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Background: Carbapenemase-producing Enterobacteriaceae (CPE) are Gram-negative bacteria with increasing prevalence of
infection worldwide. In Korea, 25 cases of CPE isolates were reported by the Korea Centers for Disease Control and Prevention
in 2011. Most CPE cases were detected mainly at tertiary referral hospitals. We analyzed the prevalence and risk factors for car-
bapenem-resistant Enterobacteriaceae (CRE) in a mid-sized community-based hospital in Korea.

Materials and Methods: We retrospectively analyzed all consecutive episodes of Enterobacteriaceae in a mid-sized communi-
ty-based hospital from January 2013 to February 2014. CRE was defined as organisms of Enterobacteriaceae showing decreased
susceptibility to carbapenems. Risk factors for CRE were evaluated by a case-double control design. Carbapenemase was con-
firmed for CRE using a combined disc test.

Results: During 229,710 patient-days, 2,510 Enterobacteriaceae isolates were obtained. A total of 41 (1.6%) CRE isolates were
enrolled in the study period. Thirteen species (31.7%) were Enterobacter aerogenes, 8 (19.5%) Klebsiella pneumoniae, 5 (12.2%)
Enterobacter cloacae, and 15 other species of Enterobacteriaceae, respectively. Among the 41 isolates, only one (2.4%) E. aero-
genes isolate belonged to CPE. For evaluation of risk factors, a total of 111 patients were enrolled and this included 37 patients in
the CRE group, 37 in control group I (identical species), and 37 in control group Il (different species). Based on multivariate anal-
ysis, regularly visiting the outpatient clinic was a risk factor for CRE acquisition in the control group I (P = 0.003), while vascular
catheter and Charlson comorbidity index score >3 were risk factors in control group Il (P = 0.010 and 0.011, each). Patients with
CRE were more likely to experience a reduced level of consciousness, use a vasopressor, be under intensive care, and suffer from
acute kidney injury. However, CRE was not an independent predictor of mortality compared with both control groups.
Conclusion: In conclusion, the prevalence of CRE was higher than expected in a mid-sized community-based hospital in Korea.
CRE should be considered when patients have a vascular catheter, high comorbidity score, and regular visits to the outpatient
clinic. This study suggests the need for appropriate prevention efforts and constant attention to CRE infection control in a mid-
sized community-based hospital.
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Introduction

Enterobacteriaceae family includes Escherichia coli, Klebsi-
ella pneumoniae, Citrobacter freundii, Morganella morganii,
Proteus mirabilis, Enterobacter species, and Serratia species,
to name a few. They are responsible for various infectious dis-
eases such as intra-abdominal infection, urinary tract infec-
tion, bloodstream infection and respiratory tract infection [1].
Carbapenem is the main treatment for severe infections
caused by Enterobacteriaceae, because they have various re-
sistance mechanisms to overcome extended spectrum be-
ta-lactam [2]. Recently, carbapenem-resistant Enterobacteria-
ceae (CRE) has become one of the leading infectious concerns
worldwide, resulting in high mortality in infected patients [3-6].

In the United States, the first outbreak of CRE was reported
in New York in 2003. Since this report, the presence of CRE
has increased in healthcare facilities [7]. In Asia, the first case
of K. pneumoniae carbapenemase was reported in China in
2004, and more cases have been increasingly detected in Tai-
wan, Korea, and Singapore [3, 4]. In Korea, most of the report-
ed multi-drug resistant (MDR) microorganisms were found at
tertiary referral hospitals, and CRE was also detected predom-
inantly at tertiary hospitals [8-10]. However, the prevalence
and risk factors of CRE acquisition have not been well de-
scribed in small or mid-sized community-based hospital set-
tings. Therefore, we performed an analysis of epidemiologic

characteristics and risk factors for CRE in a mid-sized com-
munity-based hospital in Korea.

Materials and Methods

1. Study design and subjects

We retrospectively reviewed the medical records of all con-
secutive episodes of Enterobacteriaceae from hospitalized pa-
tients at Bucheon St. Mary's Hospital, a 607-bed, university-af-
filiated, community-based general hospital from January 2013
to February 2014. During the study period, surveillance cul-
tures were not performed. The microbial data were obtained
from the clinical microbiology laboratory for the purpose of
analyzing the prevalence of CRE and comparing antimicrobial
resistance profiles with carbapenem-susceptible Enterobacte-
riaceae (CSE).

