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Abstract. Data of Staphylococcus aureus carriage in Indonesian hospitals are scarce. Therefore, the epidemiology of
S. aureus among surgery patients in three academic hospitals in Indonesia was studied. In total, 366 of 1,502 (24.4%)
patients carried S. aureus. The methicillin-resistant S. aureus (MRSA) carriage rate was 4.3%, whereas 1.5% of the patients
carried Panton-Valentine leukocidin (PVL)-positive methicillin-sensitive S. aureus (MSSA). Semarang and Malang city
(odds ratio [OR] 9.4 and OR 9.0), being male (OR 2.4), hospitalization for more than 5 days (OR 11.708), and antibiotic
therapy during hospitalization (OR 2.6) were independent determinants for MRSA carriage, whereas prior hospitalization
(OR 2.5) was the only one risk factor for PVL-positive MSSA carriage. Typing of MRSA strains by Raman spectroscopy
showed three large clusters assigned type 21, 24, and 38, all corresponding to ST239-MRSA-SCCmec type III. In conclu-
sion, MRSA and PVL-positive MSSA are present among patients in surgical wards in Indonesian academic hospitals.

INTRODUCTION

Carriage of Staphylococcus aureus is a risk factor for subse-
quent infection in various settings.1 Antibiotic treatments of
staphylococcal infections has become more challenging over
the past decades with the emergence of methicillin-resistant
S. aureus (MRSA). Nowadays, MRSA is a persistent problem
in many healthcare settings around the world.2–8 Undetected
MRSA-positive patients serve as reservoirs, and roommates
of such patients and health care personnel are at significant
risk of becoming colonized.9–13 In addition, MRSA-positive
persons contaminate the hospital’s environment turning it
into a reservoir for other patients.14–17 After discharge from
hospital, MRSA-positive patients may transmit their strain to
their household members.12

Knowledge of the prevalence of MRSA colonization and
the frequency of transmission is vital for the implementation
of MRSA infection control measures in hospitals.18 However,
little is known about the current epidemiology of MRSA in
health care settings in Indonesia. Severin and others reported
that among 98 S. aureus isolates from 999 patients screened at
discharge in 2001–2002 in two cities on the island of Java
(Semarang and Surabaya), only two strains were identified as
MRSA (carriage rate 0.2%).19,20 Among 263 isolates from
healthy persons, patients in the community, and patients at the
time of admission to the hospital, not a single MRSA was
found. However, an unexpectedly high prevalence of Panton-
Valentine leukocidin (PVL) genes among methicillin-sensitive
S. aureus (MSSA) was documented among both patients and
healthy individuals. This was of concern, because PVL-
positive strains are associated with skin infections and severe
necrotizing pneumonia.21 In this study, we aimed to gain

more insight in the more recent epidemiology of MRSA and
S. aureus harboring the pvl genes in the Indonesian hospital
setting to develop targeted preventive measures. Similar to
the study described by Lestari and others,19 we performed a
multicenter study focused on patients at discharge. Molecu-
lar characterization of S. aureus isolates was carried out and
possible risk factors for colonization among these patients
were analyzed.

MATERIALS AND METHODS

Setting. Three referral teaching hospitals participated in
the study: Sanglah hospital in Denpasar (Bali; 704 beds),
Dr. Kariadi hospital in Semarang (Central Java; 779 beds),
and Dr. Saiful Anwar hospital in Malang (East Java; 810 beds).
Design. Surgery patients were screened for MRSA carriage

at the time of discharge from the hospital. All surgery patients
were eligible for inclusion. However, surgery patients dis-
charged within 48 hours after admission were excluded. In
case a patient was found MRSA-positive (i.e., the “index
case”), additional screening to detect secondary cases was
carried out as follows: all patients that had been sharing the
room with such an MRSA-positive patient were screened
within 1 week and all attending health care workers in that
ward. In addition, screening of the innate hospital environ-
ment where index cases had been admitted was conducted.
In case more than one index case was found within a week,
the screening for secondary cases in the hospital was con-
ducted once that referred to those index cases. Four to
6 weeks after discharge of index cases, the household mem-
bers and household environment of the cases were screened.
Index cases living in the rural area or other cities than
Denpasar and Semarang were excluded for household mem-
bers and household environment screening. The additional
screening of roommates, health care workers, environment,
and household members was not conducted in Malang. The
study was performed from July 2007 to December 2008 in
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Denpasar, from February 2008 to October 2009 in Semarang,
and from January to March 2011 in Malang. The study was
approved by the medical ethics committee of the three
academic hospitals.
Screening for S. aureus carriage. Samples were obtained

using sterile dry cotton swabs (Deltalab, Rubı́, Spain) after
patients had given informed consent. Cultures of anterior
nares, throat, and open skin lesion (if present) were taken from
discharge patients and contact patients. Cultures of anterior
nares and throat were taken from health care workers and
household members. The hospital environment was screened
by taking 10 samples minimal, from instruments (stethoscope,
blood pressure cuff, and thermometer) and surfaces (bedrails,
door handles, telephone handles, dust, sink faucet, and floor).
Door handles, kitchen sink and appliances, bed, chairs, table
tops, floor, and dust were taken from the household environ-
ment of index cases.
Bacterial isolates. Swabs were directly inoculated into 5 mL

phenol red mannitol broth (BBL, Le Pont de Claix, France)
for overnight incubation at 37°C and then sub-cultured onto
Staphylococcus aureus and MRSA Chromagar medium (ITK
Diagnostics, Uithoorn, The Netherlands) for 24–48 hours
incubation at 37°C. Typical colonies of S. aureus and MRSA
were stored into trypticase soy agar. Confirmation of S. aureus
was performed by Slidex Staph Plus (bioMérieux, Marcy
l’Etoile, France) and the Vitek2 system (bioMérieux).
DNA extraction and detection of mecA and pvl genes.

