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Background: Recently a novel plasmid-mediated re-
sistant mechanism that conferred high-level resist-
ance to aminoglycoside via methylation of 16S rRNA
was reported. The aims of this study were to de-
termine the prevalence of the 16S rRNA methylase
genes and to characterize the coresistance to other
antibiotics in Gram-negative bacilli.

Methods: Consecutive non-duplicate Gram-negative ba-
cilli were isolated from clinical specimens at a Korean
secondary- and tertiary-care hospital from July 2006
to June 2007. The antimicrobial susceptibility was
tested by the CLSI agar dilution method,and PCR
was performed to detect the 16S rRNA methylase
genes in the arbekacin-resistant isolates.

Results: In Gram-negative bacilli, the proportions of
16S rRNA methylase gene-positive isolates were 5%
(75/1,471) in the secondary-carehospital and 4%
(48/1,251) in the tertiary-care hospital, and the pos-
itive rates by species were 1% Escherichiae coli
16% (10/1,062), Klebsiella pneumoniae 16% (75/
460), K. oxytoca 2% (1/44), Citrobacter spp. 9% (7/
82), Enterobacter spp. 2% (4/181), Serratia marces-
cens 6% (6/100), Proteus miriabilis 4% (2/57), Achro-
mobacter xylosoxidans 20% (1/5), Pseudomonas aer-
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uginosa <1% (1/505), Acinetobacter spp. 10% (11/
112), and Stenotrophomonas maltophilia 2% (1/66),
respectively. Among 16S rRNA methylase-positive
isolates from secondary- and tertiary-care hospi-
tals,93% (70/75) and 90% (43/48), respectively, were
armA positive, and others, except one rmtA positive
isolate, were positive for the rmtB gene, according to
PCR results. The rates of ESBL-positive and cefox-
itin-resistant K. pneumoniae were 59% and 92%,
respectively. In addition, 91% of 16S rRNA methyl-
ase-producing K. pneumoniae were positive for gnrB.
There were no MBL producers among 16S rRNA
methylase-producing Pseudomonas and Acinetobacter
species.

Conclusion: The novel aminoglycoside-resistant me-
chanisms involving16S rRNA methylase were preva-
lent and widely distributed among Gram-negative ba-
cilli in Korea, and other resistance mechanisms were
commonly associated with 16S rRNA methylase-
mediated resistance in Korea. (Korean J Clin Micro-
biol 2010;13:19-26)

Key Words: 16S rRNA dimethylase, armA, qnrB,
Aminoglycoside, Gram-negative bacilli

st} Amikacin®] Klebsiella pneumoniaedl] Tt WA &2
199744 8%0llA 20031 doll= 13%ZE S7V8k39. 2™, Acinetobact-
er ol gk WAE-2 20031 0l 56%= £]=rol] vlsto] &
A3 =hcH1]. 7P E3F aminoglycoside WA 714 =41 &
Z=(aminoglycoside-modifying enzyme)ol] 2§+ Zlo|ui At
T4 39| Foll wel WAE Kol aminoglycoside®]
71 k2 2). HE 5o 4 Ekoll 9P arbekacing
Zesk gAH o g G823t B E aminglocosideol] = WAIS
dogl= WA 71l HaEdel34]. ME WA 71
aminoglycoside ¥ Al9] Z8 F249l 30S ribosomes A5k
+ 16S tRNAE methylations}¢] amikacin B! gentamicing 3%
skt BE 4,6-disubstituted deoxystreptamine S Alol] L% Y
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A HolAl o= Zle g, FEk=v|=E &3 v ¥FE 4]
Al Ak 22704 284 el B3% 16S tRNA
methylaseol|= armA, rmtA, rmtB, rmtC, rmtD 2 npmA7} vk
[3-7]. Yan 5 200410l tkoll 4] 2] 168 rRNA methylase
£ A= 7+ 5, extended-spectrum B-lactamase (ESBL)
o|u} plasmid-mediated AmpC B -lactamase (PABL)S 5A]oll
A s oAl WA #5713k Hasiehs]. ellA=
YR AgkE FZolA] 16S rRNA methylaseol] tgk E37} 9l
Ak o] 52 200312t 200510l =] LA 3t ol A
T3 GF FFE W E A AT, armd FAA
of] ©J3F aminoglycoside L= WA o] Iol] EEA] 9L, i
Ho| ESBL¥} PABL %A o|H 4] levofloxacinol] WHAICl Z1& B
3R THI].

