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Background: Among Gram-negative pathogens in Korea, the incidence of resistance to third-
generation cephalosporins is becoming an ever-increasing problem. This study was designed to
determine the prevalence of third-generation cephalosporins-resistant Escherichia coli and Klebsiella
pneumoniae isolates from patients in a tertiary care hospital in Busan, Korea, and to characterize the
mechanism of resistance.

Methods: A total of 710 E. coli and 237 K. pneumoniae non-duplicate isolates were collected from
patients in Kosin Medical Center in 1999. Antimicrobial susceptibilities were tested by the disk
diffusion method. Extended-spectrum S-lactamase (ESBL) production was determined by the
double disk synergy test. MICs were determined by the agar dilution method. Searches for bla,,,,
blag,,, and bla.,, genes in cefotaxime-resistant or intermediate isolates were performed by PCR
amplification. PCR products were used to determine the sequence of resistance genes by the
dideoxy-chain termination method.

Results: Seven percent of E. coli and 25% of K. pneumoniae isolates were resistant to cefotaxime.
Among the isolates with decreased susceptibility to cefotaxime, 69% (18/26) of E. coli and 80%
(20/25) of K. pneumoniae isolates showed positive results in double disk synergy test. Banding
patterns of PCR amplification showed that the bla,,, blag,,, and bla,, genes were harboured by
71% (20/28), 86% (24/28) and 14% (4/28) of isolates with decreased susceptibility to cefotaxime,
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respectively. Seventy-one percent (20/28) of the isolates contained more than two types of -
lactamase genes. Nucleotide sequence analysis of PCR products revealed that blag,, , and bla,,, ,

were the dominant types of S-lactamase gene. In addition, we also identified bla,,,, ,, bla

new ESBL gene named bla,,,, .

e @and a

Conclusions: Third-generation cephalosporins-resistant E. coli and K. pneumoniae are wide spread
in Kosin Medical Center, Busan, Korea. Most of the isolates with decreased susceptibility to
cefotaxime had bla,,,, and/or blag,,, and some isolates harboured bla ,, genes that may confer
resistance against cephamycins. The spread of these B-lactamase genes could compromise the
future usefulness of third-generation cephalosporins for the treatment of infections caused by E. coli
and K. pneumoniae. (Korean J Clin Microbiol 2002;5(1):06-14)
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lactamase A /Joll 3 Al o] Aol gt d= J5
3t #F7F 57434 t}. Broad-spectrum fB-lactamase ™=
penicillin, & ¥ ¢ cephalosporin, cefamandole &
cefoperazones &2 0 2 7}4E3] g 4= 9 t}3]. TEM-
1, TEM-2 2 SHV-1& 1 t® 29l djo]t}. 2g A=
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1. E. coli®l K. pneumoniae2l 22| ¥ =X

1999 0] male] g9l gxto] 17 HA A Eed E
coli®} K. pneumoniaes 74 2. 2 sttt Eeld 453+
=9 gastol N aRSALEUS FAekn, A5

HFH 1] 2 Vitek GNI card (bioMerieux Vitek Inc, Haz
elwood, MO., USA)E A}-&-3lod A &4 3ttt &dgat
oA W BelE R A ool A Alsl skl o,

2.

0

oH 2 Al

Yoz sy o A@etathisl. 3, A@AF
MacConkey &+ (Difco, Detroit, MIL., USA)<l| 7] th vlj 01:0}
AA 10 SYE PSS W TP oz AH D T, Tryptic
soy broth (TSB, Difco)el] % <38}o] McFarland no. 0.5 &}
T2 Ut Al A HE o 2 Mueller-Hinton

Eigal (leCO)Oﬂ A &, oA g3 s sdoh Al
ol FH A= 35C 7ol 1873t v Fstar, 2t &
7] 23 96 A7 AAe) 278 230
g1t Al Yl A3 2 & ampicillin, ampicillin-sulbactam,
cephalothin, cefoxitin, cefotetan, cefotaxime, ceftriaxone,
imipenem, amikacin, gentamicin, tobramycin, ciprofloxacin
2 trimethoprim-sulfamethoxazole t] 2~ = (°]”} BBL,
Cockeysville, MIL., USA)S A}-&-3}3it} Ao 3 8A] S
98t} thxF<1 E. coli ATCC 259229] 744 S T4
o A% skt