Bacterial DNA was extracted using a MagNa Pure LC DNA
system (DNA isolation kit III; Roche Molecular Biochemi-
cals, Mannheim, Germany).22 The DNA concentration was
measured spectrophotometrically and samples were stored at
−20°C. Detection of mecA and pvl genes were performed by
polymerase chain reaction (PCR) as previously described.21,23

SCCmec typing. The staphylococcal cassette chromosome
mec (SCCmec) of S. aureus isolates containing themecA gene
was characterized using a multiplex PCR that enables the
identification of SCCmec types I to VI.24 Positive and nega-
tive control strains were included in each PCR run.
Raman spectroscopy. We performed Raman spectroscopy

(SpectraCellRA Bacterial Strain Analyzer, RiverD interna-
tional BV, Rotterdam, The Netherlands) to assess clonal rela-
tionship among MRSA and PVL-positive MSSA isolates, as
described previously.25,26 The American Type Culture Col-
lection (ATCC) strains were included on each measurement
day as a control for reproducibility. The analysis of spec-
tra was performed using SpectraCellRA software version
1.9.0.13444:24 (RiverD international). In the SpectraCellRA
software, the similarity of two spectra is calculated from the
squared Pearson correlation coefficient (R2) of the sample
spectra and the known R2 - distributions of identical and
unrelated isolates.27 For comparing multiple isolates, a sim-
ilarity or two-dimensional plot is created where the similar-
ity between each combination of isolates is represented as a
color-coded square. In this plot, the similarity threshold was
set at a 1% false positive rate, which means that for 1% of
all indistinguishable isolates a misidentification as unrelated
is allowed. Two isolates with a similarity below this value
were considered unrelated and designated different Raman
types (RTs). The cut-off value was set at a 3% false nega-
tive rate, therefore a misidentification as indistinguishable is
allowed for 3% of all unrelated strains. Two isolates with a
similarity above this value were considered indistinguish-

able and assigned the same RT. In case of a similarity value
between both borders the isolates were considered poten-
tially related.
MLST. A random selection of 10 S. aureus isolates from

the largest clusters generated by Raman spectroscopy were
further analyzed by multilocus sequence typing (MLST).28

The MLST sequence type was assigned through the MLST
website (http://www.mlst.net).
Risk factor analysis. Socio-demographic data, date of admis-

sion, date of discharge, ward that discharged the patient,
prior hospitalization, intensive care unit admission, surgery
procedure, and antibiotic therapy during admission were
included in the risk factor analysis. These data were col-
lected from patient records and by interviewing the patients
at the moment of discharge using a structured questionnaire.
Data obtained from the questionnaires were recorded in a
case record form (crf) program. Data were analyzed using
statistical software packages SPSS version 16.0 (SPSS Inc.,
Chicago, IL). A P value < 0.05 was considered as significant.
Definitions. Index cases were defined as patients from

whom MRSA was found from any site by screening on
discharge; contact patients were patients having shared the
room with an index cases; secondary cases were patients,
health care workers, hospital environment, household mem-
bers, and household environment from whom or which
MRSA was found with a link in time and location to an index
case, and the identical MRSA isolates were determined by
Raman spectroscopy.

RESULTS

Carriage rate of MRSA and PVL-positive MSSA among
discharge patients. We screened 488, 914, and 100 discharge
patients in Sanglah hospital in Denpasar, Dr. Kariadi hospital
in Semarang, and Dr. Saiful Anwar hospital in Malang,
respectively (Table 1). The carriage rate of S. aureus among
these was 9.4% (46 of 488) in Denpasar, 32.4% (296 of 914)
in Semarang, and 24.0% (24 of 100) in Malang. Overall, the
carriage rate of MRSA among discharge patients was 4.3%
(64 of 1,502). Staphylococcus aureus was less frequently found
in patients from Denpasar than in patients from Semarang
and Malang, and the carriage rate of MRSA (P < 0.001).
The MRSA isolates were found in cultures of nares (N = 50
isolates; 54.4%), throat (N = 30; 32.6%), and open skin lesion
(N = 12; 13.0%). All MRSA isolates were PVL-negative. The
PVL-positive MSSA was found among discharge patients in
Semarang and Malang, but not in Denpasar (Table 1).
Carriage rate of MRSA and PVL-positive MSSA among

