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Abstract

Background: To characterize the methicillin-resistant Staphylococcus aureus (MRSA) clones
present in Istanbul, 102 MRSA isolates collected during a 5-year period at the Istanbul Medical
Faculty Hospital were characterized using microarray analysis and phenotypic resistance profiles.

Methods: Resistance to methicillin was detected with a cefoxitin disk diffusion assay and con-
firmed with a MRSA-agar and MRSA detection kit. Antimicrobial susceptibility testing was per-
formed by a disk diffusion assay and interpreted according to the 2012 guidelines of the Antibi-
ogram Committee of the French Society for Microbiology. Decreased susceptibility to glycopep-
tides was confirmed using the population analysis profile—area under the curve (PAP-AUC)
method. The presence of the mecA gene was detected by polymerase chain reaction. Bacterial
DNA was extracted according to the manufacturer’s recommended protocol using commercial
extraction kits. Strains were extensively characterized using the DNA microarray.

Results: Isolates were grouped into six clonal complexes. The most frequently detected clone
was the Vienna/Hungarian/Brazilian clone (ST239-MRSA-Ill), which accounted for 53.9% of the
isolates. These isolates were resistant to multiple antibiotics, particularly penicillin, tetracycline,
rifampicin, kanamycin, tobramycin, gentamicin, levofloxacin, erythromycin, lincomycin and
fosfomycin. Furthermore, three isolates were detected by population analysis profile as hetero-
geneous vancomycin-intermediate S. aureus (hVISA). The UK-EMRSA-15 clone (ST22-MRSA-IV
PVL negative) was detected in 9.8% of the isolates and was mainly susceptible to all an-
ti-staphylococcal antibiotics. Seven isolates (6.9%) were positive for PVL genes and were assigned
to the CC80-MRSA-IV clone (European CA-MRSA clone, three isolates), ST8-MRSA-IV clone
(USA300 clone, two isolates, one ACME-positive) or ST22-MRSA-IV clone (“Regensburg EMRSA”
clone, two isolates). All other clones were detected in one to six isolates and corresponded to
well-known clones (e.g., Pediatric clone, Dublin EMRSA clone, WA MRSA-54/63, WA
MRSA-1/57).

Conclusions: This work highlighted both the high prevalence of ST239-MRSA-Ill clone and the
large diversity of the other MRSA clones detected in a university hospital in Istanbul.
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BACKGROUND

Staphylococcus aureus is both a commensal and a  emerged and disseminated worldwide [1]. MRSA
pathogenic bacterium that is involved in pyogenic  were initially associated with hospital-acquired (HA)
and toxic infections. Since the early 1960s, methicil-  infections and, since the 2000s, with communi-
lin-resistant Staphylococcus aureus (MRSA) clones have  ty-acquired (CA) infections. CA-MRSA strains fre-
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quently contain the genes encoding Panton-Valentine
leukocidin (PVL). MRSA clones have mainly been
characterized by multilocus sequence typing (MLST)
and other molecular techniques, including
pulsed-field gel electrophoresis (PFGE), protein A
(spa) typing and SCCmec typing. Microarray is the
most recently developed tool and is well adapted to
characterize MRSA clones [2,3].

In Turkey, studies of MRSA have mainly char-
acterized the prevalence of MRSA infections and the
SCCmec types of the strains, but few articles have de-
scribed the molecular characteristics of MRSA. The
prevalence of MRSA in Turkey varies considerably for
HA-MRSA, from 12 to 75%, as reported in a study
performed in eight Turkish hospitals [4]. The preva-
lence of community-acquired MRSA appears to be
low (1-3%) in Turkey [5,6]. Both CA- and HA-MRSA
strains in Turkey may contain PVL genes [7-9], and
more than 80% of the strains have SCCmec type Il
(mainly in HA-MRSA) or, less frequently, SCCmec
type Illb, IV and V (the latter two mainly in
CA-MRSA) [4, 5,7, 9, 10]. Rare isolates with SCCmec
type I and II have also been reported [7]. The strains
with SCCmec type III are usually resistant to multiple
antibiotics, in contrast to the SCCmec type IV or V
strains [7]. A total of 46 MRSA strains with hetero-
resistance to vancomycin (hVISA) have also been re-
ported in Turkey [11]. With respect to MRSA se-
quence types (STs) described in Turkey, two MRSA
isolates of ST30 were characterized from nasal swabs
of healthy children in a study in which 4,050 children
were screened for nasal carriage of S.aureus [5], as
well as 53 MRSA isolates of ST239 from human infec-
tions [4]. In a study by Turkyilmaz et al. [12], 14 and
two isolates of MRSA from bovine mastitis were re-
ported to be ST239 or ST8, respectively.

