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Background: The emergence and spread of carbapenem-resistant Enterobacter cloacae

(CR-ECL) have posed a serious threat to clinical management. This retrospective study

assessed the epidemiological characteristics of CR-ECL to explore the risk factors and

predictors of mortality in patients with CR-ECL infection.

Methods: We performed a retrospective 1:2 case-control study of hospitalized patients from

January 2014 to December 2017. A total of 85 consecutive unique CR-ECL strains com-

prised the case group, and 170 matched patients with carbapenem-susceptible Enterobacter

cloacae (CS-ECL) infection at the same period as the control group. Isolates were screened

for potential resistance genes by polymerase chain reaction (PCR) and molecular typing was

performed by multilocus sequence typing (MLST).

Results: The results of drug resistance gene detection showed that blaNDM-1 was the most

common carbapenem resistance gene. TheMLST results showed that ST51 was the predominant

epidemic type, followed by ST88. ICU admission (P<0.001), drainage tube (P=0.002), central

venous catheter (P=0.005), and carbapenem exposure (P=0.003) were independent risk factors

for CR-ECL infection. Significant predictors for 28-day mortality included solid tumours

(P=0.005), septic shock (P=0.019), and mechanical ventilation (P=0.027).

Conclusion: Our study indicated that ST51 and ST88, which are closely related, were the

predominant epidemic types of CR-ECL producing blaNDM-1 in southwestern China.

Strengthening the surveillance of patients with solid tumours, septic shock and mechanical

ventilation is an urgent need.

Keywords: carbapenem-resistant Enterobacter cloacae, epidemiological characteristics, risk

factors, predictors of mortality

Introduction
Bacteria belonging to Enterobacterales, such as Escherichia coli, Klebsiella pneumo-

niae, Enterobacter, Citrobacter, Serratia, Proteus, and Morganella, often cause noso-

comial infections.1,2 During the last decade, the emergence of carbapenem-resistant

Enterobacteriaceae (CRE), which led to limited treatment options, has become the

main cause of clinical anti-infective treatment failure.3,4 It is worth noting that carba-

penem-resistant Enterobacter cloacae (CR-ECL), which is one of the most common

species that has been focused on in studies of a single species of Enterobacterales,5 has

been reported in many countries such as Korea, the United States, India, and China.6–8
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Resistance to carbapenems is associated with several

mechanisms. Among them, carbapenemase production

and loss of outer membrane proteins (ompC and ompF)

are the main drug resistance mechanisms.9 In China,

carbapenemase production is attributed mainly to metallo-

β-lactamases (MBLs) such as blaVIM-1, blaIMP-4,

blaIMP-8, and blaNDM-1. Since the first case of carbape-

nem-resistant E. cloacae harbouring blaNDM-1 was

detected in Chongqing, blaNDM-1-producing E. cloacae

strains have emerged in various regions across the

country.10 Notably, genes encoding MBLs are most com-

monly identified in E. cloacae and can be transmitted fre-

quently through mobile genetic elements, leading to the

prevalence of CR-ECL. Previous studies have certified

that CR-ECL could increase the mortality rate, especially

in vulnerable patients.11,12 Further understanding of the

molecular epidemiology of CR-ECL and investigation of

carbapenemase gene-carrying plasmids, which are the most

important mechanism of transmission of resistance, are

needed to prevent the spread of CR-ECL. In addition, the

identification of risk factors for CR-ECL infection would

improve the choice and effcacy of empirical therapy.5,7

Therefore, it is urgent to explore the epidemiological char-

acteristics of CR-ECL infection.

However, the molecular epidemiological characteristics

of CR-ECL infection are different from region to

region.13,14 In this study, we attempted to systematically

analyse the epidemiological characteristics of CR-ECL

infection to provide evidence for effective control of noso-

comial infection with CR-ECL.

