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ABSTRACT The objective of the present study was to evaluate the value of the PCR
cycle threshold (CT) for predicting the recurrence/severity of infection compared to
that of toxin detection plus clinical variables. First episodes of Clostridium difficile in-
fection (CDI) diagnosed during 2015 at our institution were included. Samples were
tested for glutamate dehydrogenase (GDH) and toxin A/B by use of a single enzyme
immunoassay (EIA). The Xpert C. difficile PCR assay was performed on GDH-positive
samples. Medical data were reviewed by investigators blinded to diagnostic results
for comparison of patients with and without recurrence or a poor outcome (severe/
severe-complicated CDI episodes and all-cause death). We generated two sets of
predictive models by incorporating the presence of a positive toxin EIA (“EIA-
including model”) or the optimal PCR CT cutoff value (“PCR-including model”) into
the clinical variables. Among 227 episodes of CDI included in the study, the rates of
recurrence and poor outcome were 15.8% and 30.8%, respectively. The mean PCR CT

was lower for episodes with recurrence (24.00 � 3.28 versus 26.02 � 4.54; P � 0.002)
or a poor outcome (24.9 � 4.24 versus 26.05 � 4.47; P � 0.07). The optimal cutoff
value for recurrence was 25.65 (sensitivity, 77.8% [95% confidence interval {CI}, 60.9
to 89.9]; and specificity, 46.6% [95% CI, 39.4 to 53.9]). The area under the receiver
operator characteristics curve (auROC) for the “PCR-including model” was similar to
that for the “EIA-including model” (0.785 versus 0.775, respectively). The optimal PCR
CT value for poor outcome was 27.55 (sensitivity, 78.6% [95% CI, 67.1 to 87.5]; and
specificity, 35.7% [95% CI, 28.2 to 43.7]). The auROC of the “PCR-including model”
was again similar to that of the “EIA-including model” (0.804 versus 0.801). Despite
the inverse correlation between PCR CT and the risk of CDI recurrence/severity, this
determination does not meaningfully increase the predictive value of clinical vari-
ables plus toxin EIA.
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The optimal diagnostic approach for Clostridium difficile infection (CDI) is still a
controversial subject. The latest guidelines endorsed by the Infectious Diseases

Society of America (IDSA) and the Society for Healthcare Epidemiology of America
(SHEA) recommended a multistep algorithm (1) as the most effective strategy for
diagnosing CDI and minimizing overdiagnosis among colonized individuals. The algo-
rithm should start with a rapid and sensitive screening test with a high negative
predictive value (NPV), such as a glutamate dehydrogenase (GDH) enzyme immunoas-
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say (EIA) or nucleic acid amplification test (NAAT), and samples with a positive screen-
ing test should subsequently be retested with a toxin A/B EIA to identify patients
infected with a toxigenic strain, who have the highest likelihood of clinically relevant
CDI and need for specific treatment (2). A recent prospective study (3) concluded that
patients with a positive molecular test but a negative toxin A/B EIA had outcomes
comparable to those of patients with no evidence of CDI. On the basis of this and other
studies (4), it may be concluded that half of patients with a positive C. difficile PCR test
are likely overdiagnosed and exposed to unnecessary treatment. However, the results
obtained by other groups support an approach based on the unique diagnostic
performance of NAAT, since they suggest that the PCR cycle threshold (CT) may
accurately predict the existence of free toxin (5, 6) or be used as a predictor of a poor
outcome (7).

In a recently published retrospective cohort study (8), we found that both the
occurrence of severe or complicated forms of CDI and recurrence were significantly
more common among patients with a positive EIA for both GDH and toxin A/B than
among those with GDH-positive, toxin-negative samples for whom the diagnosis of CDI
was made by a positive PCR-based assay. In the present study, our aim was to evaluate
if toxin B PCR CT adds something to the combination of clinical variables and free toxin
detection by EIA in predicting recurrence or a poor CDI outcome.

(This study was partially presented at the 28th European Congress of Clinical
Microbiology and Infectious Diseases [ECCMID], Madrid, Spain, 21 to 24 April 2018.)