0|2} 7+o] 16S rRNA methylase A T+ Al 4=
AF X Zoll 583 aminoglycoside®} e 2 HFAlol| ThA
WA Kol Ao uig- Fasht FllollA = ool tf
A7t = ARk B dTellA = A&} 737 ol &Als)
+ 229} 32k 19| 3ol A] EelEle a4 7 FollA
16S tRNA methylases WA sl= 752 ¥lE9} o WA §A
3, 3k o] F A3 ol B-lactam ! fluoroquinolone A
off 3k ohAl WA ¥ skt skick
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20061 7EHE 2007 6974A] 771 2] 244 WHA(BA
D 20074 4958 6FD7HA] A=) 33 WA (Al Bk <)
o] A3t 3kAtoll A E2l=|= Enterobacteriaceae, Pseudomo-
nas, Acinetobacter % 3 Stenotrophomonas maltophilia Q%
#rE FAglon, 39 Helnl e AR 7E 5
Ao AEAA Qs W 4EHR kied ol gl

2. SN Hd AE

1A 242 Clinical and Laboratory Standards Institute
(CLSD) 3 Aoz Alddslgiet. Ald FAlE ceftazi-
dime (GlaxoSmithKline, Greenford, United Kingdom), cefoxitin
9 imipenem (Merck/Sharp & Dohme, Rahway, NJ, USA), levo-
floxacin (Daiichi pharmaceutical Co. Ltd., Tokyo, Japan), arbe-
kacin (Meiji Seika, Tokyo, Japan), amikacin (Dong-A Pharma-
ceutical, Seoul, Korea), gentamicin %! tobramycin (Dong Wha
Pharmaceutical, Seoul, Korea)o|}t}. Arbekacin®] breakpoint=
Staphylococcus aureus$t 7x0] <4 pgmLE 24, SpgmlL
£ 37 216 pgmLa WH L E A3l i[10], =R &
A E. coli ATCC 25922 3 P aeruginosa ATCC 27853 F
= Aol Ak

3. B-lactam M| LHA

1) Extended-spectrum S -lactamase ‘A A|&: Cefotaxime,
ceftazidime B! aztreonam G AlQ] AAIY A Fo] 7tz <27
mm, < 22 mm % <27 mme|™ ESBL A4 #F5 A8k
t}. ESBL A4 71 SJ41=™ double disk synergy (DDS) Al
Yoz ESBL A4S &elsiich

2) Plasmid-mediated AmpC £ -lactamase 2M A|&: E. coli
9} K. pneumoniaell Al PABL A4 o -5 AWsl7] f1sto] ce-
foxitin Al MICE Al&slAch E. coli®t K. pneumoniae
= AmpC B-lactamasE BFAIA] AU §lo v cefoxitin
ofl thalA] WAIQl 5= PABL= Ashe A& H4slsich

3) Carbapenemase M A|&: E. coli ATCC 259225 A A] Al
TFo g Agsto], imipenem-Hodge ¥ 2.2 carbapenemases
Asld 31, oFAQl = Imipenem-EDTA double disk syn-
ergy O 2 metallo- B-lactamase (MBL) A4S &lslic).

