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o r i g i n a l a r t i c l e

Outbreak of Carbapenem-Resistant Enterobacteriaceae at a
Long-Term Acute Care Hospital: Sustained Reductions

in Transmission through Active Surveillance
and Targeted Interventions

Amit S. Chitnis, MD, MPH;1,2 Pam S. Caruthers, RN;3 Agam K. Rao, MD;1,2 JoAnne Lamb, MPH;4

Robert Lurvey, MD, JD;1 Valery Beau De Rochars, MD, MPH;2,5 Brandon Kitchel, MS;1

Margarita Cancio, MD;3 Thomas J. Török, MD, MPH;5,6 Alice Y. Guh, MD, MPH;1

Carolyn V. Gould, MD, MSCR;1 Matthew E. Wise, PhD, MPH1

objective. To describe a Klebsiella pneumoniae carbapenemase (KPC)–producing carbapenem-resistant Enterobacteriaceae (CRE) out-
break and interventions to prevent transmission.

design, setting, and patients. Epidemiologic investigation of a CRE outbreak among patients at a long-term acute care hospital
(LTACH).

methods. Microbiology records at LTACH A from March 2009 through February 2011 were reviewed to identify CRE transmission
cases and cases admitted with CRE. CRE bacteremia episodes were identified during March 2009–July 2011. Biweekly CRE prevalence
surveys were conducted during July 2010–July 2011, and interventions to prevent transmission were implemented, including education
and auditing of staff and isolation and cohorting of CRE patients with dedicated nursing staff and shared medical equipment. Trends were
evaluated using weighted linear or Poisson regression. CRE transmission cases were included in a case-control study to evaluate risk factors
for acquisition. A real-time polymerase chain reaction assay was used to detect the blaKPC gene, and pulsed-field gel electrophoresis was
performed to assess the genetic relatedness of isolates.

results. Ninety-nine CRE transmission cases, 16 admission cases (from 7 acute care hospitals), and 29 CRE bacteremia episodes were
identified. Significant reductions were observed in CRE prevalence (49% vs 8%), percentage of patients screened with newly detected CRE
(44% vs 0%), and CRE bacteremia episodes (2.5 vs 0.0 per 1,000 patient-days). Cases were more likely to have received b-lactams, have
diabetes, and require mechanical ventilation. All tested isolates were KPC-producing K. pneumoniae, and nearly all isolates were genetically
related.

conclusion. CRE transmission can be reduced in LTACHs through surveillance testing and targeted interventions. Sustainable reductions
within and across healthcare facilities may require a regional public health approach.
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Carbapenem-resistant Enterobacteriaceae (CRE) are impor-
tant1 because carbapenems are antimicrobials of last resort used
to treat multidrug-resistant Enterobacteriaceae infections.2 In
addition, all-cause mortality among hospitalized patients with
CRE infections is approximately 40%.3,4 In the United States,
carbapenem resistance is primarily associated with Klebsiella
pneumoniae carbapenemase (KPC), a serine b-lactamase.5 Over
the past decade, numerous KPC-producing CRE outbreaks
have been described in acute care hospitals6-11 and in long-term

acute care hospitals (LTACHs).11-15 Recent outbreaks have had
introduction and dissemination of CRE in acute care hospitals
via transfer of patients with CRE from LTACHs.11-14

LTACHs provide post–acute care hospitalization for pa-
tients with complicated medical illnesses.16 About two-thirds
of LTACH patients are 65 years old or more and on Medicare,
and most patients have lengths of stay of 25 days or more.16

Patients in LTACHs have multiple risk factors for colonization
with multidrug-resistant organisms (MDROs), including
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CRE.17 However, interventions to prevent MDRO transmis-
sion in LTACHs are poorly understood.

In July 2010, the Florida Department of Health became
aware of CRE detected in clinical cultures from LTACH A.
As a result, the county and state health department and
LTACH A developed an infection prevention plan to assess
and reduce CRE transmission at the facility. Because of on-
going CRE detection among LTACH A patients, the state
health department requested assistance from the Centers for
Disease Control and Prevention (CDC) in February 2011. In
this report, we describe the epidemiologic and laboratory
investigation of a CRE outbreak conducted to determine the
occurrence, clinical impact, and risk factors for transmission
of CRE at LTACH A and to identify and implement measures
to control the outbreak.

methods

Setting

LTACH A is a freestanding 82-bed facility consisting of an 8-
bed intensive care unit (ICU) and 3 medical-surgical units.
All LTACH A patients are assigned to single-patient rooms.

