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A total of 98 vancomycin-resistant Enterococcus faecium (VREF) isolates (58 isolates from patients and 40
isolates from poultry) were compared based on their antimicrobial susceptibility, Tn1546 element organ-
ization, and pulsed-field gel electrophoresis (PFGE) patterns. This comparison aided in determining the
relationships between the groups of isolates. All the VREF isolates harbored the vanA gene; however, 29
(29.6%) of the isolates exhibited the VanB phenotype-vanA genotype. Furthermore, the VREF isolates from
humans and poultry exhibited distinct antimicrobial resistance patterns. The PCR mapping of the Tn1546
elements exhibited 12 different transposon types (A to L). The VREF isolates of poultry were classified into
types A to D, whereas the human isolates were classified into types E to L. A PFGE analysis demonstrated
a high degree of clonal heterogeneity in both groups of isolates; however, the distinct VREF clones appeared
in each group of isolates. The deletion of the vanX-vanY genes or insertion of IS1216V in the intergenic
region from the vanX-vanY genes is directly associated with the incongruence of the VanB phenotype-vanA
genotype in human VREF isolates. These data suggest that the VREF isolates exhibit distinct phenotypic
and genotypic traits according to their origins, which suggests that no evidence exists to substantiate the
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clonal spread or transfer of vancomycin resistance determinants between humans and poultry.
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Genus Enterococcus is a part of the normal intestinal flora
in humans and animals; however, enterococci can also be
the cause of opportunistic infections, especially among immu-
nocompromised hosts (Murrary, 1998). Enterococcus faecalis
is generally the predominant species found among human
clinical isolates, and accounts for 80 to 90% of enterococci.
On the other hand, Enterococcus faecium accounts for 5 to
15% of enterococci (Simjee et al., 1999). Since the first emer-
gence of vancomycin-resistant E. faecalis in Europe, which
occurred in 1988, the frequency of vancomycin-resistant
E. faecalis and vancomycin-resistant E. faecium (VREF) iso-
lates from humans and animals has rapidly increased.
Vancomycin resistance has become a major public health
concern due to the possible transfer of vancomycin resist-
ance between food-producing animals and humans (Uttley
et al., 1998; Hayes et al., 2005; Jung et al., 2006).
Glycopeptides, such as avoparcin and virginiamycin, have
been used as growth promoters for livestock or pets, whereas
vancomycin and teicoplanin have been used to treat human
enterococcal infections (Bager et al, 1997; Hayes et al.,
2005). The extensive use of these antimicrobials has caused
the emergence of vancomycin-resistant enterococci (VRE)
among both groups of isolates. Currently, of the five known
van genes responsible for vancomycin resistance, the vanA
gene was the most predominant among the VRE. Based on
the susceptibility of teicoplanin, the VRE carrying the vand
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gene are classified as the VanA phenotype with resistance
to both vancomycin and teicoplanin or the VanB phenotype
with resistance to vancomycin, but with susceptibility to tei-
coplanin (Hashimoto et al., 2000; Lee et al., 2004; Kolar et
al., 2006). Over the past decade, the majority of VRE ob-
served in humans and animals in Korea exhibited the VanA
phenotype, whereas the VanB phenotype-vand genotype en-
terococci were uncommon (Jung et al., 2006). The mobile
genetic Tni546 elements mediate the horizontal transfer of
the vand gene (Arthur et al., 1993). Moreover, the DNA
polymorphisms of the Tnl546 elements, including the in-
sertion of insertion sequence (IS) elements and the dele-
tion of van elements, have been detected and used to trace
the origins of vancomycin resistance in enterococci (Lee ef
al., 2004; Jung et al., 2006).