In the present study, 102 MRSA isolates collected
during a 5-year period at the Istanbul Medical Faculty
Hospital were characterized by microarray analysis
[2,3] and tested for antimicrobial susceptibility. We
observed a high diversity of MRSA clones, with two
prevalent clones: 53.9% of MRSA isolates were
ST239-MRSA-III and 9.8% were ST22-MRSA-IV.
PVL-positive MRSA represented 6.9% of the isolates
and were identified as the ST80-MRSA-IV European
CA-MRSA clone (three isolates), ST8-MRSA-IV
USA300 (two isolates, one ACME-positive) and
ST22-MRSA-IV “Regensburg EMRSA” (two isolates).

METHODS

Bacterial strains and isolates

From September 2007 to March 2012, all MRSA
isolates cultured from patient samples at the Istanbul
Medical Faculty Hospital were collected. Resistance to

methicillin was detected with a cefoxitin disk diffu-
sion assay and confirmed with a MRSA-agar and
MRSA detection kit (bioMérieux, Marcy [I'Etoile,
France). The presence of the mecA gene was detected
by polymerase chain reaction (PCR) [13].

During this 5-year period, a total of 102 MRSA
isolates were collected from 88 clinical samples from
85 patients. Most of the patients were male (53 of 85,
62%). The median age was 49 years (range, <1 to 90
years). Of the patients, 40 (47%) were admitted at the
hospital, and 45 (53%) were from out-patient clinics.
MRSA strains were isolated from skin and soft tissue
infections (54.9%), respiratory tract infections (17.6%),
bloodstream infections (16.7%) and from other sites of
infection (i.e., urinary tract, intra-abdominal, osteoar-
ticular and ocular infections, 10.8%).

Characterization of strains by microarray

Bacterial DNA was extracted according to the
manufacturer’s recommended protocol using com-
mercial extraction kits (Qiagen, Hilden, Germany).
Strains were extensively characterized using the DNA
microarray Identibac S.aureus Genotyping® (Alere
Technologies, Jena, Germany). This diagnostic DNA
microarray, as well as related procedures and proto-
cols, were described in detail in a previous study [3].
The microarray covers 332 different target sequences
corresponding to approximately 185 distinct genes
and their allelic variants and includes species mark-
ers, resistance genes, exotoxins such as PVL,
MSCRAMM genes and SCCmec, capsule and agr
group typing markers. The assignation of isolates to
clonal complexes (CCs) was determined by compar-
ing the hybridization profiles to previously typed
MLST reference strains [2,3].

Determination of antimicrobial resistance
patterns

Antimicrobial susceptibility testing was per-
formed by a disk diffusion assay and interpreted ac-
cording to the 2012 guidelines of the Antibiogram
Committee of the French Society for Microbiology
(CA-SFM). The following panel of antibiotics was
tested: penicillin, cefoxitin, kanamycin, tobramycin,
gentamicin, chloramphenicol, erythromycin, linco-
mycin, pristinamycin, tetracycline, rifampicin, cotri-
moxazole, levofloxacin, fosfomycin, fusidic acid and
linezolid.

