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KBSTRACT \

This study represents the record of assessment for the level of contamination by Staphylococcus aureus of certain
categories of animal source food and characterization of enterotoxigenic strains. That was done dependent on Polymerase
Chain Reaction (PCR) for identification genes coding for the production of toxin by Staphylococcus (SE). On basis of that
information were compared the results obtained by PCR approximately the presence in the tested strains of genes
encoding the enterotoxin. Number of coagulase-positive staphylococci was performed. At the end of incubation period of
24 h at 37 °C, the typical colonies were sub-cultured on triptycase soy broth, biochemical identification was subsequently
completed in micro-method with the API Staph system. S. aureus were isolated from foods and confirmed by PCR with
the identification of genus, species and toxins gene. From 350 tested food samples, (48.9%) were contaminated with S.
aureus. From all tested samples, the percentage of contamination of fresh meat was 30.2 % from total number of
samples, also including fresh meat preparations like (sausages) the percentage of contamination was 18.7%. The fresh
meat contamination levels were varied from 5 CFU/gm to 720 CFU/gm. It was found 19 toxigenic strains isolated from
meat products. They have proven to be carriers of genes coding to SE, in other hand there were 5 toxigenic strains
isolated from pastry, ground beef and shell fish they were tested as a positive for SE. Use of innovative techniques for
identification of genes encoding the production of enterotoxins, in addition to classic method of detection, allow identify
gene carriers strains they could produce, in suitable conditions, toxins also different from those traditionally.
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INTRODUCTION
Staphylococcus aureus is one of bacterial agents, [2]. Historically, at different countries, there were many

frequently identified as a cause of food poisoning [1]. There outbreaks reported, for example, at USA. S. aureus caused
were many strains of S. aureus, considered a producers of about 241000 illnesses case per year [3]. In Europe,
specific exotoxins include staphylococcal enterotoxins (SES) between 1993 and 1998, the outbreaks were caused by S.
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aureus and showed variations ranging from 0.9% in
Netherlands 13.6 % in France, also in ltaly 1.8 % of
poisoning were reported in 1998 which were attributed to
this microorganism. At USA it is estimated that every year
there are 185,000 cases of Foodborne Outbreak of
staphylococcal enterotoxin, 1750 persons were hospit-
alized and 2 deaths [4,5]. In lraq, another studies,
Staphylococcus spp. were isolated from milk and white
cheese samples were collected from markets at Baghdad
city, there were 200 Staphylococcal isolates were isolated
from milk and white cheese samples were collected from
markets Baghdad city, there were 200 Staphylococcal
isolates, S. aureus are predominant species, which were
(97) isolates represent (48%), followed by (82) isolates of
S. chromogenes represent (41%) and (21) isolates are
represent (11%) S. epidermidis isolates [6]. The wide
diffusion of carriers subject to S. aureus are (greater than
30-50% of the population), the contamination of food or Its
ingredient during handling permanence of the product at
temperatures not suitable and the ability of the micro-
organism develop in a wide spectrum of conditions pH,
concentration of free water Sodium chloride and then on a
wide range of alimentary products, represent the Main
epidemiological characteristics that create the right
conditions for the emergence of borne by S. aureus [7].
Also the liquid foods, such as raw milk, which is known as a
Carrier for many pathogenic agents, with highly number of
samples positive for S. aureus. In literatures they are given
conflicting data, [8] report a percentage of contaminated
raw milk with S. aureus with value of 27.4 to 37% in dairies,
[9] was reported a low percentage levels of isolation.

The tolerance criteria currently in force towards S. aureus
and its toxins in fresh cheese and meat are set out in
Regulation of Commission of the European Community
(CEC) 1441/2007 [10]. Foods commonly associated
staphylococcal intoxication such as meat types like (beef,
pork and chicken) also meat products, salads, cream
pastries and dairy products. The pathogenic action of this
microorganism is determined by the ability of certain strains
of synthesizing one or more enterotoxins (SEs). [11] The
percentage of enterotoxigenic strains was estimated to
represent about 25% of isolates. The production of SE can
start with low bacterial concentrations (10° CFU /gm), after
Incubation times of 2 hours at 37 °C. In humans the
symptoms may occur after ingestion of very small amounts
of toxin nearly about (0.5 ng/ml) [12].

Table 1. sequences Oligonucleotide primers for the region

of toxin nearly about (0.5 ng/ml) [12]. This feature can, It
enhanced by chemical and physical conditions food (pH,
concentration of chloride sodium) that can determine the
maintenance biological activity even after thermal treatment
of industrial sterilization [11,12].

This study represents the report assessment of the level for
contamination by S. aureus of certain animal source foods
categories and the characterization for enteroto-xigenic
strains, with a method of PCR for identification of genes
coding for the production of SE [13,14,15]. On basis of the
information were compared with the results that obtained by
PCR, approximately, the presence of genes encoding the
enterotoxin were in the tested strains

MATERIALS and METHODS

Sample collection

Along study period for one year, 350 selected samples of
foods were examined for their Ease of availability and
because of wide using among other types of food which
they were meats, fresh cheese, products pastry and
gastronomical preparations. All products samples were
collected from Baghdad markets and transferred rapidly
under refrigeration to laboratory.

