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Abstract. Data of Staphylococcus aureus carriage in Indonesian hospitals are scarce, Therefore, the epidemiology of
§. aureus among surgery patients in three academic hospitals in Indonesia was studied. In total, 366 of 1502 (24.4%)

patients carried 8. aureus. The methicillin-resistant S, aureus
carried Panton-Valentine leukocidin (FVL)-positive methicillin-sensitive 5, aureus

(MRSA) carriage rate was 4.3%, whereas 1. 5% of the patients

(MSSA), Semarang and Malang city

(odds ratio [OR] 94 and OR 9.0), being male (OR 2.4), hospitalization for more than § days (OR 11.708). and antibiotic

therapy during hospitalization

{OR 2.6) were independent determinants for MRSA carriage, wheress 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 comespanding to ST239-MRSA-SCCirtec type TIL. Tn concla-
sion, MRSA and PVL-positive MSSA are present among patiénts in surgical wards in Indonesian academic hospitals.

INTRODUCTION

Carriage of Staphylococeus awreus is a risk factor for subse-
quent infection in various settings.' Antibiotic treatments of
staphylococcal infections has become more challenging over
the past decudes with the emergence of methicillin-resistant
S, aureus (MRSA). Nowadays, MRSA is a persistent problem
in many healtheare settings around the world *™* Undetected
MRSA-pasilive patients serve as reservairs, and roommates
of such patients and health care personnel are at significant
risk of becoming eolonized "' In addition, MRSA-positive
persons contaminate the hospital’s environment turning it
into a reservoir for other patients.** 7 After discharge from
hospital, MRS A-positive patients may transmit their strain to
their househald members **

Knowledge of the prevalence of MRSA colonization and
the frequency of transmission is vital for the implementation
of MRSA infection control measures in hospitals. " However,
little is known about the current cpidemiology of MRSA in
health care settings in Indonesia, Severin and others reported
thal among 98 5. aurews isolates from 999 patients sereened a1
discharge in 2001-2002 in two cities on the island of Java
(Semarang and Surabaya), only two strains were identified as
MPSA (carriage ate 0.2%).%% Among 263 isolates from
healthy persons, patients in the community, and patients at the
time of admission to the hospital, not 2 single MRSA was
found. However, an unaxpectedly high prevalence of Panton-
Valentine leukocidin (PVL) genes among methicillin-sensitive
8. aureus (MSSA) was documented among both patients and
healthy individuals. This was of concern, hecause PVL-
positive strains arc associated with skin infections and severs
necrotizing preumonia’! In this study, we aimed 1o g£ain
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more insight in the more recent epidemiclogy of MRSA and
& aureus harboring the pv! genes in the Indonesian hospital
setting to develop targeted preventive messures. Similar to
the study described by Lestari and others,"” we performed a
multicenter study focused on patients at discharge. Molecu-
lar characterization of §. 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-pasitive (i, 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 znviron-
ment where index cases had been admitted was condueted,
In case more than one index case was found within a week,
the screening for secondary cases in the hospilal 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 thaa
Denpasar and Semarang were excluded for housshald mem-
bers and houschold 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 5. awreus carriage. Samples were obtained
using sterile dry cotton swabs (Deltalab, Rubi, 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,
bloed 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 (TTK
Diagnostics, Uithaorn, The Netherlands) for 24-48 hours
incubation at 37°C. Typical colonies of §. murews and MRSA
were stored into trypticase soy agar. Confirmation of 5. aurews
was performed by Slidex Staph Plus (bioMérieux, Marcy
I'Etoile, France) and the Vitek2 system (bioMérieux).

DNA extraction and detection of mecd and pvl genes.
Bacterial DNA was extracted using a MagNa Pure LC DNA
system (DNA isolation kit IIT; Roche Molecular Biochemi-
cals, Mannheim, Germany).” The DNA concentralion was
measured spectrophotometrically and samples were stored at
—20°C, Detection of mecA and pvl genes were performed bzy
polymerase chain reaction (PCR) as previously described ' 2

SCCmec typing. The staphylococcal casselte chromosome
mec (SCCmec) of 5. aureus isolates containing the mecA gene
was characterized using a multiplex PCR that enables the
identification of SCCmec types I to VL™ Positive and nega-
live control strains were included in each PCR run.

