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objective. To investigate the characteristics and origins of methicillin-resistant Staphylococcus aureus (MRSA) strains isolated from
neonatal patients admitted to a tertiary care hospital from local and primary care obstetrics clinics.

design. Molecular typing study.

setting. A 1,278-bed tertiary care hospital (Samsung Medical Center) and 2 primary obstetrics clinics in Seoul, Korea.

patients. The genotypic characteristics of 12 MRSA samples isolated from 11 neonatal patients transferred from 2 primary care obstetrics
clinics to a tertiary care hospital were investigated by means of multilocus sequence typing, spa (staphylococcal protein A) typing, and
SCCmec typing. Ten MRSA strains isolated from workers and environments in the associated obstetrics clinics were also investigated.

results. Although the antibiograms of isolates from 2 obstetrics clinics differed, no strain showed multidrug resistance to antimicrobials.
Multilocus sequence typing analysis showed that all 22 MRSA isolates analyzed in this study had sequence type 1 (with the allelic profile
1-1-1-1-1-1-1), sequence type 493 (62-1-1-1-1-1-1), or a novel sequence type (25-1-1-1-1-1-1) and that all belonged to a single clonal
complex (clonal complex 1). Moreover, they all contained SCCmec type IVA and the identical spa type (UJEBKBP). These genotypic
characteristics are similar to those of typical community-associated MRSA strains rather than the hospital-acquired MRSA strains common
in Korea.

conclusion. The findings of this study suggest that community-acquired MRSA strains can spread in primary care clinics and be
imported into tertiary care settings.
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Methicillin-resistant Staphylococcus aureus (MRSA) is usually
viewed as a major nosocomial pathogen that is associated
with hospitals and healthcare facilities. However, recently,
community-associated MRSA (CA-MRSA) infections have
been increasingly reported. Traditionally, CA-MRSA isolates
have been differentiated from healthcare-associated MRSA
(HA-MRSA) isolates on the basis of the time of onset of
infection after admission to a hospital and the presence of
risk factors such as recent hospitalization, admission from
another hospital, nursing home residence, injection drug
abuse, previous antimicrobial treatment, and underlying ill-
ness (eg, cardiovascular and pulmonary disease, diabetes, ma-
lignancy, or chronic skin disease).1-9

CA-MRSA strains are also genotypically and phenotypically
distinct from HA-MRSA strains. Unlike multidrug-resistant
HA-MRSA strains, CA-MRSA strains are often susceptible to
most antimicrobials, except b-lactam agents.3,10 The presence

of SCCmec type IV is also a characteristic of CA-MRSA
strains.3 In addition, CA-MRSA strains have diverse sequence
types, as determined by multilocus sequence typing (MLST),
that are distinct from those of HA-MRSA strains.8,11 Pulsed-
field gel electrophoresis has also confirmed the distinctiveness
of CA-MRSA strains.12

In 2004, we isolated several MRSA strains from neonatal
patients transferred from primary obstetrics clinics to a ter-
tiary care hospital. In the present study, we characterized these
MRSA strains from neonates with several molecular typing
methods: MLST, SCCmec typing, spa (staphylococcal protein
A) typing, and in vitro antimicrobial susceptibility testing. To
elucidate the origin of the MRSA strains isolated from the
neonatal patients, we also isolated and investigated MRSA
strains obtained from healthcare workers and the primary
obstetrics clinic environments from which neonatal patients
were transferred.
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methods

Study Sites and Patients

Neonatal patients were transferred from 2 primary care ob-
stetrics clinics in Seoul, Korea, to our 1,278-bed tertiary care
hospital (Samsung Medical Center, Seoul, Korea), where MRSA
samples were isolated.

Bacterial Isolates

Screening swab samples of the anterior nostrils and skin of
all the neonatal patients transferred from other hospitals or
clinics were obtained and cultured for MRSA at admission
as a routine procedure to prevent influx of MRSA to our
unit. We investigated 11 neonatal patients transferred from
2 obstetrics clinics during March to June 2004 and 12 MRSA
strains isolated from these patients (6 isolates from each
clinic). The 2 obstetrics clinics (A and B) are representative
of other clinics in Seoul, Korea, in terms of size. During the
study period, 12 and 11 neonatal patients were transferred
from clinics A and B, respectively.

