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Purpose: The enzyme immunoassay (EIA) has lower sensitivity for Clostridium difficile toxins 

A and B than the polymerase chain reaction in the diagnosis of C. difficile-associated diarrhea 

(CDAD). Furthermore, toxin positivity with EIA performed on C. difficile isolates from stool 

cultures may be observed even in patients with EIA glutamate dehydrogenase (GDH)-positive 

and toxin-negative stool specimens. It is unclear whether such patients should be treated as 

having CDAD.

Methods: The present study retrospectively compared patient characteristics, treatment, and 

diarrhea duration among three groups of patients who underwent stool EIA testing for CDAD 

diagnosis: a toxin-positive stool group (positive stool group; n=39); a toxin-negative stool/

toxin-positive isolate group (discrepant negative/positive group, n=14); and a dual toxin-negative 

stool and isolate group (dual negative group, n=15). All cases included were confirmed to be 

GDH positive on EIA test.

Results: Patients’ backgrounds and comorbidities were not significantly different among 

three groups. No difference was observed among the three groups with regard to antimicrobial 

drug use before diarrhea onset. Treatment was received by 82.1% of the positive stool group 

compared to 7.1% of the discrepant positive/negative group and 0% of the dual negative group, 

while mean diarrhea duration was 10.6 days compared to 7.9 days (P=0.6006) and 3.4 days 

(P=0.0312), respectively.

Conclusion: Even without treatment, patients with toxin-negative stool specimens had shorter 

diarrhea duration than those with toxin-positive stool specimens even with toxin-positive isolates. 

These findings may suggest a limited need for CDAD treatment for GDH-positive patients and 

toxin-negative stool specimens.
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Introduction
The anaerobic Gram-positive bacillus Clostridium difficile is a leading cause of 

antibiotic-associated diarrhea. Antimicrobial drugs disrupt the normal intestinal flora, 

allowing C. difficile to flourish and release C. difficile toxin A and toxin B that induce 

C. difficile-associated diarrhea (CDAD).1,2 Although CDAD is the common health-

care-associated infectious disease, treatment or infection countermeasures are not 

applied to patients who do not present with diarrhea, including the tens of percents of 

asymptomatic adults who carry C. difficile in their intestines.3–5
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CDAD diagnosis widely uses an enzyme immunoassay 

(EIA) kit to detect glutamate dehydrogenase (GDH) and 

toxins A and B (CD toxins) released by the C. difficile cells.6 

However, the low detection sensitivity of EIA for the CD 

toxins has been reported.7,8 Compared to the ≥90% detec-

tion sensitivity of polymerase chain reaction (PCR) and 

cytotoxigenic culture, EIA detection sensitivity is usually 

thought to be ~70% and has been reported to be as low as 

50% or below.7,8

CDAD diagnosis is based on EIA results in Japan, 

because PCR has not been clinically available. If EIA test-

ing is performed on C. difficile isolates cultured from the 

same specimen, an EIA GDH-positive and toxin-negative 

stool specimen may give a toxin-positive result. Bacterial 

content is higher in specimens containing colonies in solu-

tion compared to stool; therefore, toxin concentration may 

also be markedly higher.

If a specimen is GDH positive, follow-up testing with 

a nucleic acid amplification test, such as PCR, is recom-

mended to compensate for the low sensitivity of EIA.9–11 

PCR  detection of tcdA or tcdB genes is the evidence for the 

presence of toxigenic C. difficile. While PCR findings have 

been reported to correlate well with clinical symptoms,12 

bacterial toxin proteins are not detected; therefore, posi-

tive results may also include patients carrying C. difficile 

without CDAD.13 There is currently no definite method of 

determining whether diarrhea is caused by CD toxins present 

at concentrations below the detection sensitivity of EIA in 

patients with EIA toxin-negative stool or whether diarrhea 

is due to a cause other than CD toxins, despite the presence 

of C. difficile in the stool. Patients with toxin-negative stool 

may be dismissed as non-CDAD and thus overlooked in terms 

of treatment and infection countermeasures.

The present study investigated patients who had submit-

ted stool specimens for CDAD diagnosis using EIA. Differ-

ences in patient characteristics, diarrhea duration, antibiotics 

usage, and severity were compared among patients with 

toxin-positive stool, toxin-negative stool but toxin-positive 

isolates, and toxin-negative stool and isolates.

