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Abstract
Staphylococcus aureus is a microorganism that is highly resistant to environmental conditions and is widely found in environmental sources. It 
can cause a large number of infections in both humans and animals. Resistance to methicillin in S. aureus strains occurs due to the production of 
low affinity penicillin binding proteins (PBP2a). PBP2a is encoded by the mecA gene. The mecA gene is located on a mobile, large genetic element 
called the staphylococcal cassette chromosome mec (SCCmec). Until now, 13 SCCmec (I-XIII) types have been identified in S. aureus strains. In this 
study, in diff erent 7 regions (Marmara, Aegean, Central Anatolia, the Black Sea, the Mediterranean, Eastern and Southeastern Anatolia) of Turkey 
obtained from a variety of points of 700 food items in the [(dairy products (n:560), bakery products (n:89), ready meal (n:40), meat product (n:11)], 
after the isolation of cultural S. aureus and verification by PCR, MRSA detection and SCCmec typing were aimed. 67 (9.57%) S. aureus strains were 
isolated from 700 food samples analyzed within the scope of the study. Only 1 (0.14%) of the 67 S. aureus strains isolated, both phenotypically 
and genotypically, was found to be MRSA and when SCCmec was typed, it was found to be Type IV. Community-acquired MRSA strains can cause 
clinical cases ranging from skin infections to fatal pneumonia and sepsis, as well as foodborne diseases. As a result, it is considered that MRSA 
strains can be an important source of contamination for humans with the consumption of food of animal origin.
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Türkiye’nin Farklı Bölgeleri Kaynaklı Toplanan Çeşitli Gıda 
Maddelerinden Metisilin Dirençli Staphylococcus aureus Suşlarının 

Tespiti ve Stafilokokkal Kaset Kromozom mec Tiplendirilmesi

Öz
Staphylococcus aureus hem insanlarda, hem de hayvanlarda çok sayıda enfeksiyona neden olabilen, ortam şartlarına oldukça dayanıklı ve çevresel 
kaynaklarda yaygın olarak bulunan bir mikroorganizmadır. S. aureus suşlarında metisiline direnç, düşük afiniteli penisilin bağlayan proteinlerin 
(PBP2a) üretimine bağlı olarak meydana gelmektedir. PBP2a, mecA geni tarafından kodlanmaktadır. mecA geni ise stafilokokkal kaset kromozom 
mec (SCCmec) adı verilen hareketli, büyük genetik eleman üzerinde bulunmaktadır. S. aureus suşlarında şu ana kadar 13 SCCmec (I-XIII) tipi tespit 
edilmiştir. Bu çalışmada, Türkiye’nin 7 farklı bölgesindeki (Marmara, Ege, İç Anadolu, Karadeniz, Akdeniz, Doğu Anadolu ve Güneydoğu Anadolu) 
çeşitli noktalardan temin edilen 700 adet gıda maddesinde [(süt ürünü (n:560), unlu mamuller (n:89), hazır yemek (n:40), et ürünü (n:11)] kültürel 
S. aureus izolasyonu ve PCR ile doğrulaması yapıldıktan sonra MRSA tespiti ve SCCmec tiplendirilmesi amaçlanmıştır. Araştırma kapsamında analiz 
edilen 700 adet gıda numunesinden 67 (%9.57) adet S. aureus suşu izole edilmiştir. İzole edilen 67 S. aureus suşundan hem fenotipik, hem de 
genotipik olarak sadece 1 (%0.14) adedinin MRSA suşu olduğu saptanmış ve SCCmec tiplendirilmesi yapıldığında, Tip IV olduğu tespit edilmiştir. 
Toplumsal kökenli MRSA suşları, gıda kaynaklı hastalıkların yanı sıra deri enfeksiyonlarından ölümcül pnömoni ve sepsise varan klinik tablolara da 
neden olabilmektedir. Sonuç olarak hayvansal kökenli gıdaların tüketimi ile MRSA suşlarının insanlar için önemli bir bulaşma kaynağı olabileceği 
değerlendirilmektedir.

