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Abstract

Objectives—Compare Clostridium difficile infection (CDI) rates using a traditional definition
[i.e. diagnosed > 48 hours after admission, healthcare-onset CDI (HO/CDI)] versus expanded
definitions, including both HO/CDI cases and community-onset CDI cases diagnosed < 48 hours
from admission who were hospitalized in the previous 30 or 60 days [healthcare facility-associated
(HCFA)-30 and HCFA-60]. Determine if differences exist between patients with CDI onset in the
community versus healthcare setting.

Design—Prospective cohort
Setting—Tertiary acute-care facility.
Patients—Medicine patients diagnosed with CDI from 1/1/04 through 12/31/05.

Methods—CDI cases were classified as HO/CDI, HCFA-30, and/or HCFA-60. Patient
demographics and medication exposures were obtained. The CDI incidence per the definitions,
CDI rate variability, patient demographics, and medication exposures were compared.

Results—The HO/CDI rate (1.6 cases/1000 patient days) was significantly lower than the
HCFA-30 (2.4) and the HCFA-60 (2.6) rates (p<0.01, both). There was good correlation between
the HO/CDI rate and both the HCFA-30 and HCFA-60 rates (correlation=0.69 and 0.70, p<0.01
both). There were no months where the CDI rate was > 3 SD from the mean. Patients with
community-onset CDI were less likely to have received a fourth-generation cephalosporin
(p=0.02) or IV vancomycin (p=0.01) while hospitalized.

Conclusions—Expanded definitions identify more patients with CDI. There is good correlation
between traditional and expanded CDI definitions; therefore it is unclear if expanded surveillance
is necessary to identify an abnormal change in CDI rates. Cases that met the expanded definitions
were less like to have fourth-generation cephalosporin and vancomycin exposure.
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Introduction

Methods

Recommendations for Clostridium difficile infection (CDI) surveillance definitions have
been published recently (1). At a minimum, it is recommended healthcare facilities track all
cases of CDI that occur >48 hours after admission to the healthcare facility [healthcare-onset
CDI (HO/CDI)]. It is also recommended to track CDI cases with onset < 48 hours after
admission to the hospital if they had been admitted to a healthcare facility within the
previous 30 days [community-onset, healthcare facility associated (HCFA) CDI] if resources
are available. This recommendation is based on the observation that many patients develop
CDI soon after discharge from a healthcare facility (1-4). Presumably C. difficile was
acquired in the healthcare facility, but symptomatic CDI did not develop until after
discharge. Although identifying patients with HO/CDI is relatively simple, determining
HCFA CDI requires chart review for all patients with CDI onset < 48 hours from admission.
Whether it is necessary or beneficial to track HCFA CDI in addition to HO/CDI to
accomplish the primary reason for conducting CDI surveillance, identification of a CDI
outbreak, is not known. It is also unclear if there are differences between patients with HO/
CDI and patients with HCFA CDI. We performed a prospective cohort study of all patients
with CDI admitted to three medicine floors at our hospital to determine: 1) the impact
tracking HCFA CDl, in addition to HO/CDI, has on perceived CDI incidence; 2) if tracking
HCFA CDI might enhance the ability to detect an abnormal increase in CDI; and 3) if
patients with HCFA CDI differ from patients with HO/CDI.

All patients admitted to one of three medicine wards with diarrhea and a positive test for C.
difficile toxin A or B (C. difficiletoxin A/B Il EIA, TECHLAB, Inc, Blacksburg, VA) from
January 1, 2004 through December 31, 2005 were prospectively identified. CDI cases were
classified as healthcare-onset (HO) or community-onset healthcare facility associated
(HCFA), according to published surveillance definitions (1). HO cases were defined as
patients with positive toxin assays > 48 hours after hospital admission. Community-onset
HCFA cases were defined as patients with positive toxin assays < 48 hours after hospital
admission, provided that diagnosis occurred within 60 days after the last discharge from one
of the study wards and there were no other inpatient healthcare exposure from the time of
discharge to readmission. CDI cases who did not meet one of these definitions or who had
an episode of CDI in the previous 8 weeks were excluded (1). The following three CDI rates
were calculated: HO/CDI rates included only HO cases, HCFA-30 rates included HO cases
as well as all community-onset HCFA cases discharged in the previous 30 days, and
HCFA-60 rates included HO cases as well as all community-onset HCFA cases discharged
in the previous 60 days. For patients who had community-onset HCFA CDlI, the case of CDI
was attributed to the day of discharge from their last hospitalization.

