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Abstract

Foodborne diseases are a major risk for human health. Millions of people become
sick as a result of eating contaminated food with microorganisms that cause
diseases. S. aureus is considered as one of the most important pathogenic bacteria,
having the ability to activate certain genes that encode for heat stable enterotoxins
and cause Staphylococcal food poisoning. Thus, this study aimed to determine the
prevalence of multi resistant Staphylococcus aureus that produce enterotoxins in
different sources of food . Forty nine isolates were identified as S.aureus, according
to morphological and biochemical tests. They were isolated from 387 different food
samples from several randomly covered restaurants and supermarkets in different
regions of Baghdad. Molecular diagnosis of S. aureus using specific primers for the
16S rRNA gene was carried out by Polymerase Chain Reaction (PCR ) technique .
Susceptibility of 43 isolates of S.aureus was tested against 15 antimicrobial agents.
The results revealed that all the isolates were resistant (100%) to mecillinam, highly
resistant to vancomycine and meropenemin (74.4 %) and moderately resistant to
Oxacillin, Erythromycin Cefotaxime, and Cefiximein (67.4, 60.4, 62.8, , 60.5 %,
respectively), while they showed low resistance to Gentamicin (34.8%). In addition,
all of these isolates were susceptible to Tigecycline and Amoxicillin/ clavulanic
acid and Cefoxitin-Cloxacilin. High percentages of oxicillin resistant S. aureus were
isolated from cooked food samples, followed by meat products, and with less
percentage from pastry products. Molecular detection of enterotoxins A and B of
Staphylococcus aureus isolates was performed using specific primers based on PCR.
The results revealed that S. aureus isolated from cooked food had the highest
percentage of the isolates producing the enterotoxins A and B. Type A enterotoxin
gene showed a higher prevalence than type B gene among cooked food , dairy
products and pastry. In conclusion, the results revealed a high prevalence of some
classical enterotoxin genes in multi-drug resistant S.aureus isolated from different
sources of food, which can cause food-poisoning and, consequently, a potential
serious problem for public health.

Keywords: Multi resistant Staphylococcus aureus, foodborne poisoning,
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Introduction

Food safety is one of the most important areas of public health worldwide. Foodborne diseases,
infections, and poisoning result from infections with viruses, bacteria or parasites [1]. Meat, plant
surfaces, and dairy products are the main sources of these infections [2]. Among the involved
pathogens, S. aureus is an opportunistic human pathogen that is globally considered as the third most
common pathogen causing foodborne diseases [3] . Different food sources can provide a good medium
for S. aureus, such as raw meat and meat products [4, 5], raw milk, dairy products [6, 7], and ready-
to-eat foods [8] .

In addition, previous studies reported that food can be a reservoir of antibiotic resistant S. aureus
strains, due to the widespread use of antimicrobials in public health and animal husbandry [9]. This
caused dramatic increase in the antibiotic resistance of coagulase-positive staphylococci, especially S.
aureus which has genes encoding antibiotic resistance that are usually located on mobile genetic

elements, allowing their horizontal transfer to pathogenic staphylococci [10]. The risk of the transfer
becomes more serious as some species, such as S. xylosus, S. carnosus, and S. pasteuri, are used at
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high concentrations as components of starter cultures during the production of fermented food. S.
aureus holds several virulence factors responsible for pathogenicity to the host, including Panton-
Valentine leukocidin (PVL), y-hemolysis , coagulase, and staphylococcal protein A. In addition, S.
aureus possess toxic shock syndrome toxin-1 (TSST-1) and staphylococcal enterotoxins (SEs), both
belonging to the pyrogenic toxin superantigen (PTSAg) family [11]. These superantigens (SAg) can
bind to the major histocompatibility complex (MHC) class Il and form a complex with the V chain of
T-cell receptor, resulting in a nonspecific stimulation of T-cell proliferation. S. aureus is a leading
cause of food poisoning, resulting from the consumption of contaminated food with staphylococcal
enterotoxins, and the most prevalent cause of gastroenteritis worldwide.

