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Resistance Mechanism and Epidemiology of
Vancomycin-resistant Enterococci

Wee Gyo Lee

Department of Laboratory Medicine, Ajou University School of Medicine, Suwon, Korea

Since vancomycin-resistant enterococci (VRE) were
first isolated in Europe, rates of VRE colonization
and infection have risen steadily. Today VRE have
emerged as important nosocomial pathogens world-
wide; hence, it is crucial to understand the under-
lying mechanism in the spreading of VRE. This ar-
ticle reviews the mechanism of resistance to vanco-
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Vancomycin WA AL (vancomycin-resistant enterococci,
VRE)<- 19861 frdollA A5 Haigl o]l Aol o]27]7}
7 20099 7+ A AR R Fel vlEr} Flsle] St |
LAAFo =2 ez YrH1]. National Nosocomial Infec-
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Aol A Feld AET T VRE HIEE 285%2 W39l
European Antimicrobial Resistance Surveillance System (EARSS)
2] 20068 Kol &J&bH vancomycin-resistant Enterococcus
Jaecium®| Fel&o] 5 Il Xpol7} Lo} 429744 &
7FsleH2,3]. ol = 1992 HEE vand Enterococcus
durans7} B7AE o|#| & 199774 EEA] Hel=clr} 1998

U5 278 vancomycin AH8-9] F71ek tlEo] AAsA F
7¥shar Qleh4.5].

VRE-/] 2 7159 EF ofAloll WAS Kol thAlA

© 2 F|oll= quinupristin-dalfopristino]u} linezolid WA 7

s A S 21 A8 A 4] DA 2,
Al WS o Aol golatAl AEd = v 540]
ol W<l el Felzt AR Al eli6-9]. B3k 200280l
vand FAAE 714 vancomycin WA 3 EE L1 (Vancomy-
cin-resistant S. aureus, VRSAY/}A| &8 slo] Axf7A] <F 75+
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mycin and global epidemiology of VRE, as well as
the current molecular techniques that are being ap-
plied to the epidemiological studies of VRE. (Korean
J Clin Microbiol 2008;11:71-77)
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VRE= A7 3184 cephalosporin?} 48714 AlA|e] 54

& A8t WA Bele] BEoz sjel el WYl

A B4R Aeoln] Aol 24E MEs) Z7kea et
o1l VRES] w2 71415} ofsh: sk ik A2l 4
2 7allok s}7le.
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1. MsiEty 71N

Vancomycine: 15 FA T AlxH A4 Al T HE A
FEA 9] welel D-alanine-D-alanine®} Z g slo] ] o]4ke] A
9 S el e =24 St 285 UEbHth VREE thy
¥} 222 7HA BEE Fule] AlEY FAE ASToEZH
A& VebdtkFig. 1) [1,14-16]. @ peptidoglycan T4 4 =
D-alanine-D-alanine T4l vancomycinol] XI3}Ao] wWHolz]&=
D-alanine-D-lactatet} D-alanine-D-serines WH5©] vancomycin
o] ZAgks etk @ AU AR deiRE AQ ddl F4
Alol] 2J3)] A= o 2 4% D-alanine-D-alanines £3l|gH}

2. SXNA

7= 7le_'l

VREE WA FAAT Z resistance ligases®] 37| Al uh
2} vand, vanB, vanC, vanD, vanE, vanG2] 6714 WA P o2
Wtk (vanF= Paenibacillus popilliaedl|A] 7A%o] =]
th(17,18]. o] & vanCE A2)3t 5714 WAL =4 WA
0| 3L, vandS} vanBiro] WA Aeto] Zw =l v} 9lct 2 AY
o] 54 Table 13} 2rH16]. 2 WAHol diste] TS
vER ulE A Vano & E708ka, A3 UEhd o
= &FA oldFA| vano g E7|8}
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:E:_L*;j:t?i.i -: ../-UDP-O-EI-EI-D and mechanism of action of van-
45!5%’ L;;_{q.'%jil MurF Tripeptide comycin. Binding of the antibiotic
i 3 L-Ala-D-Glu-L-Lys  to the C-terminal D-Ala-D-Ala of
'-,t?ﬁ'"ﬂtﬁi%:' upp-OO-O-0O-E-E late peptidoglycan precursors pre-
- = = =
i l..'r"f-,'l~ ‘fzi' vents reactions catalyzed by trans-
[e 525 rfjfﬁj’z: / .
AAARA glycosylases, transpeptidases, and

B-RO0000 wwww Lipid carrier

o ooma O N-acetylmuramic acid D,D—carb.oxypeptldases. Ddl, D-Ala:

« D; 3 ] D-Ala ligase; MurF, a synthetase

Glycopeptide : Pentapeptide © N-acetylglucosamine  ,yein; UDP, uracil diphosphate.
%

Adapted from reference 16.

