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ORIGINAL ARTICLE

Distinguishing Clostridium difficile Recurrence From Reinfection:
Independent Validation of Current Recommendations

Ana Durovic, MD;! Andreas F. Widmer, MD, MSc;! Reno Frei, MD;? Sarah Tschudin-Sutter, MD, MSc'

OBJECTIVE. Distinguishing recurrent Clostridium difficile infection (CDI), defined as CDI caused by the same genotype, from reinfection with
a different genotype, has important implications for surveillance and clinical trials investigating treatment effectiveness. We validated the
proposed 8-week period for distinguishing “same genotype CDI” from “different genotype CDL,” and we aimed to identify clinical variables with
distinctiveness to propose an improved definition.

METHODS. From January 2004 to December 2013, a cohort of all inpatients with CDI at the University Hospital Basel, Switzerland, was
established, and respective strains were collected. In patients with a second episode of CDI, both strains were compared using polymerase chain
reaction (PCR) ribotyping. The standard definition of recurrence (within 8 weeks after initial diagnosis) was evaluated for its performance to
predict CDI caused by the same genotype.

RESULTS. Among 750 patients with CDI, 130 (17.3%) were diagnosed with recurrence or reinfection. Strains from both episodes were
available from 106 patients. Identical strains were identified in 36 patients with recurrence (36 of 47) and 27 patients with reinfection (27 of 59).
Sensitivity, specificity, and negative and positive predictive values of the standard definition were 56%, 74%, 53%, and 76%, respectively. An
extended period of 20 weeks resulted in the best match for both sensitivity and specificity (83% and 58%, respectively), while none of the clinical

characteristics revealed independent distinctive power.

CONCLUSIONS.

Our results challenge the utility of the 8-week cutoff for distinguishing recurrent CDI from reinfection. An extended period

of 20 weeks may result in improved overall performance characteristics, but this finding requires external validation.

Infect Control Hosp Epidemiol 2017;38:891-896

Recurrence affects 20% to 40% of all patients with Clostridium
difficile infection (CDI)."* Because it represents a weakness of
successful treatment, recurrent CDI constitutes an important
outcome measures in trials investigating novel drugs and treat-
ment strategies. Reappearance of symptoms after an initial
episode of CDI may arise either due to de novo infection with the
same strain of C. difficile or due to a new infection with a different
strain of C. difficile. This distinction is critical because incorrect
allocation may result in over- or underestimation of treatment
effects and may hamper analyses regarding risk factors, especially
those attributed to the strain. Furthermore, correct classification
of CDI events is important regarding accurate reporting of
infection rates attributed to healthcare institutions as mandated
in the United States for hospitals participating in the Centers for
Medicare and Medicaid Service (CMS) Inpatient Prospective
Payment System Quality Reporting Program and recommended
in Europe by public health authorities such as the European
Centers for Disease Control and Prevention (ECDC).?

Guidelines on CDI define recurrence as reappearing CDI
within 8 weeks after the onset of a previous episode, provided
that prior symptoms resolved. CDI diagnosed after 8 weeks
from initial diagnosis is considered reinfection.*” To date, this
period has not been validated for its ability to distinguish
recurrence of infection with the same strain of C. difficile as
identified during initial diagnosis from reinfection with a new
strain. Our objectives were (1) to validate the proposed 8-week
period for distinguishing recurrent CDI from reinfection,
(2) to identify additional clinical variables with distinctiveness,
and (3) to possibly propose a more accurate definition.