The hospital medical informatics database was queried for patient demographics and risk
factors. Comorbidites were classified according to the Deyo adaptation of the Charlson
Comorbidity Index (5;6). Medication exposures were collected dichotomously (exposed or
not exposed). Exposure to all antibiotics, H2 antagonists and proton pump inhibitors were
gathered from date of admission to date of symptom onset for HO/CDI. All exposures from
the last hospitalization were collected for patients with community onset HCFA CDI.
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The CDI incidence per the different definitions, patient demographics, and medication
exposures were compared with Chi-square. Cross correlation coefficients (p) were
calculated to assess the monthly correlation between CDI definitions over time. Run control
chart methodology was used to determine if an abnormal increase, defined as a rate > 3
standard deviations from the mean, was identified by any of the definitions. Analyses were
completed using Epi Info 3.01 (Centers for Disease Control and Prevention, Atlanta, GA)
and SPSS v14.0 (SPSS Inc, Chicago IL). This study was approved by the Washington
University School of Medicine Human Research Protection Office.

Overall, 247 patients with CDI were included in this study. Of these, 148 were classified as
HO/HCFA, 225 as HCFA-30, and 247 as HCFA-60 CDI. The HO/HCFA CDl rate (1.6
cases/1,000 patient-days) was significantly lower than the CO/HFCA-30 rate (2.4/1,000
patient-days, p < 0.01) and the HCFA-60 rate (2.6/1,000 patient-days, p < 0.01). The
HCFA-30 rate was not significantly different from the HCFA-60 rate (p = 0.31). (Table 1,
Figure 1).

There was good correlation between the HO/HCFA CDI rate variability and the HCFA-30
rate (correlation = 0.69, p < 0.01, Table 2) over time. There was also good correlation
between the HO/HCFA and the HCFA-60 rates (correlation = 0.70, p < 0.01). There was
excellent correlation between the HCFA-30 and the HCFA-60 rates (correlation = 0.95, p <
0.01). Since the HCFA-60 CDI rate was not significantly different from the HCFA-30 rate
and the two rates varied together almost 100%, run control charts were created only for the
HO/HCFA and HCFA-30 rates. There were no abnormal increases in the CDI rate for either
definition (Figure 1).

The 148 patients with HO/CDI were compared to the 99 patients with community-onset
HCFA CDI to determine if there were differences in the patient populations (Table 3). There
were no significant differences between patients with HO/CDI and community-onset HCFA
CDI in regards to age, gender, and comorbidities. There was a trend toward more white
patients developing HO/CDI than community-onset HCFA CDI (53% vs. 41%, p = 0.08).
There were no differences in exposure to any antibiotic, fluoroquinolones, carbapenems,
clindamycin, H2 antagonists, or proton pump inhibitors. HO/CDI cases were more likely to
have received a fourth-generation cephalosporin (33% vs. 19%, p = 0.02) or intravenous
vancomycin (46% vs. 29%, p = 0.01) than patients with community-onset HCFA CDI.

Discussion

The CDI rate increased significantly when an expanded definition of CDI that included
patients with a positive toxin assay within the first 48 hours of hospital admission and a
recent discharge from a study ward was used, compared to the more traditional definition of
healthcare onset CDI. There was a 52% increase in the CDI rate with the HCFA-30
definition and a 67% increase in the CDI rate with the HCFA-60 definition. However, all of
the CDI rates showed good correlation over time. Although the expanded definitions may
capture more cases, it may not be necessary to track community onset HCFA CDI in order
to detect a CDI outbreak.

