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Abstract

Background f£-lactam antibiotics have been broadly used to treat gram negative microorganisms, which
resulted in the occurrence of antibiotics—resistant microorganisms. Microorganisms mainly achieve
resistance to antibiotics by producing B -lactamases that decrease activities of antibiotics. Various types
of CTX-M extended-spectrum £ -lactamases (ESBLs) have been known since CTX-M-1 and CTX-M-2
ESBLs were reported in 1996. CTX-M-14 p-lactamases were reported in Seoul and Cheju Island of
Korea in 2001. Until now, there has been no CTX-M type ESBL report in Korea. So, the research on the
identification of the CTX-M type ESBLs and their genetic types using E. coli resistant to or
intermediate to cefotaxime were performed. Methods Total of 365 isolates of Escherichia coli from
Kosin University Hospital in Busan for a six—-month periods were examined. Disk diffusion test for
antibiotics susceptibility, double disk synergy test for confirming ESBL, polymerase chain reaction (PCR)
for identifying genetic types of CTX-M ESBLs, minimal inhibitory concentration tests of CTX-M ESBLs
and isoelectricfocusing (IEF) for measuring the pl of §-lactamase were tested using E. coli resistant or
intermediate to cefotaxime. Results Thirty one out of 365 E. coli isolates were resistant to or
intermediate to cefotaxime. Fifteen out of 31 E. coli isolates resistant or intermediate to cefotaxime
were positive to double disk synergy, 6 isolates of which were positive to PCR by CTX-M-2F and
CTX-M-2R primers. MICs of cefotaxime to isolates carrying CTX-M ESBL were as high as =128 mg/L.
MICs of ceftazidime were relatively low as 2-64 mg/L. Isoelectric point was 8.4 for blactx-w-3 and 8.6
for blacrx-wi-15, respectively. Conclusion CTX-M-3 p-lactamase and CTX-M-15 pJ-lactamase found in
this study are genetically different from previous types of CTX-M-type ESBLs in Korea. Also newly
found CTX-M type ESBLs are expected to cause difficulties in the treatment of infections. So, extensive
studies on the prevalence, genetic types, and epidemiology of CTX-M-type ESBLs are needed to refine
the infection treatment.

Key Words : E. coli, cefotaxime, ceftazidime, CTX-M-3, CTX-M-15.
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Escherichia coli7} A4d3}l= CTX-M# Extended-Spectrum fB-lactamase
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TEM#  p-actamaset}.'” TEM® ESBLse F2

Enterobacter aerogenes, Morganella morganii, Proteus

" mirabilis, Proteus retigeri % Salmonella spp. & &<

e B9 AW Aol HnEdck” sHVE
B-lactamaset= TEM3 p-lactamase®}= ) Atz o
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A wAEUC}E B-lactamase?] CTX-M family= 7
SdAstd oz 1) CTX-M-13 CTX-M-38 EZ3e
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oA Zed A"
23 FiHo g Agsith

+  ampicillin,  ampicillin-sulbactam,

gaA fgaaz
cephalothin,

o o

cefoxitin, cefotetan, cefotaxime, cefepime = imipenem
t]A3 (o]4 BBL, Cockeysville, MI, USA)E A}-8-3}
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AedE FA

Lo

3. ESBL 44@%2| =0l

Double disk synergy Al@-& AMS-3H Tk Ald Ff
NS HEOZ Mueller-Hinton 3Hdo 1124 HESH
&, WX T
UL, BBL, Cockeysville, MI, USA), 71 F9jol&= 30 1
L%} cefotaxime, ceftazidime % aztreonam U A3 S
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4. Eoll ofet Ly ®E
| Hang) e Fxsteld Agstan.”
Azideo] W49l E. coli 1532 WAFARtE AE-3E)
fom, WAdFARe FAxE A2t brain  heart
infusion (Difco, Cockeyville, MI, USA) o} A|u]jx]o} A
zaholA 347 ARGt Beld wd 02
mLo} Fodzl v 22 mLE AP wojA 37
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Escherichia coli7} 433t CTX-M3 Extended-Spectrum {-lactamase

Table 1. Nucleotide primers used for detection of CTX-M-J lactamse

Name Nucleotide Sequence Acgggiinl&o. Product Size(bp)
CTX-M-1F 5’ -atgatgactcagagcattcge- 3’ AJ272538 893
CTX-M-IR 5' -tcgetecatttattgeatca- 3°

CTX-M-2F 5’ -cccatggttaaaaaatcactg- 3’ AF488377 891
CTX-M-2R 5’ -ccgtttcegetattacaaac- 3’