contact patients, health care workers, hospital environment,
household members, and household environment. Second-
ary cases were only found in Semarang: contact patients,
24 of 200 (12.0%) from 54 index cases; hospital environment,
1 of 132 (0.8%) from 3 index cases; and household member,
1 of 10 (10.0%) from 1 index case. The MRSA was not found
among health care workers and household environment.
The PVL-positive MSSA was only detected in Semarang,
which was 2.0% of contact patients and 10.3% among health
care workers.
Risk factor analysis for carriage of MRSA and PVL-

positive MSSA among discharge patients.Multivariate analysis
showed that more than 5 days hospitalization was indepen-
dently associated with carriage of MRSA (odds ratio [OR]
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11.708; 95% confidence interval [CI] 1.587–86.376) (Table 2).
Other identified risk factors were being in the hospital in
Semarang (OR 9.404; 95% CI 2.239–39.501) or Malang city
(OR 9.003; 95% CI 1.752–46.271), being male (OR 2.374;
95% CI 1.127–5.000), and antibiotic therapy during hospi-

talization (OR 2.621; 95% CI 1.014–6.773). The only factor
that was associated with carriage of PVL-positive MSSA
was prior hospitalization (OR 2.466; 95% CI 1.028–5.916).
SCCmec typing.Weperformed SCCmec typing of 127MRSA

isolates obtained from discharge patients, contact patients,

Table 1

Number of subjects and isolates analyzed for carriage rate of Staphylococcus aureus, MRSA, and PVL-positive MSSA

City Group

No. of
subjects
screened

No. of
cultures

(environment)

No. of
S. aureus
isolates

No. of MRSA
isolates
(%)*

No. of PVL-
positive MSSA
isolates (%)*

S. aureus
carriage
rate (%)

MRSA
carriage
rate (%)

PVL-positive
MSSA carriage

rate (%)

Denpasar Patients at discharge 488 56 4 (7.1) 0 46/488 (9.4) 2/488 (0.4) 0
Contact patients 21 2 0 0 2/21 (9.5) 0 0
Health care workers 58 3 0 0 3/58 (5.2) 0 0
Hospital environment 50 0 0 0 0 0 0
Household members 12 0 0 0 0 0 0
Household environment 20 0 0 0 0 0 0

Semarang Patients at discharge 914 423 76 (18.0) 24 (5.7) 296/914 (32.4) 54/914 (5.9) 21/914 (2.3)
Contact patients 200 90 33 (26.7) 4 (4.4) 73/200 (36.5) 24/200 (12.0) 4/200 (2.0)
Health care workers 58 60 0 10 (16.7) 39/58 (67.0) 0 6/58 (10.3)
Hospital environment 132 13 1 (7.7) 0 13/132 (9.8) 1/132 (0.7) 0
Household members 10 4 2 (50.0) 0 2/10 (20.0) 1/10 (10.0) 0
Household environment 15 0 0 0 0 0 0

Malang Patients at discharge 100 30 12 (40.0) 1 (3.3) 24/100 (24.0) 8/100 (8.0) 1/100 (1.0)
Total Patients at discharge 1,502 509 92 (18.1) 25 (4.9) 366/1,502 (24.4) 64/1,502 (4.3) 22/1,502 (1.5)

Contact patients 221 92 33 (35.9) 4 (4.3) 75/221 (33.9) 24/221 (10.9) 4/221 (1.8)
Health care workers 116 63 0 10 (15.9) 42/116 (36.2) 0 6/116 (5.2)
Hospital environment 182 13 1 (7.7) 0 13/182 (7.1) 1/182 (0.5) 0
Household members 22 4 2 (50.0) 0 2/22 (9.1) 1/22 (4.5) 0
Household environment 35 0 0 0 0 0 0

*The denominator is number of S. aureus isolates.
MRSA = methicillin-resistant S. aureus; PVL = Panton-Valentine leukocidin; MSSA = methicillin-sensitive S. aureus.

Table 2

Risk factors for carriage of MRSA and PVL-positive MSSA among discharge patients in three Indonesian hospitals: univariate and
multivariate analysis

Risk factors

Univariate Univariate

No. of subjects (%)
Multivariate

(backward LR) no. of subjects (%)
Multivariate

(backward LR)

MRSA (+)
(n = 55)

MRSA (−)
(n = 1,351) OR 95% CI p

PVL (+)
(n = 21)

PVL (−)
(n = 1,385) OR 95% CI P

City NS
Denpasar 2 (3.6) 485 (35.9) 1 0 487 (35.2)
Semarang 47 (85.5) 786 (58.2) 9.404 2.239–39.501 0.002 20 (95.2) 813 (58.7)
Malang 6 (10.9) 80 (5.9) 9.003 1.752–46.271 0.009 1 (4.7) 86 (6.2)

Gender*
Male 46 (83.6) 875 (64.8) 2.374 1.127–5.000 0.023 12 (57.1) 909 (65.6)
Female 9 (16.4) 476 (35.2) 1 9 (42.9) 476 (34.4)

Age*†
£ 18 yo 11 (20) 279 (20.7) 3 (14.3) 287 (20.7)
19–59 yo 36 (65.5) 900 (66.6) 16 (76.2) 920 (66.4)
³ 60 yo 8 (14.5) 172 (12.7) 2 (9.5) 178 (12.9)

