Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). doi.org/10.29079/gjvms.2025.157450.1072

ISSN P: 1818-5746
E: 2313-4429

gjvms.qu.edu.iq

Molecular detection of the sea, seb, sec, sed, see, and tst genes and phylogenetic tree in coagulase
positive Staphylococcus aureus isolated from restaurants

! Sangaw Veterinary branch hospital, Sulymanihe Veterinary Director, Ministry of agriculture and water
resources / Kurdistan Region, Iraqg.
2Department of Veterinary Public Health, College of Veterinary Medicine, University of Mosul, Iraq

Azer Salar Saber*><!, Omar Hashim Sheet?

Submitted:February 12,
2025

Revised: March 23, 2025
Accepted: May 20, 2025

Abstract Food safety has garnered significant global attention as foodborne
illnesses emerge as a major public health threat. Staphylococcus (S.) aureus is a
prominent foodborne pathogen worldwide and a common contaminant in various
food products. Staphylococcus aureus produces a diverse array of toxins, including
staphylococcal enterotoxins (SEs) and toxic shock syndrome toxin (TSST), all of which
exhibit emetic activity. The objectives of this study were to conduct the molecular
detection of S. aureus isolated from restaurants in Erbil city, identify the genes
encoding staphylococcal enterotoxins, and analyze the relationships among the
strains using a phylogenetic tree. Three hundred fifty different samples were collected
from four streets in Erbil, located in Iraq's Kurdistan Region, between August and
November 2024. The results of the current study revealed that the prevalence rate of
S. aureus was 43.4% (152/350). The prevalence varied by area, with rates of 38.8% on
the 30-meter street, 50% on the 40-meter street, 36.7% on the 60-meter street, and
48% on the 100-meter street. Additionally, it was discovered that each S. aureus
isolate possessed 100% nuc and coa genes. The prevalence of S. aureus isolates
carrying the sea, seb, sec, and tst genes was 82.5%, 17.5%, 75%, and 32.5%,
respectively. However, none of the isolates contained the sed or see genes.
Staphylococcus aureus isolates were classified into 11 distinct gene profiles. The most
prevalent gene profile, comprising (nuc + coa + sea + sec), was observed in 42.5% of
the isolates. Based on the seb gene, six unique strains of S. aureus have been
registered in GenBank. Phylogenetic analysis revealed that these newly identified
isolates share high similarities with previously characterized S. aureus strains from
various regions worldwide. Consequently, it is both a significant challenge and an
urgent priority to rapidly and accurately detect and identify SEs in S. aureus isolated
from food. This is crucial for legislative and non-legislative organizations, including
martial entities, medical departments, and healthcare facilities. In this context, a
comprehensive survey was conducted to provide an overview of SEs detection across
various food types available in supermarkets.
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Introduction Staphylococcus (S.) aureus is one of the
most common causative agents of foodborne
infections in many countries (1, 2), and it causes
foodborne bacterial intoxications globally (3).
Staphylococcus aureus possesses several virulence
factors, including thermonuclease, hyaluronidase,
lipases, and hemolysin. These factors are important

