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Background : Enterococci have emerged in recent
years as a frequent cause of life-threatening nosocomial
infections. The emergence of vancomycin-resistant en-
terococci(VRE) presents as an increasingly important
problem particularly in the treatment and the potential
dissemination of vancomycin-resistance. The purpose of
this study is to determine the phenotypes and genotypes
of VRE isolated from five hospitals and to study the
genetic relatedness among them.

Methods : Antimicrobial susceptibility patterns and
amplification of vancomycin resistance genes were
used for phenotyping and genotyping of 42 VRE iso-
lates respectively. For 21 isolates with vanA or vanB
gene, plasmid profiles and pulsed field gel elec-
trophoresis(PFGE) patterns were analyzed for mole-
cular epidemiologic study.

Results : Out of 42 isolates, 21 were identified as
E. faecium, 6 as E. faecalis, 2 as E. avium, and 13
as E. casseliflavus. Phenotyping showed 14 isolates as

VanA(33%), 7 as VanB(17%) and 21 as VanC(50 %).
Genotyping resulted in 12 isolates as vanA(5 of E.
faecalis and 7 of E. faecium) and 9 as vanB(all E.
faecium). Genotyping results were concordant with
phenotyping results except for the two E. faecium
isolates of VanA which had vanB genotype. Intra-
hospital spread of the same strains was proven in
three hospitals by plasmid profiles and PFGE analysis.

Conclusion : The study demonstrated a consider-
able number of VRE isolates in Korea and intra-
hospital spread proven by molecular epidemiologic me-
thods. Although VRE infection has been considered
very rare in Korea, practical guidelines including re-
striction of vancomycin usage and surveillance, are
warranted to prevent infection and dissemination of
VRE.
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2 24 2 99 : Vancomycin WA Ae] At

Aoz wlxet Fado]l Frkskar Shvk 19921
u]=-29] National Nosocomial Infection SurveysE /A E 3
Haol] oJshd W9l el Adds Ao A Wl
7} 12%=. Escherichia coli(16%) th2-o 8 =2 "%
Aka st oleldh e WEe] ATF 12
cephalosporin, aminoglycoside 59| &-Allol] thgt i
WA} aminoglycosideol] tgl nEWAlEo] Z71E
£ SR} WS Aol 7 2e4S Helm ek o
9-7] 19884 vancomycinol] WAS Ho|= AL (van-
comycin-resistant enterococci, VRE)o] X208 H%
%Y B wixs) Wi £57 Zylsled, n|FedAE
W e 4ol A<E VRES] HlEo] 1989y dell=
03% 9o} 1993doll= 7.9% 2 Z7Fsllon] E3kapAd
Aol A= 19891d2] 0.4%ollA] 1993 o]l 13.6% 2 =
As| Z71s1g9cl’. VREE beta-lactam &AL} amino-
glycoside AAE 7l WAS HolmZ JFIPHQl X
sOpAE SR, S0 i 29 el AT 9
g0z o Bl A5k 4 ek wa W
7427} vancomycinol] HrAS Hole thE Aol
o msepy Pl A el 244 Fews
Hs ok & 5 ek

ol=re] ¢ 43kl A e] VRE F2hgo| 20%7tA
BaE uw 9w’ VRE]| o8 WY 125
A whAsle] olu] g BMAE Row QY. 5
Wl 2l el FHelA AT HA7IAet
shebde wsl7] 913 AT7EEFE] VRE ¥F9
A R WS F3 sk Y Tl
W e gz Azt o] g up gl

Wl A& 1992vd vancomycinol] WAlel E. durans
137} Ago Hag o3, gl welolA VRE 3
2915 Huslgledl olst 34 o 57|3kellx o] WEst
A9 VRE RFEE 2-8%, THAA B4 HEES
6.6~11%2 ZAF A . a2l obd AA] 2hatellA
el Zhelge] A, vl #FF7b 2 WYdelA A
o g Helxa 9lo] Iyl VREC| ok o3hd oI
= Al glek weba] S el de] SAAES
Z BAolt Ry, Aotk Sl disixe & dwiAl
u7h ek SRR EF dAlell gk WA dh AA
A %2 W A4S s VRE ®lE 3 w2

