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Background: Clinical isolates of AmpC B -lactamase-
producing Enterobacteriaceae were evaluated to de-
termine the prevalence of CTX-M extended-spectrum
B-lactamases (ESBLs) and their genetic environ-
ments.

Methods: A total of 250 non-duplicate isolates of
Eneterobacter aerogenes, E. cloacae, Citrobacter fre-
undii, Serratia marcescens and Morganella morganii
were collected at a Korean hospital. ESBL production
was determined by double disk synergy test. For
ESBL producers, bla genes were sequenced and
blactx.m environment was characterized by PCR map-
ping and sequencing.

Results: Among the 250 isolates 29 (11.6%) pro-
duced ESBL, and 14 of the 29 isolates produced
CTX-M ESBLs, including CTX-M-9 by 8 isolates,
CTX-M-3 by 4 isolates, CTX-M-12 by 1 isolate, and
CTX-M-14 by 1 isolate. ISEcp1 was present up-
stream of blactxms, 12, and 14. Three of the four CTX-
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M-3 producers had the same genetic environment
(pemK-ISEcp1-blactx-m-3-0rf477-mucA). An 1S903-like el-
ement was found downstream of blactx.m-14. ISCR1
was identified upstream of blacrx-w9 and ISCR7 and
blactx-w-9 were located on sul1-type class 1 integron.
The variable region between the 5-CS and the first
3’-CS contained dfrA16 and aadA2. Its structure was
similar to that of In60, but our isolates did not have
IS3000 or second 3’-CS.

Conclusion: CXT-M type ESBL was prevalent in
AmpC B-lactamase-producing Enterobacteriaceae, par-
ticularly E. cloacae. blactx.w genes were associated
with ISEcp? or ISCR1. This is the first report on the
genetic environment of blactxm in Korean isolates.
(Korean J Clin Microbiol 2008;11:90-97)
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I ok 2 3llEjutol| A AR 7] AlERsEG 6], 19901 T SR
g wo|go] F&aiAl Frkslod[7], @A 607 o] &
CTX-M ¥E47} BEE 9l ch(http://www.lahey.org/Studies).
CTX-M& ESBL- Escherichia coli, Klebsiella spp., Proteus
mirabilis, Salmonella typhimurium =9 Enterobacteriaceae®
=3 Aew A ek,

blacrxm FAAFS] Holeh Whdell= of2] {4 247 Fofdt
tH7]. &, ISEcpi-like insertion sequence (IS)y& F 719 E44
A4 A3} transposase FAAHE FAEE ORFE T4
Ho] g, CTX-M-1, -3, -14, -15 5] blacrxm A2 A5
o] glgol Bars|gleh7]. Wb CTX-M-29} -99ll4= ISCRI]
blactsv TR 5ol 9o sull type®] complex integronol|
A= Aoz g Qlels,7-10].
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T el A= 2001 CTX-M-14& AA3l= Shigella sonnei,
E. coli ¥ K. pneumoniae7} &2 2 RIEQI[11], I %
CTX-M-3, -9, -12, -15 o] o] T34 7HdollA a9l
tH12-15]. e} E50]% S MAA AmpC B-lactamase A4
Enterobacteriaceae©l| A2 CTX-M 3.4 Aol gt o] A7
7 A3, Tl T blacrow A FH T2zl sl F%
w7k A9 e

E AFollA = E5013 AAAA AmpC B-lactamases A
A8 Enterobacteriaceae TS WAL E blacrxm A
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2] B3} Vitek GNI card (bioMérieux Vitek, Marcy 1'Etoile,

France)& ©|-&3}%ch
2. 8N A AIE

g1 A 242 Clinical and Laboratory Standards Institute
(CLSI) Bl2==1 g o = Agsiglomi[ie], AEel S )
E. coli ATCC 259233} Pseudomonas aeruginosa ATCC 27853
= 7 Aldslisiet

3. ESBL MAMAIE

Ceftazidime %! cefotaximeol] WA 2 Z5&5 A
FE5 A9slo], double disk synergy (DDS) A]¢. 22 ESBL A
AL ket F, Al Azl sl 0.5 McFarland 55
2 B5A71 & Mueller-Hinton Hdel] IL2A] HE3)9, ull
A] Ze}oll= amoxicillin-clavulanic acid T]2~=(Becton Dickin-
son Microbiology Systems, Sparks, MD, USA)E £33 F$]0l|
ceftazidime, cefotaxime 3! cefepime T]Z~=(Becton Dickinson)
2 15 em (Fa2 AAAGIA A AR Fa ek
o 1% WAL 35°ColA) Bkt vk, 5 vlas Aol