4. 16S IRNA methylase AA A|E

1) 16S RNA methylase M&: Arbekacin® 4] H ol o
S Wkx] ¢k 16S rRNA methylase 94 F-1 1= HAlS
Holu & Arbekacin ©]AF (301 g, Eiken Chemical, Tokyo,
Japan)E AHg3ste] CLSI t=z b o AHesigich11].
Arbekacin T3 AAN7F <13 mmo|H A ko g o4
ok gloml TE uReE 7eslehol

2) 16S RNA methylase F&X} HE: Arbekacin v]2~= AW
ollA] okAJQl #FE UMY E, 16S rRNA methylase 714}
(armA, rmtA, rnutB, rmtC B rmtD)ol] ek PCRE Al 383}t
(Table 1). Tag DNA polymerase 1 Ue| E0]}+= PreMix
(Bioneer, Daejeon, Korea)ol] DNA 32 1L} 20 pmol2
primer V7 1 1L, S5 A7kste] PCRE Al3slsict. &
#2  Mastercycler gradient 5331 (Eppendorf, Hamburg,
Germany)& AHE3810 3L, armA, rmtd 3 rmtB multiplex PCR<-
94°C 582 prede naturation %, de naturation 94°C 30%, an-
nealing 55°C 303 3l extension 72°C 1&-& 353 HHg3lly,
npReto 2 557 extensions Al3¥slict. rmtC B rmtD PCR
< anealing =57 27} 55°C |l 62°CE Wi7sl9l L, 7[e} =
7L A718F sYsAl AldEsitE PCR $F A2 1%
agarose gel& o]&slo], 100 VollA 3087 A7) o F3tod,
UVI pro Uvitec Ltd., Cambridge, England)2 #2s}ict. &
A #F5 F9 4HE TAYE APsle] gel eanraction kit
(Qiagen, Hilden, Germany)Z DNAE FZ3}3L ABI 3700 AH|
(Perkin-Elmer, Foster City, CA, USA)Z methylase §-%14}2] &
719e A

l
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Table 1. Primers used for PCR detection of 16S rRNA methylase genes, gnr, and gepA genes

Name Nucleotide sequence (5°—3”) Pmd(";)c;) size acg:gi:’; N
o & 7O CIT CCA TIC CET TCT 6C. 590 Ab 16388
i TTT GCT TOC ATG 6CC TG 06 69 ABOS3212
i & CIG A CTC GGC GGG CAR G s34 ABI03SO6
iC R ATC OCA ACA TOT CTC CCA CT i AB194779
i & GCT CCA AAA 006 GCA GO DT TA 532 D156
od TOC CAG GCA CAG ATC TTG A 550 aneA-quea
d & TIT GOC GOB O0C CAG T0G AA 264 —
s & TCT AAA 00 TOG AGT T06 60O a8 ans -ams2”
ot & 706 GG GG TGT TAC 66 AGT TCT 549 Am267ss

*Primers designed for multiplex PCR of various gnr genes by Cattoir V, et alZ

Table 2. The rates and distributions of 16S rRNA methylase in gram-negative bacilli isolated at a secondary- and tertiary-care hospital from

2006 to 2007

Bacterial species

Secondary-care hospital (Myongji Hospital) Tertiary-care hospital (Severance Hospital)

No.

No. of PCR positive for

No. No. (%) of PCR positive for

isolated Total (%) armA  rmtB  armA-+rmtB isolated Total (%) armd  rmtB  armA-+rmtB

E. coli

K. pneumoniae
K. oxytoca
Citrobacter spp.
Enterobacter spp.
S. marcescens
P. mirabilis

M. morganii
Providencia spp.
A. xylosoxidans*
P. aeruginosa

Acinetobacter spp.

S. maltophilia
Total

646 8 (1) 8 0
245 51 (21) 49 0
ND
37 3 (8) 3 0
129 22 2 0
52 4 (8) 4 0
57 2 @) 2 0
27 1 (4) 1 0
21 3 (14) 0 2
ND
257 1 (<1) 1 0
ND
ND
1,471 75 (5) 70 2

0 416 2 (K1) 0 1 1

2 215 24 (11) 24 0 0

44 1) 1 0 0

0 45 4 (10) 2 2 0

0 52 2 (@) 2 0 0

0 48 2 (@) 2 0 0
0 ND
0 ND
1 ND

5 1 (20) 0 0 0

0 248 0 (0) 0 0 0

112 11 (10) 11 0 0

66 1 () 1 0 0

3 1,251 48 (4) 44 3 1

*A. xylosoxidans: rmt4 positive.
Abbreviation: ND, not determined.

