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Background : In recent years, Acinetobacter baumannii isolates acquired resistance to cefepime
have increased significantly. The aim of this study was to survey the prevalence of PER-1 extended-
spectrum p-lactamase (ESBL)-producing A. baumannii isolates in a University Hospital, Busan, Korea.

Methods : Antimicrobial susceptibilities were tested by the disk diffusion method, and double disk
synergy test was performed for screening of ESBL-production. MICs were determined by agar
dilution method. The isoelectric points of 3-lactamases were determined by isoelectric focusing.
Transferability of cefepime-resistance were tested by conjugation. bla.,e; and blay., alleles were
detected by PCR, and the DNA sequences of amplified products were determined by using the
dideoxy-chain termination method.

Results : Among 51 clinical isolates of A. baumannii intermediate or resistant to cefepime, 10 iso-
lates (19.6%) showed positive results in double disk synergy test. PCR-based experiments detected
bla..=., gene in all the 10 isolates. All the isolates contained three g-lactamase bands: pl 5.3, 7.9, and
9.4. MICs of ampicillin, piperacillin, cephalothin, cefoxitin, cefoperazone, ceftazidime, cefotaxime,
cefepime, and aztreonam were >256 mg/L, respectively, and them of imipenem were 8-16 mg/L.

Conclusion : The prevalence of PER-1-producing A. baumannii strains in Busan was less than that
of in Seoul. But an outbreak of infection caused by this strain in an intensive care unit shows that
spread of PER-1-producing A. baumannii strains can be anticipated in a near future. Prevention of
hospital infection by these resistant microorganisms are needed.

(Korean J Clin Microbiol 2004;7(1):20-26)
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A. baumanniie| PER-1 ESBL MM szt

Bopg, Aok, S
= Aoz EJ_E] 21 t}. A. baumannii
1 A4 AmpC ﬂ-lactamase::.: 2323387] W Ee o
f-lactam gt A of] Wi o] A 7t cefepimed]] &= &3] 74
oltt. eyt HZ AL 3 U Ao B H A
baumannii2] cefepime W4 &-©] 19911d 2] 29%¢]| A 2000
ol = 47%= @A 57 S7tsta e,
A TF F ) F-Eo] class A extended-spectrum S-lactamase
(ESBL)«] Y F< PER-1S AA3F T a7t L ATH2].

PER-12 X g~o A E=2]¥ Pseudomonas aeruginosa
AN A5 EHEASH[3], o] § o] e 2] &} Bl o] 7] el A
T o] 34 E A= A baumanni€} P. aeruginosaz} £
2] = A tH4,5]. =3 ol 23l E] oA #2]E Salmonella
enterica serovar Typhimuriumoj] Xl &= o] &4 9 W]
PER-27} A 5 ¢l T}H6]. PER-1S A5t Al TS cefta-
zidime ¥} cefepimeS ¥ 33}+= cephalosporin tf -3}
aztreonamol] W]/d o] 7] w Fof & o2 v A<l
EA o)tk 2y o} 7] Rk A= g Aol A EelH
+ A. baumannii2] cefepimee] tf3al WA 3tz 1 714
of thgk A A AN A7 H vk it

olo] & AFA = FAte g et doA EEH
cefepime WA A. baumanniiZ th 2 2 PER-1 ESBLY]
A S ZALE o B A] o] Al X 8X A3 A A
o] A A A & nlHE = o3 V| ZAEE AF
st Al ST,

o] & cefepime
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20021 1€-6L ol FAke] g e ghxjof A Tﬂl
4 cefepimed]] WA 5-& Z7HY 4 <l A baumannii 513
Aoz sttt 2 T3S AEAQ A3)akA l:ﬂ-l:ﬂ
©° 7 3} 2 v (1], Vitek GNI card (bioMerieux Vitek Inc,
Hazelwood, MO, USA) & 54 2 891 8}l t}.

