
ies have reported high recurrence rates of CDI (19.5%) at 8 
weeks after successful treatment.6 Therefore, effective diag-
nostic methods and treatment modalities are necessary.

CDI was suspected in recently hospitalized patients or 
inpatients with prior diarrhea, abdominal pain, or fever and 
those who underwent antibiotic therapy.7,8 The diagnostic 
methods of CDI include the stool toxin assay, culture for C. 
difficile , and PCR for identifying the C. difficile  chromosomal 
genes tcdA or tcdB , which encode C. difficile  toxin A or B, 
respectively. The recent report about diagnostic methods 
for early diagnosis was insufficient for comparison of the 
increasing CDI burden with the severity of the disease. 
Therefore, our study sought to compare the sensitivity and 
specificity of diagnostic methods and investigated the time 
required to obtain the results. 

INTRODUCTION

As the number of long-term inpatients and the prevalence 
of chronic diseases increase, nosocomial infections with 
certain bacterial and viral infections are increasing world-
wide. Clostridium difficile  infection (CDI) is an infectious 
disease frequently encountered in clinical practice. Recently, 
the incidence and severity of CDI has increased markedly 
worldwide.1-5 Severe CDI associated with an emerging epi-
demic strain, PCR-ribotype 027, has exhibited an increasing 
frequency and rate of mortality.1,4 In addition, recent stud-
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were compared for their diagnostic accuracy and rapidity, including real-time polymerase chain reaction (PCR) of toxin genes, 
C. difficile  toxin assay, and culture for C. difficile . Results: A total of 207 cases from 116 patients were enrolled in this study and 
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and culture for C. difficile  were 87.2% (102 cases; 95% CI, 80.7%−92.8%), 48.7% (57 cases; 95% CI, 41.0%−59.8%), and 65.0% (76 
cases; 95% CI, 60.2%−78.5%), respectively (P<0.005). Notably, 34 cases (29.0%) were diagnosed with CDI by real-time PCR only. 
The time required to obtain results was 2.27 hours (136.62±82.51 minutes) for real-time PCR, 83.67 hours (5,020.66±3,816.38 
minutes) for toxin assay, and 105.79 hours (6,347.68±3,331.46 minutes) for culture (P<0.005), respectively. Conclusions: We 
confirmed that real-time PCR of toxin genes is the most effective diagnostic method for accurate and early diagnosis of CDI. It 
also helps to diagnose hypervirulent CDI, such as ribotype 027 infection. (Intest Res 2018;16:109-115)
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METHODS

1. Patients

 This study investigated CDI-related diagnostic tests by 
comparing the sensitivity of the methods that were per-
formed on the stool samples obtained from CDI patients 
from January 1 to December 31, 2014 at Seoul Paik Hospital. 
For patients with CDI, baseline characteristics, including un-
derlying diseases and drugs administered to patients, were 
reviewed retrospectively. The stool samples that were ob-
tained in presumptive CDI patients were compared to deter-
mine diagnostic accuracy and rapidity, including real-time 
PCR of toxin genes, C. difficile  toxin assay, and culture for C. 
difficile . When any one of these methods could not be per-
formed, these cases were excluded. In addition, toxin assay, 
which showed equivocal results, were excluded. This study 
was approved by the Institutional Review Board of Seoul 
Paik Hospital (IRB No. IIT-2015-408). A consent waiver was 
granted for this database study.

2. Definition of CDI

Diarrhea was defined as a bowel habit change with more 
than 3 unformed stools per day for more than 2 days. CDI 

was defined as the presence of diarrhea and any positive 
outcome (1 or more) on the following diagnostic tests: (1) C. 
difficile  toxin A and/or B detection by enzyme immunoas-
say, (2) positive stool culture for C. difficile , and (3) positive 
stool PCR for C. difficile  toxin B. 

3. Diagnostic Methods

1) Real-Time PCR of Stool Samples
Collected stool samples were immediately transported to 

the laboratory and stored at 2°C to 8°C prior to testing. The 
primer and probe of the GeneXpert® (Cepheid, Sunnyvale, 
CA, USA) C. difficile  test system were used. This system 
targets the toxin B gene (tcdB ), the critical component of 
all toxigenic C. difficile  strains. Furthermore, it detects the 
epidemic 027/NAP1/BI strain. The GeneXpert® C. difficile  
test system automates and integrates sample purification, 
nucleic acid amplification, and detection of the target se-
quences in simple or complex samples using real-time PCR. 
The result is represented as toxigenic C. difficile  positive or 
negative and 027/NAP1/BI presumptive positive or negative.

2) Stool Toxins A and/or B
The stool samples were tested with VIDAS® C. difficile  

toxin assay A and/or B (bioMérieux, Marcy L’Etoile, France). 