Table 1. Level and type of resistance to vancomycin in enterococci. Adapted from reference 16

Acquired resistance level, type

Intrinsic resistance,

Strain Low low level
characteristic High Variable, Moderate, ’
VanA VanB VanD type VanC1/C2/C3
VanG VanE
MIC, mg/L
Vancomycin ~ 64~100 4~1,000 64~128 16 8~32 2~32
Teicoplanin 16~512 0.5~1 4~64 0.5 0.5 0.5~1
Conjugation Positive Positive Negative Positive Negative Negative
Mobile element Tnl546 Tnl547 or Tnl549
Expression Inducible Inducible Constitutive Inducible Inducible Constitutive inducible
Location Plasmid chromosome Plasmid chromosome  Chromosome  Chromosome  Chromosome Chromosome
Modified target p-Ala-p-Lac p-Ala-p-Lac p-Ala-p-Lac p-Ala-p-Ser p-Ala-p-Ser p-Ala-p-Ser

Note. p-Ala-p-Lac, p-alanine-p-lactate; p-Ala-p-Ser, p-alanine-p-serine.

1) VanA®: vandd WS HE4 S54 UL van-
comycin¥} teicoplaninol] WA-& WERHT). vand gene cluster
= & transposon Tnl5460 ZE3Eo]9)om  prototype
Tni546< 10,581 bp2] ZL7|Z transposase (ORF1), resolvase
(ORF2) 3 vand gene cluster2 T-4%0191c}H19,20]. VanA

A A FElEa QleH25-27). 714 vanSe] EdHel,
vanY\} vanZ FRAARS] FE ZAA o S A4 So R dhe
2] JrH28]. vanSe] AE9IHo]= Hashimoto 0] X522

gl o) o]F HuE thEES] VanB-phenotype vand
genotype VRET vanS2| B-EQAW ol Kol vanV} vanZ 57

VRE= prototype Tnl546° T}t Insertional Sequences
(IS1216V, 181251, 181476, 1S1542 ‘5)7} A= Hel7} chii
olo] ol WA $2] AokE Folsp 1913 24 A
3 3 o] Atz FAEH21-24]. vand®= VRE T 7P &
gk ol th¥-E E. faecium®] vk, VRSAA HAE WP E
OFANAE vand f-oltH12].

VanB-phenotype vand genotype VRE; vand VRE % tei-
coplaninell ZHA o] AL} intermediate ZHA-S UER = 7%
2 YR Rk 9 kol BaEgy, T A E =

A} A zgol] o3t Ao WuwQrH2527]. A A A
AollA VanBE Ho|u} WA 42} PCRA] vando| B& 73}
5ol FeJslodof slar, o]H3F T+ FHAA] teicoplanin X| 5
AgA ol Fslod e o} E=Rto] Yot F T2 in vivo ATE
T3l A& A TheAlel ee Harsloirh29].

2) VanBY: vanBd WAL 54 524 WEASE van-
comycinel] thekst AT o] WA-E Kol teicoplaninoll= 24~
A& Bt} vanB gene cluster= vand gene cluster®} B]23}o]
vanZ FRAZV 3, vanw FAA} dew, Tnis5477)
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Tn538201 E3E0]JrH30,31]. vanB FAAFNE] G472} wlo]
oll w2} vanBl1, vanB2, vanB32) 3714 o & v tH32]. o]
% vanB2% o] =3l™ o} 3} vancomycin WA A== <Atk
Ado] $ch33]. vanB¥ VRET - Hrh= ul ol 4] &3] o
+ HlFellA teicoplanine] AHEEIL QIA] o7l whiitolvt
(vancomycin< A-2-A] vand/vanB VREE EF A&sh} tei-
coplaninte vand VRETHS A&sty] wjiolc}).