Raman spectroscopy. We performed Raman spectroscopy
(SpectraCellRA Bacterial Strain Analyzer, RiverD inlerna-
tional BV, Rotterdam, The Netherlands) to assess clonal rela-
tionship among MRSA and PVL-positive M3SA isolates, as
described previously *# 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 SpeciraCellRA 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 (R?) of the sample
spectra and the known R - distributions of identical and
unrelated isolates.”” For comparing multiple isolates, a sim-
ilarity or two-dimensional plot is ereated where the similar-
ity between each combination of isolates is represented as a
colog-toded square. In this plot, the similarity threshold was
set at a 1% false positive rate, which means that for 1% of
all indistinguishable solates a misidentification as unrelated
is allowed. Two isolates with a similarity below this value
were considercd 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 5. awreus isolates from
the largest clusters generated by Raman spectroscopy were
further analyzed by multilocus sequence typing (MLST).?
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 (erf) 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 screenming on
discharge; contact patients were patients having shared the
room with an index cases: secondary cases were patients,
health care workers, hospital environment, houschold 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 specitoscopy.

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 5. aureus among
these was 9.4% (46 of 488) in Denpasar, 32.4% (206 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). Sraphyviococcus 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 (¥ = 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. Sccond-
ary cases were only found in Semarang: contact patients,
24 of 200 (12.0%) from 54 index cases; hospital environment,
I of 132 (0.8%) from 3 index cases; and household member,
Laf 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 carrisge 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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TasLE 3

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

Number of Bodates (%)

SCCmec type Dﬁ.“:"‘fi“ it m”‘"]‘%% fneim)

I 0 2(18) 0 2(1.6)
1-des 2(50.0) 0 0 2(1.6)
1 0 0 0 0

11 - kdp 0 1(0.9) 0 1{0.8)
11 2(300) 107 (%64) 1(3L7)  120(%4.4)
M-meet 0 1(08) 0 1{0.8)
v 0 0 0 ]

v 0 0 1(43) 1{0.8)
Vi 0 0 0 0

*SCCmer = slapbdococcal cassetie chromosoene mer; MRSA = methicdlin-resisast
Staphyiococns s

hospital environment, and household members. One other
MRSA isolate from discharge patient was missing. Type [II
SCCrmec was the main type (94.4%). However, we found
few izolates containing type I, type I-des, type Il-kdp, and
type 11T variant (type Ill-mec) in Semarang and Denpasar.
Type Il-mecl is an isolate that was characterized by SCCrmec
multiplex PCR by the presence of a pattern very similar to
the SCCmec type 11 but lacking the band corresponding to
the amplification of the mecl gene. Interestingly, one SCCmec

Claer2l |

Fioure 1. Clustering of methicillin-resistant  Staphylococcus
aurews (MRSA) end Panton-Valentine leukocidin (PVL)-positive
methicillin-sensitive § aurews (M55A) 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 mdicate isnlates ndistinguishable based on the
i alated
lates are
shown by vellow areas to orange areas gradually, Cluster 21 includes
MRSA isolutes from Semarang 3 isolates from sicharge patients
and 2 isofates from contact patients. O 2 ains MRSA
isolates [rom 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, | isolate from contact patient, and & iso-
lates from health care workers. Cluster 38 i consisted of MRSA iso-
Iates from Semarang and Malang: 21 isolates from discharge patients
and 4 isolates from contact patients, Ong PVL-positive MSSA isalate
beloags to cluster 38,

B Disaboaryge puticaia
Lt pahenns
B Anagital it
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L

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

type V was detected from a discharge patient in Malang
(Table 3).