for host tissue invasion and contribute to
pathogenesis in humans (4, 5). The most critical
virulence factors in S. aureus are the enterotoxins,
which are responsible for food poisoning in humans
(6). Additionally, S. aureus produces various types of
enterotoxins, classified into two categories:
staphylococcal enterotoxins (SEs) and SE-like toxins
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(SEls). These toxins are considered major virulence
factors of S. aureus, particularly concerning food
safety. Together, they form a superfamily comprising
23 distinct types, including both SEs and SEls (7).
Staphylococcal enterotoxins (SEs) consist of 23
identified enterotoxins, each recognized as a distinct
serological entity, including SEA, SEB, SEC, SED, and
SEE (8). The staphylococcal enterotoxins SEA and SEB
are the most prominent, with SEA being the toxin
most frequently associated with food poisoning in
humans caused by S. aureus (9). SEB, on the other
hand, is not only associated with food poisoning but
has also been recognized as a potential biological
weapon in warfare and terrorism (10). Staphylococcal
food poisoning (SFP) is an intoxication caused by the
consumption of foods that contain significant
amounts of various types of enterotoxins (11). The
most notable clinical signs of SFP have a rapid onset,
typically within 2—8 hours, and include nausea, severe
nausea, abdominal cramping, and sometimes
diarrhea (12, 13). Staphylococcus aureus is
considered a significant bacterium capable of
contaminating food through workers' hands, tools, or
food scraps during preparation (14). According to
numerous earlier studies, S. aureus is isolated from
different types of foods, including meat (15), fish (16),
cow's milk (17), and camel milk (18). All types of food,
especially meat and cooked meat products like ham,
are linked to the emergence of staphylococcal
poisoning outbreaks due to contamination by S.
aureus (19). In recent decades, food synthesis from
animals such as pigs, cattle, chickens, and others has
become more exposed to contamination by S. aureus
(20). Foods with high protein content often require
extensive handling, typically involving improper
heating and/or storage, which increases the risk of
contamination (11). Furthermore, meat is highly
susceptible to spoilage and is commonly associated
with the transmission of foodborne illnesses.
Contamination of meat and its products is considered
a major cause of foodborne diseases (21). Meat
contamination can begin at the farm stage, where
animals come into direct contact with contaminated
surfaces. The second stage of contamination occurs in
the slaughterhouse during slaughtering, evisceration,
and storage. Finallyy, meat can be further
contaminated during transmission, processing, and
cooking. Several methods are used for the isolation
and detection of S. aureus, including traditional
techniques and molecular biology-based approaches.

Conventional methods are based on biochemical
testing and the morphological characterization of S.
aureus colonies. In contrast, molecular methods are
faster and more accurate, providing results for S.
aureus detection within three to five hours by
targeting the genome of S. aureus isolates (22).

The goals of the current study are to identify the
pathogen S. aureus in various samples collected from
restaurants, to detect the sea, seb, sec, sed, see, and
tst genes in S. aureus isolates using PCR assays, and to
investigate the correlation between the S. aureus
isolates in this research and those isolated from other
countries.

Materials and methods

Ethical approval

All samples were collected with the owners' consent
and utilized in accordance with the ethical guidelines
established by the Institutional Animal Care and Use
Committee (IACUC) at Mosul University's College of
Veterinary Medicine, under the approved ID UM.
Vet.2024.047.

Samples Collection

A total of 350 samples (including knives, meat, tables,
hands, and machines) were collected from various
locations in Erbil, in the Kurdistan Region of lIraq,
specifically from 30, 40, 60, and 100-meter streets.
The study commenced in August 2024 and concluded
in November 2024. All types of samples were
collected using sterile swabs and placed in sanitary
containers before being promptly transported to the
Health Laboratory at the Faculty of Veterinary
Medicine, Mosul University. All peptone water
containers were placed in an incubator for a pre-
enrichment process at 37°C for 18 to 24 hours.

S. aureus lIsolation and Characterization

Phenotypic examination, coagulase and catalase
activity tests, and Gram staining were employed to
investigate and determine the phenotypic
characterizations of the S. aureus colonies in
accordance with the conventional procedures used
for the isolation and identification of S. aureus
colonies. (23).

Isolation of DNA

To extract the genomic DNA of S. aureus, the positive
isolates were cultured on Mannitol Salt Agar for over
eight hours at 37°C. The DNeasy Blood and Tissue Kit
(Addbio, Korea) was used to isolate DNA following the
manufacturer's instructions, specifically tailored for
Gram-positive bacteria. Subsequently, the DNA
concentration was measured using a Nanodrop
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spectrophotometer  (Jenway, UK). The DNA
concentration of S. aureus isolates ranged from 18.5
pg/ul to 50 pg/ul. The extracted DNA was stored at -
20°C.