Al S7Fd Ao g olgs, 5 VREC e {2
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E ddem A A4 HE 24e 3 299 Y
polymerase chain reaction(PCR)©2.Z vancomycin WA
FARE SFst] AR ARsa, kv Eplas-
mid) 243} pulsed field gel electrophoresis(PFGE) S
o BAels o7 %l Tl VRE #Eel wel @
ol by, MUY e AW AP B2 TES
o $ESl VRE 719 elel £8E Fadh 2k
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5& 7k gelel4 VRE
o] 91 At Aol iz AHAANA =AY ¢
ARAANA EelE Zelgrk ol F AWl Reld
E. faecium 459} “5ol|A Hel=l E. faecium 1FZ AL
stare B dielA] EelEl F=H(colonized) TFSITh
7+ FF9 AL ul3 bioMerieuxAl Vitek AHH]2] GPI
(gram positive identification) 7}=¢} API 20 STREP 7]
E(bioMerieux, USA)E o] &3}
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f3lo] 49 A5 (minimum inhibitory concentration,
MIC)Z =A%t} Viteke GPS-IZ 7= A-83)o]
ampicillin, penicillin G, vancomycin, teicoplanin®] MIC
¢} IFZE gentamicin(500 . g/mL)¥} streptomycin(2000
pgmLyol i 74 o BB ARSI WA
< o]g3t MIC =42 vancomycin(Sigma, USA)Z}
teicoplanin(Marion Merrel Dow Inc., USA)ol] ths}o]
Ashslgl om* DrySlideTM A -lactamase(Difco, USA)
FtER f-lactamase A3 o 5 ARSI A A
Aol NZFFE E. faecalis ATCC 292125 o]-&31%
I, vancomycin WA TFE2E E. faecalis A256 F5¢}
E. faecalis V583 TFZ olgslgde}?. #32 MIC A
Fol] whE A A A5k NCCLS 9] 7)ol whet
Al YAl A ATtell <l Table 13} 7E



Table 1. Phenotypes of Vancomycin-resistant Enterococci

MIC ( z gfmL)

Phenotype

Vancomycin Teicoplanin
VanA 64 ~1,000 16~512
VanB 4~1,000 05~1
VanC 2~32 05~1
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3. PCRO| 9|8t vancomycin WM {AEXIS ==

z
S 913 A AR Clark 509 =88 Farels]
o, HE A& =v]:= 77 1030, 433, 796 bprh
PCRE F3 DNA 1 pLo]] 10xuFS2l32l 5,1, INTP
(200 uM) 4 pL, Z+ primer(10mM) 25xL& Y2
Taq DNA polymerase(5U/ £L, Boehringer Mannheim,
Germany) 0.5 L, =7 35uLE Yo & PCR &g}
Ho| 50xL FEE 3 & Gene Amp" PCR System
2400 (Perkin-Elmer, USA)S A}83sl9ic)h vwle=71& 9
4°ColA] 3027+ ¥ Al(denaturation)A]7]3L 58 CollA] 30%
7t Z3H(annealing) X171 72°ColA 3027 FIF
(elongation) A]7|+&= cycleS 303 HlMgslo] DNAE =
FAIZ . whg A5l Ealldysis)ok WA #E2 95Tl
Al 1037F AR whARE Fjb 72°CellA] 1047F
Axslger. FHE Fele 1.8% agarose gelol|A] 150
volte] z71e g 1417k A7]d53F UVE ol g3sle] Hl
& olsldct E2TFEE E faecalis A256(vanA),
E. faecalis V583 (vanB), E. gallinarum VR-42(vanC)<
A1)

4. E2tAD|E 2 M

PCRZAI} vanA®} vanBE 7ZAARE 217FFS A+
Folanls RAg Ausisleh Eoau]s DNAS el
& alkaline lysis ¥PH-S wdslo] oh2ap o] AAsIS
t}. Vancomycin(4 zg/mL)o] #17}% brain heart infusion
brothell %21 22ke HEelo] 37ColAl o 16412 A
so] wjeRIF Astol TE SEaloz AMsgleh 10
mg/mL2] lysozymeo| 3*3%tsl STE-EH(10mM Tris, 1
mM EDTA, 25% Sucrose) 100 xLE Ts}o] 377ColA]
3087F AX]3%, 2 M NaOH-10% SDS 88 200 L2} 3
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dgdol 10270 WAL VALENF AZAE A
Aol §71 phenol FEE AYRF, Azl
cthanol & 7l 14sle] DNAZ HAAZG 449
DNAS A8old sl AZA% TE 959 20 4L
2 skl DNAZ SalAZch HE s el
0.8% agarose gelol] 10 L9l DNA £oHS 7}3k% 90
voltollA] 9017+ A 7)ol =-A|ZF ). Size marker:= 1-12
kilobase pair7-7F2] 1kb DNA Extension Ladder(KDR,
USA)E A2

