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Extended-Spectrum A-lactamaseZ #/dvl= Klebsiella pneumoniae
X2 qnrB% armA #3849 SAES

Coproduction of gnrB and armA from Extended-Spectrum B-lactamase-producing
Klebsiella pneumoniae

Moon Hee Kim, M.D.}; Ji Youn Sung?, Jong Woo Park, M.D.2, Gye Cheol Kwon, M.D.?, and Sun Hoe Koo, M.D.?

Department of Laboratory Medicine, Sun General Hospital’, Department of Laboratory Medicine, Chungnam National University HospitaP,
Daejeon, Korea

Background : Multidrug-resistant Enterobacteriaceae is a worldwide problem. Although various
resistance mechanisms have been recognized with increasing frequency, only a few cases of triple
resistance of extended-spectrum S-lactamase (ESBL)-producing Klebsiella pneumoniae have been
reported. This study was designed to evaluate the coexistence of gnr (gnrA, qnrB, and gnrS) and
16S rRNA methylase (armA, rmtA, rmiB, and rmtC) in ESBL-producing K. pneumoniae.

Methods : We tested 44 isolates of ESBL-producing K. pneumoniae at Chungnam National Uni-
versity Hospital from March to September 2006. Antimicrobial susceptibilities were tested by broth
microdilution method, and transconjugation test was performed using E. coli J53 with azide resis-
tance. Search for gnr (gnrA, gnrB, and gnrS) and 16S rRNA methylase (armA, rmtA, rmtB, and rmtC)
genes was conducted by PCR amplification, and the genotypes were determined by direct nuclectide
sequence analysis of the amplified products. Epidemiologic study was performed by Enterobacte-
rial repetitive intergenic consensus-PCR (ERIC-PCR).

Results : All ESBL-positive strains produced gnrB; however, armA was detected in 68.2%. The
coproduction rate of gnrB and armA in ESBL-producing K. pneumoniae was 68.2%. Two types (A
and B) were dominant in ERIC-PCR results.

Conclusions : K. pneumoniae producing gnrB, armA, and ESBL are spreading widely. (Korean J
Lab Med 2007;27:428-36)

Key Words : Extended-spectrum f-lactamase, gnrB, armA, Klebsiella pneumoniae

) T EZA3H 1], Klebsiella <0 93k 7+ S &
WY Agoly Lolghy TAHAAFASS 2T e WY
3} Sl M 713 hs fasled ol S dodl=

Klebsiella 42 Alol 2] X3l AdoE Alte 3%, pal
459 HHE-E Klebsiella pneumoniae®|tH2]. K. pneumoni-

=
ps] 2120079 8 2¥ LS 1 KJLM2060 . R o _
SEEES 20079 109 24 ae= & 5013 JAAY SHVE, LENE % OKPE A-lac-

ARzl 1 20079 10€ 25¢
WA R A3 N = gals :
© 301721 ThABIA] =T TIARE 640 ticarcillinol] k1 Aot 3], FHSE EF3+ cephalosporin
Fuistag e ARAel s St : =) 3 3
o A e B sl i o] IHAE 7Fol=0] % [ E<R (8
A8} : 042-280-7798, Fax : 042-257-5365 AL &FAE K. pneumonize HHTE| AT o3t sk
E-mail : shkoo@cnu.ackr O1H4] A AR 7= o) B tigk WA Alite] A7=

tamaseS AJASIEE ampicillin, amoxicillin, carbenicillin &

428



ESBL MM K. pneumoniae2| qnrB2t armA SAAA

289 it} Extended-spectrum S-lactamases (ESBL)
A FFE penicilling, H§HY 2 S3HE cephalosporin@ mono-

bactam % carbapenem< A|9|3t B-lactamA| oAl ol
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(TMP-SMZ) 5 92 AZe] AT oA WA 7397t
Yol Ad¢t X3S Agsly] olH-$H ESBL X7 &
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T pMG 2529 93 quinolone WAE 71 K. pneumoniae’}
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A &3] BAEAET10], quinolone W& ESBL 473 w5l
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rRNA 9] posttranscriptional methylaseS 3] 1EHAS A
St} amA FARE JEY FEkar e g8 £HHeE MY
g 5 Utk amA AR o b ERe] iAol A
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mum inhibitory concentration, MIC) & ZA &3 tH17]. Alg3t
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BA R HFstAA 3AIZE A8 wjekstainh Foit ul kY
02 mL oA} vkl 22 mLE Aol Yol 37°CE 14]
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¥ MacConkey $Hdloll HEatith 37°Coll A 18AI vy & &
AH EHFF(transconjugant) & Ak WA Ade] ol
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Table 1. Oligonuclectides used as primers for amplification and sequencing in this study

