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Abstract

Optimal surveillance strategies for identifying patients colonized with and at risk for transmitting
carbapenem-resistant Enterobacteriaceae (CRE) are urgently needed. We instituted an enhanced
surveillance program for CRE that identified unrecognized CRE-colonized patients but failed to
identify possible CRE transmissions. We also identified risk factors associated with transmitting

CRE.

Controlling the spread of carbapenem-resistant Enterobacteriaceae (CRE) is critical for both
acute care and long-term care facilities. The US Centers for Disease Control and Prevention
(CDC) recently reported that 3.9% of short-stay hospitals and 17.8% of long-term acute care
hospitals (LTACH) had at least 1 hospital-acquired infection due to CRE in 2012,
representing a substantial increase over data from 2010.1 CRE infections tend to occur in
severely ill patients, are associated with high mortality rates, and have limited treatment
options.2~

The CDC has issued guidelines for identifying and controlling the spread of CRE.® Earlier
studies have described control of CRE outbreaks using a variety of targeted
interventions.5-10 However, it remains unclear which specific interventions are most
effective and feasible to implement on a widespread scale. In this study, we characterized
the epidemiology of CRE at a single center and described the outcomes of an enhanced
surveillance program of epidemiologically linked contacts of new CRE-infected and CRE-
colonized patients. We also reviewed clinical data from CRE-positive patients to identify
risk factors associated with transmitting CRE.
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METHODS

This was a retrospective cohort study conducted between September 2011 and January 2013
as part of an institutional infection prevention intervention for CRE. The study included
hospitalized patients older than 18 years of age with positive CRE cultures from any site and
patients screened for CRE as part of the intervention. A patient was defined as having CRE
on the basis of nonsusceptibility to any carbapenem. This study was approved by the
institutional review board at Northwestern Memorial Hospital (Chicago, IL).

Admission rectal screening for extended spectrum f-lactamase (ESBL) organisms and CRE
is performed in all adult intensive care, solid-organ transplant, and hematology-oncology
units as part of standard surveillance at our institution. Beginning in September 2011 and in
accordance with CDC recommendations, enhanced surveillance for CRE was instituted.>
CRE-positive patients not under contact isolation were placed in isolation, and surveillance
of epidemiologically linked contacts was performed (ring surveillance [RS]). Rectal cultures
for CRE were performed for the index patient and all patients hospitalized on the same
ward. CRE-positive patients already under contact isolation did not trigger RS.

We identified a possible transmission when a patient screened as part of RS had rectal
carriage of CRE with the same organism as the index patient and identical or closely related
pulsed-field gel electrophoresis (PFGE) types (3-band difference or less). In addition, we
performed a retrospective search for possible transmissions not identified by RS by
reviewing epidemiologically linked contacts (ELCs) of new CRE-positive patients (labeled
case patients). An ELC of a case patient was defined as any CRE-positive patient who
previously spent 24 hours or more on a ward with the case patient before the case patient’s
acquisition of CRE. A possible transmission occurred if a case patient and an ELC shared
the same CRE organism with identical or closely related PFGE types. Although CRE-
positive patients discharged before final culture results did not trigger RS, they were
included in this expanded search. Electronic medical records were also reviewed to collect
clinical data on CRE-positive patients.

Normally distributed continuous data were analyzed with the Student t test, and
nonparametric data were analyzed with the Mann-Whitney U test. Categorical data were
analyzed with Fisher exact test. All tests of significance were 2 tailed with P <.05
considered significant. All statistical analyses were performed using SPSS, version 21
(Chicago, IL).

RESULTS

Sixty-three patients had a positive CRE culture during the study time period. Twenty-nine
patients were under contact isolation and did not trigger RS, and 14 patients were not in
contact isolation and did trigger RS. In addition, 14 patients were discharged from the
hospital before final culture results, and 3 new CRE-positive patients were missed and did
not trigger RS. Table 1 shows the demographic and clinical characteristics of CRE-positive
patients. RS screened 174 patients and identified 3 asymptomatic CRE-colonized patients.
None of these patients were felt to represent possible transmissions, because their CRE
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cultures grew different organisms than did the cultures from the index patients who triggered
RS. Seven possible transmissions were identified via the search of ELCs and involved 6
CRE-positive source patients; 1 source patient was implicated in 2 possible transmission
events (Table 2).

Compared with the control group of CRE-positive patients who did not transmit CRE, CRE-
positive patients implicated as source patients in possible transmissions all had a positive
clinical culture result (Table 1). They were also older, more likely to have CRE cultured
from the respiratory tract, had greater previous antibiotic exposure, and had a higher
Charlson comorbidity score, although only age was statistically significant.

DISCUSSION

A better understanding of the epidemiology of CRE and factors associated with its
transmission can help inform physicians and infection prevention specialists. In addition to
admission screening in high-risk units, we instituted a program of enhanced surveillance,
performed on all units, for epidemiologically linked contacts of new CRE-positive patients.
This screening identified 3 unrecognized asymptomatic CRE colonizations. Other studies
have similarly demonstrated a benefit of additional screening beyond admission surveillance
in identifying asymptomatic CRE colonization.®19 Earlier identification of CRE positivity
may provide both infection control and clinical benefits, because patients known to be CRE
colonized may receive timelier active antibiotic therapy with subsequent CRE infections.
Despite these benefits, 7 possible transmissions in our study were not identified via RS. RS
identifies CRE-colonized patients at a single point in time and is therefore limited in
capturing all possible transmissions. Furthermore, the time required to confirm and report
CRE culture results provides an opportunity for exposed patients to move between wards or
be discharged before RS.

In addition, the risk factors associated with transmitting CRE have not been as thoroughly
delineated as risk factors for CRE acquisition. In our cohort, older age, a respiratory source,
and a higher degree of comorbidity may have been associated with CRE transmission.
Interventions targeted to the ICU, where patients are likely to be older, have a higher degree
of comorbidity, and have pneumonia, may be particularly effective at reducing transmission.
Furthermore, given that all patients implicated in possible transmissions had clinical CRE
cultures, patients with active CRE infections may be more likely to transmit CRE than
patients with asymptomatic colonization.

This study has several limitations. First, the small number of possible transmissions
impaired detection of a statistical difference in risk factors between patients who may have
transmitted CRE and those who did not. Second, the delay between culture acquisition and
identification of CRE resulted in many patients with CRE being excluded from the study,
which can introduce bias. Third, our study did not examine other potential sources of CRE
transmission, such as environmental reservoirs, which may be important contributors to
CRE outbreaks.
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In conclusion, RS identified asymptomatically colonized CRE patients, targeting them for
earlier isolation and geographical cohorting; however, a number of possible transmissions

went unrecognized during the RS intervention. More research is needed to determine
whether other surveillance methods, such as regular point prevalence surveys or weekly
surveillance in high-risk units, may be more effective than RS.
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