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DHA-1 AmpC f-lactamase 2343 Klebsiella oxytoca
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Isolation of Klebsiella Oxytoca Clinical Isolate Producing AmpC

B-lactamase, DHA-1

Wonkeun Song*, Jae-Seok Kim?, Han-Sung Kim*, Tae Jae Lee’,
Min-Jeong Park?, In-Heon Park? and Kyu Man Lee!

Department of Laboratory Medicine* and Orthopedic Surgery?, Hallym University College of Medicine, Seoul, Korea

Background : Klebsiella oxytoca strain exhibiting an unusual inducible $8-lactam resistance
phenotype was isolated from a wound specimen of a patient at a university hospital in August 2002.
The isolate was resistant to ampicillin, ampicillin-sulbactam, cephalothin, cefoxitin, and demonstra-
ted reduced inhibition zone diameters for ceftazidime in combination with clavulanate versus those

for ceftazidime when tested alone.

Methods : Antimicrobial susceptibilities were tested using the Etest and disk diffusion method.
AmpC p-lactamase production was determined by modified Hodge test. The disk antagonism
method was used to detect inducibility of 8-lactamase. Conjugation experiments were performed by
the filter mating method using the recipient Escherichia coli J53 Azi" strain. PCR and DNA
sequencing of DHA-specific PCR products were tested.

Results : The double disk synergy test was negative and the modified Hodge test was positive for
the K. oxytoca isolate. Antagonism was observed between cefoxitin and oxyimino-cephalosporins.
Sequence analysis of the DHA-specific PCR products revealed that they were identical to the amino
acid sequence of the DHA-1 B-lactamase. Transfer of the resistance by conjugation experiments

was successful.

Conclusions : We found a plasmid-mediated DHA-1 -lactamase-producing K. oxytoca posse-
ssing an unusual inducible B-lactam resistance phenotype was found in a university hospital in
Korea. The resistance phenotype was conferred by DHA-1 encoded by a self-transferable plasmid.

(Korean J Clin Microbiol 2004;7(2):124-129)
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aminopenicillin, ticarcillin, piperacillin 5of W4} o] ™ ex-
panded-spectrum cephalosporin#l| U} aztreonamol] = ] 4 <]
73%-7} 2ATH1, 2]. K. oxytoca”} expanded-spectrum S-lac-
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73 2319} Z 8t ~v]) = A extended-spectrum fB-lactamase
(ESBL)7} A== 2 -97F dvh4]. H 2 & 2 K
pneumoniae®} Escherichia colio] A cephamycinAl| o] W}
S Holx #FE0] £71sta 9lEHl, o] & Pseudomonas
aeruginosalt} Enterobacter spp. 59 21#S-A 7o &
A3t A2 A A AmpC S-lactamase A x| A Aol =
Z g} ~u =X AmpC B-lactamase W&o T}, 6]. &
o] Fl Al ZH(family)e] AmpCe Fr=dol™ & A
%= 7% oxyimino-f-lactam#], 7-a-methoxy-cephalospo-
rinA] 2 monobactam#]| o] A& e 5= A T}(5, 6]. T
BEo ZgtAn =4 AmpC F 4 Klebsiella spp., Sal-
monella spp., Proteus mirabilis$} Zro] A z2 o 2 o A 4
A AmpC B-lactamase’} 1l HFFo| A LA HT}H7-10].
Zg2v = AmpC B4 A= g8 UFE
o] 74 A (constitutive) .2 FHEH FE=AQ HA = =
Et}. Al$-t]olEr] ololl Al 2 % E DHA-1 S-lactamase A
A1 Salmonella enterica serovar Enteritidis7} £2] = ¢l =4
[71, ©] blay,, ¥4 x}+= Morganella morganii] <3 2% 4] A
AmpCol| A Fef e 2 o 2 Z A (regulator) 4 2}2] ampR
o] A7l Wl fFE=Ae)th1l, 12]. # Zoll = DHA-13}
FAF8F DHA-2 B-lactamase’} oA H1¥H nv}7} 9l
on,o]l AL FEAY WA B8 F S BATH13].
2 g elo) 725448 ol A ESBL o 23 5]
N A BT WAEAYLS ol K. oxytocart ¥
AT AR A3t FEA
DHA-1 44 7 %91 & 2913}
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2002'd 8¢9 St UITw HEAA4AE Y FF Lo o
A 654 FArghAre] A47d A A ol A K. oxytocaZl #2]
% 2}, MicroScan WalkAway System (Dade International
Inc., West Sacramento, CA, USA) 2 2 A] &) 3l g+ A|| 7F=
X A1 & ol A ampicillin, ampicillin-sulbactam, cephalothin,
cefoxitin, tobramycino]] WAd o] 12 ESBL A¥ Ao & <
A o] th. ESBL T] 23 &9 A &[14]9)| 4] & ceftazidime-
clavulanate®] E-3}4] t] A~ =9 A ) 7} ceftazidime T] A~
Avke] A th Bof 7H A4S AT

