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cluding water, soil, and feces, and can cause respiratory, surgical, 

and urinary tract infections, as well as sepsis and other diseases 

in newborns [1-4]. Moreover, this strain is commonly detected in 

nosocomial infections of the urinary tract, wounds, and blood [5]. 

Multidrug-resistant E. cloacae has been detected in clinical spec-

imens and is associated with the high production of extended 

spectrum β lactamase (ESBL) and AmpC [6]. Although various re-

sistant strains capable of producing ESBL and AmpC have been 

identified in recent hospital-acquired infections in Korea, few 

studies have investigated multidrug-resistant E. cloacae isolates 

producing ESBL and AmpC. 

In this study, we investigated the biological and genetic charac-

teristics of multidrug-resistant E. cloacae collected from two gen-

eral hospitals located in the central region of Korea. 

INTRODUCTION

Enterobacter cloacae is a gram-negative bacterium that can 

cause pathogenic infections in patients in the intensive care unit. 

This bacterium is widely distributed in human environments, in-
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Background: From January 2014 to December 2015, 69 clones of Enterobacter cloacae showing multidrug resistance to six classes of antimi-
crobial agents were collected from two medical centers in Korea. 
Methods: Minimum inhibitory concentrations were determined using the E-test method, and 17 genes were detected using polymerase chain 
reaction (PCR). The epidemiological relatedness of the strains was identified using repetitive element sequence-based PCR and multilocus se-
quence typing. 
Results: The 69 E. cloacae clones produced extended spectrum β lactamase (ESBL) and AmpC and showed multidrug resistance to cefotaxime, 
ceftazidime, and aztreonam. We identified the following sequence types: ST56 of type VI for ESBL SHV (N=12, 17.4%); ST53, ST114, ST113, and 
ST550 of types I, IV, VI, and VII, respectively, for CTX-M (N=11, 15.9%); and ST668 of type III for the carbapenemase NDM gene (N=1, 1.5%). 
The AmpC DHA gene (N=2, 2.89%) was confirmed as ST134, although its type was not identified, whereas EBC (MIR/ACT; N=18, 26.1%) was 
identified as ST53, ST24, ST41, ST114, ST442, ST446, ST484, and ST550 of types V, I, III, IV, VII, and VI, respectively. The formed subclasses were 
blaCTX-M-3 and blaCTX-M-22 by CTX-M-1, blaCTX-M-9 and blaCTX-M-125 by CTX-M-9, blaDHA-1 by DHA, and blaMIR-7 and blaACT-15,17,18,25,27,28 by EBC (MIR/ACT). 
Conclusions: There were no epidemiological relationships between the gene products and the occurrence of resistance among the strains. 
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MATERIALS AND METHODS

1. Enterobacter cloacae collection

From January 2014 to December 2015, a total of 69 E. cloacae 

clones that were resistant to gentamicin, ertapenem, cefotaxime, 

ceftazidime, cefepime, cipro�oxacin, aztreonam, and cotrimoxa-

zole (TMP/SMX) were collected without overlap from two medi-

cal centers in the central region of Korea using a Vitek 2 Compact 

60 instrument (SYSMEX BioMerieux Co., Ltd., Lyon, France) and a 

Microscan WalkAway 96SI instrument (Siemens Healthcare Diag-

nostic. Inc., West Sacramento, CA, USA).

2. Antimicrobial susceptibility test

Using Mueller-Hinton agar (ASAN, Daejeon, Korea), the mini-

mum inhibitory concentrations (MICs) were determined by Epsi-

lometer tests (E-tests) based on the Clinical Laboratory Standards 

Institute guideline [33]. Escherichia coli ATCC 25922 was tested at 

the same time as a control group, and eight types of antibiotic discs 

were used: gentamicin (BioMerieux SA), ertapenem, cefotaxime, 

ceftazidime, cefepime, cipro�oxacin, aztreonam, and cotrimoxa-

zole (TMP/SMX). 

3. DNA extraction

Single colonies of each E. cloacae strain were cultured in steril-

ized MacConkey agar medium at 37˚C for 18–20 hours, and DNA 

was extracted using a GeneAll Ribospin extraction kit (GeneAll 

Biotechnology, Daejeon, Korea) following the manufacturer’s in-

structions. After storage at 20˚C, isolated genomic DNA was used 

as a DNA template for the ampli�cation of ESBL and AmpC resis-

tance genes and for repetitive element sequence-based polymerase 

chain reaction (REP-PCR) and multilocus sequence typing (MLST) 

analysis. 

