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ÖZGÜN ARAŞTIRMA/ORIGINAL ARTICLE

ÖZ
Amaç: Stafilokokal gıda zehirlenmesi, esas olarak enterotoksijenik Staphylococcus 
aureus tarafından üretilen stafilokokal enterotoksinlerle kontamine olmuş gıdanın 
yenmesi ile ortaya çıkan önemli bir hastalıktır. Bu çalışmanın amacı, Giresun ve Trabzon 
illerinde kasaplarda satılan çiğ et örneklerinde Staphylococcus aureus kontaminasyonu, 
izolatların enterotoksin kapasiteleri ve çeşitli antibiyotiklere direnç profilleri bakımından 
taşıdığı halk sağlığı risklerini değerlendirmektir.

Gereç ve Yöntem: Toplam 68 çiğ et örneği, mikrokok/stafilokok ve toplam stafilokok 
varlığı yönünden analiz edildi. İzolatların tanımlanmaları ve antibiyotik duyarlılık testleri, 
VITEK 2 cihazı ile saptanmıştır. Enzim bağlı immünolojik test tekniği kullanılarak stafilokok  
izolatlarındaki klasik tip enterotoksin varlıkları belirlenmiş ve tiplendirilmiştir. 

1 5Bulgular: Mikrokok/stafilokok ve toplam stafilokok mikrobiyal yükleri sırasıyla 10 -10  
1 5kob/g ve 10 -10  kob/g arasında tespit edildi. Çalışılan 68 et örneğinden, toplam 171 adet 

stafilokok izole edildi. Elde edilen izolatlar içerisinde, çiğ tavuk etinde bir adet S. aureus 
(%1,03) izolatı bulundu. Bu izolatın enterotoksin üretme ve E tipi enterotoksin üretme 
kabiliyetine sahip olduğu bulundu. S. aureus izolatı, test edilen diğer antibiyotiklere 
duyarlı iken sadece benzilpenisiline dirençli olarak bulundu.

Sonuç: Çalışmanın sonuçları, antibiyotiğe dirençli ve enterotoksijenik S. aureus 'un 
tüketiciler için önemli bir hijyenik risk oluşturduğunu göstermiştir. Stafilokokal gıda 
zehirlenmesi vakaları açısından risk oluşturması ve zamanla halk sağlığını tehdit etmesi 
nedeniyle bu konuda kapsamlı çalışmalar yapılmalıdır.

ABSTRACT
Objective: Staphylococcal food poisoning is a major human disease that is causes by the 
ingestion of food contaminated by staphylococcal enterotoxins produced mainly by 
enterotoxigenic Staphylococcus aureus. The aim of this study was to evaluate the public 
health risks of the raw meat samples marketed in Giresun and Trabzon provinces 
regarding the contamination of S. aureus, enterotoxin capacity of the isolates and their 
resistance to various antibiotics.

Material and Method: A total of 68 meat samples were analyzed for micrococci/ 
staphylococci and total staphylococci. The identification and antibiotic susceptibility of 
isolates were determined with the VITEK 2 device. Classical type enterotoxin production of 
staphylococcal isolates were determined and typed using with Enzyme-Linked Immuno 
Sorbent Assay technique.

1 5Results: The microbial loads of micrococci/staphylococci were 10  to 10  cfu/g and total 
1 5staphylococci 10  to 10  cfu/g, respectively in 68 meat samples. A total of 171 staphylo-

cocci were isolated from the 68 meat samples. Among the isolates obtained, one isolate 
(1.03%) detected in the raw chicken meat was S. aureus. This isolate was found to have 
the ability of producing enterotoxin and to produce E type enterotoxin and was resistant 
only to benzylpenicillin, while it was sensitive to other tested antibiotics.

