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objective. To evaluate the accuracy of real-time polymerase chain reaction (PCR) for Clostridium difficile–associated disease (CDAD)
detection, after hospital CDAD rates significantly increased following real-time PCR initiation for CDAD diagnosis.

design. Hospital-wide surveillance study following examination of CDAD incidence density rates by interrupted time series design.

setting. Large university-based hospital.

participants. Hospitalized adult patients.

methods. CDAD rates were compared before and after real-time PCR implementation in a university hospital and in the absence of
physician and infection control practice changes. After real-time PCR introduction, all hospitalized adult patients were screened for C.
difficile by testing a fecal specimen by real-time PCR, toxin enzyme-linked immunosorbent assay, and toxigenic culture.

results. CDAD hospital rates significantly increased after changing from cell culture cytotoxicity assay to a real-time PCR assay. One
hundred ninety-nine hospitalized subjects were enrolled, and 101 fecal specimens were collected. C. difficile was detected in 18 subjects
(18%), including 5 subjects (28%) with either definite or probable CDAD and 13 patients (72%) with asymptomatic C. difficile colonization.

conclusions. The majority of healthcare-associated diarrhea is not attributable to CDAD, and the prevalence of asymptomatic C.
difficile colonization exceeds CDAD rates in healthcare facilities. PCR detection of asymptomatic C. difficile colonization among patients
with non-CDAD diarrhea may be contributing to rising CDAD rates and a significant number of CDAD false positives. PCR may be useful
for CDAD screening, but further study is needed to guide interpretation of PCR detection of C. difficile and the value of confirmatory
tests. A gold standard CDAD diagnostic assay is needed.
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Clostridium difficile is emerging as the most important health-
care-associated pathogen in many hospitals. Recognition of
the hypervirulent, epidemic North American pulsed-field gel
electrophoresis type 1/polymerase chain reaction (PCR) ri-
botype 027 (NAP1/027) C. difficile strain in the United States
in 2001 has been associated with a marked increase in the
incidence of C. difficile–associated disease (CDAD).1 The fre-
quency of severe CDAD; complications including toxic me-
gacolon, colonic perforation, colectomy, and septic shock; and
mortality rates in the United States have been rising.2 Despite
conventional therapy with antibiotics, approximately 20%–
30% of CDAD cases fail to respond. Another 25% of CDAD
patients who initially respond to antibiotics suffer recurrent
disease.3

Nucleic acid amplification tests (NAATs), which amplify
C. difficile toxin genes, have been endorsed as an acceptable
or preferred test of choice for CDAD diagnosis because of
their reported high sensitivity and specificity and reduced
time and labor requirements.4-6 Thirty-five percent of hos-
pitals in the Centers for Disease Control and Prevention’s
National Healthcare Safety Network currently employ these
molecular diagnostic assays.7 Additional reported benefits as-
sociated with real-time PCR include decreased hospital costs
with earlier discontinuation of contact isolation and inap-
propriate antibiotics.8 However, increasing CDAD rates have
also been described following adoption of NAATs for CDAD,
as a result of the increased sensitivity of the real-time PCR
assay.9-12 NAATs detect the presence of toxigenic C. difficile
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isolates but not toxin production and are unable to discrim-
inate between asymptomatic C. difficile colonization and
symptomatic infection. Following a rise in CDAD incidence
rates associated with a change in diagnostic methods from
cell culture cytotoxicity assay to real-time PCR for CDAD
diagnosis, we conducted a hospital-wide, epidemiologic real-
time PCR surveillance for asymptomatic C. difficile coloni-
zation and symptomatic infection at a 600-bed university
hospital in Houston, Texas, to evaluate the accuracy of real-
time PCR for the diagnosis of CDAD.

methods

Surveillance Study Population

Patients at least 18 years of age who were admitted to the
study hospital were eligible for enrollment. Exclusion criteria
included incapacitated individuals lacking a legal represen-
tative to consent on their behalf. A stool sample or a rectal
swab was collected from each study participant. Rectal swabs
were obtained if consenting subjects were unable to provide
stool samples within 48 hours of enrollment. All enrolled
subjects completed a brief questionnaire providing demo-
graphic and clinical information related to CDAD develop-
ment. All subjects provided written, informed consent. The
Committee for the Protection of Human Subjects at the Uni-
versity of Texas Health Science Center, the Baylor College of
Medicine Institutional Review Board, and the Department of
Research at the study hospital approved the study protocol.

