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Characterization of Vancomycin-Resistant Enterococci Isolated from
Stools and Their Acquisition of Vancomycin Resistance

Hee Jeong Kim', Heun Young Kwon', Kang Lim Kim, Hyo Jin Lee,
Hyun Jung Jo, Soo Myung Hwang and Kyung Soo Chang’

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan, Korea

We have isolated 6 vancomycin resistant (VR) Enterococcus faecium and 5 VR-E. gallinarum. Vancomycin resistant
enterococcus (VRE) isolates were resistant to multi-drugs, but susceptible to linezolid and quinupristin/dalfopristin.
VRE isolates showed 10 VanA phenotypes and 1 VanB phenotype (E. gallinarum). However, all of them showed van4
genotype. vanA gene was detected on both genomic and plasmid DNA from all VRE isolates. Almost of VR-E. faecium
had IS/216V which is worldwide type and almost of VR-E. gallinarum had IS1542 which is European type. ISI216V
and IS7542 genes were not related with antibiotic types of VRE. Copy numbers of vanAd were decreased in VRE with
IS1216V or 1S1542 but not in VRE with both ISs in broth without vancomycin. The copy numbers of vand were
significantly decreased in VanB phenotype of VRE with IS/542 in broth without vancomycin. Copy numbers of vand
were recovered in the presence of vancomycin. Growth time of reference E. faecium is faster than that of reference E.
faecalis when cultured in the broth containing vancomycin. Reference strains cultured in the broth containing vancomycin
showed intermediate resistance or resistance to antibiotics without acquisition of van genes. Naturally, multidrug-
resistant E. faecium might be fast adapted in the presence of vancomycin compared to E. faecalis. Taken together,
VanA phenotype E. gallinarum as well as E. feacium have been increasing in nosocomial infection and showed acquired
inducible resistance. E. faecium and E. faecalis showed intermediate resistance in long exposure of vancomycin without
acquisition of vanA.
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olgl (7) 1987d vanBE VX E. faecalis7} R.ILE|HA
VREE 7} Welo] wiojo] Ashyl T8Ad =S =
Aoz F58ka o) g Aol A2l vancomycin A}
|79 7= AW S 7H VRES AR
i, o]k VRE] o& 7 EFE 70%°] AAHES Kol
al Qick
VRETE 74} patternol] e} X d3 o] T2, VanA,
VanB, VanC, VanD, VanE 5°| A=t (8), VanA 12
vancomycin} teicoplanin®l] WS Ro|H, 2 E. faecalis
o} E. faecium©. 2 A XM
o] ¥ D-Ala-D-Ala%l A D-Ala-D-Lac2. 2 W 3}A|A
vancomycin®] Wk A& W71} chromosome®]] 9]
2|k D-Ala-D-Ala A7A1E AAF8h= ddl ligase®] WS
23l A Adge 7HAA
3} teicoplanin WA-S 7HA == &, vand glycopeptide
WAL Tni546 H=+= transposon®] 23l mlj7]E T}l VanB
EdEL vancomycin®l] TF3F =2 WAS YERYA
Tk teicolplanin®li= 7F=Ad 1™, VanA2} PR IAI R van
22 @53} vancomycin®] =l &gk dA3A Ag
S YEHH, 2 E. faecalis$} E. faeciumol| A A%
t}. VanC ¥ # &2 vancomycinol| ¢Fs}HA] WAS Ho|H,
teicoplanin®l| = 7HrA 0.2, WAHRF 50 ofehA] oF
A WS e tE o ® ol gltk F
2 E. gallinarum™} E. casseliflavus| A A€} G
< 22 W71 HEo] e Aweziy W
AFAAHE 7 plasmidE &5 = A= Tl 9
o]¥ plasmid™= F3ol o8l Fdtztel]l AL
], 2 Al plasmidE w3 4= QlojA] Wi &
ZYgt} (2, 9). AA A3elA VRES WA
vitro’FN A Staphylococcus aureus® 7] A7 vancomycin-
resistant Staphylococcus aureus (VRSA)Z THEo] -2} A
ol& FTHakltt (10). 183l VRE WA=k dAA7t
A &7 AFIA LD (insertional sequence; IS) ISI216V,
181251, 181542, 181476, 1S19 “5°] QoM o5 UlFH
Zpolg Hol=d), 11216V 7 AAA SR de] 23}
aL, I1S15429] 735 it 9 wElSoll A, 1812572 W
Toll A BaE ek sfell A 2e]d VRES] i
Aot W] zfel7h §lo] 1815429k 181216V7F A4
wlo] o] ¥ %FA?Q} %*}6}4 (11~16). L, diwt
W g AR A =] 9 B85 9 VanB-
phenotype vand genotype VRE—J A= vanse] AEAW