Materials and Methods
Study Design and Setting
We conducted a retrospective study to investigate the

molecular epidemiological characteristics of CR-ECL in

Chongqing Renji Affiliated Hospital of the Chinese

Academy of Sciences University from January 2014 to

December 2017. Carbapenem-resistant E. cloacae was

defined as E. cloacae strains resistant to at least one of

the carbapenem agents, with the criteria of MICs of ≥ 2

μg/mL for ertapenem, ≥ 4 μg/mL for imipenem, or ≥ 4 μg/

mL for meropenem. To explore risk factors for CR-ECL

infection, a retrospective 1:2 case-control study was per-

formed. The case group consisted of patients with CR-

ECL infection. Patients with CS-ECL infection were

defined as the control group.

Identification and Drug Sensitivity of

Bacteria
The VITEK 2 Compact system and the VITEK MS system

(bioMérieux, Marcy l’Etoile, Lyon, France) were used for

isolate identification, and the VITEK 2 Compact AST-GN13

card (bioMérieux) were used to test the antibiotic susceptibil-

ities of all isolates. The MIC values for tested carbapenem

agents, tigecycline (TGC) and polymyxin B (PB) were deter-

mined by the broth microdilution method. The results were

interpreted according to the Clinical and Laboratory Standards

Institute (CLSI) criteria.15 Susceptibilities of tigecycline

were determined according to the European Committee on

Antimicrobial Susceptibility Testing (EUCAST).16 In addi-

tion, theMIC ranges of carbapenem agents were also analyzed

in our study.

The Detection of Resistance Gene
Polymerase chain reaction (PCR) testing was performed for

detection of resistance genes using a previously described

method.17,18 Plasmid-mediated AmpC β-lactamase genes

were detected using a multiplex PCR assay targeting MIR/

ACT gene (closely related to chromosomal EBC family gene)

and other plasmid-mediated genes, including blaDHA,

blaMOX, blaCMY, blaACC, and blaFOX.19 The PCR ampli-

cons of carbapenemase and ESBLs resistance genes were

sequenced.

Variables and Definitions
The data collected included information regarding demo-

graphics, baseline diseases, invasive procedures, and antibiotic

exposure were also collected. All variables were analyzed to

determine the risk factors for CR-ECL infection. Septic shock

was defined as sepsis associated with organ dysfunction and

accompanied by persistent hypotension after volume

replacement,20 and various infections are determined by the

US Centers for Disease Control and Prevention (CDC).21

Multilocus Sequence Typing (MLST)
The E. cloacae MLST scheme used internal fragments of

the following seven housekeeping genes: dnaA, fusA,

gyrB, leuS, pyrG, rplB, rpoB. The PCR conditions were

queried, and data were analysed using the E. cloacae

MLST website (https://pubmlst.org/ecloacae/). Using its

allelic profile, the sequence type (ST) was determined

with the E. cloacae sequence definitions database.22,23 In

this study, if six of the seven alleles were homologous,

strains would be grouped together.
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Sample Size Calculations and Statistical

Analysis
Based on the report of the CHINETAntimicrobial Resistance

Surveillance Program in 2014,24 we assumed that CR-ECL

will comprise 1.5% of the cases and CS-ECL controls will

comprise 10.9%. To determine a difference at the 0.05 sig-

nificance level with 80% power, a 1:2 ratio between cases and

controls. We estimated that we would need at least 83 CR-

ECL vs 166 CS-ECL control cases (EpiInfo, version 3.3.2).

All statistical analyses were performed with SPSS 23.0

software. For univariate analysis, the results were pre-

sented as odds ratios (ORs), 95% confidence intervals

(CIs) and P values. To identify the independent risk fac-

tors, significant variables with P < 0.10 in the univariate

analysis were enrolled into the logistic regression model

for multivariate analysis to evaluate risk factors for CR-

ECL infection and mortality. For all statistical analyses,

P value of < 0.05 was considered statistically significant.

Results
Bacterial Isolates
In this study, a total of 85 consecutive nonduplicate CR-

ECL isolates were investigated during the study period.

