reflex test because of
its reduced sensitivity compared with NAATs and toxi-
genic culture and, from a more practical standpoint, be-
cause of its general lack of availability in most hospital
laboratories. Although reflex testing using toxigenic cul-
ture produces statistically equivalent sensitivity and
specificity to NAAT reflex testing, the delay in finalizing
results would likely have a negative impact on both in-
fection control costs and, potentially, on the initiation of
therapy for patients with CDI. In contrast, NAATs identify
95% of the CDI-positive patients, while only indicating
that 36 patients without CDI should be placed in isolation.
More important, only five CDI-positive patients are
missed and have the opportunity to continue to spread
disease. Thus, NAATs as stand-alone methods or as a
reflex test for GDH-positive/EIA-negative specimens
have advantages in time to detection and overall sensi-
tivity over the SHEA-IDSA–recommended algorithms and
are consistent with the ASM recommendations. However,
there are few data available on the cost-effectiveness of
this approach; such studies would be of value. From a
regulatory standpoint, using only the GDH portion of the
combined assay and not reporting the EIA portion of the
test may require validation in a separate study (ie, apart
from verification studies for combined GDH/EIA results)
by the laboratory before implementation, because this
may be considered off-label use.60

Summary

Timely and accurate laboratory diagnosis of CDI is im-

portant for both patient management and limitation of the
nosocomial spread of C. difficile in health care set-
tings.1,3,6 The clinical practice guidelines from SHEA-
IDSA provided an interim recommendation to screen liq-
uid or semiformed stool samples with a GDH assay and
confirm positive results with CCCN or toxigenic culture.1

The latter confirmatory procedures are not available in
most laboratories and, in the case of CCCN confirmation,
may result in false-negative results. The ASM guidelines,
on the other hand, support the use of NAATs as stand-
alone methods for the detection of CDI. The inherent
delays in the time to results for the two-step algorithm (48
to 92 hours for a positive case) and the associated costs
of unnecessary isolation and delayed therapy argue for
faster direct methods, such as those based on nucleic
acid amplification. Although more expensive than anti-
gen-based methods, there are significant opportunities to
reduce multiple test orders because of the high negative
predictive values of NAATs.61 Recent data from several
published studies5,48,57 on both the utility and cost-effec-
tiveness of NAATs suggest that the molecular amplifica-
tion methods are worth consideration.
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