9] peptidoglycan 7] (matrix)

2 559 vancomycin
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= 1

Soz 9EA Qv (17). &5 %= VanB-phenotype
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agar (BioMerieux, Marcy-1Etoile, France), Methyl-Alpha-D-
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Maria, CA, USA),
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3t speciesE 574311, ZF VREC digh A
profileS 2Adste] Ao, XETT2E E. faecalis
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T % VRE #2]5F brain heart infusion (BHI)
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sk

54 A€, potassium tellurite A1 ¢ H,
AE574 717191 Vitek®] GPI
o]-g-3to] 115 VRE®] o
Fapn]

Genomic DNA =&

Genomic DNA 2]3= AccuPrep genomic DNA extraction
kit (Bioneer, Seoul, Korea)S ©|&3}o] =3}l BHI
brothll 37°CellA 2443t viFe & E-tubeol 1.5 ml
#7131 8,000 pmoll A 223F A4 E F AT S AAT
T}, pelletel] TE buffer 200 pl, proteinase K (250 mg/ml) 10
pl, binding buffer 200 pulE 7131 60°C heat blockol| A]
1023 A2 o H7vstol &9t
% column®] 4-83}4] genomic DNAS F=3131t) =&

% genomic DNAT spectrophotometer (Jas, Tokyo, Japan)&

isopropanol 100 pl&
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|3t F=E 5439 o PCR 418 template =
85131
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Plasmid &

Plasmid:= boiling™ ¥} Labopass plasmid mini purification
kit (Cosmo Genetech, Seoul, Korea)E AF&-3}51t}. Boiling
HE DW 100 ploll 1 colonyS Z 233k 2 587+
boiling3t ¥ icecll A 247 WAS}FaL, 12,000 rpmelA] 5
1 AAlste] ASdls 34t
template = AH-8-3}5I T}, Labopass plasmid mini purification
kit-S w3 7S 2,000 pmell A 105-7F YAl Eke] A
NS AAS F kitoll 2350 A= resuspension buffer,
denaturation buffer, neutralization bufferS WAz o= 7}
ste] 5%k T column®ll %]-8-3}] plasmid DNAE
3%t & spectrophometerE ©]83l] FEE SAHIIF S

] PCR 4% template® A}-8-3}51Th

TEE 54 ¥ PCR

PCR

VRE WAFAA vand, vanB, vanC, 1S1216V, 181542
FAANE SE317] $ primer= GenBank®] 3714 <&
< ©]&3}e] Bio ToolKit 3202] Primo DOP 3.4 (Chang
Bioscience, Castro Valley, CA, USA)E ©]-&3}o] A A|51% 2.
™, Table 13} 7] primerE #3315t} PCR W5 &5
2 AccuPower PCR premix kit (Bioneer)S A}&-3}9], DNA
A& (25 ng) 0.5 pl, primer (10 pM)E 22} 1 Wl il S5
FE F &0 20 wEA STk PCR W22 94T
oA s8R 27] WhE 94°C 30%, 513 30%, 72°C 2%
o] HAo = 303 WML, wpA|Hro R 72CelA] T
g PCR Whe& ST S35 DNA Alsw
1.0% agarose gel= ©]-&sto] A7|9es AL, 2+
SEEo] A7)eF QUM AR S FE vand A

7} FEH0eS Felshgnh

PSR HiXIOIA vancomycin LI FA X #5}
A

VREZ #8¥ H85 3 E faecium (VRE-2, 43} E.
gallinarum (VRE-10, 11) vancomycin®] H7}% %] g2
BHI brothll 37°ColAl 24A17F vl & 10 WA 20 A%
Al st om Al 7rd o] Wk 9l A o

A £ g BASHh
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Table 1. Sequences of primers used for determination of genotypes
of vancomycin-resistant enterococci

Product

Genotypes length (bp)

