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Background : Plasmid-mediated AmpC s-lactamases (PABL) are cephalosporinases that confer
resistance to a wide variety of g-lactam drugs and that may thereby create serious therapeutic prob-
lems. The PABL-producing organisms are a major concern in nosocomial infections and should there-
fore be monitored in surveillance studies. Although reported with increasing frequency in Korea, the
occurrence and genotypic distributions of PABL in Escherichia coli and Klebsiella pneumoniae remain
unknown.

Methods : We tested a total of 911 consecutive, nonduplicate isolates of E. coli and K. pneumo-
niae at 12 university hospitals and a commercial laboratory in Korea. Antimicrobial susceptibilities
were tested using the disk diffusion method. PABL production was determined by the modified
Hodge test and multiplex PCR. The PCR differentiated the six PABL-specific families in E. coli and
K. pneumoniae.

Results : Overall, 110 (12.1%) yielded cefoxitin non-susceptible isolates and that 28 (3.1%) demon-
strated PABL producers by multiplex PCR. Based on the species, of 544 E. coliand 367 K. pneumo-
niae isolates tested, 8 (1.5%) and 20 (5.4%), respectively, demonstrated PABL producers. The geno-
types of PCR amplification showed that the MOX, DHA, and CIT family were harbored by 4, 2, and 2
of 8 PABL-producing E. coli, and the DHA, MOX, and EBC family were harbored by 13, 6, and 1 of 20
PABL-producing K. pneumoniae isolates, respectively.

Conclusions : These data confirm that the occurrence of PABL-producing E. coliand K. pneumoni-
aeis relatively high and the kinds of genotypes are variously distributed in Korea. (Korean J Lab Med

2002;22: 410-6)
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AmpC B-lactamaseE #9 WA= dF+ cefepime, cef-
pirome % carbapenemA|E A3 EE F-lactamAlo] HAAS
HoltH1], J&3AAMo] AmpC S-lactamaseS 744 (consti-
tutive) 02 A AAEH= /1AL ampC FHA FAH2] dereg-
ulationdl] 93+ 3} plasmidell U= ampC ALY Aol 9
S Aol Atk FA} e Aol ampC KA s AAH
E4E plasmidA AmpC A-lactamase (PABL)Z2L g 2],

PABL &A= F= Escherichia coli®t Klebsiella pneumoni-
aed| X AT Salmonella spp., Proteus mirabilis, K. oxytoca
S ME EEA HIET JTH3-6]. ©] AR = Enterobacter
cloacae, Citrobacter freundii, Morganella morganii, Hafnia alvel
Soll e AN ampC FAAPNA fFrefd ACE 1939 Ba-
uernfeind S[7]0] &=FollA E2]¥ K, pneumoniae’} penicillinAl,
oxyimino-cephalosporin#l, monobactamA] ¥%F o}g} cefoxitin
7} cefotetanol| &= g ol o] WAol E. coliell &2 Brsiuio]
o] 845 CMY-10|2}2 HH3}ith Papanicolaou [8] a-
methoxy-2} oxyimino- 8-lactamA] 2] WAlo] AEEH+= MIR-1
BA4E WASNoH o] &4V} E. cloacaed] ampC FAA<}F 90%
FAREHS 3] Uilth ol XE7kA] oF 305 PABL At
AAAASE BAFAHI]. o] EAES ESBLY "RIIAR
plasmidell 3= F77k0]7] Wil o o2 Hurt 4o
3to] gt WA Ao SHA WS- T8 & 45
o] o#] F74 ESBL #47E 2t 3v7 v ESBL# AmpC
AR o] 2 S o8

PABL AA#F9 AEHLE
9l 3x+Y FZ(three-dimensional extract) A|E[4]z WY
Hodge AlRA[11] Sol /WEEAL AF7HA] Wzl o]
PABL #3725 6/l72& Wro A& +
PCR[9]¢] Ba5e] o] &= glek 9=e] A9 PABL A4+
Foll tigk yg7idoet SANE 2 B8 Aol ol s

st Zlo] g4 &Ti{10].