2. M 24 A"

National Committee for Clinical laboratory Standards
(NCCLS) t] =2 g, o2 Al datd et T7]. =, Al @Al
-2 MacConkey 3+ (Difco, Detroit, MI, USA)el] A] th vl
FalolA Ul 599 Aete ugdos 44D ¥,
Tryptic soy broth (TSB, Difco)ol| 3 Z3}o] McFarland ne-
phelometer No. 052 Bt =& Wt Al¢F /a4 & A

© 2 Mueller-Hinton 3+ (Difco)ol] =3 &, A| &3+
TA d23E 4o Alde]l AEE WX = 35T &2
71l 18A1ZF w et ar, 2t Gt Al v == F9]of A <
el 2715 5% $ NCCLS 7|5 whet a2 o
oAt oA t2A2E

ampicillin, piperacillin, am-
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Fig. 1. An example of double disk synergy obtained with A.
baumannii producing PER-1 extended-spectrum f-lacta-
mase. Four 30 ug-antibiotic disks (cefotaxime, ceftazidime,
cefepime, and aztreonam) were placed lcm apart (margin to
margin) around a disk of 20 pg of amoxicillin plus 10 #g of
clavulanic acid. Distortion of the zone sizes in a synergic fa-
shion indicates production of extended-spectrum f-lac-
tamase.
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picillin-sulbactam, pipeacillin-tazobactam, cephalothin, cefo-
xitin, cefotetan, cefotaxime, ceftazidime, aztreonam, cefe-
pime, imipenem, amikacin, gentamicin, tobramycin 2 cipro-
floxacin T] 2~ = (°] %} BBL, Cockeysville, MI, USA)E A}
43kt Ao H A4S §)8he] =275 Escherichia
coli ATCC 259229 74 S T Ao A1 &3 o).

3. Double disk synergy (DDS) A&

Jarlier 5[8]2] W o2 A&t} =, ol g F
g mFxo g 3 &, TSBo| =3} McFarland
nephelometer No. 052 =5 23t} Al FHd <
WHE 0 2 Mueller-Hinton 3+ o] 274 AZ3F &, Hj| %]
2] %ol & amoxicillin-clavulanic acid (20/10ug, BBL), L
F9] ol & 30ug @] cefotaxime, ceftazidime, aztreonam 2! ce-
fepime T) 235 =9It} 43 98 ¢y A239] 713A1E]
1AL 1 em7t = A skt Alate] HFH wiAl= 35C
G271 18Xt v & 2 A5 B ==, F U=
A Abololl A FGE I o g A o] FAFA gl #F
¥ Fd o2 B 5k th(Fig. 1).
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£ ampicillin (3}, 4] €), ampicillin-sulbactam, piperaci-
1lin, pipeacillin-tazobactam (243, <+4h), cephalothin, cefo-
perazone, cefoxitin (Merck Sharp & Dohme), cefotaxime (3+
=, A &), ceftazidime (3m], &+A)), aztreonam (Fo}, <F
imipenem (-9, Al &)= AH&-3HS T &
H ¥ TSBol| Z©] A McFarland No. 0.5%
E}E% E’l% &, Steers replicator (Craft Machine, Chester,
PA. USA)Z A& gkt #)| 7} 212} 0.06-256 mg/L 5 == &+
3 Mueller-Hinton 3tz o] & £3}9th 35CE 37| A
B304 1847 Wk  Aete] 34 FRe BReA
MICE 2F a9tk FEdel & 9otel R2FF E
coli ATCC 259225 B4l Al &35
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Yong 5[2]°] WY o2 Al @5kt DDS 4/dQl #F
E Ao 2 3t o, azide- A €1 A. baumannii YMC-
02/8/P5345 WA FoA A= AFE-stlTh WA &l Aot
o] 2} 2 Z+Z} Brain heart infusion (Difco) o8 A v} =] of] =
shof Al 3413 Z kel sttt el A; wi e 0.2 mLet
el I 22 LS AR 9O 37 2 1412
ulj &k &, cefepime 2 mg/L¢} azide 100 mg/L7} 3+
MacConkey gkl o] A Esldth. 37°C oA 18A] 7 Hl) c]:
Al W Aol &l 9
&l A transconjugant®] cefepimeo] ™3t 7+=A S o] &~
Frhg o 2 glsteltt.

