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objectives. To describe the characteristics and impact of Clostridium difficile infection (CDI) in a long-term acute-care hospital (LTACH).

design. Retrospective matched cohort study.

setting. A 38-bed, urban, university-affiliated LTACH.

methods. The characteristics of LTACH-onset CDI were assessed among patients hospitalized between July 2008 and October 2015. Patients
with CDI were matched to concurrently hospitalized patients without a diagnosis of CDI. Severe CDI was defined as CDI with 2 or more of the
following criteria: age ≥65 years, serum creatinine ≥2mg/dL, or peripheral leukocyte count ≥20,000 cells/μL. A conditional Poisson regression
model was developed to determine characteristics associated with a composite primary outcome of 30-day readmission to an acute-care hospital,
or mortality.

results. The overall incidence of CDI was 21.4 cases per 10,000 patient days, with 27% of infections classified as severe. Patients with CDI
had a mean age of 70 years (SD, 14 years), a mean Charlson comorbidity index of 3.6 (SD, 2.0), a median length of stay of 33 days (interquartile
range [IQR], 24–45 days), and a median time between admission and CDI diagnosis of 16 days (IQR, 9–23 days). The most commonly
prescribed antibiotic preceding a CDI diagnosis was a cephalosporin, with median duration of 8 days (IQR, 4–14 days). In multivariate analysis,
CDI was not significantly associated with the primary outcome (relative risk, 0.97; 95% CI, 0.59–1.58).

conclusions. Incidence of CDI in an urban, university-affiliated LTACH was high. Future research should focus on infection prevention
measures to decrease the burden of CDI in this complex patient population.
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Clostridium difficile is the most commonly reported pathogen
to cause healthcare-associated infections in the United States.1

Clostridium difficile infection (CDI) has been associated
with increased cost of hospitalization, prolonged length of stay,
and substantial infection-related morbidity and mortality.2

For these reasons, C. difficile was designated as an “urgent
threat” by the Centers for Disease Control and Prevention
(CDC) in 2013, and significant research and quality
improvement efforts have been invested in the prevention and
control of CDI in acute-care hospitals. A limited number of
studies have been conducted in post–acute-care settings and
have focused primarily on nursing homes or skilled nursing
facilities.3–5

Long-term acute-care hospitals (LTACHs) provide post-
acute care to a complex patient population that is particularly
susceptible to CDI. These facilities concentrate patients with
multiple comorbidities, colonization with multidrug-resistant

organisms, high rates of antibiotic use, and indwelling
device use into 1 facility for extended periods of time.
Others have noted that these characteristics make LTACHs the
“perfect storm” for antibiotic resistance.6 For the same
reasons, LTACHs are also favorable environments for CDI.
Given the mortality and morbidity associated with CDI, the
impact of these infections in LTACHs may be considerable.
The role of LTACHs is also becoming increasingly

important as the population ages and more patients are
cared for in these facilities. The Centers for Medicare and
Medicaid Services (CMS) have included CDI rates as part
of the LTACH Quality Reporting Program (QRP) from
fiscal year 2016 onward. However, few studies to date have
examined the epidemiology, treatment, prevention, or out-
comes of CDI in LTACHs.7–9 We sought to describe the
characteristics and impact of CDI in an urban, university-
affiliated LTACH.
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methods

Study Design

A retrospective matched cohort study was conducted from
July 1, 2008, to October 1, 2015, to evaluate the association
between LTACH-onset CDI and a composite outcome of 30-day
readmission to an acute-care hospital, or mortality. The study
was performed at a 38-bed LTACH affiliated with the University
of Pennsylvania Health System (UPHS). All C. difficile stool
testing for the LTACH was performed at the Clinical Micro-
biology Laboratory of the Hospital of the University of
Pennsylvania. Stool samples were tested by immunoassay for
glutamate dehydrogenase (GDH) antigen and toxins A and
B. Discordant results were followed by a cytotoxicity assay
between July 2008 and December 2010 and by nucleic acid
amplification testing between December 2010 andOctober 2015.