5. Z8I=0|= 047} quinolone LM REX} HE

Zel=u|=ol 93 A== quinolone WA FAARI gnrd,

gnrB, qnrS B qepAE

PCRE Z&39tH12]. DNAE 16S

rRNA methylases 715317 18l 53 215 AHg3iqlet &
Aol 1 1L, 20 pmol9] primer 2+ 1 ¢#L, 1 U] Tag DNA pol-

ymerase”} 0] PreMix (Bioneer)o]| —ZA?r—’F—E— A7ysle] &
20217} EA] st PCRE AJ3Psldtt. EZ-2 Mastercycler
gradient 5331 (Eppendorf)S AHE3813, gnrd, gnrB 2 gnrS
multiplex PCR 94°C 5%2] predenaturation %, denaturation
94°C 302, annealing 55°C 302 3 extension 72°C 1£-5 353]
HHEskolar, wpARto 2 527 extensions AlSslSlct. gepd
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PCR- annealing 257 61°CE #7331, 7]e} 2712 7]
oF LAl AR det. YF- FFellA= ABI 3700 AH]E <
7] ARE BEAsle] A4S i

= w10 Rid

[N

i}
1. 16S RNA methylase QM E

22 WA 3 94 M 1471 F 155(5%), 33+ H
HollA= 1,251F F 485(4%)2] 16S rRNA methylase AJAI
0] —‘?'—E]E] At} 16S rRNA methylase 4491 wF522] v]&2 Al
HEF T TEHEE <1~20% 3 HAMY 2
‘ﬂéi <1~21%9] BEZE Btk Table 2).

N
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2. 16S RNA methylase

16S tRNA methylase %4 T FollA 7H &3 AL armd
olol}. 24 18l el 755l 705937, 34 He B
2| 48504l 435 (90%)7} armA ¥Aolx, FEHEE E
coli 9%, K. pneumoniae 755, K. oxytoca 15, Citrobacter spp.
55, Enterobacter spp. 45, S. marcescens 65, P. mirabilis 27,
M. morganii 15+, Providencia spp. 157, P. aeruginosa 1,
9 S, maltophilia 1579}, E. coli 2,
K. pneumoniae 25, Citrobacter % 25 & Providencia 3%
3N B AT} AEE o, o] F 4FellAE FAl
oll armd FAAT} HES ATk, armAS} rmB7} EA) ol He2lE)

Acinetobacter spp. 115+

Table 3. Comparisons of MICs (£ g/mL) of antibiotics for 16S rRNA methylase-positive and -negative gram-negative bacilli

16S rRNA methylase-positive

16S rRNA methylase-negative

Antimicrobial agents

MIC range MICs MICo %R MIC range MICso MICy %R
Enterobateriaceae (133)
Ceftazidime 0.12~>128 64 >128 66 1~>128 32 >128 63
Cefoxitin 0.5~>128 >128 >128 85 8~>128 32 >128 68
Imipenem 0.06~32 0.25 4 <0.06~4 0.25 1 0
Levofloxacin 0.06~>128 64 128 81 0.12~>128 2 128 36
Arbekacin >128 >128 >128 100 2~2>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 2~2>128 16 >128 45
Imipenem 1~8 4 0 1~32 16 32 72
Levofloxacin 4~64 8 32 63 2~2>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 0.5~>128 128 >128 90

Table 4. Comparisons of the rates of 8 -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 qnrd qnrB qnrS qepA*
16S rRNA methylase-positive
E. coli (10) 7 (70) 7 (70) 0 (0) 2 (20) 1 (10) 1 (10)
K. pneumoniae (75) 44 (59) 69 (92) 12 68 (91) 0 0
Other Enterobacteriaceae (23) 13 (57) NT 2 (9 9 (39) 0 14
Pseudomonas spp. and Acinetobacter spp. (12) of NT 0 1(8) 0 0
16S rRNA methylase-negative
E. coli (4) 2 (50) 1 (25) 0 0 0 1 .(25)
K. pneumoniae (14) 6 (43) 9 (64) 0 8 (57) 1 (7 0
Other Enterobacteriaceae (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 rmtB-positive strains; 7 gnrB-positive strains were Citrobacter species; TMetallo- B -lactamase production
tested in P. aeruginosa.