Definitions

Diarrhea was defined as the passage of 3 or more unformed
stools within 24 hours. Definite CDAD was defined as a pos-
itive real-time PCR or enzyme-linked immunosorbent assay
(ELISA) confirmed by toxigenic culture in a patient with
diarrhea. Probable CDAD was defined as a positive PCR,
ELISA, or toxigenic culture with diarrhea. Asymptomatic col-
onization was defined as C. difficile detection by PCR, ELISA,
or toxigenic culture in the absence of diarrhea.

C. difficile Detection Methods

Four different assays were used for C. difficile detection. Stool
samples and rectal swabs were screened by DNA extraction
and amplification by multiplex real-time PCR within 24 hours
of specimen collection. Bacterial DNA was extracted from
fecal specimens with the QIAamp DNA Stool Mini Kit (QI-
AGEN), according to the manufacturer’s instructions. A real-
time PCR assay, originally developed and used by the mi-
crobiology laboratory at Texas Children’s Hospital, was
modified and performed by our research laboratory at the
Center for Infectious Diseases in the University of Texas
School of Public Health.9 A multiplex assay amplifying toxin
A (tcdA) and B (tcdB) genes was performed on a StepOne
platform (Life Technologies). The 20-mL reaction mixture
consisted of 4.4 mL extracted DNA, 10.0 mL TaqMan Universal

PCR Master Mix (Life Technologies), 0.4 mM tcdA forward
and reverse primers and 0.08 mM hydrolysis probe, and 0.5
mM tcdB forward and reverse primers and 0.1 mM hydrolysis
probe. DNA was amplified under the following conditions:
initial denaturation for 15 minutes at 95�C; 45 cycles of tem-
plate denaturation for 10 seconds at 95�C, followed by primer
annealing and extension for 1 minute and 15 seconds at 60�C.

The study hospital microbiology laboratory is currently
using the BD GeneOhm Cdiff PCR assay (Becton Dickinson)
for C. difficile detection, which has been approved by the
Food and Drug Administration for the detection of the tcdB
gene.13 To compare consistency, we tested stools and rectal
swabs with both real-time PCR methods. However, stool sam-
ples from 10 subjects were tested only by the hospital mi-
crobiology laboratory commercial assay at the discretion of
the primary physician. An ELISA assay (C. DIFFICILE TOX
A/B II, TECHLAB) was used to screen stool samples for toxin
A and B production. Stool samples and rectal swabs were
also cultured anaerobically on cycloserine-cefoxitin-fructose
agar for C. difficile after alcohol shock treatment with 100%
ethanol to kill vegetative cells. Toxigenic C. difficile isolates
were detected by conventional PCR amplification of tcdA and
tcdB genes, as described previously.14

Statistical Analysis

The study hospital microbiology laboratory discontinued per-
formance of the cell culture cytotoxicity assay and began test-
ing with the BD GeneOhm Cdiff molecular assay in late April
2011. Overall CDAD incidence density rates and their 95%
confidence intervals (CIs) at the hospital before and after the
change in CDAD diagnostic testing were calculated assuming
Poisson distribution with large sample approximation. Hy-
pothesis testing was performed by normal theory test, which
applies large sample approximation to binomial test for the
2 incidence rates.15 Further, an interrupted time series design
using monthly incidence data was performed to assess for
any difference in CDAD incidence rates associated with the
change in CDAD testing. Serial autocorrelation of CDAD
rates was assessed with an autoregressive integrated moving
average (ARIMA) model, using a Box-Jenkins-Tiao strategy.16

Briefly, CDAD monthly rates were plotted over time for hos-
pitalized patients. The graphs were visually inspected to assess
trend or nonstationarity of the data and adjusted in the
ARIMA model.