4. Detection of ESBL and AmpC by PCR

Using an ABI 3730XL system (Applied Biosystems, Foster City, 

CA, USA), we detected the expression of CTX-M-1, CTX-M-2, 

CTX-M-8, CTX-M-9, TEM, SHV, NDM, IMP, OXA, IMI, VIM, 

FOX, EBC, CIT, ACC, DHA, and MOX [24-29]. PCR was carried 

out in a �nal volume of 25 μL containing 0.5 μL SP Taq (Cosmoge-

netech, Daejeon, Korea), 2.5 μL of 10×  SP Taq buffer, 2.0 μL 

dNTPs, 5.0 μL Tuning Buffer, 1.0 μL DNA template, 1 μL of each 

forward and reverse primer (5 µmol), and 12 μL distilled water. 

ESBL was ampli�ed under the following conditions: pre-denatur-

ation at 95˚C for 5 minutes; 35 cycles of denaturation at 95˚C for 1 

minute, annealing at 55˚C for 30 seconds, and extension at 72˚C 

for 1 minute; and a �nal extension at 72˚C for 7 minutes. For AmpC, 

the PCR conditions were as follows: pre-denaturation at 94˚C for 3 

minutes; 35 cycles of denaturation at 94˚C for 30 seconds, anneal-

ing at 64˚C for 30 seconds, and extension at 72˚C for 1 minute; and 

a �nal extension at 72˚C for 7 minutes. The PCR products were 

veri�ed by electrophoresis on 2% agarose gels containing ethid-

ium bromide and then puri�ed using a PCR puri�cation kit (Cos-

mogenetech). From the puri�ed DNA, CTX-M-1, CTX-M-2, and 

Table 1. Sequences of primers for the amplification of the β-lactamase 
and AmpC genes of Enterobacter cloacae

Primer Primer sequence (5’–3’) Size Ref

CTXM-1 F CCGTCACGCTGTTGTTAGG 693 26

R GACGATTTTAGCCGCCGAC

CTXM-2 F CGGTGCTTAAACAGAGCGAG 684

R CCATGAATAAGCAGCTGATTGCCC

CTXM-8 F ACGCTCAACACCGCGATC 695

R CGTGGGTTCTCGGGGATAA

CTXM-9 F GATTGACCGTATTGGGAGTTT 683

R CGGCTGGGTAAAATAGGTCA

TEM-1 F ATGAGTATTCAACATTTCCGT 997 27

R TTACCAATGCTTAATCAGTGA

SHV-12 F CCGGGTTATTCTTATTTGTCGCT 936

R TAGCGTTGCCAGTGCTCG

NDM-1 F GCCCAATATTATGCACCCGG 738 28

R CTCATCACGATCATGCTGGC

IMP-1 F AAGGCGTTTATGTTCATACTTCG 605

R TTTAACCGCCTGCTCTAATGTAA

OXA-48 F GATTATCGGAATGCCTGCGG 845

R CTACAAGCGCATCGAGCATCA

IMI-1 F AGAGTTCYATTCACCCATCACA 803 29

R TCTCCAATCGACCGCATGAA

VIM-1 F TGGGCCATTCAGCCAGATC 749 31

R TGGGCCATTCAGCCAGATC

FOX F AACATGGGGTATCAGGGAGATG 190 32

R CAAAGCGCGTAACCGGATTGG

EBC F TCGGTAAAGCCGATGTTGCGG 302

R CTTCCACTGCGGCTGCCAGTT

CIT F TGGCCAGAACTGACGGCAAA 462

R TTTCTCCTGAACGTGGCTGGC

ACC F AACAGCCTCAGCAGCCGGTTA 346

R TTCGCCGCAATCATCCCTAGC

DHA F AACTTTCACAGG TGTGCTGGGT 405

R CCGTACGCATACTGGCTTTGC

MOX F GCTGCTCAAGGAGCACAGGAT 520

R CACATTGACATAGGTGTGGTGC

Abbreviations: F, forward; R, reverse.
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CTX-M-9 were sequenced using a BigDye Terminator v3.1 Cycle 

Sequencing Kit (Applied Biosystems) with sequencing primers and 

then con�rmed by Basic Local Alignment Search Tool (BLAST) [7] 

software (Table 1).