Primer sequence

S : TAGCGTCCCAACGAACAC
vanA 1164
AS: GCAAGCGTTGCGTGATAC

S : TGGCATCCCAACGAACAC
vanB 1155
AS: GCTGCGAGATACCACAGA

S : GACAACAGGAAGACCGCA
vanC 1104
AS: TCGTACGAGTCGTTCCCA

S : GATGAACGCTCTCATCATGC
IS1216V 689
AS: CCTGAGAAAACAGTGCTTCA

S : ACTGTAATGGCTGGTGTTAAC
1S1542 462
AS: CATAGTTATCACCCCTTTCAC

SHAE(O 2Bt vancomycin LIMSRA 2 ESE Al

Enterococcus”} WAAF7212F2] Zloldl] 2]t &50] ofd
Al o3k WA FAFe] g5o] THedhA] Lofr Y]
A AT E faecalis®} E. faecium= BHI brotholl
37CAIA 24X SdHSE $ $ vancomycin®] 1 pg/
mlZ} 2 pg/ml F=Z 5090 BHI brothol]l 2H2}F 10 X
A&kl 37°ColA vieFstdlon, S4dk 45 10 w
2 FAA FE7F E09)+= BHI brothell FZ-3ke] 109
At el 5} . Vancomycin 4 pg/ml7} $-7-¥ BHI broth
ol ¥dF E. faecalis®} E. faeciumS 10 pl? 55t
37C WSF & Z218F 49 10 WA 208 At
20584 Wi E faecalisSt E. faeciumS vancomycin 10
pg/ml7F £°120= BHI brothol] 242} 10 pld €a1 37T
A A w7 wjF - FLSHAl 10 WA 20 Althul
Fatlth HE AdMGE xFEdTE FAA A

AAE AAse,

A g AlE

AEE (1 pgmlot 2 pgmhet $55= @ pugmlet 10
pg/ml) vancomycin®] 3 7}% BHI brothol| A 523 £
T E. faecalis$} E. faeciums A&EONA 10 A ol A
kel ek SE A 200 A widE FFE 3,500
mpmoll A P38 H 045% NaClS A}&3}o] McFarland
#0.5 (1.5 > 10° CFU/mI)°ll 2¥5=31 100 wl-S Muller-Hinton
agarl spreadd}o] 37TCol A 24A17F B 48AIZF v s}
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Table 2. Difference of antimicrobial susceptibility among six
isolated VR-E. faecium

HJ Kim, et al.

Table 3. Difference of antimicrobial susceptibility among five
isolated VR-E. gallinarum

VR-E. faecium isolate types VR-E. gallinarum isolate types

Antibiotics Antibiotics

1 2,5 3,4 6 7,9,10 8 11
Chloramphenicol 1 S S S Chloramphenicol S S I
Gentamicin R R S R Streptomycin S R S
Nitrofuantoin R R I I Tetracycline S R S
Streptomycin S S S R Teicoplanin R R S
Tetracycline S R S S Vancomycin R R R
Teicoplanin R R R R Van phenotype VanA VanA VanB
Vancomycin R R R R van genotype vanA vanA vanA
Van phenotype VanA VanA VanA VanA Antibiotic resistant range in CLSI guidelines: =15~16 mm to

vanomycin and =11~13 mm to teicoplanin.

van genotype vanA vanA vanA vand R; resistant, S; susceptible, I; intermediate

Antibiotic resistant range in CLSI guidelines: =15~16 mm to
vanomycin and =11~13 mm to teicoplanin.
R; resistant, S; susceptible, [; intermediate

o disk diffusion'} 3} Vitek GPS 451 kitS
Al 7 HARE AAEETh

Ahgate] w4

A7 ER] A FE2lE vancomycin WA 5
of tigk A WA profiles #d3}7] $181 CHROM
ID™ VRE agar, MGP, &5 Al&9, potassium tellurite
AlSlW ) bile-esculin A 3H 2 Vitek®] GPI, GPS-451, disk
dlﬂ—‘uswnﬂ‘] e} o] —3}—0:] VRE =4A 3]. fshg xﬂ A /\}.E Al ;\]
Sk ¥}, VRE 5% E. feacium®} E. gallmammoi 5
Ao, oA 7 EE]EO] =2 E. faecalise
Y= A BUTE E. feaciume F 677} FE]EH Ao,
gallinarum-2- 557} 1‘?45]9113]— (Table 2, 3). VRE 115
VanA A F 105714 HeERRIC™ VanB 28 F
15704 HEp AT

rlo o{N rn S oﬁ

VRE &Ml pattern 2! phenotypes

Vancomycin resistant E. faecium (VR-E. faecium) 65~ (VRE
1-6)°l that -84 WA patterns FA| 4712 EFHEA
om, B5 X5 vancomycin¥} teicoplanin®] WS H
o] VanA phenotypes LERHRITH (Table 2). VR-E. faecium

ol tig A U4d pattern chloroamphenicol,

gentamicin, nitrofuantoin, streptomycin, tetracycline®l] Z}7]
g2 Aol odl 73T VR-E. faecium 25 B

