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Abstract This study was aimed to determine the risk factors
of Carbapenem-resistant Enterobacteriaceae (CRE) nosoco-
mial infections and assess the clinical outcomes. A case-case—
control design was used to compare two groups of case pa-
tients with control patients from March 2010 to November
2014 in China. Risk factors for the acquisition of CRE infec-
tions and clinical outcomes were analyzed by univariable and
multivariable analysis. A total of 94 patients with CRE infec-
tions, 93 patients with Carbapenem-susceptible
Enterobacteriaceae (CSE) infections, and 93 patients with
organisms other than Enterobacteriaceae infections were en-
rolled in this study. Fifty-five isolates were detected as the
carbapenemase gene. KPC-2 was the most common
carbapenemase (65.5 %, 36/55), followed by NDM-1
(16.4 %, 9/55), IMP-4 (14.5 %, 8/55), NDM-5 (1.8 %,
1/55), and NDM-7 (1.8 %, 1/55). Multivariable analysis im-
plicated previous use of third or fourth generation cephalospo-
rins (odds ratio [OR], 4.557; 95 % confidence interval [CI],
1.971-10.539; P < 0.001) and carbapenems (OR, 4.058; 95 %
CI, 1.753-9.397; P=0.001) as independent risk factors asso-
ciated with CRE infection. The in-hospital mortality of the
CRE group was 57.4 %. In the population of CRE infection,
presence of central venous catheters (OR, 4.464; 95 % CI,
1.332-14.925; P=0.015) and receipt of immunosuppressors
(OR, 7.246; 95 % CI, 1.217-43.478; P=0.030) were
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independent risk factors for mortality. Appropriate definitive
treatment (OR, 0.339; 95 % CI, 0.120-0.954; P = 0.040) was a
protective factor for in-hospital death of CRE infection.
Kaplan—Meier curves of the CRE group had the shortest sur-
vival time compared with the other two groups. Survival time
of patients infected with Enferobacteriaceae with a high
meropenem MIC (>8 mg/L) was shorter than that of patients
with a low meropenem MIC (2,4, and <1 mg/L). In conclu-
sion, CRE nosocomial infections are associated with prior
exposure to third or fourth generation cephalosporins and car-
bapenems. Patients infected with CRE had poor outcome and
high mortality, especially high meropenem MIC (=8 mg/L).
Appropriate definitive treatment to CRE infections in the pa-
tient is essential.

Introduction

Carbapenems, beta-lactam antibiotics with the broadest spectrum
against Gram-negative organisms, used to be considered as the
last option for multidrug-resistant Gram-negative bacteria infec-
tions [1]. However, the emergence of carbapenem-resistant
Enterobacteriaceae (CRE) is a challenge to clinicians and clini-
cal microbiologists because of the limited available antimicro-
bials to choose. It is well-known that carbapenemases, including
the serine carbapenemases (the class A enzymes SME, GES,
IMI, NMC, KPC, and the class D enzymes, OXA enzymes)
and metallo-carbapenemases (VIM, NDM, IMP, SPM, GIM,
and SIM) are a major cause of Enterobacteriaceae resistant to
carbapenems [2, 3], although strains with combinations of either
ESBL or AmpC and loss of porins may have high MICs of
carbapenems [4]. The number of deaths due to carbapenems
resistance is considerably high among patients with
Enterobacteriaceae infections [5—7]. CRE infections have been
reported worldwide, including China [8, 9]. There have been
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several reports regarding the risk factors for acquisition of CRE
[10-13], but little is known on the risk factors and its effect on
mortality in China.

Case—control studies have been used frequently to analyze
risk factors for antibiotic-resistant organisms in many previous
studies [14-16]. However, the selection of patients infected
with susceptible organisms as a control group may lead to bias
of relative risk because of a distorted estimate of exposure
frequency in the source population [17—19]. Control patients
and case patients should be selected from the same source
population. The base should be thought of as the members
of the underlying cohort or source population for the case
patients during the time periods when they are likely to be-
come case patients [20, 21]. Therefore, we conducted a case-
case—control study to determine risk factors for CRE infection
in hospitalized patients, and to estimate the attributed mortal-
ity associated with CRE infections in China.