48 Culture positive

52 PCR positive

toxin assay positive

225 All methods were not

performed simultaneously

20 The result of toxin assay

was equivocal

90 No CDI diagnosis

(26 patients)

117 Cases were

diagnosed as CDI

(for 90 patients)

452 Cases

207 Cases

(for 116 patients)

4 Culture negative 34 Culture negative 3 Culture negative16 Culture positive 2 Culture positive 10 Culture positive

50 PCR positive

toxin assay negative

5 PCR

toxin assay positive

negative 10 PCR

toxin assay

negative

negative

Fig. 1. Study process. A total of 207 cases from 116 patients were initially enrolled in this study and from these, 117 cases from 90 patients were diag-
nosed as Clostridium difficile infection (CDI). 
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If toxin A and/or B is present in the stool sample they would 
adhere to the biotin coated interior wall of the solid-phase 
receptacle, coupled with anti-toxin A antibody (rabbit poly-
clonal) and anti-toxin B antibody (mouse monoclonal). If the 
relative fluorescence value (RFV) is more than 0.37, the test 
is positive for CDI; an RFV of 0.13 to less than 0.37 means the 
result is equivocal, and if the RFV is less than 0.13, the test is 
negative. 

3) Stool Culture for C. difficile
The stool samples were inoculated into ChromIDTM C. dif-

ficile  agar (bioMérieux) consisting of nutrient-rich material 
with a combination of multiple peptone and taurocholate, 
which promotes spores germination. Then the agar was an-
aerobically incubated for 48 to 72 hours. The identification 
of suspected C. difficile  was conducted through analysis of 
Gram staining, spore staining, and/or a biochemical assay 
using an ANA identification test kit (bioMérieux).

4. Statistical Analysis

The statistical analysis was performed using PASW ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). The outputs were 
relative positive fractions with 95% CIs. The accuracy of the 
diagnosis methods was determined using a McNemar’s test. 
A P-value of 0.005 was considered significant. The time that 
was required to obtain results was analyzed by ANOVA. In 
addition, we used the Mann-Whitney test or chi-square test 
to compare the 2 groups.

RESULTS

1. Patient Characteristics

A total of 452 cases were initially enrolled in this study 
and 225 cases were excluded, because the 3 methods could 
not be performed simultaneously. In addition, 20 cases 
showed equivocal results of the toxin assay, leading to exclu-
sion. Therefore, a total of 207 cases from 116 patients were 
investigated in this study and from these, 117 cases from 90 
patients were diagnosed as CDI (Fig. 1). The patients com-
prised 56 men (62.0%) and 34 women (38.0%), with their 
mean age being 68.9±15.8 years (Table 1).

2. Underlying Diseases and Administered Drugs

A total of 181 underlying diseases were counted in 90 pa-
tients, of which some had more than 1 underlying disease. 

The most common underlying disease among the patients 
with CDI was cerebrovascular disease (48 cases, 26.5%), 
while neoplastic disease was present in 24 cases (13.3%). 
Regarding antibiotics administration, some of the patients 
received more than 1. The most common antibiotic was 
cephalosporins (80 cases, 28.2%), followed by quinolones 
(52 case, 18.3%). Notably, 22 cases (7.7%) were related to 
proton pump inhibitors (Table 1). 

3. The Required Time to Obtain Results

The required time to obtain results was measured from 
the beginning of the test to when the results were obtained. 
The required time was 2.27 hours (136.62±82.51 minutes) 

Table 1. Baseline Characteristics of the Patients

Characteristic Value

Age (yr) 68.9±15.8

Sex

   Male  56 (62.0)

   Female  34 (38.0)

Drug historya 

   Cephalosporin  80 (28.2)

   Quinolone  52 (18.3)

   Carbapenem  37 (13.0)

   Glycopeptide  33 (11.6)

   Proton pump inhibitors 22 (7.7)

   Macrolide 13 (4.6)

   Clindamycin 10 (3.5)

   Aminoglycoside  9 (3.2)

Reason of hospitalizationb 

   Cerebrovascular  48 (26.5)

   Neoplasm  24 (13.3)

   Diabetes mellitus  21 (11.6)

   Hypertension  20 (11.0)

   Pneumonia 16 (8.8)

   Chronic kidney disease 13 (7.2)

   Musculoskeletal disease  9 (5.0)

   Cardiovascular disease  6 (3.3)

   Others  20 (11.0)

Values are presented as median±SD or number (%).
aSome patients were prescribed more than 1 drug. Therefore, a total of 
284 drugs was prescribed in 90 patients.
bA total of 181 underlying diseases were counted in 90 patients, of 
which some had more than 1 underlying disease.
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for real-time PCR, 83.67 hours (5,020.66±3,816.38 minutes) 
for toxin A & B assay, and 105.79 hours (6,347.68±3,331.46 
minutes) for C. difficile  culture (P <0.005), respectively. 
The PCR analysis was the most rapid test compared to the 
other methods and showed a statistically significant differ-
ence (P<0.005) (Table 2). The rapidity of the real-time PCR 
method over the toxin assay and the culture method was 
confirmed using a Scheffe test.