METHODS
Study Design

From January 2004 to December 2013, a cohort of all inpatients
diagnosed with CDI at the University Hospital Basel, Switzerland,
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was established, and toxigenic C. difficile strains were pro-
spectively collected. This study was approved by the local ethics
committee as part of the quality assurance program, and
informed consent was waived. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines
for reporting of observational studies were followed.®

Definitions

CDI was defined according to standard criteria endorsed by
the European Society for Clinical Microbiology and Infectious
Diseases (ESCMID).” Severe CDI was defined as a CDI episode
with 1 or more specific signs and symptoms of severe colitis,
and complicated CDI was defined as a course of disease, with
significant systemic toxin effects and shock resulting in ICU
admission, colectomy, or death.” Recurrent CDI was defined
as an episode of CDI that occurred within 8 weeks after the
onset of a previous episode, provided that CDI symptoms
from the earlier episode resolved with or without therapy.
A second episode of CDI occurring more than 8 weeks after the
onset of a previous episode was termed reinfection.*> We
defined “same genotype CDI” as a second episode of CDI
caused by the same genotype as the first episode of CDI; we
defined “different genotype CDI” as a second episode of CDI
caused by a different genotype as the first episode of CDI. The
gold standard, the standard definitions we measured against,
were “same genotype CDI” for recurrence and “different geno-
type CDI” for reinfection. CDI was classified as healthcare-
facility—onset, healthcare-facility—associated if symptom onset
occurred on or after day 3 after admission.*

Data Collection

Pertinent clinical data were collected through medical chart
review. Data on exposures associated with an increased risk for
acquiring CDI were collected for both the period prior to
diagnosis of the initial episode of CDI (ie, exposures to anti-
biotics during the prior 8 weeks, to steroids during the prior
7 days, to immunosuppressives during the prior 7 days, and to
chemotherapy during the prior 3 months) and during the
8 weeks following diagnosis of the initial episode of CDL
Follow-up information regarding development of a second
episode of CDI after discharge was collected through a review
of all medical records from our institution, including our
outpatient clinics during the entire study period. In addition,
the electronic database of the microbiology laboratory was
searched for any stool samples that tested positive for toxigenic
C. difficile from each patient included in this cohort.

Microbiological Analyses

Throughout the study period, the following approaches were
applied to detect toxigenic C. difficile from stool samples tested
on the physicians’ request as a routine diagnostic procedure.
From 2004 to 2007, anaerobic culture in addition to enzyme
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immunoassay (EIA) (C. DIFFICILE TOX A/B II, TechLab/
Wampole, Blacksburg, VA) for detection of toxins A/B were
performed, and toxin testing was conducted from cultured
C. difficile isolates when faecal toxin was negative. Screening
for C. difficile glutamate dehydrogenase (GDH) antigen
(C.DIFF CHEK-60, TechLab/Wampole) was introduced
in 2008 and only positive stools were further evaluated for
C. difficile toxin by EIA or toxin testing from cultured
C. difficile isolates if fecal toxin was negative.” Screening for
GDH was followed by confirmation of the presence of
toxigenic C. difficile by performance of polymerase chain
reaction (PCR, Xpert C. difficile, Cepheid, Sunnyvale, CA)
since 2011. All formed stool samples were excluded from
diagnostic testing.

In patients diagnosed with a second episode of CDI, both
respective C. difficile strains, if isolated from stool specimens
collected at least 3 weeks apart and deriving from patients
fulfilling the definition of recurrent disease as defined above,
were subjected to PCR-ribotyping using high-resolution
capillary gel-based electrophoresis.® In brief, PCR was per-
formed using the original principles developed by the Anae-
robe Reference Unit in Cardiff, United Kingdom as described
elsewhere.” Capillary electrophoresis was conducted using the
automated sequencer ABI-PRISM 3130 Genetic Analyzer
(Applied Biosystems [Life Technologies], Foster City, CA).
Fragments were analysed using GeneMapper (Applied
Biosystems) and GelCompar II (Applied Maths, Sint-Martens-
Latem, Belgium) software. The fragment profiles were
compared with those generated using the standard set of the
ECDC Brazier strain collection of PCR ribotypes, which was
obtained from the European Clostridium difficile infection
study network (ECDIS-NET, http://www.ecdisnet.eu).