Materials and methods
Study setting

This study was conducted in two large teaching hospitals. The
Peking University People’s Hospital (PKUPH) is a 1,500-bed
tertiary-care teaching hospital, with approximately 68,000 hospi-
tal admissions per year. The Beijing Chao-Yang Hospital of
Capital Medical University (BJCYH) is a 1,900-bed tertiary-
care teaching hospital with approximately 70,000 hospital admis-
sions annually. Carbapenem-resistant Enterobacteriaceae (CRE)
in this study were defined either meropenem- or imipenem-
resistant according to the minimum inhibitory concentrations
(MICs) breakpoints of the Clinical and Laboratory Standards
Institute (CLSI) [22]. The prevalence of CRE infection in
PKUPH was 0.6 %, while the prevalence of CRE infection in
BJCYH was 0.4 % during the research period.

Study design and patient population

A case-case—control study was conducted to assess the risk fac-
tors for the acquisition of CRE infection and clinical outcomes.
The study population included adults hospitalized in the two
hospitals from October 2010 to November 2014. We confirmed
that no solid organ transplant recipients who received organs
from executed prisoners were included. Patients from whom
strains were isolated within the first 48 h of admission were
excluded. Three groups were designated. The CRE group
consisted of patients infected with strains either meropenem or
imipenem resistant during hospitalization. The carbapenem-
susceptible Enterobacteriaceae (CSE) group consisted of pa-
tients infected with CSE strains. The control group consisted of
all patients infected with organisms other than
Enterobacteriaceae during their hospitalization. The CSE group
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and the control group patients were selected randomly from the
source population admitted to the same ward during the same
time period (within 30 days).

Data collection and definition

We reviewed the medical records and collected the case informa-
tion. A standard surveillance form was used to collect the epide-
miologic and clinical data, including demographics (sex and
age), transfer from other institutions, stay in the ward with pre-
vious CRE isolation (within 7 days), underlying diseases (pul-
monary disease, malignancy, liver disease, cardiovascular dis-
ease, neurologic disease, renal disease, diabetes mellitus, agran-
ulocytosis, tuberculosis, alcohol abuse, and smoking history),
APACHE 1I score (only patient in ICU), medication or interven-
tion therapy prior to a positive culture (<30 days) (thoracentesis,
lumbar puncture, presence of central venous catheters, tracheal
cannula, tracheotomy, presence of a Foley catheter, presence of a
nasogastric tube, hematopoietic stem cell transplantation, receipt
of corticosteroids, receipt of immunosuppressors, ICU stay, and
receipt of antibiotics), and antibiotic prescription after the positive
culture. Antibiotic variables were collected using binary variables
(yes/no) from admission to the hospital. Patients with a blood or
any other sterile source culture positive were directly defined to
infection. Patients with positive cultures from respiratory, urine
and surgical wounds were defined to infections according to the
Center for Disease Control and Prevention (CDC) and National
Healthcare Safety Network (NHSN) criteria [23]. Mixed infec-
tions were defined as more than one pathogen isolated from the
same infection site.

The clinical outcomes in this study were defined as fol-
lows: 30-day mortality (within 30 days after the first culture
positive), in-hospital mortality, presentation with septic shock
(septic shock at time of culture), ICU length of stay (ICU
LOS), and total hospital length of stay (LOS). ICU LOS and
total hospital LOS were defined by duration from first positive
culture to discharge. Inappropriate empirical treatment was
defined as no active drug treatment given before final culture
reports. Any agent treatment less than 48 h was defined as
inadequate therapy. Definitive treatment was defined as treat-
ment with antimicrobials for at least 48 h after the susceptibil-
ity report became available. Appropriate definitive treatment
was defined as at least one active drug treatment given accord-
ing to the antimicrobial susceptibility testing reports.

