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Background: Clostridium difficile infection ranges from mild to severe prolonged diarrhea
with systemic symptoms. Previous studies have assessed the correlation of some disease sever-
ity parameters to C. difficile ribotypes. However, certain clinical parameters of interest have
not yet been evaluated.

Aim: We conducted an exploratory study to evaluate the correlation of C. difficile ribotypes
to parameters not assessed previously, notably days to diarrhea resolution (in terms of days to
formed stools and days to less than three stools per day), length of hospital stay, 30-day recur-
rence rates, and 30-day readmission rates. Additional severity parameters evaluated include
leukocytosis, serum creatinine, fever, and nausea/vomiting.

Methods: Polymerase chain reaction ribotyping was performed on C. difficile isolates from
baseline stool samples of 29 patients. A retrospective chart review was conducted to assess the
parameters of interest.

Results: The most common ribotypes were 027 (38%), 014/020 (21%), and 106/174 (21%).
Numerically, 027 ribotype patients required more days to less than three stools per day versus
014/020 and 106/174 ribotype patients (P=0.2). The three ribotypes were similar regarding time
to formed stools, duration of hospitalization, and 30-day readmission rate (P=0.2, 0.6, and 0.8,
respectively). Recurrence within 30 days occurred in two patients with 027 and two patients with
014/020 (P=0.6). Leukocytosis and fever were more prominent with 027 than with 014/020 and
106/174 (P=0.04 for both parameters), although the degree of nausea/vomiting did not differ
between the three groups (P=0.3). A serum creatinine level 1.5 times the premorbid level was
seen in only three patients, each infected with a different ribotype.

Conclusion: Although these data provide a baseline assessment of outcomes to aid in the design
of future studies, the diversity of C. difficile ribotypes within the population must be considered,
and additional work with other ribotypes may further explain the association with these outcomes.
Keywords: Clostridium difficile, PCR, 027, 014/020

Introduction

Clostridium difficile infection (CDI) is the leading cause of hospital-associated diar-
rhea accounting for 15%-25% of nosocomial antibiotic-associated diarrhea, with an
estimated annual US incidence of up to 453,000 cases and 29,000 deaths.!?> Many CDI
outbreaks have been reported after the identification of the common C. difficile strain
characterized as toxinotype III, restriction endonuclease analysis group type BI, North
American pulsed-field type 1 (NAP1), and polymerase chain reaction (PCR) ribotype
027 (collectively referred to as BI/NAP1/027 or more commonly 027).}
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The emergence of the 027 strain influenced the advance-
ment of PCR ribotyping techniques to identify other poten-
tially virulent strain types of C. difficile that might change
the epidemiology of the disease.** As a result, more than
200 PCR ribotypes have been described in the literature.®
Outbreaks due to 027 ribotype were mainly reported in
North America, whereas 014/020 was shown to be the most
prevalent ribotype in Europe.™

The potential association of specific C. difficile ribo-
types with the severity of infection has been assessed pre-
viously.'"* Some of these studies focused on laboratory
parameters to evaluate severity, while others looked at the
disease presentation.

The current exploratory study, however, is distinguished
from the previous studies as it assessed components of the
disease that have not yet been studied, including time to
resolution of diarrhea, length of hospital stay, 30-day recur-
rence rates, and 30-day readmission rates associated with
each ribotype identified.

Materials and methods

Patients and samples

C. difficile isolates recovered by culture from baseline stool
samples of patients experiencing their first CDI episode
admitted to Hartford Hospital, Hartford, CT, USA, and
enrolled in a prospective study (from October 2012 to
December 2014)' were sent for PCR ribotyping. All patients
provided written informed consent prior to study enrollment
(within 24 hours of CDI diagnosis), and the study protocol
was approved by the Hartford Hospital Institutional Review
Board (project No NICO003785HE).

Isolation of C. difficile

Isolation of C. difficile from stool samples was conducted
as previously described.!® Colony-forming units grown on
the cultured plates were confirmed to be of C. difficile using
Gram staining and matrix-assisted laser desorption/ioniza-
tion—time-of-flight mass spectrometry.