5. PFGE(Pulsed Field Gel Electrophoresis)

PCRZAY} vanA®}t vanBE ZAARE 21955 o=z
PFGES Alslelgich Plug Al $Isjo] ¢ otapy
Aol ek eRE A shig whA 4mLe)
brain heart infusion brothol|4] 2~3 A7} wfekslE +#
S 271 PIV 299 [10mM  Tris(pH 7.6), 1M
NaCl] o2 AXs}el
Cert Agar: low melting temperature agar)ol] E2k9]

E3teto] 24 moldol] BFUE, Ao Y

. =H]5 1.3% molding agar(In-

313k Lysis £ML lysis g==ol[6mM Tris(pH 7.6),
IM NaCl, 100 mM EDTA(pH 7.6), 0.5% Brij-58,
0.2% sodium deoxycholate, 0.5%
sarcosine]  4mLol|
L(1mg/20 £ L)3} lysostaphin stock solution 40 pL(5U/10
WHE gol HF s}
lysostaphin 5U/mL7} %5 w59t £3lE plugs
TE 2F2oH[10mM Tris(pH 7.6), ImM EDTA(pH 8.0)]
o7 37C sr&FzdA AFHsta, Sma 1 ©F enzyme
Aqpiede. AES 08%
agarose(high melting temperature agarose) gel& "H5-o]
AlePs} L, size markerZ2+F 48~1018 kb -7F2] 340
Lambda Ladder PFG Marker (BioLabs, USA)E A}-8-3}

sodium lauroyl

lysozyme stock solution 80

lysozyme  lmg/mL,

digestion& SeaKem

it} PFGE+E contour-clamped homogeneous electric
field apparatus(CHEF-DR 1II System, BioRad Lab,,
USA)S o]gslo] S4voltemE  23X|7F  AJ3¥slich
Pulse time 5Z%ol|A] 30%=E l9rt A7|AEF gelS

3 e

0.5 £g/mL ethidium bromide® 2A]7F oJMerE Z=H<



! Vancomycin WA A9 x4 e

Table 2. Antimicrobial Susceptibilities of VanA Isolates

MIC" (u g/mL) Susceptibility”
VAN TEI PPCG AMC SM-HLR GM-HLR
E. faecium 512 128 R R R S
E. faecium 256 64 R R R S
E. faecium 256 >256 S S R S
E. faecium 256 128 R R R R
E. faecium 256 64 R R R R
E. faecium 256 64 NT NT NT NT
E. faecium 256 32 S S S S
E. faecium® >512 128 R R R S
E. faecium® 512 64 R R R R
E. faecalis >512 128 R R R S
E. faecalis >512 128 S S S S
E. faecalis >512 128 S S R R
E. faecalis 512 128 R R R R
E. faecalis 512 64 S S R R

*:MIC (xgmL) tested by agar dilution method
: antimicrobial susceptibility results by Vitek
: isolates which showed amplification of vanB gene by PCR

Abbreviations : AMC, ampicillin; PPCG, penicillin G; TEI, teicoplanin; VAN, vancomycin; GM-HLR, gentamicin-high level
resistance; SM-HLR, streptomycin-high level resistance; R, resistant; S, susceptible; NT, not tested

Table 3. Antimicrobial Susceptibilities of VanB Isolates

MIC( z g/mL)" Susceptibility”
Species
VAN TEI PPCG AMC SM-HLR GM-HLR
E. faecium 64 <4 R R R R
E. faecium 512 <4 R R R R
E. faecium 512 <4 R R R R
E. faecium 512 <4 R R R R
E. faecium 512 <4 R R R R
E. faecium 256 <4 R R R R
E. faecium 512 <4 NT NT NT NT