T+ E. coli 157, K. pneumoniae 25 B P rettgeri 157

W, ¢4 8 Fel B F37} dhekslgich 4 xylosox-
idans 157N = rmid FRAAZ}E FAolet. Akl wold
= Asly] S1elA] 33k WAelA EelH E. coli 157, K. pneu-
moniae 25, C. freundii 157, A. baumannii 15+ 3 S. maltophilia
1579} 221 ®idoll A B2l= E. coli 157, K. pneumoniae 35, C.
freundii 155, P. rettgeri 155, M. morganii 157 3 P aeruginosa
1550014 armd AR 947) A A oY B dell
Al FLRE A7 ALE Bk muB AR HEE 95l
elA = FARRE F5ste] Q7] Algs BAEl e, <17
Al wol EA] gEgkrh(Table 2).

lo rr

3. 16S IRNA methylase AfAM ZZFO| l7A| LHA A

16S rRNA methylase s A= ¥5 =, Enterobacteria-
ceae 13359} P aeruginosa 95 9 Acinetobacter F% 13F=
Ao 2 g A| HAlS Akt 16S rRNA methylase s
AAS1= Enterobacteriaceaedl] Mt ceftazidime 2! cefoxitin®]
MICop >128 £g/mL 3 >128 £ g/mLOZ 16S rRNA meth-
ylase 24 F59 >128 pgmL T 128 ¢ g/mLI} H|3}3. 0
U, WAE2 16S tRNA methylase %FA FollA 22 66% 2
85%Z 16S rRNA methylase ©41 752 63% =l 68%X.c}
cefoxitin  WAEo] =l 16S rRNA methylase %FA4J<l
Enterobacteriaceae® levofloxacin®l] t3t WAl &S SI%E &
A FF2 36%%} v]szsto] w9 =9kek. Aminoglycoside Al
9] arbekacin, amikacin, gentamicn 3! tobramycin®] MIC7}
BE5 128pgmL o4 g 3% WAS Bk P aeruginosa
8} Acinetobacter %2 imipenemeol] tHeF MICe 4 12 g/mL.2
2 RF ZFEA o9k Table 3).

16S rRNA methylase %4 E. coli 105+2] ESBL, PABL B
gnr FRES 7 70%, 0% B 30%E, 49 452 50%,
25% B 0%} vlaste] EFokou), i 7 U Ho] FAE
< v|&Z3717F AH Yk K preumoniae®] ESBL 3 PABL %
AE2 59% 3 92%E, 16S rRNA methylase o4 T2 43%
gl 64%el| B]al4 =9kom, 16S rRNA methylases A st=
K. pneumoniae®] 91%7} qnrBE FAlol 7FAL 99l cH(Table
4). ©F& Enterobacteriaceae| A1 = ESBL ¥ gnr 334 A E
2 57% Bl 48%3, 16S rRNA methylase SA0A= 22
25%33t}. 71€} Enterobacteriaceae % 235 %, armAS} qnrB
7k EAell FARN FFE 9FAIL, 97 armASt gurB SA A
A T FollA 77} Citrobacter spp.oll 43133tk PlasmidAd
quinolone efflux pumpQl gepd F-AA= rmtB AR A<
E. coli B C. freudii®} 16S rRNA methylase S92 1572 E.
coliollA] FA 013 (Table 4), 357 252 7|4 L2 &l
Hag A3 100% 2Asksiont, &2l A171ek 713 9l 16S

