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Molecular Epidemiologic Analysis of vanA-Containing Vancomycin-Resistant Enterococci

Ji Young Huh, M.D., and Wee Gyo Lee, M.D.

Department of Clinical Pathology, Ajou University of Medicine, Suwon, Korea

Background : Vancomycin-resistant enterococci (VRE) have been increasingly isolated world-
wide as a nosocomial pathogen. To target infection control, epidemiologic investigations of VRE
should include analysis of the resistance gene in addition to typing of strains. We performed molec-
ular characterization of the vanA resistance gene to evaluate the inter or intraconstitutional spread.

Methods : Twenty isolates of VanA VRE from the Centers for Disease Control and Prevention
(CDC) and 17 from Ajou University Hospital (AUH) were investigated. Minimum inhibitory concen-
trations of vancomycin, teicoplanin, and ampicillin were tested by the agar dilution method. Pulsed-
field gel electrophoresis (PFGE) and long PCR-restriction fragment length polymorphism (long
PCR-RFLP) were performed. The long PCR negative strains were typed by ORF1-, vanS-vanH-,
vanX-, vanY-vanZ-, vanZ-, and 1S1216-specific PCRs. Filter matings were performed by using
rifampin-resistant, fusidic acid-resistant E. faecalis JH2-2 as the recipient.

Results : The PFGE from the VRE of the CDC showed 15 patterns including 4 clusters and PFGE
from isolates of AUH revealed 6 patterns including 3 clusters. Tn1546 amplicons were detected in
18 of 20 (90%) CDC strains and 16 of 17 (94%) AUH strains. RFLP of Tn1546 amplicons revealed 5
different patterns in the VRE of the CDC strains, and 2 patterns in the VRE of the AUH strains. The
mean transfer efficiency of the CDC and the AUH strains are 3.0 x 10 and 4.9 x 10 transconju-
gant/donor, respectively.

Conclusions : Molecular typing of isolates from the CDC suggests the horizontal spread of vanA
genes among genetically diverse strains. Analysis of the VRE from the AUH shows a mixed pattern
with clonal dissemination of strains and horizontal transfer of vanA. (Korean J Lab Me@002;22: 181-7)
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oA F2HUTE VREE 53] wSolM 1 FRIE7} Fot
1998'd National Nosocomial Infections Surveillance System
(NNISS)+= #2® A4 5 20% ©]’3o] vancomycin®l] WA
oz} By om, o]x 1993-1997\d Alolo Ry E ARTh
50% °1g S7F3kATH 3.
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©] 32-82%[5, 612 K ¥ v} gtk

VREE WA fradatel we} 6714 o7 77} =evl WA
3539l VanA, VanB, VanD, VanE ¥ VanG#3{7] #A
WAs 7K 9l VanCHelth 1% VanA¥ VREE van-
comycin®l IEUA, teicoplanind] FFEA IEWAS 7HA]
2 9l VRE F 7HF Alzhet BAIZE HH, WdfdAs G
U Zek=v=l] 108-kb 719 ERATLE FJEE X3
ack WA AR doks {3 #Fe] $EEA Az |
AR #F7 FHARRE et # HA Y DNARAH
T WA FRARe F2A EAE o] 4ot VRE #
F W] ARFdE F4E F Aok

2 AFelME ol A AAM Eel¥ VanAY
VRES} vl Atlantaz|9ol|A] EZ]=|o] Centers for Disease
Control & Prevention (CDC)ell 49%¥ VanA¥ VRES th4
O Alit DNA®] FERA I} WFaAe] 25 #4813
ol B3l & #FE 7+ K% AdAYH I vanA WAHA
Aol FxE vwstd W W APt oiE 7F Ao
T3}, conjugation studyES E3ste] WHAGARS] HolES
w37Fskack.

