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Background: Carbapenem-resistant Enterobacteriaceae (CRE) isolation is associated with poor outcomes.
The matched cohort study design enables investigation of speciﬁc role of resistance in contributing to
patients’ outcomes. Patients with CRE were matched to 3 groups: (1) patients with extended-spectrum
b-lactamase-producing Enterobacteriaceae (ESBL), (2) patients with carbapenem-susceptible non-ESBL
Enterobacteriaceae, and (3) uninfected controls.
Methods: Patients with CRE isolated at Detroit Medical Center (September 1, 2008, to August 31, 2009)
were matched (1:1 ratio) to the 3 groups based on (1) bacteria type, (2) hospital/facility, (3) unit/clinic,
(4) calendar year, and (5) time at risk (ie, from admission to culture). Multivariable logistic regression
models for outcomes were constructed.
Results: Ninety-one patients with CRE were enrolled. CRE isolation was not an independent predictor for
in-hospital mortality in any of the models (ie, vs uncolonized controls, vs ESBL, vs non-ESBL Enterobacteriaceae, and vs all 3 non-CRE groups combined), despite high signiﬁcance of association in
bivariate analyses. CRE isolation was independently associated with deterioration in functional status
[odds ratio, 9; P ¼ .002] and being discharged to a long-term care facility after being admitted to the
hospital from home [odds ratio, 13.7; P < .001].
Conclusion: Underlying condition and comorbidities are the principal factors responsible for in-hospital
mortality in CRE infections; however, in-hospital mortality is not independently correlated to the offending
pathogen. In addition, we found that the pathogen contributes signiﬁcantly to patients’ degree of morbidity.
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Published by Elsevier Inc. All rights reserved.
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Antimicrobial resistance, particularly among gram-negative
bacteria, pose a signiﬁcant public health threat and economic
burden because effective therapeutics are sorely lacking.1-6 Among
gram-negative bacteria that are most problematic, carbapenemresistant Enterobacteriaceae (CRE) merit signiﬁcant attention. The
emergence of resistance to carbapenems among common enteric
bacteria is perceived as a “sentinel event” in the medical community.4 Several institutions, regions, and even some countries have
issued speciﬁc measures to try and contain the spread of CRE.7,8
Despite these measures, the epidemiology of CRE continues to
evolve as these pathogens rapidly disseminate worldwide causing
numerous outbreaks.8-17
In analyses conducted thus far, CRE isolation is associated with
signiﬁcantly increased mortality, length of hospital stay (LOS), and
costs.18-24 Frequently, delays in initiation of appropriate antimicrobial therapy among CRE carriers are also reported.23,25 Regrettably, delayed diagnosis of CRE is often because of multiple factors:
(1) the low sensitivity of routine automated screening methods,7
(2) slow microbiologic processing of cultures when using conventional methods,26 and (3) lack of awareness and recognition of CRE
by clinicians and laboratory personnel. The lack of effective therapeutic options (especially for panresistant isolates) adds to this
predicament.27,28
Delay in initiation of appropriate antimicrobial therapy is the
strongest modiﬁable predictor for mortality in severe sepsis,29 but
many previous CRE outcomes analyses have not captured the
impact of this and/or properly controlled for it.19,21,24 Worse outcomes were observed among CRE carriers, but it is not clear how
delays in initiating appropriate therapy, the pathogen (with regards
to its virulence properties), and the host (eg, age, comorbidities,
and others) contribute each to these unfavorable outcomes. Understanding the role of delay in initiating appropriate therapy
compared with the intrinsic properties of the pathogen (eg, virulence) or of the patientdin contributing to inferior outcomes
among patientsdis an important goal; one must have clear insights
into these factors to properly allocate preventive resources (both
ﬁscal and temporal).