Anahtar sözcükler: Staphylococcus aureus, Antibiyotik direnci, mecA, SCCmec, Gıda, Türkiye
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IntroductIon

Staphylococcus aureus is a microorganism that is highly 
resistant to environmental conditions and S. aureus widely 
found in environmental sources and can cause a large 
number of infections in both humans and animals. In 
addition, S. aureus is also widely found in food and food 
facilities, staff involved in food production, hospital staff 
and hospital settings. Personnel who carry and prepare 
food with their hands, especially in the food sector, are 
considered to be an important source of staphylococcal 
intoxications due to the risk of possible contamination [1-6]. 

Methicillin resistance in S. aureus strains occurs due to 
the production of low affinity penicillin binding proteins. 
Responsible for resistance to all beta-lactam antibiotics, 
PBP2a is encoded by the mecA gene. The mecA gene is 
located on a mobile, large genetic element called the 
staphylococcal cassette chromosome mec. The SCCmec 
structure of S. aureus consists of three elements: mec gene 
complex (mecA gene and its regulators mecI and mecR1), 
cassette chromosome recombinase (ccr) gene complex, 
and J ( junkyard). SCCmec; they are divided into types 
according to mec and ccr gene complexes and subtypes 
according to differences in J regions. 13 SCCmec (I-XIII) 
types have been identified in S. aureus strains so far. Type 
I, II, III and VIII hospital-acquired methicillin-resistant S. 
aureus (HA-MRSA), types IV, V, VI and VII are CA-MRSA. While 
Type II and III cause multiple antibiotic resistance other 
than beta-lactam, Type I, IV and V do not carry multiple 
antibiotic resistance genes other than beta-lactam [7-15].

Turkey is located in the transition zone of the position as 
Asia, Europe and Africa. It has a very important geopolitical 
location. It is possible not only for humans or animals 
but also for microorganisms to pass between regions. 
This study was carried out in order to reveal the regional 
incidence of MRSA strains in Turkey, which is currently on 
the world agenda and draw attention in terms of public 
health for our country, and to make SCCmec typing in 
food-borne MRSA strains.

MaterIal and Methods

Sampling

In this study, 560 dairy products (cheese), 89 bakery 
products (turkish raw flatbread [n:49], turkish handmade 
noodles [n:40]), 40 Ready To Eat Foods (raw meatballs 
[n:21], entrees [n:19]) and 11 meat products (sausages [n:6], 
salami [n:5]) to a total of 700 different food items in Turkey’s 
seven regions (Black Sea region [n:100], Marmara region 
[n:100], Aegean region [n:100], Mediterranean region 
[n:100], Central Anatolia region [n:100], Southeastern 
Anatolia region [n:100], Eastern Anatolia region [n:100]) 
obtained from various points. Approximately 100 g of 
sample taken under aseptic conditions, depending on the 

type of sample, was brought to the laboratory under cold 
storage conditions (4ºC) and microbiological analysis was 
performed as soon as possible.

Isolation and Identification of S. aureus from Food 
Samples 

Food samples brought to the laboratory were weighed 
10 g each in sterile stomacher bag and 90 mL peptone 
salt water (Maximum Recovery Diluent) solution (Oxoid 
CM 0733) was added and homogenized in stomacher 
(Seward 400, England) for about 2 min. From the obtained 
homogenization and dilutions, they were planted with 
the spreading technique on Baird Parker Agar (Oxoid, 
CM 0275) plates with tellurite added egg yolk (Oxoid SR 
0054) and incubated for 24-48 h at 37ºC. S. aureus colonies 
which ocur due to the lecithinase activity on BP agar with 
a diameter of 2-3 mm ‘gray-black’ zones around were 
considered suspicious. S. aureus isolates growing on BP 
agar were inoculated into Mannitol Salt Agar (Oxoid CM 
0085) to evaluate mannitol fermentation at a later stage. 
Then, biochemical confirmation was performed on S. 
aureus strains by Gram staining, catalase test, DNase test 
(Oxoid CM 321) and latex agglutination test (Oxoid, DR 
100M) [16-20].

Determination of Methicillin Resistant S. aureus Strains 
by Phenotypic Methods

Kirby-Bauer disc diffusion method was carried out in 
accordance with the recommendations of CLSI (2009) 
in determining the methicillin resistance of the strains 
defined as S. aureus. Conventionally, cefoxitin disk diffusion 
(FOX 30 μg, Oxoid CT0119B), oxacillin disk diffusion (OX 1 
μg, Oxoid CT0159B) and oxacillin resistance screening agar 
(ORSAB, Oxoid CM 1008) tests were used to determine 
methicillin resistant S. aureus strains [21-24].