5. �REP-PCR and MLST analysis to examine 

epidemiological relationships 

The epidemiological relationships of the strains were investi-

gated by REP-PCR and MLST. For REP-PCR, the conditions were 

as follows: pre-denaturation at 94˚C for 15 minutes; 40 cycles of 

denaturation at 94˚C for 30 seconds, annealing at 60˚C for 1.5 min-

utes, and extension at 72˚C for 1.5 minutes; and a �nal extension at 

72˚C for 10 minutes. The PCR products were electrophoresed on 

2% agarose gels with ethidium bromide and then compared by 

�ngerprints with the naked eye; if at least three bands were differ-

ent, they were categorized into different types. For MLST, the con-

ditions were as follows: pre-denaturation at 95˚C for 5 minutes; 35 

cycles of denaturation at 95˚C for 1 minute, annealing at 55˚C for 

30 seconds, and extension at 72˚C for 1 minute; and a �nal exten-

sion at 72˚C for 7 minutes, followed by electrophoresis on 2% aga-

rose gels with ethidium bromide. DNA sequences were analyzed 

using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Bio-

systems). Finally, the sequencing results of seven housekeeping 

genes were compared against the MLST database [8], and the al-

lele number and sequence types (STs) were determined (Table 2). 

6. Statistical analysis

Chi-square or Fisher’s exact tests were performed to determine 

resistance according to the occurrence of resistant genes. A P value of 

less than 0.05 was considered statistically signi�cant. SPSS version 

18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

RESULTS AND DISCUSSION

E. cloacae clones collected from two medical centers in the 

central region of Korea exhibited multidrug resistance because of 

the production of ESBL (N=19, 27.5%) and AmpC (N=20, 29.0%). 

In general, the amounts of ESBL detected from urine and sputum 

specimens were higher than those reported by Park et al. [9] and 

Courdon et al. [10], and more AmpC was generated than what was 

previously reported by Souna et al. [11]. The resistance rates were 

higher than the 27.6% for cefotaxime, 21.8% for ceftazidime, and 

21.1% for aztreonam reported by the Centers for Disease Control 

and Prevention of Korea (KARMS) in 2014. The collected E. cloa-

cae clones also showed various levels of resistance against genta-

micin, ertapenem, cefepime, cipro�oxacin, and cotrimoxazole. 

The most common mechanism through which Enterobacteria 

acquires resistance involves the production of AmpC and ESBL. 

Similar to E. coli, E. cloacae also obtains resistance through AmpC 

β-lactamase [12], and resistance against third-generation cephalo-

sporins is caused by ESBL [13]. In this study, EBC (MIR/ACT; N=18, 

26.1%), SHV (N=12, 17.4%), and CTX-M (N=11, 15.9%) were pro-

duced, and the carbapenemases OXA (N=1, 1.5%), NDM (N=1, 

1.5%), and DHA (N=1, 1.5%) were generated in some strains (Ta-

ble 3). These results are similar to those of a report by Harada et 

al. [14] showing that levels of SHV and CTX-M had increased glob-

ally. The results of this study were also consistent with a report in 

2007 showing that the amounts produced were highest for CTX-

M in the intestinal bacteria E. coli and for SHV-12 in K. pneumoniae 

found in Daejeon city [15]. There were no correlations among the 

occurrence of genes, resistance due to mismatch, and occurrence 

of resistance (P =0.653, 0.759, and 0.419, respectively). The pro-

duced subclasses were blaCTX-M-9 and blaCTX-M-125 for CTX-M-1, and 

blaMIR-7 and blaACT-15,17,18,25,27,28 for DHA. These results differ from 

those in E. coli, which carries CTX-M-14 and CTX-M-15 genes 

Table 2. Primers for the multilocus sequence typing analysis of En-
terobacter cloacae