The MRSA strains were isolated from 9 (75%) of 12 neo-
natal patients from clinic A and from 7 (64%) of 11 neonatal
patients from clinic B. Of the 9 patients from clinic A with
MRSA isolated, 2 (22%) were born vaginally; 4 (57%) of the
7 patients from clinic B were born vaginally. The others were
born by cesarean section. The patients were transferred to
the neonatal intensive care unit in our hospital immediately
after birth. Two MRSA strains were isolated from the nostrils
and skin of a neonatal patient transferred from obstetrics
clinic A. We screened the hands and nostrils of all the health-
care workers (36 from clinic A and 25 from clinic B) and the
frequently contaminated environments of 2 clinics for MRSA
carriage or colonization by obtaining swab specimens with
wet cotton-tipped swabs. This screening was performed one
day after the isolation from the neonates of the MRSA strains
included in this study. A total of 10 MRSA isolates were
collected from the hands and nostrils of workers and from
the obstetrics clinic environment. Of these, 1 isolate was from
a nasal swab specimen obtained from a nurse working in
clinic A, and 9 isolates were from a physician, nurses, and
the environment of clinic B (Table). In both clinic A and
clinic B, workers whose MRSA clones were shared with an
infant had cared for that infant. Cultures of isolates were
done with blood agar plates, and identification of MRSA was
performed with the Vitek 2 system (bioMérieux Vitek).

Molecular Typing

Chromosomal DNA for MLST, for multiplex polymerase
chain reaction (PCR) SCCmec typing, and for spa typing was
extracted by a simple boiling-lysis method. MLST was per-
formed as described elsewhere.13,14 The allelic profiles of
strains were defined by alleles at 7 MLST loci, in the following
order: arcC, aroE, glpF, gmk, pta, tpi, and yqiL. Each unique
allelic profile was designated as an sequence type, which was

determined by comparison with the database at the MLST
Web site (http://saureus.mlst.net). A sequence type not found
in the database was submitted to the MLST Web site. The
SCCmec types were determined by multiplex PCR as de-
scribed elsewhere.15 Each isolate also underwent spa typing,
as described elsewhere.16,17 The spa gene was amplified using
the primers SpaF (5′-GAC GAT CCT TCA GTG AGC AAA
G-3′) and SpaR (5′-GCA GCA ATT TTG TCA GCA GTA G-
3′). Amplified spa gene fragments were purified and se-
quenced. Each repeat sequence differing from others by least
1 point mutation is designated with alphabetical letters,16 as
described on the spa typing Web site (http://www.ridom.de/
spaserver).18 MRSA strain sequences published previously
were used as controls.14 The presence of the pvl gene was
determined by PCR, as described elsewhere.19

Antimicrobial Resistance Testing

In vitro susceptibility testing was performed using the broth
microdilution method according to guidelines issued by the
Clinical Laboratory Standards Institute.20 Twelve antimicro-
bial agents were tested: oxacillin, penicillin, ciprofloxacin,
clindamycin, erythromycin, gentamicin, nitrofurantoin, rif-
ampin, tetracycline, trimethoprim-sulfamethoxazole, vanco-
mycin, and teicoplanin. Interpretive criteria for susceptibility
were those indicated by the Clinical Laboratory Standards
Institute.20 S. aureus ATCC 49619 was used as a control strain
in each set of tests.

results

The Table summarizes the sources, the molecular typing re-
sults, and the antimicrobial susceptibilities of the 22 MRSA
isolates analyzed in this study. Eleven neonatal patients be-
tween 1 and 13 days of age were transferred from primary
obstetrics clinics to our hospital. The MRSA isolates were
cultured 1 or 2 days after transfer. The patients received di-
agnoses of hyperbilirubinemia, wet lung syndrome, hemo-
philia, neonatal sepsis, feeding intolerance, hypoxemia, or
gastroenteritis. However, none of the patients had clinical
illness secondary to S. aureus infection.

Of 6 MRSA strains from neonates from obstetrics clinic
A, 5 strains had sequence type (ST) 1 (with the allelic profile
1-1-1-1-1-1-1) and 1 strain (A356N) had a novel sequence
type (with the allelic profile 25-1-1-1-1-1-1), which is a single-
locus variant of ST1. Although 2 MRSA strains (A356N and
A357N) were isolated from the hand and nostrils of one
patient, they had different sequence types. Only 1 MRSA
strain (A-01) was isolated from a nurse at obstetrics clinic A,
and it had the same sequence type (a single-locus variant of
ST1) as A356N. Seven MRSA strains associated with obstetrics
clinic A produced the same antibiogram: they were resistant
to only gentamicin and tetracycline, in addition to oxacillin
and penicillin.