The aim of the study is to investigate clinical history and 

need for the treatment of patients with GDH-positive and 

toxin-negative stool specimens.

Methods
Subjects
The present study retrospectively investigated patients 

(age ≥2 years) whose stool specimens were submitted to 

the microbiology laboratory at our institution for CD toxin 

testing between March 2013 and June 2014. Patients with 

C. difficile growth on stool culture and stool specimens con-

firmed to be GDH positive on EIA were included. Patients 

were divided into three groups based on the EIA CD toxin 

results in stool specimens and isolates obtained from bacterial 

culture: a toxin-positive stool group (positive stool group), a 

toxin-negative stool/toxin-positive isolate group (discrepant 

negative/positive group), and a dual toxin-negative stool and 

isolate group (dual negative group).

Bacteriological examination
C. Diff Quik Chek Complete (TechLab, Inc., Blacksburg, VA, 

USA) EIA was performed according to the manufacturer’s 

instructions to determine stool specimen positivity or negativ-

ity for GDH and CD toxins. Samples of toxin-negative stool 

specimens were inoculated onto cycloserine-cefoxitin man-

nitol agar (CCMA; Nissui Pharmaceutical Co., Ltd., Tokyo, 

Japan) and cultured for 48 hours under anaerobic conditions. 

EIA was performed on isolates from colonies using the same 

method as for the stool specimens to confirm the presence 

or absence of GDH and CD toxins. Isolates that were also 

GDH positive were determined to be C. difficile.

Clinical data collection
Bowel movement status was investigated using the electronic 

medical records (EMRs) of bowel movement frequency and 

characteristics. Patients with diarrhea or muddy stool passed 

≥once per day or loose stool passed ≥four times per day were 

identified as symptomatic. Clinical data relating to white 

blood cell (WBC) count, C-reactive protein levels, serum 

albumin (Alb) levels, and body temperature on the day the 

specimens were submitted to the microbiology laboratory 

or, if measurements were unavailable for that day, on the day 

before or after, were also obtained from the EMR.

Statistical analysis
Analyses were performed using JMP Pro 11 (SAS Institute 

Inc., Cary, NC, USA). One-way analysis of variance was 

performed to compare the continuous variables among the 

three groups, and the Tukey–Kramer honest significant dif-

ference test was performed for multiple comparisons. Fisher’s 

exact test was used to analyze differences in proportions 

between the groups.

Ethics statement
The Ethics Committee of The University of Tokyo Graduate 

School of Medicine approved this study and waived the need 

for obtaining written informed consent from each patient.
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195 stool specimens

68 stool specimens

Exclusion: 127 specimens

≥ second specimens from same episode
No record of EIA
Age <2 years
Bowel movement status unclear

EIA test

39 toxin positive 29 toxin negative

EIA test on agar-cultured isolates

14 toxin positive 15 toxin negative

54 specimens 
47
4

22

Figure 1 Flow chart of the study.
Note: All patients and isolates included in this study were GDH positive on EIA test.
Abbreviations: GDH, glutamate dehydrogenase; EIA, enzyme immunoassay.

Results
A flow chart of the study design and patient cohort is shown 

in Figure 1. During the study period, 195 stool specimens 

were included. Of these, 127 specimens were excluded for the 

following reasons: ≥second of multiple specimens submitted 

during the same diarrhea episode (n=54), no record of EIA 

results for isolates obtained from stool culture (n=47), patient 

age <2 years (n=4), and bowel movement status unclear from 

EMR or fever chart (n=22). The remaining 68 specimens 

were included in the analysis. All specimens underwent EIA, 

identifying 39 toxin-positive and 29 toxin-negative stool 

specimens. EIA performed on agar-cultured isolates from 

toxin-negative stool specimens identified 14 toxin-positive 

and 15 toxin-negative isolates. All stool specimens and iso-

lates (n=68) were GDH positive.

Table 1 shows the overall patient characteristics and 

clinical data for each group. No significant differences were 

observed in clinical characteristics such as the number of 

comorbidities, presence of malignant tumors, recent history 

of transplant, and use of tube feeding.

