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Molecular Characterization of Community-Associated
Methicillin-Resistant and Methicillin-Susceptible Staphylococcus aureus
Isolates from Children with Skin Infections in Busan, Korea
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The prevalence and molecular characteristics of community-associated methicillin-resistant Staphylococcus aureus
(CA-MRSA) and methicillin-susceptible S. aureus (CA-MSSA) from children with skin infection were investigated by
staphylocoagulase (SC) typing, multilocus sequence typing (MLST), SCCmec typing and virulent toxins, including
Panton-Valentine leucocidin (PVL), and exfoliative toxins (ET). Among 69 cases of CA-S. aureus for a 3 month period
from March to June, 2014 at hospital in Busan, 28 (40.6%) were MRSA and 41 (59.4%) were MSSA. Of the 28
CA-MRSA isolates, two major clones were identified as SC type Vb-ST72-SCCmec type IV (53.6%) and SC type
1-ST89-SCCmec type 1l variant (42.8%), and the remaining one (3.6%) was SC type 1lI-ST8-SCCmec type IV. In
CA-MSSA, the prevalent clone was SC type Vb-ST72 (29.3%), followed by SC type Vb-ST188 (21.9%), SC type
Va-ST121 (19.5%) and SC type IV-ST30 (9.6%). None was positive for PVL gene, and all of the SC type 1-ST89-SCCmec
type II variant clones were ETB gene positive. The data suggest that there are significant clonal relatedness with specific

SC types, and genetic diversities in both community strains isolated from children with skin infections.
Key Words: Community-associated MRSA, Staphylocoagulase type, Sequence type, SCCmec type, Skin infection

INTRODUCTION

Staphylococcus aureus is a major human pathogens and
causative agent of skin and soft tissue infections and in-
vasive disease with high rates of morbidity and mortality
(1~3). Resistance of staphylococci to several antimicrobial
agents contributes to their ability to survive in the hospital
environment and to spread among patients and community.
Methicillin-resistant Staphylococcus aureus (MRSA) infec-

tions were first detected in hospitals (healthcare associated,
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HA-MRSA) (4). However, in recent year the emergence of
community-associated methicillin-resistant S. aureus (CA-
MRSA) infections involving children without health care-
associated risk factors has been a serious public health
problems (5, 6). Resistance to methicillin and other B-lactam
antibiotics is caused by the mecA gene, which is situated on
a mobile genetic element, staphylococcal cassette chromo-
some mec (SCCmec) (1, 7, 8). CA-MRSA strains are
characterized by the predominance of SCCmec type IV or
V, the lack of multi-drug resistance, and often associated

with Panton-Valentine leucocidin (PVL) toxin. In addition,
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molecular characterizations, such as pulsed-field gel electro-
phoresis (PFGE) and multilocus sequence types (STs), allow
the genotypes of CA-MRSA to be distinguished from HA-
MRSA (9~11). However, some CA-MRSA strains have
now acquired multidrug resistance and have been shown
diverse clones with virulence factors worldwide (1).

Various molecular typing methods have been developed to
investigate the spread and evolution of pathogenic organisms.
Multilocus sequence typing (MLST) (2, 12, 13) and SCCrmec
typing (7, 8) are widely used to identify molecular epidemio-
logical characteristics among S. aureus isolates. In addition,
staphylocoagulase (SC) serotyping have been used as an
epidemiological marker (14~16).

The production of coagulase causing the plasma coagu-
lation is one of the important characteristics of S. aureus.
Staphylocoagulase has been classified into 10 serotypes
based on the differences in antigenicity by inhibition assay
using type-specific antibodies against each type of SC
proteins (16). The SC genes (coa) were composed of six
fundamental segments: signal sequence at N-terminal, D1
region, D2 region, central region, 27 amino acid repeat region
and C-terminal sequence of 5 amino acids. Comparison of
nucleotide sequences of coa of 10 serotypes showed D1
and D2 regions were more diverse than those of other
regions (16). We reported the distribution and phenotypic
changes of SC serotypes in S. aureus isolates from clinical
sources and nasal cavities of healthy persons, 1994~2005
(17). On the data, serotype V was rapidly increased in both
MRSA and MSSA strains, and phenotypic changes of SC
in Korean strains were confirmed. Recently, SC genotypes
based in the differences among the regions of SC gene, and
the genetic diversity of SC and relatedness to chromosome
types was reported (18, 19). However, there are few data on
genotypic variation of SC, and relatedness to clonal complex
defined by MLST in community associated S. aureus.