Of the 6 MRSA strains from neonates from obstetrics clinic
B, 4 had ST1 and the other 2 showed ST493 (with the allelic
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table. Characteristics of the Methicillin-Resistant Staphylococcus aureus Strains Analyzed in This Study

Clinic, straina

Source
specimen

(personnel)

Infected subject’s
underlying disease

or condition
Sequence type
(allelic profile)

SCCmec
type spa type

Antimicrobial
resistance
patternb

Clinic A
A216N Unknown Feeding intolerance ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A356N Hand Feeding hypoxemia New (25-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A357N Nares Feeding hypoxemia ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A372N Unknown Hypoxemia ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A413N Hand Feeding intolerance ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A555N Nares Acute gastroenteritis ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet
A-01 Nares (nurse) … New (25-1-1-1-1-1-1) IVA UJEBKBPE Gen, Tet

Clinic B
B006N Nares Hyperbilirubinemia ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Ery, Tet
B140N Unknown Wet lung syndrome ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B273N Hand Hemophilia ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B295N Unknown Neonatal seizure ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B464N Hand Neonatal sepsis ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B570N Hand Neonatal sepsis ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-01 Nares (doctor) … ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-02 Nares (nurse) … ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-03 Nares (nurse) … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery,

TMP-SMX
B-04 Hand (nurse) … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-05 Nares (nurse) … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery,

TMP-SMX
B-06 Hand (nurse) … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-07 Table … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-08 Sink … ST1 (1-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery
B-09 Scale … ST493 (62-1-1-1-1-1-1) IVA UJEBKBPE Gen, Ery

note. Ery, erythromycin; Gen, gentamicin; spa, staphylococcal protein A; Tet, tetracycline; TMP-SMX, trimethoprim-sulfamethoxazole.
a The letter N denotes an MRSA strain isolated from 1 or more neonates.
b Strains were resistant to oxacillin and penicillin but susceptible to all other antimicrobials except those listed.

profile 62-1-1-1-1-1-1), which is also a single-locus variant
of ST1. These isolates were resistant to only gentamicin and
erythromycin, except for 1 isolate (B006N), which was re-
sistant to erythromycin and tetracycline. Of the 9 MRSA
strains isolated from a physician, nurses, and the environment
of obstetrics clinic B, 3 had ST1 and 6 had ST493. Although
7 strains were resistant to gentamicin and erythromycin, as
were MRSA strains from neonates, the remaining 2 strains
(B-03 and B-05) were resistant to trimethoprim-sulfameth-
oxazole, gentamicin, and erythromycin (in addition to oxa-
cillin and penicillin). All 22 MRSA strains had SCCmec type
IVA and spa type 286 (UJEBKBPE) and were negative for the
pvl gene.

discussion

In spring 2004, we isolated an increased number of MRSA
strains from neonatal patients who were transferred to our
hospital from local and primary care obstetrics clinics. In the
neonatal intensive care unit, MRSA strains were isolated from
22 (22%) of 102 neonatal patients who were transferred from
other hospitals in 2003 and from 51 (36%) of 143 patients in
2004, which was a significant increase ( ; Fisher exactP p .02
test). Although most MRSA strains from neonatal patients did
not seem to be linked with severe infection, their characteristics

and origin are important to infection control in a hospital.
Moreover, carriage of MRSA often precedes infection with the
same strain.21 Therefore, an understanding of MRSA trans-
mission is highly relevant to control of infection.

In the present study, the molecular characteristics of 12
MRSA strains isolated from 11 neonatal patients at 2 ob-
stetrics clinics were investigated. The 2 obstetrics clinics were
selected as representatives, because MRSA strains were con-
tinuously isolated from transferred neonatal patients. To elu-
cidate strain origins, we also isolated and investigated MRSA
strains from workers and the environments of the relevant
primary obstetrics clinics. Our results show that MRSA strains
isolated from neonates may have originated in the obstetrics
units where the neonates were born. Before this study was
done, the obstetrics clinics were cleaned using house detergent
and were occasionally disinfected using 75% alcohol. The
infants shared bathtubs in those clinics. The healthcare work-
ers with MRSA carriage in those clinics were treated with
topical application of mupirocin ointment. Originally, only
soap and water were used for hand hygiene, but an alcohol-
based hand rub was introduced after this study. The clinic
environment is now regularly disinfected using alkyldiami-
noethylglycine (Tego; Th. Goldschmidt) solution.