MATERIALS AND METHODS
Study population and setting. This retrospective cohort study was performed at the 12 de Octubre

University Hospital (Madrid, Spain), a 1,360-bed tertiary care hospital. Incident episodes of CDI were
identified by reviewing all GDH-positive stool samples sent to the microbiology laboratory from 1
January to 31 December 2015. We included cases diagnosed in adult patients (�18 years), and in cases
of recurrence, only the first episode of CDI was considered. Episodes of CDI without adequate informa-
tion were excluded, as well as those without a traceable 8-week follow-up after the end of treatment and
those for which the CT result for the tcdB PCR was not available. More details about the cohort on which
the present study is based are described elsewhere (8). The local clinical ethics committee approved the
study protocol. The need for specific informed consent was waived owing to its retrospective nature.

Study definitions. “CDI” was defined as the occurrence of diarrhea in the presence of a positive stool
test for toxigenic C. difficile. “Mild or moderate CDI” was defined as diarrhea without systemic symptoms,
leukocytosis, or significant renal failure (9). “Severe CDI” was defined by the presence of systemic
symptoms of infection and/or leukocytosis (white blood cell count [WBC] of �15,000 cells/ml) or
significant acute renal failure (�1.5-fold increase of serum creatinine from the premorbid level) (9), only
if these features were deemed to be attributable to CDI. “Severe-complicated CDI” was defined by the
presence of severe disease accompanied by life-threatening conditions, such as ileus, toxic megacolon,
refractory hypotension, and/or multiorgan failure attributable to CDI (9). “Recurrent CDI” was defined as
the recurrence of CDI symptoms within the first 8 weeks following the completion of an effective course
of therapy (with complete resolution of symptoms) in the presence of a positive laboratory test for C.
difficile (9). “Poor outcome” was defined as the occurrence of a severe or severe-complicated first CDI
episode and/or all-cause death within the first 8 weeks after the end of treatment. Other study definitions
are detailed elsewhere (8).

Study design and outcomes. We compared epidemiological variables, clinical characteristics, anti-C.
difficile therapies, and diagnostic test results between patients with and without recurrence and with and
without poor outcomes. Clinical data were retrospectively reviewed through a standardized case report
form by two independent investigators with long-term clinical experience with CDI. In cases of discrep-
ancy, a third expert was consulted. All of these investigators remained blinded to the toxin A/B EIA and
CT results. Criteria used for CDI evaluation were consistent across all investigators. Investigators evaluated
whether CDI-related symptoms were the main reason for consultation, the severity of the CDI episode,
and, in cases of concurrent infection, if the development of complications or death could be attributable
to CDI.

Microbiological methods. Unformed stools (taking the shape of the container) were processed
immediately or, if that was logistically unfeasible, kept at 4°C for 24 to 48 h until processing. Samples
were simultaneously tested for GDH and toxin A/B by use of a single enzyme immunoassay (TechLab C.
diff Quik Chek Complete; Inverness Medical Innovations, Princeton, NJ, USA). For samples with discordant
results (GDH positive but toxin A/B negative), toxigenicity was confirmed by use of the Xpert C. difficile
PCR assay (Cepheid, Sunnyvale, CA, USA), a real-time PCR assay targeting the tcdB gene of C. difficile. For
investigational purposes, the Xpert C. difficile PCR assay was also performed on samples with a toxin A/B
EIA-positive result. The quantitative CT result was recorded from the assay software.

Statistical analysis. Quantitative data are shown as means � standard deviations (SD) or medians
with interquartile ranges (IQR). Qualitative variables are given as absolute and relative frequencies.
Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate.
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Student’s t test or the Mann-Whitney U test was applied for continuous variables. Episodes of CDI without
adequate information were excluded, as well as those without traceable follow-up. Other missing data
were excluded. Tukey box plots were used to depict the differences in mean tcdB gene CT values
between patients with and without recurrence or a poor outcome. Optimal tcdB gene CT cutoff values
were calculated by using the Youden index (J � sensitivity � specificity � 1) for the two study outcomes.
CT cutoffs for both outcomes were also determined by fixing the sensitivity to 95% (see the supplemental
material). Next, we explored the potential gain in the capacity to predict these outcomes that might
result from incorporating data from tcdB gene CT values into the clinical prediction process. Backward
stepwise logistic regression analysis was used to construct two sets of predictive models for recurrence
and poor outcome; one of them was based exclusively on clinical variables ascertained at the time of
symptom onset and showing P values of �0.05 at the univariate level (i.e., “clinical model”), whereas the
second set incorporated the result of the toxin A/B EIA into the model (i.e, “EIA-including model”). Finally,
we forced the tcdB gene CT value into each of these models dichotomized according to the previously
established optimal cutoff point (i.e., “PCR-including model”). The goodness-of-fit and discriminative
capacity values for the resulting models were assessed by means of the Hosmer-Lemeshow test and the
area under the receiver operator characteristics curve (auROC), respectively. Obtained auROCs were
compared to assess the incremental discriminative capacity that resulted from incorporating information
derived from the PCR assay. In addition, the sensitivities, specificities, and likelihood ratios of these
models were calculated for different thresholds. Because the Youden index has some limitations, we
additionally performed two sets of predictive models based on different PCR CT cutoffs: a prespecified
high-sensitivity threshold of �95% for each outcome and the CT cutoff of 26.35 reported by Senchyna
et al. for predicting free-toxin status (5).