3) VanCs: AAA 44 WAL F vancomycinol] A% W
A& YR teicoplaninelle ZHrAdelvh WA A <
AAN X6, vanCIL E. gallinarum, vanC2% E.
casseliflavus, vanC3- E. flavescensollA] H.Q1t}34]. VanC¥H -
2l WAdolm g Zhed el i okt 7hd E4o] P e
o} sfusti VanCH2> WA o] Kzhe]A] gfomw FelA] 3
A FElE & oot g7 wiel el 2 felE )
Al ¥l 755 WAskaL, Wk vanB¥ o] VanCH o2 545
FE 9 B} AL YL B A 5

2 7] Slakoleias),

VanC with vand/vanB VRE; H vanA'} vanB A7}
VanC VREE A2E o] 9| Bfsh= 73971 whem o]d 7
$oll= 882 VanA}t 5L vancomycin@} teicoplanin
o]l WS UehiHA 7% 78 AlelE VanC T2 54
B2 A6 £5E 2T 4 GeH3637] ol VanC T
7} vanAvt vanB RS 7 A2 i 7102 o]gjt ¢
= o2 Aol vancomycin = WAS A = glowg
A4H 0 2= VanAuh VanB VRE 743z 2ow 7had el
EY93A sloof gk

4) vanDE: T4 WA o2 QAN S1xeh ke A
Aoz Hdo] Hyd nl §ich38]. oFdS vanDI-vanD57}
) 91eh39.40].

5) VanES: vanFgS F-54 WA & vancomycinol] A%
WS YebH, E faecalisoll A B Qe 41]. Asksbd o
2 vanC¥I 7o) peptidoglycan 4] "elo] D-alanine-
D-serine2 & FAE o]t <k 55% FAAS Heldh

6) VanG¥l: E. faecalisoll Al B35} 3, vancomycin MIC 12
~16 mg/L, teicoplanin MIC 0.5 mg/L °|s}& Holth42].
vanG operon< vanC\} vanE2} §-AFs1A| D-alanine-D-serineS
AAs AR A obF FE b glck

7) Vancomycin-dependent enterococci: 47-4] vancomycing
e w 3= AdTFo g thl VanA/VanB VRECIA UEbitt
Vancomycin X && #A7|7F X34k $kajol|A] H2]% VREIA]
SR Aoz, 718L ARl Qe ddl ligase®] 7150 &4
=]o] D-alanline-D-alanine A§4do] E|A] k= 73-3-0]th43,44].
Uut uljokoll A SA4 02 1} vancomycing FE3FgE vijR] ol
4] vancomycin®ol] €8} vancomycin WA AR} FEE o
Ao 7hssla g A oA o] gkEl= 7 Wk divl

M ox

il

o

ol kol A X nljok A] wljeko] E|tir} Al wiek A] &
Ao e 74$7t &3l Vancomycin X| & 5% Al VRE
2 A reversion®| & X Eof §-2]sloiof st}

VRE7} 2|22 2hAsl7] A2 fiiollAl= VRES] WA
selgo] War, oheksl wrol] ojk AbEE MbAY ok Kol
o], 7helu} 4ell4 22153 Sle] Aol el VRE o]
Ho A&l ogt odafintg-o] AR F&elaL gieH45].
< 1970 W] FHEo]E &2 vancomycin?} XA o] AV = g
ABA| avoparcing 7}E2] AAZEZ A2 A8tz VRE 74
o] TAIZ} Hol 19975 FAEA e 2 =4
VREZ} U] AJ2RE w22 5 3hs 7 7FA] wollA] &po]
7} ek AA= avoparcino] EA4F AR E FEEA] kw1, &
A= HYellA] vancomycin AH-g-o] Tk Aot o] & Qlele]
Adolh ik 1178 W AR Relsle A9 Tl =
=tH46,47]. ml=ol| A1) VRE 7+l W9l 7Hede] ke
Astar B, WAz 9 EAZ e gk Fel] o3 HetE
A|&slo] @A= polyclonal endemicitys Ho]3 UTH48,49].