rRNA methylase 4 ool 375 242 Arolsto] o4 o
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JAL Fg Ao g FALQYT). Pseudomonas B Acineto-
bacter TFEN A metallo- B -lactamaseE A= 5+ U

o

[

il

16S tRNA methylaseel] 2|3+ aminoglycoside W4- amino-
glycosideS S8l Actinomycetes 7504 5 WHAE 9l o
w], A|fo] ABAS= aminoglycoside F-FAIZHE] RS H
o= g gel13,14]. 2 27HA 16S rRNA methylationell
]38k aminoglycoside WA 754 THtell EAlslA] e+
Aoz A= ok, armAS}t rmtA7} 27 H-e o2 Barsl9)
th3,4]. -S4 7HFollA HelEl 16S rRNA methylase®] 7]
Soll URIAE o maksiA ghoit, g HuH amdsh
Actinomycetes 750ll4 X315 16S rRNA methylase®] 354
o] 37 ~47%% AolstaL, rmtd, rmeB, rmtC Y rmtD FA| vt
7IA 2 7]22] 168 rRNA methylase@+= Y= 4545 Ve
+ Ao Hol AR ¢k 7| e e fHE s A
2 AL=E 3 JeH3-7].

200051+ 2005 Ateloll W7lello] 270 WAellA FA%E
153862 1A 7Hta thdez Algsh adellA & 19
Z0.12%)2] 16S rRNA methylase 84 FFE{15], Y& A
9] 16970 WAl 33 87,6265 13-4 7HF F, rmtd
1455, armA 95, rmtB 15+ B rmtC 255 RasticH16]. &
Aol 2,722 a4 e Aldste] 12359 168
rRNA methylase 4 AlT& AE3H I, FAES 4.5%E 7]
9] K| vl £ AAE Uehldek 53] K preumo-
niae®] WA EO] 22 W 21% H 3% WY 1% Z o FF
ol vjste] E9kow, 71el #E2] HEL HUAHE 0.5% 5
14%74A) ehekalglrt. 16S rRNA methylaseS A sh= FE2
Z5+ 712 K=Y E coli, K. pneumoniae, K. oxytoca,
C. freundii, E. aerogenes, E. cloacae, P. mirabilis, Providencia
rettgeri, P. stuartii 3 Acinetobacter 7%-0] tlF-2olglon}, C
koseri B Morganella morganii 78 Enterobacteriaceae$t E 5%
vk g% SA 779 S, maltophilia X S22 armA
FAAE AESIA 2, FHoll A= X222 Achromobacter xy-
losoxidansO A rmtA FRAAE A&k o= oA Eel
== 4 2] 16S rRNA methylase 84 #5-2] H]&o] £]
Trol| vlste] 453 F= & okl 71E8] Rk} vhekdt
TEoE FAET JgS vYebe 2oz A7E ik

16S rRNA methylase®] FHH arma7} 92%2 25
AAst] o] Tl Kl AASIA9,17], rmid7} FE F
gEle YEI= dE2A amart T3 f5I AR R
vebiA) Aeld e g 77k QEE e i3 FARE okt
= UEhd o] froll theliAl= 714l A7 ded Zlew 3t

p
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k) gk 7]Eolle TllollA] Al B pmB A
7H9,18] 9TF(8%)0ll A A==l o] o] &l ulal rmB 422
o] SAHNES & JATh B AR A G
theksil, T FTrollA] Bt vlol] 23l aminoglycoside
5 Holol| E3lsle] A3t A4 EelH E coli®] 32%7}F
ymiB SRAE AR Yeka sto[1s], BANA EAkste
rmtB AR AzHE Folslof & Ao A7E|9r). st
16S rRNA methylaseol] gk 7]&2] BE HioA = g 4
ollA 3l}e] 16S rRNA methylase A2 o] H g9l o}
B Aol A= 47NN armA} rmiBE AN AAsE A
= AT F Asck olF FFY EAATEQ 54l o
Ae F7HAQ) At ded Zlow ARt A% W
ol & &) 3l 10572 arma ¥ Tk 97 rmuB &
A Tl tiell A3k 17] A Ao E BT sYet <
7] g Hol, 439 3k obF] oA gke ZoE
k] ot