Enzymes Primer pairs Target Sequence (5’-3") Amplicon size (bp) Reference
A-lactamase TEMF* blawn and variants ATGAGTATTCAACATTTCCGT 861 28
TEMR' TTACCAATGCTTAATCAGTGA
SHVF blasw and variants CCGGGTTATTCTTATTTGTCGCT 831 28
SHVR TAGCGTTGCCAGTGCTCG
CTX-M1F blacmaw cluster AGTTCACGCTGATGGCGACG 676 23
CTX-M1R AACCCAGGAAGCAGGCAGTCC
CTX-M9F blactwes cluster GATTGACCGTATTGGGAGTTT 047 28
CTX-M9R CGGCTGGGTAAAATAGGTCA
Qnr anrA F qnrA GGGTATGGATATTATTGATAAAG 660 29
agnrA R CTAATCCGGCAGCACTATTA
gnrB F gnrB1-qnrB6 variants GGMATHGAAATTCGCCACTG 264 29
anrB R TTTGCYGYYCGCCAGTCGAA
gnrS F qnrS AGTGATCTCACCTTCACCGC 550 29
agnrS R CAGGCTGCAATTTTGATACC
16S rRNA armA F armA AGGTTGTTTCCATTTCTGAG 776 23
methylase armAR TCTCTTCCATTCCCTTCTCC
rmtA F mtA CTAGCGTCCATCCTTTCCTC 635 23
rmtA R TTTGCTTCCATGCCCTTGCC
rmtB F mtB CCCAAACAGACCGTAGAGGC 769 23
rmtB R CTCAAACTCGGCGGGCAAGC
rmtC F mtC CGAAGAAGTAACAGCCAAAG 700 30

*F, forward:; 'R, reverse.
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Bt AFA7E 39K primerE AHS-SHSATH 23, 28-30](Table 1).
Plasmid Purification Kit (SolGent Co., WA, 3+)E Al-8-3f
Ao ZaliuE DNAE 2319tk 10X Tag buffer (25
uL), 10 mM dNTP mix (05 uL), primer Z} 10 pmol, 0.7U0
Taq DNA polymerase (SolGent Co,) ¥ ZR{+E E3sle] &
3 25 puLo PCR £9& st Gene Amp PCR Sys-
tem 9,600 (Perkin-Elmer Centus Corp., Norwalk, CT, USA)
OF 95ColA 20%, 59°ColA 40%, 72°ColA 30%9 HH-g
303] wHE-E9Th Z+7ke] PCR AJAHES ethidium bromide’} 3
Bl 1% $5A004 087 /1B el Mg ARer, 55
AHE-S DNA extraction kit (Qiagen, Hilden, Germany)ZE g
% BigDye Terminator Cycle Sequencing Kit (PE Applied
Biosystems, Foster City, CA, USA)% ABI PRISM 3730xl
DNA analyzer (PE Applied Biosystems)& o]-&3te] 7] A
s T

6. Enterobacterial repetitive intergenic consensus (ERIC)-
PCRU| 9|8t ©i8FM o1 =A}

DNA purification kit (Promega, Madison, WI, USA)< A}
&3to] o #79 DNAE FE319 F3 DNAZE ARE-3l%th
Primer2% ERICIR (5-ATGTAAGCTCCTGGGGATTCAC-
3) 3 ERIC2 (5-AAGTAAGTGACTGGGGTGAGCG-3) &
e G T NS ARSIITH 9], SEE-2 10X