Isolates originated from different anatomical sites: urine

(n=24, 28.2%), sputum (n=16, 18.8%), blood (n=13,

15.3%), secretions (n=10, 11.8%), puncture fluid (n=10,

11.8%), bile (n=6, 7.1%), pus (n=4, 4.7%), and cannula

(n=2, 2.4%). The majority of patients were in the urinary

surgery ward (n=17, 20.0%), followed by patients in the

intensive care unit (n=14, 16.5%), hepatobiliary surgical

ward (n=11, 12.9%), geriatric ward (n=10, 11.8%), neurol-

ogy ward (n=10, 11.8%), respiratory ward (n=8, 9.4%),

digestive medicine ward (n=7, 8.2%), orthopaedic ward

(n=6, 7.1%), and endocrine ward (n=2, 2.4%).

Antibiotic Susceptibility Test
As shown in Table 1, of the 85 CR-ECL isolates, the ETP

resistance rate was 100% (85/85), while 51.8% (44/85) and

42.4% (36/85) of the isolates were resistant to IMP and

MEM, respectively. In addition, the rate of resistance to

cephalosporins was relatively high. Specifically, 98.8%,

97.6%, and 65.9% of the isolates were resistant to CRO,

CAZ, and FEP, respectively. However, the resistance rate to

AK was relatively low (n=11, 12.9%). Notably, the drug

resistance rate of CR-ECL infection group was significantly

higher than that of the control group (P < 0.05). In addition,

the distribution of carbapenem MIC ranges for CR-ECL

with or without carbapenemase is listed in Table 2.

Compared to carbapenemase-negative isolates, our results

Table 1 The Antimicrobial Susceptibility of CR-ECL and CS-ECL

Antibiotics CR-ECL (n=85) CS-ECL (n=170) P-value

S I R S I R

Ampicillin 0 (0) 2 (2.4) 83 (97.6) 37 (21.8) 6 (3.5) 127 (74.7) <0.001

Ampicillin-sulbactam 5 (5.9) 1 (1.2) 79 (92.9) 72 (42.3) 4 (2.4) 94 (55.3) <0.001

Piperacillin-tazobactam 46 (54.1) 3 (3.5) 36 (42.4) 143 (84.1) 7 (4.1) 20 (11.8) <0.001

Ceftriaxone 1 (1.2) 0 (0) 84 (98.8) 106 (62.3) 3 (1.8) 61 (35.9) <0.001

Ceftazidime 1 (1.2) 1 (1.2) 83 (97.6) 113 (66.4) 4 (2.4) 53 (31.2) <0.001

Cefepime 23 (27) 6 (7.1) 56 (65.9) 141 (82.9) 8 (4.7) 21 (12.4) <0.001

Cefoxitin 0 (0) 0 (0) 85 (100) 6 (3.5) 4 (2.4) 160 (94.1) 0.023

Aztreonam 6 (7) 2 (2.4) 77 (90.6) 78 (45.9) 11 (6.5) 81 (47.6) <0.001

Ciprofloxacin 43 (50.6) 5 (5.9) 37 (43.5) 145 (85.3) 3 (1.8) 22 (12.9) <0.001

Levofloxacin 54 (63.5) 8 (9.4) 23 (27.1) 156 (91.7) 2 (1.2) 12 (7.1) <0.001

Gentamicin 27 (31.8) 7 (8.2) 51 (60.0) 146 (85.8) 5 (3.0) 19 (11.2) <0.001

Tobramycin 22 (25.9) 9 (10.6) 54 (63.5) 146 (85.8) 4 (2.4) 20 (11.8) <0.001

Amikacin 68 (80.0) 6 (7.1) 11 (12.9) 165 (97.0) 1 (0.6) 4 (2.4) <0.001

Ertapenem 0 (0) 0 (0) 85 (100) 170 (100) 0 (0) 0 (0) <0.001

Imipenem 26 (30.6) 15 (17.6) 44 (51.8) 170 (100) 0 (0) 0 (0) <0.001

Meropenem 36 (42.4) 13 (15.2) 36 (42.4) 170 (100) 0 (0) 0 (0) <0.001

Tigecycline 84 (98.8) 0 (0) 1 (1.2) 170 (100) 0 (0) 0 (0) 0.156

Polymyxin B 84 (98.8) 0 (0) 1 (1.2) 170 (100) 0 (0) 0 (0) 0.156

Note: Bold face indicates values that are significant (P<0.05).