T linezolid®} quinupristin/dalfopristin®ll = ¥ E. faecium
I A R S eI S, ciprofloxacin
nitrofurantoin®l] & =5 WAS YElo] VanA TS
g5atiA v A E WS Bol= vk
= YeERiAeh

Vancomycin resistant E. gallinarum (VR-E. gallinarum) 5
= (VRE7-11)ol] th3t 384 WA patterns 1A 3702
EREoer, 25 5 vancomycind] WAlS B S
1} VRE11% teicoplanin®l] 75442 2 vl 712] VanA
®EdE 3 7)o vanB ¥ ES YERNQIT (Table 3).
VR-E. faecium 2]5o Wik A WA pattern
chloroamphenicol, streptomycin, tetracyclineol] Z}7] th& i
Aol o8] BF31% Tl VanB phenotype VR-E. gallinarum
(VRE11) teicoplanin®l] th3}o] Vitek GPS-451°114] 8 pg/
mle] MICE R$loH, disk diffusion ol A= A A|E0]
17 mm=Z Yeh} 7H4S 1. VanA phenotype VR-E.
gallinarum™} 50|38k zFol= YERIR] &4t} VREIS} 10
2 Vitek GPS-451°14 teicoplanin®l] W/Ad-S B AT disk
diffusionHNA = JAE] 11 mmZ o} RS B
Ak

VRE 22|32 vand 58Xt 2Z L genotype

welel VREC thet @A WAy

3N vand, vanB, vanC primer setS ]

AR S dolr ]
slo] PCRS 4°3)



Characterization of Antibiotic Resistance of VRE 183

3t van FAAHES AAFATE EE VREONA vand E. gallinarum= vand A7} AZE5H 0 vand 318
FAA7E AEEH A, vanB L vanC AR HEH YERNATE S vand W32 genomic DNA 2}

2] U Th (Fig. 1). 53] VanB phenotypes YERNE VR-  plasmid DNASIA 5 HEEAT}H (Fig. 1).

Q VR-E. faecium @ VR-E. gallinarum
M R 1 2 3 4 5 6 M R 7 8 9 10 11
- - - vanA
e VR-E. faecium @ VR-E. gallinarum

M R 7 8 9 10 M
h H. "

Figure 1. Detection of vanAd gene in genomic and plasmid DNA of VRE isolates from patients by PCR using vand primer set.
Amplified PCR products were analyzed by 1% agarose gel electrophoresis. A, B: Genomic DNA, C, D: plasmid DNA. vanA4 was detected
in both genomic and plasmid DNA from all of VRE isolates except for reference Enterococcus faecium (R; ATCC 19434). M: 100 bp plus
ladder DNA molecular size marker, R: reference Enterococcus faecium (ATCC 19434).

=
Py
N
w
AN
o
()}

e VR-E. faecium e VR-E. gallinarum
M R 7 8 9 10 N
p— | c— IS1216V
-
G VR-E. faecium @ VR-E. gallinarum

M R 7 8 9 10 M
o - N

Figure 2. Detection of IS/2/6V and IS7542 gene in plasmid DNA of VRE isolates from patients by PCR using specific primer set. The
amplified PCR products were analyzed by 1% agarose gel electrophoresis. Plasmid DNA was extracted by using LaboPass Plasmid Mini
Purification kit. IS/2/6V was detected strongly in plasmids from VREI1-5 and 7-8 except for reference Enterococcus faeciem (ATCC
19434), 6, 10-11. The gene was weakly amplified in those from VRE9. IS7/542 was detected in VRE2, 3, 5, 7 and 9-11. M: 100 bp plus
ladder DNA molecular size marker, R: reference Enterococcus faecium (ATCC 19434), VRE, vancomycin-resistant enterococci.
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M 2 4 11 10
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BHI broth with vancomycin
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e VRE (p11)

M 2 4 11 10

4= vanA
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Figure 3. Change of vand gene in plasmid of VRE
isolates through serial passage using BHI broth without
vancomycin. vanAd was detected weakly in plasmids from
VRE 7 and 9, which are E. gallinarum isolates, but not
changed in those from VRE 4 and 11, Enterococcus
faecium isolates. VRE 2 & 4: VR-E. faecium, VRE10 &
11: VR-E. gallinarum, VRE2: vanA phenotype with
IS1216V and 1S1542, VRE4: vanA phenotype with only
IS1216V, VRE10: vanA phenotype with only 1S7542,
VREI1: vanB phenotype with only IS7542. M: 100 bp plus
ladder DNA molecular size marker VRE, vancomycm—
resistant enterococci. p10: 10" passaged VRE in normal
growth media. pl1: changed media to broth with 10 pg/
ml of vancomycin

not shown).