]

2. A7dAE

E test strip (AB BIODISK, Solna, Sweden)2 ©] &3}
A8 v A of] w2} amoxicillin-clavulanate, piperacillin-ta-
zobactam, cefoxitin, cefotetan, cefotaxime, ceftazidime, azt-
reonam, cefepime, imipeneme] # A A FE=MIC)E =
7 83 o}, B-lactamAl] 7} obd Al ol o 8 A = National
Committee for Clinical Laboratory Standards (NCCLS) t] ~
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A2 [14]8 o] &3 3+ A Y 23 & amikacin,
gentamicin, tobramycin, ciprofloxacin, trimethoprim-sulfa-
methoxazole (Becton Dickinson Microbiology Systems, Co-
ckeysville, MD, USA)°| 21 t}. E. coli ATCC 259225 A =
HeAFF 2 AFE-3F3I T ESBLY AmpC B-lactamase®] 7
=2 918 2+7 double disk synergy A @[15]%} modified
Hodge A &[16]& Al 83l tt.

3. FRHAIE

A4 B-lactamase] F=2 AE3H7] HdlA AF
¢ disk antagonism A] & [6]2 2F7F ¥ Slo] A] 3y
t}. # ol S v}E Mueller-Hinton agar plate2] 3 of]
ok ¢} oxyimino-B-lactamA] T A3 5 z+7teo] 713
Zpel o] 7+A o] 20 mmr} = A F shEE wi ek gk o
=3t F=FA & amoxicillin-clavulanate 2} cefoxi-
tin-, oxyimino-B-lactam#|| &= cefotaxime, ceftazidime, azt-

reonam, cefepimeS- o] 83} t}.
4. PCR2} DNA sequencing

Alkaline lysis W [17]] w}2} template DNAZS &) &}
13 PCR 532 o] o] WR[18]= <t ¥ st 0.5 ¢«
M primer®} 2 pL2] template DNAZS o] &-3lo] HZ H
7} 50 pL7} )| == 31gdth. blag.[19], blay,[19] 2 bla-
oua[20] 5-©] primerE o] 83k PCR %23} DNA sequen-
cingol] A}-8-3}t primer= Table 13} Z3kt}. BLAST prog-
ram (http://www .ncbi.nlm.nih.gov)< o] &3to] 371G S
i et B4 skt

5. HMTEAIH

Conjugation-& filter mating™ [21]°]] wla} A] B3} 1
recipient2 £ E. coli J53 Azi' 7 F[22]5 ©o] &3} ).
Transconjugant: sodium azide (100 mg/ml)<} cefoxitin (16
mg/ml)o] 3H-&F MacConkey agarE o] &-3}o] 483} o}