The animal intestinal tract can act as a reservoir for VRE
and food-producing animals can directly transfer VRE to
humans via the food chain (Kiihn et al., 2005). However,
the transmission of VRE or the van genes from food-pro-
ducing animals to humans has been rarely reported (Kiihn
et al., 2005). With the increasing prevalence of VREF iso-
lates in Korea, we compared the phenotypic and genotypic
traits of the VREF isolates from humans and poultry against
the antimicrobial agents in order to trace VREF clones and
vancomycin resistance determinants.

Materials and Methods

Bacterial strains and species identification
A total of 98 VREF isolates from humans and poultry
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were collected. Fifty-eight isolates from infected patients
were obtained from three university hospitals located in
Daegu, Korea between 2001 and 2005 (28 isolates from
2001, 11 from 2004, and 19 from 2005). Forty VREF iso-
lates from poultry were obtained from the intestinal swabs
of animals housed in a slaughter facility located in Daegu,
Korea between 2001 and 2004 (13 isolates from 2001, 22
from 2003, and 5 from 2005). Initially, we performed bio-
chemical tests using the API20STREP kit (bioMérieux SA,
France) to identify the E. faecium species. Next, E. faecium
underwent genotype identification by PCR amplification of
the species-specific ddl gene (Mac et al., 2003). E. faecium
ATCC 35667 and E. faecalis ATCC 29212 were used as
positive controls.

Table 1. List of PCR primers used in this study
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Antimicrobial susceptibility testing

The minimum inhibitory concentrations (MICs) of the anti-
microbial agents were determined by agar dilution in Mueller-
Hinton agar plates (BD Co. Ltd, USA) using the Steers
multiple inoculator, according to the guidelines of the Clinical
and Laboratory Standards Institute (CLSI, 2006). E. faecalis
ATCC 29212 and ATCC 51299 were used as quality control
strains. The antimicrobial agents tested included ampicillin,
vancomycin, teicoplanin, quinupristin-dalfopristin, linezolid,
gentamicin, streptomycin, erythromycin, tetracycline, cipro-
floxacin, chloramphenicol, and nitrofurantoin.

Detection of the van genes
The vancomycin-resistant genes, inclading vanA, vanB, vanCl,
and vanC2/C3, were detected using a multiplex PCR (Mac

Gene Primer Sequence (5° tp 3) Size (bp) Reference
ddle feecium ddI-F GCA AGG CTT CTT AGA GA
550 Mac et al., 2003
ddl-R CAT CGT GTA AGC TAA CTIT C
vanA vanA-F CAT GAA TAG AAT AAA AGT TGC AAT A
1,030 Mac et al., 2003
vanA-R CCC CTT TAA CGC TAA TAC GAT CAA
vanB vanB-F GTG ACA AAC CGG AGG CGA GGA
433 Mac et al., 2003
vanB-R CCG CCA TCC TCC TGC AAA AAA
vanCl vanCl1-F GGT ATC AAG GAA ACC TC
822 Mac et al., 2003
vanC1-R CTT CCG CCA TCA TAG CT
vanC2/C3 vanC23-F CGG GGA AGA TGG CAG TAT
484 Mac et al., 2003
vanC23-R CGC AGG GAC GGT GAT TTIT
Transposase (orfI)  Tnp-1 GCT AAT CGC AAA ACA TCC TC
1,515 In this study
Tnp-2 AAT CCA GAA ACA AAA CGG TAA
Resolvase (orf2) Res-1 AAC GAG ATC GGA ATG GAT A
390 In this study
Res-2 TCC TGC GTG ATT TTT ATG ATA
181542 181542 F2 AAC GIC CTC CTG GGT ATG i
variable Jung et al., 2006
VanR R1 GGC AAT TTC ATG TTC ATC ATC
vans VanS AAC GAC TAT TCC AAA CTA GAA C
1,094 Miele et al., 1995
VanS1 GCT GGA AGC TCT ACC CTA AA
vanR-vanS p3967 ATG AGC GAT AAA ATA CTT
1,827 Yu et al., 2003
p5786 TTA GGA CCT CCT TTT ATC
vanS-vanH p4649 TTG GTT ATA AAA TTG AAA AAT
2,337 Yu et al., 2003
p6969 CTA TTC ATG CTC CTG TCT
vanH-vanA-vanX p6081 ATG AAT AAC ATC GGC ATT AC
2,606 Yu et al., 2003
p8607 "TTA TTT AAC GGG GAA ATC
vanX-vanY p8061 ATG GAA ATA GGA TTT ACT TT
1,947 or variable Yu et al, 2003
p9944 TTA CCT CCT TGA ATT AGT AT
vanY-vanZ p9052 ATG AAG AAG TTG TTT TIT TTA
1,550 Yu et al., 2003
p10585 CTT ACA CGT AAT TTA TTC
vanZ vanZ-1 ATC TGG TTA GTG TTA TTC AAA
340 In this study
vanZ-2 GAT TCA TAT GCT TAT TGC TTA
181216V IS1216-F ATA CCC CAA TAG CTA TTT TGA .
variable In this study
IS1216-R TTC ATT TTC AGT CTC CTC CT
Tni546 pTnl546 GGA AAA TGC GGA TIT ACA ACG CTA AG 10,851 Yu et al., 2003
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et al., 2003). The primers used in this study are listed in
Table 1. PCR amplification was performed using a PTC 200
(MJ-Research Co., USA) DNA thermal cycler. The PCR
cycle was as follows: 1 cycle of 5 min at 94°C, 30 cycles at
94°C for 30 sec, 54°C for 45 sec, and 72°C for 45 sec, fol-
lowed by a final 10 min extension at 72°C.