Enterotoxins are highly thermostable; pasteurization and normal cooking cannot totally inactivate
them, possibly leading to food poisoning [12]. The start of the symptoms depends on the amount of
the enterotoxin ingested. The classic SEs antigens that have been identified are SEA, SEB, SEC1,
SEC2, SEC3, SED and SEE [13]. The enterotoxin genes are accessory genetic elements in S. aureus
that are encoded by mobile genes [14] .

The present study aimed to investigate the prevalence of S.aureus in different food sources,
conduct molecular diagnosis to the species using 16SrRNA gene by PCR technique as a rapid and
specific method, identify the susceptibility of S.aureus to different antimicrobial agents, and determine
the presence of enterotoxin genes among these isolates using PCR.

Materials and Methods

Samples collection

A total of 387 samples of food were collected from several randomly selected restaurants and
supermarkets in different regions of Baghdad (Al- Harithya, Al-Jadria, Al-Mansuer, Al-Karada,
Palestien street, Al-Bayaa, New Baghdad city, Al-Mashtal), through eight months during the period
between November 2017 and June 2018.

The samples were classified into four different categories that include cooked food (n = 186), meat
and chicken products (n = 45), dairy products (n = 89), and other sources (n- 66) that included pastry
(n = 23) and different types of salad and appetizers (n=43).

All samples were collected in sterilized containers, transported under cold conditions to the laboratory,
and screened for the presence of Staphylococcus species within an hour.
Identification of S. aureus

Staphylococcus species isolated from different food samples were described according to the
conventional procedure of Baird-Parker [15]. Serial dilutions of food samples in 0.85% sterile saline
solution)were streaked onto Baird-Parker agar complemented with Egg Yolk emulsion (5%) and
potassium tellurite saturation solution (0.3%). The plates were incubated under aerobic conditions at
37°C for 24 to 48 h. From each plate, black colonies (from Baird-Parker agar) and yellow colonies
(from mannitol salt agar) were chosen for further characterization of species by biochemical test and
gene based methods. All isolates were morphologically and biochemically identified to the species
level depending on Bergey’s Manual of Systematic Bacteriology [16]. Identification of the isolates
was performed after confirming the tests of Gram reaction, oxidase , catalase, coagulase and mannitol
fermentation, where only the isolates that gave positive results were selected for further study.
Antimicrobial Susceptibility Assay

All S. aureus isolates were subjected to antimicrobial susceptibility test by standard disc diffusion
method on Muller-Hinton agar according to the Clinical and Laboratory Standards Institute’s (CLSI)
recommendations. Sensitivity patterns of the isolates to Gentamycin (GM) 10ug , Oxacillin (OX) 1ug,
Ciprofloxacin (CIP) 5 pg, Erythromycin (E) 15pug , Tigecycline (TGC) 5 pg, Vancomycine (VA)
30ug, Meropenem (MEM)10 pg , Ceftriaxone (CTR)30 pg , Amikacin (AK) 30ug , Cefoxitin-
Cloxacil (CXX) 30/200 pg , Imipenem (IPM) 10 pg , Mecillinam (MEC) 10ug, Amoxicillin (AUG)
30 pg , Cefotaxime (CTX) 30ug and Trimethoprim (SXT) 25 pg were determined. Isolates were
divided into three groups based on the zone of inhibition produced by the antibiotic disc; susceptible,
intermediate, and resistant, according to the standard guidelines recommended by the National
Committee for Clinical Laboratory Standard. The diameters of inhibition zone were compared with
those of the Performance Standards for Antimicrobial Susceptibility Testing [17]

Extraction of DNA

Whole genomic DNA was extracted from S.aureus isolate using Genomic Bacterial DNA

extraction kit (Promega, USA) with an addition of 30 pg/ml lysozyme enzymes according to the
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manufacturer’s instructions. The purity and concentration of DNA samples were estimated using Nano
drop apparatus (ACT Gene/ Korea) .