Table 1. Sequences of the primers for bla genes and blacrxm genetic environment

Target Primer name Primer sequence Reference
blacrxm CTX-M IF 5’-CCGTCACGCTGTTGTTAGG-3’ [27]
CTX-M IR 5’-GACGATTTTAGCCGCCGAC-3’ [27]
CTX-M 2F 5’-CGGTGCTTAAACAGAGCGAG-3’ [27]
CTX-M 2R 5’-CCATGAATAAGCAGCTGATTGCCC-3’ [27]
CTX-M 8F 5’-ACGCTCAACACCGCGATC-3’ [27]
CTX-M 8R 5’-CGTGGGTTCTCGGGGATAA-3’ [27]
CTX-M 9F 5’-GATTGACCGTATTGGGAGTTT-3’ [27]
CTX-M 9R 5’-CGGCTGGGTAAAATAGGTCA-3’ [27]
CTXM-3A 5’-CCCATGGTTAAAAAATCACT-3’ This study
CTXM-3B 5’-CCGTTTCCGCTATTACAAAC-3’ This study
blarem TEM F 5’-ATGAGTATTCAACATTTCCGT-3’ [27]
TEM R 5’-TTACCAATGCTTAATCAGTGA-3’ [27]
blasnv SHV F 5’-CCGGGTTATTCTTATTTGTCGCT-3’ [27]
SHV R 5’-TAGCGTTGCCAGTGCTCG-3’ [27]
blagrs GES/IBC F 5’-GTTAGACGGGCGTACAAAGATAAT-3’ [27]
GES/IBC R 5’-TGTCCGTGCTCAGGATGAGT-3’ [27]
blaves VEBI-F 5’-ACGAAGAACAAATGCACAAGG-3’ This study
VEBI-R 5’-GAACAGAATCAGTTCCTCCG-3’ This study
orf477 orfd77 reverse 5’-ACTTCAAAAATTATGCCACC-3’ [7]
mucA mucA lower 5’-GGCATCAGGCAGGGGTAAGG-3’ [7]
orf513 orf513 5’-TGGAAGAGGGCGAAGACGAT-3’ [7]
orf513 rev 5’-GCGTTTTATCGGTAGTCGTC-3’ [7]
3°CS qacED1 5’-TCGCAACATCCGCATTAAAA-3’ [7]
qacED1 reverse 5’-TTTTAATGCGGATGTTGCGA-3’ [7]
sull rev 5’-GCTCAAGAAAAATCCCATCCCC-3’ [7]
ISEcep! tnpAl ISEcpl 5’-AATACTACCTTGCTTTCTGA-3’ [7]
ISEcpl 5 5’-TTCAAAAAGCATAATCAAAGCC-3’ [7]
ISEcpl reverse 5’-CAACCACCTTTCAATCATTTTT-3’ [7]
1S903 1S903 Rev 5’-CATCATCCAGCCAGAAAGTT-3’ [7]
tnpAl IS903 Rev 5’-CGGTTGTAATCTGTTGTCCA-3’ [7]
pemK pemK F 5’-AGGGGAAATCTGGCTTGTCT-3’ [27]
pemK R 5’-TCTGTCGAAACAATGGGTCA-3’ [27]
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4. ESBL 78%t ZE ¥ CTX-M FEA FHTEX 24

TEM, SHV, CTX-M, GES % VEB¥ ] ESBL 445 PCR
2 A 3l AgE AMAE Table 13 ek ATQAITS
ST 100 2Lell A7 3 100°CollA] 1027 7FEste]
DNAE FZ33l, A48l 3 A A 1 £ LE template® A
2319k PCR HF-2 AJubA|2] melting temperature®} ZE-Ak
9] Z7]o) wel AlPel T, PCR WM& 9134l PCR
Premix (Bioneer, Chongwon, Korea) 20 #L tubeE A5} t}.
PCR AH=2 1% agarose (Qbiogene Inc., Carlsbad, CA, USA)el|
WAl Estel PR, $4 SFol $IF A DNA
extraction kit (QIAGEN, Hilden, Germany)< |83} %74
% geloll Al DNA Z8t0] 2471419 H-4j0] A-geigiel. o
AALE o e mE EARIS,

