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A total of 58 vancomycin-resistant E. faecium (VREF) was isolated from 3 hospitals located in Daegu, Korea. The
VREF isolates were evaluated for the antimicrobial susceptibility pattern and resistance determinants against vancomcin,
aminoglycosides, and macrolides. The multilocus sequence types (MLST) were determined to characterize the clonal
diversity of the VREF isolates. The VREF isolates were highly resistance to teicoplanin, erythromycin, ciprofloxacin,
gentamicin, and streptomycin, whereas quinupristin-dalfopristin and linezolid were the most susceptible drugs. All
isolates carried the vanA gene. The aac6'-aph2" (n=53) and aadE (n=27) genes were detected in the high-level
aminoglycoside resistant (HLAR) isolates. The aac6'-aph2" gene was located in the conjugally transferable plasmids.
The ermB and ermA genes were detected in the 54 and 3 VREF isolates, respectively. The VREF isolates showed 11
different sequence types (ST). The VREF isolates belonging to ST192 was the most prevalent (n=19), but detected in
one hospital, whereas the isolates belonging to ST203 (n=11) were detected in 3 hospitals. These results suggest that the
VREF isolates resistant to aminoglycosides and erythromycin are originated from different clones and specific VREF

clones are spread in the study hospitals.
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HHA o]5 datAlel] WS THAE et 3¢del A
718k FA 2 FE A0 (6,8,11,15,20,27,29,32,33). 1990
g o]F el A EE= = E. faecalis®} E. faecium
] aminoglycosides 1= E-S 45% oS AFAIEF3 1L,
macrolide W3- A1 plasmidt} transposon (Tn917)<-
&3l HufEAA Algkolu FEol| A 22]% streptococcus
T3} AU Soll dal FAE AT (22). Vancomycin W
2] 7kt (vancomycin-resistant enterococci; VRE)- 198811
o fellA A HAlE BaE o]F (3), 20041 KONSAR
(Korean Nationwide Surveillance of Antimicrobial Resistance)
o] Ry U delA EelE E. faeciume] vanco-
mycin UAdE°] 16%¢l o]&vta B st} (1).

ko] vancomycin W& WAFHAAE ohE o
S RHE g5shes g5 WA WAl 7]1Et
(21). Vancomycinell A5% WA (2~16 ug/ml)S e
= A WAHS E. gallinarum, E. casseliflavus, E.
falvescens”} 1.oH, o|& #&2 vanCE HA-3FaL STk
@). O Ao g5y WiFdAE ddits g5uA
2 E. faecium, E. faecalis, E. avium, E. durans 52| ¥#%%
o] iAo, 1 F f-2uetell A= E. faeciumo] <
Sl A 7 Bl m=rt =41, vanA AR Al
217} (transposon)E°] F5WAdol g} (16). ©]
2 vancomycin (>128 ug/ml)2} teicoplanin (>16 ug/mi)<ll
WS e E vanA 38388 YERALL vanB
AAE BH3F 7552 vancomycinoll A% WA (16~
64 pg/ml)=} teicoplaninol] A4 (<1 pg/ml)S Hol=
VanB ¥ &S el < vanDE 2 259 E
faeciumo] H31E] =4, o]AHS vancomycinol|] F5 %=
23 (64~128 pg/ml)3} teicoplanindll = %% A (4~8
pg/ml)& YERH™, Aj 28 vanES Z+= E. faecalis' X
IE AT (17).

Ht ZF 152 AFEAolvt frlitT (epidemic strain)
o] FElE F4317] 918l pulsed-field gel electrophoresis
(PFGE) 4} PCR 2] band-based typing 2] @S =
2Fst 4= 2l= multilocus sequence typing (MLST) o]
aLQkE] o] Aekyt Wk ol vhE e ®
gt A e ol AREE AL gtk MLST W2 A4
DNA°IA 770¢] housekeeping -F-4A+e] 171494
3} MLST databaseol] =3t &, allelic profileES &3¢
3] sequence type (ST)S ZAAsh= WHolt)h (13). MLST
A= Bel7E9 ST clonal complex (CC)E 913t
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VREF 5ol ti3h doA A HdAeh Haas
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A A% (minimum inhibitory concentration; MIC) %>