Detection of 16SrRNA , SEA and SEB genes using PCR technique

Detection of 16SrRNA gene

The amplification of PCR reactions was performed in a thermal cycler machine (labnet- USA).
The components were used as follows: 12.5 ul of Co Tag®Green Master Mix (Promega /USA ) that
contained Tag DNA polymerase, MgCl2 deoxynucleosides (dNTP), buffer, and 1 ul of each primer
(10pmol ). Also, 1ul of 100ng DNA was used as template , while 9.5 ul deionized water was added to
achieve 25 pl total volume.

The sequence of oligonucleotide primers that were used in PCR to detect the presence of
Staphylococcus specific genes were synthesized in Integrated DNA Technology (Canada). The primer
sequences were -F 5- GGCCGTGTTGAACGTGGTCAAATCA - 3 and -R5 -
TIACCATTTCAGTACCTTCTGGTAA- 3' designed according to Martineau et al. [18] with a
product yield of 370 bp fragment . The amplification of the 16s rRNA gene was completed in 30
cycles : initial denaturation at 94 °C for 3min, second DNA denaturation at 94°C for 1 min, primer
annealing at 55- 60 °C for 30 s, DNA extension at 72°C for 30 s and final extension at 72°C for 3 min
. The PCR products were tested by agarose gel electrophoresis (1.5% w/v) at 70 voltage for 1.5 hr. 100
bp DNA ladder and DNA bands were visualized using UV transilluminator documentation system and
photography.

Detection of Staphylococcus Enterotoxines ( sea , seb) genes

The sea and seb loci were determined among the extracted DNA of S. aureus isolates by
polymerase chain reaction using forward primer 5-GGTTATCAATGTGCGGGTGG-3' for sea and
reverse primer 5- CGGCACTTTTTTCTCTTCGG-3' , with a yield of 102bp fragment. While the
forward primer for seb gene was '5'-GTATGGTGGTGTAACTGAGC-3' and the reverse primer was
5'-CCAAATAGTGACGAGTTAGG-3', with a yield of 164 bp fragment. All primers were designed
according to Manisha et al. [19].

A volume of 25 ul of PCR solution contained master mix buffer (1X), forward and reverse primers
(10 pmol/ul) , DNA (200 ng/ul) and deionized water. PCR was performed as follows: initial
denaturation for 5 min at 94 °C, second denaturation for 2 min at 94 °C, annealing for 2min at 57 °C,
extension at 72 °C for 1min and final extension at 72°C for 7 min. The amplification was applied at 35
cycles and the PCR product was analyzed by loading 10 ul of PCR mixture onto agarose 1.5% in the
presence of 100 bp DNA ladder. After gel electrophoresis, the gel was exposed to U.V by using U.V
Transilluminator.

Statistical Analysis

The Statistical Analysis System- SAS (2012) program was used to detect the effects of difference
factors on study parameters. Chi-squared test was used to compare between percentages based on
significant differences (at 0.05 and 0.01 probability).

The SPSS software (V 20.0) was applied to estimate the correlations amongst the samples , the
source of isolates, and genes, using Spearman Correlation with a significance limit at p< 0.05. The
SPSS software was also employed to estimate the correlations amongst the sources of isolates and
genes using Pearson chi-squared (R) to test differences with significance of p< 0.05.

Results and Discussion
Identification of S. aureus isolates from food samples

A total of 387 different food samples were collected randomly from different regions in Baghdad
governorate. 112 Staphylococcus isolates were identified depending on morphological examination ,
cultural media ( on Baird-Parker medium and ability to ferment mannitol aerobically on mannitol salt
agar ). Only 49 isolates were identified as S. aureus according to biochemical tests (positive for
catalase and coagulase and negative for oxidase) and molecular diagnosis for 16S rRNA (table -1).
From 49 isolates belonging to S.aureus, the highest percentage was obtained from samples of ready-
to-eat food or cooked food (42.8%), followed by salad and appetizers (24.5%), meat products
(14.3%), dairy products (10.2%) and cakes ( 8.2 %) , while no isolates were isolated from chicken
products. The results in Figures-(1, 2) showed a high frequency of S. aureus isolates in the cooked
food group compared with other main groups .