Ffoll41 8] VRE WA Wzt o2 Avty] e ul=e] 7
$9 SARtel A4S U UL FH02 s Aol
F Lol FAaHA7IA 2R3t okds Hola YrH33] =
ol A &= 5] 3} ZFo] avoparcing 715-2] wigHALE Al=A] AL
g3t0] g3 7}ZollA VRE HElE HuEs QA vand
Tnl546 7% EA 0|4} pulsed-field gel electrophoresis (PFGE)
PR A1 T Ao Ak 27 ob shem 117
QlellA] ZelEl o= gleH50,51].

2. VRE #l2}s19} 2+

VREe®l| 2J3F ZHd& fleliAl= A Rty Adsis]ojof 3t
t}. VRE A H=Zsts Azt Aske}l “selective antibiotic
pressure”ol] 2|3l ¥-Agc}. VRE A A2ksrl A & <
F2] Aol uhet e AePs]7|E sk, 7l F13 Flo]
e AR VRES Agkshe HAte] dduhs o7 & it
[52]. VRE A3}-5 WHA|3}17]9]3}k0] Centers for Disease Control
9] Hospital Infection Control Practices Advisory Committee
(HICPAC) 71l whel VRE Azo] 345 A% Aelela
ol £ 15 13 W wleh Ashslo] ddH o 33] 4 4
$ A2 SAkES ok gleks3], Tl TRkl of
S R1] A% o] 715 whe Ael 2% Astn ek oA
o ) 2he 2R hE AR 497k S, o
T Agho| SkAs] glolAchr| Bk Al A=zt 2014w
% RIZEsF "ot e gk AW et FolA
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A442] surveillance Wi} 331 S44] Ael7} Al 4 Qo
| Aol Aol AL ¢ VREZH ZARIHE HhA
A A2 Sl 2leto] NS oblshn HAE Ao 5

Lo
e

2 VanA E. faeciumo] WH-Fo]c}.
3 3t A% O/l VanA E. faeciums
o2 ska vk VRE Az} e EAs] flete] 54
© 2 pulsed-field gel electrophoresis (PFGE) W& Ho] o]-&
s ol ©717ke] FTE A A AE vkl st
717F 547 AARBAG 54 23 55 dobd ¢l
Zo] Qlct. o] & #Jsle PFGE o] ¢]e] EAASH <3t
ol =9l

1) Tnl546 typing: VRE®]| A}l dohl]7] f)g £}
A=A oA ZArtEel o3 VREZ}F #el=7] A2k 27
ole 5ol FA8 PFGE AZHE Hof ©hd T st
VRE®] 80| Hz}te] Fe7]Holetar o A%lck. a2}, VRE
7b E2l=7] AARE A do] At Froll= B odrollA]
A4 o] gle drae] L8 WRAAe] 725 7}
A= A7t Baslo] WA RAke] o] sl 23k VRES
Ayt Forld oz ghsizict A3 R4S fJste] WARA
Ape] Tz EAQl Tni546 typingo] ©]-&EcH20-24].

vanA gene clusters= vanS, vanR, vanH, vanA, vanX2} vanY2)
N FAAERE ARl Je™, mobile DNA element?]

A

%S

H

rlr

2 e

S

Lo v Ao

269302173

Tnl546 Weoll E3tE|o|JrH23]. Tnls46S |2 Ryl
9l E. faecium BM4147NA= FAA A zgo] A3 Lo}
A] k¥ o] & prototype > Z s}o] Tnl546 typing= Alsgskc}.
o] 4 EelEL prototypeollA] point mutations, in-
sertion sequence (IS) elements®} deletions 52| thekst F-4#k
Al Hlet, o]t FAA AL sk olfr= WA
AZE & Y Zelsl Aztslr] 913 Aeg
AA7HA) Led R AARAISE 181216V, 1S1251, 1S1542, 1S1476,
1819 5°] 9lom o]52 thHH XolE Kol ISi2i6V+
A AAR ez Qe EEebar, 1875429] 735 OIFE 1
He|FFollA, 1812512 wlsollA] Bars|giet. lellA] Fel€
VRE®] tiF-E2 Aolut Wsle] o7t glo] 1S7542¢k
IS1216V7} AkQlElolglo] 75 FelFel fAkstrh20-24,54).
2) Multilocus sequence typing (MLST): PFGEH -2 4 2}2]
718 WaE whedela w74 ] EE2} S
o] 94 ghol AR Hl7t YEol A AAAH VRE o2
& 7] ofelg go] ek MLSTHS #5 W] muldiple
housekeeping genes®] §-71% thedd & EAsk W o= 770
2] house-keeping genes (450~ 500 bp)®] 371 G5 A5t
FASTE AR ol 471A] 4714 e HES uhel
ok AT o1} glol AAIAA Aske 24% 4 gl
E. faecium® 73-%- adk (adenylate kinase), atp4 (ATP synthase,
alpha subunit), dd/ (D-alanine:D-alanine ligase), gyvd (glyce-
raldehyde-3-phosphate dehydrogenase), gdh (glucose-6-phophate
dehydrogenase), purK (phosphoribosylaminoimidazol carboxy-
lase ATPase subunit), pstS (phosphate ATP-binding cassette