Active Surveillance Testing for CRE

Prior to January 2010, active surveillance testing for CRE was
not conducted, and CRE was detected on the basis of clinical
cultures. Per LTACH A policy beginning in January 2010, all
patients were presumptively placed under contact precautions
upon admission and had urine and sputum surveillance cul-
tures collected within 3 days of admission to screen for
MDROs, including CRE. Patients with a history of or who
tested positive for an MDRO remained under contact pre-
cautions for their entire hospitalization. In July 2010, local
and state health departments recommended that LTACH A
screen all patients for CRE by means of rectal swabs18 within
3 days of admission and conduct a hospital-wide CRE point-
prevalence survey among all hospitalized patients. In Septem-
ber 2010, LTACH A initiated biweekly CRE point-prevalence
surveys for all patients who had no previous cultures positive
for CRE and who were not screened for CRE by rectal sur-
veillance culture in the previous 7 days.

Epidemiologic Investigation

Occurrence of CRE in LTACH A was assessed by identifying
CRE transmission in the facility and CRE present on admis-
sion. We also describe CRE bacteremia in LTACH A patients
to focus on a subset of patients in whom CRE had a clear
clinical impact.

Definitions. CRE transmission cases were classified as ei-
ther probable or possible. A probable CRE transmission case
was defined as CRE isolated from a surveillance or clinical
culture in an LTACH A patient during March 2009–February
2011 whose initial 3 surveillance cultures (ie, urine, sputum,
and rectal) and all clinical cultures collected within 3 calendar

days of admission were negative for CRE. A possible CRE
transmission case was defined as CRE isolated from a sur-
veillance or clinical culture in an LTACH A patient who had
initial surveillance cultures obtained from less than 3 body
sites but for whom all surveillance and clinical cultures col-
lected within 3 days of admission were negative for CRE.

A CRE present-on-admission case was defined as CRE iso-
lated from surveillance or clinical cultures from an LTACH
A patient within 3 days of admission during March 2009–
February 2011.

Detection of CRE cases at LTACH A. LTACH A microbi-
ology records were reviewed to identify cultures positive for
any CRE during March 2009–July 2011 as part of the on-site
investigation. Carbapenem resistance was detected using 2008
Clinical Laboratory Standards Institute (CLSI) guidelines for
antimicrobial susceptibility testing.19 Beginning in July 2009,
a modified Hodge test was performed for all Enterobacteri-
aceae isolates that were not susceptible to ertapenem, imi-
penem, or meropenem using 2008 CLSI breakpoints.19 Med-
ical records were reviewed for all patients with a positive CRE
culture to identify the date of admission of CRE cases and
bacteremia episodes.

Newly detected CRE, CRE prevalence, and CRE bacteremia
incidence at LTACH A. The prevalence of CRE on admission
to LTACH A was calculated by dividing the number of CRE
present-on-admission cases by the total number of monthly
admissions.

Two estimates of CRE occurrence were calculated based on
biweekly point-prevalence data collected by the infection pre-
ventionist at LTACH A as part of ongoing CRE prevention
efforts during July 2010–July 2011. The proportion of
screened patients with newly detected CRE was calculated by
dividing the number of CRE patients who screened positive
on the point-prevalence survey by the total number of pa-
tients screened. Overall CRE prevalence was calculated by
dividing the total number of CRE patients (ie, patients pre-
viously known to have CRE and patients with newly detected
CRE based on the point-prevalence survey) by the total num-
ber of LTACH A patients present on the date of the survey.

A CRE bacteremia episode was defined as CRE isolated in
blood from an LTACH A patient during March 2009–July 2011
who had no prior blood cultures positive for the same CRE
pathogen in the previous 14 days. Incidence of monthly CRE
bacteremia episodes was calculated by dividing the number of
CRE bacteremia episodes by the total number of LTACH A
patient-days (reported as episodes per 1,000 patient-days).