Our findings that 40% of identified CDI cases had an onset in the community is similar to
other recent studies examining the onset of CDI (2-4). Kutty et al also examined the
correlation between HO/CDI and community-onset HCFA CDI (2). They found a
correlation of 0.7 (P< 0.01) between HO/CDI and HCFA-30 rates. This is remarkably
similar to our study where the correlation of rates over time was 0.69 (Table 2). The good
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correlation between definitions has important practical implications. HO/CDI surveillance
can be conducted with minimal time and effort if only diarrheal stools are accepted for C.
difficile testing. In this setting it is only necessary to determine stool collection date in
relation to hospital admission (1). Tracking community-onset HCFA CDI requires review of
all charts of patients with CDI onset < 48 hours after hospital admission. Although it may be
important to track community-onset CDI to completely understand the epidemiology of
CDlI, it may not be necessary to track community-onset HCFA CDI to identify a healthcare
facility associated CDI outbreak. We also examined HO/CDI and HCFA-30 rates using an
objective measure, run control chart methodology, to determine if an abnormal increase in
CDI was detected by either definition. Since an abnormal increase in CDI was not detected,
it is not possible to determine if one definition may be more sensitive than the other for
detecting CDI outbreaks.

We also compared CDI risk factors between patients with HO/CDI and community-onset
HCFA CDI. There were no differences in patient age, gender, race, or overall comorbidities.
Overall antibiotic exposures were also very similar: 89% of patients with HO/CDI had
documented antibiotic exposures during the hospitalization when CDI occurred, and 87% of
community onset HCFA CDI had documented antibiotic exposures during the
hospitalization immediately prior to the one in which CDI was diagnosed. However, despite
similarities in overall antibiotic exposures, HO/CDI cases were more likely to receive a
fourth-generation cephalosporin or intravenous vancomycin than community-onset HCFA
CDI cases. Several possible explanations for this finding exist. Cefepime in addition to
vancomycin is the preferred empiric antibiotic formulary regimen for patients with
suspected healthcare associated infections at our facility. It is possible this may represent
differences in how rapidly these antibiotics are able to alter the intestinal flora, resistance of
C. difficile strains in our healthcare facility to these antibiotics, or differences in patient
acuity of illness on admission to the hospital. Further study of these antibiotic issues is
warranted since this may have implications on initial empiric antibiotic choices for patients
at high risk for HO/CDI.

There are some limitations to this study. Although all CDI cases were identified and
categorized prospectively for CDI surveillance purposes, all data on patient demographics
and medication exposures were collected retrospectively from electronic databases. There
are limitations to data collected from administrative databases as well as data gathered
retrospectively. A key limitation was our lack of data on outpatient antibiotic exposures.
This study was limited to medicine wards at a tertiary care facility and therefore the results
may not be generalizable to other settings. However, as many as 85% of CDI cases within a
healthcare facility occur on medical wards (7).