Study Population

The catchment area for the LTACH is composed of tertiary
and community hospitals within the city of Philadelphia.
Theradoc clinical surveillance software (Premier, Salt Lake
City, UT) was used to obtain a list of LTACH hospitalizations
with positive C. difficile stool tests within the specified time
period. All patients with LTACH-onset CDI during the study
period were included. LTACH-onset CDI was defined as a
positive C. difficile stool test occurring on day 4 or later of a
patient’s hospitalization at the LTACH. This definition was
based on the National Healthcare Safety Network (NHSN)
definition for healthcare-facility–onset CDI.10 Hospitaliza-
tions with multiple positive C. difficile tests were included only
once, using the date of the initial positive stool toxin as the date
of diagnosis. Severe CDI was diagnosed using a recently
derived and validated clinical prediction tool with 3 criteria:
age ≥65 years, peak serum creatinine ≥2mg/dL and peak
peripheral leukocyte count ≥20,000 cells/μL.11 Patients
meeting 2 or more of these criteria were classified as having
severe CDI.

Hospitalizations with LTACH-onset CDI were matched on
a 1:1 basis with non-CDI hospitalizations based on LTACH
length of stay prior to CDI diagnosis and concurrent LTACH
admission. Specifically, patients without CDI were matched to
those with CDI based on concurrent hospitalization at the time
of CDI diagnosis and LTACH admission dates within 3 days of
each other. The primary outcome of interest was a composite
measure of readmission to an acute-care hospital or death
within 30 days of CDI diagnosis. This study was approved
by the institutional review board of the University of
Pennsylvania and the Research Committee of Good Shepherd
Penn Partners.

Data Collection

Patient data were obtained using Penn Data Store, a clinical
data warehouse consolidating information from multiple

clinical systems within UPHS. Data were collected on patient
demographics, comorbidities, dates of subsequent admissions
to an acute-care hospital, date of LTACH discharge, antibiotic
administration between LTACH admission and CDI diag-
nosis, ventilator status, selected laboratory results, and death.
Laboratory values were ascertained for the period 5 days before
to 2 days after collection of the stool sample. In rare cases for
which Penn Data Store was unable to provide the necessary
data, LTACH patient medical records were reviewed directly
by the study investigators. Gastrointestinal procedures,
including endoscopy and fecal microbiota transplant, were
not performed at the LTACH during the study period. Inter-
national Classification of Disease, Ninth Revision (ICD-9)
admission codes were obtained from the LTACH admissions
department. ICD-9 codes were used (1) to determine the
presence of immunosuppression as defined by solid organ or
hematopoietic stem cell transplant status, HIV infection with
a CD4+ T-cell count of <200 cells/mm3, or chronic
corticosteroid use and (2) to calculate the Charlson
comorbidity index (CCI).12 The CCI was used as a marker
for complexity of underlying illness.

Statistical Analysis

Descriptive statistics were calculated for baseline character-
istics comparing patients with and without CDI. Mean or
median and standard deviation (SD) or interquartile range
(IQR) were summarized for continuous variables and fre-
quencies (proportions) for categorical variables. Patient
characteristics were compared across groups using the Student
t test or the Mann-Whitney test for continuous variables, and
χ2 or Fischer’s exact test for categorical variables. To account
for the matched cohort study design, conditional Poisson
regression was performed using a binary measure for the
composite primary outcome as the dependent variable
and CDI exposure as the primary independent variable, with
calculation of relative risk (RR).13 Bivariate analyses were
performed to evaluate potential risk factors for the primary
outcome.
Multivariate conditional Poisson regression was then

performed. Variables with P < .10 on bivariate analysis and
those considered clinically important were included in the
final multivariate model. Subgroup analyses were performed
to identify risk factors for the primary outcome among those
patients with severe CDI, along with matched patients without
CDI. Statistical analysis was performed using JMP software,
version 12 (SAS, Cary, NC) and Stata, version 14.0 (StataCorp,
College Station, TX).