In this study, we investigated the SC types, MLST,
SCCmec types and toxin genes, Panton-Valentine leucocidin
(PVL) and exfoliative toxins (ETA or ETB) of CA-MRSA
and CA-MSSA isolates, and compared the clonal relatedness
with SC types as an epidemiological background of Korean

strains.

MATERIALS AND METHODS

Bacterial strains, identification, and antimicrobial

susceptibility testing

A total of 69 S. aureus strains isolated from pediatric
patients (0 to 16 years old) with skin infections in St. Mary's
Hospital in Busan, Korea, between March and June 2014,
were used in this study. Community-associated (CA) isolates
were identified according to the standard epidemiological
definitions of the Centers for Disease Control and Pre-
vention (CDC) (20). All strains were unique isolates from
different patients. The Vitek 2 automated system (bioMérieux,
Marcy I' Etoile, France) was used for microbiological identi-
fication and antimicrobial susceptibility testing using a
standard identification card and the modified broth micro-
dilution method. The antibiotics tested included oxacillin,
clindamycin, erythromycin, gentamycin, fusidic acid, cipro-
floxacin, mupirocin, telithromycin, tetracycline and vanco-
mycin. The S. aureus ATCC29213 strain was used for quality

control.
DNA preparation

Genomic DNA was extracted from each isolate using the
AccuPrep DNA Extraction kit (Bioneer, Daejeon, Korea)
according to the manufacturer's protocol. MRSA isolates
were initially identified using oxacillin resistance and
confirmed for the presence of the mecA gene by PCR as

described previously (21).
Staphylocoagulase (SC) typing

The SC genotypes were determined by the multiplex-
PCRs (M-PCRs) assay consisting of specific primers identi-
fying type 1to X, and V subtypes, a and b, as described by
Hirose et al. (18). Four sets of primer mixes were prepared
according to a slightly modified Hirose's method. Multiplex
primer set 1 and set 2 contained primers for identifying the
SC gene of type 1, 11, and 111, and primers for 1V, Va and VI,
respectively. Multiplex primer set 3 and set 4 contained
primers for identifying the SC gene of type VI, VIl and X,
and primers for IX and Vb, respectively. The PCR was done
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using premixed PCR reagent (Bioneer, Daejeon, Korea)
with a total reaction volume of a 20 pl containing 25 ng of
genomic DNA, 5 pmole of each primer. Amplification was
performed with the Mycycler™ thermal cycler (Bio-Rad,
Hercules, CA, USA), using 30 cycles of 94C for 30 sec,
55C for 30 sec, and 72°C for 1 min. The final extension
was allowed to continue for 5 min. PCR products were
analyzed by electrophoresis on 1.5% agarose gel in Tris-
acetate-EDTA buffer containing ethidium bromide. The
reference strains of SC types used in this study were SHM48
(type 1), SHDS (type), USA300 (type 1l1), Cowan I (type
1V), SHD25 (type V), SHM47 (type V1), MW?2 (type VII),
SHD19 (type VIIl) and SHB61 (type X).

Multilocus sequence typing (MLST)

MLST is based on sequence analysis of PCR products
from seven S. aureus housekeeping genes, that is, arcC,
aroE, glpF, gmk, pta, tpi, and yquiL. DNA from each
isolate was amplified by PCR in a 20 pl reaction volume
for the each of the seven MLST loci by using the primers
and protocols as described previously (13). Each locus was
subsequently sequenced using the Applied Biosystem 3730
sequencer with the BigDye Terminator cycle sequencing
kit v3.1 (Applied Biosystems, Foster City, CA, USA). Allele
numbers were assigned using the MLST website (http://
www.mlst.net) and sequence types (STs) were determined
using a browsable database (http://saueus.mlst.net/).