No significant differences were observed among the three 

groups with regard to number and respective administration 

frequencies of antimicrobial drugs received by patients within 

the 30 days prior to diarrhea onset (Table 2).

A significant difference was observed in mean diarrhea 

duration between the 39 patients in the positive stool group 

and the 29 patients with toxin-negative stool specimens 

(10.6 days vs 5.6 days; P=0.0179). Among the 29 patients 

with toxin-negative stool specimens, mean diarrhea durations 

were 7.9 days and 3.4 days for the discrepant negative/positive 

group and the dual-negative group, respectively. A significant 

difference was observed in diarrhea duration among the 

three groups (P=0.0395; Figure 2). Comparison between 

each group found a significant difference in diarrhea dura-

tion between the positive stool group and the dual-negative 

group (P=0.0312). No significant difference was observed 

between the positive stool group and the discrepant negative/

positive group (P=0.6006); however, diarrhea duration tended 

to be longer in the positive stool group. No difference was 

observed in diarrhea duration between either of the groups 

with toxin-negative stool specimens (P=0.3952).

A significant difference was observed among the groups 

in the proportion of patients who received vancomycin or 

metronidazole treatment for CDAD: positive stool group, 

82.1% (n=32); discrepant negative/positive group, 7.1% 

(n=1; vancomycin 500 mg three times daily for 13 days); 

and dual-negative group, 0% (n=0); P<0.001 (Figure 3). In 

positive stool group, 27 patients received oral vancomycin, 

four received oral metronidazole, and one received oral met-

ronidazole (250 mg four times daily for 11 days) followed 

by oral vancomycin (125 mg four times daily for 7 days). 

Of the patients receiving oral vancomycin alone in positive 

stool group, 70.4% received 125 mg four times daily, 18.5% 

received 500 mg four times daily, 7.4% received 500 mg 
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Table 1 Characteristics of patients

Overall Toxin (+) stool Toxin (–) stool/(+)  
isolates

Toxin (–) stool/(–)  
isolates

P

n 68 39 14 15

Age (years), mean (range) 67.4 (30–94) 68.7 (35–94) 64.6 (30–75) 66.4 (39–77) 0.5822
Female sex, n (%) 25 (36.8) 15 (38.5) 6 (42.9) 4 (26.7) 0.6196

Length of hospital stay (days), mean (range) 55.1 (3–351) 57.3 (10–351) 56.1 (3–192) 48.5 (16–90) 0.8577

No of comorbidities, mean (range) 2.8 (1–8) 2.7 (1–8) 2.9 (1–5) 2.8 (1–6) 0.8905

Malignant tumors

Solid tumors, n (%) 24 (35.3) 11 (28.2) 7 (50.0) 6 (40.0) 0.3071
Hematological tumors, n (%) 9 (13.2) 7 (18.0) 1 (7.1) 1 (6.7) 0.3881

Transplants

Solid organ, n (%) 9 (13.2) 3 (7.7) 2 (14.3) 4 (26.7) 0.0587
Hematopoietic stem cell, n (%) 1 (1.5) 1 (2.6) 0 0 0.5704

Tube feeding, n (%) 8 (11.9) 4 (10.5) 2 (14.3) 2 (13.3) 0.9180

Notes: One-way analysis was performed to compared the continuous variables. Fisher’s exact test was used to analyze differences in proportions between the groups. The 
significance level was P<0.05.

Table 2 Antimicrobial drugs received by patients within the 30 days prior to diarrhea