Microbiologic methods

Identification and antimicrobial susceptibility testing were
performed in the clinical microbiology laboratory using the
Vitek 2 automated system (bioMérieux, Marcy 1’Etoile,
France). Carbapenem (meropenem and/or imipenem) resis-
tance was confirmed by the Etest method, according to the
manufacturer’s instructions (AB Biodisk, Solna, Sweden).
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CRE group isolates were tested for carbapenemase genes
(blaxpc, blanpym and blapp) using the polymerase chain re-
action (PCR) method [24, 25].

Statistical analysis

Continuous variables were compared with the Student’s t-test
(for normally distributed variables) or the Mann—Whitney U test
(for non-normally distributed variables) and presented as the
mean + standard deviation (SD) or median. CRE group and
CSE group were compared to the control group using bivariable
logistic regression models adjusted for time at risk respectively.
Categorical variables were evaluated using the X” test or two-
tailed Fisher exact test and were presented as percentages in the
mortality risk factors analysis in the CRE group. Logistic regres-
sion models were used to analyze risk factors for CRE infection
and mortality. All variables with a P value <0.10 in univariable
analysis were included in the multivariable analysis. Cox propor-
tional hazards regression analysis was performed to estimate sur-
vival rate of different case groups and different meropenem
MICs levels (MIC <1 mg/L, MIC =2,4 mg/L and MIC >
8 mg/L). All variables with a P value <0.20 in univariate analysis
were considered as probable predictor variables for the multivar-
iable Cox proportional hazards regression analysis. The days
from the first positive culture to death in the hospital within
30 days was displayed in a Kaplan-Meier curves. A log rank test
was used to compare different groups.

All tests were two-tailed, with the significance level set at
0.05. SPSS 19 (SPSS Inc., Chicago, IL, USA) was used for
data analysis.

Results
Study population and distribution of isolates
Ninety-four patients with CRE infections were identified dur-

ing the study period. The most common type of infections was
respiratory tract infections (46 cases; 49 %), followed by
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Table 2 Distribution of Enterobacteriaceae isolation
Organism CRE (%) CSE (%)
Citrobacter braakii 0(0) 1(1)
Citrobacter freundii 6 (6) 3(3)
Enterobacter aerogenes 5(5) 33)
Enterobacter cloacae 14 (15) 12 (13)
Escherichia coli 17 (18) 34 (36)
Klebsiella oxytoca 3(3) 22)
Klebsiella pneumoniae 47 (50) 37 (39)
Serratia marcescens 0(0) 1(1)
Raoultella ornithinolytica 1(1) 0(0)
Raoultella planticola 1(1) 0(0)
Total 94 (100) 93 (100)

CRE carbapenem-resistant Enterobacteriaceae group, CSE carbapenem-
susceptible Enterobacteriaceae group

bloodstream infections (18 cases; 19 %), urinary tract infec-
tions (13 cases; 14 %), intra-abdominal infections (13
cases; 14 %), and wound and soft tissue infections (4
cases; 4 %). Ninety-three patients with CSE infections
and 93 patients of the control group were also included.
The infection types of all three groups in the study are
listed in Table 1. There was no significant difference in
infection types among these groups.

The distribution of Enterobacteriaceae (CRE and CSE)
isolation is shown in Table 2. The most common organism
isolated was Klebsiella pneumoniae (84 cases; 44.9 %),
followed by Escherichia coli (51 cases; 27.3 %),
Enterobacter cloacae (26 cases; 13.9 %), Citrobacter freundii
(9 cases; 4.8 %), Enterobacter aerogenes (8 cases; 4.3 %),
Klebsiella oxytoca (5 cases; 2.7 %), Citrobacter braakii (1
case; 0.5 %), Raoultella ornithinolytica (1 case; 0.5 %), and
Raoultella planticola (1 case; 0.5 %).