SCCmec typing

SCCmec types of MRSA isolates were determined by
using a multiplex PCR strategy as proposed by Olveira and
de Lencastre (7). SCCmec elements were distinguished by
the combination of ccr type and mecA complexes, which
generates a specific amplification pattern for SCCmec types
ItoV.

Detection of toxin genes

All of the S. aureus isolates were screened for PVL genes
(pvl) and exfoliative toxin genes (efa and eth) by PCR with
primers as previously described (22, 23).
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RESULTS
Clinical characteristics of S. aureus

From March to June 2014, 69 non duplicated S. aureus
isolates were collected from pediatric patients with skin
infections in Busan, Korea. CA-S. aureus was defined as a
positive culture from outpatients or inpatients who had no
history of hospitalization or admission to a long term care
facility within one year. Methicillin resistance was confirmed
by PCR amplification of the mecA gene. Of the 69 CA-S.
aureus cases, 28 (40.6%) were MRSA and 41 (59.4%) were
MSSA. The common lesions caused by CA-S. aureus were
impetigo (92.9% in MRSA) and staphylococcal scalded skin
syndrome (SSSS) (7.1% in MRSA), and atopic dermatitis,
unspecified (100% in MSSA).

Molecular characteristics of CA-MRSA

The molecular characteristics of the 28 MRSA strains
from the patients with impetigo and SSSS were examined
by SC typing, MLST, SCCmec typing and toxin genes. The
most prevalent SC genotype was type Vb (53.6%), followed
by type 1 (42.8%), and type 11l (3.6%) (Table 1). In present
study, we confirmed SC genotype Vb, which has known as
SC serotype V, was predominant in community associated
strains of S. aureus. In addition, the SC type | was not
identified in any of the MRSA and MSSA isolated from
clinical sources except for skin infection.

MLST sequence data were obtained for all strains of
CA-MRSA and CA-MSSA based on seven unlinked genetic
loci including conserved and variable regions of arcC,
aroE, glpF, gmk, pta, tpi, and yquiL. The seven loci yielded
3 sequence types, ST72, ST89, and ST8 in CA-MRSA
(Table 2). Of the 28 strains, 15 (53.6%) and 12 (42.8%)
strains were ST72 and ST89, respectively, and the remaining
one strain was ST8. The major occurrence of ST89 strains
in CA-MRSA from skin infections represented the clonal
differences in CA-MRSA or HA-MRSA isolates from
several clinical sources except for skin.

The 28 CA-MRSA strains were classified into 2 SCCmec
types, IV (57.1%) and 11 variant (42.9%). SCCmec type 11



Molecular Characterization of CA-MRSA Isolates from Skin Infections 107

variant was defined as distinguished from SCCmec type 11,
carring ccr2, class A mec, PUB110, dcs and mecl but not
kdp. SCCmec type IV were detected in ST72 and ST8
strains, and SCCmec type Il variant was detected in all
ST89 strains. All strains were PVL gene negative. ETB gene
was detected mainly in all ST89 and two ST72 strains of
MRSA, whereas ETA gene was not detected in MRSA
strains. TSST-1 gene was detected in ST8 strain.