Conclusion: The results of this study indicated that antibiotic-resistant and entero-
toxigenic S. aureus poses a significant hygienic risk for consumers. Due to the posing a 
risk for staphylococcal food poisoning cases and threatening public health over time, 
extensive studies should be conducted on this subject.
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Introduction

Staphylococci are gram-positive bacteria characte-

rized by the formation of grape-like clusters. So far more 

than 60 species have been identified in the staphylococci 

group with 32 species colonizing the human body . (1)

Staphylococci are usually differentiated to two groups 

using the coagulase test. Even if cause asymptomatic 

colonization in some people, it is usually recognized that 

coagulase positive staphylococci (CoPS) are pathogenic, 

coagulase negative staphylococci (CoNS) are saprophytic 

or lead to opportunistic infections .(2)

Staphylococcus aureus with the ability to produce 

enterotoxin are also considered important for food-borne 

poisoning . Staphylococcal enterotoxins (SE) are (3)

enterotoxins that are members of the pyrogenic toxin 

superantigen family in terms of biological activities and 

structural relationships . So far, based on the antige-(4,5)

nic properties of enterotoxins, a total of 23 SEs have been 

reported, including seven classical serologic types as well 

as new type SEs and staphylococcal enterotoxin-like toxins 

(SEI) .(6)

Staphylococcal food poisoning (SFP), is a phenome-

non in which staphylococci enterotoxins transmit their 

potential release to the environment after reaching a level 
5 6of 10 -10  colony forming unit (cfu)/gram (g) and causes 

symptoms such as, nausea, vomiting, severe abdominal 

cramps, abdominal pain, diarrhea, headache, dizziness, 

general weakness, pulse, weakness, shallow breathing, 

shock and enteritis . Foodborne outbreaks caused by (7,8)

S.aureus are common worldwide regardless of the coun-

try's level of development. However, this is more frequently 

encountered in the developing and underdeveloped areas. 

In addition, common species and enterotoxins vary among 

the geographic regions .(9)

It has been proposed that people may be colonized by 

S.aureus from raw meat products without contact with 

livestock and the organism is a mediator that can transmit 

to the house environment. S.aureus has been isolated 

from raw meat and chicken meat sold in butchers and it 

has been reported to have potential to colonize humans if 

hygienic rules are not followed .(10-12)

Given the diversity among antimicrobial agents, in the 

early 1970s physicians abandoned the belief that all 

bacterial infections are treatable. This has been caused by 

the increased multiple antibiotic resistance of pathogens 

such as S.aureus . S. aureus is a major pathogen with (13)

increasing importance due to the increase in its antimic-

robial resistance. The intensive and unconscious use of 

antibiotics in agricultural production, animal production 

and human health has led many bacterial species to beco-

me resistant to antibiotics. Over the past decade, it has 

been observed that the multiple resistance properties of 

pathogenic bacteria, especially isolated from foods, have 

increased in antibiotics. Increasing resistance of bacteria 

to antibiotics and the rapid spread of these resistant 

bacteria among species are reported to be the main threat 

to human health all over the world .(14-16)

The objectives of this study were to isolate and identify 

S. aureus from raw bovine meat and chicken meat 

samples using phenotypic methods, to investigate for the 

presence of five types classical staphylococcal enterotoxin 

and resistance to 17 different antibiotics.

Material and Method

Sample Collection

A total of 68 food samples were collected from the 

butchers in Giresun and Trabzon provinces between 2012 

and 2013. These samples consisted of 30 raw bovine 

meat products (liver, minced, kidney, meatball, meat 

cubes and heart) and 38 raw chicken meat products (but-

tock, liver, chest, wing, meatball, gizzard). The samples 

were collected using sterile polyethylene containers and 

transferred to the laboratory for immediate process. Ethics 

committee approval is not required for food samples used 

in this study.

Isolation and Identification of Staphylococci

All collected samples were homogenized in a blender. 

