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Background: Enterococcus gallinarum, an organism
often found in the intestine, is intrinsically resistant to
low level vancomycin, but some of them are highly
resistant to vancomycin due to acquisition of vanA
gene. We occasionally detected both vanA carrying
E. gallinarum and E. faecalis or E. faecium in the
same patients, suggesting transfer of the resistance
gene from the latter. In this study, the structures of
Tn1546-like elements in E. gallinarum, and E. faeca-
lis or E. faecium from the same patients were com-
pared to determine the clinical significance of the
vanA genotype E. gallinarum isolates.

Methods: Six pairs of vanA genotype E. gallinarum
and E. faecalis or E. faecium were isolated at a ter-
tiary-care hospital in Korea during 2000 to 2004.
Species identification was performed by conventional
methods. and the vancomycin-resistance genotypes
were determined by PCR. For structural analysis of
Tn1546-like elements, overlapping PCR amplification
and sequencing of the internal regions were performed.
Results: All isolates were positive for vanA genes by
PCR. The analysis of Tn1546-like elements showed
structurally related three types of distribution of IS el-
ements integrated: Type | had insertion of an 1S1542
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in the orf2-vanR intergenic region, and an 1S71216V
in the vanX-vanY intergenic region. Type Il was sim-
ilar with Type | but accompanied with the partial and
complete deletions of orf1 and orf2. Type Il had an
IS1216V and an 1S71542 in the orf2-vanR intergenic
region, and an IS7276V in the vanX-vanY intergenic
region. Two of the six vanA clusters in E. gallinarum
isolates had structures identical to those in E. faeca-
lis or E. faecium strains isolated from the same
patients. However, in some isolate pairs, the origin of
Tn1546 cannot be determined, because the struc-
tures were not identical, and colonization of multiple
clones was supposed.

Conclusion: vanA clusters in some E. gallinarum, and
in E. faecalis or E. faecium isolates from the same
patients had an identical structure, indicating their
transfer from the latter. It is assumed that vanA type
E. gallinarum can act as a reservoir of vanA gene
for interspecies spread. (Korean J Clin Microbiol
2007;10:114-118)
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o] % 2], 19901t $HEFE] A3 F7hsted, 200410l A
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A7) gkow, o] & Algtel] odt o] =50 vanCH
TS Zd Hele ool EjdEe] A gl Y
Dutka-Malen 5[7] vand FRAAE 7VA E. gallinarum3} E.
casseliflavuss, A S[8] =HollA] vancomycine] Foixl 3k
Aol WollA vand FAAE 7VR E. gallinarum 1915 242 K
asled, o] E FEE WA FAAE 2 53lod vancomycinel] I
5 AT o s WE 5 drkar slgict o]ol] 2 dollAl = 61
9] Aol A FAloll E2l% vancomycin WA E. gallinarum3}
E. faecium 22 E. faecalis®] vancomycin WA A4 25

H|L ZAs3Ae.
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200010 19761 2004 128 Atolol] Al Egkr o]l <43t
32} ZFollA] vancomycinol] 1= WAS Bol= E. gallinarum
3} E. faecalis 3 E. faeciumo©] Aol E2|¥ 69| 3ka} &

F2 e et 849 T A5 Fepdes 24
sick. AEAA sk Wls ol8sto] Streptococcus
Faecalis (SF), bile esculin azide agar 3 tellulite BiA]ol]A] S4],
mannitol, sorbose % 2% methyl alpha-D-glucopyranosideol| 4]
o] A A AR, A AR P A TS PR ¥ argi-
nine, arabinose, raffinose % sucroseollA] 2] Ak AWA-S- A|&ls}o]
TE= Fekala, A4 whier FAo] B33 4§
= A#3} 71E9] Vitek GPI kit (bioMerieux, Marcy 1'Etoile,
France)E ©]&3le] TF5 AUk Al A
Clinical and Laboratory Standards Institute (CLSI) ]2~ &H-4F
Heog Agslleh9). BEelE AMA E. faecalis ATCC