Abbreviations: S, susceptible; I, intermediate-resistant; R, resistant.
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showed that resistance was a significantly greater proportion

of CR-ECL isolates that were carbapenemase-positive for

carbapenem agents (P < 0.05).

Detection of Drug Resistance Genes and

ST Types
Overall, 50.6% (43/85) of the CR-ECL isolates harboured

carbapenemase-encoding genes. Among them, 24 isolates

possessed blaNDM-1, three isolates had blaNDM-5, eight

isolates contained blaKPC-2, and eight isolates contained

blaIMP-8. The blaOXA-48 gene was also detected in two

CR-ECL strains in our study, and two CR-ECL isolates were

determined to carry the blaNDM-1 and blaIMP-8 genes at

the same time. In addition to the production of carbapene-

mase, the deletion of outer membrane porins such as ompC

and/or ompF was been detected in 44 CR-ECL strains.

Notably, 83.3% (35/42) of non-carbapenemase-producing

isolates had lost at least one porin, which indicated that the

deletion of outer membrane porin genes played an important

role in carbapenem resistance.The MLST results showed

that ST51 was the predominant epidemic type (n=13,

30.2%), followed by ST88 (n=11, 25.6%) and the other

types were relatively disperse. In addition, there was no

outbreak of carbapenemase-positive CR-ECL isolates in

our hospital, but some strains had the same ST type, which

indicated that CR-ECL strains were dispersively transmitted

in clinical departments (Table 3).

Risk Factor Analysis of CR-ECL Infection
The comparison of the CR-ECL infection group to con-

trols according to 36 clinical variables is listed in Table 4.

The following factors were most frequently associated

with the development of CR-ECL infection: ICU admis-

sion, mechanical ventilation, drainage tube, central venous

catheter, and exposure to carbapenem antibiotics. As

shown in Table 5. ICU admission (OR: 3.62, 95% CI:

1.93–6.80, P<0.001), drainage tube (OR: 3.06, 95% CI:

1.50–6.22, P=0.002), central venous catheter (OR: 3.21,

95% CI: 1.43–7.21, P=0.005), and carbapenem exposure

(OR: 3.43, 95% CI: 1.53–7.70, P=0.003) were identified as

independent risk factors for infection with CR-ECL.

Clinical Outcome of CR-ECL Infection
At 28 days after infection onset, mortality was signifi-

cantly higher in patients with CR-ECL infection than in

those with CS-ECL infection (23/85 vs.5/170, P<0.001).

In the CR-ECL group, 28-day mortality of patients who

Table 2 Distribution of Carbapenem MIC Ranges for CR-ECL with or Without Carbapenemase

Carbapenem Agents Total (N = 85) Carbapenemase Positive (N = 43) Carbapenemase Negative (N = 42) P-value

R (%) R MIC50 MIC90 Range R MIC50 MIC90 Range

Ertapenem 85 (100) 43 (100) 32 128 4–256 42 (100) 8 32 4–64 -

Imipenem 44 (51.8) 36 (83.7) 8 32 0.25–128 8 (19.1) 1 4 0.25–16 <0.001

Meropenem 36 (42.4) 30 (69.8) 8 64 0.5–128 6 (14.3) 1 4 0.25–32 <0.001

Notes: Data are number resistant (% of resistance rates). P-value for comparisons of the resistance rates of carbapenemase-positive and carbapenemase-negative groups.

Bold face indicates values that are significant (P<0.05).

Abbreviation: R, resistance.