Significant proportional differences were evaluated with a
Fisher exact test or x2 analysis for categorical variables. Con-
tinuous variables were compared by t test and Wilcoxon rank
sum test. Statistical analyses were conducted using SAS (ver.
9.1) software.

results

Following the introduction of PCR testing for CDAD, CDAD
rates significantly increased and currently remain elevated
compared with CDAD rates prior to adoption of NAAT test-
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figure 1. Clostridium difficile–associated disease (CDAD) inci-
dence density rates at a 600-bed university hospital in Houston,
Texas. Data are for CDAD incidence density rates from January 2007
to March 2013. Line indicates when CDAD detection methods were
changed at the study hospital. Interrupted time series design was
used to assess the change in CDAD rates before and after the change
in diagnostic assay to real-time polymerase chain reaction (PCR).
A significant increase in the CDAD rate was observed with the
implementation of the BD PCR assay (Wald x2, 225.21; P ! .0001).

ing (Figure 1). Assuming a Poisson distribution with normal
approximation, the mean C. difficile detection rate at the hos-
pital doubled from 13.4 per 10,000 patient days (May 2010–
April 2011; 95% CI, 11.8–15.0) to 27.0 per 10,000 patient
days (May 2011–April 2012; 95% CI, 24.7–29.3) after PCR
initiation and without other apparent changes in the study
population, physician practice, or infection control policy.
Normal theory test shows P ! .0001. A significant increase
in the CDAD rate was also observed after implementation of
the BD PCR assay with an interrupted time series design
assessment (Wald x2, 225.21; P ! .0001). The ARIMA model
estimated that the change in diagnostic assay from cell culture
cytotoxicity assay to PCR was associated with a rate increase
of 13.6 cases of CDAD per 10,000 patient days (95% CI,
10.2–17.0 cases per 10,000 patient days).

The increased CDAD rates associated with PCR testing at
the study hospital led us to conduct an epidemiologic survey
to evaluate the prevalence of CDAD and asymptomatic col-
onization identification by PCR. Among 415 patients ad-
mitted to the study hospital, 22 patients were excluded be-
cause they were incapacitated with no available legal
representative to consent on their behalf. One hundred
ninety-nine (51%) of the eligible patients were enrolled Jan-
uary 8–11, 2013 (Figure 2). One hundred ninety-four patients
declined to participate in this study. Stool samples or rectal
swabs were collected from 101 (51%) enrolled subjects. C.
difficile was detected in 18 (18%) subjects who provided a
fecal specimen for testing (Table 1). The mean age of enrolled
subjects was 60 years, and 52% were male. Two-thirds of
subjects were receiving antibiotics at enrollment, and 45%
were receiving an antacid medication. Diarrhea was reported
by 12% of subjects; 7% of participants described a previous
history of CDAD. No significant differences in clinical char-
acteristics were observed between C. difficile–positive subjects
and C. difficile–negative patients, although C. difficile subjects
reported diarrhea more frequently than non–C. difficile sub-
jects (Table 2).

Among the 18 C. difficile–positive subjects, 1 subject (6%)
was identified with definite CDAD, 4 subjects (22%) with
probable CDAD, and 13 patients (72%) with asymptomatic
colonization. The majority of subjects identified with C. dif-
ficile were asymptomatic, irrespective of the detection
method, including 8 of 12 (67%) C. difficile–positive subjects
by PCR, 11 of 13 (85%) C. difficile–positive subjects by tox-
igenic culture, and 3 of 4 (75%) C. difficile–positive patients
by ELISA. Concordant results were obtained for 71 of 74
(96%) stool samples tested by the 2 real-time PCR methods.
Asymptomatically colonized subjects were more likely to have
a history of residing in a healthcare facility within the past 6
months, to have a previous CDAD, and to be receiving an-
tibiotics. However, the only significant difference between
subjects with CDAD and C. difficile–colonized patients was
the mean number of stools passed in the previous 24 hours
(5.6 � 3.8 vs 0.9 � 0.8 stools; P ! .01).

discussion

Accurate diagnosis of CDAD is challenging. Although CDAD
causes a tremendous burden of disease among hospitalized
patients and is the most commonly identified cause of di-
arrhea-associated mortality in the United States,17 the ma-
jority of healthcare-associated diarrhea is not attributable to
CDAD. Approximately 75% of healthcare-associated diarrhea
episodes are due to causes other than CDAD.18 Often, no
specific etiologic diarrheal agent is recognized.