CTX-M-3F 5’ -gattgaccgtattgggagttt- 3’ AF174129 909
CTX-M-3R 5" -tattgagagttacagcectteg- 3’

CTX-M-4F 5" -atgttaatgacgacagectgtg- 3’ AY157676 689

CTX-M-4R 5’ -ccgettttatceecgaca- 3

colony forming wnitg A|@&HA7F Z4zh 0.06-256
mg/llL E=Z F-F¥ Mueller-Hinton 3HHo] Steers
replicator (Craft Machine, Chester, PA, USA)E HZE
st 37C 5714 7oA 18A1ZF Wi F
1 o W Fgo F4 e AFsIET F

F91 E. coli ATCC 25922¢] 7+4A3L FAd] A
@5}935}.

6. Isoelectrofocusing (IEF)O} 28t EXH(pl) &4

M7t crude extract 10 uL9} F2¢] sample buffer
(TEFCO Corporation, Tokyo, Japan)&
gel (pH 3-10, TEFCO Corporation, Tokyo, Japan)ol]
100V 1A]17F, 200V 1A)1ZF 2 300V 4087 9%
3} th. Nitrocefin (OXOID, Hampshire, England)ol] Z
A AFARZ gel& Ha 2027 GA5tATE Gelol
vehd 2249 bandE #E3te] B-lactamase?] pl
2 Felssch

2o} agarose

7. Primer 9t

CTX-M%  B-lactamase  F-2A9]
GenBank (http : /fwww.ncbinlmnih.gov)oll 4 28ttt
DNASpace version 3.02 (Genetic Systems, Hitachi,
Japan)9} Vector NTI Suite (InforMax, Frederick, MD,

F7IMEE

USA)E AF-3) multialignment £ Aylo] 7]z31
CTX-M3 p-lactamase SHA}o] Eo]F¢ HES

primer® 98} tHTable 1). 319+E  primers}
CTX-M3& pB-lactamase -SH2 @|ri¥E THL
BLASTZ E25}9th (http : //www.ncbinim.nib.gov)

8. EAMYESN Yol oeh g v

PCRA| Y M-S Tryptic Soy broth  (Difco,
Cockeyville, MI, USA)el] &3l 37CE 354 A
gl sieich Bl | mLE Hsied SE7 13,000
ez QAN AHAL meln, A FRe
500 WLl RFAZCH o 1087 B F, 13,000
Xg2 A8, 4N H3h DNA 259 5 )L,
primer Z} 1 pL, deoxynucleotide triphosphates 2.5 mM
(8 pL), Tag DNA polymerase 2.5 U (0.5 pL), 10X
buffer 10 pL ¥ &H4 2 CTX-M3F ESBLY #-A
g2 ARk 755 ILE EF] pemixg TS
Al ©]E Gene Amp PCR System 9600 (Perkin-
Elmer Centus Corp., Norwalk, CT, USA)S. & 94T =

307t denaturation, 58 CE 147 annealing, 72TC=Z
187}t extensiond} 35 cycle®] PCR-E Al#)3}sict
ZEXNE 10 pLE 2%
Madison, WI, USA)oll 4087 &7l 958l =22
E9] bandZ 3<¢13tl PCR ZZALE-2 Sequenase
Version 2.0 DNA sequencing kit (U.S. Biochemicals,
Cleveland, OH, USA)E ©o]-&3}s dideoxy-mediated
chain termination HC 2 \UAMEE oo g B

EEEL

agarose gel (Promega,
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coli 3655 & E. coli 315(8.5%)7} cefotaxime®l]
7F Z& WAgdolddnh

2. ESBL M4 &olat Mg 2ot e M
Cefotaxime®] F7F && WASl E coli 315 5 15

Z7} double disk synergy ¥AdolTh ©] T E coli

359] cefotaxime WAJ©] recipient?] E. coli J532.2

Zil=gcloie 2

ro

3. ESBL |8 ™

Double disk synergy ¥4Q E coli 155 5 65T
CTX-M2F @ CTX-M-2R primerE ©]-&3%F PCRO] %
Aur-e-S BATh CTX-M-1F9} CTX-M-1R primer,
CTX-M-3F$} CTX-M-3R, CTX-M-4F$} CTX-M-4RZ
0]&-3 PCRol ¥AHHE-S HJl FF= th CTX-
M-2F9} CTX-M-2R primerd] 2]& PCRAFE 5 E
coli 13+(K17391)E blactxmsSF UH A 5579 AHE2
blactsmis YA 83T (Table 1, Fig 1, 2)