Statistical Analysis

Categorical variables were summarized as counts and pro-
portions; continuous variables were summarized as medians
and interquartile ranges (IQR). The Fisher exact test was used
for comparisons of proportions. The Shapiro-Wilk test was
applied to distinguish between normal and abnormal dis-
tributions of continuous variables. Normally distributed vari-
ables were analyzed using the Student ¢ test and nonnormally
distributed variables were analyzed using the Mann-Whitney
test. Univariate and multivariate logistic regression models
were performed to identify variables associated with either
recurrence or reinfection. All variables found to be significant
in univariate analyses were included in the multivariate model
to identify independent predictors. The ¢ statistic analogous to
the area under the receiver—operating characteristic area under
the curve (ROC AUC) was calculated to quantify the dis-
criminative power of both the standard definition and poten-
tial new definitions to distinguish recurrence from reinfection.
The Youden’s index was calculated to identify the optimal
cutoff point regarding sensitivity and specificity for distinction.
The Hosmer-Lemeshow goodness-of-fit test was applied as a
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measure of calibration to compare the difference between
predicted and actual events. Statistical analyses were per-
formed using STATA 12.0 (StataCorp, College Station, TX).

RESULTS

Among 750 patients diagnosed with CDI during the study
period, 130 (17.3%) were diagnosed with either recurrence or
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reinfection. In total, 212 strains from both episodes of CDI
were available from 106 patients, of which 47 were considered
recurrence and 59 were considered reinfection, based on the
standard definitions. Strains from either the first or the second
episode of CDI were missing for 24 patients, who therefore had
to be excluded from further analyses. The distribution of
ribotypes is summarized in Table 1; they show a broad diver-
sity of ribotypes with no predominance of a particular type,
except for ribotype 014 (n=34; 16%). We were not able to
identify any association between any specific ribotype and a
second episode of CDI caused by the same genotype of
C. difficile (P=.358). Identical strains (ie, “same genotype
CDI") were identified during both episodes of CDI in 36
patients with recurrence (36 of 47) and in 27 patients with
reinfection (27 of 59) (Figure 1).

Sensitivity, specificity, negative and positive predictive value
of the standard criteria for predicting “same genotype
infection” were 56%, 74%, 53%, and 76%, respectively.
The 8-week cutoff for distinguishing recurrent CDI from
reinfection was associated with “same genotype CDI” (OR,
3.88; 95% CI, 1.66—9.05; P=.002) with an ROC AUC of 0.658.

Patients with a second episode of CDI caused by the same
strain as initially detected (“same genotype CDI”), were older
and less likely to be treated with steroids during the following
8 weeks after initial diagnosis of CDI than patients with “dif-
ferent genotype CDI,” while other baseline characteristics and
exposures did not differ (Table 2). Time from initial diagnosis
of CDI to second episode was associated with “different
genotype CDI” (OR, 1.31; 95% CI, 1.09-1.56; P=.003 per
week). In multivariate analyses, including age and receipt of
steroids during the following 8 weeks after initial diagnosis of
CDI into the regression model, only time remained associated
with “different genotype CDI” (OR, 1.27; 95% CI, 1.05-1.53;
P=.013), while age (OR, 0.98; 95% CI, 0.95-1.01) and receipt
of steroids (OR, 2.32; 95% CI, 0.89-6.06) lost statistical
significance (P=.086). For prediction of reinfection rather

TABLE 1. Distribution of Polymerase Chain Reaction (PCR)
Ribotypes
PCR Ribotype No. %
001 10 4.7
002 9 4.2
005 6 2.8
011 3 1.4
012 4 1.9
014 34 16.0
015 6 2.8
018 2 0.9
027 7 3.3
029 5 2.4
046 3 14
050 5 2.4
053 2 0.9
054 2 0.9
056 1 0.5
070 8 3.8
077 1 0.5
078 13 6.1
087 3 1.4
097 2 0.9
126 6 2.8
207 3 1.4
220 3 14
278 2 0.9
Unknown 72 34.0
90.0%
80.0% 76.6%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%
Standard definition of recurrence
® |dentical strains
FIGURE 1.
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Standard definition of reinfection

m Different strains

Proportion of patients with “same genotype C. difficile infection” (grey bars) and “different genotype C. difficile infection” (red bars),
stratified by standard definitions of recurrence and reinfection.
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TABLE 2. Comparisons of Clinical Features and Exposures Between Patients With Clostridium difficile Infection (CDI) Caused by
Recurrence and Reinfection