results

A total of 150 hospitalizations with a positive C. difficile toxin
were identified between July 1, 2008, and October 1, 2015.
Overall, 130 hospitalizations (87%) met the definition for
LTACH-onset CDI (Figure 1).
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The overall incidence of CDI was 21.4 cases per 10,000
patient days. The CDI incidence was relatively similar during
each year of the study, with the exception of 2009 and 2010,
when the rates were 46.7 per 10,000 patient days and 42.9 per
10,000 patient days, respectively. Excluding years 2009 and
2010, the CDI incidence was 14.4 per 10,000 patient days. The
incidence of severe CDI was 5.6 per 10,000 patient days.

Table 1 shows the characteristics of patients with LTACH-
onset CDI. Patients with LTACH-onset CDI had a mean age
of 70 years (SD, 14), and a mean CCI of 3.6 (SD, 2). In total,
34 (27%) patients were classified as having severe CDI.

In addition, 96 patients (74%) had respiratory failure, and
65 (50%) were noted to have a pressure ulcer on admission.
The most common antibiotic class administered preceding
CDI diagnosis was a cephalosporin, with a median duration of
8 days (IQR, 4–14 days). The median time from LTACH
admission to onset of CDI was 16 days (IQR, 9–23 days)
(Figure 2). Several outliers were noted, including 1 infection
diagnosed on hospital day 140.
There were 23 hospitalizations with LTACH-onset CDI that

could not be matched to hospitalizations without CDI and
were not included in the analyses (Figure 1). Compared with
the matched CDI cases, the unmatched CDI hospitalizations
were had a longer median time between admission and CDI
onset (34 days [IQR, 23–50 days] vs 14 days [IQR, 8–20 days];
P< .01), a longer median length of stay (46 days [IQR,
32–88 days] vs 32 days [IQR, 22–42 days]; P< .01), as well as a
higher mean CCI score (4.3 [SD, 2.1] vs 3.4 [SD, 1.9]; P= .04).
Characteristics for matched patients with and without

CDI are shown in Table 2. Patients with CDI were older than

table 1. Characteristics of Patients With LTACH-Onset
Clostridium difficile Infection

Characteristic No. (%) (n= 130)a

Age, y, mean (SD) 70 (14)
Female 64 (49)
Length of stay, d, median (IQR) 33 (24–45)
CDI severity score, mean (SD) 1 (1)
Albumin (g/dL), mean (SD) 2.3 (0.6)
Severe CDIb 34 (27)
Prior antibiotic usec 103 (79)
Prior fluoroquinolone usec 16 (12)
Prior cephalosporin usec 57 (44)
Respiratory failure 96 (74)
Inflammatory bowel disease 1 (0)
Pressure ulcer 65 (50)
Chronic kidney disease 54 (42)
Charlson comorbidity index, mean (SD) 3.6 (2.0)

NOTE. SD, standard deviation; CDI, Clostridium difficile infection.
aUnless otherwise indicated.
bDefined as ≥2 of the following criteria: age ≥65 years, serum
creatinine ≥2 mg/dL, or peripheral leukocyte count ≥20,000 cells/μL.
cAdministered between admission and CDI diagnosis.

figure 1. Flowchart detailing selection of CDI hospitalizations.

figure 2. Time in days between admission to the long-term
acute-care hospital and onset of Clostridium difficile infection.
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patients without CDI (mean [SD], 71 [14] years vs 67 [14]
years; P= .049) and had a higher peripheral leukocyte
count (mean [SD], 16.1 [10.5] thousands/mm3 vs 10.6 [4.9]
thousands/mm3; P< .01). A larger proportion of patients
without CDI were immunosuppressed (17% vs 7%; P= .02).