Taq buffer (50 uyL), 10 mM dNTP mix (1.0 pL), primer
7} 20 pmol, 14 U Taq DNA polymerase (SolGent Co,) ¥ &
FFE Egete] T 59 50 pLo] EFNOR APt 95°C
ol 587F WEEAIZL &, 92°CollA 50%, 52°C A 55%, 70°C ol
A 724 353] FF WSAIT)AL 70CoA 10327 7 wSAIA
o} SEAHE(10 uL)< ethidium bromide”} ¥8HH 2% $-5-4
o A7]19% 8 % BioDoc-14™ Imaging system (UVP, Cam-
bridge, UK)< ©]-&-3te] FA3IAth W] 7Fest Aagio] we

BA NGE 2 352 sk, o) o149 w Aol7t o)
o8 o5t ARIAT Gl Ao BT,
2
1. 87A 25 2o

K. pneumoniae®] amikacin, gentamicin, ceftazidime, cefe-
pime, cefotaxime, ciprofloxacine @ norfloxacine®] tjdt WAE
& 247} 72.7%, T5%, 93%, 13.6%, 36%, 81.8% 2 77.2%°)}
tH Table 2, 3).
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Table 2. Characteristics of ESBL-producing K. pneumoniae harboring gnrB, gnrS, and armA genes

MIC of agents (ug/mL) 16STRNA  ERIC
Isolates A-lactamase anr
AMK GEN CAZ FEP CTX CIP  NOR methylase  type

K-1 >64 >16 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-2 8 >16 >64 2 8 2 2 SHV-12 qnrB4 armA B
K-3 >64 >16 >64 <1 8 =>4 8 SHV-12 qnrB4 armA B
K-4 4 1 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-10 >64 >16 >64 <A >64 0.5 2 SHV-12 qnrB4 armA C
K-12 16 2 >64 <1 4 <0.25 <05 SHV-12 qnrB4 armA B
K-16 >64 >16 >64 2 4 >4 >16 SHV-12 qnrB4 armA A
K-17 >64 8 >64 <1 >64 >4 >16 SHV-12 qnrB4 B
K-19 >64 >16 >64 <1 8 =>4 =16 SHV-12 qnrB4 armA B
K-20 >64 8 >64 >64 >64 >4 >16 SHV-12, CTX-M3 qnrB4 armA B
K-24 >64 >16 >64 2 16 >4 >16 SHV-12 qnrB4 armA C
K-25 >64 >16 >64 <1 8 =>4 =16 SHV-12 qnrB4 A
K-27 <2 4 <1 <1 8 1 2 CTX-M9 qnrB4 D
K-32 >64 16 >64 <1 32 >4 >16 CTX-M9 qnrB4 B
K-38 >64 >16 >64 <1 32 =>4 =16 SHV-12 qnrB4 B
K-42 >64 8 >64 >64 >64 >4 >16 SHV-12, CTX-M9 qnrB4 B
K-43 16 2 >64 2 8 >4 >16 SHV-12 qnrB4 B
K-45 16 >16 >64 <1 32 <0.25 2 SHV-12 qnrB4 C
K-46 4 <1 >64 >64 >64 >4 >16 SHV-12 qnrB4 armA A
K-85 >64 >16 >64 4 >64 >4 >16 SHV-12 qnrB4 armA A
K-86 >64 >16 >64 <1 8 =>4 =16 SHV-12 qnrB4 armA A
K-88 8 >16 >64 <1 8 1 2 SHV-12 qnrB4 B
K-89 >64 >16 >64 1 32 >4 >16 SHV-12 qnrB4 B
K-91 >64 >16 >64 4 >64 =>4 =16 SHV-12 qnrB4 armA A
K-93 >64 >16 >64 4 >64 >4 >16 SHV-12 qnrB4 armA A
K-95 >64 >16 >64 16 >64 >4 >16 SHV-12 qnrB4 armA A
K-96 >64 >16 >64 <1 >64 =>4 =16 SHV-12 qnrB4 armA A
K-99 >64 >16 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-100 >64 >16 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-102 >64 >16 >64 <1 8 =>4 =16 SHV-12 qnrB4 armA A
K-146 >64 >16 >64 >64 >64 >4 >16 SHV-12 qnrB4 E
K-148 >64 >16 >64 <1 2 >4 >16 SHV-12 qnrB4 armA B
K-150 <2 >16 <1 <1 >64 2 8 SHV-12, CTX-M9 gnrS, gnrB4 B
K-152 >64 >16 >64 <1 4 >4 >16 SHV-12 qnrB4 armA A
K-153 >64 8 >64 >64 >64 >4 >16 SHV-12 qnrB4 armA A
K-154 >64 >16 >64 >64 >64 =>4 =16 SHV-12, CTX-M3 qnrB4 armA B
K-155 >64 >16 >64 2 16 >4 >16 SHV-12 qnrB4 armA A
K-156 >64 >16 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-159 >64 >16 >64 <1 8 =>4 =16 SHV-12 qnrB4 armA A
K-160 >64 >16 >64 <1 8 >4 >16 SHV-12 qnrB4 armA A
K-161 <2 >16 2 2 >64 05 2 SHV-12, CTX-M9 gnrS, gnrB4 B
K-164 <2 8 >64 2 16 =>4 8 SHV-12 qnrB4 B
K-166 >64 >16 >64 8 >64 >4 >16 SHV-12 qnrB4 armA A
K-167 4 2 >64 <1 8 >4 >16 SHV-12 qnrB4 armA B