292128} Staphylococcus aureus ATCC 292135 Aol Al
)
AL

2. Vancomycin L|M XS AlE
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Vancomycin WA $AAEL o S3aL odauk-eH
(multiplex polymerase chain reaction) 2.2 A|gls}glon] A&
Sk A= vanA-F (5-GGGAAAACGACAATTGC-3"), vanA-R
(5-GTACAATGCGGCCGTTA-3"), vanB-F (5'-ATGGGAAGC-
CGATAG-3'), vanB-R (5-GATTTCGTTCCTCGA-3"), vanC1-F
(5-“GGTATCAAGGAAACCTC-3") ¥ vanC1-R (5' -CTTCCGC-
CATCATAG-3)°0]1eH10]. Alg #F5 FHH o)A sl5nt
ek 3, el A=k 2~370F 200 #Le] HHF S5l W
3 Egsto] 5EZF #Y F 13,000 x gollA 1 307 €
AEglsto] AFHE PCRoYl ALt T8E4 ks
= DNA 50 2L, 10 x RES2H5oH 2.5 4L, ANTP (10 mM)
0.54¢L, Z+7+e] AJEEA] (100 pmol) 1414, Taq polymerase
(GIBCO-BRL, Carlsbad, CA, USA) 2.5 unit¥ =3 %
GeneCycler (Bio-Rad, Hercules, CA, USA)E o]-&3lo] A}t
S} PCR HESZ71-2 95°C 14, 54°C 148, 72°C 18£9] =71o
2 303] uhgsigicth. 59 g A7) odEstod vand (732
bp), vanB (635 bp) 2 vanCI (822 bp) F-HAF WIEE #}2]Al
Zgstoll Al It
3. WM FHX X EM(TransposonI546 analysis)

Tn/546 FAAE A E3hsle AUAE A-E3te] PCRE
S5 &, A7IALE EAste] prototype T E. faecium
BM41472] Tnl5463}F ¥]Z&}ItH11]. Prototype®] Tnl5463}

A oF& BE-L insertion sequence (IS)oll 50]%] Q1 AJukA| 2

Table 1. Summary of vancomycin-resistant enterococci isolated from the same patient

Year Patient Ward (department) No. Species Specimen Genotype Tr;}f;:cﬁ
2000 A 87TW S16 EGA Stool vanA I
(Unknown) S302 EFM Stool vanA I
2002 B 22W S53 EGA Stool vanA I
(0S) T274 EFM P. fluid vanA 1
2003 C 61W S55 EGA Stool vanA I
(0S) S608 EFM Stool vanA I
2004 D S53W S71 EGA Stool vanA I
(Ped) Ul1442 EFM Urine vanA Ila
2004 E 67W S76 EGA Stool vanA ITa
(Neuro) U1331 EFM Urine vanA Ila
2004 F 1ICU S77 EGA Stool vanA I
(TS) S294 EFA Stool vanA I

Abbreviations: OS, orthopedic surgery; Ped, pediatrics; Neuro, neurology; TS, transplantation surgery; EGA, E. gallinarum; EFM, E. faecium;

EFA, E. faecalis; P. fluid, peritoneal fluid.
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PCRS AJ#¥slo] 1S1216V, 1S1542, 11251 ) 1S1476S #1%3}
3, 2 5o WARAR F2E A 7 AEA|e 5
-2 OLIGO program v. 6.0 (National Biosciences Inc., Ply-
mouth, MN, USA)& o|-&3o] ZA3l3]r}.

e 1}
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20001 195 20041 129 Apolo] A Bk r ol §JU%
sl A B2lE E gallinarum= 405F0|9c}. e AxpEE
£ g4 2F, F 45, #H 135, 2 175 9 7]E} 4509t
vz o g Al gt Al 4 AlgellAl, vancomy-

cin®} teicoplaninol] 242l ¥+ 125, vancomycinoll 57t

o

o]aL teicoplaninel] ZH5AQl #FF+= 165, vancomycin} teico-
planinoll WA F3= 125303, WA 5= B vanco-
mycin t]Z=3ol] ik A7} $%ict. Vancomycinell WA
#F Bl vand FAASE vanCl 127 AEE
vancomycinol] 7oAt Q) FFllA= vanCl 57417
wto] ZAZ =] Qi) Vancomycin WA E. gallinarumo] £2]% 12
gol o 7155 AR, o] F ohE AAleNA vancomycin
WA E. faecalis 3 E. faecium©| Aol £-21% o5 42 |
ofle} gof] EIsIR o}, BE I E. faecalis 1578} E,
faecium 55FFIL, B vand S oAl o] ck(Table 1). A3
o3} ol Belel 2% Alehuis Q19 Az AR
2% g3t

vanAd 732} A E. gallinarumﬂ]- E. faecalis 32 F faecium
2] Tni546 24 723}, prototype?] E. faecium BM41473} 5L
& 2ol FRE gloler Taisee] Pt vekiglen), 2

A 7 E B73 5 993 BF 15T 23 YArkFig 1).