Glycopeptide susceptibility was assessed for the
most frequently detected MRSA clone
(ST239-MRSA-III).  Standard  vancomycin  and
teicoplanin minimal inhibitory concentrations (MICs)
were determined by a standard Etest® (bioMérieux)
using a 0.5 McFarland (McF) inoculum on
Mueller-Hinton agar incubated for 24 hours. Accord-
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ing to the 2012 guidelines of the CA-SFM, the break-
point for susceptibility to glycopeptides is 2 mg/L.
Screening for hVISA was determined by Etest®
(bioMérieux) with a 2 McF inoculum on brain heart
infusion (BHI) agar incubated for 48 hours. Visible
growth at > 8 mg/L for vancomycin and teicoplanin
or 212 mg/L for teicoplanin only in the Etest® with a
2 MCcF inoculum was considered a positive test result
(14). Decreased susceptibility to glycopeptides was
confirmed using the population analysis profile-area
under the curve (PAP-AUC) method. The PAP-AUC
was determined for selected isolates by spreading 50
pL of a 2 McF bacterial suspension in BHI onto BHI
agar plates containing increasing concentrations of
vancomycin (ranging from 1 to 8 mg/L in 1 mg/L
increments). After incubation at 37°C for 48 hours, the
number of colonies was counted and graphed as log10
CFU/mL versus the vancomycin concentration using
GraphPad Prism® (GraphPad, San Diego, CA, USA)
to calculate the area under the curve (AUC) [14].
ATCC29213 (MSSA strain) and Mu3 were included as
control strains in each run. VISA was defined as a
PAP-AUC ratio>1.3, hVISA was defined as a
PAP-AUC ratio of 0.9-1.3, and susceptible MRSA was
defined as a PAP-AUC ratio <0.9 [15].

RESULTS

A high diversity of clones was characterized by
microarray, and the 102 isolates were grouped in six
clonal complexes (CCs) with different prevalences
(Table 1): CC8 (58.9%), CC22 (15.7%), CC97 (8.8%),
CC5 (7.8%), CC1 (5.9%) and CC80 (2.9%). Most of the
MRSA strains were of SCCmec type 111 (55/102, 53.9%)
or type IV (35/102, 34.3%). Other SCCmec types were
rarely detected: type V (5/102, 4.9%) and type Ivar
(3/102, 2.9%). Four isolates could not be assigned a
SCCrmec type based on the microarray analysis; these
were composite types, which correspond to unusual
combinations of SCCmec elements.

The most frequently detected clone was the Vi-
enna/Hungarian/Brazilian clone (ST239-MRSA-III),
which accounted for 53.9% of the isolates. A decrease
of number of ST239-MRSA-III isolates was observed
between the period 2007-2009 (15 to 18 per year) and
the period 2010-2012 (7 to 8 per year), probably in
relation with the efforts made to control MRSA
spreading in hospitals. The ST239-MRSA-III clone
was mostly detected in internal medicine-infectious
diseases and orthopedics departments (respectively,
13 and 18 out of the 55 isolates). Isolates of this clone
were of SCCmec type III and were resistant to multiple
antibiotics, particularly penicillin (100%), tetracycline
(100%), rifampicin (100%), kanamycin, tobramycin,
gentamicin (93%), levofloxacin (93%), erythromycin
(75%), lincomycin (49%), fosfomycin (58%) and

fusidic acid (4%). Various resistance genes were de-
tected in these isolates: the bla operon, ermA, tetM, tet
efflux and fosB in all isolates (55/55, 100%); aacA-aphD
in 52/55 isolates (95%); ermC in 27 /55 isolates (49%);
gac (non specific efflux pump) in 18/55 isolates (33%);
and mupR and cat in a single isolate (2%). Two enter-
otoxin genes were frequently detected in the ST239
isolates: sea (96%) and sek-seq (86%).

E-test screening for hVISA was positive for 19 of
the 55 ST239-MRSA-IIl isolates (34.5%) with
teicoplanin strips (visible growth > 12 mg/L). For
these 19 isolates, visible growth when using vanco-
mycin strips ranged from 3 to 6 mg/L. When using a
0.5 McF inoculum, the median MICs to vancomycin
and teicoplanin did not vary among the 19 suspected
hVISA isolates and the glycopeptide-susceptible iso-
lates. A population analysis profile was generated for
16 randomly selected ST239-MRSA-III isolates, which
included eight suspected hVISA isolates selected by
E-test screening and eight other isolates that were not
hVISA by E-test screening, without induction by
vancomycin, resulting in the detection of a single
hVISA isolate (isolate ST20112190, PAP-AUC ratio
0.99). The same experiment was performed for addi-
tional eight isolates, including four suspected hVISA
isolates and four non-suspected hVISA isolates, ex-
cluding the isolate ST20112190, after induction by 2
mg/L vancomycin in BHI for 72 hours; heterogeneous
resistance to vancomycin occurred in two of the eight
isolates (isolates ST20112172 and 20112135, PAP-AUC
ratios 1.00 and 1.03, respectively).