25 g was collected from each sample and put into the 

sterile bags. 225 mL of buffered peptone water (bioMéri-

eux. Marcy l'Etoile, France) was added on the sample that 

will be used in the isolation and the mixture was homo-

genized in the blender (Waring, New Hartford, Conn.). 
-1Homogenized food samples were diluted from 10  to 

-310  and 0.1 mL of two-parallel decimal dilutions was 

transferred to the Baird Parker Agar supplemented with 

rabbit plasma (BP+RPF; bioMérieux. Marcy l'Etoile, 

France) and Mannitol Salt Phenol-Red Agar (MSA, bioMéri-

eux. Marcy l'Etoile, France) media for staphylococci 

isolation and counting. Spreading on the surface was then 

carried out with Drigalski loop and the mixture was left to 
oincubation at 37 C for 24-48 hours. At the end of the 

incubation, suspicious black, convex colonies that formed 

or did not form a surrounding zone Bair Parker Agar and 

those fermented and did not ferment mannitol in the 

mannitol salt agar were selected for pure culturing . (17,18)

14
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After incubation of subculture, the colonies on the plates 

were counted as colony forming units per gram.

Stock cultures were then performed for the identifica-

tion of the selected colonies. The colonies were identified 

on the basis of gram staining, catalase, oxidase and 

clumping factor test, rabbit-plasma-tube coagulase test 

(Bactident Coagulase; Merck, Madrid, Spain) and bacitra-

cin resistance as coagulase-positive staphylococci (CPS) 

and coagulase-negative staphylococci (CNS). Then, 

Staphylococci isolates were confirmed with using by 
®VITEK  2 Gram-Positive (GP) Identification Card (BioMéri-

eux. Marcy l'Etoile, France) in VİTEK 2 device .(19)

Detection and Typing of Staphylococcal Enterotoxin

The presence of five type (A-E) classical staphylococ-

cal enterotoxins (SEs) were detected with Ridascreen® 

SET A, B, C, D and E Kit (R-Biopharm AG, Darmstadt 

Germany, Art. No. R4101). Staphylococci were cultered in 

tubes containing 10 ml Brain Heart Infusion Broth (Oxoid, 

CM0225) and incubated at 37 °C for 18-24 hour. The 
 oculture suspensions were then centrifuged at 15 C and 

3500 rpm for 5 minutes, filtered through a sterile filter with 

a pore diameter of 0.2 µm and filtrates were obtained. 100 

µL of the filtrates of each isolate was put into the wells A-G 

of the microtiter plate so that each strip used for one 

isolate and 100 µL of positive control plate to the well H. 

The plate was manually mixed by carefully shaking and left 
oto incubation at 35-37 C for one hour.  Then the liquid was 

dumped out of the wells into a sink. The conjugate was 

added 100 μl to each well and incubated for 1 h at 35-37 

°C. The conjugate 2 was added 100 μl to each well and 

incubated for 30 min at 35-37 °C. The subsrate/ 

chromogen was added 100 μl to each well and incubated 

for 15 min at 35-37 °C. After the conjugate, conjugate 2 

and subsrate/chromogen steps, the wells were filled with 

300 µl wash buffer per well and washing step was 

repeated 4 times. After adding 100 µL of stop solution on 

each well, measurements were made with ELISA (ELx800) 

device at 450-630±10 nm absorbance within 30 minutes. 

Interpretation of the results was made based on the cut-

off value. Accordingly, the samples with an OD ≥ cut-off 

value were considered as positive, and those with an 

OD<cut-off value as negative . (20,21)

Determination of Antibiotic Resistance

Preparations and application procedures of the 

isolates were made according to the operating manual of 

Vitek analyzer (VITEK Microbiology Reference Manual, 

bioMerieux, Inc. Box 15969 Durham, North Carolina 

27704-0969, USA). The isolates were inoculated in 5% 

sheep blood agar for antibiogram tests of staphylococci. 

Three-four fresh colonies of the same genus were selected 

and put into a tube containing 3 mL sterile physiologic 

water (0.45%-0.50% NaCl, pH 4.5-7.0). Concentration of 

bacteria suspension in the tube was set to 0.5-0.63 

McFarland standart and pipetted to a second tube conta-

ining 280 µL physiologic water. The prepared suspension 

tubes were inserted into the cassette that was put into the 

device and VITEK 2 AST P592 Gram positive antibiotic 

sensitivity cartridge was inserted to the cassette as to 

correspond the tubes. Barcodes of the kits in the cassette 

were read by the device from analysis entry screen. The 

results were read from the monitor of the device after the 

necessary incubation period was completed.