R
1. 2HAREI HETEEAH

K. oxytocax amoxicillin-clavulanate 9} cefoxitinol] 1%
T YRS HQ 3 g B-lactamA] o] MICE SEgktt. 8-
lactam#]] o] 2] 2] oFA] Fof| A = tobramycinol] W4 ] ]
t}. Double disk synergy A] &2 343, modified Hodge A] &
< FolAch WA AEAI el &3l A cefoxitin U]/ ©]
recipientQl E. coli J53 Azi' 7ol A 2% ] 1L ©] transcon-
jugantE A FEF A fALR 2EA L e
T} (Table 2).
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Table 1. Primers used for amplification and sequencing
Primer Sequence’ Position’ Accession no*
Amplification
TEM-A TAAAATTCTTGAAGACG 2-18 AF027199
TEM-B TTACCAATGCTTAATCA 1059-1075
SHV-0S5 TTATCTCCCTGTTAGCCA 254-271 AYO008838
SHV-0S6 GATTTGCTGATTTCGCTC 1033-1050
Amplification and sequencing
DHA-MF AACTTTCACAGGTGTGCTGGGT 1244-1265 Y 16410
DHA-MR CCGTACGCATACTGGCTTTGC 1648-1628
Sequencing
DHA-LF GGGGAGATAACGTCTGACCA 2545-2564 AJ237702
DHA-LR TAGCCAGATCCAGCAATGTG 3063-3044
DHA-RF GCTGGGGTTATCTCACACCT 3275-3294 AJ237702
DHA-RR GCACTCAAAATAGCCTGTGC 3805-3786

* All primer sequence are written in the 5’ -to-3" direction.
" Nucleotide position of the primer in the sequence.
* GenBank accession number of a sequence containing the corresponding primer sequence.

Table 2. Antimicrobial susceptibilities of a DHA-1 -lactamase-producing K. oxytoca strain isolated from a patient and its

transconjugant
Strain MIC* ( g/ml) Inhibition zone diameter' (mm)
CAZ CTX
AMC TZP FOX CTT ATM CTX CAZ FEP IPM AMKGEN TOB CIP SXT CAZ + CTX +
CLA CLA

Clinical isolate 48 4
Transconjugant 48 4 256 1
* MIC values obtained by Etest.

T Inhibition zone diameters obtained by NCCLS disk diffusion test.

Abbreviations: AMC, amoxicillin-clavulanate; AMK, amikacin; ATM, aztreonam; CAZ, ceftazidime; CIP, ciprofloxacin; CLA,

256 05 025 025 05 025 025 15 19 10 23 24 25 21 27 27
025 05 1 025 025 19 23 14 34 32 25 20 28 24

clavulanate; CTT, cefotetan; CTX, cefotaxime; FEP, cefepime; FOX, cefoxitin; GEN, gentamicin; [PM, imipenem; SXT,
cotrimoxazole; TOB, tobramycin; TZP, piperacillin-tazobactam.

2. REHAE

ESBL t] A~ = 3FQl Al & o]| A K. oxytoca Y At F+ cef-
tazidime 2] & At} 7} ceftazidime-clavulanate2] <A tf K.
t} 4 mm 7+43}%] 11, transconjugant+ ceftazidime-clavu-
lanate 9} cefotaxime-clavulanate2] At 7} ceftazidimeZ}
cefotaxime®] QA ) 2t} 242+ 4 mm3} 5 mm & 243
t}(Table 2). Disk antagonism A & of] 4] = cefoxitin®} amo-
xicillin-clavulanate ©] 2~ 3.} &3 3} oxyimino-f-lactam T]
2239 AA|7F DA} o ® A 1Y A {24 B-lac-
tamase ] < 3215} T}

3. PCR2 DNA sequencing
blaSHVv bIaTEM ‘;‘l bIaDHA l—ETO] Pfimer:‘é‘ o] ‘g‘?}l’ PCR g‘ﬂ]’

SHV ¢} DHA<| %Al S H ¢t} o]
tazidime, aztreoname] MIC7} 25 1 pg/mL ©]|3}o] %l 11

T+ cefotaxime, cef-

MicroScan, double disk synergy A] &, ESBL T] ~= 9]
Al oA 25 ESBL 2412 XKool SHVE SHV-1 like 8-
lactamase 2 3=Z0] | lt}. DHA £o9] PCR AFHE-2 7]
ME & A4 g AT, o] A9 opw| At 1 7] 4 F o] DHA-
1 B-lactamase £} 100% 4 =) &} t}.