Molecular analysis of the Tnl1546 elements

The PCR mapping for the overlapping internal region of
the Tnl546 clements was performed as described in Yu et al.
(2003) and Jung et al. (2006). The detection of the 1S1216V
internal region, between the downstream of vanX and the
upstream of vanY from the published sequence of Tnl546,
was designed to be amplified (GenBank accession no.
M97297) (Table 1). The PCR products were purified using a
PCR purification kit (Qiagen Co., Germany) and sequenced
with an automatic sequencer (ABI 3100; Applied Biosystems,
USA).

Pulsed-field gel electrophoresis (PFGE)

The preparation of plugs followed the method described in
Van Den Braak et al. (2000) and the genomic DNA was di-
gested with Smal (Roche Diagnostics, Germany) and sepa-
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rated on a 1.0% agarose gel using a contour-clamped ho-
mogeneous-field apparatus (CHEF DRIII systems; Bio-Rad
Laboratories, USA). A lambda ladder comprising 48.5 kb
concatemers (Bio-Rad Laboratories) was used as a size
marker. The agarose gels were run in a 0.5x TBE buffer
at 14°C and 6 V/cm for 19 h, with a pulse time of 5 to 40
sec with a linear ramp. The gel images were stored elec-
tronically as TIFF files and analyzed using the GelCompar
IT computer program (Applied Maths, Belgium).

Statistical analysis :
Statistical analyses were performed using the x* or Fisher’s
exact test. A P-value <0.05 was considered to be statisti-
cally significant.

Results and Discussion

Antimicrobial susceptibility of VREF isolates

All VREF isolates showed a high level of resistance to van-
comycin (MICy, >256 pg/ml); however, 29 (29.6%) of these
isolates were susceptible to teicoplanin (Table 2), suggesting
an incongruence of the VanB phenotype-vand genotype.
Overall, the VREF isolates were highly resistant to ampicillin

Table 2. Antimicrobial susceptibility of vancomycin-resistant E. faecium isolates from humans (n=58) and poultry (n=40)

MIC (pg/ml)
Antibiotic Origin No. (%) of
Range MICs MICs resistant isolates

Poultry 64 256 40 (100)
Ampicillin 8 — 256

Human > 256 > 256 58 (100)