2 transconjugants
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6. Isoelectric focusing (IEF)

Matthew -5[10]] "ol wgith. == e 5 ol
A crude extractE 323} t}. Crude extractS polyacry-
lamide gel (pH 3.5 to 9.5; Pharmacia LKB, Piscataway, NJ.
USA)9 % %3} LKB Multiphor II apparatus (Pharmacia
LKB)Z o] &3}c] A7) 9 =34t} IEFE Gel S 0.05%
(500 ug/ml) nitrocefin 8< (Becton Dickinson Microbiology
Systems, Cockeysville, MD, USA)<]] < 2 5} 4] B-lacta-
mase®] pI& 7% o} At}
7. Primer 110t

PER-17} PER-2 ESBL9] 7] 4 <€ & GenBank (http:
//www ncbi.nlm.nih.gov)el| A %] 8} <1 t}. DNA Space ver-
sion 3.02 (Genetic Systems, Hitachi, Japan)$} Vector NTI
Suite (InforMax, Frederick, MD, USA)-& A}-& 3} multiali-
gement A1 A 3}o]] 7] 23}o] PER-13} PER-2 ESBL -f-#
2] Eol A Q] HE-L primer2 ¢3St et pri-
mer®} A A7) MYg EH S BLAST (http://www.
ncbi.nlm.nih.gov) 2 A3} ). blagg, 2 blay,, 4=}
o &S 98 metkgk Al A 9714 €2 PER-1-F

ZIXMol Z}§

Do, ©

A "M
S, o=

rek

Fol

YA, BeE, =W 9 39

(5" -GTT AAT TTG GGC TTA GGG CAG A-3" ), PER-1-R
(5" -CAG CGC AAT CCC CAC TGT-3") & PER-2-F (5 -
GGA CAG TCG TAT GAA TGT CAT C-3" ), PER-2-R (5 -
GCT CAA TCC GGA CTC ACT-3" )o] 1t}

8. ESBL ®&EE A&

238} & ¥k (polymerase chain reaction, PCR) 2. & A]
Falglth AlF A TS TSBol| HFate] 37¢C & &2
e ks eh. Wi ke) 1 mLE #skod A 5E7F 13,000
Xg2 UH F, 45N E wel i, AAbe SR/ 500 ule
AR o] 2 1023 B F, 13,000 Xg= 435},
FH N & Fsted A DNA &9 02 AL8-31% Tt DNA

FZ 9 5 ul, primer Z} 14L, deoxynucleotide triphosphates
(dNTP) 2.5 mM (8uL), Tag DNA polymerase 2.5 U (0.54L),
10X buffer 104l ¥ FF/HF 75.5uLS Z31310] premix S
W=} o] 2 Gene Amp PCR System 9600 (Perkin-El-
mer Centus Corp., Norwalk, CT, USA)S. & 947 C & 25%3F
denaturation, 54°C & 40% 7} annealing, 72°C 2 50% 3t ex-
tensiond}+= 30 cycle2] PCRS A3ttt S Z4HE 10p
LE 2% agarose gel (Promega, Madison, WI, USA)o] ¥ 11
40:23F 27193t A bandE g1ttt SEAES
DNA extraction kit (Quiagene, Hiden, Germany) & agarose
gelol A £2] %, Sequenase Version 2.0 DNA sequencing
kit (U.S. Biochemicals, Cleveland, OH, USA)ZE o] &35}¢]
A dideoxy-mediated chain terminationy ©. 2 <FHlgko g
A7 L S EA AT

2 1

WA TS 51F F 453 cefepimed]] Z7H A o)L
W, U2 g BFE o] A Aotk Al d e
F P EE-L imipenemS E 3} B-lactam 3t A 5l

W Ad o] 1 2.1, aminoglycoside<} ciprofloxacinel] = A
o]t} (Table 1).