Associations were expressed by adjusted odds ratios (aORs) and 95% confidence intervals (CIs). All
the significance tests were two-tailed. Statistical analysis was performed using SPSS, version 22.0 (IBM
Corp., Armonk, NY, USA), and graphics were generated with Prism, version 6.0 (GraphPad Software Inc.,
La Jolla, CA).

RESULTS
Study population. Overall, 3,846 stool specimens were sent to the microbiology

laboratory for C. difficile detection during the study period. A total of 231 episodes of
CDI were identified, of which 227 (98.3%) had the tcdB gene CT value available and were
therefore included in the present analysis (see Fig. S1 in the supplemental material).
There were 8 episodes that had been preceded by a previous CDI diagnosis, but they
were included because the time intervals between both diagnoses were longer than
8 months (median of 20 [IQR, 5.5 to 88] months).

Predictive models for recurrence. In our cohort, the rate of recurrence within the
first 8 weeks after the completion of an effective course of therapy for CDI was 15.8%
(36/227 episodes). The univariate comparison between patients with and without
recurrence is depicted in Table 1. The mean tcdB gene CT was lower for episodes with
recurrence (24.00 � 3.28 versus 26.02 � 4.54; P � 0.002) (Fig. 1a). Various predictive
models were constructed. The “clinical model” was based on the following variables:
presence of chronic renal failure (aOR, 2.78; 95% CI, 1.10 to 6.99; P � 0.03), number of
hospital admissions in the previous 6 months (aOR [per unitary increment], 1.39; 95% CI,
1.06 to 1.84; P � 0.017), fulfillment of the diagnostic criteria for severe CDI in the initial
episode (aOR, 3.79; 95% CI, 1.59 to 9.08; P � 0.003), and CDI-attributable symptoms as
the main reason for consultation (aOR, 2.43; 95% CI, 1.08 to 5.46; P � 0.031) (Table 2).
The optimal tcdB gene CT cutoff value for recurrence was set at 25.65, yielding a
sensitivity of 77.8% (95% CI, 60.9 to 89.9%), a specificity of 46.6% (95% CI, 39.4 to
53.9%), a positive predictive value (PPV) of 21.5% (95% CI, 18.1 to 25.5%), and a
negative predictive value (NPV) of 91.8% (95% CI, 85.6 to 95.4%). Next, we added to this
model the presence of a positive result for A/B toxin EIA (aOR, 3.52; 95% CI, 1.49 to 8.31;
P � 0.004) and a tcdB gene CT value of �25.65 (aOR, 3.41; 95% CI, 1.35 to 8.61; P �

0.009) to obtain the “EIA-including model” and the “PCR-including model,” respectively
(Table 2). The auROC for each of these models is depicted in Fig. 2a. The auROC for the
“PCR-including model” was only slightly superior to that resulting from the “EIA-
including model” (0.785 versus 0.775, respectively), suggesting a low incremental
predictive value.