M123456M

Fig 1. PCR for identification of CTX-M type ESBL;

lane 1 and 8, M : molecular size marker;

lane 2, 1 : plasmid from ESBL producing E. coli (K12241);
lane 3, 2 : plasmid from ESBL producing E. coli (K12776);
lane 4, 3 : plasmid from ESBL producing E. coli (K14911);
lane 5, 4 : plasmid from ESBL producing E. coli (K16875-1);
lane 6, 5 : plasmid from ESBL producing E. coli (K17391);
lane 7, 6 : plasmid from ESBL producing E. coli (K18585).
The numbers to the right and left of the gel are in base pair.

4. MIC ¥ pl

CTX-M%¥ ESBL Tl
cefotaxime®] MICE =128 mgll =
ceftazidime®] MICE 2-64 mg/LE AT og dgt
o isoelectric focusing® 2 blacrxms TAAE A
W FFolA= pl 84, blacrkms TRAAE AW o
NME pl 8.69 B-lactamase bandE 27} <l
211k (Table 2)

FAAE Ad

Z

K

ozl 1 7ol AHEEA ¥EAA Fe CTX-
ESBLE plasmide] "i7H% 1 class A ESBLO]
t}. Cephalosporin T30 i3] 7t5=a) &4
.

<

T AE, carbapenem3} cephamycin®l] th ¥

i o I

o] E4¥E FE Salmonella enterica®t E. coli®l| A

DA QAT TheFst GuAldolA] o] Zart
aEo] gith o] &4 ¢ TEM ¥ SHVE ESBLI
o] AEAFL g 40%2 1thA YHSA AT
gohl? gy K

Proteus vulgaris, L Serratia fonticolaolx] L7AH ¢
8

3
3
A
Ao glom, clavulanic acidol]l &J8]A EAdo] A
o
pr
=
H

oxytoca, C. diversus,
A A class A cephalosporinases= 3338 FAMIS
st g 73-77%9) AEAE HAT? HId|
£ Humeniuk 59 2]3] Kluyvera ascorbata®] 348
AmpC 49 CTX-M &4 Apold] ol LH3h
AEAe] Bialxo] o] #Fo] dF CTX-M &
71902 AAHEATL? CTX-M ESBLL dutzo=
ceftazidime .0} cefotaximeo] © & AL 747k
CTX-M-159} CTX-M-16 B-lactamase™ position 240°]]
A olm|:Aale] X (aspartate—glycine)©] EA3l=
g, o] X9 U¥ TEM/SHVE ESBLY] ceftazidime
g F23 9L e AR dHA Urh22)
FxAo 2 FAFSE p-lactamase$]l CTX-M-15 49}
CTX-M-3 EAS Aty AFoM CTX-M-15=
CTX-M-3RT} B-lactamoll sl © & 3z E

o

S
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Escherichia coli7} A433F= CTX-M#¥ Extended-Spectrum (-lactamase
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Fig 2. Sequencing for identification of blaCTX-M-3 gene for CTX-M-3 beta-lactamase

Table 2. Antimicrobial susceptibilities and IEFs of CTX-M- lactamse positive E. coli

MIC

Lab No Specimen

PIP PIPTAZ A/S CFP

CEP FOX CAZ

1
CIX FEP ATM IPM P

K12441  E-ube* fip >256 32 64 256
K12776 utine >256 16 32 >256

E. coli

K14911 E-tube tip  >256 8 32 >256

K16875-1 pus >256 8 32 >256
K17391 urine >256 32 32 >256
K18585 urine >256 16 32 >256

>256 4 3
>256 4 64
>256 2 2
>256 8 8
>256 16 64
>256 16 8

>256 64 64 0.25 3.4
>256 256 256 025 84
>256 64 32 0.25 8.4
>256 256 64 0.25 8.4
>256 128 128 012 8.6

128 128 64 0.12 8.4

Abbreviations of antibiotics are as follows ; PIP : piperacillin, PIP/TAZ : peperacillinftazovactam, A/S @ ampicillin/slbactam, CEP :
cephalothin, CFP : cefoperazone, FOX : cefoxmn CAZ : ceftazidime, FEP : cefepime, ATM : aztreonam, IPM : imipenem

* : endotracheal tube

2
o
=
>
4

BT ceftazidimeS 7}-ES & 4+
of A extended-spectrum cephalosporino] W/g< e}
9 g e gAlEET?