Overall Toxin (+) 
stool

Toxin (–) stool/ 
(+) isolates

Toxin (–) stool/ 
(–) isolates

P

No. of antimicrobial drugs administered within 30 days, median (range) 2 (0–4) 2 (0–4) 2.5 (0–4) 2 (0–4) 0.7528
b-lactamase inhibitors combination drugs,a n (%) 34 (50.0) 18 (46.2) 7 (50.0) 9 (60.0) 0.7147
Cephalosporins, n (%)
First generationb 4 (5.9) 3 (7.7) 1 (7.1) 0 0.6406
Third generationc 12 (17.7) 6 (15.4) 3 (21.4) 3 (20.0) 0.7511
Fourth generationd 10 (14.7) 6 (15.4) 1 (7.1) 3 (20.0) 0.5851
Cephamycins,e n (%) 8 (11.8) 6 (15.4) 1 (7.1) 1 (6.7) 0.6729
Oxacephems,f n (%) 3 (4.4) 1 (2.6) 1 (7.1) 1 (6.7) 0.3889
Carbapenems,g n (%) 17 (25.0) 9 (23.1) 5 (35.7) 3 (20.0) 0.6413
Quinolones,h n (%) 8 (11.8) 6 (15.4) 2 (14.3) 0 0.3038
Macrolides,i n (%) 2 (2.9) 1 (2.6) 1 (7.1) 0 0.4179
Aminoglycosides,j n (%) 4 (5.9) 1 (2.6) 1 (7.1) 2 (13.3) 0.2042
Glycopeptides,k n (%) 10 (14.7) 4 (10.3) 2 (14.3) 4 (26.7) 0.3233
Lincomycins,l n (%) 2 (2.9) 0 1 (7.1) 1 (6.7) 0.1782
Fosfomycin,m n (%) 2 (2.9) 2 (5.1) 0 0 1.0000

Notes: ab-lactamase inhibitors combination drugs include 20 piperacillin/tazobactam, eight ampicillin/sulbactam, one cefoperazone/sulbactam, one ampicillin/clavulanic acid, 
and four piperacillin/tazobactam and ampicillin/sulbactam. bFirst-generation cephalosporins include four cefazolin. cThird-generation cephalosporins include five cefotaxime, 
five ceftriaxone, one cefcapene pivoxil, and one cefditoren pivoxil. dFourth-generation cephalosporins include ten cefepime. eCephamycine includes eight cefmetazole. 
fOxacephems include three flomoxef. gCarbapenems include 15 meropenem, one doripenem and one meropenem and doripenem. hQuinolones include seven levofloxacin 
and one ciprofloxacin. iMacrolides include one azithromycin and one clarithromycin. jAminoglucosides include four gentamicin. kGlycopeptides include eight vancomycin and 
two teicoplanin. lLincomycins include two clindamycin. mFosfomycin includes two fosfomycin. One-way analysis was performed to compared the continuous variables. Fisher’s 
exact test was used to analyze differences in proportions between the groups. The significance level was P<0.05.

three times daily, or 3.7% received 250 mg four times daily. 

The median duration of oral vancomycin was 11 days (range 

1–25). Of the patients receiving oral metronidazole alone in 

positive stool group, 25% received 250 mg four times daily 

and 75% received 500 mg three times daily. The median 

duration of oral metronidazole was 14 days (range 10–15).

The present findings demonstrated that, although signifi-

cantly fewer patients in the discrepant negative/positive group 

received treatment compared to the positive stool group, 

diarrhea duration tended to be shorter.

No significant differences were observed among the 

groups with regard to inflammation findings, specifically 

WBC count, C-reactive protein levels, Alb levels, and body 

temperature, on the day stool specimens were submitted 

(Table 3).

Discussion
Of the 68 patients investigated in the present study, 39 

(57.4%) had CD toxin-positive stool specimens, 14 (20.6%) 

had toxin-negative stool specimens but toxin-positive iso-

lates, and 15 (22.1%) had both toxin-negative stool specimens 

and isolates.

Quinn et al14 investigated 174 stool specimens and found 

that 133 (76.4%) were negative for both GDH and CD tox-

ins, 18 (10.3%) were positive for both GDH and toxins, and 

23 (13.2%) were positive for GDH but negative for toxins. 
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Figure 2 The mean duration of diarrhea for toxin (+) stool, toxin (–) stool/(+) 
isolates, and toxin (–) stool/(-) isolates.
Notes: P-values are P=0.0395 for all groups, P=0.6006 for toxin (+) stool vs toxin 
(–) stool/(+) isolates, P=0.3952 for toxin (–) stool/(+) isolates vs toxin (–) stool/(–) 
isolates, P=0.0312 for toxin (+) stool vs toxin (–) stool/(–) isolates. One-way analysis 
of variance was performed. *The significance level was P<0.05.
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Figure 3 The rates of CDAD drug treatment in diarrhea for toxin (+) stool, toxin 
(–) stool/(+) isolates, and toxin (–) stool/(–) isolates.
Notes: Toxin (+) stool group was significantly higher rate than toxin (–) stool/(+) 
isolates and toxin (–) stool/(–) isolates groups. *P<0.001. Fisher’s exact test was 
used to analyze differences in proportions between the groups. The significance 
level was P<0.05.
Abbreviation: CDAD, Clostridium difficile-associated diarrhea.