Raman spectroscopy. We carried out Raman spectros-
copy for 162 §. gureus isolates comsisting of 127 MRSA
and 35 PVL-positive M3SA. The 8. 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
. aureus including 61 MRSA and 14 PVL-positive MSSA.
The MRSA isolates werg obtained from discharge patients
(40 isolates), conlact patients (18 isolates), hospital environ-
ment (1 isolate), and househoid members (2 isolates), which
were mostly (54 isolates) from Dr. Kariadi hospital in Semarang,
The RT 24 PVL-positive MSSA isolales 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 5. anrews isolates, respectively,

Figure 2 shows the endemicity profile of RT 24 MRSA
in the surgery ward in De. Kariadi hospital, Interestingly,
7 MRSA isolates from Malang were includad in the RT 24
together with MRS A 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

Tase 4
Bacterial typing of selected methicillin-resistant Staphyiococcus
aurers (MRSA) isolates from discharge patients in Indonesia®

Isulabes mumber 5T
21 m 239
o3 m 239
M i 239
4 m 29
35 # ND
k] m 9
k] L] 239
kL # 121
40 ¢ 188
43 i 28

*SCCmer = staphylocecesl casseine chromosemie mec 5T = sequence type: & = PYL-
prsitive M55A
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from Denpasar could be desig
(1 isolate), and RT 51 (1 isolate).
MLST analysis. We randomly selected 10 5. 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 elusters belonged to ST239
(Table 4). The PVL-positive MSSA isolates were assigned to
ST121 and STI88. One isolate was untypeable by MLST
because no PCR product could be generated repeatedly for
the gmk gene. All 8. aureus isolates that were analyzed by
MLST were from Semarang.

ed RT 15 (2 isolates), RT 48

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, ie., 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 Semarang®?®, 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-SCCriec
type 11 lineage exhibits an enhanced transmissibility compared
with other lineages that could explain its successful spread™;
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 speclroscopy, a method
that attains 95.2% concordance with pulsed-field gel electro-
phoresis™ sub-divided isolates belonging to this clone into
several sub-clones or RTs, of which R'T 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 alsa 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 (¥ = 4 isolates),

The MRSA isolates from Sanglah hospital, Denpasar, on
the Bali Island clustercd 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 MESA, 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 §. sciuri,” or PVL-positive MSSA, which may protect
their mucosa from colonization by MRSA, This mterference
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 anlibiotic 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,“** however no information about
these in Indonesian hospital settings has been presented before,

The PVL-pesitive MSSA were detected in patients at dis-
charge in Semarang and Malang hospitals (PVL-positive MSSA
carriage rate ranged between 1.0% and 2.3%) and these data
are in agreement with previcus reports from Indonesia 276
However, the prevalence of PVL-positive MSSA among health
care workers in Semarang in this study was remarkably high
(103%). 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 by MLST.
Both sequence types were also found among PVL-positive
MSSA in Surabaya, another city in East Java, Indonesia in
20012002 A more recent study reported that ST188 PVL-
positive M3SA was predominant among discharge patients
in Malaysia,™

In concordance with other studies, we did not find PVL-
positive MRSA in Indonesia ®** However, the emergence of
such strains is not unlikely because of possible horizontal
transfer of the mecA gene to PVL-positive MSSA.* Of note,
some PVL-positive MSSA clustered in RT 24, together with
ST239-MRSA-SCCmec type 111 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 lime
of their admission. Although FRaman speetroscopy, 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 ¥ 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 paossible
MRSA transmission to the secondary cases at that study site.
Third, genetic confirmation with MLST was not performed
for all §. aurens isolates.

In summary, the prevalence of MRSA among patients in
surgery wasds in Indonesian hospitals was high in comparison
with our earlicr 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, snd decolonization of patients are
required to reduce the MRSA acquisition rdté in Indonesian
hospilals. Recent studies reported that selective MRSA
sereening to high-risk colonization patients (c.g., patients at
intensive care unit admission) and patients detected as MRSA
carrier previously will reduce the prevalence of MRSA mors
efficiently than universal screening at hospital admission.™™
Such a strategy should also be developed for other seitings. In
addition, it is necessary 1o'study clinieal isolates and the bur-
den of disease caused by MRSA in Indonesian hospitals.
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