[
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1. 25

n=t CDCAlA 38E VanAd vancomycin WA E. faeci-
um 205(C1-20) ¢k, 19983 19 %E 1999\ 4953t ol shy
A AdAF AA oA EEE VanA¥ vancomycin WA E. faeci-
um 165F(AJ22, 28, 33, 37, 38, 43, 45, 47, 53, 54, 56, 57, 58,
59, 60, 64) 9} E. faecalis 157(AJ48) & W OE alqith 7+
FE vancomycin 6 ug/mL-E& 333 brain heart infusion
(BHI) agarg ©o]&% MY OE vancomycin WA -5
AN, VREZ ZAAE EE F59l sty 71&9] 719,
API 20 STREP (bioMerieux, Hazelwood, MO, USA) strip
9 ZEEA7]7]¢ Vitek system (bioMerieux) S o]&3le] =
sttt

2. Z|MEUFMX|sZ(minimum inhibitory concentration,
MIC)

National Committee for Clinical Laboratory Standards
(NCCLS) oA #AAIS st s|Amie]l ma}8] vancomycin,
teicoplanin % ampicillind] @3 MICE =A3}9th Van-
comycin< 32 pg/mL oS WA S 2 #5319 7, teicoplanin
3} ampicilline 16 pg/mL o4& WA o2 A=319ith

3. WdRMAIY 23

Gl sbruf ol vjoksl 2-3709] F2HS trypticase soy broth
(TSB) 10 mLol #Z3lo] 2447k w3k & Dynabeads DNA
DIRECT kit (DYNAL, Oslo, Norway) & ©|-43le] DNAE
=3}, dureole] =AAZ N PreMix-Top [Bioneer, Dae-
jeon, Korea:Taq polymerase 1 unit, dANTP 250 #M, 10 mM
Tris (pH 9.0), 40 mM KCl, 15 mM MgCL] 05 mL Alg |
UAHFF DNA 1 pL gk A1) 15 uLAE Y3tk GeneAmp
PCR System 9600 (Perkin-Elmer Corp., Norwalk, CT,
USA)S o]&43}o] PCRES Al3J(94°C 5% 1 cycle/94C 30%,
60°C 13, 72°C 1H#: 30 cycle/72C 5% 1 cycle) & & 5F
s A71gEste] UVelA asich AREEAE ATEA 9,
10]& Table 13} 7},

4. /MY &8 2M: Pulsed-field gel electrophoresis
(PFGE)

PFGE+ Murray §[11]¢] ®W& ol&siith LS
Al##¢] DNA+E Smal (Gibco BRL, Gaithersbrug, MD, USA)
02 A7)} CHEF-DR 1I system (BioRad Lab,, Hercules,
CA, USA)< ©o]43 ramped pulse times AlZ 1%, € 20
22 33 6 V/eme RASE A ANGEEA AL
Bio-Gene software (Vilber Lourmat, Marne la-valles, France)
£ o]&3}e] UPGMA (unweighted pair-group method using
arithmetic averages) Ho.2 3 413t 47 AAANS 2
3ttt

5. Mt #Z= 2M: Long PCR restriction fragment
length polymorphism (long-PCR RFLP)

§ 104 kb 37]9] vanA gene cluster?)
SEMNES 7 F HEgo] JE AdEAE Aoty ey o
e BAEI T A [12)E 5-AAC CTA AGG GCG ACA
TAT GGT G-3/5-GGT ACG GTA AAC GAG CAA TAA

Table 1. Sequence of PCR primers used for detection of van-
comycin resistant genes*

Gene Primers (5—3) Size (bp)

vanA CCCACTTTGCTTTTATCC CGC 356
ACC CGT CAATCC CAAGTT TCG

vanB CGC CAT ATT CTC CCC GGA TAG 667
AAG CCC TCT GCA TCC AAG CAC

vanC1 GCG GTATTG GGA AAC AGT GCC 429
GCG GTC AAT CAG TTC GGG AAG TGC

vanC2 CGG GGA AGATGG CAG TAT 484
CGC AGG GAC GGTGATTTT

*From references [8, 9].
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Table 2. Sequence of PCR primers used for PCR mapping*
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Gene Location Primers (5—3) Size (bp)
ORF1 10 42-62 ATT TTC CTG ACG AAT CCC TCG 308
349-327 TCG GAA AAC AAG GTG AGC TTAGA
ORF111 164-185 AAC CTAAGG GCG ACATAT GGT G 758
921-901 AAA AGG AGC CAC CAT CTA CCG
ORF1 21 949-975 GCATGT AGT GAT GAA ACA CCTAGC TGC 2,028
2,976-2,952 TCA AGA TGA ATG GAT ACT GGG GAC C
vanS-vanH 5,692-5,716 AAT TAT TGT TCA GCA TGG AGG GCA G 455
6,146-6,126 TTT GGC CTT GGATTC CGA CAC
vanX 8,082-8,101 ACT TGG GAT AAT TTC ACC GG 424
8,505-8,486 TGC GAT TTT GCG CTT CAT TG
vanY-vanZ 9,341-9,362 ATG GATACG GGTTGC TTG ATAT 1,375
10,715-10,694 TITCCC CTCACTTCACACCTAC
vanZ 10,446-10,468 AAT ACT GTT GGA GGC TTT CTT GG 132
10,577-10,553 GGT ACG GTA AAC GAG CAATAATAC G
1S1216 AAA GCA ATT TCAGCAGGATG 456
GTACGATGT TCT GTC CCT TG

*From references [13, 14].