Table 3 Comparison of clinical laboratory data and body temperature

Overall Toxin (+) stool Toxin (–) stool/  
(+) isolates

Toxin (–) stool/ 
(–) isolates

P

WBC (μ/L), mean (range) 10,881 (500–49,400) 11,572 (1,900–49,400) 10,071 (500–19,300) 9,764 (2,500–21,300) 0.6868
CRP (mg/dL), mean (range) 6.67 (0.11–40.10) 6.70 (0.11–40.10) 6.30 (0.71–13.01) 6.92 (0.13–34.13) 0.9809
Alb (g/dL), mean (range) 2.6 (1.6–4.0) 2.7 (1.8–4.0) 2.5 (1.6–3.6) 2.6 (1.6–3.3) 0.7043
Body temperature (°C), mean (range) 37.2 (34.6–39.5) 37.2 (34.6–39.4) 37.1 (36.0–39.5) 37.2 (36.5–38.4) 0.8476

Notes: One-way analysis was performed. The significance level was P<0.05.
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; Alb, serum albumin.

In the present study, similar rates of GDH positivity were 

found in both toxin-positive and toxin-negative patients with 

regard to stool specimens. Similar results were obtained. 

These GDH-positive but toxin-negative patients represent 

the proportion of cases in which diagnosis and treatment 

requirements are unclear.

Symptom duration was significantly shorter in patients 

with toxin-negative rather than toxin-positive stool specimens, 

despite the lack of CDAD drug treatment in all but one of the 29 

toxin-negative stool specimen patients. Furthermore, diarrhea 

duration also tended to be shorter in patients with toxin-negative 

stool specimens but toxin-positive isolates compared to those 

with toxin-positive stool specimens, despite significantly fewer 

discrepant negative/positive group patients receiving treatment. 

This suggests that patients who tested positive for C. difficile 

on culture but negative for toxins in their stool had milder 

symptoms, despite having toxin-positive isolates. Polage et al15 

found that EIA toxin-negative patients had significantly milder 

diarrhea, shorter diarrhea duration, and a lower mortality rate 

than toxin-positive patients. Patel et al16 also reported that an 

infection with an EIA toxin-negative strain of C. difficile pres-

ents less severe clinical course, such as lower white blood cell 

counts and shorter length of hospital stay, than infection with 

EIA-positive C. difficile. Meanwhile, Baker et al17 demonstrated 

that EIA toxin-negative patients present with milder clinical 

symptoms than toxin-positive patients. Conversely, other stud-

ies have reported no difference in clinical symptoms between 

toxin-negative and toxin-positive patients,18 and a consensus has 

yet to be reached. The present analysis supported the reports of 

Polage et al,15 Patel et al,16 and Baker et al,17 finding that mean 

diarrhea duration was significantly shorter in patients with 

toxin-negative (5.6 days) than toxin-positive (10.6 days) stool 

specimens, even with similar GDH positivity.

Furthermore, 13 of 14 patients with toxin-negative stool 

specimens but toxin-positive isolates did not receive CDAD 

treatment, and diarrhea duration in this group did not differ 

significantly from that in the dual-negative group. The group 

with toxin-negative isolates may have been infected with 

nontoxigenic C. difficile, while the toxin concentration in the 

stool and intestines of the group with toxin-positive isolates but 

toxin-negative stool specimens was likely too low to be detected 

by EIA, despite C. difficile toxigenicity. Akerlund et al19 found 

that toxin concentrations in vitro from cultured C. difficile did 

not correlate with the toxin concentration in stool, which cor-

related with diarrhea frequency and abdominal pain. In addition 

to low toxin concentration, various intestinal factors, such as 

primary bile salt and human immunity, may contribute to lack 

of toxin detection in stool specimens in patients with discrep-

ant negative/positive findings,20–26 because primary bile salts 

inhibit the growth of vegetative cells of C. difficile and human 
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alpha-defensins cause loss of cytotoxicity of C. difficile toxin 

B. However, whatever the cause, diarrhea is comparatively mild 

in patients with toxin-negative stool, suggesting that severe 

symptoms are unlikely to develop at toxin concentrations below 

detection sensitivity. In this study, all cases were GDH positive. 

