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16S TRNA methylase A4 213824 7Ht 9

WA A BAGAEA 54

Aminoglycoside & A= A9 ribosome¥ E7FHH oz A}
of gulstgde Asste A FuAR, O v HFE SHoe=

o
T

olr

1 Abgdck. 2 aminoglycoside ¢  Z& T A 308

ribosomeS T4 3tE= 16S rRNAE methylationdto] Y24 oz /&

r%'h

W E 4, 6-substituted deoxystreptamine @yt Alo] 1% WA S H
oA st= AMEE WA ZIdo] RuH Ao} oo th i =ue AT
o oo & AT E MEI A= AActe 249 3%
B SN EEHe a¥eA AT FolA 16S rRNA
methylaseE A3t 579 WxEe 2 A F3, g o5 A
1 Fo B-lactamA| ¢} fluoroquinolone#l] %o ™k oAl WA SAS
T ek ar Al skl
2006 7HRE 20079 6€7bA] A7 stA Ol A g 22 WY
2007 44 HE 6d7bA Mol AT 3A o] AT Ao A
B3 A#Ao  HF = Enterobacteriaceae,  Pseudomonas,

Acinetobacter +%F L Stenotrophomonas maltophiliaS N4 2 5}

TF 5L 5K yosty PP FEFE kit o] 459

FHI dF= fgx2ama SRy g sAAPoeR B-lactamAl,
aminoglycoside#] % fluoroquinolone#| o] ™3+ A ZFAS A d

3} A o). Extended-spectrum B-lactamase (ESBL) A A& double disk

synergy WO ® Ald3F4 a1, plasmid-mediated AmpC B-lactamase



(PABL)AA > cefoxitin ZFA AP A3(E FAsHS
Carbapenemase®] 42 modified-Hodge ¥}, imipenem-EDTA
double disk synergy W o2 Al 9 &t}.
16S rRNA methylase A4 -2 arbekacin T3 E o] &3le] AWl
S PCRE A (armA, rmitA, rmtB, rmtC 2 DS 73539 1L
A @7l AdSE EAEe Rixe {FAFSE AASAT
Plasmid-mediated quinolone WA 71d2 gnrd, qgurB, gnnS %
gepA At PCR¥Y @7 Ad #Ao=2 APtk 16S
rRNA methylase$t gz F A A0 59 34 A3 ES 9
3171 938l pulsed-field gel electrophoresisE 4| & 3} 1 t}.
Baaw oA

RS

16S rRNA methylaser= 20073 4¥€ %€ 690 A
B8 AN TF =, £ coli 27 (K1%), A prewnoniae 24
(11%), A. oxvtoca 17 (2%), Citrobacter 45 (10%), FEnterobacter 2
T (4%), S marcescens 25(4%), Achromobacter xyviosoxidans 15
(20%), Acinetobacter 1157 (10%) 2 S maltop/ilia 157 (2%) A 7
=¥, 20066 79HE 2007 69l WA HLAANA FEE Tl
M=, £ coli 8F (%), A, pneumoniae 51F (21%), Citrobacter 3
T 8%), Fnterobacter 27 (2%), S marcescens 45(8%), 2.
miriabilis 25 (4%), P aeruginosa 15 (<1%)o|A] el gt}
armAT AB T Y B2 T 48F T 43F (90%)ol A, WA HY +
g5 BF F 107 (93%)lA FholAdn. £ coli 27F, A
pneumoniae 27, Citrobacter % 27 Y Providencia 3% 374
= B FAATE BEH Ao, o] T 4FolAM = FA O armAd A
A7F EHH A armASY By s Al RElE e d e £ coll 1

=, A pneumoniae 25 R P rettigeri 157900, El® 3k Ao



of gzl ABAL AU A wvlosovidans 15NN = A A
2 7F okA ol Atk 16S rRNA methylase WA Enterobacteriaceaed

cefoxitin ¥ levofloxacino] w3 WA &S 5% L 81% = Aol

£

9 68% % 36% HT} =4t} 16S rRNA methylaseE A=

M

Fo 3 aminoglycoside & A2 MICE EF >128 ug/mLO =

~

il Al T FE fldth. 16S rRNA  methylase A7

pneumoniae®] ESBL % PABL $A &2 59% % 92%=2 4

N

9] 43% % 64%0°] vl A =gkorw E3] 16S rRNA methylaseES A
Aol A pneumoniae®l 91%7V  gnrBFE FAOl 7FA I AT
Plasmid-mediated quinolone efflux pumpES AA st gepd FHA=
it AR G £ coli B C freundir®t 16S rRNA methylase
S 159 £ colil A Aol k. 16S rRNA methylase %54 <l
Pseudomonas R Acinetobacter % 4 metallo-B-lactamaseE A
AdlE #5E gk 16S rRNA methylaseE A= #+59 H
A Addds dotry] A8 Al@ e PFGEoA = e S 24
t}.

ojAo & Yol  16S rRNA methylase & =Fe] 93
aminoglycoside %= WAl &4 bt o=l nsto] Eshel

cole wFel deY AA dow, 44 FRE ugd dor @

¢

th. w3 ols #FEL ESBL, PABL ¥ gwF 2 WA 4
=
[e)

Aol e A5t ek,

Ayl = w0 16S rRNA methylase, @724, 77145, aminoglycoside,
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1. NE
Qe BEE FR AANE 9 QU RATEOL, Escherichia

coli B Alebsiella pneumoniae 5= X 8t= Znterobacteriaceae;
Pseudomonas aeruginosa 2 Acinetobacter %S X335}
At 5O e T o R oFolx vk aF
SA zbeol 9 ZAFY A FolE Al 9 penicillin-binding

proteinol| ZAgsto] &g 2§ S e
2

rr
b

oft

-y
a-

pot
o,
&
w
o
o,

=

+ B-lactam 3 A, Al 9
DNA gyrase® topoisomerase®l g3lo] DNA A S Aslst=
fluoroquinolone 34 Al 2 Al¢t ribosome®] 30S subunitel] &7} 4
o2 Agsto] mRNAS HYS waslal, peptide 92 Aoz
A A A4S Ye = aminoglycoside &3 Al 7 F
Lol o5 Aol g HAdol Tkt ddAH S
Har glvk 2003 el S 4470 W bel A st EA% WAdE A
zo &' A pneumoniae?) A WAL ceftazidime 25%,

cefoxitin 23%, fluoroquinolone 19% % amikacin 13% =2, 1997 9]