Predictive models for poor outcome. Overall, 70 first episodes of CDI had an
unfavorable outcome (40 episodes of severe CDI, 18 episodes of severe-complicated
CDI, and 27 deaths) within the first 8 weeks following the completion of therapy. Table
3 details the univariate comparison between patients suffering and not suffering from
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TABLE 1 Univariate analysis of risk factors predicting recurrence of CDIh

Factor

Value Univariate analysis result

No recurrence (n � 191) Recurrence (n � 36) OR (95% CI) P value

Male gender (n [%]) 94 (49.2) 13 (36.1) 1.71 (0.82–3.58) 0.14
Age (yr) (mean � SD) 63.32 � 19.48 68.84 � 17.78 3.49 (�12.4–1.36) 0.11
CCI (median [IQR]) 4 (2–7) 5 (4–6) 0.59
Diabetes mellitus (n [%]) 27 (14.1) 8 (22.2) 1.73 (0.71–4.20) 0.21
Active malignancya (n [%]) 33 (17.3) 7 (19.4) 1.15 (0.46–2.86) 0.75
Hematological diseasea (n [%]) 12 (6.3) 1 (2.8) 0.42 (0.05–3.38) 0.69
Chemotherapya (n [%]) 23 (12.0) 4 (11.1) 0.91 (0.29–2.82) 1.00
Hematopoietic stem cell transplantationa (n [%]) 2 (1.0) 1 (2.8) 2.70 (0.24–30.59) 0.40
Solid organ transplantation (n [%]) 15 (7.9) 6 (16.7) 2.34 (0.84–6.52) 0.11
Chronic renal failure (n [%]) 29 (15.2) 10 (27.8) 2.15 (0.94–4.92) 0.06
Cirrhosis (n [%]) 15 (7.9) 0 (0.0) 0.83 (0.78–0.88) 0.13
Concurrent corticosteroid therapy (any dose) (n [%]) 33 (17.3) 8 (22.2) 1.37 (0.57–3.27) 0.48
Concurrent corticosteroid therapy (high dose)b (n [%]) 9 (4.7) 3 (8.3) 1.84 (0.47–7.15) 0.41
Other immunosuppression (n [%]) 36 (18.8) 7 (19.4) 1.04 (0.42–2.56) 0.93
Inflammatory bowel disease (n [%]) 12 (6.3) 4 (11.1) 1.86 (0.56–6.14) 0.29
Cognitive impairment (n [%]) 12 (6.3) 1 (2.8) 0.42 (0.05–3.38) 0.70
Admission to long-term care facility (n [%]) 13 (6.8) 0 (0.0) 0.83 (0.78–0.88) 0.23
PPI therapyc (n [%]) 115 (60.2) 26 (72.2) 1.72 (0.78–3.76) 0.17
H2 blocker therapyc (n [%]) 9 (4.7) 2 (5.6) 1.19 (0.24–5.75) 0.68
Prior hospital admissiond (n [%]) 94 (49.2) 23 (65.7) 1.98 (0.93–4.20) 0.07
No. of admissionsd (median [IQR]) 1 (0–1) 1 (0–2) 0.024

Prior antibiotic therapy (n [%])
Within 4 weeks prior to diagnosis 147 (77.0) 29 (80.6) 1.24 (0.51–3.02) 0.63
Within 12 weeks prior to diagnosis 167 (87.4) 33 (91.7) 1.58 (0.45–5.55) 0.58

CDI symptoms as the main reason for consultatione (n [%]) 84 (44.0) 23 (63.9) 2.25 (1.08–4.71) 0.028

Leukocytosisf (n [%]) 41/171 (24.0) 13/36 (36.1) 1.79 (0.83–3.85) 0.13
White blood cell count (median [IQR]) 8,900 (6,600–14,800) 11,550 (6,775–16,800) 0.22

Fever (n [%]) 68/191 (35.6) 15/36 (41.7) 1.29 (0.62–2.67) 0.48
Acute renal failureg (n [%]) 25/181 (13.8) 9/36 (25.0) 2.1 (0.87–4.94) 0.09
Maximum no. of daily bowel movements (median [IQR]) 5 (3–7) 7 (5–9) 0.003

Severity of symptoms at presentation of CDI (n [%])
Mild or moderate CDI 147 (77.0) 22 (61.1) 1
Severe CDI 27 (14.1) 13 (36.1) 3.43 (1.55–7.58) 0.002
Severe-complicated CDI 17 (8.9) 1 (2.7) 0.29 (0.04–2.27) 0.32

Positive binary toxin (n [%]) 34 (17.8) 7 (19.4) 1.15 (0.45–2.75) 0.81
Positive EIA result for A/B toxin (n [%]) 77 (40.3) 27 (75.0) 4.44 (1.98–9.96) 0.000
Toxin B CT value (mean � SD) 26.02 � 4.54 24.00 � 3.28 0.79 (0.45–3.58) 0.002
Concomitant antibiotic during CDI-specific treatment (n [%]) 134 (70.2) 24 (66.7) 0.85 (0.40–1.81) 0.67
Delay between symptom onset and start of treatment (days)