PCR ribotyping

Ribotyping of the clinical C. difficile isolates was per-
formed using fluorescent PCR ribotyping system as previ-
ously described.'” Briefly, a fluorescent label (Integrated
DNA Technologies, Inc., Coralville, IA, USA) was used
in synthesizing PCR-ribotyping primers, 0.5 uL forward
primer (GTGCGGCTGGATCACCTCCT) and 0.5 uL
6-carboxyfluorescein (FAM)-labeled reverse primer (56
FAM/CCCTGCACCCTTAATAACTTGACC) and adjusted

to 10 pmol/uL. AmpliTaq Gold DNA Polymerase (Thermo
Fisher Scientific, Waltham, MA, USA) was used to conduct
PCR on 25 uL of the PCR product. An ABI3730x] DNA
Analyzer and MapMarker 1000 ROX DNA sizing standard
(BioVentures, Inc., Murfreesboro, TN, USA) were used to
analyze amplicons.

Data extraction

The first day of CDI onset was defined as the day CDI symp-
toms started. Time to resolution of diarrhea, including time
to less than three stools per day and time to formed stools,
as well as length of hospital stay (starting from the date of
CDI diagnosis to discharge) were extracted from patients’
records. Thirty-day recurrence (defined as the presence of
C. difficile along with clinical signs and symptoms of CDI
after clinical cure of the initial episode) was assessed by
collecting a follow-up sample 19-29 days after study enroll-
ment and culturing it as described previously. This was fol-
lowed by contacting the patients via phone 10—14 days after
follow-up sample collection to ask them whether or not they
developed CDI symptoms. Thirty-day readmission (after
discharge date) was evaluated via chart review. Additionally,
fever, presence of nausea and/or vomiting, white blood cell
(WBC) count, and serum creatinine level were also assessed
within 1 day of symptoms onset. A WBC count of >15,000
cells/mL and a serum creatinine level that is >1.5 times the
premorbid level were used as breakpoints to indicate disease
severity."!® Patients exhibiting fever were assessed for other
potential causes for fever, including concomitant infection
or inflammatory disease. Data from patients diagnosed with
CDI by PCR, but from whom C. difficile could not be isolated
on culture, were also analyzed to eliminate any potential
systemic testing bias.

Data analysis

The primary end points were time to resolution of diarrhea
(time to less than three stools per day and time to formed
stools in days) and length of stay (ie, time to hospital dis-
charge in days). Secondary outcomes were elevated WBC
counts, elevated serum creatinine levels, and symptoms of
severity (fever and nausea/vomiting). Given that the majority
of patients in this study were infected with 027, 014/020, or
106/174 ribotypes, statistical comparisons were conducted
on these three ribotype groups. Kaplan—Meier curves for
time to resolution of diarrhea and hospital discharge were
constructed, and log-rank test was used for statistical com-
parisons between the three groups with respect to these
parameters. Statistical significance was set at an o value of
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0.05. SigmaPlot version 12.5 (Systat Software, Inc., San Jose,
CA, USA) was used to perform the analyses.

Results

Patients and samples

Twenty-nine of the 34 patients included in the initial prospec-
tive study" had C. difficile in their baseline stool culture.
Seven C. difficile PCR ribotypes were identified among this
cohort. The three most prevalent ribotypes were 027, 014/020,
and 106/174, which were seen in eleven (38%), six (21%),
and six (21%) of the patients, respectively. The remaining
ribotypes were 001 and 002, each found in two (7%) of the
patients, and 053/163 and 078/126 that were isolated from
one patient (3%) each. Overall, patients did not differ in their
age, sex, and whether CDI was community-acquired (defined
as CDI diagnosis in patients who had not been discharged
from a health care facility in the previous 12 weeks)! or of
hospital onset (P>0.2 for all comparisons).