]

il

Z g} ~u =4 AmpC f-lactamase &= FEAQ A&
DHA-1, DHA-2, ACT-18 Zo] <&&x t}[7, 13, 23].
DHA-1-& S. enterica serovar Enteritidisoll A %] & X 3117}
= AIL[7], thRke] g o &4 Y of| 4] DHA-1 A/d K. pneu-
moniae] 3o B3 F b7} UTH24]. A AE-2 654
WA @akel FAAANA Behan =4 fE24 AmpC
B-lactamase?] DHA-1 S-lactamase A4 K. oxytocaZS
3ttt ZFA~u| =4 AmpC B-lactamase 5 DHAE & A
AAA R =& Aor oA ot v=e 257) ¢}
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AAE D.C.olA 2l d ZF 7525F 2] oxyimino-£-lactam#]]
WA K. pneumoniae, K. oxytoca, E. coli =] 4] K. pneumo-
niae2] 8.5%, K. oxytoca2] 6.9%, E. coli®] 4%7} &g} ~n]
=X AmpC fB-lactamase A A T Fo]Q 2} o] = DHAY
B-lactamase A4} K. oxytocax= 11 TH25]. 18y =2
Z g} ~u =4 AmpC B-lactamase A 4] K. pneumoniae =
oA DHA® o] 7}# &35} 11[26] E. colit} Salmonellac]
A &= DHA-13 o] B3¢ Hl7} QlTh26, 27]. & ghato)
Al £2] ¥ DHA-1 B-lactamase A 4] K. oxytoca”’} GenBank
accession number AY205599% S| & o] It} o]HH A
ol A #2] ¥ K. oxytocat conjugation A] & ol] 2] 3] A cefo-
xitin®] WA o] E. coli I53 Aziol] &= o] blay,,,©] &~
2 olgo] 7bed Zetavn| = eS & U

ESBLe] 1% ol il A& Be 77} oA 3
© 1 Klebsiella®} E. coliol] =3t% o] Q) 7]+ 3}%] ¥k NCC-
LSd| 1 7]Fo] A& o] 9t} 14]. AmpC p-lactamase]
A &% = 3-demensional A] & [28], modified Hodge A] &
[16], AmpC disk A] 3@ [29] o] /&=l Lo} ofF
NCCLSol| = H &% ol W} 7]Fo]l AAE o] A &S
e ottt =4 B-lactamase] A3 S A E317] 34
£ FFE kA Q] cefoxitino] Y} clavulanic acid2} oxyimino-f3-
lactam#]] 7+2] antagonism Al & [6]S o] &8 < Ut A
A4 AmpC f-lactamase A 2}7F A H A 2 2 1+ Kleb-
siella spp., Salmonella spp., P. mirabilis S|4 =4
AmpC fB-lactamase A T FE L ESBL t] A3 321A] g
< @& w) ESBL A4 94= Whd] 2 ceftazidime-clavu-
lanate ¢} cefotaxime-clavulanate ©] 2~=.2] At 7} cefta-
zidime ¥} cefotaxime T] A~ 3.9] AA| ) B} A3t E =2 o]
£ 24 B-lactamase B/ 1AM TY] AES A%
AR AEE 5 ATk SFATHAL AAE ) A
o| ] = ESBL t] == gQIA| €] A ¥} 7} ESBL A w5
¢} digj o] Z3E B9 11 disk antagonism A A= %A S
Ho] § x4 f-lactamased] & &1 & 4= ot