o

transporter) A A7) A9 &4 F STE ZAARZCHS55].

Fig. 2. eBURST diagram of the
analysis of the sequence types
(STs) of the entire public E.
faecium MLST database. The
circle indicates the CC17. Ad-
apted from MLST web sites.
http://www.mlst.net (last visited
on 26 June 2008).
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Type 72742 MLST website (http://www.mlstnet)E 0|83k},

u 52k f3lollA FelEl VREO| tigk MLST ¥¥+ #55
- Sl whE SolAle Bl W Wl ek hAe fgle]
%] 7+ house-keeping gene = purK FAAIS} WEA 54
AN esp FAALNA FAP Q) §44 545 HAAek56]. =
of|A] E2]%l VREol thgh od+ol et I} Eelse & 11
Me] STE WebtHs7, 58]. 7H4 &8 ST ST 78] o]
£ Italy9] 2§ F5o|th59]. F WimlZ £t 9L ST 203
o7 ol& FY FollA Haxleh60]. ZellA F2]E VRE
MLSTE #3132t A < 4 9alct

3) Multiple-locus variable number tandem repeats analysis
(MLVA): MLST®Ho] housekeeping genes2| 42 41 o]
5 doli= Al Hlsle] MLVAE AlIF $-42hH2] small
repetitive elements2] HH5-<4*(variable number of tandem repeats,
VNTRs)E Hlatsh= WHiolei61]. MLSTH] ¢17] A &4
= #lof s} R MLVAE 54 primerE o] &3}¢] PCRiH
Aoz $AY 4 Yk Aol Yol glck W 5 2
4] & MLVA website (http:/www.mlva.umcutrecht.nl)oll4]
PMT)= 7273t

4. Clonal Complex 17

Clonal Complex 17 (CC17y2 MLST 4 ST 1785 *£3s}o]
o) Z3E] A STol 4t oz 41 Al B &
S VRE 9 HIEE AAse] Theat e 54 bt
(Fig. 2). (1) ampicillin 3 quinoloneol] WA-S Holil, (2)
variant esp gene®| FE31E E. faecium pathogenicity island (PAI)
£ Hfka 9JrHe2, 63]. CC17S WY 3ol ol 7|7 =%
Ho] HgH o A AAFE AR gly, W 7k
o] &EslA| ekt fHlAE CCl70ll gt ek whajo] Hx
] glo] A AAF g Bt okde HolaL §lrt o]
e AT WY EZZE “Genetic capitalism”o| 2} spH
ol& WHell ¥ AT T FAH oz L gellA ALl
freldh Fo| Aohd= e Witk CC17 2 &7l am-
picillin WS HA43F FF50] W 3HolA] Ae=a, of
T WS4 AR PAL o Te] Aot o] $-AlslA ¥ o]

o] Jeb7} vancomycin WA E &5
g Zler A Il AR E vh=2A] ool WA Le

—

AT W= Aol
#3 VREZ} W9
SAIAE VREC] 2k 83t 24 A0S Fgelo] 4

s 3
2 = )
2l VRE 2|5 Aldfstoio} e} IF4 0% CCl7 19 &

lo =

A3 YA Glo] A 4GS AFozA AR FF
29] ATl w2felolol ek, WAl AIAE CC17 2
27] WAL Fjo] BFond EXARS WAoo} 517
oh. #lme g Sl VRE A5} 34 B4 sl Tl 2
2le] 43 2L B8 TV databased vls}L 2ol
ol ol AA M. 28-S Fslo] UL VRE, 53] CCI7
Fo] 4% PAstolok ek

o2t
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