ZA29Hs=(minimal inhibitory conc-
entration, MIC) &3

PSP o AFSATHI9]. AQFTA ==
amoxicillin (3}, A £), amoxicillin-clavulanic acid (2 4],
o}41), cefoxitin (Merck Sharp & Dohme), cefotaxime (3+%=,
A1 E), ceftazidime (3H7], &+A)), aztreonam (Fo}, <k4h),
cefepime 3 imipenem (59|, Al &)& AFE-3FATH Al g o
&+ 104 CFUE Steers replicator (Craft Machine, Chester,
PA., USA)% Al & &3 4] 7} 212} 0.06-256 pg/mL 5%
&+-3-% Mueller-Hinton 3l o] H 3ttt 35CE &7
g B A 18A1ZE wi F = o] T2 e wEst
o HLqAsEE B AT A =He & 96t =z
T2 E. coli ATCC 259225 FA] o] Al @351t}
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Cefotaximeol] =3+ =& WA #+5
Jarher 52019 HHH o 2 Al E3Eth =

S FH o7 2433 3, TSBol| %] =3}o] McFarland no.
0 S5E BEE gtk AT T%@,l S HE o & Mueller-
Hinton 3+ o] 27 HF3 T, A9 =YL&
amoxicillin-clavulanic acid (20/10 g, BBL), 7L 9] &
30 pg2] cefotaxime, ceftazidime, ceftriaxone 2 aztreonam
Y23 (o] BBL)E st 43 3 tl==e 7H
Zhe] ZHA & 1.5 em7t H A shdnh Aldte] HEE wiA]
© 35C &7l 18AIZF v & AHE #=sisl =T,
T Y23 Alo] o A s E e o & Ao E3d
o] #FHH FH o2 A3t
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ruTo
o

Cefota)ﬂmeoﬂ Z7 e Ao FFE gatez AlE
At AES 98l A3} primer+ Table 13} 2 TH21].
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primer Z} 1 pL, deoxynucleotide triphosphates 2.5 mM (8 u
L), Taqg DNA polymerase 2.5 U (0.5 pL), 10X buffer 10 xL
2 ZFHF 755 L2 EFE] pemixE WHET) o] &
Gene Amp PCR System 9600 (Perkin-Elmer Centus Corp.,
Norwalk, CT., USA)2. 2 94C & 30% 7} denaturation, 58 C
2 187t annealing, 72°C 2 153} extensiond} & 35 cycle
o THAMNTEE AAsAT SHAAE 10 1L E 2%
agarose gel (Promega, Madison, WI., USA)2] &9l ¥ 31 40
3t A9 FstA A TF4E 2] bandE &<l 6HSA T

l

6. HIIMLE 2N

ZZ % PCR 2HE 9] A}8-5 %] ¢&& deoxynucleotide
triphosphates& A A3l7] flalA] SEAEZ 25 M
ammonium acetate &} F @ 2] ethanol (-20C)¥} Z33}<]

A-goll 1587 H F, 13,000 Xg= 1587F 3 sfo] 4
ZAE g AHAES 3} FAAFS 70% ethanol £
A2 %, TE buffer (10 mM Tris HCI, 1 mM EDTA) 20 uL

o FfHaAT FEAES AVINE S
Version 2.0 DNA sequencing kit (U.S. Blochemlcals,
Cleveland, OH., USA)E o] £3}o] 4] dideoxy-mediated
chain termination Y [22] 2 & £A13}9] ).
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Table 1. Nucleotide sequence of the primers used for amplification

Primer name

Sequence*

Nucleotide position T

bla,,,

Tl

T2

T3

T4
blaSHV

S1

S2

S3

S4

bla,,

Cl

C2

C3

C4

W L W D

W L W

" -AGAGTATGAGTATTCAACATT-3

" -ATAGTTTGCGCAACGTTGT-3'
" -AGTCACAGAAAAGCATCTTA-3
" -ATCTCAGCGATCTGTCTAT-3'