25%, 16%, 7% 2 8%c°l ®lal dF F7tetA Y of 3] =gk,
Acinetobacter 3wE 2 A WA EL 2003 d = ceftazidime 54%,
imipenem 13%, fluoroquinolone 58% % amikacin 56% % £|=of| H]
kol E=dT. T w2 FdA WAE T, B-lactam Al ¢
aminoglyoside &3 Ao thd WAHLS extended-spectrum B
-lactamase (ESBL), plasmid-mediated B-lactamase (PABL) %
metallo-B-lactamase (MBL) #&-& t}%3g B-lactam 3o A 3 &
2 ¢ aminoglycoside® &&33+= AAC6 ' )-1 59 amino-
glycoside-modifying enzyme®] Hato] o]g zloz ®uE T}
Aminoglycoside-modifying enzyme< QA HAolA EH=
aminoglycoside WAl A 7 T U 7]HS=Z2 acetyl
transferase (AAC), phosphotransferase (APH) % adenyltransferase
(ANT =+ AAD)Y 3 FT7/7F dow ZEst= amino’] H+=
hydroxyl7] o] $1xe] wat AACE)F o] ®rgtt”. ztzte] aae
Al g stete @Al SolAol wekbA AACK6Y)-1 T3 22

subgroupl & EH{FH Ad AAANA 28 ¥+ aminoglycoside U
A AAsE A a9 TR wEh, JAdS Hols

aminoglycoside®] FF7} Y211, arbekacinol ITx= WA S dod| &=
s olA7x xu® w9k a8y HE E9o arbekacin 2
amikacing ¥ &3 dAA o7 F83 EE aminglocosideo] L% W

3

] Ru=Egdo e U 71de 16S

tlo
e
(o
)
rlr
=
oX,
N,
2

o

rRNA methylase {2258 A4 ¥ methylase’} aminoglycoside

Ao #ZE  ®EHA  30s ribosomed TABE  16S rRNAES

methylationd} ¢] amikacin % gentamicin< xeE  RE
4,6-disubstituted deoxystreptamine Ao 1LE WA S Hole= A



o =2 plasmidg 3 oE T2 A A aFSA IHrolA
16S rRNA methylaseE A3t WA FHAAZE HI7A Serratia
marcescens X armA°, P aeruginosa X rmitA', S marcescensol
A e, P mirabilisV A rmec®7y 7b7b BoanE glon], el o A
+ metallo-B-lactamase®] ¥+ SPM-1% 7% 2 aeruginosal A
rtD' 7Y B3 9ok,

Az WA 71ded e g4 Q A= v

L 200430l thwtol A R ¥ Z coli 2559F 9% AL prnewmoniae 1,624

FE Aoz 16S rRNA methylase A2 HES A dsto], avnd

o

ok

o,

Y B %A dF7Y £ coli T 47 129 25, A

—

pneumoniae s 27 16579 55 A3, 16S rRNA methylaseE A}
AstE o5 F, CTX-M, TEM %+ SHV %9 ESBLelY, CMY-2
§° PABLS AAse w57 E3e musdn’ 94 gAdA
2% 16S rRNA methylaseE A A3l B2 757} carbapenem=
Aol 9 B-lactam, aminoglycoside % fluoroquinolone &3t
Aol Al W8S BAdva st e s A5 Agd FFol
41 16S rRNA methylaseo]l w3t B 17} q Aok, o] T2 20033}

2005 e el A7) g WA S dF dFE o=
Al st AFANA, armA AR 9 gk aminoglycoside X U4 o]
T E ZEXx ¥, tiREEeo] ESBLI¥ PABL %Al o)W A

levofloxacin®ll WAl A< ®W1aglc}

3 quinolone #yr Al WA 7]AE& ZA DNA gyrased
topoisomerase IVe] ®Wolo] &3 F T2 F=o 3 o] 3
ool F A 71 BE AT AAIY] Wolo] o8 dojvta

Hoz AW, HolAd A gfAE HAEHA Feop’ a2y



H o plasmidel 93] e == fluoroquinolone WA 7] A o] W 1% 8]
=49, Martinez-martinez 5ol &3 g WA 71A 3} Yamane 5ol
©] 8 plasmed-mediated active efflux pump (gepA)o]ti'! ™ Jx 1
ol o5t g WA 7172 ESBLE AAste AldolA Estrha

g o ESBLY A% SukE = 16S rRNA methylase9bo] 34 o

==

el A= HEsA o, gepdel 9 fluoroquinolone WA 2 16S
rRNA methylasecl <t WA} Aol oy ol A= oo tf
gk A7 Gl

| 16S rRNA methylase A4 o5& Ao 74

o
S
.

[e]

ol\
8 |

A}
o] 8% aminoglycoside#l ¢F & F o Aol oA WA=
of d¥How v FAasY I A= oo Wi AF7E 79
= AAod. E AT A3 A7kdd AAstE 228 34
HY A A B E= IS Hd FolA 16S rRNA methylase

g A4S 27 NES 1 WA FAY, = oE AT Fol B

)

S

W
okt

q g FHstm

~lactam#| ¢} fluoroquinolone#| %ol 3k t}x|

=
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20073 4€5E 20079 697EA Azl AT ABE A
2006 7TEHE 2007d 6€7bA A= Aol HAT BA A
A3 AN BYEE Enferobacteriaceae,  Pseudomonas,
Acinetobacter & R Stenotrophomonas maltoplulics N4 o2 A
do 2dd #5F EFE s, 3 S T o9

T Askdn

£l

2. % %A % 16S rRNA methylase A AW AHA}

N

#E EAL AFAA Ao pda JEHE Lit: ol §3halh

O

Arbekacinel] w3 T4 AH-LS arbekacin tl~= (30 pg, Eiken
Chemical, Tokyo, Japan)& A}-&3}o] Clinical Laboratory Standards
and Institute (CLSI) t]23 Fay oz Agsdu oz o4
!

ol

7F <13 mm o¥ Aoz, AAdrt fled 1= PR F

%S

bzl fedS CLSI 3 sy o s Algsialtt. 24 A8 A=

i
~
ad
ofo
ol
-
3
&
ol
-

Mueller-Hinton II 814 (BBL, Cockeysville, MD, USA)
A=  ceftazidime (GlaxoSmithKline, Greenford, United Kingdom),
cefoxitin @ imipenem (Merck/Sharp & Dohme, Rahway, NJ, USA),
levofloxacin (Daiichi pharmaceutical Co. Ltd., Tokyo, Japan), arbekacin
(Meiji Seika, Tokyo, Japan), amikacin (Dong—A Pharmaceutical, Seoul,