Length of stay NS
£ 5 days 1 (1.8) 394 (29.2) 1 2 (9.5) 393 (28.4)
> 5 days 54 (98.2) 957 (70.8) 11.708 1.587–86.376 0.016 19 (90.5) 992 (71.6)

ICU admission*†
Yes 3 (5.5) 113 (8.4) 1 (4.8) 115 (8.3)
No 52 (94.5) 1238 (91.6) 20 (95.2) 1270 (91.7)

Surgery† NS
Yes 43 (78.2) 961 (71.1) 9 (42.9) 995 (71.8)
No 12 (21.8) 390 (28.9) 12 (57.1) 390 (28.2)

Prior hospitalization†
Yes 13 (23.6) 336 (24.9) 10 (47.6) 339 (24.5) 2.466 1.028–5.916 0.043
No 42 (76.4) 1015 (75.1) 11 (52.4) 1046 (75.5) 1

Antibiotic therapy during
hospitalization

NS

Yes 50 (90.9) 1116 (82.6) 2.621 1.014–6.773 0.047 13 (61.9) 1153 (83.2)
No 5 (9.1) 235 (17.4) 1 8 (38.1) 232 (16.8)

Patients without complete data were not analyzed statistically.
*Univariate analysis of PVL-positive MSSA was not significant (P > 0.2).
†Univariate analysis of MRSA carriage was not significant (P > 0.2).
MRSA = methicillin-resistant S. aureus; PVL = Panton-Valentine leukocidin; MSSA = methicillin-sensitive S. aureus; LR = logistic regression; OR = odds ratio; CI = confidence interval; ICU =

intensive care unit.
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hospital environment, and household members. One other
MRSA isolate from discharge patient was missing. Type III
SCCmec was the main type (94.4%). However, we found
few isolates containing type I, type I-dcs, type II-kdp, and
type III variant (type III-mecI) in Semarang and Denpasar.
Type III-mecI is an isolate that was characterized by SCCmec

multiplex PCR by the presence of a pattern very similar to
the SCCmec type III but lacking the band corresponding to
the amplification of the mecI gene. Interestingly, one SCCmec

type V was detected from a discharge patient in Malang
(Table 3).
Raman spectroscopy. We carried out Raman spectros-

copy for 162 S. aureus isolates consisting of 127 MRSA
and 35 PVL-positive MSSA. The S. aureus isolates were
obtained from discharge patients (112 isolates), contact
patients (37 isolates), health care workers (10 isolates),
hospital environment (1 isolate), and household members
(2 isolates). One other MRSA isolate and 4 other PVL-
positive MSSA isolates from discharge patients were missing.
The Raman spectroscopic analysis showed 61 RTs (Figure 1).

The most frequently found type was RT 24 containing 75
S. aureus including 61 MRSA and 14 PVL-positive MSSA.
The MRSA isolates were obtained from discharge patients
(40 isolates), contact patients (18 isolates), hospital environ-
ment (1 isolate), and household members (2 isolates), which
were mostly (54 isolates) from Dr. Kariadi hospital in Semarang.
The RT 24 PVL-positive MSSA isolates were obtained from
discharge patients (7 isolates), contact patients (1 isolates), and
health care workers (6 isolates) from Semarang. The RT 38
and RT 21 clusters were the second and third most common
Raman types including 26 and 7 S. aureus isolates, respectively.
Figure 2 shows the endemicity profile of RT 24 MRSA

in the surgery ward in Dr. Kariadi hospital. Interestingly,
7 MRSA isolates from Malang were included in the RT 24
together with MRSA isolates from Semarang. No MRSA iso-
late from Denpasar clustered in one of the three large clusters
RT 24, RT 38, or RT 21. Instead, the four MRSA isolates

Table 3

Distribution of SCCmec type among MRSA isolates from three
Indonesian hospitals (Denpasar, Semarang, and Malang)*

SCCmec type

Number of isolates (%)

Denpasar
(n = 4)

Semarang
(n = 111)

Malang
(n = 12)

Total
(n = 127)

I 0 2 (1.8) 0 2 (1.6)
I - dcs 2 (50.0) 0 0 2 (1.6)
II 0 0 0 0
II - kdp 0 1 (0.9) 0 1 (0.8)
III 2 (50.0) 107 (96.4) 11 (91.7) 120 (94.4)
III - mecI 0 1 (0.9) 0 1 (0.8)
IV 0 0 0 0
V 0 0 1 (8.3) 1 (0.8)
VI 0 0 0 0

*SCCmec = staphylococcal cassette chromosome mec; MRSA = methicillin-resistant
Staphylococcus aureus.