VRE =g
2! teicoplanin9|

9| I1S7216V=2t 1S7542 AUAREX 24
SN Had Hl

al

AR ZF Aol
1S1542 +r
1216V VR-E. faecium -
VR-E. gallinarum l‘?tﬂ—roﬂfﬂ
3, 15014 kAl AEE ATt 1S1542% VR-E. faecium
T T 27 Al HEEASH, 15004 ofeH|
AEYNL, VR-E. gallinarum w815 T 454 Z3HA
AEH ] 80%°] BA&S UEhIT ol A= o
Tl A F-38= VR-E. faeciume AMAL SR g
&5= VRE®|™H, VR-E. gallinarum< oA 3338}
+ VREZ #dHt) 53| VR-E gallinarum 215 %
teicoplanin®l] ZAS Hols FEL 1S1216V A7}
AEHA Fden, FHUWAES Kol FE52 A=Y
A FAY A HEEJAY. VR-E. faecium 25 &
IS1216VS} 181542 31 A7F ZFeHAl A& %= VREE 25
olH], F+ FHAE 7ML JA ¥ VREE 157F A=
= Atk VR-E. gallinarum 217 5 181216V} 181542
AAE 7HA AL Q) VREE 15°01H, 7 FH4AE 714
3 A = VREE %EW kTt (Fig. 2). 181251
frA A= VRE &2l 5ol A HEHA] 4T} (data

of #efst= d F IS1216VeF

7] HoH PCRE 3%t H} IS-
Z 570X AEHA

254 Al % %Q

YA

REAE 14Es

ﬂ

VancomycinO| gle ZZ45I0Al VRES|
H

SIMR| Zh4d

vanA7} vancomycin®] EA|3HA] &=

o] HE=AE dolr 7] 918 VREE 54% VR-E. faecium
- VR-E. gallinarum-< vancomycin®] §i+

A e 5
mycin¥} teicoplanin®]]
e
& VRE2E vacomycin®] $1&
FAA} copy number’} FHAEA] 2
IS1542 A4 =
10, 11
teicoplanin®l] 73S X<l VRE11-
2} copy number®] Fra7) THEE Q]
vancomycinZ * 2|3} vand A} copy numberi= H}Z
375
WA e VREE T2
o) Aol

FEA Hat

—

5

A 54E A bl vanco-
Azl YAHS Holon &7}
DAk AR 18121679 1815428 & U 7HA]
78 M % vand
ekrot, 181216Vt
3 FRANE BA3kal 9l VRE4,
vand A} copy number”} A5 %
A3 vand -7

t} (Fig. 3B). 18]

. E3]

ATt (Fig. 3C). FAA A} A3} vancomycin©]

AL Sk R0t f
Lk 29k,
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Table 4. Changes of growth time of reference E. faecalis and E. faecium in BHI broth with different concentration of vancomycin

) Concentration Passage number
Enterococci .
of vancomycin (pg/ml) 1 5 3 4 5 6 16 20
E. faecalis 4 728 72 48 48 24 24 24 24
E. faecium 4 144 48 24 24 24 24 24 24
E. faecalis 10 240 360 144 72 72 72 48 48
E. faecium 10 312 96 96 96 72 72 48 48