NAATs are increasingly being used by clinical laboratories
for CDAD identification. In the present university hospital,
a significant rise in detection of C. difficile was observed fol-
lowing real-time PCR assay initiation. In this study, we at-
tempted to examine the potential significance and implica-
tions of this dramatic rise in CDAD rates at the study hospital
by investigating the relative prevalence of asymptomatic C.
difficile colonization and CDAD identified by PCR.

Although greater frequency of asymptomatic C. difficile col-
onization compared with CDAD prevalence among patients
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figure 2. Study enrollment and results of Clostridium difficile (CD)–associated disease (CDAD) testing.

at healthcare institutions has been demonstrated, with asymp-
tomatic C. difficile colonization ranging from 4% to 16% at
acute care facilities19-21 and up to 51% at long-term care fa-
cilities,22 these previous studies of asymptomatic colonization
used selective, anaerobic culture of stool samples or rectal
swabs for C. difficile detection, with confirmation of toxigenic
C. difficile isolates by cytotoxicity assay19,21 or ELISA.22 Epi-
demiologic surveillance for asymptomatic C. difficile colo-
nization using NAATs has not been previously described. We
examined whether the high sensitivity of the real-time PCR
assay for C. difficile would lead to a greater frequency of
asymptomatic C. difficile colonization at the study hospital
compared with these previous reports. In this study, the over-
all prevalence of diarrhea was 12% among hospitalized pa-
tients, and the prevalence of C. difficile detection was 18%.
Asymptomatic colonization with C. difficile was approxi-
mately 3 times more frequent than CDAD (13% vs 5%; P !

.05). The prevalence of asymptomatic colonization by PCR
was 8% versus 12% by toxigenic culture.

Although PCR for C. difficile toxin genes has been shown
to correlate well with toxigenic culture, often considered the
gold standard for CDAD diagnosis,23 neither assay measures
toxin production, the primary mechanism of C. difficile path-
ogenesis. Recognition of toxigenic isolates alone may not be
sufficient to establish CDAD. At least half of patients with
toxigenic isolates may remain asymptomatic.19,21 The difficulty
in interpreting the clinical significance of C. difficile detected
by NAATs is emphasized by recent studies describing the
importance of confirmation of C. difficile toxin production.
Planche et al24 demonstrated that worse CDAD clinical out-

comes were significantly associated with toxin production,
but no relationship between clinical outcomes and positive
toxigenic culture alone was observed. Similarly, in another
study, CDAD patients identified by PCR alone were signifi-
cantly less likely to develop a CDAD complication than hosts
who were positive by both PCR and a toxin assay.11

Understanding the clinical implications of an NAAT pos-
itive for C. difficile is further complicated by common CDAD
host characteristics. CDAD hosts are typically sicker patients
requiring hospitalization for prolonged periods of time, in-
creasing their risk for acquiring C. difficile. However, CDAD
patients often have multiple comorbidities and several po-
tential underlying causes for diarrhea, including medications
such as antibiotics and laxatives, tube feeding, altered intes-
tinal motility related to gastrointestinal diseases such inflam-
matory bowel disease,25 and enteric infection with other en-
teropathogens such as noroviruses.26 In this study, established
risk factors for CDAD—such as recent exposure to a health-
care facility, receipt of antibiotics or antacids, and past history
of CDAD—were similarly identified in colonized patients and
CDAD subjects. In spite of the high sensitivity of NAATs for
C. difficile detection, PCR assays are unable to distinguish
asymptomatic colonization from symptomatic disease. Re-
ports are emerging that suggest a poor positive predictive
value of real-time PCR for CDAD diagnosis when the en-
demic C. difficile prevalence is low.27-29 Since there is no true
gold standard for diagnosing CDAD, we cannot exclude the
possibility that our CDAD-diagnosed patients had diarrhea
from causes other than C. difficile.