The highest percentages of S. aureus were represented in cooked food samples from rice (20.7%)
and chicken (18.5%), while cooked food of vegetable samples reported the least percentage (5.6%)
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which was close to the percentage of crisp (5.9%). In the dairy product samples, only two samples
showed a positive result for S.aureus isolates, represented by cheese and raw cheese (11.1 and 9.1 %,
respectively) while no isolates of S.aureus were found in raw cream , raw cheese, and cream cheese
samples.
Table 1-The numbers of S. aureus isolates from different types of food samples

others

cooked food

- meat and chicken
product

Figure 1-The frequency of S.aureus in main groups

65

No. of No. of Staphylococcus
No. Type of sample samples spp. No. of S.aureus %*
A Cooked food
1 Meat with dough 30 10 3 10
2 Bread of erok 38 11 3 7.9
3 Crisp (cooked potatoes) 17 3 1 5.9
4 Rice 29 10 6 20.7
5 Grilled kebab 18 4 2 11.1
Cooked meat with
6 vegetables 18 5 1 5.6
7- Chicken 27 9 5 18.5
8- Falafel 10 _ _ _
o1V G : R
2- Chicken products 11 1 _ _
C-1- Raw cream 12 1 _ _
2- Raw cheese 22 7 2 9.1
3- White cheese 27 7 3 111
4- Cream cheese 12 4 _ _
5- Soft cheese 16 5 _ _
D1- Salad and appetizers 43 22 12 27.9
2- Pastry (cakes) 23 4 4 17.4
Total 387 112 49
Dairy product
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Figure 2-Comparison between the four groups of food samples depending on

(blue) , Staphylococcus spp isolates (red), and S. aureus isolates (orange).

numbers of samples

The results in Table- 2 show the statistically significant differences between numbers of positive
samples for S. aurues in different types of food samples (P > 0.05).

Table 2-Statistical analysis of numbers of Staphylococcus aureus

isolates in various types of food

samples.
Chi-
Type of food No. of food Staphylococcus S.aureus | Squared
samples samples spp (XZ)
21(36.21 1.372
0,
A Cooked food 187 52 (27,8%) %) NS
Meat product+ 0 0 ok
B Chicken product 42 14(33,3%) 7(50%) 7.335
C Dairy product 91 24(26.3%) 5(20.8%) | 4.866 *
D Salad and appetizer 43 22(51.2%) 12(54.5%) | 4.478 *
E Pastry (cakes) 21 4(17.4%) 4(100%) | 6.952 **
Total 387 112 49
Chi- Chi-
Squazre 11.275 ** 9.406 ** Squzare
d(x) )

* P<0.05 : Significant , ** P<0.01: Highly Significant, NS: Non-Significant.

A previous study by Mahfoozi et al. (2019) reported that the most contaminated foods were found
in samples of hamburger (47.3%) and kebab samples (61.5%), while variable rates of contamination
for S. aureus were noticed in other food samples.

The variation in the numbers of S. aureus isolates between several studies might be due to
different factors. Staphylococcal food poisoning is correlated with inappropriate handling of processed
or cooked foods, rather than raw foods, followed by storage under conditions which allow S. aureus
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growth and production of enterotoxins [20]. Foods that favor growth of coagulase positive
staphylococci are characterized by high protein content. These include poultry, meat products and
meat, dairy products and milk, egg products, salads, bakery products -particularly cream-filled pastries
and cakes, and sandwich fillings, all have been frequently involved in Staphylococcal food poisoning
(SFP) outbreaks. Besides, the production of enterotoxins from Staphylococci is affected by different
factors, including water activity, pH, temperature, and other parameters [21, 22]. Milk products may
cause severe health hazards to people due to high susceptibility to a variety of microorganisms,
depending on their high nutritive value [23].Cheese types have complex microbial ecosystems
identified by the presence of a large variety of molds, yeasts, bacteria , and other microorganisms
including some species of lactococci or lactobacilli. The presence of certain microorganisms may lead
to a higher health risk by contamination from the environment during handling and processing of raw
milk. An important food-borne pathogen that is recognized worldwide is S. aureus which can produce
different types of enterotoxins in food [24].