Overall, we detected 3 different genetic clones among
the 28 CA-MRSA isolates. SC type Vb-ST72-SCCmec type

Table 1. Distribution of staphylocoagulase types in CA-MRSA?
and CA-MSSA” isolates

No. (%) of isolates

SC type®
MRSA MSSA Total

1 12 (42.8) 0 12 (17.4)
11 0 0 0
il 1(3.6) 0 1(1.4)
v 0 6 (14.6) 6(8.7)
Va 0 8 (19.5) 8 (11.6)
Vb 15 (53.6) 21 (512) 36 (52.1)
V1 0 0 0
Vil 0 3(7.3) 3(4.3)
Vil 0 3(7.3) 3(4.3)
X 0 0 0
X 0 0 0

Total 28 (100) 41 (100) 69 (100)

*CA-MRSA: community-associated methicillin-resistant Staphy-
lococcus aureus, "MSSA: methicillin-susceptible Staphylococcus
aureus, ° Staphylocoagulase type

IV was the predominant clone (n=15, 53.6%), followed by
SC type 1-ST89-SCCmec type Il variant (n=12, 42.8%)
and SC type llI-ST8-SCCmec type IV (n=1, 3.6%). All the
strains were negative for PVL gene. However ETB toxin,
which was absent in MSSA, was variously found in up to
14 (7.1% to 100%) of these 28 strains (Table 2).

Molecular characteristics of CA-MSSA

The 41 CA-MSSA isolates were classified into 5 SC
types and 7 ST types. The most prevalent SC genotype was
type Vb (51.2%) and Va (19.5%), followed by IV (14.6%),
V11 (7.3%) and VIII (7.3%), which were not identified in
MRSA strains (Table 1). As for the MRSA strains, the
MSSA strains showed high prevalent SC type Vb. The 7
ST types were identified as ST72 (29.3%), ST188 (21.9%),
ST121 (19.5%), ST30 (9.6%), ST1 (7.3%), ST20 (7.3%),
and ST6 (4.9%) (Table 3). No PVL, ETB and TSST-1 genes
were detected in any of MSSA isolates, but ETA gene was
detected in four ST121 strains. Overall, the most prevalent
clone was SC type Vb-ST72 (29.3%), followed by SC type
Vb-ST188 (21.9%), SC type Va-ST121 (19.5%). The re-
maining clones were SC type IV with ST30 (9.6%) and ST6
(4.9%), SC type VII-ST1 (7.3%), and SC type VIII-ST20
(7.3%). In contrast to the CA-MRSA isolates, considerable

molecular variability existed among the CA-MSSA isolates.
Antimicrobial susceptibilities

Antimicrobial resistance rates of the CA-MRSA and CA-
MSSA isolates according to sequence types are summarized
in Table 4. Among CA-MRSA isolates, ST89 clone showed
high rates of resistance to clindamycin, erythromycin, genta-

Table 2. Molecular characteristics of 28 CA-MRSA isolates

MLST? Toxin gene
SC type  No. (%) of isolate SCCmec® type
STP Allelic profile pvl eta eth
1 12 (42.8) ST89 (42.8) 1-26-28-18-18-33-50 1T variant 0 0 12
il 1(3.6) ST8 (3.6) 3-3-1-1-4-4-3 v 0 0 0
Vb 15 (53.6) ST72 (53.6) 1-4-1-8-4-4-3 v 0 0 2