*:MIC (pg/mL) tested by agar dilution method

: antimicrobial susceptibility results by Vitek
Abbreviations : AMC, ampicillin; PPCG, penicillin G; TEI,
teicoplanin; VAN, vancomycin; GM-HLR, gentamicin-high
level resistance; SM-HLR, streptomycin-high level resistance;
R, resistant; S, susceptible; NT, not tested

Table 4. Antimicrobial Resistance of VanA, VanB and
VanC Isolates

No. (%) of resistant strain

Phenotype No. tested

AMC PPCG GM-HLR SM-HLR
VanA 13 8( 61) 8( 61) 6(46)  11( 84)
VanB 6  6(100) 6(100) 6(100) 6(100)
VanC 21 0o 0) 0( 0) 6(28) 2( 9)

Abbreviations : GM-HLR, gentamicin-high level resistance;
SM-HLR, streptomicin-high level resistance

2 gzia UVE =S Sssint
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SHUR| 24N M0 o3t EaY
VancomycinZ} teicoplanin®] MICZ 743 TP

VanA 145%E. faecalis 55+, E. faecium 95, VanB 7
SHEF E. faecium), VanC 215%E. casseliflavus 13,
E. faecium 53, E. avium 25, E. faecalis 15) oM,
VanA9} VanB 59 A 7<rAd ok Table 2, 3
I} 7l 2Rs3} Anlel Vitekol|4 VanA, VanB, VanC
2o Axe 7¢7¥ 100% (13/13), 67%(4/6), 95%(20/
2ol o, 7+ ) wE, penicillin, ampicillin, 31§
% gentamicin ‘;‘ streptomycinol] tjgt HAIE-L Table
43} 7). 2FFF [-lactamaseS BAs= FFE

'W'T‘J— HA IR l:]—
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2. PCRO| 25t 7MY Z2H

PCR 7%} vanA 125HE. faecalis 55, E. faecium 7

), vanB 95+ EF E. faecium), vanC 163~E. casseli-

flavus 133F, E. faecium 35)FL

Qom, 55(E. faecium 2
Hojek

ZF, E. faecalis 15, E. avium 257} S£A4S
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Fig. 1. Plasmid patterns of vanA isolates. Five E. faecalis
isolates were from hospital A(lane 1 and 2) and hospital
B(lane 3, 4 and 6). Seven E. faecium isolates were from
hospital A(lane 5), hospital C (lane 7), hospital D(lane 8 to
11), and hospital E (lane 12). The hospital B isolates in lane
4 and 6 had identical plasmid pattern as well as PFGE
pattern. The hospital D isolates in lane 9 and 10 also shared
the same plasmid and PFGE patterns. Lane 13 is the plasmid
pattern of E. faecalis A256(vanA control strain). m, the
molecular size marker(1~12 kb).

Fig. 2. Plasmid patterns of vanB isolates all isolates were E.
faecium from hospital B(lane 1 and 2) and hospital C(lane 3
to 9). Some isolates from hospital C(lane 3, 7 and 8) shared
the same plasmid pattern. Lane 10 is the plasmid pattern of
E. faecalis V583(vanB control strain). m, the molecular size
marker(1~12kb).
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VanA9] 435 HQl E. faecium 257} vanBol §4
HoF i&ﬂg% Z1(Table 2)S ALjshl, FTAP A
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ZofAn| e oRAS yand9} vanB SAE L 217FF B
N ol el FEkaml=E Zw QUeickFig. 1, 2). &
3] vanA T 739 1kbollA] 20kbo|A7tR] B Xl
2l 37]-4 Fekev e Za gdgleh, HbH vanB
T+ tFE 20kb ool =77 & Fepv|Enks
73 %191‘4- Fohm= ggrel] Qlo] FEIHE. fae-
cium @} E. faecalis)7Fe] Aol §lg o)t §A o wha)
zFol7)F o], vanAv HH 5.17W, vanBE FHT 29719
v EE JHAR Sdek vand FFF BHlA
Bal®l E. faecalis 2759 DHolA] Hel=l E
faecium 29 ZA7F AR A% EElav|E RS
RAHFig. 1). vanB dF+= 97FF E5F E. faeciumOoZ
CyolAr 7357F Zel= e, olF 377t A=
Y3 Fepm| e oRte HSlckFig. 2).