" -GGGTTATTCTTATTTGTCGCT-3’
" -TCATTCAGTTCCGTTTCCCA-3’

" -~AGATCCACTATCGCCAGCA-3’

" -TAGCGTTGCCAGTGCTCG-3’

" -GAGCAGACCCTGTTCGAGAT-3’
" -GATTGGCCAGCATGACGATG-3'
" -TACTCCAACCCCAGCATAGG-3’
" -CCACATAGGCGCCAAAGCC-3

204
782
523
1041

58
624
393
987

570
1416
852
1371

* Primers T1, T3, S1, S3 and C1, C3 are identical to the leading strand; primers T2, T4, S2, S4, and C2, C4 are identical to the

lagging strand.

+ Numbers correspond to the position of the first 5 base of each oligonucleotide according to the numbering of the nucleotide

sequences of V01119 (bla
C3, and C4.

TEM-1a

) for T1, T2, T3, and T4; M59181 (bla

v for S1, 82, 83, and S4; X92508 (bla,,,, ) for C1, C2,

Table 2. Antimicrobial susceptibilities of E. coli and K. pneumoniae isolates from clinical specimens®

% resistance

Antimicrobial agents

E. coli (n=710)

K. pneumoniae (n=237)

Ampicillin 79 99
Ampicillin-sulbactam 40 24
Cephalothin 56 22
Cefotaxime 7 25
Ceftriaxone 52 6
Cefoxitin 12 10
Cefotetan 2 2
Imipenem 0

Amikacin 4 12
Gentamicin 37 22
Tobramycin 24 24
Trimethoprim-Sulfamethoxazole 63 22
Ciprofloxacin 3 26

* Strains were isolated in 199
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Ell
.—>'|_—.
I
4>
0x
e
0z

Al 717F 5 & 710529] E. coli®} 23752] K. pneumoniae
7F A3 A A AN A Bl E A} E coli$t K. preumoniae®)
cefotaxime WAl && 22t 7%} 25%, cefoxitin WA &&
12%9} 10%% TF. Imipenemol] WA <l FF& Fal¥ ] ¢
SkT} (Table 2).
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Table 3. Resistance genotypes of E. coli and
cefotaxime isolated from clinical specimens

o
, HEE

K. pneumoniae strains with decreased susceptibility to

Frequency of resistance genes

Species
blaTEM blaSHV blaCMY blaTEM+blaSHV bZaSHVerlaCMY blaTEM+blaSHV+bla(7MY
E. coli 2 1 1 7 1 1
K. pneumoniae 0 4 0 1 0 10
Total 2 5 1 17 2 1

1 r 3 4 5 6 7 & % 1011 1213 14 1516 17

578 hp
™ 518 hp

1 * 3 4 5 6 7 & ¥ 10 111 13 14 15 16 17

- gy T g T e S g T gy g

1 3 4 5§ & 7 % 2 10 11 1213 14 15 16 17

Fig. 1. Detection of amplified products of TEM,
SHV and CMY genes after 2% agarose gel

electrophoresis. Lanes: 1, DNA molecular
weight marker XIV, 100 bps ladder DNA
(Roche);
isolated from clinical specimens. A, amplified
products of TEM genes.

2-17, E. coli and K. pneumoniae strains

Even numbers are
products by primer T1 and T2, and odd
numbers are products by primer T3 and T4:
B, amplified products of SHV genes. Even
numbers are products by primer S1 and S2,
and odd numbers are products by primer S3
and S4: C, amplified products of CMY genes.
Even numbers are products by primer C1 and

C2, and odd numbers are products by primer
C3 and C4.