Clinical and Laboratory Standards Institute (CLSI) (10)2] 7]
o wa} SR s Ay ow AT S 1A A
Aol AE-¥ A S-S vancomycin (Sigma Chemical Co.,
St. Louis, MO, USA), teicoplanin (Sigma Chemical Co),
erythromycin (Sigma Chemical Co.), ciprofloxacin (Fluka,

Jut

Buchs, Switzerland), nitrofurantoin (Sigma Chemical Co.),
quinupristin-dalfopristin (Aventis Pharmaceuticals, Greenville,
NC, USA), linezolid (Zyvox INJ bag, Pharmacia Korea)<}
aminoglycosidesel] TE=WAS 9I3F HALZ  gentamicin
(DUCHEFA, 500 pg/ml)} streptomycin (Sigma Chemical
Co., 2000 pg/ml)S 233t F 9F-S A A3
o XTHTZE E. faecalis ATCC29212¢} E. faecalis
ATCC512995 AH&-313ith

3. Al LI FERL HE

0] 3]

213k |, gentamicin} streptomycinol]l L =WA]S LERY
= 0T

S AU §AARE 27l aacs-aph2" et



MLST analysis of VREF Isolates in Daegu

aadE F-4A= PCRYEC. 2 221359 AL, macrolideA] &t
A1 erythromycinol] A2 #5552 ermA, ermB, ermC
A5 primerE AASte] PCRHSZ HESIGITH
(Table 1) (8,25).

A A RARES Bl glste] 43
A3 3hoAtk AL filter matingS ©]-8-5+%1
om Frod-S E. faecium UW64/3S A8t Gof 4t
£ =99 :E A4 (Koch Institute, Germany)oll 1=
Dr. Guido Werner=5-E] Fkgton, Fojata A
VREF 55 A3l ARSaRslth A9k 232 Claudia
5 (24)°] WRiell mstt} Fojatd} roitS Brain Heart
Infusion (BHI, Becton, Dickinson and Company, Franklin
Lakes, NJ, USA) HiAJoll HFatar 37°C wfjF7]olA 8t
SHE AgAietal F e 5 mle] BHI ARl HE
SkaL, 37°C 27|04 skt ' ksaltt. gl
I ol A= BHI HAuiA] o 1:1000.% 2]4f5}
I gNe] TELE (ODgp)’t 0.30] HES 2~3A17F A=
37°C wjg7IolA mfgstadet. widE gl ol
10:12 =§3skar BHI vi#] ¢lo] B 0.45 um pore size
9] cellulose nitrate filter (Millipore, Bedford, MA, USA)9l| =
el 100 piE "ojree] IE Ao HAA wiAE 9
ot = A=Al EelFar 37T wigTIolA e
wj ksl Hatd AAS 7P wiA] fle FEhe
JEE AASL 4 mle] BHI AR 7F B0l AlE

o] HEE Y 307 AEsdn. JAdEd g7

tlo
>,
Og‘:",

(transconjugant) ] 1 El8) =] = 50 pg/ml vancomycin, 50 pg/
ml ripampin (Sigma Chemical Co.) ZLZ]3l 25 ug/ml<]
fusidic acid (Sigma Chemical Co.)7} €31 BHI ¥R &
o8&}l aL, 37°C M7l aFut witate] AdE

=S Aol o833t
5. Pulsed—field gel electrophoresis (PFGE)

HA| VREF ] tgoll A AdSdwF2 Al WA
FRA7F A VREF Beldrsl 5 aAgu
TFES WO PFGE (30)2 A &5tith BHI &9
A 18A1ZF v e oS AalEEstal o AME Tris
buffer (10 mM Tris, pH 7.6; 1 M NaCl, pH 7.6)°l] 3]413}o]
ODew #t°] 127} ¥ %5 3F3itt 8%Fs - 5-fr<f 200 pI
& Tris bufferell 2% InCert agarose (FMC, Rockland, ME,