ST1, which was the main MLST type identified in strains
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from neonatal patients transferred from both clinics, is one
of the CA-MRSA strain genotypes most frequently found,
along with ST8, particularly in North America.8,11 Although
the other 2 sequence types detected, ST493 and a novel se-
quence type, are single-locus variants of ST1, and thus belong
to clonal complex 1, they could not be found in the MLST
databases. We previously investigated the molecular charac-
teristics of MRSA strains isolated at teaching hospitals in Asia
and at 8 tertiary care hospitals in Korea14,22 and found no
isolates belonging to clonal complex 1 among 74 MRSA
strains from 12 Asian countries and only 3 isolates of ST1
and ST514 (with the allelic profile 1-31-1-1-1-1-1) from 1
Korean hospital. Thus, clonal complex 1 is considered a rare
clone in Korean hospitals.

Although 9 MRSA strains isolated from neonates at 2 ob-
stetrics clinics showed the same sequence type (ST1), SCCmec
type (type IVA), and spa type (UJEBKBPE), antibiograms
were different for the MRSA strains from the 2 clinics. All
isolates from clinic A were resistant to gentamicin and tet-
racycline, but most isolates from clinic B were resistant to
gentamicin and erythromycin. Such a difference in the an-
tibiogram indicates that the MRSA strains from the 2 clinics
have a different origin, and this may be relevant in clinical
settings. In addition, all isolates from neonatal patients in-
cluded in this study were susceptible to ciprofloxacin and
trimethoprim-sulfamethoxazole, which was significantly dif-
ferent from the antibiogram of HA-MRSA strains (average,
38% and 44% of strains resistant, respectively) in our hospital.
In addition, the novel sequence type was found only in clinic
A, whereas ST493 was exclusively found in clinic B. These
findings indicate that the MRSA isolates of neonatal patients
from the 2 clinics have different origins.

Controversy exists regarding whether the increased prev-
alence of CA-MRSA strains truly represents the emergence
of a new pathogen or whether it is related to an increased
recognition of HA-MRSA in patients with undocumented
healthcare contacts. Moreover, it has been reported that many
CA-MRSA strains are actually acquired in hospital-associated
sites.23 These MRSA strains from individuals with risk factors
show molecular characteristics similar to HA-MRSA strains.3

However, some CA-MRSA strains have distinct genotypic and
antibiogram differences from HA-MRSA, which may be an
indicator of true community acquisition.19 Moreover, these
so-called “true CA-MRSA” strains with distinct genotypes are
being increasingly reported. Our findings document that
strains biologically similar to previously reported CA-MRSA
strains are being imported into a neonatal hospital setting
from obstetrics clinics. If we applied a strict epidemiologic
definition for CA-MRSA, which may exclude patients trans-
ferred from other settings, these isolates would be inappro-
priately classified as HA-MRSA. In actuality, most epidemi-
ologic studies that use such a definition consider newborns
to be from the community unless hospitalized for more than
1 week. Molecular methods seem to be more accurate for
distinguishing HA-MRSA from CA-MRSA.11 Actually, the

spread of HA-MRSA into the community and the migration
of CA-MRSA strains into hospitals have also been observed
on several occasions.24-26 The transmission of CA-MRSA strains
into hospitals may be an inevitable result of the presence of a
widespread community reservoir,27,28 and this introduction of
CA-MRSA strains into neonatal units presents challenges to
hospital infection control systems and treatment modalities. In
addition, emergence and/or transmission of CA-MRSA may
affect treatment options for outpatients. For example, clin-
damycin and trimethoprim-sulfamethoxazole would be suit-
able for many neonatal patients without any concerns, because
MRSA strains from transferred neonates were susceptible to
such antimicrobials, unlike HA-MRSA strains.

In summary, we investigated the molecular characteristics
of MRSA isolates from neonates transferred from primary
care obstetrics clinics. Although our study is limited by the
fact that maternal vaginal cultures could not be obtained, the
isolates showed the same genotypic and phenotypic charac-
teristics as MRSA isolates obtained from healthcare workers
and obstetrics clinic environments and were similar to known
CA-MRSA. Our findings suggest that true CA-MRSA strains
are already present in the community in Korea and that ob-
stetrics clinics with low antibiotic pressure are reservoirs of
CA-MRSA strains, even though true CA-MRSA infection has
not been reported yet.
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