With their high negative predictive value, NAATs serve as
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table 1. Clostridium difficile Detection by Assay Performed

Test
C. difficile
detected

C. difficile
colonization

Probable
CDAD

Definite
CDAD

Probable or
definite CDAD

UTSPH real-time PCR 8/91 (8.8) 7/91(7.7) 0 1/91 (1.1) 1/91 (1.1)
BD GeneOhm Cdiff PCR assay 9/84 (10.7) 5/84 (6.0) 4/84 (4.8) 0 4/84 (4.8)
ELISA for toxins A and B 4/75 (5.3) 3/75 (4.0) 0 1/75 (1.3) 1/75 (1.3)
Toxigenic culture 13/90 (14.4) 11/90 (12.2) 1/90 (1.1) 1/90 (1.1) 2/90 (2.2)
Cumulative test resultsa 18/101 (17.8) 13b/101 (12.9) 4/101 (4.0) 1/101 (1.0) 5/101 (5.0)

note. Data are no. (%). The discrepancy in denominators for the different tests reflects an inadequate amount
of stool from certain subjects to be tested by all assays. The 101 fecal samples collected include 10 stools tested
only by the BD assay in addition to 91 fecal samples tested by the University of Texas School of Public Health
(UTSPH) real-time polymerase chain reaction (PCR). CDAD, Clostridium difficile–associated disease; ELISA,
enzyme-linked immunosorbent assay.
a Cumulative test results represent the total number of subjects for each C. difficile category identified by the
different diagnostic methods, including some subjects who were positive by more than 1 assay.
b C. difficile–colonized subjects included patients positive by PCR alone (n p 1); toxigenic culture alone (n p
5); PCR and toxigenic culture (n p 4); PCR and ELISA (n p 1); and ELISA, PCR, and toxigenic culture (n p
2).

an ideal screening test. In this study, we also used an ELISA
for detection of C. difficile toxin production, since ELISA has
been proposed as an adjunct test to NAAT to establish disease
pathogenesis in multistep algorithms, currently employed in
England.29 However, multistep testing with PCR has not been
universally accepted as the recommended strategy for diag-
nosing CDAD, and many clinical laboratories in the United
States are using NAATs alone to detect C. difficile.30 Further-
more, in our study, 3 of 4 subjects positive for C. difficile
toxin production by ELISA were only asymptomatically col-
onized. Toxin detection is also not necessarily indicative of
active CDAD. Persistent toxin production after clinical res-
olution of CDAD symptoms is well described and has led to
the recommendation to avoid using C. difficile assays as a test
of cure.31 Further study is needed to determine the optimal
confirmatory test for NAATs. We are currently developing a
quantitative real-time PCR assay for C. difficile toxin genes
and plan to evaluate whether this assay and others—including
toxin ELISA and detection of fecal inflammatory markers
such as lactoferrin, calprotectin, or IL-8—can increase the
positive predictive value and the specificity of CDAD diag-
nosis when performed in conjunction with NAATs.

Inappropriate CDAD diagnosis may lead to unnecessary
antibiotic exposure and adverse effects, including increased
risk of CDAD by alteration of the intestinal microbiota,32

exclusion from certain healthcare facilities that deny access
to CDAD patients, and potentially wasted resources for con-
tact isolation. The benefit of contact isolation for asymptom-
atically colonized patients to reduce C. difficile transmission
has yet to be demonstrated. In addition, falsely inflated CDAD
rates with PCR assays may compromise hospital reimburse-
ments in the future, if the Centers for Medicare and Medicaid
Services consider CDAD as a preventable hospital-acquired
condition. Mandatory reporting of hospital CDAD rates has
been initiated in the United States and is required in other
countries as well.