*hours taken to grow up to McFarland #2

Vancomycin ZX StoA E. faecalis@}t E. faecium
HEETF9 growth &4 2 eHdA| LY =5

vand RS E55HA] ol FAA WS g5
T JE AE Lolrr] Y8 XF E faecalisSt E. faecium
2 vancomycin 1 pg/ml¥} 2 pg/mie] $H% BHI brothol 4]
24X 7E Qbell F2188lT). A5 E9] vancomycin®] EAl=
o] SAsh=tl obrl FES MIAA] 44Tt (data not
shown). 3FAITF FE%S] 4 pg/mle] vancomycin®]
% BHI brotholl ] EFA57F 22 ZF287]744]
Sk AIZY2 E. faecalis7t T2A3Y, E. faecium-2 144X Fo ]
o, 7+ WA AdulY = E faecalisi= 72A17F
faecium A8AZFO.R E. faecalist 27 tﬂﬂﬂ'
NAAT, E. faecium-2 96A17k0] FZFE] 0] E. faecalis BT}
BE RAA A2 SRR SR WA AT T
B 7 o 25 24A3F okl 4318tk Vancomycin©]
10 pg/ml $H-E BHI broth® Al Al = S4A17E
2 E. faecalis7t 2403}, E. faecium-S 312A13F0)) 01,
T A ANNG F E faecalis 2407|702 WS}
Ao, E faeciume 96A1FS 2 216A]7F0] TEEH
ok 16WA Al $HEE 5 4847 bl S48t
(Table 4). Z} YAEZ vand FHAAE AE3H] Y&
PCRE Fa3t v} =& S-4J0]21t} (data not shown). VRE
o] U522 E. faecium®] ZFA|3F=H| vancomycin®] =
A4 A WA van HAAS] FASo] glol
E. faecium®| E. faecalis®.U} "He] -3l F25k= A
= 1T Stk

o1 e
e

| &Y

Vancomycin SZ0f 2 M Zed HA

A& % vancomycin (1 HEi= 2 pg/mholl A 10H ] Alt]
¥ FEol tiske] A disk diffusion FAAS A A

AL
st A3, q5dT B57) vancomycin diskol] 9] $F A

7h 1HA Buh 0HA A Fo] 5oL, dAT
A ®Wsl= §lH Teicoplanin diskol] thdt A= Alth
B E faeciumA A= 5 SAEJSY, E. faecalisoN M=
W7t gt 6% 5% vancomycin (4 =& 10 pg/
ml)ol A 2084 Athe Faaol tisle] disk diffusion
NS AN A7, xFAdT EF7F vancomycindll O
gk A GZE 1A B 2004 FAEATE AE
= vancomycin®| A vRA|Eo R ZA8 E faecalis$t E.
Saecium®] AN HTF-2 17.25 mmo]iL 5% vanco-
mycin®] JA Y HFZES 1525 mm=Z H2 YA =
oA AES A shAgA o el A TFA o] Z71E o]
G = AT} Teicoplanin®] 749~ A5 %= vancomycin®l 4]
AN E. faecalis$} E. faecium®l] W3t teicoplanin®] %<&
AN HA S 1725 mmo] I, F5 = vancomycin®l A
]fﬂlﬂ EFTY] teicoplanin®] HF AN ] Hgk
2 17.0 mm=z ¥ o5 Ho|x| k9ktl = vancomycin
Oﬂ 3k Ao Al S 539 tecoplainin®l] tH3F &
A Zerd el W) gleel ﬂo]ﬂo}l‘:} Vancomycin®]|
A
2 A A RS 4\*63?@ Z 3}, vancomycin®l =
WS B0, teicoplanin®ll = 74 HERNATH
Disk diffusion®] 49 4 pg/ml Vancomycmoﬂ /\1 =243 E.
Saecium®] WS VERAAIL YA #ES T
< YRS E (Table 5). Vancomycin &0l w2 37
Hal= J3re ux VRE X
vancomycin-intermediate enterococci (VIE)7 b E= A
T UL, teicoplanin®ll = o173 7S B
o|¢} e A= A WATAAE G53HA] ot
vancomycin <A kel A FetEo] WS 5
A= Aol ERIESI o B3| E faecium©| E. faecalis
o vl Al EA sholl A AEEo] ol A Wi
AR G50 g §old slow Yzt

vancomycin -4 ]l

Joy r1r

o)13} 2=
=

£

-
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Table 5. Results by GPI, GPS-451 and disk diffusion test to final passaged reference E. faecalis and E. faecium in broth with 4 and 10
pg/ml of vancomycin

Antibiofics Concentration E. faecalis E. faecium
(ug/ml) Vitek GPS-451 Disk diffusion (mm) Vitek GPS-451  Disk diffusion (mm)

0 S S(19) S S(22)
Vancomycin 4 R 1(15) R R (14)

10 R 1(16) R R (14)

0 S S (23) S S (23)
Teicoplanin 4 S S (15) S S (15)

10 S S(17) S S (20)

Vancomycin resistant and sensitive in CLSI Guidelines: =32 pg/mL and <2 pg/mL of MIC to vancomycin and teicoplanin in Vitek
GPS-451 is resistant, respectively, Antibiotic resistant range in CLSI Guidelines: =15~16 mm to vancomycin and =11~13 mm to
teicoplanin.