Number of S. aureus isolates

The numbering of Coagulase-positive staphylococci was
performed according to the operating mode reported in the
second part of the 1SO6888: [16]. At the end of the
incubation period at 37 °C, the typical colonies were sub-
cultured on Triptycase soy broth and subjected to tests to
latex Staphytect plus (Oxoid, Basingstoke) for identification
of S. aureus, according as provided by the AOAC method
995.12 [17]. The biochemical identification it was
subsequently completed in micromethod with APl Staph
system (bioMérieux Marcy I'Etoile) in accordance with the
producer.

Primers and detection of specific coding genes
The strains of S. aureus were isolated from foods and
confirmed by PCR with identification of genus, species and
toxins gene. The sequences of oligonucleotide primers
were reported in Table 1.

3ene Primer Oligonucleotide sequence(5'-3")

bp of gene Product (bp) References

TstaG422 GGCCGTGTTGAACGTGGCAAATCA 422-226 370 [22]
Tstage 765 TTACCATTTCAGTACCTTCTGGTAA 765-792
Sa442-1  AATCTTTGTCGGTACACGATATTCTTCACG 5-34 108 [23]
Sad42-2 CGTAATGAGATTTCAGTAGATAATACAACA 83-112

sec GSECR-1 AGATGAAGTAGTTGATGTGTATGG 432-455 451 [24]
GSECR-2 CACACTTTTAGAATCAACCG 863-882

sed GSEDR-1 CCAATAATAGGAGAAAATAAAAG 492-514 278 [13]
GSEDR-2 ATTGGTATTTTTTTTCGTTC 750-769

see GSEER-1 AGGTTTTTTCACAGGTCATCC 237-257 209 [25]
GSEER-2 CTTTTTTTTCTTCGGTCAATC 425-445
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Identification of S. aureus and enterotoxins gene

To identify S. aureus and sea, seb, sec, sed and see genes
PCR method was used [18]. For Staphylococcus genus and
species an initial denaturation at 94 °C for 5 min was
followed by 35 cycles of amplification (denaturation at 94 °C
for 2 min, annealing at 57 °C for 2 min, and extension at 72
°C for 1 min), ending with a final extension at 72°C for 7
min. For enterotoxins genes multiplex PCR was also
carried out with following amplification cycles: denaturation
for 1 min at 94 °C, annealing of the primers for 1 min at 55
°C and extension of the primers of 2min at 72 °C; 35 cycles
were performed of amplification using thermal cycler
gradient PCR 22331 System (eppendorf).

To detect PCR products, each sample, represented by 5 pl
of amplified in 1upl of buffer (gel solution loading,
concentration 1-6x, Sigma, St Louis, Missouri) was
subjected to electrophoresis in agarose gel at 1.5%
(Agarose, promega) at 100 volts for 1h. For estimating the
number of base pairs of fragments standard weight
molecular of 100-1500 bp (Amplisize TM Molecular Ruler,
Bio-Rad, Hercules, USA) was used.

RESULTS and DESCUSION

Levels of contamination by S. aureus food
examined

From 350 food samples 48.9% were contaminated with S.
aureus. Fresh meat was contaminated with S. aureus
(30.2%), this including fresh meat preparation (sausages
18.7%) (Table 2). For fresh meat, the contamination levels
were varied from 5 CFU/gm to 720 CFU/gm.

Table 2. Distribution of meat products and fresh cheese with positive
test results

33.3% for sheep cheeses and 4.8% for bovine fresh cheese
(Table 2). For fresh cheese, levels contamination ranged
from 50 CFU/gm to 2800 CFU/gm. Table 3 reported the
percentage of carriers strains genes coding for
staphylococcal toxins. The distribution of contamination
levels, with reference to the limits, set by legislation force
for this category of products and the concentrations of S.
aureus necessary for the production of enterotoxins (Table
3, 4 and Fig 1). Pattern electrophoretic PCR multiplex for
display Staphylococcal genes identification (Fig 3). Table 3
shows percentage of strains coding for Staphylococcal
toxins of 4 isolates isolated from cheeses, only 1 strain
positive for PCR (sea).

Table 3. Distribution of levels of contamination by S. aureus in
positive samples of cheese (amounts are expressed in CFU/gm for
solid samples and CFU/ml for liquids). a, limit "m" of acceptability
for fresh cheeses according to CE/1441/2007; b, limit "M" of
acceptability for fresh cheeses according to CE/1441/2007; c, level of
contamination by S. aureus for the production of SE [13].