21
USA)E 56 CollH =171 &, Ts F#dv st
plugE WH=7] $l5ke] SDS-PAGE-§ combs W3 A%

=)o) mpo] 23S 74X AL combe] welloll agaroseS
ATt NA Aeje] agarosecl A 13t plugES 2 ml<]
L7189 11 [1 M NaCl; 10 mM Tris-HCI (pH 7.6); 100 mM
EDTA (pH 7.5); 1 mg/ml lysozyme; 7 pg/ ml mutanolysin
(Sigma-Aldrich Co, USA)]7} E°1 31 24 well plate (Coming,
NY, USA)ol A 37T ol 24413F BealaL, plugS
2 ml¢] proteinase K7} Eo19)+= &< 11l (05 M EDTA,
pH 9.5, 1% sarcosine; 0.5 mg/ml proteinase K)ol thA] ¥
56 ColA 24A17F B3R 24 well plated] AU
plugS 2 mle] TE buffers® 3054 33] A% &}tk Plug
TE bufferoll E013lE A= Aol M 23| Adta
A& 918te] 5 mm FAE Fepd $ 100 ple] Al
Sta 4 buffere} 20 U] Smal Ag+& 4~ (Roche Diganostics
GmbH, Mannheim, Germany)E ¥ 7}8la 37C &-27]9
A 2071%F WA AT 2171995 CHEF DR Il system
(Bio-Rad, Richmond, CA, USA)2.= 05 X TBE bufferol 4|
1.0% agarose gel (PFGE certified; Bio-Rad)ell 531512,
lambda 48.5 kb DNA ladder (Bio-Rad)E size marker2 A}-&-
3t A719%L 6 Vieme. 2 1847 ot 1 aiakglan
pulse A]7FE 10~35% 7HA o7 FQt} A7|dFo] &
t+ agarose gelS 0.5 mg/ml ethidium bromide 344 <)ol 4]
307E fAskaL 1ARE Bt SRRl A A EIH ¢
Aol Et gelS UV transilluminator (SL-20 DNA Image
Visualizer, Seoulin Scientific Co., Ltd., Korea)ol|A] t]x]&7}
|2} (C4000, Olympus, Tokyo, Japan)7} -2Fel A&
=] L2733 (IMT, Vancouver, BC, Canada)S ©]-&-3}]
ARRS A& & PFGE gel> Southern hybridizationof] AH-g-
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6. Southern Hybridization

A Aol 9]al aminoglycoside i1=hAdo] AL
aac6'-aph2" fd2ke] 9Ix& gRlstr] $13ke] Southern
hybridizations Al @3}3itt 55-2] VREF Eeld5¢} o1&
ERE A WARAAE dgnhe s dg] T
& o E PFGEE Al &5H3laL, capillary 5 (28)°ll
o]&f %ol uli= nylon membrane (Hybond N+, Roche
Diagnostics GmbH)°ll DNAE- &2rA|F1t}. Hybridization=-
13141 DIG DNA labeling=} detection kit (Roche Diagnostics
GmbH)E ©]-&-3}] aac6™-aph2" A} probeZE membrane
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Table 1. Oligonucleotide primers used in this study

Primer Oligonucleotide sequence (5' — 3) Product size (bp) Target gene GenBank accession no.
acph-F GAGCGATAAGGGCATACCAAAAATC 504 aac6'-aph2" AY969045
acph-R CCGTGCATTTGTCTTAAAAAACTGG