Primer Sequence (5’–3’)
Position in the 

target gene
Ref

A dnaA F AYAACCCGCTGTTCCTBTATGGCGGCAC 500–527* 33

R KGCCAGCGCCATCGCCATCTGACGCGG 1222–1248*

fusA F TCGCGTTCGTTAACAAAATGGACCGTAT 413–440*

R TCGCCAGACGGCCCAGAGCCAGACCCAT 1291–1318

gyrB F TCGACGAAGCGCTCGCGGGTCACTGTAA 143–170

R GCAGAACCGCCCGCGGAGTCCCCTTCCA 1268–1295

leuS F GATCARCTSCCGGTKATCCTGCCGGAAG 1342–1369*

R ATAGCCGCAATTGCGGTATTGAAGGTCT 2159–2186*

pyrG F AYCCBGAYGTBATTGCRCAYMAGGCGAT 56–83*

R GCRCGRATYTCVCCCTSHTCGTCCCAGC 563–590*

rplB F GTAAACCGACATCTCCGGGTCGTCGCCA 17–44*

R ACCTTTGGTCTGAACGCCCCACGGAGTT 735–762*

rpoB F CCGAACCGTTCCGCGAACATCGCGCTGG 252–280*

R CCAGCAGATCCAGGCTCAGCTCCATGTT 973–1000*

S gyrB F AAAACCGGTACYATGGTGCGTTTCTGG 484–510*

R GCAGAACCGCCCGCGGAGTCCCCTTCC 1269–1295*

fusA R ATCTCTTCACGYTTGTTAGCGTGCATCT 1094–1121*

*These primers were used for sequencing respective amplicons. 
Abbreviations: A, amplification; F, forward; R, reverse; S, sequencing.



김재중 외: Characteristics of MDR E. cloacae

https://doi.org/10.3343/lmo.2018.8.3.99102   www.labmedonline.org

Table 3. Characteristics of multidrug-resistant Enterobacter cloacae isolates based on repetitive element sequence-based polymerase chain reac-
tion and multilocus sequence typing