4. Accuracy of Diagnostic Methods

Among the 117 cases, the sensitivities of real-time PCR, 
C. difficile  toxin assay and culture for C. difficile  were 87.2% 
(102 cases; 95% CI, 80.7%−92.8%), 48.7% (57 cases; 95% CI, 
41.0%−59.8%), and 65.0% (76 cases; 95% CI, 60.2%−78.5%), 
respectively. 

The sensitivity of real-time PCR was much higher than 
C. difficile  culture and the toxin immunoassay (P <0.005). 
Sigmoidoscopy was performed in only 16 cases and showed 
an appearance of antibiotic-associated colitis in 13 cases. 
Among these 16 cases, the diagnostic accuracy of sigmoid-
oscopy was 81.3% (95% CI, 67.8%−100%), which was lower 
than the diagnostic accuracy of real-time PCR (92.7%; 95% 
CI, 89.3%−96%). 

5. Real-Time PCR Positive with Toxin Assay Positive or 
Negative Group

A total of 52 cases (44.4%) were diagnosed with CDI by 
both positive findings of real-time PCR and toxin A & B as-
say. Whereas 50 cases (42.7%) were diagnosed as CDI by 
real-time PCR positive, despite the toxin A & B assay being 
negative. In addition, 38 cases (32.5%) were diagnosed with 
CDI by real-time PCR positive although culture for C. diffi-
cile  were negative. Notably, 34 cases (29.0%) were diagnosed 
with CDI by real-time PCR only (Fig. 1). When comparing 
the 2 groups regarding their clinical characteristics, there 
was no significant difference between 2 groups (Table 3).

6. Hypervirulent CDI Strains

In our study, 2 cases (1.7%) of hypervirulent CDI strain 
(027/NAP1/BI) were reported by real-time PCR method. 
One case had hypertension, diabetes mellitus, and end-stage 
renal disease as underlying diseases and developed CDI 
in the hospital after 49 days of stay. The patient was being 
treated for pneumonia and CDI in the intensive care unit. 
However, the patient expired due to septic shock with multi-
organ failure. The other patient had gait disturbance and 
ventriculoperitoneal shunt owing to hydrocephalus. The 
patient was hospitalized for 38 days, before being ultimately 
discharged in a good condition. In both cases, oral vancomy-
cin was administered to treat the CDI.

DISCUSSION

A recent report has suggested that the real-time PCR 
method is a more sensitive and accurate method for the 
diagnosis of CDI.9 Furthermore, a recent study observed a 
sensitivity of 99.1% for PCR, 83.3% for the toxin assay, and 
51% for the culture method.10 In a European study, the sen-
sitivity was reported to be 100% for real-time PCR and 58.8% 
for the toxin assay by ELISA.11 This study was performed 
in a tertiary teaching hospital and samples were collected 
prospectively from 150 hospitalized adult patients. The re-
searchers suggested that real-time PCR method was a more 
sensitive and accurate method for the diagnosis of CDI and 
our study observed similar results. In the present study, dif-
ferent methods for detecting toxins were employed, which 
revealed that real-time PCR is the most sensitive method for 
the detection of toxin-producing C. difficile . In addition, we 
obtained meaningful results in which 34 cases (29.0%) were 
diagnosed with CDI by real-time PCR only. This finding 
suggested that the real-time PCR method could reduce the 
repeated exam of toxin assay or culture and make the rapid 
diagnosis of CDI, thereby reducing the duration of hospital-
ization stay and economic burden.

Table 2. Time Required to Obtain Results of Clostridium difficile Infection

Equipment Method Median time (hr) Median time (min) P-value Scheffe

GeneXpert®a C. difficile PCR   2.27 136.62±82.51

VIDAS®b C. difficile toxins A&B assay  83.67  5,020.66±3,816.38 <0.005 PCR>toxin assay>culture

ChromIDTM C. difficile agarc C. difficile culture 105.79  6,347.68±3,331.46

Values are presented as median±SD or median.
aGeneXpert®; Cepheid, Sunnyvale, CA, USA.
bVIDAS®, A/B; bioMérieux, Marcy L’Etoile, France.
cChromIDTM C. difficile agar; bioMérieux.