Figure 1. Clustering of methicillin-resistant Staphylococcus
aureus (MRSA) and Panton-Valentine leukocidin (PVL)-positive
methicillin-sensitive S. aureus (MSSA) isolates from discharge
patients in three hospitals in Indonesia as determined by Raman
spectroscopy (RT: Raman type). Note: Figure displays a correlation
matrix used to analyze Raman spectral relatedness between isolates.
Red clusters indicate isolates that are indistinguishable based on the
cut-off value. The grey areas indicate isolates that are non-related
based on the similarity threshold. The potentially related isolates are
shown by yellow areas to orange areas gradually. Cluster 21 includes
MRSA isolates from Semarang: 5 isolates from discharge patients
and 2 isolates from contact patients. Cluster 24 contains MRSA
isolates from Semarang and Malang: 40 isolates from discharge
patients, 18 isolates from contact patients, 1 isolate from hospital
environment, 2 isolates from household members. In addition, this
cluster contains PVL-positive MSSA Semarang isolates: 7 isolates
from discharge patients, 1 isolate from contact patient, and 6 iso-
lates from health care workers. Cluster 38 is consisted of MRSA iso-
lates from Semarang and Malang: 21 isolates from discharge patients
and 4 isolates from contact patients. One PVL-positive MSSA isolate
belongs to cluster 38.

Figure 2. Endemicity profile of Raman type 24 MRSA among
discharge patients, contact patients, and hospital environment in a
surgery ward in Dr. Kariadi hospital, Semarang, Indonesia.

Table 4

Bacterial typing of selected methicillin-resistant Staphylococcus
aureus (MRSA) isolates from discharge patients in Indonesia*

Isolates number Raman type SCCmec type ST

7192 21 III 239
7237 24 III 239
7300 24 III 239
7337 24 III 239
7047 35 # ND
7148 38 III 239
7254 38 III 239
7233 38 # 121
7244 40 # 188
7491 43 III 239

*SCCmec = staphylococcal cassette chromosome mec; ST = sequence type; # = PVL-
positive MSSA.
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from Denpasar could be designated RT 15 (2 isolates), RT 48
(1 isolate), and RT 51 (1 isolate).
MLST analysis. We randomly selected 10 S. aureus isolates

representing RT 21 (1 isolate), RT 24 (3 isolates), RT 35 (1
isolate), RT 38 (3 isolates), RT 40 (1 isolate), and RT 43 (1
isolate) for MLST. All seven MRSA isolates that were dis-
tributed among four different RT clusters belonged to ST239
(Table 4). The PVL-positive MSSA isolates were assigned to
ST121 and ST188. One isolate was untypeable by MLST
because no PCR product could be generated repeatedly for
the gmk gene. All S. aureus isolates that were analyzed by
MLST were from Semarang.

DISCUSSION

In this study, we showed that MRSA were present in the
hospital setting in Indonesia, although significant geographi-
cal variations exist. The carriage rate among surgery patients
screened at discharge was highest in the two hospitals on the
island of Java, i.e., 8.0% in Malang and 5.9% in Semarang,
versus 0.4% in Denpasar on the island of Bali. Of importance,
in our previous 2001–2002 study, no MRSA was found among
patients at discharge in Semarang19,29; we now uncovered
endemicity of ST239-MRSA-SCCmec type III in the same
hospital in Semarang several years later. It has been shown
by mathematical modeling that the ST239-MRSA-SCCmec

type III lineage exhibits an enhanced transmissibility compared
with other lineages that could explain its successful spread30;
this clone is notable for causing prolonged epidemics that are
difficult to control in hospitals worldwide, and it is the domi-
nant sequence type in Asia. Raman spectroscopy, a method
that attains 95.2% concordance with pulsed-field gel electro-
phoresis,25 sub-divided isolates belonging to this clone into
several sub-clones or RTs, of which RT 24 was the most com-
mon. This RT 24 was not only carried by discharge patients but
also by contact patients, and contaminated and persisted in a
surgical ward of the Semarang hospital over a 14-month period.
In such an endemic situation, it is not possible to determine a
single (point) source of the MRSA. The RT 24 was also the
most frequently found type in Malang hospital, suggesting that
this type has also become endemic in that setting. The RT 38,
another ST239 sub-clone, was prevalent in another surgical
ward in the hospital in Semarang, and was also found in
Malang hospital (N = 4 isolates).
The MRSA isolates from Sanglah hospital, Denpasar, on

the Bali Island clustered in RT 15, RT 48, and RT 51, indicat-
ing that the epidemiology of MRSA in Bali differs from that
in the two Javanese hospitals.
Interestingly, health care workers were not identified as

carriers of MRSA. Although health care workers are gener-
ally considered reservoirs for MRSA, this may not be the case
in these Indonesian settings. We hypothesize that health care
workers may be colonized with other Staphylococcus species,
such as S. sciuri,31 or PVL-positive MSSA, which may protect
their mucosa from colonization by MRSA. This interference
hypothesis, however, needs to be explored further.
In this study, we presented the first risk factors analysis

related to MRSA carriage in Indonesian hospitals. According
to the multivariate analysis, being male, length of hospitaliza-
tion, and antibiotic therapy during admission were associated
with MRSA carriage among discharge patients, in addition to
the determinant city as described previously (P < 0.05). Indeed,

these risk factors are in agreement with multiple studies on the
nasal carriage of MRSA,1,32–35 however no information about
these in Indonesian hospital settings has been presented before.
The PVL-positive MSSA were detected in patients at dis-

charge in Semarang andMalang hospitals (PVL-positive MSSA

carriage rate ranged between 1.0% and 2.3%) and these data

are in agreement with previous reports from Indonesia.20,36

However, the prevalence of PVL-positive MSSA among health

care workers in Semarang in this study was remarkably high

(10.3%). The consequence of this finding is not yet clear. As

hypothesized previously, it could provide protection against

colonization by other strains of S. aureus, including MRSA.
Two isolates of PVL-positive MSSA from patients hospital-

ized in Semarang were confirmed as ST121 and ST188 byMLST.