Reaction of PCR

The nuc, coa, seaq, seb, sec, sed, see, and tst genes of
S. aureus were discovered by the PCR technique. The
molecular weight of the nuc gene was 166 bp (24), coa
is 674 bp (25), sea is 219 bp (26), seb is 478 bp (27),
secis 257 bp (27), sedis 317 bp (27), see is 171 bp (28),
and tst is 559 bp (29). The total volume of the PCR
reaction was 25 pl, and the mixture was prepared in a
200 pl tube (Biozym, Germany). The resulting
amplicons were analyzed through gel electrophoresis
on a 2% agarose gel (Peglab, Germany), using a 100
bp ladder as a reference. The reaction mixture
comprised 6.5 pl of DNeasy-free water (Promega
Corporation, USA) and 4 ul of the S. aureus DNA
template, 12.5 pl of the GoTag Mix Master (2x)
(Addbio company, Korea), 1 pl of each primer (primer
1 and primer 2).

Table 1: Various Primers used in PCR programs for
detecting the genes of S. aureus

Ge Prim Sequence (5-3) Amplico PCR Re
ne er n size Progra fer
[bp] mme* en

ce

nu nuc- 5-CCTGAAGCAAGTGCATTTACGA-3 166 | (2
c 1 4)

nuc- 5-CTTTAGCCAAGCCTTGACGAACT-3

co coa- 5-ATAGAGATGCTGGTACAGG-3 674-917 (2

coa- 5-GCTTCCGATTGTTCGATGC-3

se SEA- 5-AAAGTCCCGATCAATTTATGGCTA-3 219 (2
a

SEA- 5-GTAATTAACCGAAGGTTCTGTAGA-3

se SEB- 5-TCGCATCAAACTGACAAACG-3 478 (2

SEB- 5-GCAGGTACTCTATAAGTGCC-3

se SEC- 5-GACATAAAAGCTAGGAATTT-3 257 1] (2

SEC- 5-AAATCGGATTAACATTATCC-3

se SED- 5-CTAGTTTGGTAATATCTCCT-3 317 1 (2

SED- 5-TAATGCTATATCTTATAGGG-3

se SEE- 5-TACCAATTAACTTGTGGATAGAC-3 171 (2

SEE- 5-CTCTTTGCACCTTACCGC-3

tst | TSST | 5-GCTTGCGACAACTGCTACAG-3 559 2
1 9)

TSST 5-TGGATCCGTCATTCATTGTTAT-3
-2

PCR program: *I: 35 times (94°C — 30s, 55°C — 30s,
72°C —30s); II: 35 times (94°C — 30s, 60°C — 30s, 72°C
—30s); llI: 35 times (94°C—30s, 53°C—30s, 72°C—30s).

DNA sequencing

The isolated DNA was sent to Macrogen, a
commercial sequencing company based in South
Korea, for purification and sequencing of six PCR
amplicons obtained from this study. These amplicons
had already been confirmed as positive for S. aureus
isolates using conventional PCR. The seb gene was
selected as the target gene for sequencing. The
obtained sequences for the seb gene were then
compared using the NCBI BLASTn software, available
at http://www.ncbi.nlm.nih.gov, with previously
described S. aureus sequences available in GenBank.
Further alignment and comparison of these
sequences were performed using the multiple
sequence alignment program CLUSTALW, available in
MegAlign program. Phylogenetic trees were
generated using the Neighbor-Joining (NJ) method
and the CLUSTALW tool from Genome Net. To
enhance robustness, 500 duplicate sequences of the
S. aureus seb gene were included as an outgroup
when constructing the phylogenetic tree. Through
purification, sequencing, and subsequent
bioinformatics analysis, this comprehensive approach
aimed to clarify the genetic relationships among the
S. aureus isolates and deepen the understanding of
the phylogenetic context of the isolates from sheep
milk.