Limitations of this study include enrollment of 51% of
eligible patients and fecal specimen collection from only half
of enrolled subjects. Failure to enroll subjects was due to
patient refusal to participate or inability to consent. Exclusion
of incapacitated patients unable to provide consent may have
excluded some potentially sicker patients. However, these pa-
tients represented only 5% of patients approached for con-
sent. In addition, all patients unable to consent because of
their underlying medical condition were visited multiple
times to identify legal representatives who could consent on
their behalf. Clinical information was not collected for unen-
rolled subjects; as a result, we cannot exclude potential se-
lection bias in this study. Stool collection was limited pri-
marily by our inability to collect specimens from subjects
prior to their hospital discharge. Nevertheless, we believe that
our study results are representative of the hospital inpatients.
Previous surveillance at the hospital in 2004 also noted an
overall diarrhea frequency of 12%, although diarrhea was
defined by the passage of 2 or more stools within 24 hours
in this earlier study.33 In the present study, asymptomatic
patients were included for C. difficile testing for the purpose
of evaluating the relative frequency of asymptomatic C. dif-
ficile colonization to determine whether NAATs may be de-
tecting false positives among diarrhea patients. The nearly 3-
fold greater prevalence of asymptomatic C. difficile
colonization than CDAD frequency among our hospitalized
patients suggests that a significant proportion of patients di-
agnosed with CDAD by NAATs may actually only be colo-
nized. For routine C. difficile testing, however, we advocate
adhering to the recommendation for testing of only diarrheal
stools for CDAD diagnosis.6 Finally, this study was a preva-
lence study at a single institution.

In the healthcare setting, where the majority of diarrhea
cases are not attributable to CDAD and the prevalence of
asymptomatic C. difficile colonization is greater than the fre-
quency of CDAD, NAAT detection of asymptomatic colo-
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table 2. Demographic Characteristics of Study Population by Clostridium difficile Status

Characteristic

C. difficile
positive

(n p 18)

C. difficile
negative

(n p 83) P
CDAD

(n p 5)

C. difficile
colonized
(n p 13) P

Age, mean � SD, years 57.0 � 16.2 60.2 � 15.8 .47 53.0 � 16.8 58.5 � 16.4 .59
Sex, male 8 (44.4) 44 (54.3) .45 2 (40.0) 6 (46.2) 1.00
Residence in a healthcare facility within past 6 months 2 (11.1) 9 (11.4) 1.00 0 2 (15.4) 1.00
Hospitalized within past 3 months 7 (38.9) 35 (43.8) .71 2 (40.0) 5 (38.5) 1.00
Antibiotic use 11 (61.1) 56 (68.3) .56 2 (40.0) 9 (69.2) .33
Antacid use 7 (38.9) 37 (45.1) .63 2 (40.0) 5 (38.5) 1.00
History of previous CDAD 1 (5.6) 11 (13.6) .69 0 1 (7.7) 1.00
Stools in past 24 hours, mean � SD 2.2 � 2.9 1.8 � 2.5 .51 5.6 � 3.8 0.9 � 0.8 !.01
Diarrhea within past 24 hours 5 (27.8) 10 (12.2) .09 ... ... ...

note. Data are no. (%), unless otherwise indicated. C. difficile positive denotes C. difficile detected in stool or rectal swab; CDAD
denotes C. difficile–associated diarrhea (diarrhea plus a positive stool for C. difficile). SD, standard deviation.

nization among healthcare-associated diarrhea patients may
be contributing to a significant number of CDAD false pos-
itives. Unfortunately, the precise extent of this misclassifi-
cation of asymptomatically colonized individuals as CDAD
is unknown and cannot be accurately assessed because a true
gold standard for CDAD diagnosis is currently lacking. Better
CDAD diagnostic methods—such as multistep algorithms in-
cluding confirmation of PCR-positive stools with toxin pro-
duction or intestinal inflammation—are urgently needed to
avoid compromising patient safety with the administration
of unnecessary antibiotics and future hospital financial re-
imbursements related to CDAD.

acknowledgments

We would like to thank the members of the Clostridium difficile research
team and the University of Texas School of Public Health Student Epidemic
Intelligence Society who conducted the hospital-wide surveillance study:
Katherine Addy, Wilhelmine Adrien, Jafreen Ahmed, Oluwatosin Bamidele,
Jameisha Brown, Zerelda Esquer, Tehseen Iqbal, David Jacobs, Nishtha Joshi,
Yuanyuan Li, Debola Olayinak Ola, Priyanka Priyanka, Priscila Roedel, Do-
rothy Ruelas, Rebecca Shaefer, Dhara Shah, Virdiana Sauceda, Helen Tellegen,
and Jialing Zhu.