The risk factors for patients with CRE were evaluated by us-
ing a case-double control design. The case group included all
adult patients (age =16 years) who were found to have any
CRE organism (hereinafter referred to as the CRE group).
Only first positive culture data from patients who had multiple
cultures for Enterobacteriaceae organisms were included. The
case group was randomly matched to two control groups by
sites of culture, time needed to collect a microbiological spec-
imen from admission day (+ 6 days), and length of stay (>2
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Figure 1. Number of species of carbapenem-resistant Enterobacteriaceae.
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Table 1. Antibiotic resistance of carbapenem-resistant Enterobacteriaceae
' ]

Antibiotic resistance CRE CSE OR P
(n=41) n (%) (n=2,469) n (%) (95% CI)

Amikacin 9 (22.0) 105 (4.3) 6.31 (2.94-13.56) <0.001
Ceftazidime 22 (53.7) 901 (36.5) 2.01 (1.08-3.73) 0.024
Cefepime 17 (41.5) 795 (32.2) 1.55 (0.82-2.91) 0.173
Aztreonam 19 (46.3) 889 (36.0) 1.60 (0.85-2.98) 0.140
Ciprofloxacin 19 (46.3) 934 (37.8) 1.41(0.76-2.61) 0.280
Tigecycline 8(19.5) 331 (13.4) 1.56 (0.71-3.39) 0.267
TMP-SMX 13 (31.7) 709 (28.7) 1.15 (0.59-2.23) 0.678

CRE, carbapenem-resistant Enterobacteriaceae; CSE, carbapenem-susceptible Fnterobacteriaceae; OR, odds ratio; TMP-SMX, trimethoprim-sulfamethoxazole.

Table 2. Patient characteristics according to carbapenem susceptibility of Enterobacteriaceae

. CRE (n=37 CSEI (n=37 CSEIl (n=37
Variables n(( %) ) n E %) ) p n (( %) ) p
Age, median (range) 68 (31-90) 66 (42-88) 0.806 65 (16-91) 0.344
Male 21 (56.8) 21 (56.8) 1 16 (43.2) 0.245
Length of stay, median (IQR) 24 (12-46) 16 (6-35) 0.245 14 (8-32) 0.266
Colonization with
VRE 4(10.8) 0(0) 0.115 1(1.4) 0.358
Non fermenter 13 (35.1) 11 (29.7) 0.619 7(18.9) 0.116
MDR species® 8(21.6) 2 (5.4) 0.041 1(1.4) 0.028
Colonization of Enterobacteriaceae only 21 (56.8) 21 (56.8) 1 14(37.8) 0.103
Comorbidities
Diabetes 18 (48.6) 11(29.7) 0.056 10 (27.0) 0.055
Heart failure 3(8.1) 4(10.8) 1 1(1.4) 0.304
Renal failure 0(0) 1(2.7) 1 4(10.8) 0.327
Malignancy 8(21.6) 9(24.3) 0.782 5(13.5) 0.359
CVA 13(35.1) 12 (32.4) 0.806 11(29.7) 0.619
Decubitus ulcer 8(21.6) 5(13.5) 0.359 5(13.5) 0.359
CCI>3 32 (86.5) 29 (78.4) 0.359 23 (62.2) 0.017
Healthcare risk factors
LTCF permanent residence 8(21.6) 10 (27) 0.588 6(16.2) 0.553
Hospitalized for > 2 d before culture 21 (56.8) 14 (37.8) 0.103 17 (45.9) 0.352
Regular visits to the OPD" 25 (67.6) 13(35.1) 0.005 17 (45.9) 0.060
Hospitalized in past 3 mo 14 (37.8) 8(21.6) 0.127 9(24.3) 0.209
Recent events
Mechanical ventilation 14 (37.8) 11 (29.7) 0.461 8(21.6) 0.127
Vascular catheter 23 (62.2) 13 (35.1) 0.020 9(24.3) 0.001
Urinary catheter 27 (73.0) 24 (64.9) 0.615 19 (51.4) 0.093
Use of antibiotics in preceding 3 mo 13 (35.1) 12 (32.4) 0.806 12 (32.4) 0.806

*MDR species includes multi-drug resistant Pseudomonas aeruginosa and carbapenem-resistant Acinetobacter baumanni

*Regular visits to the outpatient department are defined as visiting to outpatient department once a month on average.