Korea), gentamicin % tobramycin (Dong Wha Pharmaceutical, Seoul,



Korea)s AF&3dth. ol st Ald ATS Steers replicator (Craft

Machine Inc., Woodline, PA, USA)E AF43}o] oF 10" colony forming

unite HEI F 35CoAA 8lY Fo #F=539] minimum inhibitory
concentration (MIC)S ZA43F4t}. Arbekacin® breakpoint® <4 pg/mL
g #4, 8 ug/mLE 3, =16 ng/mLs WA= Aedy, A=dds
WA £ coli ATCC 25922 2L P aeruginosa ATCC 27853 #+5 &4
of Al sk

4. B-lactam Al WA

oo

7}. Extended-spectrum B-lactamase A A

Cefotaxime, ceftazidime % aztreonam 3 A2l At X & o]
2+ <27 mm, < 22 mm % <27 mm °|W ESBL AA T*FE
ojAlstg ., ESBL A wF7F oA =W double disk synergy
(DDS) Alg o= ESBL A4S &8stk =, ESBL A4 o] o4
= AlY M-S McFarland 05 %% Mueller-Hinton II g3 o
HF3ar, amoxicillin-clavulanic acid (20/10 ng)E ol i ¢
23 FPAAYEZHE 10 mm FHA  cefotaxime, ceftazidime,
cefepime &9 UX2AE F& Fo, tazad 3 A7 s

Age] oste] Bt AT FHOE U

1}, Plasmid-mediated AmpC B-lactamase A Al &

E coli A pnewnoniaed) sl PABL XA o3 Z Awdslr] 93}
o] cefoxitin &t Al o] MICE A @3tATh. £ colit A, preumorniae
© AmpC B-lactamase”} WA A LAY flor 2 cefoxitinel] Ul

AN WA TE be Aoz Bgsg

ol

PABLS A4

rr



t}. Carbapenemase A4 Al &
(1) Imipenem-Hodge
A A Mt £ coli ATCC 259225 McFarland 053 =2 g
FAth & 7171

2 FHol wjA F% o] imipenem UY2=Z9 =S S Ao n

o
32

ZF 31 Mueller-Hinton II g-deo] "B o2 13 HF

axoZRE wjA HA] 7HEAE]E s carbapenemase A3 A ©]
gaH = AldATE AstA g4 FFekdh 35Tl 153 F2
o7} imipenem U 2=AE S %ol Fa 35 ®F ulF , XA Al
of A ¢rell U= AP Ao FA Aol wEpA A A Al
AA 7t S0 7t

(2
o2
o,
o
t
e}
it
ol
o
38
i)

(2) Imipenem-EDTA+SMA DDSH

Carbapenemase Aol gAxE= AdS AAFE AA
McFarland 053¢ %2 3433 Mueller-Hinton II g3 W
oz HESAY., EHol mE FHo| imipenem YXAIE EF L,
A FAY AfAR wEo] "WAg v2aE 2 7pEAY AL
ole] Ag7F 10 mm HA F=L& Fo, ® yx==o 05 M
EDTA+SMA €9 10 uLE 2otk o5 % wef Fol F t=3

Abole] At AAA FA

o
tt
me)
It
ol
o
32
v

5. 16S rRNA methylase f+d# #H %
Arbekacin T2 A YAl #FE Ao R, 16S rRNA

methylase F+AA (@A, rmitA, B, rmtC L mmeD)S  PCRE

lo

st tH(Table 1). MeP oz AP Axs A 200 ule] =

=
Fao Fad FHol 8FZF @ola 2&%F 13,000 rpmle 2 YAl g

_10_



o

d M-S template= AFE3SFA T A A 1 ul, 20 pmol®] primer 7t
ZF 1 ul, 1 U9 Zzg DNA polymerase’} 5] 9+ PreMix (Bioneer,
Daejeon)ol FFF= H7Fste] &= 20 ul7b HA sl PCRS Al &3}
¥ttt FZL Mastercycler gradient 5331 (Eppendorf, Hamburg,
Germany)< A3, ZAL  predenaturation 94C 5%,
denaturation 94°C 30%, annealing 55C (@A, rmtA, B,
Multiplex), 77722C 55C 2 0 62°C 30%, extension 72C 189 %
Aoz BF FYdAdt. PCR =& 2E2 1%9 agarose gel 100 ml
o 0.005%<] F%==2 ethidium bromideE % 7}sle] W& gelol A 10 x
loading buffer (Takara, Otsu, Japan) 1 ulE % 7}sle] Mupid system
(Seoulin Bioscience, Seoul) 2. & 100 VoA 30&7F A7) o 53t}
T% g9 Z7IE ¥ustr] A= 100 bpe DNA ladder
(Takara)E AF&3F% 3, bande= UVI pro (Uvitec Ltd., Cambridge,
England)® @3tk 48 #F= Qo wala] gel extraction
kit (Qiagen, Hilden, Germany)& Al-&3to] DNAE FZE3l3 ABI
3700 #4H] (Perkin-Elmer, Foster City, CA, U.S.A.)Z methylase

e

Aol 471D e LA, methylase®] F7E FAsw, F17
g

W o]& (Genetic variant)°] A5t A= A

6. Plasmid—-mediated quinolone WA A A=
Plasmidel 93 2= %+= quinolone WA FAAA gnrd, gk,
qgnrS 2 gepAS PCRZE AZ&3A . DNA+ 16S rRNA methylase
E "= 98 F=23 A AR AF¥ Y 1 nl, 20 pmol?
U9 Zzg DNA polymerase’} ¢ 3= PreMix

primer Z}ZF 1 ul, 1

(Bioneer)oll S#F45 #H7Fste] % 20 ul7F EA st PCRS A& st

- 11 -



¥t FZL Mastercycler gradient 5331 (Eppendorf, Hamburg,
Germany)<  A&3e 91, ZAE  predenaturation 94C 5%,
denaturation 94°C 30%, annealing 55C (grAd, gl 2L gnrs