Case-control study. Probable CRE transmission cases de-
tected since July 2010, the period when rectal surveillance
cultures were obtained at LTACH A, were included as cases
in a case-control study. One control was selected for each
probable CRE transmission case among LTACH A patients
who had active surveillance cultures collected from 3 body
sites on admission, had no cultures positive for CRE during
the hospitalization, and were present in LTACH A at the same
time the case had his or her first CRE-positive culture (index
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figure 1. Carbapenem-resistant Enterobacteriaceae (CRE) transmission cases and prevalence of CRE on admission among patients admitted
to long-term acute care hospital (LTACH) A, March 1, 2009, through February 28, 2011. A p Urine and sputum admission surveillance
cultures started during January 2010. B p Rectal admission surveillance cultures for CRE started and one-time point-prevalence survey
for CRE conducted during July 2010. C p Biweekly point prevalence surveys for CRE via rectal swabs started during September 2010.

date). Medical records were reviewed for data on demograph-
ics, comorbidities, hospital course, invasive device use and
procedures, and antimicrobials, which were collected for up
to 30 days prior to the index date.

Laboratory Investigation

All available CRE isolates from cultures collected during Feb-
ruary–March 2011 were sent to the CDC for detection of the
blaKPC gene using a real-time polymerase chain reaction assay20

and for pulsed-field gel electrophoresis (PFGE) to determine
genetic relatedness using the CHEF mapper electrophoresis
system (Bio-Rad) and a procedure that has been described
elsewhere.21 PFGE patterns were compared using the Dice
coefficient and clustering by the unweighted pair group
method using average linkages (Bionumerics 5.10; Applied
Maths). In addition, PFGE patterns for isolates collected dur-
ing the investigation were compared with an archived picture
of PFGE patterns for another set of available CRE isolates
obtained from LTACH A patients in September 2010, which
were previously analyzed at the state health department.

Infection Prevention Observations

As part of the on-site epidemiologic investigation conducted
in March 2011, more than 40 hours of infection prevention
observations of healthcare personnel (HCP) were conducted.
This included audits of hand hygiene and glove and gown use
and observations of HCP using invasive devices, performing
procedures, and conducting daily patient assessments.

Interventions to Reduce CRE Transmission

A stepwise process of implementing infection prevention
measures was initiated on the basis of results of biweekly CRE

point-prevalence surveys and observations. Beginning in July
2010, LTACH A staff, in consultation with local and state
health departments, implemented the following measures: ad-
dition of audits of glove and gown use to ongoing weekly
hand hygiene audits, monthly educational sessions on proper
hand hygiene and isolation precautions for all HCP, and
weekly reminders on appropriate cleaning practices for high-
touch surfaces to environmental services staff. Starting in
December 2010, CRE patients were cohorted and spatially
separated from non-CRE patients into one section of a med-
ical-surgical unit with dedicated nursing staff. Daily staff
meetings were conducted to increase facility communication
about CRE prevention efforts.

In March 2011, LTACH A implemented additional rec-
ommendations from the on-site investigation, including daily
audits of hand hygiene and PPE use, observations of insertion
and maintenance practices for invasive devices, and daily as-
sessments of the need for invasive devices, especially urinary
catheters. Biweekly conference calls with LTACH A, local and
state health departments, and the CDC were initiated in April
2011 to discuss results of ongoing point-prevalence surveys,
to optimize infection prevention efforts at the facility, and to
discuss regional CRE prevention efforts in healthcare facili-
ties. Additional measures implemented included dedicating
shared medical equipment (ie, hoyer lifts, scales, and blood
pressure machines) to CRE patients and assigning dedicated
nursing staff to CRE patients in the ICU. The facility also
began a campaign to reduce unnecessary urinary catheter use
concurrently with CRE-specific measures.
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figure 2. Prevalence of carbapenem-resistant Enterobacteriaceae (CRE), percentage of screened patients with newly detected CRE on the
date a point-prevalence survey was conducted, and infection prevention interventions implemented to reduce CRE transmission at long-
term acute care hospital (LTACH) A, July 27, 2010, through July 26, 2011. A p Audits of hand hygiene and personal protective equipment
use initiated. B p Biweekly point-prevalence surveys initiated. C p CRE patients cohorted and spatially separated from non-CRE patients
in one wing of a medical-surgical unit; nursing staff in this wing were cohorted to care for CRE patients. D p Daily audits and assessment
of use and need for invasive devices conducted. E p Biweekly conference calls initiated with the Centers for Disease Control and Prevention,
LTACH A, and state and local health departments. F p Dedicated nurses assigned to CRE patients in intensive care unit (ICU). Shared
medical equipment (ie, hoyer lifts, scales, and blood pressure machines) dedicated to CRE patients on non-ICU floors. As a result of an
ongoing intervention to decrease use of urinary catheters, LTACH A noted a 50% reduction in utilization of urinary catheters compared
with that in previous months.