Financial support. This study was supported by the Roderick D. Mac-
Donald Research Fund at Baylor St. Luke’s Medical Center.

Potential conflicts of interest. All authors report no conflicts of interest
relevant to this article. All authors submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest, and the conflicts that the editors consider
relevant to this article are disclosed here.

Address correspondence to Hoonmo L. Koo, MD, MPH, Baylor College
of Medicine, One Baylor Plaza, Houston, TX 77030 (koo@bcm.edu).

Presented in part: IDWeek 2013 Meeting; San Francisco, California; Oc-
tober 5, 2013.

references

1. McDonald LC, Owings M, Jernigan DB. Clostridium difficile
infection in patients discharged from US short-stay hospitals,
1996–2003. Emerg Infect Dis 2006;12:409–415.

2. Redelings MD, Sorvillo F, Mascola L. Increase in Clostridium

difficile–related mortality rates, United States, 1999–2004. Emerg
Infect Dis 2007;13:1417–1419.

3. Musher DM, Aslam S, Logan N, et al. Relatively poor outcome
after treatment of Clostridium difficile colitis with metronidazole.
Clin Infect Dis 2005;40:1586–1590.

4. O’Horo JC, Jones A, Sternke M, Harper C, Safdar N. Molecular
techniques for diagnosis of Clostridium difficile infection: sys-
tematic review and meta-analysis. Mayo Clin Proc 2012;87:643–
651.

5. Schutze GE, Willoughby RE. Clostridium difficile infection in
infants and children. Pediatrics 2013;131:196–200.

6. American Society for Microbiology (ASM). A Practical Guidance
Document for the Laboratory Detection of Toxigenic Clostridium
difficile. Washington, DC: ASM, September 21, 2010. http://
www.asm.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf.
Accessed September 19, 2013.

7. Centers for Disease Control and Prevention. Vital signs: pre-
venting Clostridium difficile infections. MMWR Morb Mortal
Wkly Rep 2012;61:157–162.

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

9. Luna RA, Boyanton BL Jr, Mehta S, et al. Rapid stool-based
diagnosis of Clostridium difficile infection by real-time PCR in
a children’s hospital. J Clin Microbiol 2011;49:851–857.

10. Fong KS, Fatica C, Hall G, et al. Impact of PCR testing for
Clostridium difficile on incident rates and potential on public
reporting: is the playing field level? Infect Control Hosp Epidemiol
2011;32(9):932–933.

11. Longtin Y, Trottier S, Brochu G, et al. Impact of the type of
diagnostic assay on Clostridium difficile infection and compli-
cation rates in a mandatory reporting program. Clin Infect Dis
2013;56:67–73.

12. Gould CV, Edwards JR, Cohen J, et al. Effect of nucleic acid
amplification testing on population-based incidence rates of
Clostridium difficile infection. Clin Infect Dis 2013;57:1304–1307.

13. Kvach EJ, Ferguson D, Riska PF, Landry ML. Comparison of
BD GeneOhm Cdiff real-time PCR assay with a two-step al-
gorithm and a toxin A/B enzyme-linked immunosorbent assay
for diagnosis of toxigenic Clostridium difficile infection. J Clin
Microbiol 2010;48:109–114.

https://doi.org/10.1086/676433 Published online by Cambridge University Press

mailto:koo@bcm.edu
http://www.asm.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf
http://www.asm.org/images/pdf/Clinical/clostridiumdifficile9-21.pdf
https://doi.org/10.1086/676433


real-time pcr and c. difficile–associated disease rates 673

14. Borriello SP, Honour P. Simplified procedure for the routine
isolation of Clostridium difficile from faeces. J Clin Pathol 1981;
34:1124–1127.

15. Rosner B. Fundamentals of Biostatistics. 5th ed. Boston: Brooks/
Cole, 2000.

16. Box GEP, Tiao GC. Intervention analysis with applications to
economic and environmental problems. J Am Stat Assoc 1975;
70:70–79.