Both sequence types were also found among PVL-positive

MSSA in Surabaya, another city in East Java, Indonesia in

2001–2002.20 A more recent study reported that ST188 PVL-

positive MSSA was predominant among discharge patients

in Malaysia.37

In concordance with other studies, we did not find PVL-

positive MRSA in Indonesia.20,36 However, the emergence of

such strains is not unlikely because of possible horizontal

transfer of the mecA gene to PVL-positive MSSA.38 Of note,

some PVL-positive MSSA clustered in RT 24, together with

ST239-MRSA-SCCmec type III isolates.
This study has some limitations. First, we did not ascertain

whether the MRSA was acquired in the hospital or before

admission, because we did not screen the patients at the time

of their admission. Although Raman spectroscopy, MLST,

and SCCmec typing indicated predominance of typical hospi-

tal-acquired MRSA strains, acquisition of such MRSA in the

community setting may occur. For example, the single MRSA

isolate with a type V SCCmec from a patient in Malang could

have been acquired in the community. Second, screening of

secondary cases in Dr. Saiful Anwar hospital, Malang was not

conducted. Consequently, we could not analyze the possible

MRSA transmission to the secondary cases at that study site.

Third, genetic confirmation with MLST was not performed

for all S. aureus isolates.
In summary, the prevalence of MRSA among patients in

surgery wards in Indonesian hospitals was high in comparison

with our earlier analysis, although geographical variations

exist. We showed that an endemic situation occurred in

Semarang. Therefore, targeted intervention measures includ-

ing hand hygiene, isolation procedures, cleaning of hospital

environment, screening, and decolonization of patients are

required to reduce the MRSA acquisition rate in Indonesian

hospitals. Recent studies reported that selective MRSA

screening to high-risk colonization patients (e.g., patients at

intensive care unit admission) and patients detected as MRSA

carrier previously will reduce the prevalence of MRSA more

efficiently than universal screening at hospital admission.6,39

Such a strategy should also be developed for other settings. In

addition, it is necessary to study clinical isolates and the bur-

den of disease caused by MRSA in Indonesian hospitals.
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Juliëtte A. Severin and Henri A. Verbrugh, Department of Medical
Microbiology and Infectious Diseases, Erasmus University Medical
Center, Rotterdam, The Netherlands, E-mails: j.severin@erasmusmc.nl
and h.a.verbrugh@erasmusmc.nl.

Reprint requests: Dewi Santosaningsih, Department of Microbiol-
ogy, Faculty of Medicine, Brawijaya University, Jl. Veteran, Malang,
Indonesia, E-mails: dewi_santosa@yahoo.com or dewisantosaningsih@
gmail.com.

REFERENCES

1. Kluytmans JA, van Belkum A, Verbrugh HA, 1997. Nasal car-
riage of Staphylococcus aureus: epidemiology, underlying mech-
anisms, and associated risks. Clin Microbiol Rev 10: 505–520.

2. Alvarez JA, Ramirez AJ, Mojica-Larrea M, Jdel RH, Guerrero
JD, Rolon AL, Medina H, Munoz JM, Mosqueda JL, Macias
AE, Sifuentes-Osornio J, 2009. Methicillin-resistant Staphylo-
coccus aureus at a general hospital: epidemiological overview
between 2000 and 2007. Rev Invest Clin 61: 98–103.

3. Burlage RS, Mahdi N, 2009. A novel molecular pattern for
methicillin-resistant Staphylococcus aureus in Milwaukee,
WI clinical isolates. Diagn Microbiol Infect Dis 63: 296–301.

4. Choi CS, Yin CS, Bakar AA, Sakewi Z, Naing NN, Jamal F,
Othman N, 2006. Nasal carriage of Staphylococcus aureus
among healthy adults. J Microbiol Immunol Infect 39: 458–464.

5. Grundmann HA, Aires-de-Sousa M, Boyce J, Tiemersma E,
2006. Emergence and resurgence of methicillin-resistant Staph-
ylococcus aureus as a public health threat. Lancet 368: 874–875.

6. Johnston BL, Bryce E, 2009. Hospital infection control strategies
for vancomycin-resistant enterococcus, methicillin-resistant

Staphylococcus aureus and Clostridium difficile. CMAJ 180:
627–631.

7. Kwon JC, Kim SH, Park SH, Choi SM, Lee DG, Choi JH, Park C,
Shin NY, Yoo JH, 2011. Molecular epidemiologic analysis of
methicillin-resistant Staphylococcus aureus isolates from bac-
teremia and nasal colonization at 10 intensive care units: mul-
ticenter prospective study in Korea. J Korean Med Sci 26: 604–
611.