PCR ribotypes and severity of CDI

The C. difficile PCR ribotypes identified and their corre-
sponding measures of severity are shown in Table 1. Although
patients infected with 106/174 ribotype had numerically
shorter duration to resolution of diarrhea in terms of achiev-
ing less than three stools per day and formed stools than
patients infected with 027 and 014/020 ribotypes who had
approximately double the duration, these differences were
not statistically significant (P=0.9 and P=0.4, respectively)
(Figure 1A and B). Likewise, the three groups did not dif-
fer with regard to length of stay until hospital discharge, as

admission times in all groups ranged from as short as 1 day
to as long as 13 days (P=0.6) (Figure 1C). Five patients of
the total cohort developed CDI recurrence within 30 days of
study enrollment (two with 027 ribotype, two with 014/020
ribotype, and one patient with 053/163 ribotype). When
the effect of ribotype on 30-day recurrence was compared
between patients infected with 027 versus those infected with
014/020, no statistical difference was noted (P=0.6). When
30-day readmission was assessed in the three major groups,
only three patients infected with 027 ribotype were admitted
compared with one patient with 014/020 and one patient with
106/076 (P=0.8). In addition, one of the two patients infected
with 001 ribotype and a patient from whom C. difficile was
not isolated at baseline were readmitted within 30 days of
treatment initiation.

Systemic symptoms (fever and nausea with vomiting)
and leukocytosis were more prominent with 027 ribotype
compared with 014/020 and 106/174 ribotypes. Potential
sources of fever of infectious or inflammatory origins other
than CDI were excluded by the chart review in all patients in
the 027 ribotype group. One patient in the 014/020 ribotype
group had fever during the CDI episode, but was diagnosed
with streptococcal bacteremia. A serum creatinine level >1.5
times the premorbid level was seen in only three patients,
each infected with a different ribotype (014/020, 106/174,
and 078/126).

Effect of CDI therapy

To eliminate the potential bias of the CDI therapy effect on the
primary end points, we compared these outcomes in patients

Table | Identified C. difficile PCR ribotypes and corresponding parameters of disease severity (total of 34 patients)

C. difficile PCR  Time to less Time to Length of 30-day 30-day White blood Serum Fever, NIV,
ribotype (n) than three formed hospital recurrence readmission cells count, creatinine level, % of % of
stools per stools  stay (days), rate, % of rate, % of % of patients % of patients patients patients
day (days), (days), median patients patients with 215,000 with 21.5 times
median median [IQR]* cells/mL the premorbid
[IQR]* [IQR]* level
027 (I1) 4[2-7] 5[4-7] 4[3-7] 18.18 27.27 63.63 0 54.54 8l1.8
014/020 (6) 2 [24] 3[2-5] 6[4-8] 3333 16.66 16.66 16.66 16.66 50
106/174 (6) 5 [5-6] 6 [5-6] 6[3-8] 0 16.66 3333 0 0 50
001 (2) 4 [3-6] 3.5[2-5] 5[4-6] 0 50 0 0 0 50
002 (2) 2[1-3] 55[4-7]1 II15[11-12] © 0 50 0 0 0
053/163 (1) | 6 I 100 0 0 0 0 100
078/126 (1) 2 5 I 0 0 0 100 0 0
No isolate 3 [2-5] 6[4-7] 6[3-6] 0 20 20 40 0 40

detected on
culture (5)

Notes: *IQR was not reported for ribotypes 053/163 and 078/126 since only one patient was identified in each of these ribotype groups.
Abbreviations: C. difficile, Clostridium difficile; IQR, interquartile range; PCR, polymerase chain reaction; N/V, nausea and/or vomiting.
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Figure | Time taken for patients with Clostridium difficile polymerase chain reaction ribotypes 027, 014/020, and 106/174 to achieve less than three stools per day (A), formed

stools (B), and hospital discharge (C).
Notes: P-values were derived from log-rank test of Kaplan—Meier test.