Poultry < 64 < 64 0(@©
Gentamicin 64 — 2,048

Human > 2,048 > 2,048 53 (91)

Poultry > 2,048 > 2,048 36 (90)
Streptomycin 64 — 2,048

Human 512 > 2,048 39 (67)

Poultry > 256 > 256 40 (100)
Vancomycin 2 — 256

Human > 256 > 256 58 (100)

Poultry 16 64 26 (65)
Teicoplanin 4 — 512

Human 32 256 43 (74)

) o . Poultry 1 4 10 (25)

Quinupristin-dalfopristin 025 -8

Human 2 2 3(5

Poultry <1 <1 2 (5
Erythromycin 1 — 256

Human > 256 > 256 57 (98)

Poultry 4 8 0 (0)
Chloramphenicol 1 - 064

Human 8 16 0 (0

Pouliry 16 32 22 (55)
Tetracycline 2 - 64

Human 2 16 7 (12)

Poultry 8 8 39 (98)
Ciprofloxacin 05 — 32

Human > 32 > 32 52 (90)

Poult 1 1 0 (0
Linezolid Y 025 - 8 ©

Human 2 2 0 (0)

Poultry 32 64 0 (0)
Nitrofurantoin 16 — 512

Human 64 256 21 (36)
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(100%), ciprofloxacin (92.9%), and streptomycin (76.5%).
No isolates were resistant to chloramphenicol or linezolid.
We found a significant difference in antimicrobial suscepti-
bility between the human and poultry VREF isolates: re-
sistance to gentamicin (P<0.001), erythromycin (P<0.001),
and nitrofurantoin (P<0.001) was significantly higher in the
human isolates, whereas resistance to streptomycin (P<0.01),
quinupristin-dalfopristin (P<0.05), and tetracycline (P<0.001)
was significantly higher in the poultry isolates.

In addition to glycopeptide resistance, the VRE strains
were resistant to currently used antimicrobial agents, such as
aminoglycosides, macrolides, and fluoroquinolones (Zhanel
et al., 2001). In particular, a high-level aminoglycoside re-
sistance caused a serious therapeutic problem in a clinical
setting, because aminoglycosides have been used in combi-
nation therapy with glycopeptides in the treatment of enter-
ococcal infections (Del Campo et al., 2000). In the current
study, a high level of gentamicin resistance was detected in
the human VREF isolates, whereas a high level of strepto-
mycin resistance was found for both the human and poultry
groups. Furthermore, significant differences were observed for
the prevalence of resistance to erythromycin, nitrofurantoin,
and tetracycline between the VREF isolates from humans
and poultry. This may reflect the possible differences in an-
tibiotic selective pressure exerted in humans and poultry.
Since susceptible bacteria overcome antibiotic selective pres-
sure through the acquisition of resistance determinants, dif-
ferences in antimicrobial susceptibility and resistance deter-
minants are useful markers to differentiate the origins of
resistant bacteria between humans and animals.

Polymorphism of Tnl546 elements

All VREF isolates were found to carry the vanA gene. To
analyze the structures of the Tnl546 elements, the VREF
isolates were typed by the PCR mapping of the Tnl1546 el-
ements, including orfl, orf2, 1S1542-vanR, vanR-vansS, vansS-
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vanH, vanH-vanA-vanX, vanX-vanY, and vanY-vanZ. This anal-
ysis revealed that the 98 VREEF isolates could be classified
into 12 different transposon types (Table 3). Overall, trans-
poson type A was the most predominant (n=37), followed
by type F (n=20), type H (n=14), and type I (n=9). However,
the prevalence of transposon types was different between
the two groups of isolates. The VREF isolates from poultry
belonged to types A through D, whereas the human isolates
belonged to types E through L. Transposon type A (n=37)
was the most predominant in poultry isolates, whereas type
F (n=20) and H (n=14) were the most predominant in human
isolates. All the human VREF isolates harbored IS1542 in
the intergenic region of orf2-vanR genes. Forty-seven (81.0%)
of the 58 VREF isolates from humans harbored IS1276} in
the intergenic region of vanX-vanY genes, whereas the in-
sertion of IS1216V was not found in the VREF isolates
from poultry.