2. Double disk synergy Al
Cefotaxime©]] =7t 5 & A2l E. coli 265 ¢} K.

S A2 A@etl e, o] F E. coli
185 (69%)} K. pneumoniae 205 (80%)7} double disk
synergy 443 o] 1t}

pneumoniae 255

3. Y ®dd

Cefotaxime©l] =7t 5 & YAl E. coli 1359} K.
pneumoniae 15572 WA F43 & PCRE A @A th
(Flg 1). E. coli$} K. pneumoma e 2V 2+ 105+ bla,,, 979
5% blag,, 359 1= bla,,, AR &Fd oA
laTEMJ"Jr blag, | FAl &A1 A7} E. coli 759} K.
pneumoniae 102 7} &390 21, 157+ blaTEM,
blag,, R bla,,, A BF &Fd o] th(Table 3).
blag,,, A} F2d Q1 5ol th gk cefoxitin?} cefotetan2]
MIC3= 7}7} 256 pg/mL ©] 4+ 9 64 pg/mL ©] 4} © 2 bla,,,
3L blag,, AR AT FAJ N TS} 32 pg/mL o] 5} L
4 pg/mL o] &}1H] Bl ko] A A 51| 3=k TH(Table 4).
E coli 53¢} K. pneumoniae 25+2] TEM % SHV #7414
< A7 E B S F3lA skt blag, ,,7} E. coli
5—r9‘r K. pneumoniae 15 4] AEF AN 7173 &

]’MJ—

bla,,, s, bla,, ,, 2 blag,, .= 7 %% 2 tH(Table 4). bla,,,,
e blag,, ,© 51284 A7]E (G—A) 3 Hold 9

3| A TEM-19] 104 7] o}m] =2kl Glu7} Lys& X| 35
Kow, bla,,, o B84 73 o A Wo] 7} LA v
(C226—T, C436—T, A469—G, G604—T, C682—T, T863
—C 9 TI85—-C) o} = 4k X| $ho] FHIe| x| - Al 2&
-7 & o] 21 t}(Fig. 2, Genbank accession No. AF264753).

]

a

A&7 = 2y E. coli®} K. pneumoniae?]
cefotaxime WA €& 22 7% &} 25% 0] ] 2.1, cefotaxime
o 7t & WAQl E. coli 265} K. pneumoniae 25
% E. coli 185(69%)%} K. pneumoniae 205 (80%)7}
double disk synergy A o]t} wheba 1999 mAlQ] g
oA 2] H E. coli®] 5%°} K. pneumoniae2] 20% 7} %

€
7}
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TEM-17b
TEM-17

agagt atg agt att caa cat

TEM-17b ttt  geg gea  ttt  tge  ctt cct
TEM-17b gtg aaa gta aaa gat gct gaa
TEM-17b tac atc gaa ctg gat ctc aac
TEM-17b cgc ccc gaa gaa cgt  ttt  cca

TEM-17b cta tgt ggt gecg gta tta  tec
TEM-17 ggc

TEM-1b
TEM-17b ctc ggt cgc cge ata cac  tat

TEM-17b tca cca gtc aca gaa aag cat

TEM-17b gaa tta tgc agt get  gec  ata
TEM-17

TEM-17b aac tta ctt ctg aca acg atc

TEM-17b ttt  ttg cac aac atg
TEM-17

ggg  gat

TEM-17b gaa ccg gag ctg aat gaa  gcc
TEM-17b acg atg cct gea gea atg gca
TEM-17b ggc gaa cta ctt act cta  get

TEM-17b atg
TEM-17

gag geg gat aaa gttt  gea

TEM-17b ccg  get  gge  tgg ottt att  get
TEM-17b ggg tet cgc ggt atc att  gea

TEM-17b tcc cgt atc gta gt atc  tac
TEM-17 att

TEM-17b gat gaa cga aat aga cag atc

ttt  cgt gtc gee ettt att  cec  ttt 247
ttc

gt ttt gct cac cca gaa acg ctg 292
gat cag ttg ggt geca cga gtg ggt 337

agc ggt aag atc ctt gag agt ttt 382

atg atg agc act it aaa gt ctg 427
cgt gt gac gec ggg caa  gag caa 472
gaa
gag

tct cag aat gac ttg gtt aag tac 517
ctt acg gat ggc atg aca gta aga 562

acc atg agt gat aac act gct gec 607
gcg

gga gga ccg aag gag cta acc get 652

cat gta act cgec ot gat cgt tgg 697

acc
ata cca aac gac gag cgt gac acc 742
aca acg ttg cgc aaa cta tta act 787
tcc cgg caa caa tta ata gac tgg 832

gga cca ctt ctg cgec teg gee ctt 877
ttg

gat aaa tct gga gcc ggt gag  cgt 922

gca ctg ggg cca gat ggt aag ccc 967
acg acg ggg agt cag gea act atg 1012
gct  gag at 1041