17. Hall AJ, Curns AT, McDonald LC, Parashar UD, Lopman BA.
The roles of Clostridium difficile and norovirus among gastro-
enteritis-associated deaths in the United States, 1999–2007. Clin
Infect Dis 2012;55:216–223.

18. Bartlett JG. Clinical practice: antibiotic-associated diarrhea. N
Engl J Med 2002;346:334–339.

19. Kyne L, Warny M, Qamar A, Kelly CP. Asymptomatic carriage
of Clostridium difficile and serum levels of IgG antibody against
toxin A. N Engl J Med 2000;342:390–397.

20. McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial
acquisition of Clostridium difficile infection. N Engl J Med 1989;
320:204–210.

21. Samore MH, DeGirolami PC, Tlucko A, Lichtenberg DA, Melvin
ZA, Karchmer AW. Clostridium difficile colonization and diar-
rhea at a tertiary care hospital. Clin Infect Dis 1994;18:181–187.

22. Riggs MM, Sethi AK, Zabarsky TF, Eckstein EC, Jump RL, Dons-
key CJ. Asymptomatic carriers are a potential source for trans-
mission of epidemic and nonepidemic Clostridium difficile
strains among long-term care facility residents. Clin Infect Dis
2007;45:992–998.

23. Tenover FC, Novak-Weekley S, Woods CW, et al. Impact of strain
type on detection of toxigenic Clostridium difficile: comparison
of molecular diagnostic and enzyme immunoassay approaches.
J Clin Microbiol 2010;48:3719–3724.

24. Planche TD, Davies KA, Coen PG, et al. Differences in outcome
according to Clostridium difficile testing method: a prospective
multicentre diagnostic validation study of C difficile infection.
Lancet Infect Dis 2013;13:936–945.

25. Berg AM, Kelly CP, Farraye FA. Clostridium difficile infection in
the inflammatory bowel disease patient. Inflamm Bowel Dis
2013;19:194–204.

26. Koo HL, Ajami NJ, Jiang ZD, et al. A nosocomial outbreak of
norovirus infection masquerading as Clostridium difficile infec-
tion. Clin Infect Dis 2009;48:e75–e77.

27. Crobach MJ, Dekkers OM, Wilcox MH, Kuijper EJ. European
Society of Clinical Microbiology and Infectious Diseases (ES-
CMID): data review and recommendations for diagnosing Clos-
tridium difficile-infection (CDI). Clin Microbiol Infect 2009;15:
1053–1066.

28. Deshpande A, Pasupuleti V, Rolston DD, et al. Diagnostic ac-
curacy of real-time polymerase chain reaction in detection of
Clostridium difficile in the stool samples of patients with sus-
pected Clostridium difficile infection: a meta-analysis. Clin Infect
Dis 2013;53:e81–e90.

29. Wilcox MH. Overcoming barriers to effective recognition and
diagnosis of Clostridium difficile infection. Clin Microbiol Infect
2012;18(suppl 6):13–20.

30. Brecher SM, Novak-Weekley SM, Nagy E. Laboratory diagnosis
of Clostridium difficile infections: there is light at the end of the
colon. Clin Infect Dis 2013;57:1175–1181.

31. Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guide-
lines for Clostridium difficile infection in adults: 2010 update by
the Society for Healthcare Epidemiology of America (SHEA)
and the Infectious Diseases Society of America (IDSA). Infect
Control Hosp Epidemiol 2010;31:431–455.

32. Louie TJ, Emery J, Krulicki W, Byrne B, Mah M. OPT-80 elim-
inates Clostridium difficile and is sparing of bacteroides species
during treatment of C. difficile infection. Antimicrob Agents Che-
mother 2009;53:261–263.

33. Garey KW, Graham G, Gerard L, et al. Prevalence of diarrhea
at a university hospital and association with modifiable risk
factors. Ann Pharmacother 2006;40:1030–1034.

https://doi.org/10.1086/676433 Published online by Cambridge University Press

https://doi.org/10.1086/676433