(median [IQR])
4.0 (1.0–8.0) 4.0 (1.0–13.0) 0.74

Type of therapy and delay from sample submission to lab
No treatment (n [%]) 35 (18.3) 1 (2.8) 7.85 (1.04–59.27) 0.02
Empirical treatment (n [%]) 27 (14.1) 7 (19.4) 1.46 (0.58–3.68) 0.41

Advance treatment (days) (median � SD) 2.22 � 1.45 2.57 � 2.63 0.73 (�1.15–1.84) 0.64
Targeted treatment (n [%]) 126 (81.8) 28 (77.8) 1.8 (0.78–4.18) 0.18

Delay (days) (median � SD) 2.19 � 3 � 04 1.07 � 1.69 0.59 (�0.59–2.29) 0.01
Unknown (n [%]) 3 (1.6) 0 (0.0) 0.84 (0.79–0.89) 1.00

Treatment (n [%])
Oral metronidazole 105 (54.9) 19 (52.7) 1.41 (0.59–3.38) 0.43
Intravenous (i.v.) metronidazole 42 (21.9) 11 (30.5) 1.62 (0.74–3.59) 0.22
Oral vancomycin 60 (31.4) 17 (47.2) 2.06 (0.99–4.28) 0.049
Enemas of vancomycin 1 (0.52) 0 (0.0) 0.84 (0.79–0.89) 1.00
Fidaxomicin 0 (0.0) 0 (0.0)
Rifaximin 7 (3.6) 0 (0.0) 0.83 (0.79–0.88) 0.60
Probiotics 15 (7.8) 2 (5.5) 0.69 (0.15–3.16) 1.00
Polyclonal gamma globulin 0 (0.0) 1 (2.7) 0.15 (0.11–0.21) 0.16
i.v. tigecycline 8 (4.2) 1 (2.7) 0.65 (0.08–5.39) 1.00
Surgical treatment 0 (0.0) 0 (0.0)

aWithin the 6 months prior to the diagnosis of CDI.
bDaily dose of �20 mg of prednisone or equivalent for more than 3 weeks at diagnosis.
cWithin the 4 weeks prior to the diagnosis of CDI.
dWithin the 12 weeks prior to the admission in which diagnosis of CDI was made.
eTo the primary care physician, emergency department, or outpatient facility.
fWhite blood cell count of �15,000 cells/ml.
gIncrease of serum creatinine of �1.5-fold compared to the premorbid level.
hCCI, age-adjusted Charlson comorbidity index; CDI, Clostridium difficile infection; CI, confidence interval; CT, threshold cycle; EIA, enzyme immunoassay; IQR,
interquartile range; OR, odds ratio; PPI, proton pump inhibitors; SD, standard deviation. Statistically significant results are shown in bold.
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such an outcome. The mean tcdB gene CT was lower for episodes with a poor outcome
(24.9 � 4.24 versus 26.05 � 4.47; P � 0.07) (Fig. 1b). Previous diagnosis of inflammatory
bowel disease (aOR, 0.08; 95% CI, 0.01 to 0.7; P � 0.02) and solid organ transplantation
(aOR, 0.18; 95% CI, 0.04 to 0.92; P � 0.04) were independent protective factors against
a poor outcome. CDI-attributable symptoms as the main reason for consultation (aOR,
3.16; 95% CI, 1.55 to 6.46; P � 0.002) and the concurrent receipt of antibiotic therapy
during the course of CDI-specific treatment (aOR, 4.54; 95% CI, 1.88 to 10.9; P � 0.001)
were found to be independent predictors of poor outcome and were therefore
included in the “clinical model” (Table 4). The optimal cutoff for the tcdB gene CT value
was established at 27.55, yielding a sensitivity of 78.6% (95% CI, 67.1 to 87.5), a
specificity of 35.7% (95% CI, 28.2 to 43.7), a PPV of 35.3% (95% CI, 31.5 to 39.2), and an
NPV of 78.9% (95% CI, 69.5 to 85.9). Again, we generated the “EIA-including” and
“PCR-including” models by incorporating the presence of a positive A/B toxin EIA result
(aOR, 2.51; 95% CI, 1.29 to 4.91; P � 0.007) and a tcdB gene CT value of �27.55 (aOR,
2.55; 95% CI, 1.18 to 5.49; P � 0.017), respectively (Table 4). The auROC for each model
is depicted in Fig. 2b. Similar to what happened in the models for recurrent CDI, the
auROC of the “PCR-including model” was not meaningfully superior to that of the
“EIA-including model” (0.804 versus 0.801), respectively).