https://en.wikipedia.org/wiki/M%C3%A9rieux_family
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Regarding the time to obtain results, real-time PCR took 
2.27 hours (136.62 minutes), toxin assay took 83.67 hours 
(5,020.66 minutes), and culture took 105.79 hours (6,347.68 
minutes), respectively. This confirmed that real-time PCR 
results can be obtained more rapidly compared to the other 
methods tested, with a statistically significant difference 
(P<0.005). It has to be noted that this time is only measured 
from the beginning of the test to when the results are ob-
tained. Therefore, the total time taken to complete the testing 
may differ from one test to the other. Although many studies 
have investigated the accuracy of CDI diagnostic methods, 
few studies have tested the time required to obtain results 
for CDI diagnosis. For example, a previous study reported 
that a cytotoxin assay needs 24 to 48 hours and stool culture 
requires 2 to 5 days.12 Furthermore, studies showed that the 
mean time until results could be reported to the wards was 

1.53 hours for real-time PCR, 22.45 hours for positive culture 
cytotoxicity neutralization assay, 46.54 hours for negative 
culture cytotoxicity neutralization assay, and 4.47 hours for 
toxin enzyme immunoassay.13,14

We compared the characteristics of patients between the 
2 groups of real-time PCR positive/toxin assay positive and 
real-time PCR positive/toxin assay negative. However, there 
was no significant difference between the 2 groups.

In our study, 2 cases of the hypervirulent CDI strain (027/
NAP1/BI) were reported using the real-time PCR method. 
Ribotype 027 strain had toxin A, toxin B, and binary toxin 
with a deletion of the toxin regulator gene (tcdC ).15,16 The 
first case of C. difficile  ribotype 027 in Korea was reported in 
2009.17 After that, 7 cases were reported at the tertiary-care 
hospital in Korea and there was a warning of a possible out-
break of CDI.18,19 In terms of detecting the hypervirulent CDI, 

Table 3. Characteristics of Patients with Toxin Assay-Positive and -Negative Results with PCR Positive Results

Characteristic PCR positive/toxin assay positive PCR positive/toxin assay negative P-value

Age (yr) 72.1±12.6 65.5±18.3 0.059

Male sex  29 (55.8) 33 (66.0) 0.290

Drug historya

   Cephalosporin  39 (28.9) 34 (29.1) 0.433

   Quinolone  27 (20.0) 20 (17.1) 0.227

   Carbapenem  17 (12.6) 14 (12.0) 0.607

   Glycopeptide  17 (12.6) 13 (11.1) 0.458

   Proton pump inhibitors 12 (8.9) 9 (7.7) 0.526

   Macrolide  6 (4.4) 5 (4.3) 0.820

   Clindamycin  4 (3.0) 5 (4.3) 0.681

   Aminoglycoside  4 (3.0) 4 (3.4) 0.954

Reason for hospitalizationb

   Cerebrovascular  19 (22.9) 24 (32.0) 0.241

   Neoplasm  12 (14.5) 10 (13.3) 0.706

   Diabetes mellitus  10 (12.0)  8 (10.7) 0.669

   Hypertension   9 (10.8)  8 (10.7) 0.859

   Pneumonia   9 (10.8) 5 (6.7) 0.284

   Chronic kidney disease   9 (10.8) 4 (5.3) 0.159

   Musculoskeletal disease  3 (3.6) 5 (6.7) 0.427

   Cardiovascular disease  2 (2.4) 3 (4.0) 0.615

   Ohers  10 (12.0)  8 (10.6) 0.373

Values are presented as median±SD or number (%).
aSome patients were prescribed more than 1 drug. Therefore, a total of 252 drugs was prescribed in the groups of real-time PCR positive/toxin assay 
positive and real-time PCR positive/toxin assay negative.
bA total of 158 underlying diseases were counted, of which some of the patients had more than 1 underlying disease in the real-time PCR positive/
toxin assay positive and real-time PCR positive/toxin assay negative groups.
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the real-time PCR method possesses a benefits compared to 
other methods.

The economic effect of early diagnosis by real-time PCR 
has been debated. In a study by the University of Wisconsin, 
it has been reported that the rapid reporting of real-time PCR 
test results was associated with fewer diagnostic laboratory 
tests performed per patient and a shorter length of empiric 
antibiotic therapy.20 We also suggested that real-time PCR 
method is cost-effective in treating CDI patients. Real-time 
PCR is generally expensive relative to other methods; how-
ever, it can reduce the diagnostic delay of CDI. Therefore, 
real-time PCR can potentially lead to improved outcomes of 
CDI, which can result in significant hospital cost savings.21 

Our study has several limitations. First, this study was 
conducted retrospectively with a relatively small sample 
size (n=117). Second, the time to obtain results was calcu-
lated from the beginning of the test to when the results were 
obtained, therefore this time may differ between hospitals 
depending on their reporting system.

In conclusion, we confirmed that the real-time PCR is 
superior to other diagnostic methods for CDI in terms of 
accuracy and rapidity. In contrast to other methods, it also 
helps to diagnose hypervirulent CDI, such as ribotype 027 
infection.
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