Carbapenemase production

Of all the 94 CRE isolates, the carbapenemase genes were
detected in 84 isolates. Fifty-five isolates produced

Table 1  30-day mortality in three groups with different kinds of infections
Types of infection CRE CSE CON

Died Total Mortality (%) Died Total Mortality (%) Died Total Mortality (%)
Respiratory tract infection 17 46 37 7 42 16.7 9 43 20.9
Bloodstream infection 9 18 50 2 16 12.5 6 15 40
Urinary tract infection 4 13 30.8 1 13 7.6 1 12 8.3
Intra-abdominal infection 2 13 15.4 0 18 0 0 16 0
others 1 4 25 1 4 25 0 7 0
Total 33 94 35.1 1 93 11.8 16 93 17.2

CON control group, CRE carbapenem-resistant Enterobacteriaceae group, CSE carbapenem-susceptible Enterobacteriaceae group
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Table 3 (continued)

Comparison of patients with CSE and CON

Comparison of patients with CRE and CON

No. (%) of patients

Variable

OR (95 % CI)

P-value

OR (95 % CI)

=93)  P-value

CON (N

Enterobacteriaceae

=93)

-94) CSE(N

CRE (N

1.445 (0.652-3.204)
0.941 (0.435-2.033)

0.364
0.877
0.878
0.91

3.883 (1.871-8.06)

<0.001
<0.001
0.117

13 (14)

17 (18.3)
17 (18.3)
21 (22.6)
39 (41.9)
202)

38 (40.4)
58 (61.7)
36 (38.3)
63 (67)
7(7.4)

3rd or 4th generation cephalosporins

5.085 (2.615-9.889)
1.67 (0.879-3.172)

20 21.5)
24 (25.8)
42 (45.2)
4(43)

Carbapenems

0.946 (0.465-1.922)
0.966 (0.527-1.77)

Quinolones

2.128 (1.157-3.915)
1.181 (0.298-4.677)

0.015

3-Lactam/[3-lactamase inhibitor combinations

0.511 (0.091-2.881)

0.447

0.813

Aminoglycosides

CON control group, CRE carbapenem-resistant Enterobacteriaceae group, CSE carbapenem-susceptible Enterobacteriaceae group

carbapenemase. KPC-2 was the most common
carbapenemase (65.5 %, 36/55), followed by NDM-1
(16.4 %, 9/55), IMP-4 (14.5 %, 8/55), NDM-5 (1.8 %,
1/55), and NDM-7 (1.8 %, 1/55).

Risk factors

Case—control study 1: Analysis of the CRE group versus
the control group

The main characteristics of the study population are shown in
Table 3. There was no difference in demographic features
among the three groups. Case patients were more likely to
have neurologic disease (odds ratio [OR], 2.192; 95 % confi-
dence interval [CI] (1.040-4.617); P=0.039). Among the
CRE group cases, there was a greater proportion of patients
with central venous catheters (OR, 2.087; 95 % CI, 1.141—
3.82; P=0.017), a tracheal cannula (OR, 3.446; 95 % CI,
1.576-7.537; P =0.002), and tracheotomy (OR, 2.508; 95 %
CI, 1.225-5.132; P=0.012). In addition, the number of pa-
tients who received antibiotics prior to a positive cul-
ture was higher than that of the control group, includ-
ing 3rd or 4th generation cephalosporins (OR, 3.883;
95 % CI, 1.871-8.06; P<0.001), carbapenems (OR,
5.085; 95 % CI, 2.615-9.889; P<0.001), and f3-
Lactam/3-lactamase inhibitor combinations (OR, 2.128;
95 % CI, 1.157-3.915; P=0.015).

Multivariable analysis revealed that 3rd or 4th generation
cephalosporins (OR, 4.557; 95 % CI, 1.971-10.539; P<
0.001) and carbapenems (OR, 4.058; 95 % CI, 1.753-9.397,
P =0.001) were associated with CRE infection (Table 4).