CTX-M 7412e] F#l 2% PCR mapping® %714 £
S Bl A8} 1SEcpl, 18903 B ISCRI 52 blacrxm T

Table 2. Types of ESBL produced by species

W 725 TAs= AE3E AUAlE Table 13 2}
5. Pulsed-field gel electrophoresis (PFGE) =4

A GAIFE AlGEA Xbal (Takara Biotechnology, Shiga,
Japan) 2. & *]2]s}o], contour-clamped homogeneous field ma-
chine (CHEF-DR II, Bio-Rad Laboratories, Hercules, CA, USA)
o7 A7|d-sstaion, Ao |42 Tenover 5{17]¢] %+
of| wgkek.

2 I}

1. ESBL MM&Et

F5E A FFE 90F(B6%)01N0 A, o|FdllA 29F
(12%)7} DDS Aloldet. FEHZE E cloacae 50F % 10
F(20%)7} ESBL& AAste] 7hd =2 vlE&-& Erk(Table
2). ¥4 M. morganii 505 FolA= g+ g SHko] ESBLS A

ESBL (No. of isolates)

Species No. (%) of DDS
(No. tested) positive CTX-M type SHV type TEM type Mixed ESBLs
E. aerogenes (50) 6 (12) - SHV-12 (3) TEM-52 (2) CTX-M-9+SHV-12 (1)
E. cloacae (50) 10 (20) CTX-M-3 (1), -9 (1) SHV-12 (3) - CTX-M-9+SHV-12 (5)
S. marcescens (50) 8 (16) CTX-M-3 (2) SHV-12 (3) TEM-52 (3) -
C. freundii (50) 4 (8) CTX-M-3 (1), -9 (1), -12 (1) SHV-2a (1) - -
M. morganii (50) 1 Q) CTX-M-14 (1) - - -
Total (250) 29 (12) 8 10 5 6

Abbreviation: DDS, double disk synergy.

Table 3. Characteristics of CTX-M type ESBLs in clinical isolates

. CTX-M Other UPstream of blacron , .
Isolate Specimen Ward type Bactamases Associated resistances
ISEcp! ISCRI
C. freundii 06-5-U664 Urine Hematology CTX-M-12 TEM-1 + - GEN TOB
C. freundii 06-5-U1734 Urine Medical ICU  CTX-M-9 - - + AMK GEN NET TOB COT
C. freundii 06-5-P448 Wound Oncology CTX-M-3  TEM-1 + - AMK GEN NET TOB COT
E. aerogenes 06-6-R756 Sputum Neurolgogy CTX-M-9  TEM-1, SHV-12 - + GEN NET TOB LEV COT TET
E. cloacae 06-2-R1363 Sputum Cardiosurgery CTX-M-9  SHV-12 - + AMK NET TOB LEV COT TET
E. cloacae 06-5-R1137 Sputum Neurology ICU CTX-M-9  SHV-12 - + NET TOB COT TET
E. cloacae 06-5-R468 Sputum GI CTX-M-9  SHV-12 - + NET TOB COT TET
E. cloacae 06-5-R1186 Sputum GI CTX-M-9  SHV-12 + NET TOB COT TET
E. cloacae 06-5-R1124 Sputum Gl CTX-M-9 - - + AMK GEN NET TOB LEV COT TET
E. cloacae 06-5-C242 Pleural fluid CCU CTX-M-9  SHV-12 - + AMK GEN TOB LEV COT TET
E. cloacae 06-4-P445 Wound Neurosurgery  CTX-M-3 - + - AMK NET TOB LEV COT TET
M. morganii 06-8-P334 Bile Oncology CTX-M-14 TEM-1 + -
S. marscecens 06-6-R1088  Sputum Pediatrics CTX-M-3 - + - AMK GEN NET TOB LEV COT TET
S. marscecens 06-7-B4288 Discharge ENT CTX-M-3 - + - AMK GEN NET TOB LEV COT TET