Table 6. Comparison of antimicrobial susceptibility between

reference E. faecium and E. faecalis i
Reference Enterococcus spp

Antibiotics

E. faecium E. faecalis VRE<= vancomycin®] W35 7H et om 9l/dol
Ampicillin R S A AEA O R FAZE Hal ik o] g S it
Chloramphenicol R S SEAIUAS 7HA AL Qlo] B} A=l oE RS FaL
Gentamicin R S Atk Ht WdolA vancomycin®] T A VRES
Imipenem R S van WA Aol& BolFar glo Azt A7) =
Penicillin-G R S vk WY W VRES AEFS AHA R Ffstal
Streptomycin R S o Bk AL QlEk (1, 7, 14). Bl A= VREZF T
Teicoplanin S S & A HolH= AS Y] S8 sEAEE F
Vancomycin S S Aoz BE A=A A7]H O E rectal swabS 1]

VRE FAHE AAJekal 9lom VREZF AEE Al vz 2
et Aol FHAM rectal swabs 3t VREZF A&
HA @S wrbA] AL Agsie BakE g Al Ft
I 7S AL Eol7t A ol A NS 2
X E faecium3} E. faecalis®] YA 7543 AAF A Atk 199613 YEo|A LS F vancomycin-intermediate
3} E. faecium®| E. faecalis®l W3] thFANAS YERH Staphylococcus aureus (VISA)7} H.aigol we} o=, 22
Aoz INFAY}. EF E faeciums P-lactam] YA 2, ul=t, ofaJo}l Hehd oM vancomycin-resistant
21 penicillin®} ampicillin, quinolones”| &A3AI] imipenem,  Staphylococcus aureus (VRSA)7} H.arx|o] &-AA]| WA=}
aminoglycosides 7| ¢ streptomycin 2 chloramphenicol ¥} #AAste] A4S AV Ha o (1,2, 5).
gentamicin®] WS 7HAAL Qlgol EIHSloL, E AT A EHolA E2lE VREE E 11T
Saecalis= ©1%1 FAYA 1H3E 7HAAL Qlo] Aol W, 54% 27 VanAE 10709} VanBY 172 &
o] Bt gA AmE = Ao E faeciume FEAZE  HAIL, FAAE BF vandE 7HAIL QASATE el A
A8 Aol A HS AESo] =ol YA UAdA #2]% VREE % vand genotype .= VanA$} VanB
A E5Ho] BL w3 Ao YAt} (Table 6). Edgoz B Ah vand FHAAE genomic DNASF
plasmid DNA°IA &% 9] vancomycin®] WAl ©] vand
Aol ojgk Ao AYPE] vanA AL chro-

R; resistant, S; sensitive, I; intermediate

BEZE E. faeciumit E. faecalisC| SH| LA X}O| 5
aL
fe))]
=

9

L%
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mosome™} plasmid®] 7t ¢t mobile element= ©]=
o] ARG (20). 1719] VanBEH-2 vanB-phenotype
vand genotype®] VREZ} U$til VREE TAHE ¥ F
271 teicoplanin®ll tle] Vitek GPS-451914 Aoz
LFSIAI R disk diffusion ol A AAITH7F 112 SIhd &
BT AubA Q1 vand A teicoplanin®l] t3le] )
A4S YERA|RE, teicoplanin®] ZH4S E9Q VanB X &
3 gk 7t SIS B 2] F5E B HE
vancomycin®ll Wd-& FXE3M= vanHAX operon©] ©bd
£ 3zt Al VRES] Wol7} dojyts Zlow Hlrh
HZ FHlAE 6709 VanB @ H-vand +HS o
B= E. faecium©] E2]¥ 0™, 1S1216V7} vanS 1+
Azfol] Aglwo] doH teicoplanin WAl thdh o]
1S Yehlle 2o® I =, vanS FA7kel
1S1216V7} 7% VRE 6+ teicoplaninol] WA, F-7HH
A, S BT (21, 22). ©]i vanHAX gene cluster®]
AAMS 248Hs VanRY} VanS @ o] el VanS ©
o] VanR “Hl ¥ T} vancomycin &4 3lol] VanH, VanA
oF VanX ©He] &4 ik, fHdol 2713 F vk
AR o] AEhs ah= Ao ® dEA ATk (23).