Case—control study 2: Analysis of the CSE group versus
the control group

Univariable analysis showed that the CSE group patients were
less likely to have neurologic diseases (OR, 2.947; 95 % CI,
1.445-6.012; P=0.003) compared with the control group.
There was no significant difference between the CSE group
and the control group in demographic characteristics, invasive
procedures, treatments, and procedures prior to a positive
culture.

Multivariable analysis showed that neurologic disease
(OR, 3.067;95 % CI, 1.486-6.329; P =0.002) was associated
with CSE infection (Table 4).

Contrasting risk factors for CRE and CSE

When the models examining the risk factors for the recovery
of CRE and CSE were compared, the prior receipt of antibi-
otics, especially 3rd or 4th generation cephalosporins and
carbapenems were risk factors for the CRE infection only.
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Table 4 CRE infection risk factors as determined by multivariable analysis

Variables CRE vs CON CSE vs CON

OR (95 % CI) P-value OR (95 % CI) P-value
Neurologic disease 3.067 (1.486-6.329) 0.002
Prior 3rd or 4th generation cephalosporins use 4.557 (1.971-10.539) <0.001
Prior carbapenems use 4.058 (1.753-9.397) 0.001

CON control group, CRE carbapenem-resistant Enterobacteriaceae group, CSE carbapenem-susceptible Enterobacteriaceae group

The neurologic diseases were risk factors for the CSE infec-
tion only.

Outcome study

Univariable analysis was performed to assess the outcomes in
this study (Table 5). Among all the patients in this study, 54
(57.4 %) died during their hospitalization in the CRE group,
while 15 (16.1 %) and 16 (17.2 %) patients died in the CSE
and control group, respectively. In the 30-day mortality anal-
ysis, 33 patients died within 30 days after CRE isolation. In
contrast, 11 patients died in the CSE group and 16 (17.2 %)
patients died in the control group. Patients infected with CRE
were significantly more likely to have a longer ICU length of
stay and longer hospitalization when compared with that of
patients in the CSE and control groups, respectively.

The mean survival time within 30 days for the CRE group
was 22.5 days (95 % confidence interval [CI], 20.2-24.8),
compared with 26.8 days for the CSE group (95 % CI:
25.1-28.6) and 26.1 days for the control group (95 % CI,
24.1-28.1). Variables associated with 30-day mortality in hos-
pital in Cox proportional hazard model included central ve-
nous catheters (hazard ratio [HR], 1.836; 95 % CI, 1.030-
3.273; P=0.040), receipt of immunosuppressors (HR,
2.810; 95 % CI, 1.503-5.254; P =0.001), and CRE infection
(HR, 3.044; 95 % C1,1.424-6.509; P = 0.004). Kaplan-Meier
survival analysis was performed in this study according to
different case groups (Fig. 1).

Table 5  Clinical outcomes of three groups in the entire research

Time-adjusted univariable predictors of in-hospital mortality
for the CRE group are shown in Table 6. Malignancy (P =
0.031), presence of a central venous catheters (P =0.011), hema-
topoietic stem cell transplantation (P = 0.025), receipt of cortico-
steroids (P =0.025), receipt of immunosuppressors (P =0.001)
and bloodstream infection (0.021) were predictors for in-
hospital mortality in the cases of CRE infections. Adjusted mul-
tivariable analysis showed that the presence of a central venous
catheters (OR, 4.464; 95 % CI, 1.332-14.925; P=0.015) and
receipt of immunosuppressors (OR, 7.246; 95 % CI, 1.217-
43.478; P=0.030) were independent predictors for in-hospital
death in CRE infection. While appropriate definitive treatment
(OR, 0.339; 95 % CI, 0.120-0.954; P = 0.040) was a protective
factor for in-hospital death in CRE infection (Table 7).