Abbreviations: GEN, gentamicin; TOB, tobramycin; AMK, amikacin; NET, netilmicin; COT, cotrimoxazole; LEV, levofloxacin; TET, tetracycline.
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(o o) e s =

int1 dfr16 aadA2 qacEA1 sul1

ISCR1

pemk ISEcp1 blacry.y orfd77  mucA

o

2. ESBL 7388 ¥ CTX-M MAMRFO| gA 2N

DDS A T 29 FollAl AR 2 PCR A% ¥
T blasuy 1657, blacrxwme 1457}V, blawens 5F°]At).
blages®t blaves B4 TFE ek 71 B4 lA
blasny YA TFF 165 F 155+ blasuv-1n2F 3714 Qo] 43|
3193, 8 = blasuv.2F DX blacrxwm A 1457 =
87} blacrxms®t, 45F7F blactxms® DA tH(Table 2).
blactxiz %A C. freundii®}F blacrxaia ¥4 M. morganii=. ZF
7—1L ﬂ' ‘zl‘%! 71:14%5] 9}‘:]' 5‘z|‘°ﬂ/q @%E{]_ blatem E—“l:{‘ blatems:
o AHEALk. blacrxms FANE AW FF F 67
blasiv-n e A1l AYAL Qigich.

blactsm SFAAE AW 14F 5 75+ levofloxacin, 125+
cotrimoxazole, 105+ tetracyclineol] WA o] i}, st
blactxamis FRAAE A M. morganiis A|Lgt BE FF7}
t}okst aminoglycoside @i Alloll WAl o] 9ick(Table 3).

3. CTX-M REXIe| FHTX 4l p =4 At

blactxm FAZE A5l A ISE #%37] #1381 PCR map-
pingZt A71AE EAE Al F 8FellA] F=E
blacrxamo FAAL B79] A5ollA & ISCRI, blacrxms (45,
blactxm12 (159) Y blacrsia (159)9] ol ISEepio] HE
S cKFig. 1). blacrxaws FAA}E A/H ISCRI 79| A7
oll= dfid163} aadA2 FRA} cassetteE 714 class 1 integron©|
1=k ol F 25F = A&t blacrxmo SHT T
Z5 B4 A3} orf3-like sequence’} EQlE|9ic) dhH
blactxms TAAZE AAER 45 F 359 1SEepl &FelA
pemK FAAY, blacrxas® SHFONA mucd A7 Q=9
t}. M. morganii T2 blacrxais SHTONAE 1S903-like ele-
ment7} AEE ATk WM blacremn FAARS] ArollE ISEcepl

orf3-like

blacrym

Fig. 1. Schematic representation of
the genetic environment of blacrx-m
genes. (A) C. freundii 06-5-U1734
and E. cloacae 06-2-R1363 (CTX-
M-9), (B) C. freundii 06-5-P448, S.
marcescens 06-6-R1088 and 06-7-
B4288 (CTX-M-3), (C) M. morganii
06-8-P334 (CTX-M-14).

—500 kb
E —400 kb
~
-
‘ —200kb
-~

—50 kb

Fig. 2. PFGE analysis of CTX-M-9 producing E. cloacae isolates.
Lane 1, 06-2-R1363; Lane 2, 06-5-R1137; Lane 3, 06-5-R468; Lane
4, 06-5-C242; Lane 5, 06-5-R1186; Lane 6, 06-5-R1124. Lane; M,
DNA molecular marker.

o] glalert integronolut thE IS 5o FHTEE ZEEA

ok
1‘6‘93;: .

blactxms TR S8 E. cloacae 65+2] %344 DNAS
Xbal2 2 *]2]3}lo] PFGEE A|8§3t v}, banding patterno] A=
Aolslo] o]F Tkl AHQl A o] = Ao E Ak

=9l ckFig. 2).
a1
ESBL A4 Alie] vl&2 A7} F35oll whz} xbo]7} 2],

19970l 4] 19993712 <=Z%] SENTRY ZE 18 FF o
Al K pneumoniaef’/] 49~454% E coli® 4.2~8.5%7}