TAC G-3'5 AH8I9H. W& GeneAmp XL PCR kit (PE
Applied Biosystems, Branchburg, NJ, USA)E AR&-3ke] 33X
XL Bufferll 30 uL, GeneAmp 10 mM dNTP Blend 8 uL,
Mg (OAc); 25 mM 6 wL, rTth DNA polymerase 1 uL, bac-
terial DNA 5 pL, A'EA| 4 uL, distilled water 46 puLE 3
"S-l 0 & o] long PCR (94°C 1% 1 cycle/98°C 20%, 68°C
108, 30 cycle/72°C, 10%: 1 cycle) S A3t & Z=ZAES
0.7% agarose geloll A7]9E3le] UVsle] #2313t QlAquick
PCR Purification Kit (Qiagen, Hilden, Germany)ZE ©]-&3] &
A ZZAES Fael (New England BioLabs, Inc., Beverly,
MA, USA)= A3l 1.0% agarose gelol] A7|gE3e & w9
P v EAMEth Axe] dFEE E. faecalis A256

[13]& ARS8t
6. PCR mapping

Long PCRE] $Z&ik=0] FoAX|A] & 5 3t vanA
gene cluster®] §-#3% PCRE A3t WAFHAS 128 &
A3k AREEAY AlEAI[14, 151 Table 29} 72tk DNA
o] F23 PCRY AL WAFHAES A4 T Al
3T,

7. Conjugation study

Vancomycin WA-FA2e] Ho|dS %7}8l7] $18te] PEGE
¢} long-PCR RFLP| go] th& CDCSt olFtishi el 5
& 47 og5A AEE ¥ g2 3} rifampin-resistant,
fusidic acid-resistant E. faecalis JH2-25 4o #F% 819
filter mating®[16]2.E conjugation studyZE Al3)s} o]

Alg=(transfer efficiency)+ th22] 2Jd] we} Axbetqdeh

Transconjugants number Xdilution Hj<

Transfer efficiency = — s
Donors number Xdilution B4~

7} 3o] @59} E. faecalis JH2-2Z B8 WEOZ 3-574]
e As) BHI brothel 5-64% MY F 2] 2l 2

I mLo 2002 3% 4o 359 29 1 mLE EHe]
membrane filter (0.22 wm, Millipore Corp., Bedford, MA,
USA)d EFAATE EFA)Z] membrane filterS N sHu)A]
o glo} 4817k uj et F Fof #59 #l vancomycin (10
pg/mL)e] £3H¢ BHI agaroll @7 3]4sto] Fsla, digh
e Ao A B o3t membrane filter 5 mL BHI brothol] #f
A7 & A §431e] vancomycin (10 pg/mL), rifampin (25
pg/mL) 2 fusidic acid (20 pg/mL)7} ¥3FF BHI agar HY
Aol HEstGATt. 35°CollA 24A17F W FE & HeFE Alo] A
o] AFE A WARAA7E Aold transconjugant: long
PCR-RFLPE Aldjste] o] #59] WG sd%hs &
lstsict.

Z2 1
1. A MYUSM RS Z(MIC)

Al 2 Ade CDCYF olFthshd #5 ATl
vancomycin® MICE 256 ug/mL ©]A teicoplanin MICE
32 pg/mL o4O E TEUAE He] VanAE VRES dY
U3}tk Ampicillin MICE 27F(AJ48, AJ64)7} 16 pg/mL
olstE Aol ATkl HrEACY, T ¢ /AT 64 ug/
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Fig. 1. (A) Dendrogram of similarity based on pulsed-field gel electrophoresis (PFGE) patterns of VRE from Centers for Disease Control
and Prevention (CDC). (B) Dendrogram of similarity based on PFGE patterns of VRE from Ajou University Hospital.