Results

The present study revealed that S. aureus colonies
exhibited a golden-yellow color on Mannitol Salt Agar,
indicating positive identification. Additionally, specific
biochemical tests, including coagulase and catalase
assays, confirmed the presence of S. aureus with
positive results. The concentration of extracted DNA
from S. aureus isolates ranged from 18.5 mg/ul to 30
mg/ul (Figure 3). PCR analysis further validated that
the nuc gene found in all S. aureus isolates, checking
their individuality as S. aureus (Figure 4). According to
the results, the prevalence of S. aureus isolated from
restaurants in Erbil city was 43.4% (152/350). The high
percentage of S. aureus isolated was 50% (40/80) in a
40-meter street. Following, the prevalence rate of S.
aureus in a 60-meter street, 30-meter street, and 100-
meter street was 48% (48/100), 38.8% (31/80), and
36.7% (33/90respectively, as summarized in Table 2.
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Additionally, the highest occurrence rate of S. aureus
isolated from restaurants was found on hands, tables,
and meat, at 44.3% (31/70). In contrast, the lowest
incidence rates were observed on knives 41.4%
(29/70) and machines 42.9% (30/70), as presented in
Table 3.),

Table 2: The percentage rate of S. aureus detected in
different street in Erbil city

Name of | No. of | No. of | Percentage (%)
street samples positive S.

aureus
30-Meter | 80 31 38.8%
Street
40-Meter | 80 40 50%
Street
60-Meter | 100 48 48%
Street
100- 90 33 36.7%
Meter
Street
Total 350 152 43.4%

Table 3: Comparative of percentage of S. aureus
isolated from different Street in Erbil city

Type of | 30- 40- 60- 100- Total
sample meter | meter meter meter
street | Street Street street
Hand 37.5% | 50% 33.3% 55% 44.3%
(6/16) | (8/16) (6/18) (11/20) (31/70)
Table 37.5% | 62.5% 33.3% 45% 44.3%
(6/16) | (10/16) | (6/18) (9/20) (31/70)
Machine | 31.3% | 50% 38.9% 50% 42.9%
(5/16) | (8/16) (7/18) (10/20) (30/70)
Knife 43.8% | 50% 22.2% 50% 41.4%
(7/16) | (8/16) (4/18) (10/20) (29/70)
Meat 43.8% | 37.5% 55.6% 40% 44.3%

(7/16) | (6/16) (10/18) (8/20) (31/70)

Total

Chart Title
70.00%
60.00%

50.00%

4000%

3000%

2000%

1000% I
0.00%

Hand Table Machine Knife Meat

w30 meter street W40 meter street W60 meter street  m100 meter street

Figure 1: Comparative prevalence rate of S. aureus
isolated from restaurants in various areas in Erbil city

= Hand
mTable
Knlla‘l.‘%l ® Machine
Knife

Meat

Figure 2: The prevalence rate of S. aureus found in
difference types of samle

According to Table 4, the results of the PCR assay
corroborated the findings of traditional methods, the
nuc and coa genes detected in 100% (40/40) of S.
aureus isolates (Figures 4 and 5). Additionally, the
prevalence of S. aureus isolates carrying the sea, seb,
sec, and tst genes was 82.5% (33/40), 17.5% (7/40),
75% (30/40), and 32.5% (13/40), respectively (Figures
6, 7, 8, and 11). In contrast, the S. aureus isolates
lacked the sed and see genes (Figures 9 and 10).
Moreover, the results of the current study revealed
that S. aureus isolates were divided into 11 distinct
gene profiles based on the presence of specific genes
in each isolate (Table 5). Among these, the most
frequently observed gene profile was Profile V (nuc +
coa + sea + sec), accounting for 42.5% (17/40) of the
isolates. Conversely, Profile |, which contained the
most genes (huc + coa + sea + seb + sec + tst), was
observed in 7.5% (3/40) of the isolates. Meanwhile,
the gene profiles Il, VI, VII, and IX were less frequent,
each accounting for 2.5% (1/40) of the isolates.
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VIl nuc + coa + sea 4 10%
Table 4: The number and percentage of the genes
found in S. aureus isolates
IX nuc + coa + tst 1 2.5%
Gene S. aureus
Number Percentage (%) X nuc + coa + sea 2 5%
l.nuc |40 100% XI nuc + coa 2 5%
2. coa 40 100%
3. sea 33 82.5%
4. seb 7 17.5%
5. sec 30 75%
6. sed 0 0%
7. see 0 0%
8. tst 13 32.5%

