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Abstract 
Introduction: Staphylococci are commonly isolated from healthcare settings worldwide. Methicillin-resistant Staphylococcus aureus (MRSA) 
is among the most important causes of nosocomial infections. 
Objectives: This study aims to evaluate the resistance of Staphylococci to the most commonly used disinfectants and antiseptics in healthcare 
settings and the detection of the dominant serotype of Staphylococcus aureus in Hatay province. 
Methodology: The frequency of disinfectant/antiseptic resistance genes was detected by the polymerase chain reaction (PCR) technique in 
identified staphylococcal strains, and antibiotic susceptibility of strains was evaluated phenotypically. Staphylococcus aureus strains were 
classified in terms of clonal and phylogenetic relationships with Pulse Field Electrophoresis and spa sequence typing methods. 
Results: The identification rate of coagulase-negative staphylococci was 43.2% and the others (56.8%) were Staphylococcus aureus. Among 
these isolates, 103 methicillin-resistant S. aureus were identified. It was determined that 81 (78.64%) of these isolates harbored qacA/B and/or 
smr genes. The dominant spa serotype was found to be t223. 
Conclusions: According to spa serotyping results, it was detected the serotype t223 was the dominant clone in our region, unlike the t030 was 
dominant in Turkey. Since there are many Syrian immigrants living in the Hatay region due to its geographical location, being the dominant 
clone of a different serotype has an epidemiologically significant importance. 
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Introduction 

Methicillin-resistant Staphylococcus aureus 
(MRSA) strains are resistant to all beta-lactam 
antibiotics except ceftobiprole and ceftaroline [1,2]. 
MRSA is common in hospitals all over the world, 
especially in critical units such as intensive care and 
burn units and oncology services, where patients with 
natural and acquired immune system defects are 
followed. However, recently, outbreaks of bacteremia, 
endocarditis, and community-acquired MRSA (CA-
MRSA) infections associated with skin and soft tissue 
have been reported [3]. 

HA-MRSA strains also show resistance to most 
broad-spectrum antibiotics used extensively in 
hospitals, antiseptics and disinfectants, as well as beta-
lactam antibiotics. Indeed, the existence of resistance to 
antiseptics containing acriflavin and ethidium among 
HA-MRSA isolates has been discussed for more than 
40 years [1,2]. 

It has been shown that antiseptic resistance genes, 
which are thought to be carried by mobile genetic 
elements with genes encoding β-lactam group antibiotic 
resistance, called Staphylococcal β-lactamase plasmids, 
are also carried by various Staphylococcus aureus 
aminoglycoside resistance plasmids [1,4]. These 
plasmids are particularly related to resistance to 
quaternary ammonium compounds (QACs) and 
ethidium bromide [5,6]. It has been shown that the 
pSK1 plasmid, which is frequently seen in S. aureus 
strains and associated with aminoglycoside and 
trimethoprim resistance genes, also carries genes 
involved in resistance to QACs and di-amidines [7]. It 
was reported that qacA, encoded in β-lactamase/heavy 
metal resistance plasmids, with this plasmid, encodes 
antiseptic resistance [8]. 

Hatay, located in the southern part of Turkey, is one 
of the cities most frequently flooded with refugees in 
Turkey after the Syrian war. In this study, Pulse Field 
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Gel Electrophoresis (PFGE) and spa sequence analysis 
methods and clonal properties of HA-MRSA strains 
isolated from patients under treatment in a tertiary 
university hospital in Hatay, and resistance to 
disinfectants/antiseptics such as quaternary ammonium 
compounds and chlorhexidine, which are used 
extensively in instrument and surface disinfection in 
hospitals, were investigated. This study aims to 
evaluate the resistance of staphylococci to the most 
commonly used disinfectants and antiseptics in 
healthcare settings, detection of the dominant serotype 
of Staphylococcus aureus in Hatay province, and 
determine the clonal and phylogenetic relationship 
between the strains. 

 
Methodology 

A total of 429 Staphylococcal strains isolated from 
clinical samples between 2017-2018 were used. 
Identification and susceptibility tests of strains were 
performed by Vitek 2 automated system (bioMerièux, 
France). The presence of disinfectant resistance genes 
(qacA/qacB, smr) in staphylococci was investigated by 
polymerase chain reaction (PCR).  