Additional predictive models for both outcomes. The “PCR-including models”
using a prespecified high-sensitivity criterion of �95% and the CT cutoff of 26.35
reported by Senchyna et al. (5) did not improve the predictive values of the “EIA-
including models” for any of the outcomes (see the supplemental material).

DISCUSSION

In the present single-center cohort of patients with a first episode of CDI, we
compared the performances of several models for predictions of recurrence and poor
outcome. Clinical variables were consecutively combined with the information ob-
tained from two of the recommended diagnostic methods in the current guidelines
(toxin A/B EIA result and PCR CT). In accordance with previous studies (5–8, 10), patients
who suffered from recurrence or a poor outcome were more frequently toxin EIA
positive and had a significantly lower mean tcdB gene CT value. However, our results
suggest that the inclusion of the latter variable in the prediction process provides only
low incremental value compared to that of models based on clinical features and
detection of C. difficile toxin by nonmolecular methods.

The optimal CT cutoff value for recurrence was set at 25.65 for our cohort. Unlike
those in other studies (7), the PPV for this cutoff point is very poor (21.54% [95% CI, 18.1
to 25.5%]), and although the NPV is acceptable (91.7% [95% CI, 85.5 to 95.4%]), 22.2%
of patients (8/36 patients) still had a recurrence despite having a PCR CT value of
�25.65. The auROC for the “PCR-including model” was similar to that for the “EIA-
including model” (0.785 versus 0.775, respectively).

FIG 1 Box plots of mean tcdB gene CT values among patients with and without recurrence (a) and with
and without a poor outcome (b).
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When we evaluated the combined variable poor outcome (severe CDI, severe-
complicated CDI, or death within 8 weeks of the completion of therapy), the optimal CT

cutoff value was set at 27.55, and the auROC for the “PCR-including model” was again
similar to that for the “EIA-including model” (0.804 versus 0.801), respectively.

Thus, the clinical usefulness of NAAT-based algorithms in terms of predicting
unfavorable events and tailoring CDI-specific therapeutic approaches is questionable
(11).

Several clinical scores have been developed over recent years (10, 12–16) for early
identification of which CDI patients are at higher risk of recurrence or a complicated
course and may benefit from expensive or laborious therapies; however, the use of
complicated scores in the rush of daily clinical practice is sometimes challenging, and
therefore the search for an unbiased, quantifiable, and specific parameter (such as the
PCR CT value) is tempting.

Previous studies showed a significant inverse correlation between PCR CT values and
bacterial loads measured by quantitative culture (17) or toxin EIA detection (5, 6), as
well as a significant inverse correlation between CT values and severity of CDI (6, 7, 18).
Therefore, it has been suggested that assessment of CT values might obviate a two-step
algorithm for the diagnosis of CDI. Despite the undeniable appeal of this idea, differ-
ences in mean PCR CT values among patients with and without recurrence or a poor
outcome were too subtle to be the basis of clinical decisions. The optimal PCR CT value
varies across different studies and is different depending on the predicted endpoint,
e.g., �23.5 to correlate with a high risk of poor outcome according to Reigadas et al.
(7), 26.35 for prediction of the presence of free toxin by use of a rapid membrane EIA
according to Senchyna et al. (5), and 28.0 for use of a toxin A/B plate EIA as the
reference method for patients with cancer according to Kamboj et al. (6).

In our study, the cutoff points were different for predictions of recurrence (25.65)
and severity (27.55), and neither of them added much to a positive toxin EIA result. Both
had poor specificity and PPV and insufficient sensitivity and NPV.

According to our results, a generalizable optimal cutoff point for the PCR CT value
cannot be established and, in any case, does not add much to the demonstration of free
toxin by use of EIA. Therefore, in our opinion, the systematic implementation and
reporting of the PCR CT to the clinician should not be encouraged.