In this study, the different outcomes may be due to differences in production technologies, such as
those used in cheese production, the number of samples, whether the used milk was raw or
pasteurized, the adequacy of hygiene standards during manufacturing process, and the personnel
involved in the production.

Molecular diagnosis of S. aureus isolates

To confirm the results of the biochemical tests, the molecular diagnosis of S.aureus isolates was
performed using specific primers for 16S rRNA gene as an indicator for the diagnosis of S. aureus
isolates .The yield of the DNA extracted was in the range of 100-1500 ng/ul with a purity range of 1.8-
2.1, as indicated by using nano drop apparatus. The results in Figure-1 show that 49 isolates of S.
aureus gave positive results for 16S rRNA as a single DNA band of PCR product with a molecular
base of 370 bp. This was shown by conventional PCR based on an annealing temperature of 55 °C,
which was specified for S.aureus and considered as a critical feature for differentiation from other
Staphylococci spp. [25]. Previous studies described the use of PCR for the detection of 16S rRNA as
more reliable and rapid method. The results of the current study agree with those of Heidari et al. [26]
who noticed that the amplification of 16S rRNA confirmed the identification of 126 Staphylococcal
isolates as S. aureus. Several studies reported that 16S rDNA differentiated all tested isolates and
identified 100% Of them as S. aureus [27, 28, 29].

Figure 1-The amplification products of Staphylococcus isolates with specific primer gene (370bp)
separated using 1.5% agarose gel electrophoresis (90 volt, TBE buffer 1X) for 1 hour after staining
with ethidium bromide, conceived under UV light. M = Molecular size marker (100-1500bp). C =
Negative control. (1-9) = Staphylococcus isolates.
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Antimicrobial susceptibility of S. aureus isolates

All isolates of S. aureus were tested for resistance towards fifteen antimicrobial discs used in this
study. The results in Figure-4 show that all isolates were relatively highly resistant to mecillinam
(100%). Resistance to each of Vancomycine and Meropenemin was 74.4 %, to Oxacillin and was 62.8
%, to Erythromycin was 60.5 %,and to Gentamicin was 34.8%, whereas all of isolates were
susceptible to Tigecycline and Amoxicillin/ clavulanic acid. In addition, the isolates showed
resistance against the third generation of cephalosporin group which includes Cefotaxime and
Cefiximein (67.4, 60.4 % respectively), while they were sensitive to Cefoxitin-Cloxacilin (9.3%).
Food is the main source for the transfer of antibiotic resistance, possibly through the ingestion of
resistant food-borne strains [30, 31]. The inhibition zone of mecillinam can be considered as an
indicator for the critical qualification of producer/non-producer B lactamase S.aureus [32]. All the
sensitive isolates within the mecillinam inhibition zone of less than 17mm could be considered as
lactamase producer S.aureus isolates. In this study, all the 49 isolates were resistant to mecillinam,
possibly since it is used for the treatment of urinary tract infections caused by E. coli [33] and
infections caused by gram positive Staphylococcus saprophyticus [34]. The high level of resistance
toward [ lactam group that was expressed within S. aureus isolates is mainly caused by the expression
of mecA and its regulatory determinant which encode for the variant PBP called PBP2A and/or
lactamase encoded by blaz, as well as the AbcA efflux pumps encoded by abcA. Also, a part of the
efflux system in S.aureus is defined also as a resistant mechanism toward B-lactam antimicrobial
agents [35, 36].