“MLST: multilocus sequence typing, °ST: sequence type, °SCCrmec: staphylococcal cassette chromosome mec
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Table 3. Molecular characteristics of 41 CA-MSSA isolates
MLST? Toxin gene
SCtype  No. (%) of isolates
ST® Allelic profile pvl eta eth
\Y 6(14.6) ST30(9.7) 2-2-2-2-6-3-2 0 0 0
ST6 (4.9) 12-4-1-4-12-1-3 0 0 0
Va 8(19.5) ST121 (19.5) 6-5-6-2-7-14-5 0 4 0
Vb 21(51.2) ST72(29.3) 1-4-1-8-4-4-3 0 0 0
ST188 (21.9) 3-1-1-8-1-1-1 0 0 0
il 3(7.3) STI1 (7.3) 1-1-1-1-1-1-1 0 0 0
Vil 3(7.3) ST20(7.3) 4-9-1-8-1-10-8 0 0 0
“MLST: multilocus sequence typing, °ST: sequence type
Table 4. Antimicrobial resistant rates of the CA-MRSA and MSSA isolates according to sequence types
CA-MRSA CA-MSSA
Antimicrobial
agent ST72 ST89 ST8 Total ST72  ST188  STI121 ST30 ST6 ST1 ST20 Total
0=15) @=12) @=1) n(%) 0=12) @®@=9) @®=8) @m=4) @®=2) @=3) @=3) n(%)
Oxacillin 15(100) 12(100) 1(100) 28(100)  0(0) 0(0)  0(0) 000) 00 000  0(0) 0(0)
Clindamycin ~ 4(26) 10(83) 0(0)  14(50) 0(0) 00 225 0@ 2(100) 00  0(0) 4(9)
Erythromycin ~ 4(26) 10(83) 0(0)  14(50) 0(0) 2(2) 337 0@ 2(100) 0  0(0) 7(17)
Gentamycin ~~ 4(26)  9(75)  1(100) 14 (50) 4(33) 444 225 000 0(0) 000) 2(66) 12(29)
Fucidic acid 000) 0(0) 0(0) 0(0) 12(100) 2(22) 787 0(0) 0(0) 2(66)  2(66) 25 (60)
Ciprofloxacin ~ 1(6)  0(0)  0(0) 13) 000) 00  0(0) 0(00) 0(0) 00) 0(0) 0(0)
Mupirocin 533)  6(0) 000  11(39) 325 3(33) 339 00 0(0) 0(0)  0(0) 921)
Telithromycin =~ 0(0)  5(@1)  0(0) 5(17) 000) 0(0) 0(0) 0(0) 0(0) 0(0)  0(0) 0(0)
Tetracycline 320)  1(8)  0(0) 4(14) 18 333 1(12) 00) 0(0) 00) 0(0) 5(12)
Vancomycin =~ 0(0)  0(0)  0(0) 0(0) 000) 0(0) 0(0) 0(0) 0(0) 0(0)  0(0) 0(0)
mycin, and mupirocin than those of ST72 and ST8 clones,
while all isolates exhibited susceptibility to fusidic acid and DISCUSSION

vancomycin. CA-MSSA isolates were more likely to be
susceptible to clindamycin, erythromycin, gentamycin, and
mupirocin, but were significantly resistant to fucidic acid
except for ST30 and ST6, identifed as SC 1V types. In
comparison of antibiotics resistance patterns among clonal
sequence types, considerable differences existed in both
CA-MRSA and MSSA.

Incidence of infections caused by CA-MRSA, including
infections in children with no risk factors, has increased
worldwide as a community pathogen. This present study
constitutes a comparison of the molecular epidemiology
and the genetic characteristics in CA-MRSA and CA-MSSA
strains isolated from children with skin infections. CA-
MRSA, which accounts for 40.6% of CA-S. aureus, was
isolated from children with impetigo (92.9%) and SSSS
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(7.1%), and belonged to two major clones, SC type Vb-
ST72-SCCmec IV (53.6%) and SC type 1-ST89-SCCmec 11
variant (42.8%). In contrast to the CA-MRSA, CA-MSSA
was isolated from children with atopic dermatitis, unspecified
(100%), and showed considerable genetic diversity. In Korea,
many studies have analyzed the molecular characteristics of
MRSA isolates from clinical sources and healthy individuals,
and CA-MRSA has already spread and become an important
pathogen among Korean children (24, 25). CA-MRSA
strains are genetically different from HA-MRSA and vary in
different continents, and countries. The most prevalent clone
of CA-MRSA in the USA was ST8 (USA300), SCCmec
type IV, PVL' strain (26). Compared with the USA, ST80-
SCCmec type IV, PVL' strains is the most commonly
reported CA-MRSA in Europe (27). In East Asia, the most
dominant strain was ST59-SCCmec type 1V, but ST30,
ST239 and ST5 clones were also prevalent (28). A recently
published study showed that ST72-SCCmec IV clone was
the most common genotype in Korean strains of CA-MRSA,
and has increased in frequency in HA-MRSA bacteremia
among Korean adults and children (25). In addition, ST5 and
ST239 clones are common in HA-MRSA infections (29).
However, to our knowledge, there are no data for clonal
relationship with genotypic variation of SC between CA-
MRSA and MSSA strains isolated from type specific origins,
skin infections (e.g., impetigo, staphylococcal scalded skin
syndrome (SSSS), atopic dermatitis). SC serotyping has
been applied to epidemiological study of S. aureus isolates
in Japan and Korea. Our previous study showed that the
predominant SC serotypes in MRSA were type 1l and 1V,
which were consistent with ST5 and ST239, respectively,
and SC serotype V which was mainly corresponding to
ST72 clone, was rapidly increased in both MRSA and
MSSA (17). Furthermore, the significant relationship among
SCCmec types, prevalence of superantigenic toxin genes,
and SC serotypes in MRSA and MSSA isolates was con-
firmed (30, 31). Recently, Hirose et al. (18) and Sakai et al.
(32) developed the M-PCRs to classify SC genotypes simply
and rapidly. As the results of SC typing using a M-PCRs,
genotypic characteristics of SC in CA-S. aureus isolates