Verification of S. aureus strains by Molecular Methods

DNA extraction of S. aureus strains was performed according 
to the instruction of Genomic DNA Isolation from Bacteria 
kit (RTA, 09005100). For PCR mix 30 µL Sterile dH2O, 5 µL 
(NH4)2SO4 containing 10x buffer (Fermentas, EP0402), 3 µL 
MgCl2 (25Mm, Fermentas, EP0402), 1 µL Forward primer 
(10 mM), 1 µL Revers primer (10 mM), 5 µL dNTP mix (2 mM 
each, Fermentas, R0241), 0.24 µL Taq DNA polymerase (500 
U, Fermentas, EP0402) and 5 µL Genomic DNA template 
after preparation to 50 µL containing PCR tubes were 
placed in the Thermal cycler (Biorad, Italy).

Following the amplification process, PCR products were 
analyzed by horizontal agarose gel electrophoresis. While 
protein A (spa), thermonuclease (nuc) and coagulase 
(coa) genes were examined for molecular confirmation of 
strains, the presence of mecA gene was investigated for 
the determination of methicillin resistance. Primers and 
thermal cycling conditions used for the verification of S. 
aureus strains and detection of mecA are given in Table 1 [25-27]. 
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Mutiplex PCR was performed using primer sequences and 
protocol suggested by Oliveira and Lencastre [26] for 
SCCmec typing in mecA positive samples. Primers and 
thermal cycling conditions used in SCCmec typing are 
given in Table 2.

results

The distribution of the sample types provided in our 
research by product groups and regions is given in Table 
3. A total of 67 (9.57%) S. aureus strains were isolated 
from 700 food samples analyzed within the scope of 
the project. Of the 67 S. aureus strains; 50 (74.62%) were 
obtained from dairy products, 16 (23.88%) from bakery 
products, and 1 (1.50%) from RTE food samples. On the 
other hand, S. aureus was not found in any meat product 
samples. Accordingly, the distribution and percentages of 
S. aureus strains by product groups and regions are shown 

in Table 4. spa, nuc and coa genes were verified by PCR in 
67 S. aureus strains isolated by cultural methods. The gel 
image of the detected genes spa (100-450 bp) is shown in 
Fig. 1-A, nuc (416 bp) in Fig. 1-B and coa (500-600 bp) in 
Fig. 1-C. Only 1 (0.14%) of 67 S. aureus strains isolated was 
identified as both phenotypically and genotypically MRSA. 
The detected MRSA strain was isolated from a cheese (dairy 
product) collected from the Marmara region. While the 
growth image of the MRSA positive strain in ORSAB medium 
is given in Fig. 1-D, the disk diffusion test image of oxacillin 
(1 μg) and cefoxitin (30 μg) is given in Fig. 1-E. mecA gene 
responsible for methicillin resistance was also detected by 
genotypic (PCR) methods in S. aureus strain isolated as MRSA 
by phenotypic methods. SCCmec typing of dairy derived 
MRSA strain detected by both phenotypic and geno- 
typic methods and SCCmec Type IV (community-acquired) 
was found in our study. The detected mecA (162 bp) and 
SCCmec Type IV (342 bp) gel image is shown in Fig. 1-F.

Table 1. Primers and thermal cycling conditions used for the verification of S. aureus isolates and detection of mecA

Target Amplicon Size (bp) Primer; Oligonucleotide Ssequence (5’-3’) Thermal Cycling Conditions

spa

 

100-450 

1113F; TAAAGACGATCCTTCGGTGAGC
1514R; CAGCAGTAGTGCCGTTTGCTT

Initial Denaturation            80ºC 5 min

Denaturation                        94ºC  45 s
Annealing                              60ºC  45 s  =  35 Cycles
Extension                               72ºC  90 s     

Final Extension                     72ºC 10 min 

nuc 416

F; GGCAATTGTTTCAATATTAC
R; TTTTATTTGCATTTTCTACC

Initial Denaturation            80ºC 5 min

Denaturation                        94ºC  45 s
Annealing                              60ºC  45 s  =  35 Cycles
Extension                               72ºC  90 s     