Statistical Analysis

Trends in overall CRE prevalence and proportion of screened
patients with newly detected CRE at LTACH A were assessed
using linear regression models weighted for the number of
patients in LTACH A and the number of patients screened
at the time of the point-prevalence surveys, respectively.
Monthly trends in CRE bacteremia incidence were evaluated
using Poisson regression.

For the case-control study, bivariate analysis was conducted
using the x2 or Fisher exact test for categorical variables and
the Wilcoxon rank-sum test for continuous variables. Vari-
ables that had a P value less than .05 in bivariate analysis or
that were known risk factors for CRE were included as can-
didate variables in a forward-selection multivariable logistic
regression model (entry criterion, ). Goodness of fitP ! .10
was assessed using the Hosmer-Lemeshow test. All reported
P values are 2-sided, and a P value less than .05 was considered
statistically significant. All analyses were conducted using SAS
9.2 (SAS Institute).

results

Epidemiologic Investigation

Detection of CRE cases at LTACH A. Ninety-nine CRE trans-
mission cases (34 probable, 65 possible) were detected from
March 1, 2009, through February 28, 2011. The median num-
ber of monthly CRE transmission cases increased from 1
(range, 0–2) during March 2009–January 2010 to 6 (range,

3–16) during February 2010–February 2011. Of the 99 CRE
transmission cases, 90 (91%) had K. pneumoniae, 4 (4%) had
Enterobacter aerogenes, and 1 (1%) had Enterobacter species
recovered from cultures during their LTACH A hospitaliza-
tion; both K. pneumoniae and Enterobacter species were re-
covered for 4 (4%) CRE transmission cases. Twenty-one
(21%) CRE transmission cases developed CRE bacteremia.

Sixteen present-on-admission CRE cases were detected
from March 1, 2009, through February 28, 2011; these cases
were transferred to LTACH A from 7 different acute care
hospitals in the surrounding region, with 1 acute care hospital
accounting for 44% ( ) of cases. During this period, thisn p 7
acute care hospital accounted for the second highest number
of admissions to LTACH A. Carbapenem-resistant K. pneumo-
niae was recovered from 15 (94%) of 16 present-on-admis-
sion cases; Escherichia coli was detected in 1 patient. One
present-on-admission case developed CRE bacteremia.

During March–December 2009, when active surveillance
testing for CRE was not performed, the median monthly CRE
prevalence on admission was 0% (range, 0%–3%; Figure 1).
During January–June 2010, when active surveillance testing
for CRE was performed using urine and sputum cultures, the
median monthly CRE prevalence on admission was 0%
(range, 0%–5%). During July 2010–February 2011, when ac-
tive surveillance testing included rectal cultures, the median
CRE prevalence on admission was 3% (range, 0%–13%; Fig-
ure 1).

Newly detected CRE, CRE prevalence, and CRE bacteremia
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figure 3. Incidence of carbapenem-resistant Enterobacteriaceae (CRE) bacteremia episodes per 1,000 patient-days at long-term acute care
hospital (LTACH) A, March 1, 2009, through July 31, 2011. A p Audits of hand hygiene and personal protective equipment use initiated.
B p Biweekly point-prevalence surveys initiated. C p CRE patients cohorted and spatially separated from non-CRE patients in one wing
of a medical-surgical unit; nursing staff in this wing were cohorted to care for CRE patients. D p Daily audits and assessment of use and
need for invasive devices conducted. E p Biweekly conference calls initiated with the Centers for Disease Control and Prevention, LTACH
A, and state and local health departments. F p Dedicated nurses assigned to CRE patients in an intensive care unit (ICU). Shared medical
equipment (ie, hoyer lifts, scales, and blood pressure machines) dedicated to CRE patients on non-ICU floors. As a result of an ongoing
intervention to decrease use of urinary catheters, LTACH A noted a 50% reduction in utilization of urinary catheters compared with that
in previous months. G p During June 2011–April 2012, no CRE bacteremia episodes were detected among LTACH A patients.

incidence at LTACH A. From July 27, 2010, through July 26,
2011, there was a significant decrease in CRE prevalence (49%
to 8%) and in the percentage of screened patients with newly
detected CRE (44% to 0%; Figure 2). To determine whether
the percentage of newly detected CRE patients on July 27,
2010, influenced the trend analyses, we restricted data to the
period from September 2, 2010, through July 26, 2011; these
analyses were also statistically significant.