Table 3 Distribution of Resistance Genes and MLST Types of CR-ECL

Microorganism

(No. of Strains)

Resistance Genes and MLST Types (no. of Strains)

Carbapenemase

Resistance

Genes

ESBL

Resistance

Genes

AmpC

Resistance

Genes

Quinolone

Resistance

Genes

Aminoglycoside

Resistance

Genes

Outer

Membrane

Porin genes

ST

Types

CR-ECL (85) KPC-2 (8) CTX-M-1 (21) DHA (43) qnrA (12) armA (16) ompC (28) ST32 (3)

NDM-1 (24) CMY (20) qnrB (46) rmtB (7) ompF (13) ST51 (13)

NDM-5 (3) CTX-M-9 (19) MOX (13) qnrS (14) acc(6ʹ)-Ib (42) ST88 (11)

IMP-8 (8) CTX-M-14 (5) acc(6ʹ)-Ib-cr (40) ST89 (3)

OXA-48 (2) ST97 (5)

SHV-2 (36) ST177 (6)

ST591 (2)

Abbreviations: MLST, multilocus sequence typing; ESBL, extended-spectrum β-lactamase.
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received carbapenem-including treatment, which was

administered to 26 patients, was not significantly different

from the mortality of patients without carbapenem treat-

ment (8/26 vs.15/59, P=0.609), which indicated that the

use of carbapenem is not associated with mortality in

patients with CR-ECL infection. As shown in Table 6,

the results showed that solid tumours (OR: 6.06, 95%

CI: 1.73–21.21, P=0.005), septic shock (OR: 4.81, 95%

Table 4 Univariate Analysis of Risk Factors for Infection with CR-ECL and CS-ECL

Variables CR-ECL Infection (n=85) Control Group (n=170) OR (95% CI) P-value

Demographics

Male gender 45 (52.9) 87 (51.2) 1.07 (0.64–1.81) 0.790

Elderly 37 (43.5) 72 (42.4) 1.05 (0.62–1.78) 0.858

ICU admission 47 (55.3) 44 (25.9) 3.54 (2.05–6.13) <0.001

Transferring from another hospital 26 (30.6) 38 (22.4) 1.53 (0.85–2.75) 0.153

Baseline diseases and acquired infection

Hypertension 25 (29.4) 42 (24.7) 1.27 (0.71–2.27) 0.421

Diabetes 22 (25.9) 34 (20.0) 1.40 (0.76–2.58) 0.285

Hypoproteinemia 24 (28.2) 35 (20.6) 1.52 (0.83–2.77) 0.172

Hypokalemia 16 (18.8) 21 (12.4) 1.65 (0.81–3.35) 0.167

Severe anemia 6 (7.1) 14 (8.2) 0.85 (0.31–2.29) 0.742

Septic shock 24 (28.2) 33 (19.4) 1.63 (0.89–3.00) 0.111

Solid tumor 28 (32.9) 47 (27.6) 1.29 (0.73–2.26) 0.382

Respiratory diseases 29 (34.1) 43 (25.3) 1.53 (0.87–2.69) 0.140

Liver diseases 20 (23.5) 34 (20.0) 1.23 (0.66–2.30) 0.516

Gastrointestinal diseases 17 (20.0) 35 (20.6) 0.96 (0.50–1.85) 0.912

Cardiovascular diseases 13 (15.3) 14 (8.2) 2.01 (0.90–4.50) 0.084

Renal diseases 18 (21.2) 43 (25.3) 0.79 (0.43–1.48) 0.467

Endocrine system diseases 19 (22.4) 40 (23.5) 0.94 (0.50–1.74) 0.834

Pulmonary infection 19 (22.4) 25 (14.7) 1.67 (0.86–3.24) 0.128

Intra-abdominal infection 10 (11.8) 22 (12.9) 0.89 (0.40–1.99) 0.789

Urinary tract infection 11 (12.9) 28 (16.5) 0.75 (0.36–1.60) 0.460

Invasive procedures during hospital stay

Parenteral nutrition 16 (18.8) 23 (13.5) 1.48 (0.74–2.98) 0.268

Mechanical ventilation 18 (21.2) 20 (11.8) 2.02 (1.01–4.05) 0.047

Urinary catheter 35 (41.2) 66 (38.8) 1.10 (0.65–1.88) 0.717