CTX-M¥ ESBL 1989 =JolA £ E coli

oM g TAHALH, olF /1, oL &

opAjo}, ofZ 7} F
Atk CTX-M-type
AL el FollA
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b, & dEAN FHFHoZ FIHe Y¢S B
Th* 19907} 1995\ Alolo] K E wulel o8}
=, olggo}l, olZdEY, Tl o]zl
JEA A CTX-M-1, CTX-M-3 & Toho-19] ©X] 37}
o] CTX-M Fa7h 94 ZAAdM a=Adn®
19981 o]FEE CTX-M-3, CTX3-like, CTX-M-3-4~
17, Toho2 @ Toho37} F7t& Zgh=, z}g|njo},
Aol ag]a, B, 299, Avk, 2 S5 5
M BuE e

FHo 2a)® CTX-M-33 CTX-M-15 pB-lactamase
& AR, T2 CTX-M-15 A4k F59f 1t
odo] BuHUT™ Edelstein So] #Alo}o|A E
coli ¥ K. pneumonia Wzl TFFAA Asd
CTX-M p-lactamase’} thE-E CTX-M-3¢} CTX-M-15
B-lactamase )-8 #ol3ttt” =l siivicle] ESBL
< Asle #F F CTX-M-3 A4t 75, CTX-M-
14 A @5, 2 CTX-M-15 A4k a7t 242 1
I, 150, 1EF2 =] W A9ty ol
CTXM Zzo) Ast 7540l GAFAG”

ofAlotofl A= 19931 Ao A Toho-1 ESBLS- A
d3}E E. colizt HE]d AE EFE, v, 5 F
oA thFsk CTX-ME ESBLo] H et o
$eljAl= Yan So] E. coli®) CTX-M-33 B-lactamase
2 2ZM He nusigoen Hz FIo
ESBL A4t @79 BAHIE ZAboA CTX-M3 B
-lactamase?] B]go] ESHth32) ZUdiAE 2001
CTX-M-14-B-lactamase”} 532 7|7t ¢t A= &
AgQA 2HEJEH, olF AHEY ofrxAit Wi
o] 2#¢lA EH CTX-M99} 3 F(Ala-231—
Va)ol| A @gtom, 34} sjge] 2ol %= (accession
no. AF252622)3 <E(accession no. AF311345)0f A
289 A A

B A7 BEA F£F2FoE CTX-ME ESBL

wa R 3R

2

£ 4EFE Uitk 94 A A CTX-M group-
Z2 $ZHXN BuFE Aotk K ascorbatad| A B
AEH AL 2% Zgiox By @ A0F kluA-l,
2, 3, 4, 550] 9lon, CTX-1(MEN-1)T} 84%<] 4%
Aol ¥ CTX-M-2, 237HR| serineo] alanine®. 2
A3E By B CTX-M4 So] drld 2gaog>?

F WA groupe FHAHT Folro} F oz}
oA BE® Aozm HE CTX-MF ESBLY
CTX-M-1(MEN-1),* Z@z o) 7#AZ" CTX-M3”
ox oA AT CTX-M-15"Y CTX-M-39} 99%2]
A7INE ASAL ke CTX-M-10,37) Arkela] &
Axo] K pneumoniaed] 23k o} g7} FHxo F
o] Al#E Y7l CTX-M-12 Z12]3 Toho-150]
o}7le] @tk Al WA growpe 8, Fr] € @
aleA 2 B3 3 9k ofr|dle HakdelA
WA E CTX-M-87 7Utiol ] Bu B CTX-M-25,
260 Yok vl WA groupe FEFH olalo} 2z
3w AR Ao AN EelE AEE
2H QoA BAE CTX-M994Y ZZeA] B 15 0]
rle] A vigshu foly Hrle] RAie oE
Aoz LA CTX-M-13Y Heldoda B3 d
CTX-M-16,"" wlEdeA wA®E CTX-M-17 5o
3, JBoA wAFo] Toho-13} 76%2] A7 <Y
AEAE Kol Toho2E primer I9HS- 9%} groupdt
AMe 2e dor BHHA Ragoh”

ol¢} & EHEE 43l CTX-M¥P ESBLA
A2E 7] 9438 primerE 1H3IAh 99 ERE
H}E}o 2 PCRE A3t Ay} CTX-M-1F$} CTX-M-1R
primer, CTX-M-3F$} CTX-M-3R primer, & CTX-M-
4F9} CTX-M-4R primerE ©]-£3+ PCRoj] %UAL H
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