 
Bacterial Isolates 

Blood culture bottles from various clinics were 
incubated for up to seven days after being placed in the 
routinely used BACT/ALERT 3D automated blood 
culture device (bioMerièux, France). Gram staining was 
done from blood culture bottles with positive signals 
and inoculated on 5% sheep blood agar (COS; 
bioMerièux), MacConkey agar (MCK; bioMerièux), 
and chocolate medium (PVX; bioMerièux). The 
cultured media were incubated for 18-24 hours at 37oC. 
Gram staining was made from the media with growth 
detected, and those with Gram (+) cocci were first 
subjected to the catalase test. Plasma coagulase test was 
performed on colonies showing catalase-positive 
characteristics. Strains with positive plasma coagulase 
test were accepted as S. aureus. The non-clot-forming 
strains were evaluated as coagulase-negative 
staphylococci (CNS). Wound, sputum, and urine 
samples were inoculated onto blood agar and eosin 
methylene blue (EMB) agar and incubated at 37°C for 
24–48 hours. The isolated strains were identified using 
conventional methods (colony morphology, Gram 
staining, catalase, and coagulase tests) and the Vitek 2 

automated identification system automated system 
(bioMerièux, France). The in vitro antibiotic 
susceptibilities of the isolates were determined using 
the Vitek 2 automated system based on the criteria of 
the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) [9].  

 
Genomic DNA Isolation 

Genomic DNA extraction was performed for 
staphylococcal strains, which are used in molecular 
analyses after they are isolated. DNA extraction was 
performed using the RTA Bacterial Genomic DNA 
Isolation Kit (RTA LABS) in accordance with the test 
procedure. 

 
Detection of Disinfectant Resistance Genes 

A single-tube in-house PCR method was applied to 
detect the presence of qacA/B and smr genes, which are 
considered indicators for the molecular mechanisms of 
resistance to chlorhexidine and quaternary ammonium 
compounds in MRSA strains, and are effective in 
disinfectants. Primer selections and amplification 
conditions were adjusted as described by Rouch et al., 
Sasatsu et al., and Noguchi et al. in Table 1 [10-12].  

PCR amplification was performed in a total volume 
of 25 µL. For PCR amplification, 5 µL of genomic 
DNA (approximately 50 ng) and 20 µL PCR mix (20 
mmol/L TrisHCl, pH 8.4; 50 mmol/L KCl, 10 mmol/L 
MgCl2, 200 µmol/L each deoxynucleoside triphosphate 
(dNTPs), 0.6 µmol/L, and 1 U of Taq DNA polymerase 
from each primer) were mixed. The first denaturation 
step in the amplification protocol for the QacA/B and 
smr genes was performed at 94°C for 5 minutes. Each 
PCR reaction consisted of 30 cycles. Amplification 
steps were performed with denaturation at 94°C for 1.5 
minutes, binding at 56°C for 30 seconds, and DNA 
strand elongation at 72°C for 1.5 minutes. The final 
elongation was performed at 72°C in 7 minutes. PCR 
products were electrophoresed in 1xTAE buffer 
solution (40 mmol/L) Trisacetate, 1 mmol/L EDTA) on 
a 2% (w/v) agarose gel. DNA amplicons stained with 
ethidium bromide (0.5 200 µg/mL TAE) dye were 
visualized with a gel imaging system (Wealtec, 
Dolphin-View, USA). 

 
Spa Typing 

Raw data were evaluated with Sequencing Analysis 

Table 1. Primer sequences and amplicon lengths of the qacA/B and qacC genes. 
Target Gene Forward (5’-3’) Reverse (3’-5’) Amplicon 

Lengths (bp) Reference 

qacA/B 5′-GCAGAAAGTGCAGAGTTCG-3′ 5′-CCAGTCCAATCATGCCTG-3’ 361 [10,11,12] 
qacC 5′-GCCATAAGTACTGAAGTTATTGGA-3′ 5′-GACTACGGTTGTTAAGACTAAACCT-3′ 195 [10,11,12] 
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Software version 5.1, and spa types were classified with 
Ridom StphType TM (Ridom GmbH, Würzburg, 
Germany) software program. Using the BURP 
algorithm in the software program, the spa types were 
grouped with six or fewer repetition differences. 