Patients With “Same Patients With “Different
Genotype CDI” Genotype CDI”
(n=63) (n=43)
Characteristic Median IQR Median IQR P Value
Features of the initial diagnosis of CDI
Demographics
Age, y 68 59-77 61 49-69 012
Male gender 38 60.3 22 51.2 .350
Hospital days after diagnosis of CDI 15 8-30 11 6-26 .499
Hospital-onset CDI 45 71.4 33 76.7 .542
Comorbidities
McCabe score .730
Nonfatal disease 26 41.3 20 46.5
Ultimately fatal disease 28 44.4 19 442
Rapidly fatal disease 9 14.3 4 9.3
Charlson comorbidity index 3 2-5 3 2-5 .633
Bone marrow transplant 3 4.8 5 11.6 .265
Solid organ transplant 5 7.9 6 14.0 347
Exposures prior initial diagnosis of CDI
Antibiotics with the prior 8 weeks 55 87.3 39 90.7 758
Steroids within the prior 7 d 12 19.1 9 20.9 .809
Other immunosuppressants within the prior 7 d 10 15.9 12 27.9 150
Antacids within the prior 7 d 45 71.4 29 67.4 .661
Chemotherapy within the prior 3 mo 17 27.0 11 25.6 .872
CDI severity of initial episode .708
Severe CDI 15 23.8 13 30.2
Severe/Complicated CDI 1 1.6 0 0.0
Treatment of initial episode
Metronidazole 56 88.9 40 93.0 737
Vancomycin 7 11.1 3 7.0 737
Surgery 0 0.0 0 0.0
Exposures during the first 8 weeks following initial diagnosis of CDI
Time from first to second episode of CDI 53 28-112 188 47-1041 <.001
Antibiotics 38 60.3 28 65.1 .617
Penicillins 2 3.2 5 11.6 117
Penicillins/B-lactamase inhibitors 23 36.5 15 34.9 .864
Cephalosporins 12 19.1 9 20.9 811
Carbapenems 7 11.1 9 20.9 .180
Clindamycin 0 0.0 0 0.0 .
Quinolones 11 17.5 11 25.6 311
Sulfonamids 0 0.0 0 0.0 e
Macrolides 1 1.6 0 0.0 1.000
Aminoglycosides 8 12.7 4 9.3 .758
Others 15 23.8 13 30.2 461
Days on antibiotics 16 7-27 21 14-28 .185
Steroids 11 17.5 15 34.9 .041
Chemotherapy 8 12.7 2 4.6 .196
Immunosuppression 9 14.3 11 25.6 .206
Antacids 44 69.8 30 69.8 994
Need for additional hospitalization after diagnosis of CDI 36 57.1 19 442 .190

NOTE. Bold text indicates significant P values. IQR, interquartile range.

than recurrence by time, the ROC AUC was 0.741, with an  statistics revealed an insignificant P value for the univariaye
optimal cutoff for discrimination (ie, best match for both sensi-  regression model, indicating good calibration of time
tivity and specificity) at 20 weeks (Figure 2). Hosmer-Lemeshow  (Hosmer-Lemeshow y* goodness-of-fit test = 2.35; P=.503).
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Cutoff Sensitivity Specificity NPV PPV Youden'’s index
Tweeks 0.24 0.95 0.46 0.88 0.19
8 weeks 0.56 0.74 0.53 0.76 0.30
12 weeks 0.68 0.70 0.60 0.77 0.38
16 weeks 0.75 0.65 0.64 0.76 0.40
20 weeks 083 058 0,69 0.74 0.41
24 weeks 0.84 0.53 0.70 0.74 0.37
FIGURE 2. Performance characteristics of different cutoffs for

prediction of “different genotype C. difficile infection” rather than
“same genotype C. difficile infection.”