Abbreviations: MIC, minimum inhibitory concentration, AMK, amikacin; GEN, gentamicin; CAZ, ceftazidime; FEP, cefepime; CTX, cefotaxime; CIP,
ciprofloxacin; NOR, norfloxacin; ERIC, Enterobacterial repetitive intergenic consensus.
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Table 3. Activities of antimicrobial agents against ESBL producing K. pneumoniae harboring gnrB, gnrS, and armA genes

Antibiotic AMK GEN CAZ CTX CIP NOR

resistant

genes MC “pice mics MC wmico Mice MC mice Mice MC mMico mice M Mice M MC Mice MiCs

(N of isolate)  range range range range range range

blastv-iz, <0.25- >64 >64 2- >16 >16 >64 >64 >64 8- 32 >64 <001 >4 >4  <001- >16 >16

qnrB4(9) >64 >16 >64 >4 >16

blasw, 4-  >64 >64 <01- >16 >16 >64 >64 >64 2- 8 >64 <001- >4 >4 <001->16 >16

qnrB4, >64 >16 >64 >4 >16

armA (28)

blaswv-iz, >64 >64 >64 8- 8 >16 >64 >64 >64 >64 >64 >64 >4 >4 >4 >16 >16 >16

blacmws, >16

qnrB4, armA (2)

blaswv-iz, >64 >64 >64 8 8 8 >64 >64 >64 >64 >64 >64 >4 >4 >4 >16 >16 >16

blacmas,

qnrB4 (1)

blasw, <025 <025<025 >16 >16 >16 <015 1 2 >64 >64 >64 052 A1 2 2-8 4 8

blacms, -2

qnrB4, gnrS (2)

blacmws, <025 32 >64 4- 8 >16 <015 32 >64 832 16 >32 1- 2 >4 2- 8 >16

gnrB4(2)  >64 >16 >64 >4 >16

Total (44) <025 >64 >64 <0.1- >16 >16 <0.15- >64 >64 <01- 16 >64 <001- >4 >4 <001->16 >16
>64 >16 >64 >64 >4 >16

Abbreviations: See Table 2.

Table 4. Distributions of gnrB, gnrS and armA determinants g YOo7)= K. pneumoniae =°| ESBL AJAlo] =762
according to ESBL among clinical isolates of K. pneumoniae 9lom ESBL SAAH= Zglanjto] s o2 FE02 Ayt
ESBL type N (%) of isolates with 2 5oy A AEe 4o § 7] Wil Azt A7t 5
(N of isolate) amA qnrB4 qnrS 2 9eH20]. & S{21]el <aha 1999-20001d0] £2]E ESBL
SHV-12(37) 28(75.7)  37(100) At 3640l digk WA A AR A T F 2045(56%)
SHV-12, CTX-M-9 (3) 3(100) 2(66.7) ol A WAo] AeE Aty 3t}
?;?;(/-;AZQ(EJ)XMS (2) 2(100) 2888; Wang S[10]°] 2J8PH K. pneumoniae 72F 5 859l qnr
Total (44) 30 (68.2) 44.(100) 2(4.5) FAAE BAHNL 1 5 7FelA Al o WA Aol 9
=t ciprofloxacinell thgk MIC7} gojzfell = 2-32 pg/mL