VITEK 2 antibiogram sensitivity kit P592 (bioMerieux 

Ref 22287) used in the study includes benzylpenicillin 

(BEN), fusidic acid (FA), gentamicin (CN), oxacillin (OX), 

imipenem (IPM), ciprofloxacin (CIP), clindamycin (DA), 

linezolid (LNZ), moxifloxacin (MXF), teicoplanin (TEC), 

vancomycin (VA), tetracycline (TE), rifampicin (RA), 

tigecycline (TIG), erythromycin (E), fosfomycin (FF) and 

trimethoprim/sulfamethoxazole (SXT) antibiotics. 

S.aureus ATCC-29213 was used as the reference strain 

(19). 

Statistical Analysis

Descriptive statistical parameters and percentage 

were conducted using SPSS v22 (IBM Corp., Armonk, NY, 

USA) statistical software. Count data obtained were 

expressed as the mean ± standard deviation (SD).

Results

In the study, 68 raw meat sample presented for 

consumption in the butchers within Giresun and Trabzon 

province were analyzed. Distribution of the samples 

collected from the provinces is listed in Table 1. 

Table 1. Distribution of the meat samples.

Sample Sample type Number of samples Total
(n)

Raw bovine meat 

products 

5

30

5

5

5

5

kidney

liver

minced

meatball

meat cubes

heart 5

Raw chicken meat 

products
 

4

38

15

5

4

5

buttock

liver

breast

wing

meatball

gizzard 5



Thirty raw bovine meat sample and 38 raw chicken 

meat sample were examined for micrococci/staphylococci 

and total staphylococci. A mean of 4.90 log cfu/g micro-

cocci/staphylococci and 4.86 log cfu/g total staphylococci 

were counted in the bovine meat samples. Whereas a 

mean of 4.91 log cfu/g micrococci/staphylococci and 4.85 

log cfu/g total staphylococci were counted in the chicken 

meat samples. The mean and standard deviation of count 

results is given in Table 2.

The species identity of 171 staphylococcus strains 

isolated from 68 meat samples was determined. A total of 

75 coagulase-negative staphylococci (19 S.saprophyticus, 

17 S.vitulinus, 9 S.warneri, 7 S.equorum, 6 S.xylosus, 5 

S.sciuri, 4 S.hominis spp. hominis, 3 S.lentus, 2 S.epider-

midis, 2 S.klossii and 1 S.hominis spp. novobiosepticus) 

were isolated from the raw meat samples. Of the 95 

coagulase-negative (24 S.vitulinus, 18 S.equorum, 18 

S.saprophyticus, 16 S.warneri, 10 S.sciuri, 3 S.xylosus, 3 

S.haemolyticus, 1 S.simulans, 1 S.lentus, 1 S.cohnii spp. 

urealyticus) and 1 coagulase-positive (S. aureus) staphylo-

cocci were isolated from the studied raw chicken samples 

(Table 3).

One isolate (1.03%) isolated from the raw chicken 

meat was found to be S.aureus, which belongs to the 

coagulase positive staphylococcus group. According to 

enterotoxin analyses; S. aureus isolate was found to have 

the ability of producing enterotoxin and to produce E type 

enterotoxin (SEE). The optic dansity and ELISA image of 

enterotoxigenic S. aureus is presented in Figure 1 and 

Figure 2.

S.aureus isolate was resistant to benzylpenicillin, 

while it was sensitive to oxacillin, imipenem, gentamicin, 

ciprofloxacin, moxifloxacin, erythromycin, clindamycin, 

linezolid, teicoplanin, vancomycin, tetracycline, tigecyc-

line, fosfomycin, fusidic acid, rifampicin, and trimethop-

rim/sulfamethoxazole antibiotics.