32 orf2-vanR intergenic regionoll 1S15427}, vanX-vanY inter-
genic regionol| 1S1216V7} A= FZ 2 E. gallinarum (EGA)
S163} E. faecium (EFM) S302 FollA = 9lc) 18-S
115429} 1S1216V7} ARQl=lo] 163} 712 F=2E= SUsigie
u, 1875427} AR 7919 ok ZFoll A orf 1T orf2 F-917
&AE F29}. EGA S53, EGA S55, EGA S77, EFM T274
9l E. faecalis (EFA) S294 5+ orfl AAAI} orf22] 457}
ZAE T2 7T YR (113), EGA S76, EFM U1442 3
EFM U1331 ¥+ orf19] Qo] &85 725 7ML 9
Sltklla). WHE s ARAY FxE BUsigont
orf2-vanR intergenic regionol] A% 181542 Skl 1S1216VE
AFlElo] 3709] 1ISE 7HH 2 & EGA S713} EFM S608 i
ol Al FAECh A gAtollA] Hel%l EGA S16 B EFM 8302
F59 B 3HAtollA E2l® EGA S53 3 EFM T274 T3
Tnl546 F2% 712422 FUs51 ot A 8l B 3k 242l
A 181216V 4] 91%]7} 22} transposon®] o5 &, 1S1216V
7t AQEI DAY, Tnis46 o] vbE el o3t o=
FA=E A C 3L D 3hAbollA EelEl 779 transposon

FHe o2 e BHylon, C 3AlollA] £l% EFM S608
7529} D $kA}oll A B2]® EGA S71 #57}F Y&t transposon

BM4147 —
(prototype) Orf1 Orf2  vanR vanS vanH vanA vanX vanY vanZ
3932 151542 395 1S1216V
st6 v o S
191542 1IS1216V
3932 3925
$302 RN . RN
3932 191542 392 151216V
853 .............................. T e
1S1542 1IS1216V
3932 3925
. L, v
3932 151542 302 11216V
1S1216V 151542595 151216V
S608 e 1S1216V 15154254,5 151216V
71 : v Fig. 1. Tn/546 analysis of vancomycin-
542 3995 181216V resistant enterococci isolated from the
U1442 woveven :: / same patient in 2000-2004. S16, S53,
3932 1919423995 151216V S55, S71, S76, and S77 were E.
S76 e = gallinarum and S602, T274, S608,
3932 1915423995 1S1216V Ul1442, Ul331, and S294 were E.
U133 e N - Jfaecium. S16 and S302 were isolated
3932 1S1542 3025 1S1216V from A patient; S53 and T274, B
__/ patient; S55 and S608, C patient; S71
L and Ul442, D patient; S76 and
3832 '§S7542 3325 iy U1331, E patient; S77 and S294, F
S2O94 e

patient.
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+4& Bk E 3ol E2]% EGA S76 B EFM U1331
Tt F 3ixlollA E2]%l EGA S77 9 EFA S294 759
Tnl546 T2+ F9sk5ich
il &
AT A vl A dAlTder FE 4
< 3kzbellA 713] Zede do7ltk FjollAl= Zeljell VREZ}
w43 STkl Ao g wlg T3t FATE E e,
el A E2l= = VRES] -2 vand AR 7HA1AL 9
tH1]. vand S A= transposon (Tnl3546)0l] $=]ste] A
Fekzr s Bl O ATTeR g4 o5 ¢ glen,
A7 Ak]) 1l A Foll o3t AR g el ket
g F2E wold ¢ glou g 1988Wol] X5 Hi¥l VRE &
FTF(BM4147 prototype)2] Tnls46 29} v]lZslo] oJ& F
oz BF 5 glrk o] S5] 2000130l Ful 1071 o}
Aol A] =313F VRES tio2 A3i3h ddrollA], B
7F Tni5469] 32k Az3te] lglom, tiito] orf2-vanR
intergenic regionoll 1S75422] AYEM A vanX-vanY intergenic
region®ll 1S1216V7} A4 F2E orf13} orf29] &40 ERE
2 A 240 gl TN SS Haslola, & o
A% EFM S6087 EGA S71 #55 Al¢J3t x| d5+
B o] 5o Bt fARE folglet B3k f S{6] =
o4 #2l=& VRET 79| pulsed-field gel electrophoresis
(PFGE) 8- vl thaksh)l Tnis469] 2% vlsshebar
sled, U] VREE 779] 4Tk 45 Holof] o3k As}
7} &3k Ao g A=) Hsueh G121 vand 548 E. fae-
cium®} E. faecalis7} A&A 02 B2l=d Aol A vand 574
A5 7R E. casseliflavus S F-2lsto], Aol Aallsl= ofE] o
£ 470l VREZRE WY $AAE A2 0e 5 98
Hasoieh B AFNAE vand 5% E. gallinarumo] £
= 22} 129 F 95ollA vand Y E. faecium = E. fae-
calis7h $1=I8ke. T2l 2ol 364 M2 vand $4Y E
gallinarum®}t E. faecium®| Tnl546 4+%5 v|ads v, &
A7} B T2 Hol AL eka, AU} BAolA B
2lE e 275 Aoslae Fel A, e 2 et 2
F gebA oo o 2 AL S Ao Bekigiont,
oAl o] Bk B2 F 3bAol A elE B galli
narum@} E. faecium< 27t L3 Tnis46 25 HY2o
AS}B BAjollA] BelE FRES 718AY Tnisss $3E 2
o) 187216V AH) X171 2ol 7t LA Tnis469) o]%
IS121617F Aol HgALE, QBAlo] Sl BhE Tnisss &
9] #9l Aoz FAEQL €9} D Aol A el FFE
& A3 o Tnis46 59S B3lon, Bolat AL C gl
A B2lH E faecium¥} D 32X B2l= E. gallinarumo) %5