who received either fidaxomicin or vancomycin (since these
were the two anti-CDI agents used in the prospective study)
within the three major C. difficile ribotype groups. In the
group of patients infected with 027 ribotype, eight patients
received fidaxomicin and three received vancomycin. Both
the duration to less than three stools per day and duration
to achieve formed stools did not differ with the anti-CDI
treatment given (P=0.9 and P=0.5, respectively); however, a
significantly shorter hospital stay was seen in the fidaxomicin
group versus the vancomycin group (median =4 versus 8
days; P=0.02). In the 014/020 ribotype group, two patients
were randomized to fidaxomicin and four patients were ran-
domized to vancomycin, none of the three primary end points

exhibited difference between the two treatment groups (P>0.2
for all comparisons). All patients in the 106/076 ribotype
group were randomized to vancomycin.

Discussion

Given the remarkable increase in CDI rates globally>*!? and
the availability of PCR ribotyping of C. difficile that has aided
the identification of different strain types of the organism, it
was prudent to attempt to classify C. difficile ribotypes and
disease severity. In previous studies, the classification of
CDI based on severity was dependent on multiple laboratory
factors, including leukocytosis, serum creatinine levels, and
serum albumin levels.!'#2° Symptoms of fever, abdominal
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pain, nausea with or without vomiting, as well as terminal
mortality were also included in this classification in previ-
ous studies looking at severe CDI.'42122 Additionally, CDI-
attributable admission to intensive care unit, colectomy, and
ileus were also assessed in two previous studies.'>!? In the
current study, however, we aimed to explore the correlation
of the disease duration and CDI symptoms of severity to C.
difficile ribotypes to assess whether an infection with a par-
ticular ribotype would predict a severe form of the disease.

The extended duration to diarrhea resolution, as well as the
length of stay, was consistent among the three major ribotypes
identified in this study. Although 027 ribotype was reported
to be a significant factor for CDI relapse (recurrence with
baseline C. difficile strain) but not for reinfection (recurrence
with a strain different than baseline strain),”** only two of
eleven patients (18.18%) experienced CDI recurrence. One
patient relapsed with 027 strain, whereas the other patient was
reinfected with a different strain type (095). Herein, we did
not find a difference between the ribotypes 027 and 014/020
and CDI recurrence. Likewise, the 30-day readmission rate did
not vary among the three major ribotype groups. We did not
observe a CDI therapy effect on the three primary outcomes,
which indicates the lack of treatment effect bias on the results.

It has long been known that the 027 ribotype of C. dif-
ficile is associated with severe form of CDI.®* This concept
was evidenced in a study by Rao et al,'’* who found that the
identification of 027 ribotype of C. difficile was independently
linked to severe disease, as well as mortality in hospitalized
patients compared with other ribotypes. This was similar to
the group of 027 ribotype patients in our patient cohort who
showed signs of more severe disease. On the contrary, a study
by Walk et al'! found a lack of correlation between severe
CDI and different PCR ribotypes of the pathogen, including
027 ribotype. In other words, the investigators found that a
high proportion of all C. difficile ribotypes identified were
associated with severe disease. In their study, the authors
focused on assessing specific laboratory parameters as well as
some risk factors for CDI severity (such as age and Charlson
comorbidity index) for 75 distinctly identified ribotypes.!!

We should state that our study was limited with small
sample size due to the complexity of the initial prospective
trial from which data were extracted. In addition, as a result
of the initial study methodology, we utilized PCR ribotyping
to distinguish C. difficile ribotypes. Future studies utilizing
whole genome sequencing or multiple locus variable-number
tandem repeat analysis could potentially improve the yield
of C. difficile strain population.

To our knowledge, this is the first study to evaluate the
correlation of the time to diarrhea resolution and length of
hospital stay as parameters of CDI severity to C. difficile
ribotypes. Although we did not observe a difference between
C. difficile ribotypes (027, 014/020, and 106/174) with regard
to time to diarrhea resolution and length of stay, these data
provide baseline assessment of these important outcome
parameters for the conduct of future larger studies.
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