could be analyzed precisely.

Among the SC types, SC type V, especially subtype Vb,
belonging to ST72 clone was predominant in both CA-
MRSA and MSSA, whereas subtype Va was only identified
from CA-MSSA and belonged to ST121. In addition, SC
type 1 belonging to ST89 clone was also predominant in
CA-MRSA from skin infections. When compared with
molecular characteristics of SC types and STs among the
strains, there are significantly different between MRSA and
MSSA strains, except for SC type Vb-ST72 clone, and
MSSA strains have diverse genetic backgrounds. The data
of Japanese CA-MRSA isolates from children with impetigo
and nasal swabs showed the predominance of SC type
1-ST89 clones, which have very similar genetic backgrounds
in both countries. However, the dissemination of SC type
Vb-ST72 clones in Korea showed the epidemiological signi-
ficance of staphylococcal infections compared to Asian and
Western countries. The SC gene is located on the chromo-
some and known as core-variable gene (33). Watanabe et al.
reported that the diversity of SC caused by the recombination
events between different coa allele and may be a key
strategy for S. aureus to adapt to host immunity (19). In this
study, we confirmed that most of all strains belonging to
same SC type had the same ST clone defined by MLST,
and the particular SC type and ST are associated with types
of diseases, e.g., skin infection.

PVL is a virulence factor associated with community
onset staphylococcal skin infections and necrotizing pneu-
monia in the USA and Europe (26). The PVL genes were
more strongly associated with furuncles and cellulitis (34).
In this study, PVL genes were not found in any of the
isolates, which result was similar to those observed in other
Korean studies. Exfoliative toxin (ET) causes blisters in
bullous impetigo and SSSS, and three serotypes, ETA, ETB,
and ETD, are linked to human skin infection (22). In Europe,
USA, and Africa, ETA-positive strains are prevalent, whereas,
in Japan, ETB-positive strains are prevalent and primarily
in MRSA strains (33). Our data in this study showed the
ETB gene was found primarily in MRSA, especially SC
type 1-ST89 strains which were associated with types of
skin infection. Otherwise, ETA gene was found in MSSA,

which data were coincident with Japanese data (35).
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Molecular typing methods for discriminating different
between isolates of the same species are essential epide-
miological tools in infection prevention and control. In this
study, combination of SC typing and MLST analysis was
useful strain typing methods for understanding the molecular
epidemiology of CA- MRSA and MSSA.

In summary, our study provides the information of the
molecular characteristics of CA-S. aureus isolates from
children with skin infections in Busan, Korea. The pre-
dominant clones of CA-MRSA include SC type Vb-ST72,
followed by SC type 1-ST89. There are significant clonal
relatedness with SC types and considerable amount of

genetic variations between isolates.
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