2. ESBL ddm3 MY

WATF 51F F 10F (19.6%) A amoxicillin-
clavulanic acid®} cefepime T] 23 Alo] o] A )7} &7
T &= okAto] #zE 9l 2™, amoxicillin-clavulanic acid 2}
cefotaxime, ceftazidime 32 aztreonam T] ~= Alo]e]
A7} ] = Fdol #EE FF = Aok (Fig. 1).

3. ESBL #& ¥

T T 1057 blape., A2 4 &S 913 PCRe]
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Table 1. Antimicrobial susceptibilities of A. baumannii
isolates (n=51) intermediate or resistant to cefepime

Antimicrobial agents %
Susceptibile Intermediate Resistant

Ampicillin 0 0 100
Ampicillin-sulbactam 2 8 90
Piperacillin 0 0 100
Piperacillin-tazobactam 0 2 98
Cephalothin 0 0 100
Cefoxitin 0 0 100
Cefotetan 0 0 100
Cefotaxime 0 0 100
Ceftazidime 0 2 98
Cefepime 0 8 92
Aztreonam 0 2 98
Imipenem 2 0 98
Gentamicin 0 0 100
Tobramycin 0 0 100
Amikacin 0 0 100
Ciprofloxacin 2 0 98
FdolaL, ol 5 TF RFE TEA Sk AAl
A 2] E Aol AT (Table 2). blage, FH 2 FAAQN #F
= Mo PCR S &2 2 o] ot A A7 ML EA &

o

19l o, A baumannii 105 252 §-AA} =ZAHE
71 ¥ L& P. aeruginosa RNL-1 (http://www.ncbi.nlm.
nih.gov/, accession no. Z21957)o| A A &= blay,, +d A}
<} 100% L =]+

olr

4. |IEF

bIaPER] T 4X]’ oc}:/‘é ﬁ“zr% EH}E}—C—)—E PI’ _‘75] O]’AA—A
o, AT FE BFA] pl 53,79 2 9.49] B-lactamase’}
A2t

5. ol ost LY HE

33] o] HiRd Al F X B3t blaw, A+ &
A. baumannii€] cefepime WA 2 o] A}o| Al A EE A

5 kT

&2 oX,

6. MIC

blayy, A} kA 21 105 25 t &} ampicillin®} pi-
peracillin®] MIC+ >256 mg/LE =% 2 ™, ampicillin-sul-
bactam 2] MICE 32/16-64/32 mg/L, piperacillin-tazobactam
£ 256/32 mg/LE B-lactamase & A| A & H 713+ 74 -$ MIC
7} @A 3FA wolx T} Cephalothin, cefoxitin, cefopera-

zone, ceftazidime, cefotaxime, cefepime - cephalosporin ]

23

g A 59} aztreonam®] ©o] & T F o o g MICE
>256 mg/LE %9t 21, imipeneme] MICE 9] tf 3} A
= 8mg/LE 7k 159 s = 16 mg/LE WA o] ot
(Table 2).

LA
B-lactam A A= 7} A AFEE 1 Y& A e 5

L} 2, penicillin, cephem, monobactam, carbapenem 5 T}
G ALR EREE 1507k o] 9] B-lactam & A 7}
A g ol Al AFS-E 2 9l EH[12]. f-lactam 3t Al = pepti-
doglycan®] AAJ o] B4 & 42 penicillin binding protein
= EZAsstA A A8 S AT A It
bt & AT SO13]. FU Al T FA Tl LAE 58
)= A penicillinA] g3t#) Q1 ampicilline] A7) & ©]
, B-lactam A= WAl ol 28 a2 | F ol
B A Aol SEHL 22 T Aol
be MAATE et RS Bl er], o E
AT NS A AL GaAE AL
she ok giol ¥)%o] Fol giut.