Reference group selection plays a critical role in determining
which predictors are identiﬁed in case-control studies pertaining to
antimicrobial-resistant organisms.30-32 The case-case-control study
design is a standard approach for accurately studying the unique
epidemiology associated with isolation of antimicrobial-resistant
pathogens.31 This study design is used primarily for risk factors
analyses.18,33 However, case-case-control studies are also effective
in eliminating possible confounders while studying the speciﬁc role
of a resistance determinant on patients’ clinical outcomes.18,34
Several of the previous CRE outcomes analyses considered patients with carbapenem-susceptible Enterobacteriaceae as controls,
without using a group of patients who did not have Enterobacteriaceae isolated (“uncolonized controls”). Other analyses did
not appropriately match uncolonized controls to cases.35,36 Some
studies employed a case-case-control study design, but the
carbapenem-susceptible Enterobacteriaceae group included both
extended-spectrum b-lactamase-producing Enterobacteriaceae
(ESBL) as well as non-ESBL containing Enterobacteriaceae.18 Such a
design raises questions because ESBL production contributes
independently to adverse clinical outcomes, thus making the
carbapenem-susceptible reference group heterogeneous in terms
of outcomes risk.37 We propose to use a matched cohort analysis of
outcomes, which utilizes similar “control groups” as the case-casecontrol study design, but is primarily used to determine the impact
of antimicrobial-resistant pathogens and determinants on clinical
outcomes. Study aim therefore was to investigate outcomes of patients with CRE isolation (both infected and colonized-only individuals) throughout the continuum of medical care (including
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long-term care facilities [LTCFs] and outpatient clinics), using
matched outcomes analyses and including 3 reference groups: (1)
patients with carbapenem-susceptible ESBL-producing Enterobaceriaceae; (2) patients with carbapenem-susceptible, non-ESBLproducing Enterobacteriaceae; and (3) patients without isolation of
Enterobacteriaceae (ie, uncolonized controls).
METHODS
Study settings and design
The Detroit Medical Center (DMC) health care system consists of
8 hospitals, more than 2,200 inpatient beds, and serves as a tertiary
referral facility for metropolitan Detroit and southeastern Michigan. DMC has a single centralized Clinical Microbiology Laboratory
(DMC-CML), which processes w 500,000 samples per annum.
Multiple outpatient facilities in southeast Michigan use these laboratory services on a routine basis. Patient charts, pharmacy records, and microbiologic data are all stored and managed
electronically at DMC.
CRE was deﬁned as any Enterobacteriaceae isolate that was
either resistant to any carbapenem based on established Clinical
and Laboratory Standards Institute (CLSI) breakpoints at the time of
the study38 or determined to be a carbapenemase producer per
phenotypic (Modiﬁed Hodge Test) or genotypic (blaKPC polymerase
chain reaction) test.39 Institutional review boards at Wayne State
University, Cleveland Veterans Affairs Medical Center, and DMC
approved the study before its initiation.
Patients possessing CRE that were isolated from September 1,
2008, to August 31, 2009, were matched in 1:1 ratio to patients in
3 different reference groups: (1) patients with ESBL-producing
Enterobacteriaceae, (2) patients with susceptible non-ESBLproducing Enterobacteriaceae, and (3) uncolonized control patients who did not have Enterobacteriaceae isolated. Matching
parameters included the following: the Enterobacteriaceae species
(for groups 1 and 2), hospital or outpatient facility, unit or clinic,
calendar year, and time at risk (ie, time from admission to culture
for patients with Enterobacteriaceae). For uncolonized controls, the
total duration of hospital stay was the time at risk and had to be at
least as long as the time at risk of the case to which they were
matched. If multiple patients met matching criteria, a subject was
randomly selected using the randomization function in Excel
(Microsoft Corp, Redmond, WA).
Patients and clinical variables
CRE cases consisted of all patients who had a CRE (as per
aforementioned deﬁnition) recovered from a clinical sample sent
from inpatient and outpatient facilities that submit specimens to
DMC-CML. Active surveillance screening cultures were not performed routinely during the study period and were excluded from
the analysis. Cultures from all anatomic sites were collected, and
both infected and colonized patients were included. Infections
were deﬁned according to Centers for Disease Control and Prevention criteria and the presence of systemic inﬂammatory
response syndrome.40,41 For patients who had more than 1 CRE
isolate during the study period, only the ﬁrst episode of CRE
isolation was analyzed.
Epidemiologic parameters retrieved from electronic records
included the following: (1) demographics, (2) background and comorbid conditions, (3) recent health care-associated exposures
including invasive procedures and devices, (4) acute severity of
illness indices, (5) exposures to antimicrobials in the 3 months
prior to culture or admission (for uncolonized controls), (6) time to
initiation of appropriate antimicrobial therapy, and (7) empiric
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