Abbreviation: ESBL, extended-spectrum /-lactamase. # _ -
pectum & o190y} IAGHFEFANE 025 pg/mLE aHOY

o gt WAAES APttt 1 F 1059 AAEHgFTE Ut HEH AR Hol gnr A v AR HHE
AATH333%). K12 dF9 armA F+AAE AQdis BF Ao 7 2238 2=k 3117, SR E coli J53914= MIC
A U4 FRATE FAl AGEUY TR} Fofzte] & 7F 0008 pg/mL7] WEell w7t Tkl shgict Zgstel el Al
A A A 3 2Fo] 71AB S TH(Table 5). qnr FAAE 7WR E. coli A4 ciprofloxacindl] ek 4
o] 168 S7katA=Hl o142 qnr A B8 Hert o As

4. ERIC-PCRZ 0|88t 95t ozt Zu} Aty BT 22]. Bogaerts F[23]el 98t CTX-

M-3¢F armA 2] el gk WA Hg Aol A amika-
FEFH A=Y I F 1,000 bp cindl] tfgk MIC7} Foiateh JAGHGATAA s JE=
o] 215 & 7P Bk, <k 700 Uelgth T8y £ ApeAe 305 T 10F0A Hel ok
Fo] 18FE SAIEISITKFig. 1). WA Ago] ERIFATH Ao AH-E 571 A BT F
AT MIC7F Fodjol uct A2 A vebst
t} o) AL oputE FAR A WA= qnrB, armA, SHV-12

o e EAe A3 571 o
oletel 37le) WE HeiFE AT
B

bp] F 1VHe] WS HelFe

1%
-Or-(‘*

LAy o]9]9] 227h BefalL 9l7] M Ao F5HE F qnr &

A2} Qe Fekav| =7 @A fluoroquinoloned] thel] W2 4+

K. pneumoniaet= ¥’¢ ZAAA 3] REHE 452 ARl o] ARk SR TETAA A2t slriete oA 45
T B-lactam FtAIE Wol AHERITE 19 A2 B0l $5 7 T OrEe] 22 £ WS 7L AlET oA ofrke
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Table 5. Resistance profile of donor strains and transconjugants
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MIC of agents (ug/mL) 16S rRNA
Isolates B-lactamase qnr
AMK GEN CAZ CTX cP methylase
Donors (state of origin)
K-3 =64 >16 =64 8 >4 SHV gnrB armA
K-4 4 1 >64 8 >4 SHV qnrB armA
K-12 16 2 >64 4 0.25 SHvV qnrB armA
K-17 =64 8 =64 =64 >4 SHV gnrB armA
K-20 >64 8 >64 >64 >4 SHV qnrB armA
K-24 >64 >16 >64 16 =4 SHvV qnrB armA
K-100 =64 >16 =64 8 =4 SHV gnrB armA
K-102 >64 >16 >64 8 >4 SHV qnrB armA
K-159 >64 >16 >64 8 =4 SHvV qnrB armA
K-160 =64 >16 >64 4 >4 SHV gnrB armA
J53 transconjugants
K-3’ >64 8 >64 4 >4 SHV qnrB armA
K-4" 2 1 >64 1 0.25 SHV qnrB armA
K-12’ 4 2 16 2 0.01 SHV qnrB
K17 4 2 16 1 025 SHV qnrB armA
K-20’ 4 2 16 1 025 SHV qnrB armA
K-24’ 2 2 16 1 2 SHV gnrB armA
K-100 8 0.1 >64 16 0.01 SHV qnrB armA
K-102' 2 0.1 >64 32 0.01 SHV qnrB armA
K-159" 1 0.1 16 1 0.1 SHV qnrB armA
K-160" 2 2 16 1 10 SHV qnrB armA
E. coli J53 0.25 0.1 0.15 0.06 0.01
Abbreviations: See Table 2.
FAA A2 Aol FIHHOR gnr FAAl the] 2HEs1] armA %= rmtBE& A4 K, pneumoniae T#F9] 86.7 %, A.
fEY Ao R F=QtH24]. T Bogaerts S[23]2 At o baumannii ¢ 93.8%7} levofloxacind] WAo]Ath & Ao A
Sl A]gA] BjA] o) rifampicin, streptomycin B+ nalidixic acid <} X armA §734AE 7V K. pneumoniae 30457} cirpofloxacin