CRE, carbapenem-resistant £nterobacteriaceae, CSE, carbapenem-susceptible Enterobacteriaceae; |QR, inter-quartile range; VRE, vancomycin-resistant £nterococci,
MDR, multi-drug resistant; CVA, cerebrovascular accident; CCI, charlson comorbidity index; LTCF, long-term care facility; OPD, out-patient department.
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Table 3. Risk factors for patients with carbapenem-resistant Enterobacteriaceae

Comparison with CSEI Comparison with CSE II
Risk factors
OR (95% CI) P OR (95% CI) P
Regular visits to the OPD* 5.17 (1.75-15.26) 0.003
MDR species” 5.88 (0.96-36.08) 0.056 7.90 (0.76-82.62) 0.084
Vascular catheter 2.78 (0.97-7.98) 0.057 4.43 (1.42-13.80) 0.010
CCI =3 6.43 (1.52-27.15) 0.011

“Regular visits to the outpatient department are defined as visiting the outpatient department once a month on average.
*MDR species includes multi-drug resistant Pseucomonas aeruginosa and carbapenem-resistant Acinetobacter baumannii
CSE, carbapenem-susceptible Enterobacteriaceae; OR, odds ratio; Cl, confidence interval; OPD, out-patient department; MDR, multi-drug resistant; CCI, charlson comor-

bidity index.

Table 4. Clinical outcomes associated with isolation carbapenem-resistant Enterobacteriaceae

. CRE (n=37 CSEI(n=37 CSEIl (n=37

Variables n((%) ) n E%) ) n ((%) ) P
Impaired consciousness 13 (35.1) 4(10.8) 0.013 5(13.5) 0.030
Use of vasopressor 12 (32.4) 5(13.5) 0.053 3(8.1) 0.009
Transferred to ICU 21 (56.8) 6(16.2) <0.001 6(16.2) <0.001
Acute kidney injury 11 (29.7) 2(5.4) 0.006 1(1.4) 0.002
Hepatic failure 3(8.3) 1(2.7) 0.358 1(2.7) 0.358
In-hospital mortality 4(10.8) 4(10.8) 1 3(8.1) 1

28 day’s mortality 10 (27.0) 8(21.6) 0.588 5(13.5) 0.148
Additional hospitalizations in 6 mo 11 (29.7) 13 (35.1) 0.619 9(24.3) 0.601

CRE, carbapenem-resistant Enterobacteriaceae; CSE, carbapenem-susceptible Enterobacteriaceae; ICU, intensive care unit.

days) [11]. Control group I (hereinafter referred to as the CSE
group I) was matched to the identical species of the CRE
group. Control group II (hereinafter referred to as the CSE
group II) was matched to the different species among Entero-
bacteriaceae compared with the CRE group.

The clinical characteristics, risk factors for acquisition of
CRE, and clinical outcomes of the case group were evaluated
by comparing with those of the control groups. The following
variables were reviewed from the medical records: age, sex,
hospital length of stay, colonization of microorganisms, co-
morbidities, Charlson comorbidity index [12], use of health-
care facilities, use of invasive devices, antibiotics treatment,
morbidity, and mortality. This study was approved by the In-
stitutional Review Board of Bucheon St. Mary’s Hospital with a
waiver of informed consent (No. HC16RISI0038).

2. Microbiology

The microbial organism identification and antimicrobial
susceptibility profiles were determined using the Vitek 2 sys-
tem (bioMérieux, Hazelwood, MO, USA) in accordance with
the manufacturer’s instruction. Minimum inhibitory concen-
trations (MIC) for imipenem, meropenem, and ertapenem

were determined by CLSI M100-S22 guidelines [13]. Morgan-
ella, Providencia, and Proteus species were tested against er-
tapenem and meropenem rather than imipenem because of
their intrinsic resistance to imipenem [14]. CRE was defined
as organisms of Enterobacteriaceae showing decreased sus-
ceptibility to carbapenems (MIC for imipenem >2 pg/mL,
meropenem >2 pg/mL, or ertapenem >1 ug/mL) and resis-
tance to all third-generation cephalosporins regardless of car-
bapenemase production [15, 16]. For organisms showing re-
ducing susceptibility to carbapenem, a modified Hodge test
was performed [17]. For CRE organisms, a carbapenemase
confirmation test was conducted using a combined disc test
(Rosco Diagnostica, Taastrup, Denmark) [17].