HE
vl A Ageketal 7HEgh

9l multiplex

Table 1. Primers used for amplification*
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a7} ol HTHT Yort FHAE ol U 9F W}
ujojgk Aot olo] ArEL =l 7t A goA 2 E.
colit K. pneumoniaeE W22 PABL AA#T9| A7t

FH B NE 2 FAAYS RE £2 BYRLA S

SNETET

pneumoniae 1295 B 7= 1270 thshE s} 1789 AAMIEL]
A e V1EeR B 747 oF 20549 E. coli%t K.
pneumoniaeS FH3dt F 544F 9 E. coli®t 36759 K.
457 2 A A, AA, A
a2 N

ational Committee for Clinical

H
pneumoniacs AFO.Z 9]
g, 4 5 A B89
Laboratory Standards (NCCLS) 2] YA ZAMH[12] 0 & St
AZFAANES AN i ddAlE ampicillin, ampi-
cillin-sulbactam, piperacillin-tazobactam, cephalothin, cefox-
itin, cefotaxime, ceftazidime, cefepime, aztreonam, imipenem,
amikacin, gentamicin, tobramycin, ciprofloxacin, cotrimoxa-
zole (©]%} BBL, Cockeysville, MI, USA)©]1t} ¢] = cefox-
itine] F7+ = WS Hole #59k WY Hodge Aol ¥4
ol ¢35 WAYSE multiplex PCRE Al3)3tith ¥ Hodge
AL Gdgul Ao Adjul et E. coli ATCC 25922 H gk
McFarland No, 059 9 % 1/102 343} Mueller-Hinton
Hi2](BBL) ol ¥}& TR cefoxitin TJATE F9% 1 thihd
FE cefoxitin T)A39) 7R E plate B7FA] 53 35°C o]
A e wieRst & A AIHAE YA, & plasmid-
mediated AmpC f-lactamase AA#TZ B=3FTH11].
Multiplex PCR2 Perez-Perez9} Hanson©] oFeh WHH[9]&
o7k WF st Attt g A ol A gE T
9] 32 4-57§Z Brain Heart Infusion A} *(BBL)d| Z0]

Target Primer Sequence (5'to 3') Size (bp) Nucleotide position
MOX-1, MOX-2, CMY-1, MOXMF GCT GCT CAA GGA GCA CAG GAT 520 358-378
CMY-8 TO CMY-11 MOXMR CAC ATT GAC ATAGGTGTG GTG C 877-856
LAT-1to LAT-4, CITMF TGG CCA GAA CTG ACA GGC AAA 462 478-498
CMY-2 to CMY-7, BIL-1 CITMR TTT CTC CTG AAC GTG GCT GGC 939-919
DHA-1, DHA-2 DHAMF AAC TTT CAC AGG TGT GCT GGG T 405 1244-1265
DHAMR CCGTAC GCATACTGG CTTTGC 1648-1628
ACC ACCMF AAC AGC CTC AGC AGC CGG TTA 346 861-881
ACCMR TTC GCC GCA ATC ATC CCT AGC 1206-1186
MIR-1, ACT-1 EBCMF TCG GTA AAG CCG ATG TTG CGG 302 1115-1135
EBCMR CTT CCACTG CGG CTG CCAGTT 1416-1396
FOX-1to FOX-5b FOXMF AAC ATG GGG TAT CAG GGA GAT G 190 1475-1496
FOXMR CAA AGC GCG TAA CCG GAT TGG 1664-1644

*From reference[9].
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A 1557F 10,000 X g2 AR s AZ=aS wWelT 500 pL
BESHTE A FHAT o 95 CAlA 1027 71gste] Alx