3+ 9] cephalosporin¥} aztreonam-2 A 2] A E ]2
23 =7} H3 TEM-1, SHV-1 5 broad-spectrum [3-lacta-
mase©] ¢+ s}7] uf Fol] Acinetobactere] &3+ 7+l =<
A 5A = e AbgE o] hoHIS] 28 v 2 ol & F
H 9] B-lactam 37 A o] o 3+ WA & & &3} Acinetobacter
7} A A3 =718t 1o, class A ESBLS] PER-12] A}
Ao e a8 7oz 7hEE 1 9 tH2).

B Aol A ZAH blaye, ¢4 105 2F= DDS A1 &
o]l A cefepime®} amoxicillin-clavulanic acid T} <= A}-o] o]
AA 7} EAE = FAS H Y7o class A9 ESBLS
AT F5T F AATHS] g ol & dFol gk
ampicillin®] MIC+ >256 mg/Lel t] ¥F3}e] ampicillin-sul-
bactam®] MIC+ 32/16-64/32 mg/LE p-lactamase ] #]| A
7} A7FE A S MIC7F A A 814 7438} class A ESBL
W T SR e wATHIe)

blae, ¥4 105 25 pl 53,79 3 9.49] B-lactamase
S 4TS EFoR Sl 4 AE, o5 pl 53 6-
lactamase = PER-1, pI 9.4 $-lactamase+= A. baumannii2] <
Eo]|A M A cephalosporinase 2 F=HT}HS5,17]. &
ATl hATF 1059 3 imipenem?] MICE 8-16
mg/L2 S Z2 Yot PER-1 ESBLe|
A A 4] cephalosporinase:= imipenemel] t] g+ ZAd o] ¢l
ocrm=a i WA 7ol EAlste AR F5ET.
Carbapenemase?] &7 & &213l7] ¢l Hodge (18]
oz Agagon d#F BF S0 S nylon
= (data not shown), ©] & 32| imipenem W 4] -2 A 3 9]
uho] E31% A shel o] 4 Ao A2 QI THIT). WA
pl 7.92] B-lactamase= imipeneme]] o 3+ A o] Yl T4
B F3HH, o] 40 EAS 6] Ad F1A<

-{01' ox o
o



24

*G7(0:7 Onex pax1y :wejoeqoze)-uroesdig

]:Z OneI paxty :wejoeqqns-urproIdwy,

“JIUN Qe AAISUUI ()] WwouadIu ‘I ‘Weuoa)ze ‘[ 7y ‘aundajod ‘Ji,] {awrxejojed
X1 “QwIpIZeiad ‘7D uozerddofad ‘gD Sunrxojad X0 ‘unporeydad (g0 sweyorqoze)-urpprovaadid /4 ‘uroesadid ‘grq ‘weioeqpns-wrppordwe Sy Surpoidwe gAY SUOLRIAAIGQY

Ne)