Matrix 0-102 10-100° 100-1000 >1000°
fresh  sheep 0 0 2 x (50%) 1(25%)
cheese
fresh cow 0 0 0 1(25%)
cheese

Table 4. Distribution of levels of contamination by S. aureus found
in samples of fresh meat and meat preparations (amounts are
expressed in CFU/gm). a, limit "m" of acceptability for fresh cheeses
according to CE/1441/2007; b, limit "M" of acceptability for fresh
cheeses according to CE/1441/2007; c, level of contamination by S.
aureus for the production of SE [13]

Marix 0-100 100-1000° >1000°
Fresh 3(11.1%) 19(70.4%) 5(18.5%)
meat

fresh 6(50%) 6(50%) 0
sausages

Products No. of No. of Percentage
tested positive of isolates
samples samples of S.
aureus
fresh meat 40 12 30.2
(ground meat,
poultry)
meat products 162 27 18.7
(sausages fresh)
fresh sheep cheese 9 3 333
fresh cow cheese 21 1 4.7
Pastry products 55 2 3.6
(pastas cream)
Gastronomical 13 1 7.6
products
(timbale)
seafood 50 3 6.0
(mussels)
Total 350 49 14.0
products

While, for sausages, It it was observed that the level of
contamination from 30 CFU/gm to 2900 CFU/gm. The
contamination in fresh cheese samples is found to be

Identification of enterotoxigenic strains

Forty nine isolates of S. aureus, 19 were producers SE.
The percentage of food contaminated with enterotoxigenic
isolates that isolated from meat gave positive to the
presence of one or more genes encoding enterotoxin as
shown in table 5 and fig 2.

From the 350 food samples, were taken at retail outlets and
belonging to the category of food most widespread, 49
(14%) were contaminated with S. aureus. Foods that with
greater frequently they were contaminated with S. aureus
were the meat preparations and the fresh cheese (19.3%
and13.3%). The results were evaluated and taking as a
reference, the lower limit "M" (defined by the reference
standard force) for which product that respects this limit is
considered "satisfactory"”, it was proposed 1000 CFU/gm or
ml (depending on the liquid or solid nature of the analyzed
product) which corresponds to the concentration of S.
aureus in which some authors reported production of SE
[19,20]. Specimen of fresh meat examined, only 11.1% was
comply with the limits and therefore less than 100 CFU/gm,
while the 18.5% experienced an upper charge to 1000 CFU
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Table 5. Distribution of Enterotoxins genes SE among S. aureus isolates, X, Positive results

StrainNo. 1 2 3 4 5 6 7 8 9 10

1 12 13 14 15 16 17 18 19

(Sec) X X X X X X X X X X X X
(Sed) X X X X X X X
(See) X X X X X X X X X X X X

/gm, between another level considered suitable for the
production of toxins SE [13]. However, as regards fresh
cheese, 25% of samples result has more than 1000
CFU/gm, which is the limit level of contamination by S.
aureus proposed in the literature for production of
staphylococcal enterotoxin. PCR method showed 48.9% of
isolates were enterotoxigenic, related to toxins C-E (sec,
sed and see), genes also have been highlighted. Nineteen
toxigenic strains were isolated from meat products, they

have proven to be carriers of genes coding SE. as they
proved by [21], 5 toxigenic strains were isolated from
pastry, ground beef and shell fish were they tested as
positive for SE. . In particular, (12) isolates have the gene
encoding the sec, (9) isolates have two genes coding for
SE (4 sec and sed, 3 sed and see, 2 sec and see), also (4)
isolates of S. aureus encoding three genes (sec, sed and
see) as shown in (Table 5).

1 12 13 14 15 16 17 18 19 M
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Fig 1. Amplification of TstaG and Sa422. M, 100-bp ladder; Lane 1-19, amplified gene of TstaG for Staphylococcus spp with 370bp; Sa422 for

S. aureus with 108 bp, negative control.

Fig 2. Agarose gel electrophoresis patterns showing multiplex PCR amplification products of S. aureus enterotoxins genes. Lanes M, DNA

molecular size marker (100-bp ladder),
Number of S. aureus cells in different foods for human
consumption prevailing standard for quality hygienic food health is
planned search of staphylococcal toxins. The number of S. aureus
cells can, however, not be an indicator of the presence of
enterotoxins in the product and the microorganism may no longer
be viable but having produced enterotoxin which persists in the
food or the enterotoxin produced. It can be present in an amount
less than the detection limit of the methods available in to detect

the Staphylococcus spp.

lanes 1 to 19 PCR amplicons of sec,

sed and see genes; C, negative control.
This study shows a widespread presence of S. aureus which
carriers of genes encoding toxins other than those identified
with traditional methods. For the toxins, which is not known yet,
the real meaning of their presence in food and actual impact
that they may have as a cause of S. aureus food poisoning in
humans, it's necessary to carry out further studies, supporting
traditional methods and molecular methods. Use of innovative
techniques for the identification of genes encoding the produ-
ction of enterotoxins, in addition to classic method of detection,
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which allow identify gene carriers strains, they could produce, in
suitable conditions, toxins also different from those tradition-ally,
that may be able to cause human disease . Effective reduction of
the levels of contamination could be achieved through the
improvement of hygiene procedures health. It can be concluded
that S. aurues high prevalence among tested food samples
highlighted the necessity of enforcement of hygienic
implementations and practice. The presence of S. aureus in
retailed meats and other foods. In this study, high numbers of S.
aureus were observed in all common meat types sold in the
market. Other types of super antigens (sec, sed and see) were
detected in all meat samples. As future work, subsequent
molecular and ecological characterization of isolated S. aureus
should fellow.
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