A7) 1587 10,000 X g2 QAR k] A= 2 ul
S PCRel 01%5}913} PCRE #F 737 20 uL7t =A 34
th AFEE primerS Table 13 7ty Z4zbe] wkeol&= 20
mM Tris-HCl (pH 8,4), 50 mM KCl: zZHzFe] 0.2 mM
dNTP: 16 mM (NH,):S0s: 15 mM MgCl: 27+¢] 10 pM
primer MOXMF, MOXMR, CITMF, CITMR, DHAMEF,
DHAMR, ACCMF, ACCMR, EBCMF, EBCMR, FOXMF,
FOXMR: 1 U Taq DNA polymerase (Bioline, Lucken-
walde, Germany)7} E3rE 0t z}2ke] DNA (2 pL)e] 18
pLe wkedls W9ty PCR ZRIHL A&
94°C, 5%, 11 the cycle2 denaturation 94°C, 30%
ing 64°C, 30%; extension 72°C, 187+ 25 cycle Al3)3}1 m}
Aut extensione 72°C, 7E7FCZ 3§19tk PCR AR 2%
agarose (Qbiogene Inc, Carlsbad, CA, USA)d| H7]%E3}to
AT Gel> 10 fg/mL9| ethidium bromide@ &3
I AL BEAP|Z #E=319th 100-bp DNA ladder (Bioneer,
Daejun, Korea)E marker® AFE3ITh Cefoxitin BIZ4A o
FE O = extended-spectrum S-lactamase (ESBL)X 7t
IAEAE ol 7] Qe Jarlier S[13]9 HPHOZ double
disk synergy (DDS) Al@dg Algsiict. o] Aldol AR-E &
A Y23de Yol amoxicillin-clavulanate®, 1 FHol=

ol

i mlm

denaturation©|

. anneal-

cefotaxime, ceftazidime, cefepime % aztreonam-< ©]-£3}iTh

2 1

Cefoxitin® 7ZA AFE 71FCE E. coli 54459 K.

S22 - 24 - 2ol ) 79l

(S

pneumonize 3675 W AT ZAAE HlaLsiTh
Cefoxitin®l] 7Aool old #5F+ E. coli7}b 495(9.0%) ]2
K. pneumoniae’} 615(16.6%)°|Ath. K. pneumoniae®] T3t
ampicilling A 2|3} cefoxitinol] |74 Q] F5E cefoxitind]
AFAQ el vl BE A f-lactamAlol] thste] R4
Eo] E3th o imipenem? ¢t cefoxitin H|ZFFA 2 7
FA #F BRAAM F7F BEE AR #FE itk &
aminoglycosideA, ciprofloxacin % cotrimoxazoled] THjA %
cefoxitin B AT A4 E0] o Wt Table 2).

E. coli 8F(15%)% K. pneumoniae 205(5.4%)7} PABL
ATl g AGelx LEA FHEAT olF 50%
7F 2AA A e ol Agat Pl 2+t 18% 4
ZEich A St 23 (GNE 179 S8, 69)
193 Sl szt 5ol em ttols 1A 5| 8247k Ex 3}
AL FHEEE 65A01SiTh Hiie] AHlE 15:10190t WY
Hodge A9 2859 PABL A4#F & 26577F FH& EA
8150 HAAET T 78T 94 E B oRlEe} Holxrt
ZV7} 93%9F 96% 10 He4E EOJ 23+= EF DHAY &
A9 E. colio|th. PABL A4#F % DHA $444391
155F £ 1257} cefotaxime, ceftazidime ‘%l aztreonamol| &5
A e F7H] 23E Btk MOX, EBC E+ CIT#
AzEel #FEL cefotaxime, ceftazidime % aztreonam =
7] o) el X WS HAX PABL AR5 F cefepime?]
1} imipenem®] WAIQl #FE Itk E. colidl M= MOXT
Azl 4F7F 457(50%) 2 7V B33 CIT9F DHA+ 4

A #3724z 2534 0|tk. K. pneumoniae®] = DHA
SR FFE} 135(65%) 2 7P By MOX ¢ EBC#
FRAE 3-7‘7} Zt7F 6579k 1570130tk PABL AA#F &
DDS Algol® S Hl #F7F 143% (4/28)01%eH E.