Table 5: Types of the gene profiles of S. aureus (n =
40) from sheep milk

Genes Staphylococcus genes Isolates
profile n %
I nuc + coa + sea + seb | 3 7.5%
+sec + tst Figure 3: Visualization and comparative concentration
of S. aureus whole genome DNA using agarose gel
0, .
Il nuc+coa+sea+seb+ | 1 2.5% electrophoresis
sec
1l nuc +coa + sea +sec+ | 6 15%
tst
v nuc + coa + sea + seb | 2 5%
+ tst
\" nuc +coa + sea +sec | 17 42.5%
Vi nuc+coa+sea+seb |1 2.5%
Vil nuc + coa + sec + tst 1 2.5%
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Figure 4: The molecular weight of the nuc gene in S.
aureus was 166 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder.

100 we—

Figure 5: Figure 1: The molecular weight of the coa
gene in S. aureus was 674 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder.

Figure 6: The molecular weight of the sea gene in S.
aureus was 219 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder.

Figure 7: The molecular weight of the seb gene in S.
aureus was 478 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder
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Figure 8: The molecular weight of the sec gene in S.
aureus was 257 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder.

Figure 9: The molecular weight of the sed gene in S.
aureus was 317 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder. None of S.
aureus have the sed gene.

Figure 10: The molecular weight of the see gene in S.
aureus was 171 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder. None of S.
aureus isolates possess the see gene

Figure 11: The molecular weight of the tst gene in S.
aureus was 559 bp based on Agarose Gel
Electrophoresis (2%). The DNA amplification results in
a banding pattern resembling a ladder
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The individual sequencing analysis (BLASTn) was
performed on six novel seb gene sequences obtained
from meat samples collected from restaurants,
aligning with the sequencing results of this study.
Additionally, table 6 indicates that the NCBI GenBank
contains S. aureus sequences indexed under the
following accession numbers: PQ766555, PQ766556,
PQ766557, PQ766558, PQ766559, and
PQ766560Furthermore, a maximum likelihood
phylogenetic tree analysis using the MegAlign
program revealed significant variations in the local
gene sequences compared to previously identified
sequences listed in the GenBank database. As shown
in Figure 12, the relationship between the sequences
from this study (PQ766555, PQ766556, PQ766557,
PQ766558, PQ766559, and PQ766560) and the
sequences registered in GenBank from various
regions worldwide ranged from 99.3% to 100%
(Figure 12 and Table 6).

Table 6: The NCBI GenBank accession numbers for the
seb gene of S. aureus sequences in meat

PQ766556 Irag-1
PQ766559 Irag-1
CPO47847.1 Germany-1RC
CP090873.1 Burkina Faso-1l
CP134071.1 Kazakhstan-1R
“* PQ766558 Irag-1
CP047786.1 Garmany-1RC
PQ766555 Iraq-1
CP090870.1 France-1
CP011528.1 Switzerland-1
“+* AP020324.1 Japan-1
CP151121.1 USA
CP094443.1 China-1
LC275972.1 Japan-1RC
ABT16351.1 Japan-1RC
CP127626.1 Australia- 1
CP047841.1 Germany-1RC
CP047841.1 Germany-1RC
PQ766560 Irag-1
* PQ76655T Irag-1
CP032468.1 Hungary-1RC
ABT16349.1 Japan-1RC

0

Figure 12: Clustering analysis of S. aureus isolates'
gene sequences recovered from NCBI GenBank, the
NCBI accession number is indicated by the
designation in parenthesis