All other clones were detected in less than 10% of
the isolates but had high diversity (Table 1). The
UK-EMRSA-15 clone (ST22-MRSA-IV PVL-negative)
was detected in 9.8% of the isolates. The temporal
distribution of ST22-MRSA-IV isolates was quite sta-
ble during the study time (2 to 5 isolates per year).
These isolates were mostly isolated in pediatric wards
(5 out of the 10 isolates). UK-EMRSA-15 isolates were
of SCCmec type IV and were mainly susceptible to all
anti-staphylococcal antibiotics with the exception of
one isolate that was resistant to tetracycline (encoded
by the tetK gene). All ST22 isolates were positive for
the bla operon and the enterotoxin gene cluster (egc),
and two were positive for the tst-1 gene.

Of the 102 isolates, seven (6.9%) were positive for
PVL genes and were assigned to three clones: the
CC80-MRSA-1V clone (European CA-MRSA clone) for
three isolates, the ST8-MRSA-IV clone (USA300 clone)
for two isolates and the ST22-MRSA-IV clone (“Re-
gensburg EMRSA” clone) for two isolates. All
PVL-positive MRSA strains were isolated from skin
and soft tissue infections, with the exception of an
isolate cultured from a transtracheal aspiration.
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Table I. Distribution and characteristics of the |02MRSA isolates collected at the Istanbul Medical Faculty Hospital between September

2007 and March 2012.

CC (number MLST assignment Clone assignment (Alere)* Number of % of agr  SCCmec type PVL Antibiotic
of isolates)  (Alere)* isolates isolates type resistance 290% **
CC8 (60) CC8 ST8-MRSA-IV, USA300 2 2.0 1 v + Kan, Ery, Lvx
CC8/ST239 ST239-MRSA-III, Vien- 55 53.9 1 I - Kan, Tob, Gen, Tet,
na/Hungarian/Brazilian Clone Rif, Lvx
CC8/ST72 ST72-MRSA-1V, USA700 3 29 1 v - Tet, Fus
CC22 (16) cC22 ST22-MRSA-IV [PVL+], "Regens- 2 2.0 1 v + Kan, Tob, Ery, Lvx
burg EMRSA"
cC22 ST22-MRSA-IV, "Dublin EMRSA" 1 1.0 1 v -
cC22 ST22-MRSA-1V, 10 9.8 1 v -
Barnim/UK-EMRSA-15
cC22 ST22-MRSA-V 2 2.0 1 Vv -
CcC22 None 1 1.0 1 Composite*** - Ery, Fus
CC97 (9) ccy7 CC97-MRSA-IV, WA MRSA-54/63 6 59 1 v -
CC97 None 3 29 1 Composite*** -
CC5 (8) CCh CC5-MRSA-1V, Pediatric clone 3 29 2 v - Ery, Lin, Lvx
[sed/j/r-negat. subclone]
CC5 CC5-MRSA-Ivar., WA 3 29 2 Ivar - Kan, Tob
MRSA-18/21/48
CC5 CC5-MRSA-V [sed/j/r-posit. sub- 2 2.0 2 \% -
clone], WA MRSA-11/34/35/87
CC1 (6) cC1 CC1-MRSA-IV, WA MRSA-1/57 5 49 3 v -
cC1 CC1-MRSA-V 1 1.0 3 \Y% - Ery, Lvx
CC80 (3) CC80 CC80-MRSA-IV [PVL+], European 3 29 3 v + Kan, Fus
CA-MRSA Clone
Total 102 100.0

*MLST and clone assignments (Alere) correspond to the comparison of the hybridization profiles on the microarray to previously typed MLST reference strains (3, 25).
"None" denotes characterized isolates that do not correspond to any clone whose microarray profile is already known.