Multiplex), ¥ gepAd 61C 30%, extension 72TC 1% 9 7oz A

sheith A% FFIAE ABI 3700 AU @7 AdE BAse &
A8 e,

N
Lo
M
N
Ho
2
2
2
l-'O
i
o,
=
ol

7. 16S rRNA methylase A

165 rRNA methylaseE Qs & dFTHEHZ Hol A
DNAS F=3 & Agd zr= Adsto]  pulsed-field gel
electrophoresis (PFGE)E Al &3dto] clonalityE &<atdivt. A8
FES 7Z17ZF LB broth 5 mlel HE3ta 204 7F v kst %, Lysozyme
(10 mg/mL) 1 ul¢ 2% Incert agarose (Cambrex Bio Science
Rockland Inc., Rockland, ME, U.S.A.) 140 ul= 43°] moldel] ¥ 1
So] 4TCeo HIA3ATY. PlugE moldolA wloldH 3 lysis

ot

solution 1 ml®} lysozyme 1 plE Y1 1A%k H<¢F rotator
(Cole-Parmer Instrument, Chicago, IL, US.A)E 3] AA 7| HA &
st th. TE buffer (1 mM EDTA, 10 mM Tris-HCD)& A}-&3}¢]
lysozymes A Ae Fo Xbd (Takara) #|g T4 30 UL Al-&3}o]
DNAE 4ddsiaitt. EDTA 100 plg AR&ske] Al a49 A83
A 713, 1% agarose gel (Sigma)S AFE3te], 7] 95 Al
statk. 77 9% S CHEF DR II (Bio-Rad, Hercules, CA, U.S.A.)
S Abg3le] 6 Vol AF 05%, wkA R 3029 PR A s
t}. Ethidium bromide 05 ul/mlZ 3027 dAs 3 UVI pro

(Uvitec, Ltd.)® bandE &23& %

- 12 -



Table 1. Primers used for PCR detection of 165 rRNA methylase

genes, gnr, and gepA genes

. , , Product GenBank
Name Nucleotide Sequence (5" -> 3") . .
size(bp)  Accession No.
amAF  AGG TTG TTT CCA TTT CTG AG
590 AB116388
amAR  TCT CTT CCA TTC CCT TCT CC
;A F - CTA GCG TCC ATC CTT TCC TC
635 ABO083212
smtA R TTT GCT TCC ATG CCC TTG CC
rmth F CCC AAA CAG ACC GTA GAG GC
584 AB103506
smtB R CTC AAA CTC GGC GGG CAA GC
;mtCF - CGA AGA AGT AAC AGC CAA AG
711 AB194779
rmtCR - ATC CCA ACA TCT CTC CCA CT
smtDF - ATG AGC GAA CTG AAG GAA AAA CTG C
532 DQY14960
smtD R GCT CCA AAA GCG GCA GCA CCT TA
g7AF  AGA GGA TTT CTC ACG CCA GG i
=80 qnrAl
oAR  TGC CAG GCA CAG ATC TTG AC anrA6*
grBF  GGA ATT GAA ATT CGC CAC TG )
264 qnrB1
orB R TTT GCC GCC CGC CAG TCG AA anrB6+
@rSF  GCA AGT TCA TTG AAC AGG GT qurS1 -
428
@SR TCT AAA CCG TCG AGT TCG GCG anrS2
gepAF  CCG ACA GGC CCA CGA CGA GGA TGC
549 AB263754

qgepA R TCG GCG GCG TGT TGC TGG AGT TCT

* Primers designed for multiplex PCR of wvarious g¢n7 genes by

Cattoir V, et al®.

_13_



m. 43
1. 16S rRNA methylase %4 &

2006 7EH-H 20079 69 Atole]l WAW Lol A= 1345, 20079
4958 649 Atolo] AE G~ Yo A= 83F 9] arbekacin WA 1%
SA 7riro] E Y H 2tk 16S rRNA methylase %A 755 AlBgd~
WY B85 F, £ colf 27F (K1%), A pneumoniae 245 (11%), A.
oxvtoca 1+ (2%), Citrobacter it 45 (10%), Enterobacter % 2
T U%), S marcescens 27(4%), A xylosoxidans 15 (20%),
Acinetobacter & 1157 (10%) B S maltopfulia 157 (2%)°] A 1L
WA Y BHYF FoAME £ colki 8F (1%), A, pnewrnoniae 515
(21%), Citrobacter 1% 37 (8%), ZLnterobacter i+% 25 (2%), S
marcescens A458%), P muriabilis 25 (4%), P aeruginosa 1F
(<1%)ol vk, 2xk&4 et AAo e FAES ABd2Ed 4%

2 X H 9 5% 0] ¢l th(Table 2).

- 14 -



Table 2. The rates of 16S rRNA methylase-producing isolates in Severance and Myongji hospital from
2006 to 2007

Severance Hospital Myongji Hospital
Bacterial species No. Arbeka.cin Methylase No. Arbeka.cin Methylase
isolated Scre..er.nng Positive (%) isolated Screfer.nng Positive (%)
Positive Positive

£ coli 416 3 2 (<) 646 11 8 (1)
A, pneumoniae 215 29 24 (11) 245 60 51 (21)
A oxvioca 44 1 1(2) ND

Citrobacter spp 45 4 (10) 37 3 3 (8)
Fnterobacter spp 52 2 (4) 129 3 2 (2)
S marcescens 48 24 52 5 4(8)
P. mirabilis ND 57 2 2 (4)
M. morganii ND 27 1 1 (4)
Providencia spp ND 21 3 3 (14)
A. xviosoxidans” 5 1 1 (20) ND
P aeruginosa 248 9 0 (0) 257 14 1 (<1)
Acinetobacter spp 112 13 11 (10) ND
S, maltophilia 66 17 1(2) ND
Total 1251 83 48 (4) 1471 134 75 (5)

Y A xylosoxidans: rmitA positive.

Abbreviations: ND, Not determined.
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2. 16S rRNA methylase +49
165 rRNA methylase %A 5 SolA 7Hd &35 AL armAo]
oo AEdamYd 8T 48F oA 43F (90%), WA Y 8 F 757
ol 4 707 (93%)7} armA AT}, £ coli 2F, A. pneumnoniae 2
T, Citrobacter % 27 2 Providencia v 37TAAME B 7
A7 HEHJeH, o] F 4FdA = A amAd AT HEH
X amA 7Y sAl B EE T F
pneumoniae 25 L P rettigers 1790w, wEd 2 Ry HAd

2x7}h Beadi, Bew 84 e gty duye gr Aow

GE Ay, A xvlosoxidans 15N rmid A A7 A o] Yt
2] o]y S Aety] siA AE S dolA EElE £ cok

el

15, A pneumoniae 27, C freundii 157, A. baumannii 157 % .S
maltophilia 179 WA ANA EHA £ coli 15, A pneumoniae
3, C freundii 15, P rettiger: 15, M. morganiy 157 2 P~
aeruginosa 157N armA 44 97 LS BEAGJoY BE o
FollA FdT d7] MEs BAY. mf w7 AEE 9Fd o
M= FHAAE FEHS d7] Ades BASRoY, A7 ALY

Hol= #EHA & dth(Table 3).
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Table 3. Distribution of 16s rRNA methylase in gram-negative bacilli

Bacterial species

Severance hospital

Myongji hospital

armA rmtlB armA+rmtB armA s armA+rmtB

£ coli 0 1 1 8 0 0
A pneumoniae 24 0 0 49 0 2
A oxyvtoca 1 0 0 ND

Citrobacter species 2 2 0 3 0 0
Enterobacter species 2 0 0 2 0 0
S, marcescens 2 0 0 4 0 0
2. muirabilis ND 2 0 0
M. morganir ND 1 0 0
Prouvidencia species ND 0 2 1
A xylosoxidarns* 0 0 0 ND

P aeruginosa 0 0 0 1 0 0
Acinetobacter species 11 0 0 ND

S, maltophilia 1 0 0 ND

Total 43 3 1 70 2 3

* A xylosoxidans: rimiA-positive.