amikacin® ¥o] aminoglycosideo] WA¢l w3t Meizog =}
2 sted =2 MICHS 4oy & Atdxes ASHE 8-
lactamase, qnrB, armA AL 222 ZepAvd] & Ao
2 7HA3AL ceftazidime?t o]-&3fe] A3917] wjEol] Ahy
o7 YA Anrt e #Fe Ay

9 3
SRR EER T D P E L

gl
armA AR 7 8400 98l blacrx-wdE HEH
o} glo] Z 9] cephalosporinAlol . EA] WA %_1 RAO7 2R

AtH15]. Elo]gtolME armA EE mtB ¢
coli 9 K. pneumoniae® 94.3%7} CTX-M3 ZAE
2 B H25], I8y Lee £[26]2 armA T rmtB %
Aol 2559] Enterobacteriaceae$} 1652 Acinetobacter spp.
% blacrx-u-u7t B4 K. pneumoniae @ AT HE o]
16S rRNA methylase AR} blactx-m14 FAA7E 84 A
go] e e ofata 519121 16S rRNA methylase A4
K. pneumoniae®} Acinetobacter baumannii 7} THEugte] H]3)
st A AH OS2 W methylaseE AA = 5+ arbe-
kacin®} amikacin®] Y& WAS HolH levofloxacin® & EA]9|
WAads vepdoy BISET E Lee §[27]9 AFelA®

kAol Escherichia
14 e

ol
AT

o 90% (275F), norfloxacin®l 86.6% (265) 7} Wdo|Ach

2 AolA Alelek gel ost WA de AldellME ESBL
AA K. pneumoniae #FNA qnrBS} armA FAAZF WA A
2% st Ag & & AUk ERIC-PCR 2% A¥(21F)% B
F(185), CH(3%F), D (1), EF(1%F) & eI

A2Z 072 ESBLS AA s+ K. pneumoniaed| A quinolone
Z} aminoglycosidedl] that EA] WAlo] @o] EA)3lY, 2714 &

o) SA EATE % 5 Ak

oF
25

2
HHE @ AAAHSE oA WA A Alde] EAR oiFEL
AL o2} 74 getAlel tigh WA ol S7kskal Yot extend-
ed-spectrum A-lactamase (ESBL) A4 Klebsiella pneumo-
niaed]A¢] ESBL, quinolone ¥ aminoglycoside Ao th3dk
A WAol gk B27) {itk olol ESBL A4 K. pneumoni-
aedl| A9 quinolone % aminoglycoside A|Aol thdk thA] WA
WEg dolH A} 391
2 1 2006 ’3°J”51 987k Feisha el

ekl

M



434

bp
2,000 —>

1,000 —>

500 —>

300 —>
100 —>

bp

K43 K45 K46 K85

2,000 —>

1,000 —>
L

500 —>
300 —>

100 —>

bp
2,000 —>

1,000 —>
500 —>

300 —>
100 —>

K86 K88 K89

K148 K150 K152 K153 K154 K155 K156

B B A A B A A

ZHE3] - dR|A - 2EP 9l 29

K20 K24 K25 K27 K32 K38 K42

K99 K100 K102

K159 m K160 K161 K164 K166 K167 K146

-

A A B B A B E

Fig. 1. Enterobacterial repetitive intergenic consensus-PCR patterns of genomic DNA from clinical isolates of K. pneumoniae harboring
ESBLs. Lane M is 1kb DNA size marker. Among the five different banding patterns (A, B, C, D, E), A and B patterns are dominant. Thirty
nine of 44 extended-spectrum S-lactamase -producing clinical isolates show A or B patterns.
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