100
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()]
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Antimicrobial agents

Figure 4-Susceptibility of S.aureus isolates to antimicrobials agents. Gentamicin (GM) , Oxacillin
(OX) , Ciprofloxacin (CIP) , Erythromycin (E) , Tigecycline (TGC) , Vancomycine (VA) ,
Meropenem (MEM) , Ceftriaxone (CTR) , Amikacin (AK) , Cefoxitin-Cloxacil (CXX) , Imipenem
(IPM) , Mecillinam (MEC) , Amoxicillin (AUG) , Cefotaxime (CTX) and Trimethoprim (SXT).

The present results showed high resistance to Oxicillin ,VVancomycine, and Meropenemas, which is
in agreement with the results reported by Kader et al. [37], who showed that 88.24% of the isolates
were resistant to methicillin and Oxacillin discs. Odonkora and Addob [38] noticed that the methicillin
disc diffusion test detected 54 MRSA ( 21.6%) , with relatively moderate resistance to Vancomycin
and Amikacin (60 and 62 %, respectively). Alibichewi et al. [39] found a low resistance of S. aureus
isolates towards Vancomycin and Amikacin (9.7 and 10.0, %, respectively). For comparison purposes,
the results of the statistical analysis based on isolation source and response to antibiotics are described
in Table-3).
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Table 3-The percentage of susceptibility of S.aureus to different types of antibiotics along with the
results of Chi-Squared (x°) analysis .

No No. and % of S.
' Type of antibiotic Response tvpe aureus in food Chi-Squared (¢?)
P yp samples
0,
1- Amikacin (AK) 5 358((1815337@3) 13.74 %
0,
2- | Amoxicillin (AUG) 5 4i 235625@0) 14,68 **
0,
3- Cefotaxime (CTX) g i? Eggggég ; 7.62 **
4 Cefoxitin-Cloxacil R 4 (9.30%) 14.17 **
(CXX) S 39 (90.69%) '
0,
5- Ceftriaxone (CTR) I; ii Eg;ggoﬁ g 9.35 **
0,
6- Ciprofloxacin (CIP) l; 367((1836905533) 13.71 **
. R 26 (60.47% o
7- Erythromycin (E) S 17 §39.530/3 7.62
0,
8- Gentamicin (GM) l; ;g ggg?goﬁg 9.35 **
0,
9- Imipenem (IPM) l; 412 ((29;33(’37{?/3)) 14.82 **
0,
10- | Mecillinam (MEC) R ‘53((()1880//;’)) 15.00 **
0,
11- | Meropenem (MEM) g ig Egiééoﬁg 9.35 **
i Oxacillin (OX) R 27 (62.79%) o
12 S 16 (37.21%) 8.92
0,
13- | Tigecycline (TGC) g 4i E35625/?’}o) 15.00 **
0,
14- | Trimethoprim (SXT) '; ;é ((%03 %9/3/2) 13.76 **
0,
15- Vancomycine (VA) '; ﬁ gggéoﬁ g 12.66 **
Chi-Square (%) 16.70 ** ---

** P<0.01: Highly Significant , NS: Non-Significant

The mechanisms of antimicrobial resistance in bacteria are due to several agents that include
degradation of antibacterial drugs by enzymes, alteration of bacterial proteins that are antimicrobial
targets, and changes in permeability of membrane to antibiotics. Antibiotic resistance can be mediated
by either plasmid , integrons, or transposons. The hydrolysis reaction is mediated by the bacterial
enzyme beta-lactamase, which is the most important mechanism for resistance to cephalosporins and
penicillins. S.aureus becomes resistant to methicillin and other B-lactam antibiotics by acquiring a
genomic island known as staphylococcal chromosome cassette (mec).
In the current study, the results showed an increasing prevalence of S. aureus and its emerging
antibiotic resistance in different types of food. Especially, most of the isolates showed multi-resistance
to more than one antibiotic (2-11). Also, one isolate from vegetable salad showed resistance to all the
15 antibiotics, which is considered as a serious problem for public health.
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Detection of sea and seb genes using PCR technique

Nine among 49 isolates of S.aureus showed positive results for sea gene with single band (102 bp),
while seven isolates showed a positive result for seb gene (164 bp), as shown in Table-4 and Figures-
(5, 7). In this study, different isolates of S. aureus were shown to produce two types of enterotoxin.
The prevalence of the type A enterotoxin gene was detected to be higher than that of the seb gene,
distributed among cooked food , dairy products, and pastry.