OHE

2

Table 2. The rate of non-susceptible E. coliand K. pneumoniae isolates according to susceptibility of cefoxitin

% non-susceptible to:

Antimicrobial agent E. coli K. pneumoniae
FOX-NS (n=49) FOX-S(n=495)  Total (n=544)  FOX-NS (n=61) FOX-S(n=306)  Total (n=367)

Ampicillin 98 72 74 98 100 100
Ampicillin-sulbactam 98 58 61 89 26 36
Piperacillin-tazobactam 51 9 13 65 16 23
Cephalothin 94 37 42 93 26 37
Cefotaxime 69 3 10 60 20 26
Ceftazidime 55 4 12 46 26 31
Cefepime 22 2 3 12 8 8
Aztreonam 67 5 10 45 21 24
Imipenem 0 0 0 0 0 0
Amikacin 43 4 8 41 17 20
Gentamicin 75 26 31 54 20 25
Tobramycin 82 26 31 68 25 31
Ciprofloxacin 71 22 27 41 10 15
Cotrimoxazole 54 46 47 52 13 19

Abbreviations: FOX-NS, non-susceptible to cefoxitin; FOX-S, susceptible to cefoxitin.
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Table 3. Characteristics of the plasmid-mediated AmpC s-lactamase producing E. coliand K. pneumoniae isolates studied

Strains Location Source of specimen Patient type Age/Sex Antibiogram* MHT PCR type DDS

E. coli
CN-14 Gwangju Urine IPD 70/F RIISSSSRR N DHA N
HL-61 Seoul Peritoneal fluid ICU 47M RRRRSSRSRR P CIT N
HL-91 Seoul Urine IPD 82/F RRRRSSRRRR P CIT N
KS-5 Busan Wound IPD 68/F RRIRISRRRR P MOX P
KY-8 Daejun Urine IPD 66/M RRRISSRSSR P MOX N
PC-5 Kyunggi Urine OPD 7M RSSSSSSSRR N DHA N
SE-6 Seoul Urine IPD 75M RRSSSSRRRR P MOX N
WJ-12 Kangwon Wound ICU 66/M RRRRSSRRRR P MOX N

K. pneumoniae
AJ-5 Kyunggi Sputum ICU 1M RRRRSSIRRR P DHA N
CN-10 Gwangju Urine OPD 4M RRISSSSRRR P MOX P
CN-17 Gwangju Urine IPD 2M RSSSSSSRRR P DHA N
CT-4 Seoul Wound IPD 59/M RSSSSSISSS P DHA N
CT-14 Seoul Sputum IPD 69/F RISSSSSSSR P DHA N
CT-16 Seoul Sputum IPD 47/F RIISSSISSR P DHA N
HL-23 Seoul Blood ICU 73JF RRRRSSSIRR P MOX N
HL-90 Seoul Urine IPD 1M RSSSSSSSRS P DHA N
KS-1 Busan Wound IPD 68/M RRRRSSRRRR P DHA N
KS-16 Busan Tip IPD 7TM RRSSSSSSRR P MOX N
KY-13 Daejun Urine IPD 59/F RRRRSSRRRR P DHA P
KY-16 Daejun Urine OPD 65/F RSSSSSRRRR P DHA N
ND-7 Seoul Urine IPD 46/M RSSSSSSRRR P DHA N
ND-14 Kyunggi Urine OPD 2M RSSSSSSSRR P DHA N
ND-16 Kangwon Sputum ICU 73M RRRRSSSRSR P EBC N
PC-2 Kyunggi Urine OPD 1M RRSSSSSSSR P MOX N
SE-6 Seoul Tip IPD 68/M RRRISSRSRR P MOX N
SC-4 Kyungbuk Sputum ICU 68/F RRRRSSRRRR P MOX P
WJ-13 Kangwon Wound IPD 41/F RSSSSSIRRR P DHA N
WJ-15 Kangwon Urine IPD 27/F RISSSSRRRR P DHA N

*cefoxitin/cefotaxime/ceftazidime/aztreonam/cefepime/imipenem/ciprofloxacin/amikacin/gentamicin/tobramycin.
Abbreviations: IPD, inpatient department; OPD, outpatient department; ICU, intensive care unit; M, male; F, female; S, susceptible; |, intermediate; R,
resistant; MHT, modified Hodge test; P, positive; N, negative; DDS, double disk synergy test.
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