16S rRNA methylase’ S A3k T vhdst Aol o}
A WAE Btk 16S rRNA methylase 234-2 ESBLell B-
lactam A WA &3] sabech filollA EelEl= amd
SRR kA FF BFA CTX-M 3<] ESBL 4271 7
Z25 o 4 AA[19], 16S rRNA methylase 24 3ol 4]
CTX-M-3, CTX-Ml4, SHV-5 5% ESBL §4A7} 94%
(33/35)0l14] 7Z%]0], 16S rRNA methylaseS 2348l thHE
o] #F7F B-lactam Aol WA Y-S Harsl3irH8]. CTX-
M-3 AR armd FRAAF FAIQD Tl ] A e
Q EANA F WA FAARE EY plasmidell EAisEAIRE
g "ol fX|oll EAlgtrhar sG] rh20]. £ Aol L 16S
rRNA methylase %4 5+ ceftazidime B cefoxitinol] thek
WA B} ESBL A pAEel 34 FRl e kel 3
WleflA] E-2]=]= 16S rRNA methylase A4 #F7F CTX-M &
o] ESBL A0 el 37H49) 340l AL eAR,
S ol A Be2|El= K preumoniaecl| A 7V &3k ESBL 41
o] SHV-122.2[21], 16S rRNA methylase Al T3l A]
CTX-M ] ESBL HlXoll th3t 77} D gsjet. wedh & o
Toll A& cefoxitinol] WA S 2 PABL A4 o] o=l 59
H]&-o] 16S tRNA methylase %A E. coli 70% (7/10) & K
pneumoniae 92% (69/75)Z 54 TF2] 25% (1/4) 2 64%
9N4Ect =9} s YR FEolA= carbapenemase$}t
16S TRNA methylaseE Aol AAsl= #5971 K= Qi)
Yu 59 Hatell oshH = A9 197] HelA] 33k car-
bapenem WA A. baumannii 3425 FolA armd BA FF=
21565%)93L, A 3579] pulsotypeo 2 H-F=9lo},
MBL A4 #FE 919tH22]. #]= Pennsylvaniaol| 4] H2]¥l 5
T armA A4 F FolA 257 OXA-235 ABAISEAL carbape-
nemol] X5 WAS Bl om[23], kg MBLS! SPM-13} D

5 Sl BAsE el o3 Ak el BepAolA] B
5]o], 16S rRNA methylase & AJAs= L5 F57} carbapene-
mases SA AL Ade& FHEACH24]. £ AollA
+ carbapenem WAIQl P aeruginosa % 15704 arma7} 22
=9l o1} carbapenemases AAASA = ¢Egkom, 16S rRNA
methylaseS A3A81= Acinetobacter 7% FollA] carbapenem
ofl ARl #5= idek. ek FellA] 20031d 2} 2005 ol
W 1) ot wdollA E2lEl Acinetobacter 7% =, 16S
RNA methylaseE AAst= #59] O] carbapenemoll
WAolgiehs Bk §lof[9], o5 F2l WA 714 el
gk 7 gt Do Zlew gk