Fig. 2. Nucleotide sequence of the TEM-17b gene of E. coli K2740-1. This gene showed a point mutation from G to A at

position 512 with respect to bla,,,,,,

which result in one amino acid replacement Glul04 to Lys, and seven silent point

mutations with respect to bla,,, ,, (Genbank accession No. AF264753). The initiation codon is indicated by bold face. The

nucleotide numbers of Sutcliffe are indicated in parentheses.

o] ESBLE AA3tE Aoz =25, o= 1999 £
S23]0] A= 127 MY S g e ® A Ht ESBL
A& 9.8%%F 25.6%0) vl A & FA] otk W

QA7) ESBL 4719 22 plasmidel] o8] 4] Ho] 5 &
amikacin, gentamicin, tobramycin &

Al e WAEE= A= F ol

aminoglycoside| &
Hlg| A e Aeks

By}
Double disk synergy %¥/d ¢l 245 2%+ bla,,°l Y
blag,, +AA & 3t} Z& Fap E_-‘%% ZEa hlvt

Double disk synergy 573 ¢l 45 F 3% bla,,,, F+HAAE
AY L AR e, 15 (E. coli K4037)°ﬂ/‘1% o] FHAA7}
AZHA Fgkerm 2 thE 5139 AmpC S-lactamase

’g‘}‘g}“]i"}}\f%‘l‘i‘r‘ ﬂo“q— bla(My ;1<_ ]'oo]:}‘ci?lﬁ
o] t 3} cefoxitin@} cefotetane] MICE= 24121 w59
Hg| A Egkton, ol 4 4] 7| 5o u &l

RAow Yzhe

Double disk synergy /4 91 75=2] ESBL f-# 2} &4 7] A
A4S BN &, blag,, 2 blag,, 7t 65, blag,, 7} 1
FollA HEH At} o] Aol A nAll B dA E2lH
£ Al 2] SHVE ESBL- SHV-1 — SHV-2(Gly238—Ser,
HZE5 A &Fg) — SHV-5(Gly238—Ser + Glu240—Lys)
— SHV-12(Leu35—Gln + Gly238 Ser + Glu240—Lys)2]
Lo g Waste] ge8 =23 4 9o, Leud5—Gln
of A ghell olaf A W Fd =7 TS Aall 2l SHV-12



E. coli®} K. pneumoniae®] W33k} 7]

7hEatE 1 glEE @ 5 U

bla,,, o2 = bla,,, 7t 45, blaTEM527} 2T A HEH
e, E. coli K2740-19| A &= A 28 TEM& ESBL 53
A7y A Q. blay,, ,, A A= Capnocytophaga
ochracea®| ] A& % v} 9l o, TEM-12] Glul047} Lys
2 289 Ao|th24]. E. coli K2740-19] 4 7 =9 bla,,,
& blayy,,, 3 oFe] e A A & ot G714 TEE 7
Aol 7k QAN bl = WL o] F 4714
2261, 43691 2 604¥1 9] A WAo|= blay,, MM = Fz
e Aot e g Ao EelH = TEM¥ ESBL
A2k blay,,,, o1 G1u104—Lys) — ob A=+
2] ke 2 44 AHGlul04—Lys + Met182—Thr -2
Met182—Thr + Gly238—Ser) — bla,,,, ;,(Glul04—Lys +
Met182—Thr + Gly238—Ser)2] A1 2 H3le] & Aoz
F2H0.