Table 7: DNASTAR's calculation of each pair's gene
sequence difference and similarity for S. aureus

08

Nucleotide Substitution per 100 residues

Accession Bacteria Gene | Types of
numbers samples
of the gene

PQ766555 S. aureus seb Meat

PQ766556 S. aureus seb Meat

PQ766557 S. aureus seb Meat

PQ766558 S. aureus seb Meat

PQ766559 S. aureus seb Meat

PQ766560 S. aureus seb Meat
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Discussion

Meat is a major source of protein globally, as it
delivers necessary nutrients such as amino acids, iron,
phosphorus, and B-complex vitamins, among many
others, required for human health (30).
Staphylococcus aureus is often identified organisms
from meat processing facilities, contact and
noncontact surfaces, raw materials, and various types
of products (31). The presence of S. aureus in food
poses a substantial risk for foodborne illnesses, as it
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can produce a variety of enterotoxins (32). The
findings revealed a great occurrence of S. aureus,
accounting for 43.4% (152/350) of the samples.
Furthermore, the incidence of S. aureus in meat
collected from restaurants was 44.3% (31/70). Several
investigations in the literature have documented
foodborne outbreaks caused by S. aureus. However,
these studies report highly variable findings regarding
the occurrence of S. aureus in foods. The prevalence
of S. aureus isolated from food in Spain was reported
to be 48.4% (31/64) (33), which closely corresponds
to the results of the current study. Additionally, the
findings of this study were lower than those reported
in previous studies, including 85% in the USA (34),
74.8% in Korea (35), and 66.67% in India (36).
Furthermore, the findings of this study were greater
than those reported in previous studies, such as 5% in
Turkey (37), 6% in Portugal (28), and 7.14% in India
(38). The variation in the prevalence of S. aureus may
be attributed to several factors, including
contamination during the transport of animals from
farms to slaughterhouses, prolonged contact
between healthy and infected animals in abattoirs,
evisceration caused by intestinal contents and the
water used for washing and rinsing carcasses, as well
as poor hygiene practices during the handling,
transportation, and storage of carcasses for
subsequent use (39). In restaurants, workers play a
significant role in cross-contaminating hands and
meat during handling. Practices such as not wearing
gloves, infrequent handwashing, and wearing unclean
clothing can significantly contribute to increased
bacterial contamination (40). However, reducing the
presence of S. aureus and other harmful bacteria in
restaurants can be accomplished by properly washing
and sanitizing equipment and tools both before and
after they are used for handling meat (41, 15).
Additionally, variations in study results may be
attributed to differences in sampling strategies,
isolation methods, carcass sampling locations, types
of meat cuts analyzed, contamination during and after
slaughter, and meat storage and processing practices
(42). In this investigation, a PCR assay was employed
to detect various genes, including the nuc gene, which
was specifically used to identify S. aureus isolates. PCR
assay is recognized as a highly sensitive and reliable
method for distinguishing coagulase-positive S.
aureus from other coagulase-negative Staphylococcus
species (43, 44). Additionally, the present study
demonstrated that S. aureus possesses the nuc gene,