AHdA o2 =4 AmpC A4S YA SIE Al o
g A olA FF AmpC 2 FFAY /] W] F7} oA =) 5t
= 4%7F &4, o] extended-spectrum S-lactamA] 2
A w5ste A7 Qo BE o] & oetr] fsiA f A
AmpC A3 4] Enterobacteriaceae 7+ Fof s A= ZE ex-
tended-spectrum S-lactamA] S WA 2. 2 H 13fof 3ttt
A= UTH6]. 18 fr=4 <] DHA-1 A4 59 2
< Eg2an =4 AmpC B 9] ol th gk exten-
ded-spectrum cephalosporinA] 2] X & & Z}of| tf 3+ A7}
o}z 7 9] gl7] W] Eol =& extended-spectrum fB-lactam]|
S WAH R Hadfol steAl= obF & gler, ol
gk ol o g o] g oAzt FARIAI ® opF] ¥
A4 QA g2 Aol vt E AFE(13, 2413 npH7}
A2 ol AFNME /g A1 A3}, DHA-1 A4 K.
oxytocaz} th5-+2] oxyimino-cephalosporin#l| ol 7F4=A]
S 1.9 © 1} clavulanic acide] ZA)] st A= 254l o] A

il
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315 ¢l th. 8FA] 7t cefepime} imipenem-S clavulanic acid
o EA) St M = ALl Astt AL fle A= &
2 A 1 tH24]. webA DHA-1 A F+ 44t cephalo-
sporinAl| U carbapenemAl| 7} 7} 2 A€ A L TH5 A
o] lt}. wata] n A& AL o A = Klebsiella spp., Sal-
monella spp., P. mirabilis ol /] DHA-1%59] #+=4 B-
lactamase7} 7 & 7 F A ALl Al cephamycinA] 2+
e e AmpC kA o] AME-2 93 AS &4
Rol ad Aoz AYzhert.

fr ro

=3
=
-
(=] (o] 5
el =

B & :2002\d 84 & thsty Ao 4] A4k B-lactam
A WA AP AL Hol= F 54 Klebsiella oxyto-
ca @7} g Ate] A A A e H AU o] 75
+ ampicillin, ampicillin-sulbactam, cephalothin, cefoxitinol|
WA o] ) 21 ceftazidime-clavulanate T] 2~ =.¢] < A tf 7}
ceftazidime ©] 2~ =9 A ) Bt} 7F4 53 ).

4t B : Eteste} T 234 & o] &3] Azt
FAANE LS A . AmpC S-lactamase AP A -2 modified
Hodge A& o 2 #=3}9t}. Disk antagonism A] & 0 2
B-lactamase®] # =4S 7 &3} t}. ConjugationS Es-
cherichia coli J53 Azi" 7+5+&- recipient® 3} filter mating
W o 2 Al skgith. PCR¥} DHA 5-©] PCR AHE & ©]
-3 DNA sequencing< A] 38 3} %1 t}.

Z 3} : K. oxytoca 7 =<l tf] gk double disk synergy A|
& &4 o] 9] 11 modified Hodge A] & & kAl o] A T}, Ce-
foxitinZ} oxyimino-cephalosporinAl] T] 2= ZFoj| antago-
nism< 2.9 th PCRZ} DHA o] PCR AHE S o] &3
DNA sequencing 2 3} o}n] = AF &4 7] A 4 o] DHA-1 S-lac-
tamase 2} d 2] 8193 t}.

2 B AAEL FFY 3 Ut YA AT
=4 UYAE 8PS 2n e g2 =4 DHA-1 #-
lactamase A4 K. oxytocas 2|3} 1L, ©] DHA-1 3
A 22F olFo] 7t ZEan|=d glo] Aol
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