Isolate
Specimen 

source
REP-PCR MLST (STs) β-lactamase AmpC GM ETP CT TZ PM CL AT TS

K1 W II 668 NDM-1 . 0.5 0.25 >32 16 0.25 0.064 12 0.064

K2 S I 24 . DHA, EBC 0.5 0.25 >32 16 0.25 0.064 12 0.064

K3 W IX 134 . DHA 1.5 0.064 1 4 0.047 0.38 0.5 0.5

K4 O V 41 . EBC >256 1 >48 >32 24 1.5 128 >32

K5 U . 280 . . 0.5 3 >32 >256 1 0.064 128 0.125

K6 U . . . . 0.5 0.25 >32 32 0.05 0.047 24 0.064

K7 S . 78 . . 0.38 0.75 >32 >256 2 0.047 128 0.125

K8 B I . . . 0.5 0.032 >32 3 16 >32 16 >32

K9 U VII . . . 0.5 0.19 >32 >256 1.5 0.032 24 0.064

K10 O VII 279 . . 0.5 0.125 >32 128 1.5 0.032 16 0.064

K11 O I 45 SHV-12 . 0.05 0.75 >32 >256 2 0.38 64 0.5

K12 U VI 41 . EBC 2 0.25 >32 128 2 1.5 >256 >256

K13 S VII 53 . EBC 0.5 0.38 >32 >256 1 0.47 128 0.064

K14 BF I . . . 0.38 0.5 >32 >256 0.075 0.5 64 0.32

K15 U . 190 . . 0.75 0.008 0.19 0.5 0.064 0.064 0.25 0.064

K17 O VII 245 . . >256 0.032 >32 2 8 0.047 8 0.38

K18 U V 78 . . 1 0.19 1 1 0.75 1.5 0.38 0.25

K19 U V 422 . EBC >256 1 >32 32 48 >32 64 0.25

K20 B VI 133 CTX-M-9 . 0.25 0.19 >32 48 0.38 0.023 24 0.064

K21 N.S . 148 . . 6 0.38 >32 1.5 3 1 2 >32

K22 Ctip IX 244 . . 0.38 0.25 >32 128 1.5 0.047 24 0.094

K23 W I . . . 0.5 0.25 >32 >256 3 0.064 128 0.047

K24 S I 53 CTX-M-9 EBC 0.5 0.19 >32 >256 2 0.32 24 0.064

K25 S I 53 . EBC 4 0.5 >32 256 3 0.75 64 >32

K26 O V 484 . EBC 0.38 0.25 >32 256 1 0.75 96 0.047

K27 S . 584 . . 2.5 0.38 >32 64 0.5 0.047 24 0.094

K28 U VII 550 CTX-M-9 EBC 0.25 0.5 >32 >256 1 0.064 96 0.064

K29 W . . . . 6 1.5 >32 >256 6 4 128 >32

K30 U I 144 . . 1 0.19 >32 >256 1.5 0.032 24 0.064

K31 B I 604 . . 1 1.5 >32 >256 16 0.19 256 0.5

K32 S IX 78 . . 0.5 0.25 >32 >256 2 0.032 32 0.094

K33 W III . . . 0.38 0.047 >32 3 16 24 16 >32

K34 U V 466 . EBC 0.75 0.023 0.5 1 0.38 3 0.25 1.5

K35 U VIII 477 . . 0.75 0.5 >32 16 0.125 0.16 8 0.094

K36 U VIII 477 . . 0.75 0.125 >32 256 0.75 0.047 16 0.125

K37 S III 148 . . 0.5 0.064 >32 >256 0.5 0.047 24 0.094

K38 U IV 114 . . 0.38 0.38 >32 256 4 0.064 48 0.064

K39 S IV 114 SHV-12 EBC 0.38 0.19 >32 >256 3 0.047 48 0.064

K40 S IV 114 . EBC 0.38 0.25 >32 256 4 0.047 48 0.064

K41 BF . . CTX-M-1 EBC 0.5 0.38 >32 >256 4 0.047 48 0.094

K42 S IV 114 . EBC 0.5 0.19 >32 64 0.75 0.064 32 0.064

K43 U I 51 CTX-M-9, 
SHV-12

. 0.5 0.25 >32 >256 3 0.047 48 0.094

K44 U IV 114 . . 6 0.5 >32 256 3 0.19 48 0.064

K45 S X . CTX-M-9, 
SHV-12

. 0.5 0.25 >32 >256 3 0.047 48 0.094

K46 BF VI 125 . . 0.5 0.125 >32 64 0.5 0.047 32 0.064

K47 U IV 114 SHV-12 EBC 0.38 0.38 >32 48 0.38 0.032 32 0.047

(Continued to the next page)
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Isolate
Specimen 

source
REP-PCR MLST (STs) β-lactamase AmpC GM ETP CT TZ PM CL AT TS

K48 U II . CTX-M-9, 
SHV-12

EBC 0.38 0.38 >32 >256 3 0.032 48 0.094

K49 U II 175 CTX-M-9, 
SHV-12

. 0.5 0.32 0.125 0.19 0.064 0.016 0.047 0.094

K50 S VI 56 SHV-12 . 0.5 0.032 0.19 0.38 0.047 0.016 0.064 0.094

K51 S II 782 . . 0.5 0.023 6 16 0.5 0.125 32 >32

K52 PF IV 114 CTX-M-9 EBC 3 0.25 >32 >256 16 0.75 48 0.094

K53 U II . . . 0.5 0.25 >32 256 3 0.032 32 0.094

K54 U VI . . . 0.5 0.047 0.19 0.25 0.047 0.016 0.047 0.125

K55 S X . . . 0.5 0.008 0.064 0.19 0.047 0.006 0.047 0.064

K56 S II . . . 0.5 0.38 >32 128 0.5 0.064 32 0.125

K57 BW II 51 . . 0.5 0.064 0.75 0.25 0.064 0.023 0.064 0.19

K58 S XI 350 CTX-M-9, 
SHV-12

. 0.5 0.125 >32 64 2 0.032 24 0.064

K59 U II 175 CTX-M-9, 
SHV-12

. 0.38 0.094 >32 48 1.5 0.016 24 0.094

K60 S VI 56 SHV-12 . 6 0.19 24 16 0.1 0.19 16 >32

K61 S III 114 . . 6 0.064 >32 32 0.5 0.19 32 >32

K62 O VIII 477 SHV-12 . 0.5 0.25 >32 >256 3 0.32 48 0.094

K63 U III 148 . . 0.5 0.25 >32 256 0.5 0.032 24 0.064

K64 U V 133 . . 0.25 0.75 >32 >256 3 0.064 64 0.064

K65 BF III 24 OXA-48 EBC 128 0.38 >32 32 1 0.023 24 >32

K66 U III 114 . . 0.38 0.004 0.125 0.125 0.032 0.032 0.047 0.047

K67 S III 53 . EBC 12 0.75 >32 64 32 12 128 4

K68 U III 114 . . 0.38 0.19 >32 64 0.75 0.5 48 0.047

K69 U V 61 . . 48 0.19 >32 24 24 >32 48 48

K70 U I 329 . . 0.75 0.19 >32 96 1.5 0.032 24 24

Abbreviations: ATM, aztreonam; B, blood; BF, bile fluid; BW, bronchial wash; CIP, ciprofloxacin; CTX, cefotaxime; Ctip, catheter tip; ETP, ertapenem; GM, gentamicin; NS, nasal 
swab; O, other; PF, pleural fluid; FEP, cefepime; S, sputum; TS, cotrimoxazole; CAZ, ceftazidime; U, urine; W, wound; “.”, Not detected.