We observed a noticeable difference in the structures of
the Tnl546 elements between the human and poultry VREF
isolates. The transposon types were more diverse in the hu-
man VREF isolates, because the genetic mutations, including
the insertion of IS elements or the deletion of Tnl546 ele-
ments, were more common in human isolates. The majority
of the poultry VREF isolates belonged to the prototype of
Tni546 elements (type A), whereas the insertion of 1S71542
and ISI216V was most typical in the human isolates. The
insertion of IS/542 in the orf2-vanR intergenic region and
IS1216V in the intergenic region of vanX-vanY has already
been detected in the VREF isolates from Korea in previous
studies (Lee ef al., 2004; Jung et al., 2006; Park et al., 2006).
The variability in transposon types may be explained by the
different antibiotic selective pressures against glycopeptides,
as well as the origins of the strains and the geographical
differences in the transposon distributions. The presence of
identical transposon types among both groups may indicate
a possible exchange of glycopeptide resistance determinants

Table 3. DNA Polymorphism of the Tnl546 elements in vancomycin-resistant E. faecium isolates

PCR amplification of Tnl546 ¢lements

No. of isolates

Transposon
tyge ORFI ORF2 181542-vanR vanR-VanS vanS-vanH vanlf}-fl-’\;;z(m‘l- vanX-vanY  vanYwanZ I({I:l:l;gn)s Fs:l‘:g (:Ztgé)
A + + - + + + 0 37 37
B - - + + + 0 1 1
C + - + + + - - 0 1 1
D - + - + + + - - 0 1 1
E + +  + (ISI542)° + + + + + 2 0 2
F + +  + (IS1542) + + + + (IS1216V)° + 20 0 20
G + - + (IS1542) + + + + (IS1216V) + 3 0 3
H - + 4+ (IS1542) + + + + (IS1216V) + 14 0 14
I - - + (IS1542) + + + + (IS1216V) + 9 0 9
J - + 4+ (IS1542) + + + + (S1216V) - 1 0 1
K - - + (IS1542) + + + - + 4 0 4
L - - + (IS1542) + + + - - 5 0 5

*Insertion of 1S7542 within the orf2-vanR intergenic region
“Insertion of IS1216V within the vanX-vanY intergenic region
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between human and animal isolates or the spread of a spe- Clonal distribution of VREF isolates

cific clone from common reservoirs (Willems er al., 1999). The PFGE was performed to compare the genomic sim-
Nevertheless, our data suggests no existence of common ilarities of the VREF isolates, which were classified into 58
transposon types between the VREF isolates from humans clones with a similarity value of 0.8 (Fig. 1). The VREEF iso-
and poultry. lates showed a high degree of genomic heterogeneity with
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Fig. 1. PFGE analysis of vancomycin-resistant E. faecium isolates from humans and poultry. The dendrogram is based on a cluster analysis
of the unweighted-pair group method with average linkages.
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41 clones from 58 human isolates and 17 clones from 40
poultry isolates.

Nonetheless, the VREF strains can still be potentially
transferred from food-producing animals to humans via the
food chain. Despite this, the PFGE analysis suggests that
no evidence of this horizontal transfer of the VREF strains
exist from pouliry to humans. The high polyclonal nature
of the VREF isolates from both groups suggests a limited
spread of the VREF strains, even though they were found in
the same hospital or farm. However, Ko et al. (2005) reported
that the clonal complex 78, which was a globally epidemic
VREF clone, was widely distributed among the human clinical
VREF isolates in Korea. We did not determine the multi-
locus sequence types of the VREF isolates in the current
study; however, a PFGE analysis demonstrated that diverse
VREF clones circulated among both groups.