PFGE #A4-& Tenover 5 o] g 7|5l wa}
23709 wiexte|lE HY A% LAl A3k (closely
related) FFE, 4~6709] XZo|7} L AL A I
A(possibly related)o] Qv dFE, 77 0]/‘1—4 ZJo| =

HA AL SAA Ao 9 IFE IAINY
vanA A E. faecium TFF 47dFE AE t}E2 <k
A4S Hwglor), DHYA EI® 3FFEE 2FFE E

U e BT A 1FRE 4] Aol 1
of e TPsAel Y TR BHETkFE. 3. U
7l o5 33FE rkenls el dolAE EUs
- ABke(Fig. 1) FAH ARAS A3 A4
sl9ic}t. vand -.1—X4°4./] E. faecalts 7é—r By *lollA E
Zopams by
:('ZC%J*% %L?l".—}"?— UGl HFig. 1, 3). vanB
FAHe FFE 9FF EF E faeciumSE 2FE BHY
9, 75FE CHYllA ZelEict. BHYS 273FE Hi
th2 PFGE o4& Wgloul, CHdldld Hald 75%
55 antibiogramo] 731 IF 67FF2] PFGE <k4o] %

A} e §AF odZAo] 9JglrhFig. 4).
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Fig. 3. PFGE patterns of Sma 1 restriction digests of
genomic DNA of E. faecium and E. faecalis isolates with
vanA genotype. The isolates in lane 1 to 3 are E. faecalis
from hospital B, which showed the same PFGE pattern as
well as the same plasmid between lanes 2 and 3. E. faecium
isolates from hospital D in lane 4 and 5 also had the
identical PFGE pattern, and E. faecium isolate(another isolate
from hospital D) in lane 6 showed related pattern only by
four fragment differences. In the plasmid analysis, isolates in
lane 5 and 6 shared the same pattern. The two isolates of E.
faecium and E. faecalis from hospital D is seen in lane 7
and 8 with unique patterns respectively. Other 4 isolates with
vanA genotype showed unique patterns without relatedness(not
shown in this picture). m, the molecular size marker.

1]

il

ATF9] vancomycinol| Tl A2 WA
2} vand, vanB®} vanCZE E-7%|v],
3} teicoplaninol] W3t ZHrAl A X9} §-=A (inducibility)ol]
wlg} VanA, VanB9} VanCZ EHsx b’ 19939
Clark 5% 4137k v 3170 W 9oll4] 4% VRE 105
TF % T075(67%)7F VanAFolaL o]F 687(97%)7}t
E. faeciumQl-E R I1sH A, VanA TFE vl EEZo
A F2 Feld Hb VanB ¢ AglFeg de| £2
Sebm Seh o] BuolAE vand $AAE 744
31 JAuE vancomycinel] thgk MIC7} 16 o g/mLel =7}

AReE welm ol uld 2AKAA o] wiEel

FAR w

¥ vancomycin
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Fig. 4. PFGE patterns of Sma 1 restriction digests of
genomic DNAs of E. faecium isolates from hospital C. E.
faecium isolates with vanB genotype are seen in lane 1 to 7.
Two isolates in lane 1 and 4 shared the identical pattern,
and the other isolates in lane 2, 3, 5 and 7 showed related
patterns by 2~6 fragment differences compared to those in
lane 1 and 4. The isolate in lane 6 had PFGE pattern with
more than 6 differences compared with that of lane 1. E.
Sfaecium with vanA genotype from hospital C is seen in lane
8, which revealed unique pattern. Two isolates of E. faecium
from hospital B also showed unique patterns without
relatedness (not shown in this picture). m, the molecular size
marker.

ZAow FAsI # A3 VanA FHHS E
Jaecium 257} vanB A 2

Aelshd AP AP EF LA, vand =4
fAAFe] wlo|Z 9l vancomycinol] ILEWAS HolR
%T v fielek 3 vanB #AAE 2= VRET %
#3o] theksto] vancomycinol] LES] WAlS T
Qom, ol (vanB mutant)S teicoplaninoll = WHAS K
olmg A A 7‘]/‘]"/} e 399 AAEE
VanA® o] A LFT} ;Lg,-} 4 glcka o uk
2k B dtollA] VanA FHHS AR vanBFAE &

S REE B SRS el kAol

B QdTollA EaMe] BEL Vanaso] 1457(33%),
VanC7} 22 73(17%), 21z(50%)9i£
VanAgo] ofz] WelolA £ Helne e ma