** Kan: kanamycin; Tob: tobramycin; Gen: gentamicin; Chl: chloramphenicol; Tet: tetracycline; Ery: erythromycin; Lin: lincomycin; Pri: pristinamycin; Rif: rifampicin; Sxt:

trimethoprim-sulfamethoxazole; Lvx: levofloxacin; Fos: fosfomycin; Fus: fusidic acid.
*** Composite types correspond to unusual combinations of SCCmec elements.

The three isolates of the European CA-MRSA
clone were resistant to penicillin, kanamycin and
fusidic acid. Two were also resistant to tetracycline,
while the third was susceptible to tetracycline and
resistant to rifampicin. All were positive for the bla
operon and the resistance genes for aminoglycosides
and tetracycline (aphA3, sat, tetK and tet Efflux) as
well as for the etd gene. The two isolates of the
USA300 clone were resistant to penicillin, kanamycin,
erythromycin and levofloxacin and were positive for
the bla operon and genes encoding resistance to mac-
rolides (msrA and mpbBM), aminoglycosides (aphA3
and sat), and other antibiotics (fosB and tet Efflux
genes), as well as the sek-seq genes. One of the USA300
clone isolates harbored the arginine catabolic mobile
element (ACME) gene. The two isolates of Regens-
burg EMRSA (ST22-MRSA-IV PVL-positive) were
resistant to penicillin, kanamycin, tobramycin, eryth-
romycin and levofloxacin, and one of the two isolates
was also resistant to gentamicin. Resistance was en-
coded by the ermC gene for erythromycin, by the
aacA-aphD and aadD genes for aminoglycosides and
by the bla operon for penicillin.

All other clones were detected in one to six iso-

lates and corresponded to uncharacterized clones (one
CC22 isolate and three CC97 isolates), to well-known
clones such as the Pediatric clone, or to other de-
scribed clones such as the Dublin EMRSA clone, WA
MRSA-54/63 or WA MRSA-1/57.

DISCUSSION

In this study, microarray analysis of 102 MRSA
isolates collected in an Istanbul hospital revealed a
high diversity of MRSA clones, with a predominance
of two clones: the Vienna/Hungarian/Brazilian clone
S5T239 (accounting for 53.9% of the isolates), which is a
well-known multi-drug resistant HA-MRSA clone,
and the HA-MRSA clone ST22-MRSA-IV
Barnim/UK-EMRSA-15 (accounting for 9.8% of the
isolates). Prior to this study, ST22 had not been de-
scribed in Turkey. This study also revealed the pres-
ence of the PVL genes in 6.9% of the isolates.

The major limitation of this epidemiological
study of MRSA clones is its restriction to a single
hospital of Istanbul. This study does not reflect the
overall MRSA epidemiology in Turkey but clearly
indicates the high diversity of MRSA clones of dif-
ferent geographic origins in a single hospital. This
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diversity can be attributed to the demographic and
geographic characteristics of Istanbul, a city of ap-
proximately 15 million of inhabitants at a crossroad
between Europe and Asia and a center of internation-
al touristic and economic exchange. The diversity of
MRSA clones detected in Istanbul is similar to that
reported for other cities that are considered hubs of
exchange for MRSA clones, such as Singapore [16].
In Turkey, few articles have described the mo-
lecular characteristics of MRSA. In the one of these
studies, van Belkum et al [29] showed that a major
MRSA clone circulated in hospitals in Bursa and An-
kara cities of Turkey. The authors also reported that
the strains from Istanbul had genetic resemblance to
those from Ankara according to preliminary data.
The ST239-MRSA-III lineage was detected in
53.9% of the Istanbul isolates and is a major pandemic
MRSA clone that is frequently isolated in Turkey,
Iran, Saudi Arabia, Hong Kong and China [2]. It be-
longs to clonal complex 8 (CC8) and resulted from the
transfer of an approximately 600-kb fragment of the
ST30 genome into the CC8 parent strain [1, 2]. Com-
plete genome sequences of four ST239 strains have
already been determined (TW20 in London, JKD6008
in New Zealand, T0131 in China and 16K in Russia),
revealing differences in both genomic and mobile
genetic elements. Harris et al. studied the geographic
structure and evolution of ST239 isolates by analyzing
genome-wide single-nucleotide polymorphisms [17].
The three Turkish isolates included in the Harris et al.
study were shown to belong to the European clade,
which is considered the ancestral clade and has a
common ancestor dating to the mid-1950s [18] or the
1960s [17], and not to the South-American or Asian
clades. The worldwide distribution of
ST239-MRSA-III explains the different names of this
clone (e.g., Brazilian, EMRSA-1, -4, -7, -9, -11,
CMRSA-3, Czech, Hungarian or Vienna clones) [17,
18]. It is a HA-MRSA clone that is resistant to multiple
antibiotics, allowing it to disseminate in hospital en-
vironments. Various resistance genes have been de-
scribed in ST239 isolates for macrolides (ermA, ermC),
aminoglycosides (aacA-aphD, aadD, aphA3, sat), tri-
methoprim (dfrA), mupirocin (mupA) and tetracy-
clines (tetK) as well as to antiseptics [2]. In our study,
we identified similar genes: ermA, tetM, tet efflux and
fosB in all isolates (55/55, 100%); aacA-aphD in 52/55
isolates (95%); ermC in 27/55 isolates (49%); qac
(nonspecific efflux pomp) in 18/55 isolates (33%); and
mupR and cat in a single isolate (2%). Note that some
genes, such as ermA and fosB, were frequently de-
tected but were not systematically expressed when
evaluated for an antibiotic resistance phenotype. In a
study by van Hal et al. [19], hVISA isolates were de-
tected by PAP-AUC in 46/311 (14.8%) of the ST239