During March 2009–July 2011, 29 CRE bacteremia epi-
sodes were detected among 25 LTACH A patients; 28 (96%)
of these episodes were detected after January 2010. Beginning
in February 2010, the median number of CRE bacteremia
episodes detected per month was 1 (range, 0–5); the incidence
peaked at 3.6 episodes per 1,000 patient-days in October 2010
and decreased to 0 episodes per 1,000 patient-days by June
2011 (Figure 3). No statistically significant trend in incidence
was detected during March 2009–July 2011 ( ). How-P p .48
ever, when limiting the analysis to July 2010–July 2011, the
period when interventions were implemented, a statistically
significant decrease ( ) in incidence was detected.P p .01

Case-control study. Compared with controls, probable
transmission cases were more likely to be female, have had
a greater number of total parenteral nutrition–days, have re-
ceived b-lactam antimicrobials, and have diabetes (Table 1).
In multivariable analysis, CRE acquisition was significantly
associated with having had a greater number of ventilator-
days, receiving b-lactam antimicrobials, and having diabetes

(Table 2). A Hosmer-Lemeshow test did not indicate poor
model fit ( ).P p .18

Laboratory Investigation

Nineteen CRE isolates were sent to the CDC for identification
and characterization. All isolates were K. pneumoniae with
the blaKPC gene present.

There were 2 PFGE patterns among K. pneumoniae isolates
tested (Figure 4). PFGE pattern A was detected in 17 isolates
(from 8 probable transmission and 2 present-on-admission
cases) and was more than 83% similar to the PFGE pattern
for 4 K. pneumoniae isolates (from 3 probable and 1 possible
transmission case) tested at the state health department in
September 2010. PFGE pattern B was detected in 2 isolates
(from 2 probable transmission cases) and shared 70% sim-
ilarity with PFGE pattern A.

Infection Prevention Observations

During March 2011, hand hygiene was successfully performed
at 30 (31%) of 96 opportunities. Gloves were worn during
78 (77%) of 102 opportunities, and gowns were worn during
78 (89%) of 88 opportunities. Suboptimal maintenance prac-
tices for invasive devices were noted, including inconsistent
performance of hand hygiene prior to accessing central ve-
nous catheters. In addition, HCP did not adequately clean
and disinfect some shared portable medical equipment (eg,
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table 1. Comparison of Demographic Characteristics, Clinical Characteristics, and Outcomes among Carbapenem-Resistant En-
terobacteriaceae (CRE) Cases and Controls at Long-Term Acute Care Hospital (LTACH) A, July 1, 2010, through February 28, 2011

Variable Cases (n p 34) Controls (n p 34) P a

Demographic characteristic
Age 75 (43–88) 68 (43–98) .19
Male 13 (38) 22 (65) .03
White 22 (64) 26 (76) .29

Clinical characteristics
Hospitalization

Admitted to LTACH A for management of respiratory failure 30 (88) 29 (76) .72
Previous admissions to LTACH A 5 (15) 5 (15) 1.0
LOS prior to index date 23 (6–71) 18 (5–69) .07
Transfers to healthcare facilities prior to index date 3 (9) 2 (6) 1.0
Admitted to ICU at LTACH A prior to index date 20 (59) 18 (53) .63

Devicesb

Ventilator-days, median (IQR) 18 (6–26) 13 (0–19) .06
Central line–days, median (IQR) 15 (7–23) 14 (6–18) .70
Urinary catheter–days, median (IQR) 18 (9–22) 13 (5–19) .20
Wound vacuum 2 (6) 2 (6) 1.0
Rectal tube 2 (6) 1 (3) 1.0

Procedures and treatmentsb

Hemodialysis 3 (9) 2 (6) 1.0
TPN-days 0 (0–24) 0 (0–2) .04
Invasive procedures,c median (IQR) 1 (0–2) 0 (0–1) .05

Patient-specific risk factors for CRE
Charlson score,d median (IQR) 2 (2–4) 2 (1–3) .08
Diabetes 15 (44) 7 (21) .03
Wounde 20 (59) 17 (50) .47
Stool incontinence 33 (97) 30 (88) .36
Contact precautionsf 23 (68) 15 (44) .05