8. Zinn CS, Westh H, Rosdahl VT; the Sarisa Study Group, 2004.
An international multicenter study of antimicrobial resistance
and typing of hospital Staphylococcus aureus isolates from 21
laboratories in 19 countries or states. Microb Drug Resist 10:
160–168.

9. Ben-David DM, Parenteau S, 2008. Methicillin-resistant Staphy-
lococcus aureus transmission: the possible importance of unrec-
ognized health care worker carriage. Am J Infect Control 36:
93–97.

10. Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR,
2004. Methicillin-resistant Staphylococcus aureus (MRSA)
nares colonization at hospital admission and its effect on sub-
sequent MRSA infection. CID 39: 776–782.

11. Fishbain JT, Lee JC, Nguyen HD, Mikita JA, Mikita CP,
Uyehara CF, Hosphental DR, 2003. Nosocomial transmission
of methicillin-resistant Staphylococcus aureus: a blinded study
to establish baseline acquisition rates. Infect Control Hosp
Epidemiol 24: 415–421.

12. Lucet JC, Paoletti X, Demontpion C, Degrave M, Vanjak D,
Vincent C, Andremont A, Jarlier V, Mentre F, Nicolas-
Chanoine MH, 2009. Carriage of methicillin-resistant Staphy-
lococcus aureus in home care settings: prevalence, duration,
and transmission to household members. Arch Intern Med
169: 1372–1378.

13. Moore C, Dhaliwal J, Tong A, Eden S, Wigston C, Willey B,
McGeer A, 2008. Risk factors for methicillin-resistant Staphy-
lococcus aureus (MRSA) acquisition in roommate contacts of
patients colonized or infected with MRSA in an acute-care
hospital. Infect Control Hosp Epidemiol 29: 600–606.

14. Boyce JM, 2007. Environmental contamination makes an impor-
tant contribution to hospital infection. J Hosp Infect 65: 50–54.

15. Hardy KJ, Oppenheim BA, Gossain S, Gao F, Hawkey PM, 2006.
A study of the relationship between environmental contamina-
tion with methicillin-resistant Staphylococcus aureus (MRSA)
and patients’ acquisition of MRSA. Infect Control Hosp
Epidemiol 27: 127–132.

16. Sexton T, Clarke P, O’Neill E, Dillane T, Humphreys H, 2006.
Environmental reservoirs of methicillin-resistant Staphylococ-
cus aureus in isolation rooms: correlation with patient isolates
and implications for hospital hygiene. J Hosp Infect 62: 187–194.

17. Shigeharu O, Suenaga S, Sawa A, Kamiya A, 2007. Association
between isolation sites of methicillin-resistant Staphylococcus
aureus (MRSA) in patients with MRSA-positive body sites and
MRSA contamination in their surrounding environmental sur-
faces. Jpn J Infect Dis 60: 367–369.

18. Aizen E, Ljubuncic Z, Ljubuncic P, Aizen I, Potasman I, 2007.
Risk factors for methicillin-resistant Staphylococcus aureus
colonization in a geriatric rehabilitation hospital. J Gerontol A
Biol Sci Med Sci 62: 1152–1156.

19. Lestari ES, Severin JA, Fillus PMG, Kuntaman K, Duerink DO,
Hadi U, Wahjono H, Verbrugh HA, 2008. Antimicrobial resis-
tance among commensal isolates of Escherichia coli and Staph-
ylococcus aureus in the Indonesian population inside and
outside hospitals. Eur J Clin Microbiol Infect Dis 27: 45–51.

20. Severin JA, Lestari ES, Kuntaman K, Melles DC, Pastink M,
Peeters JK, Snijders SV, Hadi U, Duerink DO, van Belkum
A, Verbrugh HA, 2008. Unusually high prevalence of Panton-
Valentine leukocidin genes among methicillin-sensitive Staph-
ylococcus aureus strains carried in the Indonesian population. J
Clin Microbiol 46: 1989–1995.

21. Lina G, Plemont Y, Godall-Gamot F, Bes M, Peter M-O,
Gauduchon V, Vandenesch F, Etienne J, 1999. Involvement
of Panton-Valentine leukocidin-producing Staphylococcus
aureus in primary skin infections and pneumonia. CID 29:
1128–1132.

22. Melles DC, Gorkink RF, Boelens HA, Snijders SV, Peeters JK,
Moorhouse MJ, van der Spek PJ, van Leeuwen WB, Simons
G, Verbrugh HA, van Belkum A, 2004. Natural population

EPIDEMIOLOGY OF S. AUREUS IN INDONESIA 733



dynamics and expansion of pathogenic clones of Staphylococ-
cus aureus. J Clin Invest 114: 1732–1740.

23. Murakami K, Minamide W, Wada K, Nakamura E, Teraoka H,
Watanabe S, 1991. Identification of methicillin-resistant strains
of staphylococci by polymerase chain reaction. J Clin
Microbiol 29: 2240–2244.

24. Milheirico C, Oliveira DC, de Lencastre H, 2007. Update to the
multiplex PCR strategy for assignment of mec element types
in Staphylococcus aureus. Antimicrob Agents Chemother 51:
3374–3377.