Table 3. Continued

with high frequency, and from those in K. pneumoniae, in which 

the CTX-M-14 and CTX-M-3 genes are more prevalent. Furthur-

more, blaCTX-M-3 was isolated from plasmids of E. coli and K. pneu

moniae by Liu et al. [16] in 2007 and was also reported by Kim et 

al. [17] in Korea in 2008. Unlike reports showing that blaCTX-M-3-pro-

ducing strains were repeatedly found in the same hospital [18, 19], 

this gene was detected in only one strain, and we concluded that 

the resistance by blaCTX-M-3 had not yet spread. Despite the �rst re-

port of blaCTX-M-22 from E. coli and K. pneumoniae in China in 

2002 [20], this gene has not been reported in Korea until now. 

Moreover, the carbapenemase gene NDM was found in four cases 

in Korea in 2011 [21], and OXA was found among intestinal bacte-

ria in Korea [22]; thus, resistance genes in plasmids were thought 

to have been transferred horizontally from bacteria such as E. coli 

and K. pneumoniae. The DHA and EBC (MIR/ACT) genes, which 

have been shown to cause inductive resistance to AmpR [23, 24], 

were also shown to cause inductive resistance in this study, alth-

ough there were no epidemiological relationships among strains, 

as types and clone classes were different (Fig. 1, Table 3). 

As previously reported by Girlich et al. [25], ST114, which was 

frequently identi�ed, was highly correlated with EBC (MIR/ACT) 

AmpC, along with ST53 and ST41. There were also correlations 

between ST175 and CTXM-9, ST175 and SHV ESBL, and ST477 

and SHV ESBL. However, as no resistance genes were detected, a 

correlation was not identi�ed for ST78. 

In summary, multidrug-resistant E. cloacae clones collected 

from two medical centers in the central region of Korea exhibited 

no epidemiological relationships and showed multidrug resistance 

through the generation of ESBL and AmpC. 

요  약

배경: 2014년 1월부터 2015년 12월까지 중부지방 2곳의 종합병원

에서 6개 계열 8종 항균제에 다제 내성을 나타내는 Enterobacter 
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Fig. 1. REP-PCR patterns of E. cloacae isolates. Lane M 0.05–2.5 kb 
molecular size marker. Lane 2, 8, 11, 14, 23–25, 30-31, 43, 70: I type. 
Lane 1, 48–49, 51, 53, 56–57, 59: II type. Lane 33, 37, 61, 63, 65–68: 
III type. Lane 38–40, 42, 44, 47, 52: IV type. Lane 4, 18–19, 26, 34, 
64, 69: V type. Lane 12, 20, 50, 54, 60, 46: VI type. Lane 9–10, 13, 17, 
28: VII type. Lane 35–36, 62: VIII type. Lane 3, 22, 32: IX type. Lane 
45, 55: X type.

cloacae 69주를 수집하였다. 

방법: E-test법으로 최소억제농도(MIC)를 구하였고, TEM, SHV, 

CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, NDM, OXA, IMI, IMP, 

VIM, FOX, EBC, CIT, ACC, DHA, MOX 등 17개 유전자를 PCR 증

폭 후 검출하였다. 균주 간 역학적 연관성은 REP-PCR과 multilo-

cus sequence typing (MLST)법으로 확인하였다. 

결과: E. cloacae 69주는 ESBL과 AmpC를 생성하며 cefotaxime, 

ceftazidime, aztreonam에 다제 내성을 나타냈다. ESBL SHV (N=12, 

17.4%)는 VI type의 ST56로, CTX-M (N=11, 15.9%)은 I, IV, VI, VII 

type의 ST53, ST114, ST133, ST550로, carbapenemase NDM (N=1, 

1.5%)은 II type의 ST24, OXA (N=1, 1.5%)는 III type의 ST668로 확

인되었다. AmpC DHA (N=2, 2.89%)는 type이 동정되지 않은 ST134, 

EBC (MIR/ACT) (N=18, 26.1%)는 V, I, III, IV, VII, VI type의 ST53, 

ST24, ST41, ST114, ST422, ST466, ST484, ST550로 확인되었다. CTX-

M-1은 blaCTX-M-3, blaCTX-M-22, CTX-M-9은 blaCTX-M-9, blaCTX-M-125, DHA

는 blaDHA-1, EBC (MIR/ACT)는 blaMIR-7, blaACT-15,17,18,25,27,28 아형을 생

성하였다. 

결론: 유전자 생성과 내성발생 균주 간 역학적 연관성은 없었다.
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