Results of bivariate and multivariate regression analyses for
the primary outcome of 30-day readmission to acute-care
hospital or death are shown in Table 3. CDI was not a
significant risk factor for the primary outcome on bivariate
analysis (RR, 1.05 [95% CI, 0.68–1.63]; P= .82). The only sig-
nificant risk factor on bivariate analysis was serum creatinine
level (RR, 1.34 [95% CI, 1.02–1.77]; P= .04); CCI was border-
line significant (RR, 1.15 [95% CI, 0.99–1.34]; P= .06). CDI
remained nonsignificant in the multivariate model (RR,
0.97 [95% CI ,0.59–1.58]; P= .90). Increased serum creatinine
level trended toward an increased risk for the primary outcome
onmultivariate analysis (RR, 1.28 [95%CI, 0.95–1.74]; P= .10).

A subgroup analysis was performed using data from those
patients with severe CDI and their corresponding matched
patients without CDI. As expected given the definition of
severe CDI patients with severe CDI were older (mean [SD],
74 [7] years vs 65 [14] years; P< .01) and had higher peripheral
leukocyte counts (mean [SD], 24.3 [16.5] thousands/mm3 vs
11.4 [6.2] thousands/mm3; P< .01) and higher serum creati-
nine levels (mean [SD], 2.72 [1.91] mg/dL vs 1.23 [0.28] mg/
dL; P< .01). These patients also had a higher prevalence of
chronic kidney disease (61% vs 25%; P< .01).

Results of regression analysis in the severe CDI subset were
similar to the overall results. Severe CDI was not a significant risk
factor for the primary outcome (RR, 1.89 [95% CI, 0.84–4.24];
P= .12). On bivariate analysis, CCI (RR, 1.37 [95% CI,

1.00–1.86]; P= .047) and serum creatinine level (RR, 1.84
[95% CI, 1.06–3.18]; P= .03) were significant risk factors
for the primary outcome. Increased serum creatinine trended
toward an increased risk for the primary outcome on multi-
variate analysis (RR, 1.73 [95% CI, 0.93–3.21]; P= .08).

discussion

Our study at an urban, university-affiliated LTACH found that
the incidence of Clostridium difficile infection was 21.4 per
10,000 patient days over the course of 7.25 years. More than
25% of infections were classified as severe. Patients with CDI
also had a prolonged length of stay (33 days) compared to the
CMS-designated average LTACH length of stay of 25 days.
Even without accounting for antibiotic use during preceding
acute-care hospitalizations, the rate of prior antibiotic use in
this cohort approached 80%. LTACH-onset CDI was not
found to be an independent risk factor for the composite
primary outcome of 30-day readmission or mortality.
The results of our study demonstrate a baseline incidence

rate of CDI that was significantly higher than reported rates
for acute-care hospitals. A majority of the study LTACH’s
admissions come from 3 neighboring acute care hospitals.
These hospitals reported a pooled incidence rate of hospital-
onset CDI of 9.3 per 10,000 patient days between September
2014 and October 2015 (CMS). The CDC’s Emerging
Infections Program found a median incidence of hospital-
onset CDI in acute-care hospitals of 5.4 per 10,000 patient days
in 2010.14 Even after removing 2 years of data (2009 and 2010)
from a potential CDI outbreak, the LTACH rate reported here
is more than 2.5 times higher than the CDC’s reported rate for

table 2. Characteristics of Matched Patients With and Without Clostridium difficile Infection