94 Korean J Clin Microbiol 2008;11(2):90—-97

ESBL A4 o] A=, drl el Aesg ek A FellA] Hr|Ao
X} ESBL AAlo] o &3t Zlo g HuxQlrH18]. w4
AsiE) AIFRS] Aol sl ESBL A4 E. coli] H]&2
9~10.4%, K. pneumoniae 25~30%Z YENFETH19,20]. E.
coli®} K. pneumoniae ©]19]9] #EA% ESBL A4 H]&o]
7kt 9lgol HarE|glou21-24], F5olF <A
AmpC  B-lactamases AYAsh= Enterobacteriaceae®] ESBL
HlEof theiAle ¢edAl vyl Ak 2 o]l CLSIOIA E.
coli, Klebsiella spp. B P. mirabilisoll 3417 ESBL 7% 7|
& AL glew, AmpC B-lactamase”} vhgF AB4HE 7
5 ol& TFolA ESBL S HAEsy| JE7] widolrt
[24]. L8]} AmpC B-lactamase”} cefepimes E-3l8lA] Sa}
B2 cefepime T]2IE DDS AP 7§ olF TEolA
ESBL #HZ&o| gd5o] of] Aol ofsl Harxlict
[21,25,26]. ¥ dTtollA % ESBL 735 913l cefepime t]~=L
£ E3lslo] DDSE AlSsA T, 2505F FollA 2955(12%)7}F
ESBLS A8} aL, o] F 25% cefepime T12==0r oAl o9
o} gkE B Ao A = E cloacae F 20% (10/50)7} DDS <%k
Aoz 7h 8] ESBL XS eI, ol W 5(22]
o] By} fARE ZAag]rt

Tl 7= ESBLY oA TEM ¥ SHVEo| it
olglon} FHTE CTX-ME 9 Eel7l F73te] Harw|a 9lr}
[12,13,27-31]. & E{15]¢] ol wpaw T Fo e 2
E. colidlAl 7} &3k ESBLS CTX-M¥ ESBLo|gloH,
CTX-M-15, -14, -3, -9, ¥ -12 5 oJ&] CTX-M& ESBLe¢| 7=
=t v 5121 FH Bl K. preumoniae| A 7173 &3k
ESBLS SHV-120]2).9.1 CTX-M-3, -9, -12, -14, -15 So| 7
FE19095 Rskgih & ATl SHV ESBLo| 71
Bak9lo], CTX-MA ESBLo| 2 vgolgie). gl $4142
= SHV-127} 155004 A%5J0] 7h £33, CTXM.9 A
Aohe I 8FE F HAIE &gt SAA o E SHV-12
o CTX-M-9% -§Aloll s F57F 67 Ui+=ull PFGE
AT FAA AR Gtk Tl o] HaeAE
SHV-128} CTX-ME FAloll AAsl= E. coli$}t K. pneumoniae
7} B35 =1 cefotaxime¥} ceftazidimeol] B L% U4 o]
uE ols AT Ash} Selsvhn Sghials) wa
CTX-M-3 A #7145 )91, CTX-M-12 AA C. freundii
2} CTX-M-14 AA M. morganii7}t 27+ 3+ F4 2=}
CTX-M-12%= 2001 AlkollA xg 4% ESBLEZ 20064
TWOAE CTX-M-12 A E. coli®} K. pneumoniae7} K115
RO12,15,32], C. freundiiol A 7335 AL AA| 2z A
Zr e}

B Aol CTX-Me B3 1475 7ol blacrxm
AR T F2E FABIGI CTX-M:3, -12, -14 A4 6
FoN A= blacrxw 50N ISEcplo] QAL ISEcplell T 1S

7} AHYE 739= 9Tk C freundii 06-5-P44816, S. marces-
cens 06-6-R1088, 06-7-B4288 TollA] WrAH blacrxmsd T
HTEE B SLsISE, ISEpl Brells pemK 734,
blacrxams SHole mucd AAZE AAet. pemK A=
postsegregational killing system< codingdl™ plasmidE H4
slet=r] Fodghel33,34]. mucAdr LexA repressorol] 7 $Hs=
protein -frAAFo|tH33,34]. ©] F FAA= 19931 M. morganii
of[#] WFAE plasmid R446boll LHEZ EAsta U=,

blactxmss E38= <F 3 kb9 transposone| ©]& FAAF A
olell 4kql=l S5 3 AeH33]. ©]9}F 22 blacrxms®