Toxin-negative patients with GDH positivity may be simply 

colonized with another cause of diarrhea, even if toxigenic C. 

difficile is isolated from stool.

Some classes of antibiotics, such as clindamycin, 

broad-spectrum cephalosporins, vancomycin, carbapenems, 

b-lactamase inhibitors combination antibiotics, and fluoro-

quinolones, are widely known risk factors for CDAD.5,27–29 On 

the other hand, linezolid has been reported to have a potential 

protective role against the development of C. difficile infec-

tion30 and a good in vitro activity against C. difficile isolates 

in a human gut model of C. difficile infection.31 In this study, 

48% patients received b-lactamase inhibitors combination 

antibiotics and 25% patients received carbapenems. Linezolid 

was not used in the present study. Although cephamycin and 

fourth-generation cephalosporin tend to be more frequently 

used in toxin (+) stool group than other groups, there were 

no significant differences among the groups in antimicrobial 

drug use within the 30 days prior to toxin testing. Further-

more, no clear correlation was observed between type of 

antimicrobial drug administered prior to CDAD onset and 

the presence of toxins.

In the majority of patients, stool testing was conducted 

within several days of diarrhea onset, but no significant 

differences were observed among the groups with regard 

to clinical inflammation during the same period, suggest-

ing no strong correlation between toxin detection and 

inflammation at the time of symptom onset. These find-

ings indicate that it is difficult to predict toxin negativity 

or positivity prior to toxin testing based on drug use status 

or other test results.

The sensitivity of EIA for toxin detection is far inferior 

to that of PCR, which amplifies the toxin coding regions.14,32 

However, PCR detects the presence of bacteria with toxin 

genes rather than toxin protein production; therefore, patients 

who are identified as toxin-positive on PCR may include 

carriers with diarrhea due to a cause other than toxin.13 EIA 

directly measures the toxin proteins in stool and is thus more 

likely to reflect the patient’s actual disease status. While EIA 

is often associated with low sensitivity, it has a high positive 

predictive value,14 making it an important test in determining 

treatment approach.

Limitations of the present study include the retrospec-

tive nature of the study, the small sample size, and the 

absence of molecular biological testing. Potential differ-

ences in the gene sequences related to toxin production 

between patients with toxin-positive stool and those with 

toxin-positive isolates were also not investigated. Hyper-

virulent C. difficile strain, such as BI/NAP-1/027 strain, 

has emerged and causes severe and recurrent diseases. 

In Japan, the NAP-1 strain is low prevalence.33 Recently, 

Polage et al34 reported that patients with a positive molecu-

lar test result and a negative toxin immunoassay test result 

had outcomes that were comparable to patients without C. 

difficile by either method and that the prevalence of hyper-

virulent strain was 107 of 293 isolates. Thus, the strains 

may not affect the results of the study. However, further 

large number analysis is required to determine whether 

the patient groupings in the present study reflect bacterial 

genetic characteristics.

Conclusion
In this study, around half with toxin-negative stool speci-

mens among the patients with EIA GDH-positive stool 

specimens had toxin-positive isolates. Since toxigenic C. 

difficile was thus present in their stool, these patients are 

at risk of transferring the bacteria to other patients and 

require care from the perspective of preventing hospital 

infection. However, from the perspective of treatment for 

individual patients, diarrhea duration is shorter in patients 

with toxin-negative stool specimens compared to those 

with toxin-positive stool specimens even without treat-

ment. Nucleic acid amplification tests are recommended 

to detect toxinogenic C. difficile in stool for a diagnosis of 

CDAD; however, toxin production is not evaluated. These 

results may suggest a limited need for CDAD treatment 

for patients with GDH-positive and toxin-negative stool 

specimens.
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