 
PFGE 

SmaI-PFGE was detailed in a previous study, and 
band profiles were determined with GelCompar II 
software (version 4.0; Applied Maths, Sint-Martens-
Latem, Belgium). 

 
Statistical Analysis 

All data in the study were analyzed with the χ2 test. 
A p value < 0.05 was considered significant. Statistical 
analyses were performed using SPSS (Statistical 
Package for Social Sciences, SPSS for Windows V. 
17.0, Chicago, USA). 

 
Ethical Committee Approval 

This study was performed with the permission of 

the Non-invasive Clinical Research Ethics Committee, 
with a meeting date of 07.10.2016 and decision number 
57. 

 
Results 

A total of 429 staphylococcal strains were isolated 
from various medical services and intensive care units 
in this study. The majority of the strains were obtained 
from various medical services and intensive care units. 
The sources of isolated staphylococcal strains are given 
in Table 2. The most common isolated staphylococcal 
strains were S. aureus, and 109/244 (44.6%) of them 
were isolated from wounds and blood cultures [72/244 
(29.5%)] in this study. Clinical specimens from which 
strains have been isolated are given in Table 3. 

Among the staphylococcal strains included in the 
study, 56.77% were S. aureus and 43.22% were 
coagulase-negative staphylococci. Of the strains 
defined as S. aureus, 104/244 (42,62%) were MRSA. 
While 95 (91.34%) MRSA strains were resistant to 
clindamycin, the tetracycline resistance rate was found 

Table 2. Distribution of isolated staphylococci from the clinics and outpatient clinics. 
STRAINS Services and Intensive Care Units 

Medical ICUs Surgery Pediatrics 
S. aureus 95 75 72 2 
S. epidermidis 12 25 4 1 
S. hominis 5 8 2 2 
S. haemolyticus 1 5 6 1 
S. saprophyticus 1 - - - 
S. lugdunensis 1 - - - 
Other CNS 41 34 30 6 
TOTAL 156 147 114 12 
ICUs: Intensive care units. 

Table 3. Clinical specimens from which strains have been isolated. 
STRAINS Blood Wound Urine Sputum TOTAL 
S. aureus 72 109 43 20 244 
S. epidermidis 11 40 18 3 72 
S. hominis 17 - - - 17 
S. haemolyticus 7 4 - - 11 
S. saprophyticus 1 - - - 1 
S. lugdunensis - 1 - - 1 
Stapylococcus spp. 65 10 7 1 83 
TOTAL 173 164 68 24 429 
 
 
Table 4. Antibiotic susceptibility of meticillin resistant Staphylococcus aureus strains. 

Strain (n) Antibacterials ≥ 64 32 16 8 4 2 1 0.5 Total 

MRSA (104) 

DA     75 (R) 20 (R)  9 (I) 104 
DAP      5 (R)   5 
GN  18 (R) 30 (R)   39 (R)   87 
TE  40 (R) 14 (R)  28 (R) 12 (R)   94 
E  15 (R) 28 (R) 23 (R) 10 (R) 16 (I) 9 (I)  101 

CIP   17 (R) 44 (R) 13 (R)    74 
TEC  10 (R)  17 (R) 21 (R)   1 (I) 49 

TMP/SXT 7 (R)  18 (R) 27 (R) 39 (R)    91 
VA  1 (R)       1 

MRSA: Meticillin resistant Staphylococcus aureus; DA: Clindamycin; DAP: Daptomycin; GN: Gentamycin; TE: Tetracycline; E: Erythromycin; CIP: 
Ciprofloxacin; TEC: Teicoplanin; TMP/SXT: Trimethoprim Sulfamethoxazole; VA: Vancomycin; R: Resistant; I: Susceptible; Increased exposure; S: 
Susceptible. 
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to be 90.38% (94/104). The most effective antibiotics 
were vancomycin and daptomycin (resistance rates 
were 0.96% and 4.80%, respectively) against MRSA 
strains. Aminoglycoside resistance was 83.65% and 76 
(73.07%) MRSA strains were found to be resistant to 
macrolids. On the other hand, fluoroquinolone 
resistance of MRSA strains was determined as 71.15% 
(74/104). The antibiotic susceptibility of isolated 
MRSA strains is given in Table 4. 