DISCUSSION

The 8-week cutoff for distinguishing recurrent CDI from
reinfection requires reconsideration: the overall performance
characteristics and time between the first and second CDI
episodes show low measures of discrimination for episodes of
CDI caused by identical or different genotypes. We could not
identify any additional clinical characteristics with indepen-
dent distinctive power and thus, potential to improve perfor-
mance of the currently applied standard definition. We found
a considerably extended period of 20 weeks to result in the best
match for both sensitivity and specificity to distinguish
recurrence from reinfection.

Our results are supported by previous studies revealing that
65% of all second episodes of CDI occurring between 8 weeks
and 11 months after the initial diagnosis were caused by
identical strains,'® and identical strains were identified in
recurrent CDI up to 26 weeks after initial diagnosis."’ Simi-
larly, an earlier study performed on a smaller cohort of HIV
patients revealed that recurrent CDI was caused by the same
strain of C. difficile after more than 8 weeks in a relevant pro-
portion of patients.'> However, these studies did not investi-
gate other time frames.

Our results have important implications for clinical trials
investigating the effectiveness of novel compounds for the treat-
ment of CDI, for epidemiological studies aiming to identify risk
factors for recurrent disease, and for CDI surveillance.

Because identification of identical strains of C. difficile
during both episodes of CDI may indicate treatment failure,
and while identification of different strains rather reflects
ongoing exposure to risk factors and possibly longer time to
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reconstitution of gut flora, this distinction is critical when
studying treatment effects. In our cohort, 23% of patients
diagnosed with a second episode of CDI during the first
8 weeks after initial infection were, in fact, infected with a
different strain, indicating failure to reverse the effects of pre-
disposing risk factors rather than failure of initial treatment to
eradicate the causative strain. Similarly, 17% of patients were
diagnosed with CDI caused by a different strain of C. difficile
within 30 days after treatment in a large prospective cohort
comparing fidaxomicin to vancomycin for treatment of CDI,"?
possibly resulting in an underestimation of treatment effects
allocated to these drugs. On the other hand, assessing recur-
rence as an outcome measure within 28 days of cure of the
initial episode (as commonly applied),'*'® may result in the
overestimation of treatment success; 46% and 65% of patients
were identified with a second episode of CDI caused by the
identical strain after 8 weeks from initial diagnosis in our
cohort and an independent cohort,'® respectively. Interest-
ingly, trials investigating efficacy of treatments not only aiming
at eradication of the inciting strain but also influencing the
host response to C. difficile by administration of monoclonal
antibodies or reconstitution of gut flora have used longer
follow-up periods of 84 days'® and 10 weeks,'” respectively.
Consistent definitions and standardized applications of
follow-up periods are needed to compare different treatment
strategies for CDI and to provide evidence-based guidelines.
Broadly applied strain typing in patients with recurrent disease
would provide valuable insights into the pathophysiology of
CDI and the identification of risk factors.

Both the ECDC and the National Healthcare Safety Network
(NHSN) recommend including CDI cases occurring 8 weeks
after the onset of a previous episode as a new case, and our
results have important implications regarding surveillance,
especially because CDI rates may be used as a marker for
quality assessment to compare hospitals and because the
diagnosis of healthcare-associated CDI may result in decreased
reimbursement. Based on our results, studies on large and
independent cohorts are needed to externally validate the most
accurate cutoff to avoid misclassification of a case as a
new case.

Our study has important limitations. First, it was conducted
at a single center, which may hamper generalizability of the
results to other settings. Second, distinguishing C. difficile
strains by PCR ribotyping may result in insufficient resolution
to compare strains. Newer typing technologies, such as whole-
genome sequencing, can determine relatedness of strains more
accurately.18 Therefore, we cannot rule out that in cases with
identification of identical strains as determined by PCR ribo-
tying, reinfection with a different strain of C. difficile belonging
to the identical ribotype may have occurred. Third, we had to
rely on medical chart review to identify clinically relevant risk
factors and exposures. Finally, our sample size was too small to
divide into a derivation and a validation data set, which would
have enabled us to provide more robust statistics to identify
ideal cutoffs.
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In conclusion, our results question the utility of the 8-week
cutoff for distinguishing recurrent CDI from reinfection. An
extended period of 20 weeks may result in improved overall
performance characteristics but this finding requires external
validation.
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