Abbreviation: ND, Not determined.
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3. 16S rRNA methylase A 5

16S rRNA methylaseE A A sf

rr
!
N

=, Enterobacteriaceae®|
%ol 13379 2 aeruginosa 97 R Acinetobacter F 1375 Ul
o A A4S AlPe sl 16S rRNA methylaseS A A 5t

Enterobacteriaceae®)| W3k ceftazidime, cefoxitin ¥ imipenem <]

rr

MICgo >128 pg/mL, >128 pg/mL % 4 upg/mL= 16S rRNA
methylase &4 59 >128 ng/mL, 128 ng/mL 2 1 pug/mL¥} H] <=
stov, WAELS 16S rRNA methylase %A #FFoA 22 66%,
8% % 4% % 16S rRNA methylase &4 ¢ 759 63%, 68% =
0% Ht} =9kl 16S rRNA methylase %A ¢l Enferobacteriaceae®)
levofloxacin®] e WA & 81%=E 54 w59 36%% H] i3}
] - = 9kth. Aminoglycosideo] a4 = 16S rRNA methylase %4
¢l =+ arbekacin, amikacin, gentamicn % tobramycin®] MIC7}

T 128 ug/mL o]Aold oy, 549 5+ arbekacin ¥ amikacin

ta

o 50%9 wF7F A ol%th. 16S rRNA methylase 9FA 9l

= =

aeruginosa®t Acinetobacter % ol ceftazidimeol] #7449l

ST

F+= o9 imipenem? MICo2 4 pg/mLOZE EF ZH4A o]

32

t}. 16S rRNA methylaseE A4 31 @3l arbekacinol] WA
9] 45%7} ceftazidimeo©ll, 72%7} imipenemo] WA <l A} FolE H
2t 16S rRNA methylase &7 ¢ w59 levofloxacinell tf g MICq
I} PYAES 247 128 ng/mL¥ 90%E Al #F9 32 ug/mL¥Y
63%0°l Hlste] =kl 16S rRNA methylase %A #F9
aminoglycoside @3fAlo] s MIC7} EF >128 ug/mLo=
Enterobacteriaceaest vVFI7VAI R E AL A dF= (oA

(Table 4).
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Table 4. Comparisons of MICs (ug/mL) of antibiotics for 16S rRNA methylase-positive and —negative

gram-negative bacilli

16S rRNA methylase-positive 16S rRNA methylase-negative
Antimicrobizl agents MIC range MICsy MICgy %R MIC range MICs MICgy %R
FEnterobateriaceae (133)
Ceftazidime 0.12 - >128 64 >128 66 1->128 32 >128 63
Cefoxitin 05 - >128 >128 >128 85 8- >128 32 >128 68
Imipenem 0.06 - 32 0.25 2 4 <0.06 - 4 0.25 1 0
Levofloxacin 0.06 - >128 64 128 81 012 - >128 2 128 36
Arbekacin >128 >128 >128 100 2->128 16 >128 50
Amikacin >128 >128 >128 100 8- >128 16 >128 50
Gentamicin >128 >128 >128 100 8- >128 128 >128 100
Tobramycin >128 >128 >128 100 32- >128 64 >128 100
Pseudomonas (9) and Acinetobacter (13)
Ceftazidime 128 - >128 >128 >128 100 2->128 16 >128 45
Imipenem 1-8 4 4 0 1-32 16 32 72
Levofloxacin 4 - 64 8 32 63 2->128 64 128 90
Arbekacin >128 >128 >128 100 2->128 64 >128 63
Amikacin >128 >128 >128 100 4->128 64 >128 90
Gentamicin >128 >128 >128 100 2->128 >128 >128 90
Tobramycin >128 >128 >128 100 05->128 128 >128 90
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4. 16S rRNA methylase A4 TF9 ttAWA F%

16S rRNA methylase %4 Z co//®l ESBL, PABL % grnr A&
& 77 70%, 70% B 30% =, 4 oY 50%, 25% B 0%t H]a
sto] =okovy w5 FUF 4 1079 4572 A AT A prewnoniae
9] ESBL % PABL %A &2 16S rRNA methylase %A ol A
59% % 92% =, &4 T 43% L 64%0°] Hvls|A] Egon 55
16S rRNA methylaseE A St= A prewnoniaedl 91%7V qgurlB =
SAlel ZkA 3 AT (Table 5). 7€ Znterobacteriaceae) X %
methylase] #%o] W2 ESBL A& YA o5 T, 50% 2 &
A aF T, 25%E YA TF7F =kon, g FHEE A7 43%
2 25%0) ATk, gnr WA A pnewnoniac= &4 ol H] &l
MICs0, MICg0] 2-48) =skom, WA &S 2h2t 87% R 70%°] vt
(Table 6). 7€} Znterobacteriaceae & NN armAES YR 5
= 2670 oH, gurbE FAOl A e dFE 97 (3B5%)eolf L, 1
5 157V Citrobacter % °l 433t Plasmid-mediated quinolone
efflux pump?®l gepAd FRAAE B AR YA £ coli B OC
Jreundii®k 16S rRNA methylase 52 1579 Z colPl A F2d o1

iL(Table 5), 35 B9 @7 AL &l Bad 23 100% LA

=

stlon, Zzte] fA3 AnAe 9 Aoz AZHA. 169

rRNA methylase 48 Pseudomonas 2 Acinetobacter % A

metallo-B-lactamaseE A3t 5 AU

5. 16S rRNA methylase A4 59 Fd4 A3A
165 rRNA methylaseE AAstE 79 314 AdAAAHS Lolr