Final Extension                     72ºC 10 min 

coa 500-650
F; ATAGAGATGCTGGTACAGG
R; GCTTCCGATTGTTCGATGC

Initial Denaturation            80ºC 5 min

Denaturation                        94ºC  45 s
Annealing                              60ºC  45 s  =  35 Cycles
Extension                               72ºC  90 s     

Final Extension                     72ºC 10 min 

   

mecA 162

mecA P4; TCCAGATTACAACTTCACCAGG
mecA P7; CCACTTCATATCTTGTAACG

Initial Denaturation            80ºC 5 min

Denaturation                        94ºC  45 s
Annealing                              60ºC  45 s  =  35 Cycles
Extension                               72ºC  90 s     

Final Extension                     72ºC 10 min 

Table 2. Primers and thermal cycling conditions used in SCCmec typing

Primer Oligonucleotide Sequence (5’-3’) Amplicon Size (bp) Specificity (SCCmec type) Thermal Cycling Conditions

CIF2F2
CIF2R2  

TTCGAGTTGCTGATGAAGAAGG
ATTTACCACAAGGACTACCAGC 495 I

Initial Denaturation 94˚C 4 min

Denaturation  94ºC 30 s                                        
Annealing        53ºC 30 s  = 30 Cycles                              
Extension         72ºC 1min      

Final Extension      72ºC  4 min 

KDPF1  
KDPR1

AATCATCTGCCATTGGTGATGC
CGAATGAAGTGAAAGAAAGTGG 284 II

MECIP2
MECIP3

ATCAAGACTTGCATTCAGGC
GCGGTTTCAATTCACTTGTC 209 II, III

DCSF2
DCSR1

CATCCTATGATAGCTTGGTC
CTAAATCATAGCCATGACCG 342 I, II, IV

RIF4F3
RIF4R9

GTGATTGTTCGAGATATGTGG
CGCTTTATCTGTATCTATCGC 243 III

RIF5F10
RIF5R13

TTCTTAAGTACACGCTGAATCG
GTCACAGTAATTCCATCAATGC 414 III
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Table 3.The distribution of the sample types provided by product groups and regions

Product 
Groups

n
Marmara 

Region 
n (%)

Aegean 
Region 

n (%)

Black Sea 
Region 

n (%)

Central Anatolia 
Region 

n (%)

Eastern Anatolia 
Region 

n (%)

Southeastern 
Anatolia Region 

n (%)

Mediterranean 
Region 

n (%)

Meat 
Products 11 11

(100) - - - - - -

Dairy 
Products 560 58

(10.35)
92

(16.45)
82

(14,64)
67

(11.96)
95

(16,96)
88

(15.71)
78

(13.93)

Bakery 
Products 89 15

(16.85)
2

(2.25)
17

(19.11)
18

(20.22)
3

(3.37)
12

(13.48)
22

(24.72)

Ready 
Meals 40 16

(40)
6

(15)
1

(2.5)
15

(37.5)
2

(5) - -

Total
(%) 700 100

(14.29)
100

(14.29)
100

(14.29)
100

(14.29)
100

(14.29)
100

(14.29)
100

(14.29)

Table 4.The distribution and percentages of S. aureus isolates by product groups and regions

Product 
Groups

S. aureus
n (%)

Marmara 
Region 

n (%)

Aegean 
Region 

n (%)

Black Sea 
Region

n (%)

Central Anatolia 
Region 

n (%)

Eastern Anatolia 
Region 

n (%)

Southeastern 
Anatolia Region 

n (%)

Mediterranean 
Region 

n (%)

Meat 
Products - - - - - - - -

Dairy 
Products

50
(74.62)

5
(10)

7
(14)

4
(8)

7
(14)

7
(14)

11
(22)

9
(18)

Bakery 
Products

16
(23.88)

2
(12.5) -

8
(50)

3
(18.75) - -

3
(18.75)

Ready Meals 1
(1.49) 1 - - - - - -

Total
 (%)

67
(100)

8
(11.94)

7
(10.45)

12
(17.91)

10
(14.93)

7
(10.45)

11
(16.41)

12
(17.91)