i ate] FRok AR B teicoplanin®]] W43
S WhEs fAAA dojd Ao R FAHET VRES
IS1216Ve} 181542 primer® PCR3F A} teicoplanin®l] Z
R el 43S Bl VREE IS1216V: §IAY 8
kAl thes= 21 AT 5 AL, 1815429] B9 A
o5 Ho|x| ekl 1S1216V9} 181542 1] VREIA]
S A BEEE YRR, 181216V} vancomycin
U frdAtel A4 288 oigk o 22 A9 28
Sttt VRES] AA ZAdS I E. faecalis$} E.
Saecium®l ]3] ciprofloxacin, nitrofurantoin®l] 4] %= W4
HolA theRAAd-S B, Mlare] gjrdel 2835t
o 5y 3dS A8t quinupristin/dalfopristin}
linezolid®l = R 7H/d-& Hof thokAl VRE®] ot Al
28 A5AFe o] dasith. VRES 84 TS
AFs A3} vancomycin®] §l= oA = A U
o] Wigtel At A fIAARE, vandFol Eol= A
= = 7 A8k oA FHA allo] A et
vancomycin®| EA|J 5o wet vand o] 4387t Zrsl A
T ofld T vk AE = F Uk vHE %
o5 E. faecalis®} E. faeciums U722 vancomycin
=

Zpol & o] njeFet A3 vancomycin A& =l A=

¢

.,

ul

off F\
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Jaecalis7} E. faeciumB Tt Y& 2SR A T, 22 w5k
o] &A1 WYL E. faecium©] E. faecalis RV} B 2
2 A|ZF ool S5t VRES] -2 E. faecium©|
2HA)3FAL 91e] vancomycin =A] oAl e] whE A=
van AR} AJTGlo] E faecium®] E. faecalisE Y} T
F2 ASES YERH, oA van A} Hdolel] Y
2 gy Ao FAAY. = E faeciume vand
Az 5 §lol= A Fo A= vancomycindl] WAS
A YeRo] A1 o2 AJEEo| o} VREZIE]
vand +7Ak2] g5o] &0l teicoplanindl = U4
UEhH= VanA E8F-S HERN7] A% vand 4
7pe] gl5o] ek slow gRIEgown, oo tigh 4]
L= 2 A7 FUH e R o Folx|of & Fo|tt viA|
o2 Fek FEAA HIYE E faecalis$t E. faecium
2 vancomycin®l R U4dS YERo] VREZ 54591
1, teicoplanin®ll = B A5AS BT o|A 9 VSE=
vancomycin 2HFNA] % &5 ofA| W $Ho) 9
3 WS el = glgol ERIEAT iR E
Jaecium<- 6" acetyltransferase-acetylaseS A28} amikacin,
kanamycin, netilmicin®} tobramycin ol AFA WS L}
EFAT}. Cephalosporin® 752 B-lactam &< #l| 2] AF-8-2
vancomycin resistant E. faecium®] E3-S 8o]3HA 3hH
ampicillin, PBP-52} vancomycin@}o] 7% AAAo] 9l
2o] WA (24). E. faecium©] WAL 60~80%2 vi-$-
%21 ©]+ pheromone responsive plasmid =+ conjugative
transposons®l| 2J3te] HA WS F5gtta gt} (25).
54 LA E gallinarum™} E. casseliflavus= 2%X3.
tgx o vER2 HAEEEd 4559 vancomycin®ll
skl HAE WS 7HAAL vk (25). E. faecium®]
vancomycin®]| tHgh WA WAdell tigh A7t obH &
Frshu 7hsAe] w2 slom FAH

HATE B8 SAA oS glo suielA <
W B AGEEAM ZAolA VanA EHE VR-E.
Jaeciume 2 VR-E. gallinarum©] A&X 02 F71E 11
Aol FRIFEA ™, VR-E. faecium®} VR-E. gallinarum=
van AA] 557} vancomycin®ll &3 R US 7

g FAA WS HERRaL Slsol =R, 181216V

= 1o
J

b

~

=
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W IS15425 sy 7R3 Qe ARYE 181216V
ISI1542 & $4xE 2% 743 9+ UlAl+Fo] vanco-

mycin®l] & WA WHEahE Ao ® YERRTE g

A
E. faeciums =2 E. faecalis =7 WAAFAAE 853}
A gFobe ZF713F vancomycin®l] =ZohH A WiAd2
e A FetA e A 0w F5 o] Al WS

UEpalo] ghelE i),

o

1= ¢
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