Discussion

Staphylococcal enterotoxins produced during bacte-

rial growth in foods play a role in staphylococcal food 

poisoning. S.aureus is the most enterotoxigenic strain 

among staphylococci. S.aureus is a pathogenic bacterium 

that has been intensively studied worldwide due to 

diseases caused by the microorganism. The presence of 

S.aureus has been well-established in commercial pro-

ducts .(2,12,13,22)

A mean of micrococci/staphylococci and total staphy-

lococci were counted 4.90, 4.86 log cfu/g in the bovine 

meat samples and 4.91, 4.85 log cfu/g in the chicken 

meat samples, respectively. The detection of micrococci/  

staphylococci counts in this study was lower than the 6.21 

16

Table 2. Microorganism counts of meat samples

Micrococci/Staphylococci Total Staphylococci

Sample group Min. Max. Mean±SD Min. Max. Mean±SD

Raw bovine meat 

products
1.17 5.39 4.90±1.07 1.14 5.39 4.86±1.41

Raw chicken meat 

products
1.17 5.30 4.91±1.38 1.17 5.34 4.85±1.71

Mean 1.17 5.34 4.88±1.23 1.15 5.36 4.89±1.56

n %n %

1
1
-

18 7
3 1

-
-
-
1

18 7
10 4

1
25

16 6
3 1
100

1
1
-

18
3
-
-
-
1

18
10
1

24
16
3

96

-

2 6
15 5

-
5 3
1 3
2 6
4

25 3
6 6

-
22 6
12
8

100

-

2
7
-
4
1
2
3

19
5
-

17
9
6

75Total

S. hominis spp. Hominis

S. cohnii spp. Urealyticus
S. aureus

S. epidermidis
S. equorum
S. haemolyticus

S. hominis spp. novobiosepticus
S. klossii
S. lentus
S. saprophyticus
S. sciuri
S. simulans
S. vitulinus
S. warneri
S. xylosus

Staphylococcus strains

  n= no of sample, %= sample rate

Table 3. Distribution of Staphylococcus strains in bovine and 
               chicken meat samples.

Raw bovine 
meat samples

Raw chicken 
meat samples

Figure 1. Image of S. aureus E type enterotoxin.

E type enterotoxin

Negative control

Negative control

Positive control

Figure 2. Optic density value of enterotoxigenic S. aureus.

0,00

1,00

A B C D E cut-off
value

0,049 0,049 0,052 0,049

0,601

0,198

O
D
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al

u
e

Enterotoxin type

S. aureus 
S. aureus
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log cfu/g reported by Tascı et al. . Similar micrococci/ (23)

staphylococci and total staphylococci count results were 

also 5.14 log cfu/g and 3.7-6.15 log cfu/g reported by Can 

ve Çelik , Martins et al.  respectively.(24)  (25)

There are numerous studies in the literature reporting 

foodborne outbreaks originated from S.aureus. However, 

very variable results have been reported by these studies 

regarding the occurrence of enterotoxigenic S.aureus in 

foods. In 2014, 393 foodborne outbreaks caused by stap-

hylococcal toxins have been reported . In a study by Pu (26)

et al. ; the prevalence of enterotoxigenic S.aureus in (27)

retail meats was reported as 85% in Louisiana, USA. In 

another study by Argudin et al. , Park et al. , Sava-(28) (29)

riraj et al.  enterotoxigenic S.aureus was isolated from (30)

31 (48.4%) of 64 isolates in Spain, 104 (74.8%) of 139 

isolates in Korea and 20 (66.67%) of 80 isolates in India 

respectively. In a study by Avsaroglu et al.  from Turkey, (31)

enterotoxigenic S.aureus was detected in 6 (5%) of 23 

isolates. In another studies from Turkey, enterotoxin 

contamination was reported as 3.02% by Ertas et al.  (32)

in Kayseri 2010, 60.1% by Guven et al.  2010 in (33)

Kutahya and Eskisehir provinces, 25% by Can and Celik 

(24) in Ankara and 13.7% by Gucukoglu et al.  in Sam-(34)

sun. Similar results of low prevalence of staphylococci was 

also determined by Pereira et al.  in whose study, out of (35)

148 staphylococci, nine S. aureus isolate produced 

entero-toxin from raw meat samples. In Slovakia, 

Medvedova et al.  observed that 2 of 28 S. aureus (36)

isolates were posi-tive for genes that encode one or more 

enterotoxins. The variation of the contamination level may 

be due to poor hygiene practiced during the slaughter and 

processing of foods in different countries.