In this study, carbapenems used for treatment included
meropenem and imipenem. For CRE infection, serval antibi-
otic regimens were used. For empirical treatment, monother-
apy with carbapenems or other {3-lactams were used for the
treatment before organism isolation. For definitive treatment,
monotherapy or combination therapy were used to combat the
infection with at least one active drug according to the anti-
microbial susceptibility testing reports, for example, tigecyc-
line, aminoglycosides, and polymyxin. In this study, carba-
penems were given as monotherapy or part of combination
schemes for 113 patients for the treatment of either
CRE or CSE infection. Kaplan—Meier survival curves
revealed that patients in the meropenem MIC>8 mg/L
group had a significantly higher 30-day mortality than

Variable No. (%) of patients Comparison of patients Comparison of patients
with CRE and controls ~ with CRE and CSE

Enterobacteriaceae CON (N =93) P-value P-value
CRE N=94) CSE (N=93)

30-day mortality 33 (35.1) 11 (11.8) 16 (17.2) 0.008 <0.001

In-hospital mortality 54 (57.4) 15 (16.1) 16 (17.2) <0.001 <0.001

Presentation with septic shock 18 (19.1) 5(.4) 11 (11.8) 0.146 0.003

ICU length of stay, median (interquartile range) 5.5 (0-30.5) 0(0-4) 0 (0-11.5) 0.018 <0.001

LOS, median (interquartile range) 40 (24-66.25) 26 (14.5-41) 27 (15-51.5) 0.001 0.010

CON control group, CRE carbapenem-resistant Enterobacteriaceae group, CSE carbapenem-susceptible Enterobacteriaceae group
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Fig. 1 Kaplan—Meier curves

showing CRE group versus 1.0-
CON group and CSE group on

30-day mortality (P =0.004)
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those in the meropenem MIC=2,4 mg/L group and
MIC<1 mg/L (P=0.003; Fig. 2).

Discussion

In this study, a case-case—control study was used to investigate
the risk factors for the acquisition of CRE infection and the
associated clinical outcomes from two teaching hospitals in
China. We found CRE nosocomial infections are associated
with prior exposure to 3rd or 4th generation cephalosporins
and carbapenems. The presence of central venous catheters
and receipt of immunosuppressors are associated with death
of patients with CRE infections. Patients infected with CRE
had higher 30-day mortality.

Over the past decade, CRE have been recognized as a cause
of difficult-to-treat infections associated with high mortality
and economic costs in the healthcare settings. Carbapenem
resistance in Enterobacteriaceae is a complex issue. It can
occur in various Enterobacteriaceae and may be mediated
by several mechanisms, including the production of
carbapenemases [26]. Since 2001, several studies have report-
ed CRE mediated by carbapenemases in China, especially
KPC-1 [25, 27-30]. Our study has showed the same result
in carbapenemases distribution. In our previous surveillance
of Chinese gram-negative bacilli resistance, we found that the
frequency of CRE isolation is increasing [31]. CRE infections

1
I
I
|

I I I I I I
S 10 15 20 25 30

Time day

have increased in some regions of China, but little is known on
the risk factors and the outcomes of carbapenem resistance in
Enterobacteriaceae.

Case—control studies have been used to identify risk factors
for CRE in many previous studies [14—16]. However, the
analysis of patients from whom CSE is isolated as a control
group can not represent the entire population. This will cause
some deviation to the results. A case-case—control method to
analyze the risk factors for CRE acquisition and mortality was
used in the present study. Therefore, control patients in our
study consisted of patients potentially at risk of CRE infection
and were selected from the same wards and time period as
case patients, reducing selection bias.

In recent risk factor studies, prior exposure to
fluoroquinolones and carbapenems were independent risk factors
for CRE infection [10, 32, 33]. Our multivariable analysis
showed that previous use of 3rd or 4th generation cephalosporins
and carbapenems are predictive factors for CRE infection.
Carbapenems were independent risk factors for CRE infection,
which is consistent with previous studies. However, unlike other
studies, previous use of fluoroquinolones was not found to be
associated with CRE acquisition in our analysis.