It was observed that 35 (33.98%) of 103 HA-MRSA 
strains included in the study harbored only the qacA/B 
gene, and the number of strains harboring only the smr 
gene was 24 (23.30%). The number of strains that co-
existed with both genes was 21 (20.38%) (Figure 1,2). 

Considering the correlation of the distribution of 
disinfectant resistance genes with the phenotypically 
detected antibiotic resistance, all MRSA strains 

resistant to daptomycin were found to be harboring 
qacA/B (n = 3), smr (n = 1), and qacA/B and/or smr (n 
= 1). Only one isolate was resistant to vancomycin, 
harbored both qac A/B and smr genes. The ratio of 

Figure 1. Determination of spa types with Ridom Software. 

Figure 2. qacA/B gene positivity of some strains. 

Table 5. Antibiotic susceptibility of MRSA strains and distribution of disinfectant resistance genes. 
Antibacterials Strains harboring disinfectant/antiseptic genes Number and rate of antibiotic resistant MRSA strains 

harboring qacA/B and/or smr genes qacA/B (+) smr (+) qac A/B and/or smr (+) 
DA 26 3 22 51/95 (53.68%) 

DAP 3 1 1 5/5 (100%) 
GN 32 9 18 59/87 (67.81%) 
TE 22 1 21 44/86 (51.16%) 
E 30 3 18 51/76 (67.10%) 

CIP 14 3 22 39/74 (52.70%) 
TEC 5 11 11 27/48 (56.25%) 

TMP/SXT 28 1 22 51/91 (56.04%) 
VA - - 1 1/1 (100%) 

DA: Clindamycin; DAP: Daptomycin; GN: Gentamicin; TE: Tetracycline; E: Erythromycin; CIP: Ciprofloxacin; TEC: Teicoplanin; TMP/SXT: Trimethoprim 
sulfamethoxazole; VA: Vancomycin. 
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gentamicin and erythromycin-resistant and qac gene(s) 
positive MRSA strains was similar (67.81% and 
67.10%, respectively). Teicoplanin and trimethoprim 
sulfamethoxazole resistance of qac gene(s) positive 
MRSA strains were also similar, with the percentages 
of 56.25% and 56.04%, respectively. Table 5 represents 
the antibiotic susceptibility of MRSA harboring qacA, 
qacB, and/or smr genes.  

By using the Based Upon Repeat Pattern (BURP) 
algorithm in Ridom StaphType software, the species 
were separated into complexes that differ from each 
other by less than 5 repetitions. Accordingly, 3 spa 
clonal complex (CC) were detected. Cluster 1 (CC005) 
consisted of two isolates of t005 spa type and 19 
isolates of t223 spa type derived from it. Cluster 2 
(CC021) contained 3 isolates of t582 spa type and 6 
isolates of t030 spa type. Cluster 3(CC002) contained a 
single t002 isolate and four t105 isolates derived from 
it (Figure 3,4). 

As a result of the dendogram analysis of the band 
polymorphism obtained with PFGE using the GEL-
COMPAR-II program, it was determined that they 
gather in 15 clusters and 9 of our isolates identified with 
capital letters (A;B;C;D;E;F;G;H and I) with multiple 

members and 6 isolates were single-membered, and 40 
sub-clusters belonging to these clusters. It was observed 
that 34 strains clustered in 13 sub-clusters, 
a1,a2,a3,…..a13 in cluster A, which is the largest 
cluster and which has the most sub-clusters (Figure 5). 