R A CTCOCTTAATCAATTT GGG o e ey
aadE-R GCCTTTCCGCCACCTCACCG

R ACATAAGGAGGTTTCAAT o o T
ermA-R TTAGTGAAACAATTTGTA

B ACAGACGAAACTGGCTAAAAT -~ s e
ermB-R CGTGTTTCATTGCTTGAT

B T OTCAACCCATTTCATAAGS o~ o e
ermC-R TTTGAAATCGGCTCAGGA

R AT OAACCTOATTTTAATGGS - - Faaes
adk-R GTTGACTGCCAAACGATTTT

atpAF ............................ O TTOATACGGANT GGCACA o o e
atpA-R AAGTTCACGATAAGCCACGG

R T CAGACATT GANTATGCCTTATG e " e
ddI-R AAAAAGAAATCGCACCG

gth ................................ CCOOCACTAAAAGATATGGT o~ o e
gdh-R CCAAGATTGGGCAACTTCGTCCCA

gde ................................ CAAACTGCTTAGCTCCAATGGE o o e
gyd-R CATTTCGTTGTCATACCAAGC

........... p T CAGATTGGCACATTGAAAGT i Sk e
purK-R TACATAAATCCCGCCTGTTTY

........... p T T OAGCOAAGTCOAAGE e - e
pstS-R CGTGATCACGTTCTACTTCC

o SN F, WATA S Eajo] 2H7ke) DNA Aol
o

7. Multilocus sequence typing

MLST=  http://efaecium.mist.net/misc/info.aspoll A A] &
Widell ok AlggaRgivh. Aol AR&E 7709] house-
keeping A A=<l thgk PCR primere Table 1] #|A|
3}9lth PCR ¥He Z ML 50 plE 81910, 1.25 U
TaKaRa Ex Taq™, 2 > buffer (25 mM TAPS, 50 mM KClI, 2
mM MgCl,, 1 mM 2-mercaptoethanol), 0.4 mM<2] dNTPs
mixture, 10 pM2] primer 1 pI¢} =4~ #2824 DNA
10 ngS Yol Whgds ?LH%}‘%L PCR WH$-x48 94T
3B 5= 94T

30%, 52T 30%, 72T 30%= W&l ar, vhA §4
HkS-2 72 LOM 5207 A&slth PCR AHES 1.2%
o] agarose gelol A 50 V& 1417} &3k} STS el
at7] skl 770 - Apell tHE PCR /\]—EE—E—— )
Hho] @ Y (Seoul, Korea)oll 9] ato] 71 dS £

X
aharL, ZHzke] 4% 9A7]-AE2 MLST database
28 F8 HEH R E faeciumol] th3t STS gels}
ATk

2 1
1. oA L LI =EX;

VREF #-5- aminoglycosides®} macrolide”] &+ A



MLST analysis of VREF Isolates in Daegu 23
Table 2. Antimicrobial susceptibility of vancomycin-resistant E. faecium isolates
2001 (n=28) 2004~2005 (n=30)
Antibiotics MiIC® No. (%) MIC No. (%)
50% 90% of isolates 50% 90% of isolates
Teicoplanin 32 64 19 (67.9) 32 256 24 (80.0)
Erythromycin >256 >256 28 (100) >256 >256 29 (96.7)
Ciprofloxacin >32 >32 23(82.1) >32 >32 29 (96.7)
Nitrofurantoin 64 64 1( 3.6) 256 256 20 (66.7)
QID? 2 2 2(71) 2 2 1( 33)
Linezolid 2 2 0 2 2 0
Gentamicin >2,048 >2,048 27 (96.4) 2048 >2,048 26 (86.7)
Streptomycin 512 >2,048 17 (60.7) 64 >2,048 10 (33.3)
2QID, Quinupristin-Dalfopristin, ®MIC, minimum inhibitory concentration.
Table 3. Distribution of antimicrobial resistant genes of vancomycin- TR aadEE 27F (46.6%)0l4 LA AT}, Erythro-
resistant E. faecium isolates 717} 54% (93.19%)%F

No. (%) of is olates

Isolation year

(No. of HLAR? Erythromycin
isolates)
aac6'-aph2" aadE ermA ermB
2001 (n=28) 27 (46.6) 17(29.3) 3(5.2) 25(43.1)
2004~2005  o54s8) 10(17.3)  0(0.0) 29 (50.0)
(n=30)
Total (n=58) 53(91.4) 27 (46.6) 3(5.2) 54(93.1)