Fig 1. A- spa gene positive gel image 
(lane 1: DNA ladder [100 bp], lanes 
2-13: spa gene positive samples); B- nuc
gene positive gel image (lane 1: DNA 
ladder [100 bp], lanes 2-10: nuc gene 
positive samples); C- coa gene positive 
gel image (lane 1: DNA ladder [100 bp], 
lanes 2-11: positive samples of the coa
gene, lane 12: negative control); D-
MRSA development on ORSAB agar;
E- Disk diff usion test of oxacillin (1 μg) 
and cefoxitin (30 μg) in MHA; F- mecA 
gene positive and SCCmec Type IV gel 
image (lane 1: DNA ladder [100 bp], 
lane 2: mecA gene positive sample, lane 
3: SCCmec Type IV positive sample, lane 
4: negative control)



Research Article

5

ISSA, AYDIN

dIscussIon

Staphylococcus aureus causes significant infections in 
animals and humans. It is a source of nosocomial infection 
in humans. One of the most important hospital and 
community-acquired factors that lead to unsuccessful 
treatment and deaths is MRSA [28]. In addition, the increase 
in the frequency of MRSA strains in recent years has 
revealed the need to develop effective strategies to 
control staphylococcal infections and the development of 
resistance in microorganisms against antibiotics. Therefore, 
it is of great importance to know the epidemiology, 
pathogenesis and population genetics of S. aureus. Misuse 
and abuse of antibiotics emerges as an important factor 
that increases MRSA colonization. In our country, misuse of 
antibiotics and related resistance problems are frequently 
encountered in both veterinary and human medicine. 
CA-MRSA infections can be transmitted by direct contact 
as well as by consumption of animal-based foods. Poor 
personal hygiene increases the potential for contamination. 
In addition to the use of antibiotics in our country, there 
are also important problems in ensuring food hygiene and 
personal hygiene. Normanno et al.[29], isolated 160 (9.80%) S. 
aureus strains from 1634 animal origin food they collected, 
and reported that only 6 (3.75%) of the strains were MRSA. 
Meemken et al.[30], examined 687 swab samples taken from 
pig nose for MRSA and reported that 85 (12.37%) were 
positive. De Neeling et al.[31], reported that 209 (38.70%) of 
the 540 pig samples taken from the slaughterhouse were 
MRSA positive. Qudduomi et al.[32] evaluated 6 (0.84%) 
out of 717 meat samples as MRSA positive. Kwon et al.[11] 
detected the presence of S. aureus in 292 (31.40%) of the 
930 food samples (cattle, chicken and pig) they collected 
from slaughterhouses and markets. They reported that 766 
S. aureus strains isolated from these 292 foodstuffs, 4 of the 
isolated strains carried mecA and phenotypically only 3 
were MRSA. They stated that 3 MRSA strains from 2 (0.22%) 
chicken samples detected and all 3 were SCCmec Type III. 
On the other hand, similar to our study, Uçan and Aslan [33] 
detected methicillin resistance in only 1 (1.33%) of 75 S. 
aureus strains. In the study conducted by İssa and Aksu [2], 
119 (29.31%) S. aureus strains were detected from 406 raw 
milk samples, and only 1 (0.84%) of these 119 strains was 
reported to be MRSA. In another study, Kwon et al.[34], found 
that 14 (0.018%) of the 75335 milk samples they examined 
in Korea were MRSA. SCCmec typing of 14 isolated MRSA 
strains was made and it was revealed that all strains were 
Type IV. A total 67 (9.57%) strains of S. aureus were isolated 
from 700 food samples analyzed in our study, and it was 
found that only 1 (0.14%) strain was MRSA, and SCCmec 
Type IV (community acquired) were found.