Fifteen (44.1%) of the strains in cluster A were 
isolates from patient samples taken from surgical 
intensive care units, and this number constituted 36% 
of HA-MRSA strains. The second largest set is cluster 
B with 21 members, and the largest has 7 subsets with 
4 members. Ten (47.61%) of the strains in this cluster 
consisted of strains isolated from intensive care unit 
samples. It was observed that 56.05% of HA-MRSA 
strains isolated from patients hospitalized in the 
surgical intensive care unit were collected in clusters 
within A and B clusters (Figure 5, Table 6). In the clonal 
distribution obtained by spa typing, while t030 was 
defined as the dominant clone in all studies in our 
country, t223 was determined as the prominent clone in 
our study. Similar results were obtained in the surgical 
intensive care unit, which is considered to be risky, 

Figure 3. smr gene positivity of some strains. 

Figure 4. Detection of spaCC by BURP algorithm. 

Table 6. The relationship between PFGE patterns and spa types of intensive care unit HA-MRSA isolates collected in large clusters. 
Clusters Number of members Intensive care unit isolates spa type 

n % type n % 

A 34 15 44.1 
t223 9 60 
t127 4 26.7 
t030 2 13.3 

B 21 10 47.6 t223 9 90 
t030 1 10 

C 16 9 56.25 

t105 4 44.4 
t359 2 22.22 
t005 2 22.22 
t030 1 11.11 

D 8 5 62.5 t127 3 60 
t030 2 40 

E 5 1 20 t223 1 100 
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especially for the epidemics of nosocomial infections.  
As the data is collected regionally, information 

about clinical features, treatment strategies, and, more 
importantly, how to prevent these infections and 
management of the infection process are of vital 
importance in local healthcare settings. The 
epidemiological aspects of the study were thoroughly 
analyzed, and the PFGE patterns and spa types of the 
MRSA strains were presented according to sample 
numbers in Table 7. Two groups of ethnic origins 
(Turkish and Syrian) were detected in the study. 

 
Discussion 

MRSA strains are one of the most important causes 
of high morbidity and mortality, especially in intensive 
care units. These microorganisms are one of the main 
factors of nosocomial infections [13]. In Turkey, it has 
been determined that approximately 27.7-52.1% of 
nosocomial infections are associated with MRSA [14-
16]. In this study, the MRSA isolation rate was found 
to be 24.06% (103/428). It has been reported that the 
rate of HA-MRSA, which was determined as 35.1% in 
2008 in Turkey, decreased to 18.5% in 2011 [17]. 
Similarly, there are studies showing that HA-MRSA 
isolation rates tend to decrease in various studies 
conducted around the world. For example, it was 
reported that there was a significant decrease in 
bacteremias originating from MRSA in the UK as a 
result of the activity of control programs initiated in 
2005, and this decrease was 50% when the 2004 and 
2011 data were compared [18-20]. On the other hand, 
in our study, it was determined that the MRSA isolation 
frequency from intensive care units was 21.2%. This 
rate is much higher than 11.2% of all samples. 

It was observed that 95% of the types determined as 
type t223 were collected in A and B PFGE clusters, and 
84.21% were isolated from Syrian patient samples by 
demographic data. These data contradict the literature 
that t030 spa type is the common spa type in Turkey 
[21]. However, it can be considered important in terms 
of proving the rightness of the question “The possible 
contribution of Syrian patients to the MRSA epidemic”, 
which constitutes the scientific basis of this study. Due 
to the sustained war since 2011, a large number of 
Syrian people migrated to different parts of our country, 
but particularly to our city. The ethnicity, cultural 
differences, social habits, and habits of communal 
living may contribute to the spread of infectious 
diseases as well as clonal and phylogenetic diversities. 
The Ministry of Health's provision of free medical 
examination and treatment for Syrian refugees as part 
of humanitarian assistance has gradually increased the 

Figure 5. Clonal relationships of HA-MRSA isolates included in 
the study according to PFGE and spa typing. 
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demand for our hospital. The dominance of subtype 
t223, which differs from the other regions of our 
country, is thought to be associated with these reasons 
aforementioned above. The possible relationship 
between HA-MRSA infections, especially bacteremias, 
and ethnicity in the United States was investigated in a 
study. According to a ten-year study conducted in the 
states of California, Colorado, Connecticut, Georgia, 
Maryland, Minnesota, New York, Oregon, and 
Tennessee, incident rates for hospital-associated MRSA 
infection decreased by over 65% for Black and White 
people from 2005 through 2013; however, the rate of 
decrease varied between Black and White patients. 
Among Black people, incidence rates declined from 
18.16 cases per 100,000 Black people to 6.21 cases per 
100,000 Black people. In White people, there was a 
decline from 8.46 cases per 100,000 to 2.94 per 100,000 
[22]. 