25. Te Witt R, Vaessen N, Melles DC, Lekkerkerk WS, van der
Zwaan EA, Zandijk WH, Severin JA, Vos MC, 2013. Good
performance of SpectraCellRA system for typing of methicillin-
resistant Staphylococcus aureus (MRSA). J Clin Microbiol 51:
1434–1438.

26. Willemse-Erix DF, Scholtes-Timmerman MJ, Jachtenberg JW,
van Leeuwen WB, Horst-Kreft D, Bakker Schut TC,
Deurenberg RH, Puppels GJ, van BelkumA, VosMC,Maquelin
K, 2009. Optical fingerprinting in bacterial epidemiology: Raman
spectroscopy as a real-time typing method. J Clin Microbiol
47: 652–659.

27. Willemse-Erix D, Bakker-Schut T, Slagboom-Bax F, Jachtenberg
JW, Toom NL, Papagiannitsis CC, Kuntaman K, Puppels G,
van Belkum A, Severin J, Goessens W, Maquelin K, 2012.
Rapid typing of extended-spectrum beta-lactamase- and
carbapenemase- producing Escherichia coli and Klebsiella
pneumoniae isolates by use of spectraCell RA. J Clin Microbiol
50: 1370–1375.

28. Enright MC, Day NPJ, Davies CE, Peacock SJ, Spratt BG,
2000. Multilocus sequence typing for characterization of
methicillin-resistant and methicillin-susceptible clones of
Staphylococcus aureus. J Clin Microbiol 38: 1008–1015.

29. Lestari ES, Duerink DO, Hadi U, Severin JA, Nagerlkerke NJ,
Kuntaman K, Wahjono H, Gardjito W, Soejoenoes A, van den
Broek PJ, Keuter M, Gyssens IC, Verbrugh HA, 2010. Deter-
minants of carriage of resistant Staphylococcus aureus among
S. aureus carriers in the Indonesian population inside and out-
side hospitals. Trop Med Int Health 15: 1235–1243.

30. Cooper BS, Batra R, Wyncoll D, Tosas O, Edgeworth JD, 2012.
Quantifying type-specific reproduction numbers for nosoco-
mial pathogens: evidence for heightened transmission of an
Asian sequence Type 239 MRSA clone. PLOS Computational
Biology 8: 1–13.

31. Severin JA, Lestari ES, Kuntaman K, Pastink M, Snijders SV,
Toom NL, Horst-Kreft D, Hadi U, Duerink DO, Goessens
WH, Fluit AC, van Wamel W, van Belkum A, Verbrugh HA,
2010. Nasal carriage of methicillin-resistant and methicillin
sensitive strains of Staphylococcus sciuri in the Indonesian
population: epidemiology and risk factors. Antimicrob Agents
Chemother 54: 5413–5417.

32. Jariyasethpong T, Tribuddharat C, Dejsirilert S, Kerdsin A,
Tishyadhigama P, Rahule S, Sawanpanyalert P, Yosapol P,
Aswapokee N, 2010. MRSA carriage in a tertiary govern-
mental hospital in Thailand: emphasis on prevalence and
molecular epidemiology. Eur J Clin Microbiol Infect Dis
29: 977–985.

33. Mathanraj S, Sujatha S, Sivasangeetha K, Parija SC, 2009.
Screening for methicillin-resistant Staphylococcus aureus
carriers among patients and health care workers of a ter-
tiary care hospital in south India. Indian J Med Microbiol
27: 62–64.

34. Sivaraman K, Venkataraman N, Cole AM, 2009. Staphylococcus
aureus nasal carriage and its contributing factors. Future
Microbiol 4: 999–1008.

35. Tacconelli E, De Angelis G, Cataldo MA, Mantengoli E, Spanu
T, Pan A, Corti G, Radice A, Stolzuoli L, Antinori S, Paradisi
F, Carosi G, Bernabei R, Antonelli M, Fadda G, Rossolini
GM, Cauda R, 2009. Antibiotic usage and risk of coloniza-
tion and infection with antibiotic-resistant bacteria a hospital
population-based study. Antimicrob Agents Chemother 53:
4264–4269.

36. Deurenberg RH, Beisser PS, Visschers MJ, Driessen C,
Stobberingh EE, 2010. Molecular typing of methicillin-susceptible
Staphylococcus aureus isolates collected in the Yogyakarta area
in Indonesia, 2006. Clin Microbiol Infect 16: 92–94.

37. Neela VK, Ehsanollah GR, Zamberi S, van Belkum A, Mariana
NS, 2009. Prevalence of Panton-Valentine leukocidin genes
among carriage and invasive Staphylococcus aureus isolates in
Malaysia. Int J Infect Dis 13: e131–e132.

38. Boyle-Vavra S, Daum RS, 2007. Community-acquired methicillin-
resistant Staphylococcus aureus: the role of Panton-Valentine
leukocidin. Lab Invest 87: 3–9.

39. Gurieva T, Bootsma MC, Bonten MJ, 2013. Cost and effects of
different admission screening strategies to control the spread
of methicillin-resistant Staphylococcus aureus. PLOS Comput
Biol 9: 1–11.

734 SANTOSANINGSIH AND OTHERS