H o3 tol|A] E2]El 16S rRNA methylase A4 75+ levo-
floxacinol] A= & WA ES Vel Fluoroquino-
loneell 3k WA 71 o2& Al dAxe] wolell 23t qui-
nolone-resistance determining region (QRDR)2] Hi3H25]9} ef-
flux pump2] Z7H26] ¥ porin] 7H4[27] Sol T2 LeiA] 9
ol 2efu #H 2ol plasmids 53l ohE T2 A3} shsst
fluoroquinolone WAl 7|4 o] X 31%|)=¢l|, pentapeptide repeat
familyol] 4= Qur shAo) o3k WA 7)4[28]2 plas-
mid-mediated active efflux (gep4 gene)oll YA 7]#[29]0] of7]
ol &3k Qur Sk Aol o3k WAL grd, grB 4 gqnrS 4
Aol SJel) Qofuied, 2 fARH Sukke 75l Aol
Slov, Aol ESBL St B A2LE A E
seH30]. £ AFoAE amdE S K preumoniae]
91%M1A gnrB A7} sl o] wl-g- 2 AR/A & HolF
Ak ol Al Ad o] H2 WY A armast
gnrBE FAoll 2= K. pneumoniae®] A+ o= WA §-42F
oll 218 armASt gnrB] EA 7% #3tel] 2% Ao w2 A7
th gepd FAAE E. colidlX A5 B en, muB 4
Zk9} 37 transposable elementol] EAlgtc} B odFojlAE
gepA FRAZL FARI 37 FF 5, 250l muB7} 7AEE] o
AR oFdE Koy F90th gepdoll & fluoroquinolone YA
< AAAE wg- ot muB7t B4 735, Aol 2k
2 h54el Yol Fo AaY Aew Besold

AZH o7 Foll4 16S rRNA methylase A}l <]t
aminoglycoside 1% WAl 2354 7o) HEL 4~5%
2 9T nlslo] Eslglom, kst o WA FAAL
A= 2 PS5 & g Uik T 16S rRNA methylase 254

% F oHMA T £ ¢ 5 etk

ZAel 2
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I 24 IFOIM 16S rRNA Methylase At HIE
Y N=9 W o
'BHEChEtm o|TfhEt RITHHALL|EMAl PR ARIAL Ol B oSl SZsioiT el
o THAALS S WA ML Ml

HiA: Z2Woll 16S rRNAE methylationdlo] 43802 F-8-8F BE aminoglycoside & Aol % W& Hol&= A2
W4 7o) Barslglont, ool tigh Sl AT SRk olel] & AFeAL L3 H7wel Al 24k 32
2le] 3ol ] Helslis 1984 F FolAl 165 RNA methylases AAeHE Foe] WEe} 2wl 415 2 oA
W e A sl
;20061 79 ~20071 640l Z71%=2] 22 WA 2007 4~6Lell AE2] 32 Wil A ShAloll A Helgt U
o sk 84 EE e slgon], 4 RelFE Aslsgich FHE FRE B ez g A
A3k 3L, 16S rRNA methylase A4 arbekacin B]AFE o]83lo] AWt & PCRE FAALE HEsI)
A1 3884 7+ 3 16S rRNA methylase F3 T2 H]-&-2 24 WY 5% (75/1,471) 9 3%k ¥ 4% (48/1,251)9.2
W, Escherichia coli 1% (10/1,062), Klebsiella pneumoniae 16% (75/460), K. oxytoca 2% (1/44), Citrobacter spp. 9% (7/82),
Enterobacter spp. 2% (4/181), Serratia marcescens 6% (6/100), Proteus miriabilis 4% (2/57), Achromobacter xylosoxidans 20%
(1/5), Pseudomonas aeruginosa <1% (1/505), Acinetobacter spp. 10% (11/112) Bl Stenotrophomonas maltophilia 2% (1/66)°ll
*1 FRIFA. armae 32 ] 2T 48F T 4357590%)0lAl, 22 W ZelF 755 F 7057(93%)0llA] FAelglem,
FE(rmtd) AL WA 7= B Aol ). 16S tRNA methylase 484 K. pneumoniae®] ESBL %¥4E B! cefoxtin
LH"q E-2 59% (44/75) B 92% (69/75)F £%2o™, £3] 16S rRNA methylase ¥4 K. pneumoniae®] 91%7} qnrBE A0l
ZFA 2L A3t} 16S rRNA methylase %F41 Q1 Pseudomonas B Acinetobacter 37504 metallo- 83 -lactamase S JAsl= T+
= 9
2 5?‘4101]4 16S rRNA methylase #3144 ¥4l 2354 THd2 Sl5ell vlste] Eslglar, ofe] Tl del 214
g, vl WA A7t wekeh (g an|dEsts|X| 2010;13:19-26]
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