In this study, it was determined that there may be 
spa types within a PFGE cluster that are not in the same 

clonal complex. For example, the presence of t223 and 
t1347 or t005 and t127 without clonal relationships in 
cluster A was notable. When David et al. examined 149 
randomly selected samples, they observed a similar 
result. In their study, they determined a total of 6 PFGE 
types and 17 spa types, USA100, USA300, USA500, 
USA800, USA900, and non-typable (NT), that do not 
resemble a previously known PFGE pattern. They 
found that the dominant spa type in the USA100 cluster 
was t002, but there were 3 more spa types that were 
shown to be unrelated by BURP analysis and MLST. 
Likewise, 3 unrelated spa types within the USA500 
cluster could not be distinguished from each other by 
PFGE. In addition, they determined that a total of 8 spa 
types, t008 spa type dominant, were included in the 
USA300 cluster, which is the most frequently detected 
pulsotype [23]. Clonal and phylogenetic relationships 
of MRSA t223 serotype, as well as other serotypes, 
which harbored disinfectant resistance genes, were 
shown transparently in this study. The major source of 

Table 7. Comparison of Comparison of MRSA strains isolated from various services and intensive care units by PFGE and spa types. 
PFGE type spa type Sample Number 

A 

a1 t223 50, 56, 214, 215 
a2 t223 – t1347 62, 79, 93, 173 - 216, 224 
a3 t304 154, 212 
a4 t223 32, 182 
a5 t223 33, 219 
a6 t005 – t127 36 - 213 
a7 t127 - t582 319 - 3 
a8 t030 304, 411 
a9 t105 - t127 40, 42, 302- 417 
a10 t8095 401, 415 
a11 t127 410, 427 
a12 t359 337, 381 
a13 t1347 97, 282 

B 

b1 t005, 5, 218 
b2 t189, 102, 121, 125 
b3 t223 60, 83, 234, 235 
b4 t223 - t030 - t1347 82, 397, 420 – 193 - 194 
b5 t1347 – t304 89 - 313 
b6 t304 – t223 137 - 52, 164 
b7 t223 43, 229 

C 

c1 t005 293, 407 
c2 t582 41, 46 
c3 t030 53, 205 
c4 t105-t8095-t127 90, 202, 203, 208- 309, 383- 406, 414 
c5 t359 81, 207 

D 

d1 t1347 - t030 1 - 210 
d2 t005 - t105 - t127 6 – 251 - 422 
d3 t127 303 
d4 t030 351 
d5 t127 308 

E 
e1 t223, t1347 112, 225 
e2 t223 39, 58 
e3 t584 95 

F f1 t005 - t223 – t127 218 – 223, 391 - 69 
f2 t030 99 

G g1 t127 - t304 - t223 51 – 204 - 403 
g2 t223 - t005 301 - 418 

H h1 t223 - t005 12 - 318 

I i1 t005 30 
i2 t127 419 
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the t223 serotype was various intensive care units, and 
according to findings, most of the serotype t223 was 
isolated from Syrian patients by demographical data, 
when compared with Turkish patients. 

In a study performed by Khademi and co-workers, 
the 24 distinct spa types were classified into five spa-
clonal complex (CC) clusters and 12 singletons, with 
none assigned to alternative CC groups. These findings 
emphasize the association between spa types and their 
corresponding CC clusters, underscoring their 
usefulness in evaluating phylogenetic and clonal links 
among clinical isolates [24]. In another study, MRSA 
strains identified as spa type t586 were recovered from 
the blood samples of hospitalized patients in the Czech 
Republic [25]. In the overall distribution of serotypes, 
it was determined that nine isolates of the predominant 
MRSA serotype t223 in the major cluster A were 
recovered from the surgical intensive care unit. 
Additionally, five isolates of the t127 serotype were 
also detected in the same unit. Two t223 serotype 
isolates were obtained from the orthopedics and 
traumatology service, and one from the neurosurgery 
service. In cluster B, which was the second largest, nine 
MRSA isolates of serotype t223 were identified, along 
with two isolates of serotype t005 and one isolate of 
serotype t030, all recovered from the same unit. This 
indicates that there are clonal and phylogenetic 
relationships and evolution among the serotypes and 
that these strains have spread within a single unit. 