OO OO OO OO OO OO OO OO OO —

dII

96T< 96T<
9¢T< 96T<
96T< 96T<
95T< 96T<
96T< 96T<
96T< 96T<
9g7< 96T<
95T< 96T<
9¢7< 96T<
96T< 96T<
AVA S|

96e<
96e<
96e<
96e<
96t<
96e<
9¢t<
96e<
9¢t<
96e<
X1

96e<
96T<
96e<
96e<
96e<
96e<
9¢t<
96e<
96z<
96e<
ZYD

96T< 96T<
967< 96C<
96T< 96T<
96T< 96T<
96T< 96T<
96T< 96T<
987< 96T<
96T< 96T<
987< 98T<
96T< 96T<
ddD XO0d

96e<
9gc<
96e<
96e<
96e<
96e<
AN
96t<
AN
96e<
d1d

7€195T
T€/95T
7€19T
TE19¢T
7€/9T
TE19ST
7€19T
761957
7€/95T
7€/95T

L

96e<
96e<
96e<
96e<
96e<
96e<
9¢t<
96e<
9¢t<
96e<

dld

91/c¢
91/¢
(4%
4%
4%
4%
91/¢
4%
(492
ey

NAY

96e<
96e<
96e<
96e<
96e<
96e<
9¢t<
96e<
9¢t<
96e<
d\V

:J0 (77/3wr) suonexuaU0d A1031qIYuI [BWIUIY

wmndg Q)1 ofeyuoway pIqAIAENU] W IS 0l
aqn) [eaydenopue jo di, oI oSeyuoway pIqIARNU] W 9 6
wmndg o[ snpegdacorpAy aanonnsq) 4 79§
wmnds ) JBeyuoway prouyoereqnS 0L L
wnndg oI uelq jo wsedodujueudIely W ¢ 9
wmnds ) foupry jo wserdoaujueudIey W €L S
wnndg oI UWONOIRJUI PIQI) 4 19
wnndg 0Dl ouiqoaA Jweloyy ‘MR, N LL €
10)93e0 UraA wetar[oqns jo dip, N0 UWONOIRJUI [PIQRI) ] 49 ¢
wnndg 0Dl UOISSIOUOI [BIqRI) N IF |
preg oseasIp Swikpopuy)  Xog A3y 'ON
uowadg Juaneq

aua3 1epjq FULI0GIRY SAR[OST HUUDUMDG " JO SASHIAIRIRYY) ' AP



A. baumannii2] PER-1 ESBL MM &=t
A7t et Aoz Q7.

B A Fo| A= cefepime WA A. baumannii = 19.6%
(10/51)7to] PER-1& A4 3Hl =], o] & A -&<] gk tf &t
Wl o 4] B2 F cefepime U] Acinetobacter 3 86.9%
(53/61)7} PER-12 A3 tHe Yong S[2]9] B st
A3 2 =g & A4 &<lH PER-1 A}
A1 A. baumannii 107 25+ 2003 29-6¥ o] E3+A14
gkato] AAANA EElE A Z (Table 2), o] 7|3+ &
PER-1 84 A. baumanniic] €] 3} 7+ o] bt gl 2 o
2 F29th ¥ A79 Ao Ao Hla) FAbe] PER-
1 A4 A. baumannii®] A =7} o, 7+ o] Ak
TR E Bl Fakste 271D A o A5S AlARRHG o]
E AT FAbs BAEH] A A HE
ntdo]l Al e Ao m AZtE

Hf & : =2 LA oA 2] ¥ Acinetobacter bau-
mannii2] cefepime WA €] A A stA F7std =0 B
DEAT & AFAA = T4k &t oA Ee
H cefepime WA A. baumanniiZ th /2 2 PER-1 extend-
ed-spectrum f-lactamase (ESBL)2] QA& &S ZAlsl 1
A st

ME Y ah 2003 19680 F4k] @ vhehE
o| A B2 H cefepime U4 A. baumanniiE t) Ao 2 319
o A A daa FhAHo s Algsglon,
double disk synergy (DDS)H © 2 ESBL A TFE A¥
sttt H sy o2 gatAl e MICE S35kl om,
isoelectric focusing ©. & f-lactamase?] pl& 2213} o).
g cefepime A A2 S JF o2 Al F8HA
blage Z} blap, 3 A& PCRE H &3t oW, SFA4HE
o] A7 G A S Bt A d & gl

Z 3} : Cefepimed]] 57t =2 WA &5 5157 &
10F (19.6%)7} DDS Aol o, 10537 5+ blayg,
FAA Ao, pl 5.3,7.9 E 9.42] fB-lactamase S AY
AAstA Tt ol & o 25 th gt ampicillin, piperacillin,
cephalothin, cefoxitin, cefoperazone, ceftazidime, cefotaxi-
me, cefepime 2 aztreonam®] MIC+ >256 mg/LE &9t 2
™, imipenem 2] MIC+ 8-16 mg/Lo] $ T}.

2 B2 A7 AHE FA4He PER-1 A4 A bau-
mannii Tt == A gl vl A BeS gQlE 9l
At 2y SR A 2 o] Altel] &% 7

i=
g e AA el ol vhAEA g @ A=

A9 vhelo] A e Ao 4

N
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