Characteristic CDI, No. (%) (N= 107)a No CDI, No. (%) (N= 107)a P Value

Age, mean (SD) 71 (14) 67 (14) .049
Female 54 (50) 59 (45) .49
Albumin, g/dL, mean (SD) 2.3 (0.6) 2.5 (0.7) .15
Creatinine, mg/dL, mean (SD) 1.6 (1.5) 1.4 (1.4) .43
Peripheral leukocyte count, mean (SD)a 16.1 (10.5) 10.6 (4.9) <.01
Charlson comorbidity index, mean (SD) 3.4 (1.9) 3.9 (2.6) .15
Respiratory failure 81 (76) 77 (72) .53
Chronic kidney disease 40 (37) 29 (27) .10
Liver disease 11 (10) 8 (7) .47
Congestive heart failure 48 (45) 42 (39) .41
Immunosuppression 7 (7) 18 (17) .02
Pressure ulcer 53 (50) 44 (41) .22
Length of stay, d, median (IQR) 32 (22–42) 28 (19–38) .16
Prior antibiotic useb 81 (76) 82 (77) .87
Prior fluoroquinolone useb 9 (8) 8 (8) .80
Readmission to acute-care hospital within 30 d 36 (34) 34 (32) .88
All-cause mortality within 30 d 13 (12) 11 (10) .83
Primary outcome 41 (38) 39 (36) .89

NOTE. SD, standard deviation; CDI, Clostridium difficile infection.
aPeripheral leukocyte count in thousands/mm3.
bAdministered between admission and CDI diagnosis.
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acute-care hospitals. Furthermore, the proportion of cases
classified as severe is approximately 2.5 times higher than the
rate reported for acute-care hospitals in a study using the same
definition (27% vs 10.9%).11 These findings are concerning
and highlight a significant LTACH burden of disease that has
received little attention in the literature to date.

To our knowledge, only 3 studies have previously reported
the incidence rate of CDI in the LTACH setting. In 2009,
Goldstein et al7 reported a CDI rate of 31.2 per 10,000 patient
days over the course of 1 month at an 88-bed LTACH in
Los Angeles. In addition, 2 other studies reported baseline CDI
rates of 56.5 per 10,000 patient days and 31.5 per 10,000
patient days at LTACHs in the southeastern United States.8,9

The CDI rates in the latter studies declined over the course
of approximately 2 years to 31.5 per 10,000 patient days and
8.3 per 10,000 patient days, respectively, using multifaceted
infection prevention programs. While the CDI rates
reported in these studies are generally higher than the rate
reported here, these studies are also limited by shorter
time periods and potential outbreak situations.

The results of our study confirm that LTACH patients are at
particularly high risk for CDI given their prolonged hospitali-
zations, frequent antibiotic use, and severe underlying comor-
bidities. Current CDI prevention efforts in acute-care hospitals
include antimicrobial stewardship programs, contact isolation
precautions, hand hygiene (ideally with soap and water), and
effective environmental disinfection. Such efforts should be
intensified and standardized for the LTACH population.

Antibiotic stewardship warrants greater attention among
LTACH patients. Although antibiotic use was not directly
compared between the CDI and non-CDI groups, nearly 80%
of patients with LTACH-onset CDI were found to have
received antibiotics between their admission to the LTACH
and their CDI diagnoses. Given that >50% of patients in
acute-care hospitals receive an antibiotic during their
inpatient stay,15 it is likely that a large proportion of LTACH
patients have received antibiotics during their preceding

hospitalizations as well. A prior report by Gould et al6 indicates
that the rates of carbapenem and vancomycin use in LTACHs
are higher than the 50th percentile of use for medical intensive
care units (ICUs), and that fluoroquinolones, a class of anti-
biotics strongly associated with development of CDI, are
administered at a rate comparable to the 90th percentile of use
for medical ICUs. A “call to action” for antimicrobial stew-
ardship in long-term care facilities, particularly LTACHs, was
recently issued by Chopra and Goldstein.16 The results of our
study reinforce the need for such action.
Further studies are required to determine the source

of acquisition for LTACH-onset CDI cases. Detailed epide-
miological or molecular studies may reveal that a substantial
proportion of CDI cases occurring in LTACHs, even on day 4
or later, are acquired in the acute-care setting prior to LTACH
arrival, in which case surveillance definitions may need to be
adjusted. An argument for such changes has been made in the
context of long-term care facilities.17 Regardless of the source
of acquisition, however, these cases remain potential sources of
onward transmission and warrant specialized attention to
infection prevention measures.
We found no significant association between CDI and

