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In Korea, vancomycin-resistant enterococci have become important nosocomial pathogens since the late
1990s, and most vancomycin-resistant enterococcal isolates have been VanA phenotype-vanA genotype strains.
In 2001, we experienced an outbreak of VanB phenotype-vanA genotype vancomycin-resistant enterococci at a
university hospital. This is the first report of VanB-vanA vancomycin-resistant enterococci from humans in
Korea.

Vancomycin-resistant enterococci have spread with unantic-
ipated rapidity and are now encountered in hospitals located in
many countries worldwide after being first reported in the
United Kingdom (9, 13). In Korea, vancomycin-resistant en-
terococci have become important pathogens involved in noso-
comial infections since the late 1990s (4). The first human
vancomycin-resistant enterococcal isolate (Enterococcus du-
rans) in Korea was reported in 1992 (12). In 1994, Kim et al.
first reported a monoclonal outbreak of vanB vancomycin-
resistant Enteroccus faecium in an intensive care unit, but most
of the reported cases in Korea were caused by isolates with
vanA genotypes, which have the antibiotic susceptibility of the
VanA phenotype (2, 3, 4, 8). In 2001, we experienced an
outbreak of vancomycin-resistant enterococci with a low or
moderate level of teicoplanin resistance among 20 patients in
Korea University’s Guro Hospital. We initially considered that
these isolates were phenotypically VanB and genotypically
vanB. However, a recent report by Hashimoto et al. suggested
that mutations in the vanS regulatory gene could result in
impaired resistance to teicoplanin among vancomycin-resistant
enterococcal isolates possessing the vanA gene cluster (7), and
there was a report of isolation of VanB-vanA vancomycin-
resistant enterococci from humans and retail chickens in Tai-
wan (9). These findings prompted us to suspect that the VanB
vancomycin-resistant enterococcal isolates in our hospital may
have a VanB phenotype-vanA genotype incongruence. We per-
formed clinicoepidemiologic, microbiological, and genetic
analyses for this outbreak.

We reviewed patients’ medical records to evaluate the clin-
ical characteristics. Vancomycin-resistant enterococci with a
low or moderate level of teicoplanin resistance were isolated
from 20 inpatients (10 male, 10 female) aged between 13 and
81 years (mean age, 53.9 � 18.0 years). All of the patients had
been in the intensive care unit. The duration of the stay in the

intensive care unit before VanB vancomycin-resistant entero-
coccal isolation ranged from 2 to 207 days (mean, 53.0 � 56.5
days). The underlying diseases of patients were cerebrovascu-
lar accident (eight cases), pneumonia (two cases), pancreatitis
(two cases), panperitonitis (two cases), and six other diseases
(pancreatic cancer, hemophilia, psoas abscess, pelvic bone
fracture, septic knee, and liver cirrhosis). Fourteen strains were
isolated from urine, two strains were isolated from abscesses,
two strains were isolated from open pus, and two strains were
isolated from other sources (one blood and one catheter tip),
but only nine strains were evaluable.

All of the vancomycin-resistant enterococcal isolates were
identified by the Rapid ID 32 Strep kit (bioMérieux, Lyon,
France), and drug susceptibility was tested with an ATB Strep
panel (bioMérieux). They were processed by brain heart infu-
sion agar screening in the presence of vancomycin (6 �g/ml)
(11). The vancomycin and teicoplanin resistance of nine evalu-
able vancomycin-resistant enterococci were confirmed by mea-
suring the MIC by agar dilution methods according to recom-
mendations (11). Total DNA was extracted by a boiling
method (1).

To confirm the species of vancomycin-resistant enterococci,
species-specific PCR was performed with primers specific for
Enteroccus faecalis and E. faecium (5). Control organisms used
included E. faecalis ATCC 29212 and E. faecium BM4147. All
PCRs in this study were carried out in a GeneAmp PCR
System 2700 (Applied Biosystems). A vanA-vanB duplex PCR
assay with primers specific for the vanA and vanB vancomycin
resistance genes was performed (5, 6). Genetic mutations in
the vanS gene of the vancomycin-resistant enterococcal iso-
lates were studied by direct PCR sequencing. To analyze the
vanS gene of the VanA-type determinants, primers specific for
the vanS gene were used for PCR (10). The PCR products
were purified with QIAquick minicolumns (Qiagen GmbH,
Hilden, Germany). The PCR products were sequenced with
the Basestation DNA fragment analyzer (MJ Research, Inc.).
The clonalities of vancomycin-resistant enterococcal strains
were analyzed by pulsed-field gel electrophoresis. Pulsed-field
gel electrophoresis was performed with a CHEF-DR III appa-
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ratus (Bio-Rad Laboratories). The gel was stained with
ethidium bromide solution and then placed onto a UV source.
The sizes of the DNA fragments were determined by compar-
ison to the pulsed-field gel electrophoresis markers (Roche
Diagnostics, Basel, Switzerland).

The MICs of vancomycin for all nine strains were above 256
�g/ml, and the teicoplanin MIC ranged from 4 to 16 �g/ml (six
susceptible, two intermediate), and so all nine strains were of
the VanB phenotype. By vanA-vanB duplex and species-spe-
cific PCR, they were identified as vanA genotype E. faecium.
This confirmed the emergence of VanB-vanA vancomycin-re-
sistant enterococci in our hospital. Direct sequencing of the
vanS gene demonstrated three identical point mutations in the
vanS gene at positions 148 (T3G), 160 (G3C), and 207
(A3T), resulting in the substitutions Leu148Val, Glu160Gln,
and Gln207His, which are identical to those previously re-
ported from Japan and Taiwan (7, 9). These reports did not
provide any explanation for the VanB phenotype-vanA geno-
type incongruence. Further evaluation is needed to identify the
mechanisms and effects of point mutations in the vanS gene in
the development of VanB-vanA vancomycin-resistant entero-
cocci.

Pulsed-field gel electrophoresis of the nine vancomycin-re-
sistant enterococcal strains showed four different types of
clonality. We originally speculated that the outbreak of VanB-
vanA vancomycin-resistant enterococci occurred in the inten-
sive care unit and that it was a monoclonal outbreak or hori-
zontal spread of VanB phenotype resistance; however, it was
suspected that transmission of the vanA gene cluster contain-
ing point mutations in the vanS gene was the probable cause of
VanB-vanA enterococcal outbreak rather than clonal spread.

To our knowledge, this is not only the first reported emer-
gence of VanB-vanA enterococci in Korea but also the first
clinical outbreak of its type in the world.
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