7l & AMEdaEdn gAY AdAA FEE 2 okt A



pneumoniaesS N0 2 PFGEE A& 5FA . 8F 9 £ coli= A-GY
09 FE 109 oy oz ERIJCH, 7 WYy BT o
FAHel AFAA o] §IATt. 17579 A prewnoniae= A-J2 10719

TR 1] olgoem EFEHNAY. C #33% G 78S AEdard

2

X
R/
ol

N

ok

i

o0 BoFolA RE pAER oY osd zApo)A

A DA AT, @AY gnrB 3R AL prewnoniae Al B2~ W

Foldar, WAL e FeollA

rr

G
C7 Gl, 17 J7 Ky L g—l J %—égi qooké}oq ﬁ_'?“ 7]—3] .%_XJAZ_‘]]O

T -

o

r

Ao AZE A,
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Table 5. Comparisons of the rates of B-lactam resistance and quinolone resistance in 16S rRNA

methylases-positive and —negative gram-negative bacilli

No. (%) of other resistance mechanisms

Bacterial species (No. of isolates) ESBL PABL — o S vend’
16S rRNA methylase-positive
£ coli (10) 7 (70) 7 (70) 0 (0) 2 (20) 1 (10) 1 (10)
A, pneuwmoniae (75) 44 (59) 69 (92) 1(2) 68 (91) 0 0
Other Znterobacteriaceae (26) 13 (50) NT 2 (8 9 (35)° 0 1 (4)
Pseudomonas spp. and Acinetobacter spp. (12) 0 NT 0 1 (®) 0 0
16S rRNA methylase-negative
Z coli (4) 2 (50) 1 (25) 0 0 0 1(25)
A, pneuwmoniae (14) 6 (43) 9 (64) 0 8 (57) 1 (7 0
Other Znterobacteriaceae (4) 1 (25) NT 0 1 (25) 0 0
Pseudomonas spp. and Acinetobacter spp. (11) NT NT 0 4 (36) 0 0

* 2 of 3 gepA-positive strains were 777z2/5-positive strains.
$ 7 grrB-positive strains were Crzrobacter species.

# Metallo-B-lactamase production tested in 2 aeeruginosa
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Table 6. Comparisons of levofloxacin MICs in ¢gz—positive and —negative gram-negative bacilli

Bacterial species (No. of isolates)

MICs of levofloxacin (ug/ml)

Range 50 90 %R
grnr-positive
A, pnewmoniae (79) 0.12 - >128 64 128 87
Other gram-negative bacilli (103) 0.12 - >128 64 128 84
gnr-negative
A. pneumoniae (10) <0.06 - >128 16 64 70
Other gram-negative bacilli (69) 0.12 - 64 4 64 46
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V. 2%

Aminoglycoside &4+ thefer a3 FAAH 4 Aol w3
A FuAZ F8 TH de dy AgH dow, A AR
% cyclitol®] FFo] weElA] streptomycin 5 ¢ streptidine 3 A 2}
kanamycin % gentamicin %% deoxystreptamine i A FTOoE H
FH. AT aminoglycoside WA 71 dol= 24 E A2l ribosome
o =Z9wmoel’® m Enxo A mE:  active efflux® 2
aminoglycoside®] Y¢F FXE WAAA FAE EZAIE=
aminoglycoside-modifying enzyme? A So] 4 A Aoy, &
g o 16S rRNA methylased] 2]+ aminoglycoside WA 7] do] H 1
= At

16S rRNA methylase©l 2] 5k aminoglycoside W A

flo

]
aminoglycosideE A 8t= Actinomycetes 7E A S LAEHN L
] Alvto] AAEE aminoglycoside A ZHEH A4S HIEE
qeS Y. Actinomycetes wEO  oF AAFHE 16S rRNA
methylase®= N1 A9 2] A1408 F ¢ & methylationd} ¢, gentamicing
A 9] 8k kanamycin ¥ tobramycin Sol ™3 WA S @I = A
N7 A 99 G1405 ¥ 9= methylationd}o] arbekacin, amikacin %
gentamcine X339 R E 46-disubstituted deoxystrepamtine <t A
of W3 TE WAL dodle Aoz EFAd? HoAA 16S
rRNA methylation®] ¢]3F aminoglycoside WA 2 1334 ko
EAsHA] ¥ Aoz AZAHEHA oYU Galimand T oA @47}
Yokoyama 5o 9 & A A7y 242 RaE g antt dA47x nag
2E 16S rRNA methylase= N7 X499 G1405 ¥ =S methylation

she glow oeld vk aded aeld Bed® 165 RNA
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methylase®] 7] ¢lo] thefx= o2 WEshx oy, 7MY A5 B

H armAY Actinomycetes ENA HiE 16S rRNA methylase?

AT A o) 37-47% % AolstaL, mmtA, rmtB, rmtC 2R D S A v
M2 7129 16S rRNA methylase®ts $2 A 54 S ded=
Aog Hol dHAA &L 7AoEZRH FHEHAS AoE A7E
BRI

165 rRNA methylase k2] Holo] thair = otz &zl w7t
BA &gv.  Galimand T #H  AAMA  #HH BIT

Enterobacteriaceae®  armA FAATY EAEH, WA FHAATL
IncL/M plasmid®] Tn/Zss0l ¢ Aste] 1854 7kt Alolol A A
A 5 &S RusAH s AR A Ao A zo]7} 7}

58 fA%

v

Zo $1A o] A=, Yamane 52 A F A
A7V Tnso4l 22 47 722 Fxo oM & #5752 ddH

* Wachino < mcel Avto] 1SEp/o] Bl3S B sttt
olgel ogl YA HAE 7dexE EF33 16S rRNA methylase?]
= WA & Yan 5 2004 o wko] A

al
A9 Z coli 255959 AL pnewnoniae 1,624F=5 AR armA

N

S wFY ep X TTFIY E coli s A7 12579 25, AL
pneumoniae o 27 1659 577 AR, FAELS £ coli 05%
DA pnewnonize 1.3%% B39 T, Bogaerts 5-& 20004 5l
20051 Afojo wWl7jofeo] 27)

btS Ao g A AFoNM A preumoniae 105, £ coli 4F,

Yol -3 1538679 1HSA
£ cloacae 15, FE. aergenes 27+ X C amalonaticus 157N~ armA
TRARNE £ coli 17NN B F+AAE A& F 197 (0.12%)

©] 16S rRNA methylase A4 #3252 2us¥ct” =3 Yamane 5
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b

[e]
oA

Jho Al e 87626579 1%
P aerugimosa 145 (0.08%), £ coli 37 (0.02%), Alebsiella % 1
(0.008%), Znterobacter it 25 (0.03%), Acinetobacter % A5
(0.08%)°1 A 265 (0.03%)7} 16S
rmtA 14, armA 9
L R R =