oz
T F=2= E%"&,, EtoollA] Z2lE 779 blacrxws TH
TF29} 5L 7,33,34]. blacrxw: TR 7% 1SEcp!
o] Aroll e A IRleiglon, FH F2o Els 3t
F7HQ At 2o d Zle g At blacrxwas el
ISEcpl, 3ol 189030 U=l Zd, T 8l vl B
A HAZEH blacrxmis AR} 5AE T2 0H7,33]. 18903
blacrx-w14 “5]'%‘°ﬂ/<‘] %’%Kﬂlg«i %ﬂa}ﬂx]u&, Poirel %‘[35]% O]
IS7} blacrxm AR o] Foll= FofalA] ghrkar Harslel
t}.

3R 8FollAl HEH blacrxws TS el A= ISCRI
o] JA=E A}, blacrxm22t blactxwmot ISCRI= 7HAIL Y&
class 1 integronol] EAlls= A& &#{A] 9tk o] complex
class 1 integronoll<= 5° CS} 3° CS Afojol] tloksl gene cassette
7b EAls, A WA 30 CSek 7 WA 30 CS Atololl ISCRIZ:
blacrxm FRAATY $1x81+= Zlo] EAlo] St blacrxmos B
HEA © 2 In350|u} InS2101] AF4=lo] 4o, hlacrxmes In60
oi} 1 variantell EAfE= AR ML ¥ dek7,.9]. & A7
blactxmo B+ TFNE dfid169F aadA2 gene cassetteE 7H71
integrono] THAE|l o o] m60°l| Y& gene cassette®} 7+
93:‘:]'- O]%‘ 2_2,‘0”/(‘] blacrx-m _Z"Hd T25 5‘53],“5]'91{"13‘“,
blactxmo SHTollA orf3-like sequenceS 21333 21 In602]
7221 183000 B 7 WA 3> €S = A ¢k} Novais &
[36]% CTX-M-9 A4 #F5 d2o& 3k d7llA] 60l ck
i varianvh 98 Hskglon], ¥ AFelAst Lol
orf3-like sequence sH77} &A% A$% 9k

CTX-M-9, CTX-M-14, CTX-M-15 3 CTX-M-32 AJA! 7+
o] A= 54 plasmide} QA= o] 5ol HaEUcHI)
blacrxa15S] FAIA Q] AL incompatibility group FII (IncFII)
plasmid®] Ao} T Q= 7oz 44 ArH37]. Canton
52 199613 5E] 20031del] 2|Q) & WA blacxmol
FAH2 narrow host-range plasmid®] IncH129] w7} £19lo]
2l B sledeh9). £ dFolA] CTX-M-9 A4 E. cloacae=
PFGE o] A& Aolslod, blacrxmos HF3H= 5L plas-
mid7} AskE| & e g Azt

CTX-M ESBL A4 ¥+ vk Al Aol WAl 7+
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7} BrH9]. Golebiewski 5= ZZt=ollA] A plasmid
pCTX-M3l| blacrxam:2F 16S rRNA methylase 4221 armA
2 W2 ofe WA $AAH 7 gleka Hasigich3)
g CTX-M¥ ESBL A4 75 $ll= fluoroquinoloneol] thsk
WA nlgo] 2438, plasmidZ Zo|=]+= quinolone A
FAAR gnrolvt aac(6)-Ib-cr2F VAT ATA o] 9l go] &
A ArH39-41]. E AFNAHE CTX-M A FFE52 ami-
noglycoside$} fluoroquinolone, tetracycline B! cotrimoxazole &
ol WAQ 7397k vkt webAl blacrxws A3l plasmid
£ B4 Zerl 9om, 16S rRNA methylase, gnr 2
aac(6’)-Ib-croll tigt 7} A7} desicly Aas).
B AFellA] F501d AXMAA AmpC- B-lactamase A4
Enterobactenaceaeoﬂ/q CTX-M 245 A= 7571 &3
93, CTX-M F-4A= 1SEcp19} A=A AW complex class
1 integronol] S &1t} Enterobacteriaceae| X +
EsAl S7FskaL 94 CTX-M ESBLell thk A|&4 Q1 ZHA] 9}
xLu]-oﬂ PE A 9 plasmidel] thek £4o] Ded A
o7 Azt
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