Drainage tube 33 (38.8) 23 (13.5) 4.06 (2.18–7.53) <0.001

Tracheal cannula 9 (10.6) 28 (16.5) 0.60 (0.27–1.34) 0.209

Previous surgery in the past 6 months 31 (36.5) 44 (25.9) 1.64 (0.94–2.88) 0.080

Central venous catheter 25 (29.4) 18 (10.6) 3.52 (1.79–6.91) <0.001

Arterial catheter 13 (15.3) 30 (17.6) 0.84 (0.41–1.71) 0.636

Antibiotic exposure within 3 months

Cephalosporins 32 (37.6) 56 (32.9) 1.23 (0.71–2.12) 0.456

Carbapenem 26 (30.6) 15 (8.8) 4.56 (2.26–9.19) <0.001

Aminoglycosides 7 (8.2) 26 (15.3) 0.50 (0.21–1.20) 0.113

Quinolones 17 (20.0) 36 (21.2) 0.93 (0.49–1.78) 0.827

Tetracyclines 6 (7.1) 7 (4.1) 1.77 (0.58–5.44) 0.314

Macrolides 7 (8.2) 9 (5.3) 1.61 (0.58–4.47) 0.361

Metronidazole 22 (25.9) 31 (18.2) 1.57 (0.84–2.92) 0.156

Glycopeptides 12 (14.1) 18 (10.6) 1.39 (0.64–3.03) 0.410

Notes: Values are presented as n (%), unless otherwise noted. Bold face indicates values that are significant (P<0.05).

Abbreviation: ICU, intensive care unit.
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CI: 1.30–17.79, P=0.019), and mechanical ventilation

(OR: 4.70, 95% CI: 1.20–18.45, P=0.027) were the pre-

dictors independently associated with 28-day mortality.

Discussion
At present, the global spread of CR-ECL strains gravely threa-

tens public health because of the limited treatment options and

unfavourable impact on prognosis.25,26 Previous studies

showed that the detection rate of CR-ECL strains in North

America, Europe, the Middle East and Southeast Asia was

relatively high,7 and even outbreaks occurred in some

areas.27 In China, the molecular epidemiology of CR-ECL

has been reported in Henan, Guangdong and northwestern

China, and ST418 and ST78 were the predominant epidemic

types of CR-ECL producing blaNDM-1 in Guangdong and

northwestern China, respectively.28,29 However, there have

been no reports on the clinical molecular epidemiology of CR-

ECL infection in southwestern China, and there is an urgent

need to systematically analyse the epidemiological character-

istics of CR-ECL infection.

Patients with CR-ECL infection often received more

effective empirical treatment due to high clinical suspicion

for multidrug-resistant gram-negative bacteria. Previous stu-

dies have shown that appropriate antimicrobial treatment can

help to improve survival rate.30 Regarding the drug sensitiv-

ity of CR-ECL strains, most CR-ECL strains have been

Table 5 Multivariate Analysis of Risk Factors for Infection with CR-ECL and CS-ECL

Variables B S.E, Wals OR 95% CI P-value

ICU admission 1.29 0.32 16.03 3.62 1.93–6.80 <0.001

Drainage tube 1.12 0.36 9.51 3.06 1.50–6.22 0.002

Central venous catheter 1.17 0.41 7.98 3.21 1.43–7.21 0.005

Carbapenem exposure 1.23 0.41 8.94 3.43 1.53–7.70 0.003

Note: Bold face indicates values that are significant (P<0.05).

Abbreviation: ICU, intensive care unit.