*HLAR, high-level aminoglycoside resistance

G)

entamicinol] thd MICE=
17P AAAIRE, streptomycin
EILT—‘éoﬂ |3 2004132}
7rastalt) o)
2001 H-2]7FFE5-2 nitrofurantoinel]l T 7HEAd o)L
A9k, 2004133} 20051 F-El ol A= 65% o) do] WA
o2 veht A folds Btk (p<0.0001, Chi-
square test). Macrolidell &A1<1 erythromycinoll = 175
A €] 3k 57504 MIC7} >256 pg/ml o] Ao 2 YEhY &
& YAHES BT StreptograminZ] &A]Q1 quinupristin-
dalfopristinell = 357} WAdolQar, &4 X 2A= AFRE
I JE linezolidell WAQl #5E {USATH (Table 2).
29 tFEe] VREF #E°| aminoglycosides<}t
erythromycinel] 1%=ud-& veplio] WrdAEs =
Abetoit), =W gentamicin W23 A1 aac6'-aph2”
= QA BT T 535 (91.4%)°l 4], streptomycin WA

mycin W/d ermB<} ermA - A=
e3

37 (5.2%)ol A HZAE ATt (Table 3).

9|8t gentamicin LI RE XIS XA &4

AdFE Wdow Jos Alde 5 A A
o F-5 A3k Ay} 515 vancomycin WA o] A
al, 315 erythromycin WAlo] AeElon 55
entamicin Ado] Folto 2 AdyE AL gols)
LS B aFEa 43 A3 93 gentamicin
A 5579 AHAIHPATES Y= Y
AfrAazte] 4 XS E AT (Fig. 1). Southern
hybridization< Al &gk A3}, HelstFE53 G
FEL BT aac6-aph2" AR QA Gl SRSk
ALt (Fig. 1B).

o 0o Mol
a4

2 2 ¥ orr a2
o

3. Multilocus sequence typing (MLST) &4

#2]¥ VREF #5759 MLSTE A] Rl 73‘54, SR
1170¢] ST7} Yebstt) (Table 4). = ]
7] 98 1171e] STE<S eBURST programgi R Tcla
A3} complex 78, 17, 18 Lol &390, o5& 5
CC78°l £3&titth 11709] STolA ST192 (1957, ST203
(1159, ST17 (95, 18] aL ST78 (8F)°] &% Frao|Uth
7 &3k ST192+ 1/l HdollA B89 dFol ATt 1
Ebtal, ST203S 37 WY o mRE Ragh #3oA U
ERtt). B3k ST18, ST64, ST206, ST117, ST132, ST233S

2001 EE]atel AR YR AL o] $-o] et
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Figure 1. (A) CHEF electrophoresis of Smal-digested genomic DNAs from the VREF isolates and their transconjugants. (B)
Corresponding Southern blot hybridized with a aac6'-aph2" gene probe. Lane M, Lambda ladder; lane N, recipient strain UW64/3 as a
aac6'-aph2" negative control; lane 1, 01DEMO1; lane 2, pDEMO1W; lane 3, 01YEMOL1, lane 4, pYEMO1W; lane 5, 04KEM10; lane 6,
pKEM10W, lane 7, 04KEM13; lane 8, pKEM13W; lane 9, 05KEMZ26; lane 10, pKEM26W.

Table 4. Distribution of sequence types of vancomycin-resistant E. faecium isolates

No. of isolates

ST (allelic profile) 2001 2004 to 2005 (r']l' 2?;3)
Hospital A(n=15)  Hospital B (n=11) Hospital C (n=2) Hospital A (n=30)
192 (15-1-1-1-1-7-1) 6 0 0 13 19
203 (15-1-1-1-1-20-1) 2 5 1 3 11
17 (1-1-1-1-1-1-1) 2 2 0 5 9
78 (15-1-1-1-1-1-1) 0 0 0 8 8
18 (7-1-1-1-5-1-1) 1 1 0 0 2
205 (3-1-1-1-1-1-1) 0 0 1 1 2
64 (7-1-1-1-1-1-1) 1 1 0 0 2
206 (1-3-1-1-1-1-7) 1 1 0 0 2
117 (9-1-1-1-1-1-1) 1 0 0 0 1
132 (7-1-1-1-12-1-1) 1 0 0 0 1
233 (1-1-1-1-1-20-1) 0 1 0 0 1

o A= WERFA] &9kt (Table 4) (Fig. 2).