the primary composite outcome of 30-day readmission or
mortality. While the 30-day mortality rate in our study was
within the range reported for hospital-onset CDI,18–20 the risk
of readmission to an acute-care hospital would depend
significantly on the need for ICU-level care. Specifically, medical
care delivered in an acute-care hospital non-ICU setting can
generally be performed within the LTACH. The proportion of
CDI cases requiring ICU-level care is likely to be small. Another
potential explanation is that CDI plays a relatively insignificant
role in the risk of hospital readmission when it occurs in
the context of a severe comorbidity burden, as noted in the
LTACH population. Along these lines, the mean CCI score for
LTACH patients with CDI was higher than the scores reported
for community-onset and hospital-onset CDI cases.18,21

The mean length of stay was >30 days, and the rate of the

table 3. Bivariate and Multivariate Conditional Poisson Regression of Risk Factors for Composite Outcome of 30-Day
Readmission or Mortality in LTACH Patients With and Without Clostridium difficile Infection

Bivariate Multivariate

Risk Factor RR (95% CI) P Value RR (95% CI) P Value

CDI 1.05 (0.68–1.63) .82 0.97 (0.59–1.58) .90
Age 1.01 (0.99–1.03) .39 … …

Female 0.69 (0.38–1.26) .23 … …

Albumin 0.59 (0.28–1.22) .16 … …

Creatinine 1.34 (1.02–1.77) .04 1.29 (0.95–1.74) .10
Charlson comorbidity index 1.15 (0.99–1.34) .06 1.07 (0.90–1.27) .47
Congestive heart failure 1.63 (0.87–3.03) .13 … …

Respiratory failure 0.67 (0.34–1.31) .24 … …

Pressure ulcer 0.91 (0.51–1.65) .76 … …

Liver disease 1.2 (0.36–3.93) .76 … …

Immunosuppression 1.75 (0.73–4.17) .21 … …

NOTE. RR, relative risk; CI, confidence interval; CDI, Clostridium difficile infection.
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primary outcome was high in both the CDI and non-CDI
groups (38% and 36%, respectively)

Our study has several limitations. First, approximately
18% of hospitalizations with LTACH-onset CDI could not be
matched to a non-CDI hospitalization. However, only 30% of
unmatched patients met the primary outcome, compared with
38% among the matched CDI patients. Therefore, it is unlikely
that our conclusions would have changed if all LTACH-onset
CDI cases had beenmatched and included. Second, our dataset
did not include information regarding proton-pump inhibitor
or probiotic use, which may potentially have effects on
CDI incidence. Third, for the primary outcome, we did not
capture patients who were discharged to a lower level of care
(eg, home, skilled nursing facility) and then readmitted to a
non-UPHS hospital, or who expired in a non-UPHS setting.
However, most admissions to the study LTACH are from
UPHS-affiliated hospitals, and >85% of acute transfers
from the LTACH are sent to UPHS-affiliated hospitals.
Furthermore, differential admission rates between patients
with CDI and patients without CDI to non-UPHS hospitals is
unlikely. Fourth, the accuracy of ICD-9 coding is dependent
on the medical coders responsible for chart review during each
admission. It is possible that use of ICD-9 coding may
have led to misclassification or lack of capture for certain
comorbidities, particularly immunosuppression.

These findings outline the importance of future studies
focusing on interventions, such as antimicrobial stewardship
programs, to reduce the high incidence rate of CDI among
LTACH populations. LTACH patients have a high baseline risk
for a variety of adverse outcomes, indicating that they require
specialized attention and care. Given our increasingly aging
population and the increasing role of post-acute care in our
health systems, there has never been a more urgent time to
develop targeted and effective prevention efforts for this
complex group of patients.
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