3. Statistical analysis
To evaluate statistical significance, categorical variables

were analyzed using the %’ or Fisher’s exact test and continu-
ous variables were analyzed using the Student’s ¢-test or the
Mann-Whitney U-test. Statistical studies were performed
with the Statistical Package for the Social Sciences version
13.0 (SPSS, Inc., Chicago, IL, USA). For multivariate analysis,
logistic regression analysis was used. Variables with a P-value
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of <0.20, on univariate analysis, were entered into the model
selection procedure using a stepwise backward process. Vari-
ables were two-sided, and P-values <0.05 were considered
statistically significant.

Results

1. Microbiologic data

During 229,710 patient-days, 41 (1.6%) isolates of CRE or-
ganisms were obtained from among 2,510 Enterobacteriaceae
isolates. CRE was cultured from sputum (41.5%), urine
(29.3%), surgical wound (17.1%), soft tissue (7.3%), and blood
(4.9%). The distribution of CRE species is shown in Figure 1.
Only one case of Enterobacter aerogenes showed metallo-f3
-lactamase based on the combined disc test. Antimicrobial re-
sistance of Enterobacteriaceae is shown in Table 1. In the
most cases, the antimicrobial resistance proportions were
higher in the CRE group than those of the CSE group. Amika-
cin and ceftazidime were statistically different between the
CRE and CSE groups (P <0.001 and P = 0.024, respectively).

2. Demographic data and risk factors for acquisition
of CRE

During the study period, a total of 111 patients were enrolled
including 37 patients in the CRE group, 37 in the CSE group I
(identical species) and 37 in the CSE group II (different spe-
cies). Four of 37 CSE patients had two species of CRE organ-
isms. CSE group Il isolates were comprised of 12 of E. coli, 12 of
K. pneumoniae, 5 of Enterobacter cloacae, 3 of Serratia marc-
escens, 2 of Klebsiella oxytoca, and one each of Citrobacter
koseri, E. aerogenes, and M. morganii. The median age of pa-
tients in the study cohort was 65.6 years (range, 16-91 years).
There were 58 men (52.3%) in the study. The demographic and
clinical characteristics of CRE and CSE patients are summa-
rized in Table 2. Based on univariate analysis, the risk factors for
acquisition of CRE were MDR Pseudomonas aeruginosa and
carbapenem-resistant Acinefobacter baumannii colonization,
regular visits to the out-patient clinic, and vascular catheter in
CSE group 1. The risk factors were MDR P. aeruginosa and car-
bapenem-resistant A. baumannii colonization, Charlson co-
morbidity index score >3, and vascular catheter in CSE group IL
The results of multivariate analysis in each control group are
shown in Table 3. In CSE group I, regular visits to the outpatient
clinic was an independent risk factor for patients with CRE (P =
0.003). MDR species and vascular catheters, however, demon-
strated tendencies associated with CRE acquisition (P = 0.056

and P = 0.057, respectively). In the CSE group II, vascular cathe-
ter and Charlson comorbidity index score >3 were risk factors
for CRE (P=0.010 and P = 0.011, respectively).

3. Clinical outcomes associated with CRE

The clinical outcomes of the CRE patients are summarized
in Table 4. Those in the CRE group showed more severe dis-
ease progression than those of the CSE groups. Only 56.3%
patients received susceptible antibiotics for CRE when infec-
tion was suspected. The patients with CRE were more likely to
experience a reduced level of consciousness, use a vasopres-
sor, be under intensive care, and suffer from acute kidney in-
jury. However, CRE was not an independent predictor of mor-
tality compared with CSE controls. There was no difference in
additional hospitalizations in 6 months between case and
control groups.

Discussion

This case-control study showed the high prevalence of CRE
isolates in a mid-sized community-based hospital in Korea.
To our knowledge, this is the first study on the prevalence and
risk factors of CRE acquisition in the mid-sized communi-
ty-based hospital in Korea.