VanB¥ 2| A% 9F% 77 CHflellA] Held Zleow



FAA g Folut AP, Fuhav=
PFGE 59 ZA#=Z & w fFAHez A" 37+
A Aew 3N

AA 2 w7 AHLelA] VRE Z$A] VanBih VanC
22 g ARl AT BAE sl ol A
Shgulv Ha3 M 5o Wier A FlEel
3, 53] A3 AuE VanCHe] zAdide 2+
o] AT wfiFo|tFY. HE Bl AEst
A1l Sol5rt 95% ol g H7hd vl gle
2] 87%7F VanAF o] ElA] fol7] uf
Sl Aol el mFe] 937e] A4
o2 AJ3fgl zAlol|A]E vancomycinol] thgh
A 743 71¥S VanA, VanB, VanC TF
3 96%, 27%, 74%Pom Vitek AH]9] 7
VanBY AEgol 4o Aoz wela wh ek,
ATollA L VanBE 2| HEEo] 67%@/6)2 7 o
yom &Y HERE Yol VanCHHl ezl A7 2
Aoz Ak=

VanC¥-< vancomycinol] Y2 WAS Hol|i teico-
#rde vehlle ¥ er E
gallinarum, E. casseliflavus, E. flavescens Sol|A -4
WHem Uehie 77 WA AR
vanC-2, vanC-3 S0z d#x JeF®?. B oIt
83 vanC AA|= E. gallinarumol] 3l ZAolglo
W E. casselifavus$} E. faeciumo 2 EAT FF7}
PCRoJ|A <Al Ho] o] FF5L E. gallinarum P
slov webd A7Fel Egel 44 hed Ay &
PPk R PCR A% SHE WA STRE wE
VanC¥ o & E. casseliflavus\} E. flavescensol] tigh A]
SAGanC2HE Bkt Aest 9 Aew 4%
Hek AAl VanCHe] A7FE EHI bl vanC
FAAES AARE s PCRE olg3pr]e 3.
g FHE R E. faecalis®; E. faecium TF5ol|
Al vanC-15 AMEARIZ3E PCRo| FAS HQl o= 3i3d
OV 4 QAR B BREoR E A%
3= API 20 STREPSEZ:- E. gallinarum® E.
casseliflavus®] o] w9 o g3 Q1T F e
4, AA QMo olEe Pl ¥ Aer Aol
BAl} HAE ke Ao ARFL AT VanCy
T+ A= dxHo g Viek AH]2] vancomycin
off tH3t WA FHEoll dolAle HAEE] 95%(2021D)E
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wS S<eleiet.

2 ATl 7 el §04 dnAe ok
3 Ags Fekaw|= AL 5

F7b Fekem|eE 7R glojof slar
Ak e 7HAA Qdek B dFollA] vand T2
T+ kel FEhemEE 2 Qlo] EEksw|= EAo]
&8 Zlor AgkE o), vanda WARAAE 54
18] Zekm] ol fIXsh=Alol 3t d77F o de
Zlog AZEct w5 A§ 34-kbit 60-kb=7]
Zofr|Ee]] vand AP §1Xgeka B b
Jom'" E. faecium® 739 Zeliu|Tol|, E. faecalis
= QA WA A EAlshE 7dde] vk &
#7 ge}’. w3t Zelev|= B4 Ao}l PFGE ZA#t
P dAEA o Fekav| s obide] Heks FUd
PFGE &2 Holx 797} Slo] Zukmle FAute

T A ABA Aol B Zlo® gilun o]
£ olAAY olg] AT Azkel YA}

oo An g AT Aske ok Yle
Zlog uszio), WA 2 dFe At 7hsAlol
370 WA SHE ) o]eh 22 WA ot
s Al fl#iA = vancomycin®] AREAA] 52
TAFR e AAste] Aol & Folrt w9
7% Ae] vancomycinel] Wk WSl FA% F7t
of] w}e} A= (CDCP)2| Hospital Infection Control
Practices Advisory Committee(HICPAC)o]|4] VRE] =}
Ab el ul =24 ke AAE bh Y

B ATE 199590l 1996\ d7kA] A 7471 A9
S0 iz edellAl Eel®l VRE #F5 oz 3slgle
o, i T diifoe] AW Fetrew =9
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