< 9 A9 16970 =
T g
(0.13%) % Proteus % 27 (0.
rRNA methylaseE A9, #3138 FEXe
=, B 157 2 e C 2T 01U S Tk N R
272259 1FSA S Al FEte] 12359 16S rRNA methylase
G ATE HESAD, FYELS 45%E 7]E9] Ko H 3
ARE YJetWdt. E3 A prewnoniaedl A &o] ABSHAWY
11% % "HAWY 21%= v& dFol vlsto] =%kom, 7|g +F 9
FAHES HUEH=E 05%FE  14%7HA  vFskdth. 16S  rRNA
methylaseE A st dFo TFE 7S RaHAY. £ coli A
pnewnoniae, K. oxyvtoca, C freundis, FE. aergogenes, FE. cloacae, F.
mirabilis, Providencia retigeri, P. stuartii B Acinetobacter it 0|
EEolQoy, & koseri (armAY Morganella morganii (armA)
B EnterobacteriaceaeSt Achromobacter xyv/osoxidans (rmtA) 2
ltoplulia (armA)ZS X5 vEg 534 oA AFo
16S rRNA methylase A& A& A . o= oA a5
9 16S rRNA methylase A4 < v &o] =0 H

2h, 7€ Rurnyg g dFos FAk
o ot
16S rRNA methylase®]

rmtlB 5T
o 5% 1

Az}
gl gk

rmtA (0.8%) 2
T =

I E2A amAt

S
=
= 9
o] 453 =& ¥
i dees s Aos
PCR 3 7] Md 245 T &<
A 12357 =+, armAd 1135 (92%)
(4%) 0.2, armA FRAAL REEL FA o] o] 57
AR, A7y F2 ZYH = dE
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g A Fde dERW el 16S TRNA methylase®] ¢
o] AgHow 77t dEET FHI FARGE FAE UERH o] fr o
el e F7EAQ A7 298 Aow ot I 7)Ed =
SN =BA HREQ B FAAN P 9 F (8%)0 4 HEH
ol ool ¥ e AR kel FHASFE & ASdTh
B A b ARlE thekaty, H Faroll Al Bagk ul
¥ aminoglycosideE® ®olo] Efato] AL&T = Aol Feld Z
coli®) 32%7% B fFRAAE AR Aka &Y B EAs
= B AR AsE Foefold sow AAEAT. w165
rRNA methylasedl] 3t 7]E9] BE HIugA & g dFFolA] v
9] 16S rRNA methylase 3 xgto] H Qo 2 AFoA= 4
T

TFNA amASY rmmBsE A ARSI AS Fad

16S rRNA methylaseE AAstE 5+ dFF o=z {83 e
aminoglycosideo] 1% WA S Hole Z o= theFe A o
A WAdE Holes Aoz 43 A 9l 16S rRNA methylase$} &3]
s = WA 71 AL ESBL¥ PABLol| 23 B-lactam &3t # WA
o]t} Galimand ol 2st¥ fFHAAN B+ amd A4 A
T RFoA CTX-M 39 ESBL #3447 A&5€8S & + dx
2 Yan 59 Hio]A % CTX-M-3, CTX-M14, SHV-5 59 ESBL
e CMY-2 22 PABL A7 =2 W= HEHva st



o1® 16S rRNA methylaseE A A stE Oy 5o #57F B-lactam 3

A WAASE Busdth Golebiewski 52 CTX-M-3 =9

A= F4Y plasmidell EAeAIRE He]l "ol Ao =4S
Hustga® 2 dFIME 168 rRNA methylase ¥4 #FF&
ceftazidime % cefoxitinol] e WA &3 ESBL A4 S & 54
FFol vl =t Fuol A F ¥ = 16S rRNA methylase A A
7 CTX-M &9 ESBL AAFAAd tisfiA= F7FA Q0 &40
QoA g, oA B8 %= A prewnonae A 7V &3 ESBL
Fo] SHV-120.8 9= vE d4Y 75 ds Aoz A%

o]
T Rl
A W JdB FE) A= carbapenemase?t 16S rRNA methylase

N

4

FAlel AAstE w7 RuFEd Yu 59 Haol oid Fa
Ao 1970 w Yol A

ES
FAAN  amA A dF= 22157 (65%)°1Ja, AA 3FF
(o3

et

A3+ carbapenem WA A bawnannii 3425

o

pulsotype®. 2 ®HE g o1}, MBL A #5:= 939" Doi 52

N
2
>
[\
N
N

v = Pennsylvania®l A w2l¥ 5579 amA A
OXA-23% AA3Fal carbapeneme] 1% WA S HJow o 5
frddow Aande o sty £ MBLY SPM-13% /7D
A AAstE wFol o3 AW FAE Bepdol A Ky o]

Ll

16S rRNA methylaseE A s+ Y5 57} carbapenemases &
Aol AL S 9ee a2 Ao A= carbapenem U
Aol P2 aeruginosa & 1FoNA amAF Y E Ao
modified-Hodge ™3 imipenem-EDTA double disk synergy W ol A
54 o2 carbapenemaseE A= TFE WY ow, 16S rRNA

methylaseS A= Aanetobacter %5 oA carbapeneme] W

_29_



qel #EE gtk ey ZulelA 20033 2005K 6] =yl 17
e HdoA Acinetobacter 7% %, 165 rRNA methylase
= AAstE 7579 o] carbapeneme] WA olUTttE BuE 9l

o, olo] W F7t ATV Bad Aow wHr)
16S rRNA methylase A 75+ levofloxacin®]l WA= =&
YA &S YeERN Y. Fluoroquinoloned] ®dh WA 7| dozZ&= At
AA A o] Wolo 238k  quinolone-resistance determining region
(QRDR)9] W89} efflux pump®] F7F' 9 porine] #&™ Fel
2 494 do. 28y FH 2 plasmidE B9 o E w52 Ay 7}
5%+ fluoroquinolone WAl 7] % o] X 1% ¢l=4|, pentapeptide repeat
familyol 43 Qnr @9 Ao o1& A 7] 4"3} plasmid-mediated
active efflux (gepA gene)ol WA 717%e] o] 7]e] Zgt}h Qnr o
Aol g WA gurAd, qguB L gnrnS FAAC oA doju,
7y Ay HE2 SusteE dFo Aojrt Yo, dRoAM= ESBL
FARL A HAEHE A7 En B AT E amds A
AetE= A pneumoniae®) 91%ANA gur AR AEE o W =
2 AB#AHE Ro FAY. ole amAY guBE FAAA e A
pneumoniae®] o] ogk Aoz AZtE % 9l o1} PFGEA A th
G FHE BA, amAS gl Aol A frA kel o 9
ikd ke Aol E=eS ¥ F UAH gepd FHAAE £ colil A
A RS PowW, e A9 A transposable elementol] &
Aget, 2 AFAME gepd FAA FAQ 35 dF 5, 250 A
] TR gepAel o
fluoroquinolone WA & dAA7FA = wl$ oy 7t 34tE A9