S. aureus is considered as an important aetiological agent of food intoxications through the production

of various staphylococcal enterotoxins (SEs), that might cause gastro-enteritis, which proved to have
more tolerance to pasteurization and higher temperature [40]. Researchers have shown that SEs are
highly resistant to heat treatment, as in the case of sea which retained its biological activity even after
exposure to as high temperature as 121°C for 28 minutes [41].

The enterotoxins were reported as an important virulence agent involved in food poisoning [40]. A
study by Mousa et al. [42] showed the 72 out of 103 isolates of S. aureus harbored at least one type of
the SEs genes. Several studies reported a high proportion of bacterial isolates from outbreaks of
staphylococcal food poisoning that occurred in the United Kingdom , South Korea , Japan and France,
which could produce staphylococcus enterotoxin A, either alone or with another toxin [41].

Bystron et al. [43] tested food samples from half-baked chickens in Turkey, in order to the detect
enterotoxin-producing S. aureus. Among 65 isolates, only 11 were identified to be S. aureus [44]. The
production of enterotoxin from S aureus is affected by different environmental factors such as
temperatures , water activity, pH and other parameters. The results of statistical analysis based on
samples and enterotoxin A gene are listed in the Table-5, while those for enterotoxin B are described
in Table-6.

Table 4-Results of the molecular detection of sea and seb genes from S. aureus isolates from different
sources of food

No. of . .
No. Type of Staphylococcus | %% Enterotoxin | Enterotoxin 0%
samples A B
aureus
A- Cooked food 21 42.8 3 2 31.3
B- Meat product 7 14.3 1 2 18.7
C- Dairy product 5 10.2 1 _ 6,3
D | Saladand 12 245 2 2 25
others | _2°P 4 8.2 2 1 18.7
Pastry(cakes)
Total 49 100% 9 7 100%
Table 5-Correlation between samples and enterotoxin A gene using Chi-Squared Test.
Value Df Asymp. Sig. (2-sided)
Pearson Chi-Square 2.754° 3 431
Likelihood Ratio 4.177 3 243
Linear-by-Linear Association 2.360 1 125

a: 4 cells (50.0%) have expected count less than 5. The minimum expected count is 61.
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Toxin A
102 bp

Figure 5-The PCR amplification products of S. aureus toxin A gene (102bp) separated on 1.5%
agarose gel electrophoresis (90 volt , 1X TBE buffer) for 1 hour, stained with ethidium bromide ,
then conceived under UV light. M = Molecular size marker (100-1500bp). C = Negative control. 1-7
= S. aureus isolates.

Figure 7-The PCR amplification products of S. aureus toxin B gene (164bp) separated on 1.5%
agarose gel electrophoresis (90 volt , 1X TBE buffer) for 1 hour , stained with ethidium bromide then
conceived under UV light . M = Molecular size marker (100-1500bp). C = Negative control. 1-5 = S.
aureus isolates.

Table 6-Correlation between samples according to enterotoxin A gene expression using Chi-Squared
Test.

Value df Asymp. Sig. (2-sided)
Pearson Chi-Squared 1.744° 3 0.627
Likelihood Ratio 2.492 3 0.477
Linear-by-Linear Association 171 1 0.680

4 cells (50.0%) have expected count less than 5. The minimum expected count is 0.76.

Conclusions

The increased emergence of antibiotic resistance in S. aureus isolated from different types of food
is a part of a serious problem to public health. The relative prevalence of some classical enterotoxin
genes (sea and seb genes) in the isolates revealed the potential of this bacterium to produce different
kinds of enterotoxins, which can cause food-poisoning.
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