Schwaber et al. have performed a case-case—control study to
assess the risks for carbapenem resistant Klebsiella pneumoniae
(CRKP) isolation and a retrospective cohort study to assess mor-
tality in three groups of hospitalized adults (48 patients as the
CRKP group, 56 patients as the CSKP group, and 59 patients as
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Table 6 Univariable predictors
of in-hospital mortality for the
CRE group

@ Springer

Variable No. (%) of patients P-value
Survivors (54) Non-survivors (40)
Demographic variables
Male sex 29 (53.7) 23 (57.5) 0.714
Age, years, mean + SD 61.63+18.533 62.05+18.544 0914
Admission from institutions 24 (44.4) 16 (40) 0.667
Underlying diseases
Pulmonary disease 18 (33.3) 13 (32.5) 0.932
Malignancy 19 (35.2) 23 (57.5) 0.031
Liver disease 10 (18.5) 5(12.5) 0.431
Cardiovascular disease 10 (18.5) 8 (20) 0.857
Neurologic disease 14 (25.9) 12 (30) 0.662
Renal disease 14 (25.9) 10 (25) 0.919
Diabetes mellitus 7(13) 9(22.5) 0.224
Tuberculosis 509.3) 1(2.5) 0.185
Alcohol 8 (14.8) 3(7.5) 0.275
Smoking history 11 (20.4) 6 (15) 0.504
APACHE 1I score (mean + SD) 19.09+7.15 17.77+6.39 0.481
Invasive procedure
Thoracocentesis 2@3.7) 4(10) 0.217
Lumbar puncture 9 (16.7) 10 (25) 0.320
Presence of central venous catheters 25 (46.3) 29 (72.5) 0.011
Tracheal cannula 16 (29.6) 13 (32.5) 0.766
Tracheotomy 18 (33.3) 12 (30) 0.732
Presence of a Foley catheter 48 (88.9) 31(77.5) 0.136
Presence of a nasogastric tube 50 (92.6) 34 (85) 0.238
Hematopoietic stem cell transplantation 23.7) 7(17.5) 0.025
Receipt of corticosteroids 16 (29.6) 21 (52.5) 0.025
Receipt of immunosuppressors 3 (5.6) 13 (32.5) 0.001
ICU stay 29 (53.7) 20 (50) 0.722
Mixed infection 12 (22.2) 11 (27.5) 0.556
Carbapenemase genes
blaxpc 20 (37.0) 17 (42.5) 0.592
blanpm 4(74) 6 (15.0) 0315
blapp 6 (11.1) 5(12.5) 0.836
Infection types
Respiratory tract infection 25 (46.3) 21 (52.5) 0.552
Bloodstream infection 6(11.1) 12 (30.0) 0.021
Urinary tract infection 11 (20.4) 2 (5.0) 0.038
Intra-abdominal infection 9 (16.7) 4(10.0) 0.547
others 3 (5.6) 14.3) 0.634
Therapy
Inadequate therapy 2@3.7) 2(5.0) 0.571
Inappropriate empirical treatment (no active drug) 45 (83.3) 38 (95.0) 0.109
Appropriate definitive treatment (at least 1 active drug) 31(57.4) 12 (30) 0.012
Definitive treatment with monotherapy (n=17) 15 (48.4) 2(16.7) 0.085
Definitive treatment with combination therapy (n = 26) 16 (51.6) 10 (83.3) 0.085
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Table 7 Factors associated
with CRE infection in-hospital
survival, by multivariate logistic
regression