Several studies [2,4,35-38] reported that the prevalence of S. 
aureus is relatively high in milk and dairy products. These 
reports are consistent with our results. Normanno et al.[37] 
examined the swabs taken from 11384 foodstuffs and food 
contact surfaces they bought from the markets in Italy and 

isolated 1971 (17.3%) coagulase positive S. aureus. At the 
same study, coagulase positive S. aureus was detected 
from 1245 (23.1%) samples of 5369 meat products and 
168 (38.4%) of 437 raw milk samples. Juhasz-Kaszanyitzky 
et al.[38] examined 595 milk samples taken from cows 
with subclinical mastitis and isolated 375 (63.02%) of S. 
aureus. Of these 375 S. aureus strains, only 27 (7.20%) 
were found to be MRSA. Argudin et al.[4] found in a study 
they conducted that 2 (3.12%) of the 64 S. aureus strains 
they isolated from food and food processors were MRSA 
and when SCCmec was typed, and both were Type IV. 
Stastkova et al.[39], reported that they isolated 34 (22.22%) 
S. aureus strains out of 153 goat milk samples, 5 (3.26%) of 
the isolates were MRSA and these 5 strains were Type IV 
as a result of SCCmec typing. Similarly, Vanderhaeghen et 
al.[40] stated that 11 (9.30%) of 118 S. aureus strains isolated 
from mastitis cows were MRSA, 5 of them were SCCmec 
IV, 5 were SCCmec V and the other 1 strain could not be 
typed. Huber et al.[36] isolated 142 S. aureus strains from 
mastitis milk and stated that only 2 (1.40%) of the strains 
were MRSA and these 2 strains belonged to Type V as a 
result of SCCmec typing. In another study, Gülbandılar [17] 

took samples from the nasal mucosa of 3048 people from 
food processors (cooks, bakers, pastry makers, etc.) and 
tradesmen (barbers, hairdressers, etc.) who had direct 
contact with the public, and isolated a total 217 (7.12%) S. 
aureus strains. Gülbandılar [17] reported that only 12 (5.30%) 
of the 217 S. aureus strains they isolated were MRSA strains. 
Similarly, in a study conducted by Lee [22], they isolated 421 
(22%) S. aureus from 1913 samples taken from cattle, pigs 
and chickens, and 28 (6.65%) of these 421 S. aureus strains 
were phenotypically MRSA. However, they found that only 
15 (3.56%) of them were MRSA in genotypic evaluation.

Yang et al.[10], isolated 69 (12.54%) S. aureus strains out 
of 550 RTE food samples from the markets in their study 
between 2011-2014, and only 6 (1.09%) of these strains 
were MRSA, as a result of SCCmec typing. They found that 
2 of them MRSA were evaluated as Type IV and 2 of them 
MRSA were evaluated as Type V, but the other 2 MRSA 
strains could not be typed. Wang et al.[9], isolated 455 (23%) 
S. aureus strains in a study they conducted with 1979 food 
samples collected from the markets between 2008-2012, 
only 17 (0.90%) of these strains were MRSA, and confirmed 
that as a result of SCCmec typing; 4 of them MRSA were 
Type II and 9 MRSA were Type IV, 2 of them MRSA strains 
were evaluated as Type V and the remaining strains could 
not be typed. The fact that both S. aureus and methicillin 
resistant S. aureus strains have been reported at different 
rates in studies conducted in our country and in the world 
may be caused by the differences in geographical regions, 
the difference of the samples from which the strains were 
isolated and the increase in resistant strains over time. 
Depending on the season, different rates of agent isolation 
may be in question. In this context, Stastkova et al.[39] 
reported that the rates of S. aureus and MRSA isolated from 
milk samples can be different according to the seasons.
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CA-MRSA strains can cause clinical cases ranging from skin 
infections to fatal pneumonia and sepsis, as well as food- 
borne diseases. Several virulent genes have been identified, 
such as Panton-Valentin Leukocidin (PVL), which cause 
degradation of leukocytes and tissue necrosis in CA-MRSA 
strains and are not found in hospital-acquired MRSA 
strains [41-44]. The problem of antimicrobial resistance, which 
has reached serious level in recent years, causes adverse 
effects such as increased mortality rates, prolonged 
treatment periods, loss of work force due to prolonged 
hospital stay, and the necessity to use newly developed 
expensive antibiotics as a result of nosocomial and 
community-acquired bacterial infections in developed 
and developing countries. 

As a result, consumption of animal origin foods is an 
important source of contamination of MRSA strains for 
humans. There is need for studies to determine the source of 
antibiotic resistant bacteria by using molecular methods. 
Based on these researches, it should be a correct policy 
regarding the use of antibiotics in human infections, 
veterinary medicine and animal husbandry. It is considered 
that generalizing the studies on antibiotic resistance and 
determining the types of MRSA will be beneficial for the 
protection of public health in our country.
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