A s DA RN R E colish
WA se

— bla

K. pneumoniae % ESBL&
Gatel vlefA wou, 7 FHEe 1=WE S

}‘i_ blaSHV—IZq— blaTE’VI5Z ]— —é‘@—% Q-?lg— ‘{T: 3}]\91 . 5_ 11—
cephamycin®] g W& F&35t= bla,,= EE8A &
2% L 5 AU B AN A& AEE blag,,, 5
TEM3 ESBL §#le] Wal 914 < dnjsli=y 2 =9
ol & Ao g 7y g}

2 o

i & :dd HAAA Bl e 28342079 Al
At cephalosporine]] thak WA &2 F71E dA4F o
Q2 BAoITh B AT ML A 3 jEhg g
A B89 Escherichia coli®} Klebsiella pneumoniae
2o 2 A 34t cephalosporinA] & A WA &3S
Abeta, 2 WA 71 & g st Al 5F o

HE H : 19993 pAlo g Ao EE ¥ E coli
71052} K. pneumoniae 23755 A 2. & 3} t}. 3+t A
e gz FHo R Al sty o, extended-
spectrum fB-lactamase (ESBL) A4 5= double disk
synergy A& o 2 Ay gyt 3 Ao 7 F
/\0421]%:};_—3 =733} t}. Cefotaximeol] =7+ 52 LHM
o) #52 t)4} o2 PCRE bla,,, blay, 2 bla,,, 37}

ruo ﬂllﬂl
N 2

= A3} 21, dideoxy-chain termination | 0. & £X
e QUIMEE BAstAA WA fHAe 8= 8
QAT

\l o

A 1} : E coli®] T% %} K. pneumoniae® 25%+
cefotaxime©l] ] A o] 21 t}. Cefotaximeol] =37t 32 Al 2l

T = E. coli®] 69%(18/26)2} K. pneumoniae2] 80%
(20/25)% double disk synergy %A ©] 21T}, Cefotaximeo]

Z70 32 A oF = 71%(20/28), 86%(24/28) 2

13

14%(4/28)7} 2¥2} bla,,,, blay, 2 bla.,, +AAE AU 11
A oH, 71%(20/28)% F7HA| ©] /4] B-lactamase F-%1
2b2 zka A blag,, 9t blay,, 7t 7V E3F 79

oj o, blaTEM-ﬂ’ blamm % A =& ESBL 41]’?4
bla,, %= A== At

A 2329294 B2 HE E colig} K.
pneumoniae < A| 34|t cephalosporinol] WAl #F7}
3T} Cefotaximeol] U3 Q1 & Wl Fi&-2 blay,, =
< blag,, FAAE AY 1 919 2H, cephamycinol] o] &
WA S Fuete bla,, FAAS AW FFE =82 &
Skt}. o] & B-lactamase A &2 A2 A 34
cephalosporin®] E. coli -2 K. pneumoniae 77435 X &
FoA S AstE Aoz ST

)

1. Abbott S. Klebsiella, Enterobacter, Citrobacter, and
Serratia. In : Murray PR, Baron EJ, Pfaller MA, Tenover
FC, and Yolken RH, eds. Manual of Clinical
Microbiology. 7th ed. Washington:American Society for
Microbiology, 1999,;475-82.

2. Quintiliani R, Jr., Sahm DF, Courvalin P. Mechanisms of
resistance to antimicrobial agents. In : Murray PR, Baron EJ,
Pfaller MA, Tenover FC, and Yolken RH, eds. Manual of
Clinical Microbiology. 7th ed. Washington:American
Society for Microbiology, 1999;1505-25.

3. Livermore DM. B-lactamase in laboratory and clinical
resistance. Clin Microbiol Rev 1995;8:557-84.

4. EA, o1 agFeATH agsd 7T F
A WAL A 1. A A ZTETAY, 1998, 141-70.

5. Knothe H, Shah P, Kremery V, Antal M, Mitsuhashi S.
Transferable resistance to cefotaxime, cefoxitin,
cefamandole and cefuroxime in clinical isolates of
Klebsiella pneumoniae and Serratia marcescens.
Infection 1983;11:315-7.