Variables Survivors vs non-survivors

OR (95 % CI) P-value
Presence of central venous catheters 4.464 (1.332-14.925) 0.015
Receipt of immunosuppressors 7.246 (1.217-43.478) 0.030
Appropriate definitive treatment (at least 1 active drug) 0.339 (0.120-0.954) 0.040

the control group). The isolation of CRKP was the only indepen-
dent predictor of in-hospital mortality [12]. Our study also
showed that patients infected with CRE were significantly more
likely to have higher in-hospital mortality, longer ICU
length of stay and longer hospitalization. In addition, we
found that presence of a central venous catheters and receipt of
immunosuppressors were independent predictors for in-
hospital mortality in CRE infections, which was not found in
other previous studies. For the treatment of CRE, appropriate
definitive treatment after final antimicrobial susceptibility test
can reduce the mortality of CRE infections. This result is con-
sistent with a study recently published in the United States [34].
There was no difference between combination therapy and
monotherapy found in our study. This may be due to the limited
number of cases in this study.

Recently, Patel et al. made a single-center retrospec-
tive matched cohort analysis in adult patients with
Enterobacteriaceae infections treated with meropenem,
imipenem or doripenem. Eighteen patients infected with
Enterobacteriaceae with a carbapenem MIC of 2-8 mg/L
were matched (1:1 ratio) based on the pathogen, the source

Fig. 2 Kaplan—-Meier curves

showing the impact of 1.0=
meropenem MIC <1 mg/L, MIC
=24 mg/L and MIC >8 mg/L on
30-day mortality of patients with
Enterobacteriaceae infection
(P=0.003)
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of infection, co-morbidities and disease severity to those with
a carbapenem MIC <1 mg/L [35]. They found that patients
infected with Enterobacteriaceae with a carbapenem MIC of
2, 4 or 8 mg/L had higher mortality rates and longer ICU
length of stay compared with the matched cohorts with a car-
bapenem MIC < 1 mg/L. Our study showed that the patients in
the meropenem MIC > 8 mg/L had a significantly higher 30-
day mortality than those in the meropenem MIC = 2.4 mg/L
group and meropenem MIC <1 mg/L group, which is in ac-
cordance with the results discussed above. Both our results
were supporting CLSI’s recommendation to lower susceptibil-
ity breakpoints for carbapenems. CLSI’s breakpoints were de-
veloped largely considering the resistant mechanism, and the
clinical data is relatively less, thus our analysis provides the
support for the point of clinical data. Some pharmacokinetic/
pharmacodynamic studies on carbapenem have demonstrated
that a high-dose/prolonged-infusion regimen of a carbapenem
would attain a time above the MICs value of 50 % for CRE
isolates with MICs up to 4 mg/L, ensuring an acceptable treat-
ment outcome [36]. Some researchers recommend that combi-
nation therapy should be considered in the case of serious CRE

MIC =8mg/L
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infections. A carbapenem should be part of the combination
regimen if a MIC <8 mg/L is recorded [37].

Several limitations should be noted in our study. The sam-
ple size of the index groups was relatively small. Therefore,
the power of both the risk factor and the outcome studies was
limited. The majority of the patients in this study received a
standard dose of carbapenem therapy (equivalent of
meropenem 1000 mg every 8 hours). However, the small
sample size limited our ability to evaluate the influence of
different dosing strategies on clinical outcomes. Infection con-
trol practices were also critical variables to assess the risk
factors for CRE acquisition. Our outcomes did not apply to
the institutions with a high prevalence of CRE isolation or
CRE outbreaks associated with insufficient infection control
practices. Furthermore, a molecular epidemiology investiga-
tion of CRE was not carried out, although different drug re-
sistance mechanisms may influence treatment outcomes.

In conclusion, our study expounded prior exposure to 3rd
or 4th generation cephalosporins, and carbapenems were in-
dependent risk factors associated with CRE nosocomial infec-
tions in two teaching hospitals in China. Presence of a central
venous catheters and receipt of immunosuppressors were in-
dependent predictors for in-hospital mortality in CRE infec-
tions. Patients infected with high meropenem MICs (over
8 mg/L) Enterobacteriaceae had poor outcome and high mor-
tality. Appropriate definitive treatment for the CRE infections
patient is essential.
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