The incidence and prevalence of CRE is influenced by geo-
graphical characteristics. Mexico and Uganda reported about
10% CRE prevalence [18, 19]. Asia had a lower rate of CRE
(0.6%) [4]. The incidence of CRE in surveillance programs of
the general population of the U.S.A. was 2.93 per 100,000 [20].
Previous studies of CRE in Korea showed diverse prevalence.
A prospective bacteremia surveillance study of 13 hospitals in
Korea showed 3.2% of imipenem-resistant Enterobacter spp.,
0.8% of K. pneumoniae and 0.1% of E. coli [21]. From 2005~
2008, CRE prevalence was 0.17% at a newly opened intensive
care unit (ICU) of a tertiary university-affiliated hospital [22].
In 2012, CRE prevalence of rectal culture surveillance was re-
ported as 0.3% in the ICU of a tertiary university-affiliated re-
ferral hospital [13]. However, Kim et al. reported a 7.5% CRE
prevalence of stool culture in the ICU of a tertiary universi-
ty-affiliated referral hospital in 2013 [23]. In our study, the
prevalence of CRE in hospitalized patients was higher than
expected (1.6%). Our study was conducted at a mid-sized
community-based hospital, including not only ICU but also
general ward patients. It seems that high transfer rate of long-
term care facility patients and greater use of carbapenem in
the community-based hospitals may influence the higher
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prevalence of CRE. Carbapenemase-producing Enterobacteri-
aceae was only one case by combined disc test in our cohort.

There are a few treatment options for CRE. One of them is
tigecycline, which has activity against CRE class A, B, or D en-
zymes [24]. In Europe, tigecycline showed 88.6% susceptibility
against CRE [25]. CRE from the UK had 46.9% susceptibility to
tigecycline [26]. In Korea, 3 cases (13.6%) among 22 CRE iso-
lates showed resistance to tigecycline [27]. In our study, 19.5%
of CRE isolates were found to be resistant to tigecycline. How-
ever, there was no statistical difference between isolates in the
CRE and CSE groups.

Several risk factors for the acquisition of CRE have been re-
ported, including previous antibiotics use, vascular device,
tracheostomy, admission to ICU, abdominal invasive proce-
dure, chemotherapy/radiation therapy, biliary drainage cath-
eter, and prior hospital stay [3, 28-32]. Exposure to healthcare
facilities is one of the most remarkable risks, especially for
long-term care facilities, which are known reservoirs for CRE
transmission [33]. Long-term care facility residence was not
related to CRE acquisition; however, regular visits to the out-
patient clinic was a risk factor for CRE acquisition in CSE
group I in our study. Insertion of medical instruments is also a
known risk factor for CRE infections [34]. Severely ill patients,
such as those undergoing mechanical ventilation, intensive
treatment, and transplantation, or those with a lengthy prior
hospital stay and course of antibiotics use are at risk for ac-
quiring CRE infection, as reported by a matched case-control
study [6]. In our study, vascular catheter and Charlson comor-
bidity index score =3 were the risk factors in CSE group II, as
determined by multivariate analysis.

CRE has been reported to affect functional status mortality
[5, 6, 15]. In this study, CRE led to impaired consciousness,
transferal to ICU, and risk of acute kidney injury in CSE groups
I and II. Patients in the CRE group also showed more frequent
use of vasopressor than CSE group II. However, CRE was not
related to mortality in either control group. In the present
study, only four patients died in the hospital. The small num-
ber of patients may not be sufficient for detecting significant
differences in evaluating the effect of CRE on mortality. Not all
the CRE isolates acted as a pathogen, which may also have in-
fluenced mortality.

The present study has some limitations. First, it was a retro-
spective study. As such, specific information about the type of
antibiotics used was missing from the medical records. Sec-
ond, it included a small number of patients with CRE in a sin-
gle hospital. Therefore, this result cannot be generalized for
the incidence and prevalence of small or mid-sized hospitals

in Korea. Third, this study was a case-control design in which
the level of risk factors was not equal to the expected level in
the population. To minimize bias, we selected two control
groups. Fourth, CRE organisms were only examined by a com-
bined disc test for confirmation of carbapenemase. Metal-
lo-B-lactamase and K. pneumoniae carbapenemase were
evaluated; however, other carbapenemases could not be in-
vestigated. Genotypic confirmation is needed for specification
of carbapenemase type.

In conclusion, the incidence of CRE was higher than expect-
ed in a mid-sized community-based hospital in Korea. CRE
should be considered when a patient has a vascular catheter,
high comorbidity score, and regular visits to the outpatient
clinic. This study suggests the need for appropriate prevention
efforts and constant attention to CRE infection control. A na-
tion-wide investigation pertaining to CRE is needed in com-
munity-based healthcare institutes.
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