Foodborne infection and intoxication cases arise 

mainly from raw milk and dairy products, but also from 

meat and meat products. In addition to the presence of 

pathogenic microorganisms in foodstuffs, their active 

numbers are also among the determining factors in terms 

of food poisoning . Significant cases of staphylococcal (37)

food poisoning occurred as a result of cooking or heat 

treatment of food following the formation of enterotoxins in 

food . According to enterotoxin analyses in this study; S. (4)

aureus isolate was found to produce E type enterotoxin 

(SEE) isolated from chicken liver (Figure 1). In similar lines, 

Wang et al.  have analyzed 23 methicillin-resistance S. (38)

aureus isolates from retail foods and found positive 

isolates for see (staphylococcal enterotoxin gene A) 

(8.7%), followed by seb (staphylococcal enterotoxin gene 

B) (52.2%), sec (staphylococcal enterotoxin gene C) 

(4.3%), sed (staphylococcal enterotoxin gene D) (43.5%), 

seg (staphylococcal enterotoxin gene G) (56.5%), sei (stap-

hylococcal enterotoxin gene I) (4.3%). Li et al.  have (39)

found pvl (Panton-Valentine leukocidin gene) to be the 

most frequent enterotoxin encoding gene (26.6%), 

followed by sej (staphylococcal enterotoxin gene J) 

(12.5%), sea (9%), seh (staphylococcal enterotoxin gene 

H) (8.3%), seb (6.9%), sec (6.9%), sed (4.8%), sei (3.1%) 

and see (staphylococcal enterotoxin gene E) (2.4%) in 133 

S. aureus strains isolated from retail raw chicken meat. Ali 

et al.  have noted that 48.6% of the examined S. (40)

aureus isolates recovered from raw chicken meat and 

giblets harbored 21 isolates see enterotoxin gene types. In 

contrast, in India the most frequent SE genes of S. aureus 

isolates from retail chicken meat were seb (80.95%) 

through seg (66.67%), sei (66.67%), sec (14.29%), sed 

(9.53%) and sej (9.53%) . Differences between the (30)

studies are resulted from the differences in number of the 

samples and food groups. In addition, the rate of 

contamination shows a great diversity according to 

geographic areas, season when the samples were 

collected and echologic origin of the species.

Determination of S.aureus variants resistant to 

antibiotics has been especially underlined in the literature 

(10,11). Particularly, resistance of S.aureus to methicillin 

and clindamycin has been widely studied . Studies (41,42)

in the literature have mostly focused on some antibiotics to 

which S.aureus showed the highest resistance . (43,44)

Unlike these studies, in this study the resistance of 

S.aureus against 17 different antibiotics was investigated. 

In this study, S.aureus was found to be resistant only to 

benzylpenicillin and it was sensitive against OX, IPM, CN, 

CIP, MXF, E, DA, LNZ, TEC, VA, TE, TIG, FF, FA, RA, and SXT 

antibiotics. The same high penicillin resistance rate of S. 

aureus among meat samples has also been reported in 

Turkey and other countries including Bangladesh, USA, 

China, Egypt  . On the other hand, other (27, 38, 45, 46, 47)

researchers have found resistance levels to  TE (67%), E 

(30%), DA (18%), OX with 2% NaCl (14%), CIP (13%), CN 

(3%), and MXF (1%)  (27), to TE (30%), E (20%), CIP (12.5%) 

in Turkey (45), to CIP (21.43%), E (21.43%), OX (28.57%) 

and SXT (14.28%) (46),  to OX (92.3%), TE (66.7%), CIP 

(25.6%), E (59.0%), SXT (5.1%), DA (25.6%) and VA (7.7%) 

in methicillin-sensitive S. aureus in Bangladesh . (47)

Different results among the studies might be resulted from 

the source of the S. aureus isolates and the frequency and 

type of antimicrobial agents prescribed for treating Stap-

hylococcal infections, e.g. in food-producing animals in 

different geographical areas.
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