Aol Fabd Ths Aol glol Fov dad Ao A AT
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sUel A 16S rRNA methylase % AFel 23 aminoglycoside i

WAl 2S5 e YAAES ARG 4% 9 WA
5% 9o nldle] Eddth. T 16S rRNA methylaseES A A &t

59 THe 71 RuFHAY. £ coli A prneumoniae, A.
oxvtioca, C [freundi, £F. aergogenes, £F. cloacae, F. mirabilis,
Providencia rettgeri, P. stuartii 2 Acinetobacter %5 °] W& 0|
Qo & koseri (armA) R M morganii (armA)
Enterobacteriaceae®tr A xyiososidans (rmid) LS maltophilia
(@rmA)ZL 23 vdg o34 FodAd=  16S  rRNA
methylase 4 FHAAE AEHo], G4 #Fox2 o2 WA #4
27 AukEa & Ao= Az AT T3 16S rRNA methylaseol
913t aminoglycoside %= WA £  col®l extended-spectrum B
-lactamase®t AmpC B-lactamase JA&o] zZ+zZ+ 0% 2
plasmid-mediated quinolone WA F A& A Eo] 40%°] 1, A
pneumoniaed] extended-spectrum B-lactamase %A & 59%, AmpC
B-lactamase ¥4 & 92% 2 gnr WA A FAAE 93%cloH,
7NV€} Enterobacteriaceae %2 extended-spectrum B-lactamase <F
A&l 50% % plasmid-mediated quinolone WA Hdzb %A & o)
47%= 16S rRNA methylase B4 w5 T AW #5571 &=

A~
& AR
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Aminoglycoside antibiotics, widely used in clinical settings as
monotherapy and combination therapy, bind to 16S rRNA of
bacterial ribosome irreversibly and interfere with the protein
synthesis. Recently a novel plasmid-mediated resistant mechanism
that conferred methylation of 16S rRNA and high-level resistance
to 4,6-substituted deoxystreptamine antibiotics was reported. But
the report to this novel resistant mechanisms were rare in Korea.
The aims of this study were to determine the prevalence of the
165 rRNA methylase genes in clinical isolates of gram-negative
rods such as Znterobacteriaceae, Fseudomornas aeruginosa and

Acinetobacter species and to characterize the coresistance to other
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antibiotics such as B-lactams and fluoroquinolones.

Consecutive non-duplicate gram-negative bacilli were isolated
from clinical specimens at a Korean secondary hospital from July
2006 to June 2007 and a tertiary-care hospital from April to June
2007. The species were identified by conventional methods or by
using the Vitek systems. The antimicrobial susceptibility was
tested by the CLSI disk diffusion and agar dilution method using
ceftazidime, cefoxitin, imipenem, arbekacin, amikaicin, gentamicin,
tobramycin and levofloxacin. Extended-spectrum [-lactamase
(ESBL) production was confirmed by double disk synergy test and
the production of plasmid-mediated AmpC B-lactamase (PABL)
was analyzed by cefoxitin susceptibility. Imipenem-nonsuceptible
isolates were tested for carbapenemase production by the
modified-Hodge and imipenem-EDTA double disk synergy test.
Polymerase chain reaction was performed to detect the 16S rRNA
methylase genes (@A, rmiA, rmiB, rmtC, and rmiD) in the
arbekacin-resistant isolates and plasmid-mediated quinolone
resistant genes (gnrA, qgrrZ, gnrS, and gepA) were detected in
16S rRNA methylase-positive isolates. To analyze the genetic
relationships, pulsed-field gel electrophoresis was performed in 16S
rRNA methylase and plasmid-mediated quinolone resistance
gene-positive isolates.

16S rRNA methylase genes were detected in 2 (<1%) isolates of
£ coli , 24 (11%) A. pneumorniae, 1 (2%) A. oxyvtoca, 4 (10%)

Citrobacter spp., 2 (49%) FEnterobacter spp., 2 (4%) S marcescerns,
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1 (20%) Achromobacter xyiosoxidans, 11 (10%) Acinetobacter spp.,
and 1 .S maltophilia at tertiary-care hospital, 8 (1%) £ coli, 51
(21%) A,  pneumoniae, 3 (8%) Citrobacter spp., 2 (2%)
Enterobacter spp., 4 (8%) S rmarcescens, 2 (4%) P. miriabilis, 1
(K1%) P aeruginosa at secondary-—care hospital. @r7z24 alleles were
detected 90% of 16S rRNA producing isolates at tertiary—care
hospital and 93% of isolates at secondary-care hospital. 77225
genes were detected in 2 Z coli, 2 A pneuwmnonae, 2 Citrobacter
spp. and 3 ZProvidencia spp., and 4 of rmi-positive isolates were
positive  for armA  genes, simultaneously. In 16S rRNA
methylase—producing Znterobacteriaceae, the resistance rates of
cefoxitin and levofloxacin were very high (85% and 81%)
compared with methylase non-producing isolates (68% and 36%).
The positive rates of ESBL and PABL production were 59% and
92% 1in 16S rRNA methylase—positive isolates and 43% and 64% in
16S rRNA methylase-negative isolates and 91% of 16S rRNA
methylase-producing A. prewumoniae were positive for ¢rr/7 genes.
gepA genes, plasmid-mediated quinolone efflux pump, were
detected in /mtB-positve £ coli and C  jfreundri and one 16S
rRNA methylase-negative Z co/z There was no MBL producers in
16S rRNA methylase-producing Zseudornonas and Acinetobacter
species. Pulsed-field gel electrophoresis showd polyclonal patterns
between 16S rRNA methylase-producing isolates.

In conclusion, the novel aminoglycoside resistant mechanisms by

16S rRNA methylase was more prevalent and widely distributed in
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gram-negative bacilli in Korea, other resistant mechanisms such as
ESBL, PABL and g¢7r were commonly associated with 165 rRNA

methylase resistance in gram-negative bacilli in Korea.

Key Words : 16S rRNA methylase, w724, grnrZ, aminoglycoside,

gram-negative bacteria
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