Incongruence of VanB phenotype-vanA genotype

Sixty-nine (70.4%) of 98 VREF isolates showed the VanA
phenotype, whereas 29 (29.6%) of 98 isolates (14 from
poultry and 15 from humans) showed the VanB phenotype.
These results are consistent with other studies, which dem-
onstrate that the VRE isolates with the VanA phenotype
were the most predominant in the human and animal isolates
in Korea (Ko et al, 2005; Jung et al., 2006). Nevertheless,
the prevalence of the VREF isolates with the VanB pheno-
type-vanA genotype was higher in comparison with the two
previous Korean studies (Ko et al, 2005; Jung et al., 2006).
Hashimoto et al. (2000) demonstrated that the point muta-
tions of the vanS gene for the glycopeptide sensor protein,
including L50V, E54Q, and Q69H, could be responsible for
the incongruence of the VanB phenotype-vand genotype in
the VRE strains from Japan. These point mutations of the
vanS gene were also detected in the VRE isolates from
Taiwan and Korea (Lauderdale et al., 2002; Eom et al., 2004).
To determine whether the incongruence of the VanB phe-
notype-vand genotype was due to the point mutations in
the vanS gene, PCR products with the vanS-specific primers
(VanS and VanS1) were sequenced. The results revealed
that the nucleotide sequences and the deduced amino acid
residues from the vanS gene in 29 VREF isolates showing
the VanB phenotype-vand genotype were identical to the
VRE isolates showing the VanA phenotype. The impair-
ment of the accessory proteins from VanY and VanZ or re-
arrangements of the vanX, vanY, and vanZ genes are also
responsible for incongruence of the VanB phenotype-vand
genotype (Arthur et al., 1995; Simonsen et al., 2000; Park et
al., 2006). Based on the PCR mapping of Tnl/546 elements,
the VREF isolates showing the VanB phenotype-vand geno-
type were classified into 9 transposon types. Fourteen poultry
VREF isolates showing the VanB phenotype-vanAd genotype
belonged to transposon type A (n=12), B (n=1), and C
(n=1). Fifteen human VREEF isolates showing VanB pheno-
type-vand genotype belonged to transposon type F (n=2),
G (n=1), H (n=1), I (n=3), K (n=4), and L (n=4). All
the human VREF isolates showing the VanB phenotype-
vanA genotype exhibited either the insertion of ISI1216V in
the intergenic region of vanX-vanY genes (n=7) or the de-
letion of vanX-vanY genes (n=8). On the other hand, one
poultry isolate with the VanB phenotype-vand genotype
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showed the deletion of the vanX-vanY genes (transposon
type C). Of the 11 VREF isolates carrying the Tnl546 ele-
ments with the deleted form of vanX-vanY genes, 9 were
gshown to belong to the VanB phenotype-vand genotype.
This result suggests that the deletion of vanX-vanY genes is
directly associated with the incongruence of the VanB phe-
notype-vanA genotype in Korean VREF isolates. We could
not determine the mechanisms of incongruence of the
VanB phenotype-vand genotype in 13 poultry VREF iso-
lates carrying the prototype of the Tnl546 elements by PCR
mapping. The nucleotide sequence analysis of the vanX-
vanY genes is necessary to characterize VanB phenotype-vand
genotype in VREF isolates carrying transposon type A.

In conclusion, the differences in antimicrobial suscepti-
bility, Tnl546 eclement organization, and Smal-digested
PFGE patterns were observed in the VREF isolates from
humans and poultry in Daegu, Korea. These results suggest
no evidence supporting the transfer of VREF strains be-
tween poultry and humans via the food chain nor a possible
exchange of glycopeptide resistance determinants among ei-
ther group of VREF isolates. However, surveillance studies
should be continued in order to monitor the possible future
exchange of VREF clones or van genes from food-producing
animals to humans.
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