Standardized surveillance definitions are necessary to track disease incidence over time and
to compare disease incidence in different settings. Unfortunately there are no universally
accepted surveillance definitions for CDI. However, the recently published
recommendations provide an important starting point (1). Because of the limited knowledge
regarding the exact pathogenesis of CDI, several different surveillance definitions have been
recommended. Healthcare exposure is a well described risk factor for CDI, presumably
because of increased risk of C. difficile exposure (8;9). It is also recognized that the period
of risk for developing CDI extends up to 90 days after discharge from a healthcare facility.
This is in contrast to prior studies that demonstrated the incubation period of CDI to be less
than seven days (10;11). It is possible that community onset HCFA CDI represents
community acquisition of C. difficilein a patient still at risk for CDI after hospital
discharge.
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The decision of whether or not to track community-onset HCFA CDI is an important one for
a healthcare facility. Tracking community-onset HCFA CDI takes more time, it may not
enhance CDI outbreak detection, C. difficile may not have been acquired in the healthcare
facility, it will increase the incidence of CDI associated with a healthcare facility, and it may
change the relative incidence of CDI compared to other healthcare facilities (2). On the other
hand, tracking community-onset HCFA CDI is necessary to have a complete understanding
of CDI epidemiology. Methods to prevent community-onset HCFA CDI may be different
from methods to prevent HO/CDI, and the incidence of community-onset CDI may impact
the incidence of HO/CDI (12;13). Even if community-onset HCFA CDI does not represent
healthcare acquisition of C. difficile, it may be possible to prevent it if specific modifiable
risk factors for community onset HCFA CDI, such as type of antibiotic exposure, are
identified.

The perspective of this study was that of the hospital-based infection prevention and control
department. In order to maximize the practical applicability of this study, data were
collected and analyzed in a manner analogous to “real world” infection prevention and
control practices: positive toxin results of a diarrheal stool were considered a case of CDI
without additional chart review to assess duration and frequency of diarrhea (which is often
so poorly recorded in the medical record this information is not useful), efforts to control for
false positive toxin assays with repeat testing were not performed, and no efforts were made
to determine which recurrent cases were due to a new acquisition of C. difficile versus
relapse of a prior infection. Also, no efforts were made to assess CDI surveillance from a
public health, population-based perspective. This is an important distinction because it is not
clear which CDI surveillance definition is ideal from this perspective either. Factors that
may influence the perceived burden of CDI from a healthcare facility include length of stay
(shorter length of stay may falsely lower HO/CDI rates), ability to identify community-onset
HCFA CDI not readmitted to the same healthcare facility, prescribing practices that may
influence the setting of CDI onset, and CDI with onset >7 days from healthcare facility
discharge may not represent C. difficile acquired from that healthcare facility (10;11). These
are in addition to the usual confounders present when comparing infection rates across
healthcare facilities (14).

At a minimum all healthcare facilities should track HO/CDI (1). Additional study is
necessary to determine whether tracking community-onset HCFA CDI improves the ability
to detect a CDI outbreak and to determine the impact tracking community-onset HCFA CDI
has on healthcare facilities. Of note, differences in antibiotic exposures between HO/CDI
and community-onset HCFA CDI indicate important differences may exist in C. difficile
acquisition and/or CDI pathogenesis based on the CDI onset setting. Efforts to control this
costly pathogen will continue to be hampered until we have a more complete understanding
of C. difficile epidemiology and pathogenesis.
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Figure 1.

Clostridium difficile infection (CDI) rates by definition over time
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Univariate comparison of patients with hospital onset and community onset HCFA CDI

Table 3

Hospital Onset n = 148

Onset < 60 days from Discharge n = 99

n (%) n (%) P
Age [median (range) 69 (21 -97) 71 (22 -95) 0.66
Female 81 (55) 58 (59) 0.55
White 78 (53) 41 (41) 0.08
Charlson Comorbidity Index >3 69 (47) 38 (38) 0.20
First generation cephalosporin 16 (11) 11 (11) 0.94
Third generation cephalosporin 35 (24) 20 (20) 0.52
Fourth-generation cephalosporin 49 (33) 19 (19) 0.02
Clindamycin 9 (6) 2(2) 0.21
Carbapenem 6 (4) 3(3) 0.74
Piperacillin/tazobactam 14 (10) 8 (8) 0.71
Fluoroquinolones 67 (45) 48 (49) 0.62
Intravenous Vancomycin 68 (46) 29 (29) 0.01
Any Antibiotic 131 (89) 86 (87) 0.70
H2 Antagonists 16 (11) 16 (16) 0.22
Proton Pump Inhibitors 117 (79) 69 (70) 0.10
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