In infections caused by persistent MRSA strains, it 
is recommended to immediately start gold standard 
anti-MRSA antibiotics such as vancomycin and 
daptomycin, regardless of the antibiogram results [26-
30]. In our study, it was observed that 91.26% of HA-
MRSA strains were resistant to clindamycin, 72.81% to 
erythromycin, 87.37% to trimethoprim-
sulfamethoxazole, 83.49% to gentamicin, and 82.52% 
to tetracycline. Among MRSA strains, 4.85% were 
resistant to daptomycin. It was molecularly investigated 
the qacA/B and smr gene distributions for resistance to 
QACs and chlorhexidine. 

Although the distribution of qac genes in MRSA 
and MSSA strains varies around the world, the 
prevalence is higher in Asia than in Europe and 
America. It was determined that the frequency of the 
qacA/B gene was 2% and the prevalence of the smr gene 
was 7% in MRSA strains isolated from intensive care 
patients in North America and Canada (30). In Japan, it 
was found that 32% of MRSA strains carried the 
qacA/B gene, while this rate was 7.5% in MSSA 
isolates [31]. In another study conducted in Malaysia, 
while the smr gene carriage was rare in MRSA strains, 

the prevalence of the qacA/B gene was 83% [32]. In a 
study investigating qacA/B and smr gene frequencies in 
MRSA isolates in Europe, qacA/B prevalence was 
found to be 63% and smr prevalence to be 6% [33].  

In our study, qacA/B and/or smr genes were found 
to be positive together in 80 of 103 HA-MRSA strains, 
and the frequency was found to be 77.66%. This finding 
is consistent with Malaysian and European data but 
considerably higher than in Asian countries, North 
America, and Canada. We think that the increase in 
disinfectant resistance occurs as a result of frequent use. 
When we combined the discrimination capabilities of 
two different epidemiological methods that we used 
together in our study, we had the opportunity to 
examine the polymorphism in the total genome and 
only the repeated region of the spa gene in HA-MRSA 
strains. This gave us a great advantage in revealing the 
correlation between antiseptic and disinfectant 
resistance genes and clonal and phylogenetic 
relationships between isolates. 

 
Conclusions 

Molecular typing of Staphylococcus aureus plays a 
crucial role in epidemiological research and the 
investigation of outbreaks [34]. t223 is the dominant 
spa type in our region, which originated from Syrian 
patients according to our results. Pulsed-field gel 
electrophoresis (PFGE) has long been regarded as the 
reference method for bacterial typing, with a 
standardized classification system and a well-
recognized nomenclature among both researchers and 
healthcare professionals [35]. The spread of infection 
and molecular epidemiology are essential to the 
investigation of hospital outbreaks for the infection 
committee [36]. Antibiotic resistance was remarkable, 
especially in strains with both qacA/B and smr genes. 
No correlation was found between daptomycin 
resistance and disinfectant resistance genes. In line with 
the study findings, the infection control committee was 
informed, and it was recommended to prevent the 
excessive routine use of antiseptics and disinfectants, to 
consider other sterilization and disinfection methods 
such as UV light and hydrogen peroxide systems as 
alternatives, to ensure the appropriate selection of 
antibiotics in MRSA infections, and to provide training 
for healthcare personnel. These measures aim to 
prevent clonal spread.  

 
Limitations 

The study presents monocentric data with a limited 
number of staphylococcal strains. So, there is a need for 
multicenter studies in our region to evaluate data more 
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comprehensively, which would allow for a clearer 
determination of the frequencies of the qacA, qacB, and 
smr genes. Clinical implications, such as the region's 
demographic structure, the epidemiological status of 
staphylococcal infections, and the resistance profiles to 
antiseptics/disinfectants and antibiotics, will shed light 
on the precautionary measures to be taken by the 
hospital infection control committee. 
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