isolates and not in the other clones. In our study, the
investigation of hVISA isolates of ST239 was con-
ducted with a limited number of isolates with and
without induction by vancomycin. Three isolates
were considered hVISA by PAP-AUC, but the inci-
dence of hVISA was not determined because we did
not perform PAP-AUC for all ST239 isolates. In Tur-
key, Sancak et al. reported that 18% of the 256 MRSA
strains in their study were hVISA [11]. hVISA strains
of the ST239-MRSA-III clone have been shown to
harbor a mutation in the walKR locus, a
two-component regulatory locus involved in drug
resistance and metabolic control (20). PVL was not
observed in ST239 isolates in the current study as in
previous studies [2].

The ST22-MRSA-IV was detected in 9.8% of the
Turkish isolates and is also a pandemic HA-MRSA
clone. It has been described in many countries and is
known as UK-EMRSA-15, Irish AR06, Barnim epi-
demic strain, Spanish PFGE type E13 or Canadian
MRSA-8 [2]. This clone has been associated with both
hospital- and community-acquired infections as well
as with domestic animals such as dogs, cats and
horses. Its higher frequency observed in pediatric
wards in this study had not been previously reported.
ST22-MRSA-IV often harbors the p-lactamase and
ermC genes [2]. In this study, we did not detect
erythromycin ~ resistance  in  the  Turkish
ST22-MRSA-IV PVL-negative isolates, but erythro-
mycin resistance was detected in the two
ST22-MRSA-IV PVL-positive isolates. Variable viru-
lence genes were also detected; the egc locus and
sec-sel genes were frequently detected, while the sea
and fst-1 genes were detected less frequently [2]. The
Turkish ST22 isolates were all positive for the egc lo-
cus, and two of ten were positive for the fst-1 gene.

The presence of PVL genes in Turkey ranges
from 0 to 12.7% [7-10, 27, 28]. In this study, PVL was
detected in 6.9% of the isolates, and these isolates be-
longed to three CA-MRSA clones. This proportion is
low, but the diversity of the PVL-positive isolates
must be highlighted. The ST8-MRSA-IV USA300 clone
is more frequently detected in Spain [21] and North
[22] and South America [23]. The ST80 clone is con-
sidered the major European CA-MRSA clone [13,24]
and is also frequently detected in Algeria [25]. The
isolation of ST80-MRSA-IV from human infections in
Turkey had not been previously described. The
ST22-MRSA-IV Regensburg clone has been reported
in two nosocomial outbreaks and in communi-
ty-acquired infections in Southern Germany.
PVL-positive ST22 strains have been detected in pa-
tients living in Germany and originating from Turkey,
or having travelled to England [26].
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CONCLUSIONS

In summary, this microarray-based study high-
lights the great diversity of MRSA clones present in
the Istanbul Medical Faculty Hospital.
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