|
—

1

1l

585~2] VREF ¥ % 575+ vancomycinoll thdt M
7} >256 pg/ml2 YERY vancomycin =W 7o) $lo
o, x| 1522] vancomycin MIC7} 64 pg/mlel 55

WAFFolTh =3 vancomycind} teicoplaninel] &

£
ox
0
Y

°] VanA phenotype-vanA genotype 5= (25)% 5757}
Ao, 152 vancomycinoll W#d o] =] Tt teicoplaninell
= #4321 VanB phenotype-vanA genotype +5-°] 1t}
A= AdA H9]21#1e] transposon Tn1546°]
o3l th 5= Hold 4 0o (9,12,18), VanB ik
AYS Uehdls dFE0] Hol 4, divt 9 g
HIE1 ¥ AAHo|vnZ VREF #FE50°] B3}

vancomycin W48 A3} o]Eo] LpER
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Figure 2. Clustering analysis of 11 STs. The dot with dashed circle indicates each ST.

= F8E Aol Al o7t it

Ak ol ghAl WA E-S nitrofurantoing A ¢] sl =
2001 2]tk 2004 7 2005 el A A
bzl A gtk HE A7 AT A S 2UAEA
2 ARE-E & nitrofurantoine Lol A =& ANIEE
THAA e Aow dEA AANE (23), - AFolA =
200417} 2005\ e FEOlA WA EC] A STtk
VREFS] Eauer) =2 849 nitrofurantoing] A}
wlo] Wadl Aoz AZETh 1ehopA
% I & linezolidol] W
+ linezolid IHH enterococci (LRE)+= <]=9l]
2E WA JARE (14), 2 ATl
Feket Z1EY linezolide] MIC7} 4 pg/ml
257} 2001 %] REEonz
, 280 ot LRE &l
st
FFoll A gentamicin Aol AEE 55
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YA A HHHE Flow Hol v
e WA Sl WAt 9
A g A e AoE ArEn 92
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37 A transposonoll $1A]EE A B st

B Ao %= vancomycin WA €A gentamicin W
4] aac6-aph2" FAx7} A AASHIATE AL
%= Zo] #elw o], gentamicin WA HA7F o
FHALE 7] W= vancomycin WA Ax7F g
transposon®] &= 2o F gentamicin WA+
A7 Agdss Ao R 7R Oancea 5 (24)2 E.
faecium 32| 3t Agl oA »]X%"/‘f%—ri Fak=s
A WA = erythromycin®} tetracycline> 151 %=
o] AgEA|uk gentamicin WAL 719 AEE A
Bkt B Ao - gentamicin A o] v
2 PG TE Ad9EE S GRlssith webA
585-2] 5 % 5357} gentamicin WA HFEHE A
WA Axe] = A e e U= gentamicin WS 71 F
£9] 3xbo| gentamicin WAl o] 2 Qo g Azt
T AUTh
MLST &4}l ofsto], 37 HellA 2% VREF
TE9] STEC figt wsks A A /K= T2
? AT A HAE 1] HeoA 5zt A &HA o=

kﬂ

.

o I

O

23

i
[RE |
Moo ox

LERE B2 (ST192), 7 WAl 3719] e B
el guke (ST203), 28]a Al HAlE FA] =3

ATt AR = AE S (ST64, ST206, ST117, ST132,
ST233)°]At}. o]l FA4 £XE 7o = ti+A
Aof|A| E2]H & VREF IF52 CC789 &3H= ST192,
ST203, ST78 T°| 7 drbd el Mg A& glet
I Aar, MLST AA-F+Axtol| A cC78° 43k= VREF
TTES 20054 $ho] ohE WA E]E VREF o
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2] MLST 23} nlxi7A 2 80% ©o]/do] CC78l 4
3T (16). 200600l = HeEpdoA Eeld FFES
BB ST1149} ST222, ST224, ST1639| &3} AlAIA o
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