FIG 2 ROC curves for recurrence (a) and poor outcome (b) according to the different predictive models.

Toxin B PCR CT as Predictor of Poor CDI Outcome Journal of Clinical Microbiology

February 2019 Volume 57 Issue 2 e01125-18 jcm.asm.org 7

https://jcm.asm.org


Strengths of our study include the careful review of medical and nursing records by
experienced investigators blinded to diagnostic methods, inclusion of a relatively large
number of cases, and real-life evaluation of a heterogeneous group of patients with
ages and comorbidities typically associated with CDI.

TABLE 3 Univariate analysis of risk factors predicting a poor outcomeh

Factor

Value Univariate analysis result

Not poor outcome
(n � 157)

Poor outcome
(n � 70) OR (95% CI) P value

Male gender (n [%]) 81 (51.6) 26 (37.1) 1.8 (1.01–3.21) 0.04
Age (yr) (mean � SD) 62.8 � 19.4 67.2 � 18.8 2.76 (�9.7–1.16) 0.12
CCI (median [IQR]) 4.0 (1.0–6.0) 5.5 (4.0–7.0) 0.005
Diabetes mellitus (n [%]) 23 (14.6) 12 (17.1) 1.2 (0.56–2.58) 0.63
Active malignancya (n [%]) 24 (15.3) 16 (22.99 1.64 (0.81–3.33) 0.17
Hematological diseasea (n [%]) 9 (5.7) 4 85.7) 0.99 (0.29–3.35) 1.00
Chemotherapya (n [%]) 12 (7.6) 15 (21.4) 3.29 (1.45–7.48) 0.003
Hematopoietic stem cell transplantationa (n [%]) 1 (0.6) 2 (2.9) 4.58 (0.41–51.4) 0.22
Solid organ transplantation (n [%]) 19 (12.1) 2 (2.9) 0.21 (0.05–9.4) 0.02
Chronic renal failure (n [%]) 29 (18.5) 10 (14.3) 0.73 (0.33–1.61) 0.44
Cirrhosis (n [%]) 9 (5.7) 6 (8.6) 1.54 (0.52–4.51) 0.43
Concurrent corticosteroid therapy (any dose) (n [%]) 32 (20.4) 9 (12.9) 0.57 (0.26–1.28) 0.17
Concurrent corticosteroid therapy (high doses)b (n [%]) 7 (4.5) 5 (7.1) 1.65 (0.5–5.38) 0.52
Any immunosuppression (n [%]) 45 (28.7) 24 (34.3) 1.30 (0.71–2.37) 0.39
Inflammatory bowel disease (n [%]) 15 (9.6) 1 (1.4) 0.14 (0.02–1.06) 0.02
Cognitive impairment (n [%]) 8 (5.1) 5 (7.1) 1.43 (0.45–4.54) 0.54
Admission to long-term care facility (n [%]) 6 (3.8) 7 (10.0) 2.79 (0.90–8.65) 0.12
PPI therapyc (n [%]) 94 (59.9) 47 (67.1) 1.37 (0.76–2.47) 0.29
H2 blocker therapyc (n [%]) 7 (4.5) 4 (5.7) 1.30 (0.37–4.58) 0.74
Prior hospital admissiond (n [%]) 85 (54.5) 32 (45.7) 0.70 (0.39–1.24) 0.22
No. of admissionsd (median [IQR]) 1.0 (0.0–1.0) 0.5 (0.0–1.0) 0.43

Prior antibiotic therapy (n [%])
Within 4 weeks prior to diagnosis 120 (76.4) 56 (80.0) 1.23 (0.62–2.46) 0.55
Within 12 weeks prior to diagnosis 136 (86.6) 64 (91.4) 1.65 (0.63–4.28) 0.30

CDI symptoms as the main reason for consultatione (n [%]) 68 (43.3) 39 (55.7) 1.64 (0.93–2.9) 0.08

Leukocytosisf (n [%]) 13 (9.4) 41 (60.3) 14.72 (6.95–31.15) 0.000
White blood cell count [median (IQR)] 8,300 (6,300–11,600) 16,200 (8,575–21,925) 0.000