Table 6 Risk Factors Associated with 28-Day Mortality

Variables Nonsurvivors

(n=23)

Survivors

(n=62)

OR (95% CI) P-value OR (95% CI) P-value

Elderly 11 (47.8) 26 (41.9) 1.27 (0.49–3.32) 0.627 – –

ICU admission 13 (56.5) 34 (54.8) 1.07 (0.41–2.81) 0.890 – –

Solid tumor 15 (65.2) 13 (21.0) 7.07 (2.46–20.27) <0.001 6.06 (1.73–21.21) 0.005

Respiratory system disease 9 (39.1) 20 (32.3) 1.35 (0.50–3.64) 0.553 – –

Digestive system disease 11 (47.8) 26 (41.9) 1.27 (0.49–3.32) 0.627 – –

Urinary system disease 5 (21.7) 13 (21.0) 1.05 (0.33–3.35) 0.938 – –

Cardiovascular diseases 3 (13.0) 10 (16.1) 0.78 (0.19–3.13) 0.725 – –

Hypoproteinemia 7 (30.4) 17 (27.4) 1.16 (0.41–3.31) 0.784 – –

Hypokalemia 6 (26.1) 10 (16.1) 1.84 (0.58–5.80) 0.297 – –

Septic shock 13 (56.5) 11 (17.7) 6.03 (2.11–17.24) <0.001 4.81 (1.30–17.79) 0.019

Parenteral nutrition 4 (17.4) 12 (19.4) 0.88 (0.25–3.06) 0.837 – –

Tracheal cannula 2 (8.7) 7 (11.3) 0.75 (0.14–3.90) 0.730 – –

Drainage tube 13 (56.5) 20 (32.3) 2.73 (1.02–7.28) 0.041 – –

Previous surgery in the past 6 months 9 (39.1) 22 (35.5) 1.17 (0.44–3.13) 0.756 – –

Central venous catheter 7 (30.4) 18 (29.0) 1.07 (0.38–3.04) 0.900 – –

Arterial catheter 4 (17.4) 9 (14.5) 1.24 (0.34–4.50) 0.744 – –

Mechanical ventilation 12 (52.2) 6 (9.7) 10.18 (3.15–22.94) <0.001 4.70 (1.20–18.45) 0.027

Cephalosporins 10 (43.5) 22 (35.5) 1.40 (0.53–3.71) 0.499 – –

Carbapenem 8 (34.8) 18 (29.0) 1.30 (0.47–3.61) 0.609 – –

Aminoglycosides 2 (8.7) 5 (8.1) 1.09 (0.20–6.03) 0.925 – –

Quinolones 5 (21.7) 12 (19.4) 1.16 (0.36–3.75) 0.807 – –

Macrolides 3 (13.0) 4 (6.5) 2.18 (0.45–10.57) 0.326 – –

Notes: Values are presented as n (%), unless otherwise noted. Bold face indicates values that are significant (P<0.05). “–” indicates data not available.

Abbreviation: ICU, intensive care unit.
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shown to be highly multidrug resistant. Actually, tigecycline