123 456 7 8 9101112131415 16

Fig. 2. Restriction fragment length polymorphism of Tn1546 ampli-
cons digested with Eael. 1 & 16, 1 kb DNA ladder; 2, E. faecalis
A256; 3, C4,; 4, C19; 5, C6; 6, C7; 7, C12; 8, C13; 9, C20; 10,
AJ33; 11, AJ48; 12, AJ60; 13, AJ64; 14, C20 (long PCR ampli-
cons); 15, AJ22 (long PCR amplicons).
mL oo 2 WA Hehich

2. WERHAE 2%

Multiplex PCR& ©]&38ted CDC$} o}Fuigde] VRE 37
oA 356 bp F719] vanA WAFHAE Eelsoith

3. 78N & EM: PFGE

Similarity 90% & 71522 £43819S W CDC #F 4719
F(cluster) S £33l 1571802 Vet (Fig, 1A), olFtist
HY 55 Y 25 e /13 22 Jelth(Fig. 1B).

4. REX} 7= 2M: Long-PCR RFLP

CDC = 2035 T 1875(90%), olsuehgd &5

rir

Table 3. Groups of restriction fragment length polymorphism of
Tn1546 amplicons digested with Eael

Institution RFLP Isolates
Group
Centers for Disease A C1,C5,C7,C9, C10,C18,C20
Control & Prevention B C4,C11, C12,C14,C15,C16
(CDC) C C2,C13,C19
D C6
E C7
Ajou University F AJ22, AJ28, AJ33, AJ48
Hospital G AJ37,AJ38, AJ43, AJ45, AJ47, AJ53,

AJ54, AJ56, AJ57, AJ58, AJ60, AJ64

1735 5 16985F(94%) 7} long PCROIA WARAA} £Z 5
AL, FEAEE Eael % A9et 43 CDC w5 RFLPA 5
Mol FHA-E) o2 olFuishye #5E 2719 Z(F, G)o&
B2 cHFig. 2, Table 3).

5. PCR mapping

Long PCRAA vancomycin WA-GHAA 2257 4=
9} RFLPEFS] 7t FollM & o574 Aeste] Algst Ul
AAe] PCR mapping 23 Table 49 2t} Long PCR &
49l #FES HIQ] #Fe Adold PCR mapping A3
B

6. Conjugation study

Hg o] ALE CDC FFE 2.0x107 transconjugant/
donor, UMY F57F 49X 107 transconjugant/donor %
7, transconjugant®] long PCR-RFLP & 7}z}to] Fof +
T FYe3th(Table 5).
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Table 4. PCR mapping of Tn1546-like elements in long PCR-negative strains

RFLP group StrainNo. ORF110 ORF111 ORF121 vanS-vanH vanx vanY-vanZ vanZ 1S1216

E. faecalis A256 B @) o o S o o] o] o}
Centers for A C1 X o) ¢} S ¢} o} o} ¢}
Disease B Cc4 X o o S o o o} e}
Control & Cc C13 X ¢} ¢} L ¢} o) 0 o)
Prevention - C3 X X o) L o) o} ¢} ¢}
(CDC) - C8 X X o} L ¢} ¢} o} e}
Ajou University F AJ22 X ¢} ¢} L ¢} 0 o} e}
Hospital G AJ53 X o) 0 S 0 ¢ ¢ ¢

- AJ59 X X ] S o o] o] o]

Abbreviations: -, long PCR-negative; O, presence of PCR products; X, absence of PCR products; L, PCR products of large molecular weight; S,

PCR products of small molecular weight.

Table 5. Tranfer efficiency of vancomycin-resistant enterococci
with vanA gene cluster

Strain No. Transfer efficiency (transconjugant/donor)
AJ22 8.7x10°
AJ43 9.0x10°
C5 4.0x10%
Cl4 2.0x10*®
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oA FH3 FFE o= 3 A3E Algdth CDC &T