ot

o2t

U3k Tni546 725 H Zog, ) e 2y 27 4
el shtell A FelEo] ARl dAle]l oAlE st
Tremlett 5131 & ghloll A 3717k 173]€] VRE 7HA] wiek
<= &l A 46572 VREE A3 315 E. faecium,
159+ E. faecalis®]3L ©]52] PFGE 37} vand element
WA Thakstol, Aol ATE Aololl vand FHAC] sLdto]
ol cheksiAl dold ¢ s Harsigich £ dFeA s
gt 3xloll A Helsl E gallinarum} E. faeciumo] A2 oh&
Tnl546 +385 53 AL Tremlett 52 X9} - o]f2l
Zo g A7tEr) kA, Corso S{14]S Z3AH0l 1 £
skatoll A Hxto 2 B2l vand A8 E. gallinarums B3l
A, WA A AE 53 E gallinarum®) vand $AA7}L
E. faecium2-E A2 5 a5 SHEAch webA] vand #
A E. gallinarums ©H2 7ol vancomycin L% A&
AFd 4= glov g AnbHel VRES 5Ug 7ol Helvh 28
s}t

AEH o7 U yand FAY E. gallinarum< vancomycin
WA E. faecalis 3-8 E. faeciumQ-ZHE] WA FAAE A

Woke Ao AZEY, ol vand §HA A ohAAZ 2

=
¢ F J& Aoz ddFEA
g 1 & 9
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5 RPN 2= Enterococcus gallinarumy E. faecalis 2
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H{&: Enterococcus gallinarum< 17+2] Zell AAlsl= Al S E vancomycinoll A= zFd HAAE 7FA AL 9lom, o
Kol A& vand WA F44HE 253107 vancomycinol] 3L WA E Wd = Qi o]of] & odFollA= 69 2] ghAlell
A FAell E2]% vancomycin WA E. gallinarum®} E. faecium 32 E. faecalis®] vancomycin WA FAA 25 vl
sk

HHH: 20000 1976 2004 129 Aolof] 412 A|lBHgkw ol A3k 3HA} Fofl Al 5Aloll vancomycinol] 3L WA
Hol= E gallinarum®} E. faecalis 3~ E. faecium®| 12|15 oAl A& o 2 3|9t 5 AL AE4Q Wiyo g
39331, overlapping PCRI} §-42} 3714 45 A|s¥slo] E gallinarum®} E. faecalis 3~ E. faecium®] Tnl546 7-Z%
H]srsigieh.

Zil BE E gallinarum®} E. faecalis 32 E. faeciume vand AL ¥ 0 2 Tni546 -4 733}, prototype?] BM41473}
Y F2E 2 I ddeh WA FAY] T2 deRed, 24 AR BRE F AN BT ISE 2
e} 182 orf2-vanR intergenic regionoll 1815427}, vanX-vanY intergenic regionoll 1S/2/6V7} AQ¥ FxH 31, 18-
ISI5425F 1S1216V7} AFI1o] 1393} 718 P2t BAskglorh, 1S/5427F AV 2912 9 Foll G onf1h orf2 $517}
AAE 25 7IA T A9 IE L 08 71 EHQ P2+ Y824 orf2-vanR intergenic regionel] AH}1E 187542
ko g b 181216V7E AFIE Ol 309 1S5 Ze T2 64 F, 282 Tnisds T27F T3, 248 A et
A, gAke] joll FAloll 278A] o)) Tnis46 §38& Z VREZE EAllshe A& Az gl o, 242 PF F2z0|
Zto]7} Qhol, Tni546 o1& o] %ol 42} Wo|7} Lol Tnis46 727} vhE Troll 23 §A] 7ol Ale Ale
2 A7 et

HE: A vand FAY E. gallinarum-e vancomycin WA E. faecalis 32 E. faecium2 Z5E] WA FAAE Ad9oks
Aoz AZEw, o] vand A A wiNA 2 2Hg8 = Qlo] el el FHolA ForE Do s Zle g AZHh
(e atn|dE=t5|X| 2007:10:114-118]
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