Class of antimicrobialsb

b-Lactams 15 (44) 5 (15) !.001
Cephalosporins 16 (47) 12 (35) .32
Carbapenems 15 (44) 13 (38) .62
Fluoroquinolones 11 (32) 9 (26) .59

Outcomesg

Died 16 (47) 10 (29) .13
Died within 30 days of index date 5 (15) 8 (24) .35

note. Categorical variables are no. (%) of cases or controls; continuous variables are median (range), unless otherwise noted.
ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; TPN, total parenteral nutrition.
a The x2 or Fisher exact test was used to compare categorical variables; the Wilcoxon rank-sum test was used to compare continuous
variables.
b Data were abstracted for a period of 30 days prior to the index date.
c Central or peripherally inserted central catheter, bronchoscopy, tracheostomy, thoracentesis, esophagogastroduodenoscopy and
percutaneous endoscopic gastrostomy tube placement, or debridement of a sacral wound; all invasive procedures were performed
at LTACH A.
d Non-age-adjusted Charlson comorbidity index.
e Documentation of an arterial, venous, surgical, diabetic, or necrotic wound in the medical chart.
f Placed under contact precautions 30 days prior to the index date for infection or colonization with a multidrug-resistant
organism aside from CRE.
g Deaths attributed to CRE could not be determined using medical and vital records data.

X-ray and ultrasound machines) used for both CRE and non-
CRE patients; high-touch surfaces, including medication cab-
inets in patient rooms, were also not cleaned and disinfected
during observations.

discussion

A large CRE outbreak began in February 2010 at LTACH A.
CRE bacteremia was identified in 25 patients, 21 of whom
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table 2. Multivariable Analysis of Risk Factors for Carba-
penem-Resistant Enterobacteriaceae among Cases and Controls
at Long-Term Acute Care Hospital A, July 1, 2010, through
February 28, 2011

Variable
Multivariate analysis,

adjusteda OR (95% CI) P

Ventilator-daysb 1.4 (1.0–1.8) .03
TPN-daysb 10.1 (0.5–215.1) .14
Diabetes 4.3 (1.2–15.0) .02
b-Lactams 5.7 (1.4–22.0) .01

note. CI, confidence interval; OR, odds ratio; TPN, total par-
enteral nutrition.
a Logistic regression model using a forward selection strategy
with a significance level for entering the model equal to .10.
b Variables were scaled to 5-day increments (ie, variable was
divided by 5) to reflect a clinically meaningful value for use of
a ventilator or TPN.

likely acquired CRE in the facility (probable and possible CRE
transmission cases). Suboptimal infection prevention prac-
tices and transfers of CRE patients from acute care hospitals
to LTACH A facilitated ongoing CRE transmission. A stepwise
approach to implementation of multiple infection prevention
interventions at LTACH A over a 1-year period decreased
CRE prevalence 6-fold and drastically reduced CRE trans-
mission and bacteremia episodes.

Major interventions implemented at LTACH A temporally
coincided with reductions in CRE transmission. These in-
cluded biweekly point prevalence surveys, cohorting and spa-
tial separation of CRE patients from other patients, and ded-
ication of nursing staff and certain high-touch medical
equipment to CRE patients. Dedication of nursing staff in
the ICU (where spatial separation was challenging) and ded-
ication of shared medical equipment to CRE patients in non-
ICU areas were implemented immediately preceding sus-
tained reductions in CRE transmission. A successful effort to
decrease urinary catheter utilization among LTACH A pa-
tients was another intervention that may have contributed to
reductions in CRE transmission. Since outbreaks of multi-
drug-resistant gram-negative urinary tract infections have
been associated with use of urinary catheters,22,23 decreasing
urinary catheter utilization may have reduced opportunities
for CRE transmission via HCP who manipulate these devices.

Interventions implemented at LTACH A included many
components of a bundled intervention used in a previous
investigation15 of carbapenem-resistant K. pneumoniae trans-
mission at an LTACH. One notable difference was that daily
chlorhexidine bathing of patients was not implemented at
LTACH A. Prevention of CRE transmission in LTACH A may
have been facilitated by the presence of single-patient rooms,
and additional strategies (eg, chlorhexidine bathing) may be
needed to prevent CRE transmission in other LTACHs that
do not have dedicated single-patient rooms. Another im-
portant component of the success in preventing CRE trans-
mission at LTACH A was ongoing biweekly communication
between the facility, state, and county health departments and

CDC staff after the on-site investigation, which allowed for
refinement of infection prevention efforts in response to evi-
dence of ongoing transmission.