6. Arlet G, Sanson-Le Por MJ, Rouveau M, Fournier G,
Mario O, Schlemmer B. Outbreak of nosocomial
infections due to Klebsiella pneumoniae producing SHV-
4 B-lactamase. Eur J Clin Microbiol Infect Dis
1990,9:797-803.

7. Naumovski L, Quinn JP, Miyashiro D, Patel M, Bush K,
Singer SB. Outbreak of ceftazidime resistance due to a
novel extended-spectrum beta-lactamase in isolates from
cancer patients. Antimicrob Agents Chemother
1992;36:1991-6.

8. Bauernfeind A, Rosenthal E, Eberlein E, Holley M,
Schweighart S. Spread of Klebsiella pneumoniae
producing SHV-5 beta-lactamase among hospitalized



14

patients. Infection 1993;21:18-22.

9. Du Bois SK, Marriott MS, Amyes SGB. TEM- and SHV-
derived extended-spectrum [B-lactamase: relationship
between selection, structure and function. J Antimicrob
Chemother 1995;35:7-22.

10. Jacoby GA. Genetics of extended-spectrum beta-
lactamases. Eur J Clin Microbiol Infect Dis 1994,;13(S
1):2-11.

11. o] A9, 2, o] Z&, F &4, A 3. Extended-
spectrum B-lactamase 273 Escherichia coli®} Klebsiella
pneumoniae. 739 1996,26:341-8.

12. A", A4 E, 729, o144, Fai, FHd 5.
Extended-spectrum B-lactamase 37 ZF Al o] £2
& B AEAAL O el rl A =83 A 1999,2:28-39.

13. Sirot D. Extended-spectrum plasmid-mediated [3-
lactamases. J Antimicrob Chemother 1995;36(S A).:19-
34.

4.0 d 5, AR, Agn, o] 84, F A, Hols. &=
ol Eald Klebsiella pneumoniae7} A 3+
extended-spectrum f-lactamase®] 4 % EA. 7+
1997:29:93-103.

15. mj &, AR, A9v], AFY. K pneumoniae7} A
A8t TEME extended-spectrum B-lactamase] £,
7 1998;30:126-33.

16. Bauernfiend A, Chong Y, Schweighart S. Extended

broad-spectrum f-lactamase in Klebsiella pneumoniae

jattA

including resistance to cephamycins. Infection
1989;17:316-21.

17. 8 &4 2 014 9. 1997 [-12€ ) el AT &
A AL Al WA A2 1998,6:1-2.

™ot olAks| ZIX|E|, ZalLt, A=

18. National Committee for Clinical laboratory Standards.
Performance standards for antimicrobial disk
susceptibility testing. Ninth informational supplement.
Wayne:NCCLS, 1999;M100-S9.

19. National Committee for Clinical laboratory Standards.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically-5th edition: approved
standards. Wayne:NCCLS, 2000, M7-A5.

20. Jarlier V, Nicolas MH, Fournier G, Philippon A.
Extended broad-spectrum B-lactamase conferring
transferable resistance to newer B-lactam agents in
Enterobacteriaceae: hospital prevalence and susc
eptibility patterns. Rev Infect Dis 1998;10:867-78.

21. Lee SH, Jeong SH, Lee KJ. Evolution of TEM §3-
lactamase genes identified by PCR with newly designed
primers in Korean clinical isolates. Clin Microbiol Infect
2001;7:98-100.

22. Sanger F, Nicklen S, Coulson AR. DNA sequencing with
chain-termination inhibitors. Proc Natl Acad Sci USA
1977:74:5463-7.

23. 59T, 018, AT AAE AEE A 5 A
= 127 B Y Ao A B2 H extended-spectrum f3-
lactamase 2373 Escherichia coli®} Klebsiella pneumoniae.
ofj g3} 8t & ¥ &3] %] 2000;18:401-10.

24. Rosenau A, Cattier B, Gousset N, Harriau P, Philippon A,
Quentin R. Capnocytophaga ochracea; characterization
of a plasmid-encoded extended-spectrum TEM-17 (3-
lactamase in the phylum Flavobacter-Bacteroides.
Antimicrob Agents Chemother 2000,;44.760-2.