Fever (n [%]) 33 (21.0) 50 (71.4) 9.39 (4.93–17.91) 0.000
Acute renal failureg (n [%]) 4 (2.7) 30 (43.5) 27.7 (9.2–83.3) 0.000
Maximum no. of daily bowel movements (median [IQR]) 5.0 (3.0–7.0) 6.0 (4.0–8.25) 0.01
Concomitant antibiotic during CDI-specific treatment (n [%]) 97 (61.8) 61 (87.1) 4.2 (1.94–9.05) 0.000
Recurrence in the following 8 weeks (n [%]) 20 (12.7) 16 (22.9) 2.03 (0.98–4.21) 0.05
Positive for binary toxin (n [%]) 24 (15.3) 17 (24.3) 1.78 (0.88–3.57) 0.1
Positive EIA result for A/B toxin (n [%]) 63 (40.1) 41 (58.6) 2.11 (1.19–3.74) 0.01
Toxin B CT value (mean � SD) 26.05 � 4.47 24.9 � 4.24 0.63 (�0.09–2.4) 0.07
Delay from symptom onset to start of treatment (days)

(median [IQR])
5.0 (2.0–9.75) 3.0 (1.0–7.0) 0.03

Type of therapy and delay from sample submission to lab
No treatment (n [%]) 33 (21.0) 3 (4.3) 5.94 (1.76–20.1) 0.001
Empirical treatment (n [%]) 18 (11.5) 16 (22.9) 2.29 (1.1–4.81) 0.026

Advance treatment (days) (median � SD) 2.33 � 1.84 2.25 � 1.61 0.59 (�1.3–1.13) 0.89
Targeted treatment (n [%]) 103 (65.6) 51 (72.9) 1.41 (0.75–2.61) 0.28

Delay (days) (median � SD) 2.23 � 3.13 1.49 � 2.24 0.49 (�0.22–1.71) 0.13
Unknown (n [%]) 3 (1.9) 0 (0.0) 0.68 (0.63–0.75) 0.55

Treatment (n [%])
Oral metronidazole 98 (62.8) 26 (37.1) 0.35 (0.19–0.62) 0.000
i.v. metronidazole 21 (13.3) 32 (45.7) 5.4 (2.80–10.45) 0.000
Oral vancomycin 34 (21.8) 43 (61.4) 5.7 (3.1–10.55) 0.000
Enemas of vancomycin 0 (0.0) 1 (1.4) 0.31 (0.25–0.37) 0.31
Fidaxomicin 0 (0.0) 0 (0.0)
Rifaximin 6 (3.8) 1 (1.4) 0.36 (0.04–3.1) 0.44
Probiotics 12 (7.6) 5 (7.1) 0.93 (0.31–2.75) 0.89
Polyclonal gamma globulin 0 (0.0) 1 (1.4) 0.30 (0.25–0.37) 0.31
i.v. tigecycline 2 (1.3) 7 (10.0) 8.61 (1.74–42.6) 0.004
Surgical treatment 0 (0.0) 0 (0.0)

aWithin the 6 months prior to the diagnosis of CDI.
bDaily dose of �20 mg of prednisone or equivalent for more than 3 weeks at diagnosis.
cWithin the 4 weeks prior to the diagnosis of CDI.
dWithin the 12 weeks prior to the admission in which the diagnosis of CDI was made.
eTo the primary care physician, emergency department, or outpatient facility.
fWhite blood cell count of �15,000 cells/ml.
gIncrease of serum creatinine of �1.5-fold compared to the premorbid level.
hCCI, age-adjusted Charlson comorbidity index; CDI, Clostridium difficile infection; CI, confidence interval; CT, threshold cycle; EIA, enzyme immunoassay; IQR,
interquartile range; OR, odds ratio; PPI, proton pump inhibitors; SD, standard deviation. Statistically significant results are shown in bold.
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On the other hand, the study has several limitations, some of them inherent to its
retrospective nature. The results concerning some variables should be taken with caution,
as they rely on retrospective assessment of medical records. Criteria used by physicians
from our institution to order a CDI test might have been different from those used at other
sites. Although systematic ribotyping of C. difficile isolates was not performed, there were
no CDI episodes due to ribotype 027 during the study period, and therefore our findings
might not be applicable to areas with different predominant clones.

In conclusion, although there is an inverse correlation between the toxin B PCR CT

value and the CDI severity and recurrence risk, this determination does not represent
a relevant contribution to a model based on clinical variables plus a positive toxin EIA,
and we do not suggest basing medical and therapeutic decisions on this value alone.
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