Dedication of shared medical equipment with high poten-
tial for skin contact was another component of this investi-
gation that may have been effective, suggesting that transient
environmental contamination of high-touch shared medical
items may play a role in CRE transmission. Although other
pathogens, such as Acinetobacter baumannii and vancomycin-
resistant enterococci, are known to survive in the environ-
ment for long periods of time and are frequently found on
environmental surfaces during outbreaks,24 the extent to
which environmental contamination contributes to CRE
transmission has not been well described.

Detection of present-on-admission CRE cases from mul-
tiple acute care hospitals in the surrounding region highlights
the challenge of regional spread of CRE between healthcare
facilities. As part of ongoing regional CRE prevention efforts,
local and state health departments worked with acute care
hospitals to ensure that these facilities were aware of CDC
guidance regarding CRE prevention;25 in addition, LTACH A
collaborated with facilities to ensure that interfacility transfer
forms, which include information on CRE colonization or
infection status, are completed for all patients transferred to
LTACH A. Although the CRE outbreak at LTACH A was
successfully controlled, continued influx of CRE patients from
surrounding facilities may hamper long-term control efforts
and necessitate continued use of active surveillance testing
upon admission to the LTACH. Furthermore, although
LTACHs were implicated as epicenters for amplification and
regional dissemination of CRE in a previous study,14 control
of CRE transmission at an LTACH in this published study
did not prevent ongoing CRE spread within the region. This
indicates that attributing spread of CRE and other MDROs
solely to LTACHs and other long-term care facilities may not
be justified, as successful control of CRE may require coor-
dinated infection prevention efforts across settings with in-
volvement of local and state health departments. Such a strat-
egy has been successfully implemented in Israel, where CRE
prevention efforts were coordinated at a national level and
effectively decreased CRE occurrence and spread.26

The case-control study may be the first study to detect an
association between diabetes and CRE. LTACH A patients
with diabetes may be at increased risk for CRE acquisition
because of suppression of the immune system, more frequent
interactions with HCP compared with that for patients with-
out diabetes, or other unmeasured risk factors for CRE ac-
quisition. Similar to other case-control studies, use of
b-lactam antimicrobials27,28 and mechanical ventilation3 were
identified as independent risk factors for CRE.

This investigation has several limitations. We may have un-
derestimated the clinical impact of CRE among LTACH A pa-
tients, as we could not determine retrospectively whether spu-
tum or urine cultures positive for CRE represented true
infections. Nevertheless, we identified 25 LTACH A patients
who had CRE bacteremia. Since rectal surveillance cultures
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figure 4. Pulsed-field gel electrophoresis (PFGE) patterns for carbapenem-resistant Klebsiella pneumoniae isolates from long-term acute
care hospital (LTACH) A patients, September 1, 2010, through, March 31, 2011. An image of the PFGE patterns for previously analyzed
CRE isolates (September 2010) was compared with the PFGE patterns for isolates collected during the investigation (February–March 2011)
using Bionumerics software. Isolates obtained from LTACH A patients in September 2010, indicated by asterisks, were analyzed at the state
health department.

(which are more sensitive for Enterobacteriaceae than cultures
collected from noninguinal or nonrectal anatomic sites29) were
not used at LTACH A to detect CRE before July 2010, we could
not accurately assess the number of CRE transmission cases
and CRE prevalence on admission prior to implementation of
this screening test. The implementation of multiple interven-
tions over a short period of time precluded us from deter-
mining the effectiveness of each intervention. Finally, the lim-
ited regional epidemiologic information and number of CRE
isolates collected during this investigation did not allow for a
complete understanding of CRE transmission among health-
care facilities within the region.

This investigation demonstrates that CRE incidence and
prevalence can be reduced in LTACHs through implemen-
tation of targeted infection prevention interventions, even
when CRE prevalence exceeds 50%. However, involvement
of state and local public health agencies in regional coordi-
nation of broader CRE infection prevention activities among
healthcare facilities will be needed to ensure sustainable re-
ductions in healthcare-associated CRE transmission.
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