9] long PCR-RFLPZAZ= 5709] 02 £77F Hv, o] F
T2 WERATE AR E. faecalis A2563 £33 SRS HY
o WA fAke] SEAEC] A7 183F T AT Bl 13
&%‘—(72%>7} &8 CDC #5& 94 w50l 93 VREY] 3
Hohe F2 WA FHolgel osf Wil Huts Atk
ix*ﬂ‘}iq oRFthehE Y #FE MY clusters X3 670

o7 BRANY 1 F 3 Zole 61757 Y3 PFGE Fd<
Uefe] ©d #Fl €g VRES] &9t 3 ARt
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Y% PFGEWYYE UEMIT clusterdt “dolst PFGEOJ*J?;
Holg 5 5 Y% RFLPES Yehlle @571 E3E] 9l
ol CDC #79 9] 94 #59 o]k VREH 3o}t WA -F-x17
o] FHHgY o Hupt A= itk F43k%ieh CDCS
olFEHIE Y] VRE 435 Zle 9v] e +44 B0
L F9E Fde AR B A skt Conjuga-
tion studyZzis ot 39 Mo AF7t 49x107
transconjugant/donor® CDC¢ 2.0x10® transconjugant/
donor Btk BA £ FAE Bierl, ofd #2 WA A
AoEE Qlete] o}l Faty Y #+¢ RFLP o] 270 2%
Ueld Ao 2 Algdt)

Long PCR &4J¢l 345

< SEE0] AR #FEF H|
w3l AR ORF1 AEA| F$(ORF1 11)7F SZHXA] &%,
o] EL long PCRo|A AFE-H forward primer?] $1X]9} Y3
s W At S5HA g2 olf = A7 ORF19] &

ek F9(ORF1 10)“ AEA] FFE AQhd olFig

JJ/} CDC #FllA AF FZo] 5HA A9y, Y7 #5(C3,
C8, C13, AJ22, AJ48) ]}\17: vanS-vanH §-%°] 14 kb A%
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FEE e WA 27 ol & 4 AdSiTh
W e] vancomycin WA FHAA0] Av} PFE A7
ES T2 9 77 o8 du) ddjd g Bk g
[22-24], ©] 5[21]€ PFGEA £314 ##Ao] gl #F
WARAA 7ol E Hag v gk £ Afelxe 7 F
=] I
O

Iy

o) s 427t BGE P Nel Fuhel VRE st
59 A% 0] 9 FRA A% KN DPH #F50)
o)l ol FAT WHHAAS A5 PO Was
= RsAS AR ST ATel A9 1) el
P8 VREDS 02 Sg) mEe] 85 ) ool

e

FHE FFES WO @ AL BRIy AT, OIS
2 ARSAE % D) Adozyy 2aE FEES U
02 7] Mol v AAGS PYOE F AT 944 33
Hlojo} & A0 AlRHT:

o Otk
o =

BiZE : Vancomycin WA #AF#(VRE)E H979e] F2
AR AAAH R ZERIert S7k8tal Sloh AREE
VanA VRE #FE 7+ 44 A8 A vanA WA &
Ao 25 Hluwste] B 3 w7 Auelds AHata
Wy 44l HeldE Bk sl

HHH : u]= Centers for Disease Control and Prevention
(CDC)ollA 87 VanA¥ VRE 209438} o5t ol A
2% VanA¥ VRE 17755 O R slo] g oz
vancomyecin, teicoplanin, ampicillind] tha+ MICS =343}97,
multiplex PCRS ©|43l vancomycin WA FAAES &g}

Attt PFGE$} long PCR-RFLPE Aldste g5 749 +
A A WA frRAe 28 #4813, long PCR &4
459 F44 4S8 ORF1, vanS-vanH, vanX, vanY-
vanZ, vanZ, 1512169 tg PCR& Alddste] WA 2719 ¢
ZE A8t Vancomycin WA §32ke] Holgg rtet
7] $)81 PFGES} long PCR-RFLP9] ojo] T2 #F5&
o] #FE, rifampin-resistant, fusidic acid-resistant E, fae-
calis JH2-25 o FFZ 89 filter mating®§ &2 o] A5
£ o

Z1}: PFGE ZA3dA CDC dF+= 4719 clusterg ¥3F
157H8 02 ey, olFtishld w5+ 3709 clusters
3l 671 22 YePdTh Long PCRE CDC #F & 1875(90%),
olFtiehE Y #F T 1617 (94%) A SFHUL, RFLP
3 CDC @< SNl olFtiehd e 2leeR 5'_—

231tk CDC 259k olFishiel a5 B ol Asi
7} 30X 10%9} 4.9%10° transconjugant/donor T},

ZE : CDCY VRE #F& F= WA F479 $3olF
s A=y, ol # e 9y #5l o VRE
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