and polymyxin B are the most effective antibiotics in the

treatment of CR-ECL infection.31 However, the use of poly-

myxin B as a monotherapy against CR-ECL infection is

debatable. Increasing reports about heterologous resistance

to polymyxin B of several gram-negative bacteria indicate

that rapid resistance to polymyxins can develop as a result of

polymyxin Bmonotherapy.32 Notably, with the emergence of

mcr-1-positive E. cloacae, which may lead to resistance to

colistin, the treatment of CR-ECL infection is increasingly

diffcult. Therefore, combined antibiotic therapy should be

considered as the optimal treatment option for severe infec-

tions caused by CR-ECL.33–35

In this study, we found that most CR-ECL isolates

contained multiple drug resistance genes at the same

time. The production of ESBLs and AmpC β-lactamases

has been demonstrated to play a role in the resistance of

E. cloacae to broad-spectrum beta-lactam antibiotics. In

addition, blaDHA was reported to be the most common

gene in E. cloacae producing AmpC β-lactamases in many

studies, which is consistent with our study.36,37 However,

it is worth noting that carbapenemase acquisition and loss

of outer membrane proteins are the main causes of bacter-

ial resistance to carbapenem, rather than ESBLs and

AmpC β-lactamases.38 Notably, under antibiotic selective

pressure, resistance genes can be transmitted frequently

through mobile genetic elements, which will ultimately

result in the development of extensively drug-resistant

(XDR) and even pandrug-resistant (PDR) E. cloacae.39,40

Most previous studies appeared to be restricted to

reports of sporadic cases of E. cloacae isolates harbouring

blaNDM-1, with diverse clones from geographic regions

such as ST92 in Croatia, ST265 in Australia, and ST78,

ST93, ST120, and ST418 in China.41,42 In the current

study, ST51 and ST88 were the predominant epidemic

types among the seven different ST types identified,

which provides a new model for the spread of blaNDM-

1-carrying E. cloacae in China and should be of great-

concern. Interestingly, only two of the seven alleles were

different between ST51 (dnaA, fusA, gyrB, leuS, pyrG,

rplB, and rpoB: 4, 4, 4, 6, 37, 4, and 6, respectively) and

ST88 (dnaA, fusA, gyrB, leuS, pyrG, rplB, and rpoB: 4, 4,

4, 62, 59, 4, and 6, respectively), suggesting that they are

closely related to each other. Notably, in contrast to the

close connection between ST258/ST11 and blaKPC-2 in

K. pneumoniae,43 the blaNDM-1 gene has a high detection

rate in the above two ST types (n=20, 83.3%), suggesting

that the blaNDM-1 gene was involved in the epidemic

dissemination of CR-ECL strains. Diverse clones of

blaNDM-1-carrying E. cloacae have been widely geogra-

phically distributed.44

We also performed a retrospective analysis to assess

clinical predictors of CR-ECL infection. Compared to pre-

vious studies,45,46 ICU admission, drainage tube, central

venous catheter, and carbapenem exposure were identified

as independent risk factors for infection with CR-ECL in

our study. As we all know, the immunity of patients in ICU

is relatively low, and the possibility of infection of CR-ECL

strain will be increased during invasive operations such as

drainage tube and central venous catheter. In addition, when

the E. cloacae are exposed to carbapenem antibiotics, the

sensitive strains are inhibited or killed, and the resistant

strains survive and become the dominant strains, even

lead to the spread of CR-ECL strains.47 Therefore, we

should reasonably use carbapenem antibiotics to reduce

the production of CR-ECL strain.

Consistent with previous studies,48,49 our study highlighted

the high mortality associated with CR-ECL infection.

Although our study showed that exposure to carbapenem anti-

biotics was strongly correlated with CR-ECL infection, we did

not identify an association between the use of carbapenems and

mortality in patients with CR-ECL infection, we found that

solid tumours, septic shock, and mechanical ventilation were

independent risk factors for death caused by CR-ECL infec-

tion. Most cancer patients usually have low immunity after

radiotherapy or chemotherapy. In addition, the basic condition

of these patients is very poor, which increases the risk of

infection and even death. Moreover, CR-ECL strains often

cause septic shock, which leads to multiple organ failure and

death.50 Therefore, We should strengthen the monitoring of

these patientswith a high risk of death to reduce theirmortality.

Limitations
This study has several limitations. First, it was a retrospective

case-control study and was conducted in a single centre, our

sample size was relatively small, which might have led to

errors in statistical analysis and the omission of some other

risk factors. Second, we were unable to determine all the

resistance mechanisms of CR-ECL to carbapenems, such as

the mutation of outer membrane porins, overexpression of

efflux pumps and so on, owing to the limitations of the

research conditions. Third, due to methodological limita-

tions, this retrospective study was not able to evaluate the

expected efficacy and outcome of the treatment, and further

prospective and multicentre clinical trials are expected to be

performed.
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Conclusions
Our findings showed that ST51 and ST88, which are

closely related, were the predominant epidemic types of

CR-ECL producing blaNDM-1 in southwestern China. In

addition, we identified important risk factors and predic-

tors of mortality in patients with CR-ECL infection, and

provided some recommendations for the diagnosis and

treatment of patients infected with CR-ECL strains in

southwestern China.
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