aligning with previous research findings that
confirmed all coagulase-positive S. aureus strains
carry the nuc gene (45). Furthermore, this study found
that the coa gene was presentin 100% of the S. aureus
isolates, suggesting its crucial role in the bacterium's
pathogenicity. The findings of this study align with
previous research that reported all S. aureus isolates
harbor the coa gene, albeit with varying molecular
weights, including 514 bp, 595 bp, 757 bp, and 802 bp
(46). A different investigation, however, found that
the coa gene, which consistently had a molecular
weight of 580 bp, was present in every S. aureus
isolate (47). Numerous studies have identified food-
borne staphylococcal enterotoxins as significant
contributors to staphylococcal food poisoning. The
presence of enterotoxigenic S. aureus in food
represents a potential risk for the occurrence of
staphylococcal food poisoning. In addition, the
prevalence rates of the sea, seb, sec, and tst genes in
S. aureus isolates were 82.5%, 17.5%, 75%, and 32.5%,
respectively. Conversely, none of the S. aureus
isolates contained the sed or see genes. When S.
aureus isolates are genotypically characterized, their
genetic composition is examined to pinpoint
particular genes linked to their virulence, such as
several enterotoxin genes (sea, seb, sec, etc.) that are
linked to food poisoning. Numerous previous studies
have indicated that the prevalence rates of
staphylococcal enterotoxin genes in S. aureus vary
among isolates. For instance, in China, S. aureus
isolated from retail meat exhibited the following
prevalence rates: 8.7% for the sea gene, 52.2% for
seb, 4.3% for sec, and 43.5% for sed (48). Meanwhile,
S. aureus isolated from chicken meat showed the
following prevalence rates: 9% for the sea gene, 6.9%
for seb, 6.9% for sec, 4.8% for sed, and 2.4% for see
(49). In addition, the highest prevalence rates of
staphylococcal enterotoxin (SE) genes detected in S.
aureus isolates from retail chicken meat in India were
seb (80.95%), sec (14.29%), and sed (9.53%) (36).
Furthermore, the highest prevalence rates of SE genes
detected in S. aureus isolates from beef meat were
sea (72.22%), seb (16.67%), and tst (5.56%), while
those from mutton meat were sea (70%), seb (15%),
and tst (10%) (50). Furthermore, the highest
prevalence rates of SE genes detected in S. aureus
isolates from food in France were sea (53.6%) and seb
(37.5%) (6). Variations in genotypic profiles—such as
differences in molecular weights, gene prevalence, or
genetic mutations—offer information about the
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diversity of S. aureus strains, their potential for
pathogenicity in accordance with their geographic
(51, 52).

Conclusion

The study was extensive and covered diverse
geographic regions across Erbil City, Iraqg.
Staphylococcus aureus was isolated from meat in
restaurants, suggesting that contamination occurred
during slaughter, handling, transport, or storage
under unhygienic conditions. In addition, S. aureus
was isolated from utensils used in restaurants,
indicating that contaminated utensils contributed to
the spread of S. aureus and the contamination of
meat with pathogenic bacteria. In addition, many
restaurants may use unpackaged meat or store it at
non-refrigerated temperatures, creating conditions
that promote bacterial growth and multiplication,
leading to potential food poisoning for consumers.
Furthermore, the presence of S. aureus on utensils
used in restaurants indicates that the utensils were
not washed, cleaned, or sterilized frequently enough,
leading to the contamination of meat with S. aureus,
which poses a significant health risk to people. The S.
aureus isolates carried various types of genes
encoding virulence factors, indicating differences in
the sequence types of S. aureus isolated in this study.
Acknowledgment

We sincerely extend our gratitude to the College of
Veterinary Medicine at the University of Mosul for
providing the essential resources that made this
research possible.

Conflict of interest

The author of this manuscript declares no conflicts of
interest regarding the preparation or analysis of this
study.

Funding source

This research had no specific fund; however, it was
self-funded by the authors.

References

1. Pesavento G, Ducci B, Comodo N, Nostro AL.
Antimicrobial resistance profile of Staphylococcus
aureus isolated from raw meat: A research for
methicillin resistant Staphylococcus aureus (MRSA).
Food control. 2007; 18(3),196-200.
https://doi.org/10.1016/j.foodcont.2005.09.013

2. Normanno G, Firinu A, Virgilio S, Mula G, Dambrosio
A, Poggiu A, Decastelli L, Mioni R, Scuota S, Bolzoni G,
Di Giannatale E. Coagulase-positive Staphylococci and
Staphylococcus aureus in food products marketed in

Italy. International journal of food microbiology.
2005; 98(1),73-9.
https://doi.org/10.1016/j.ijfoodmicro.2004.05.008.
3. Tauxe RV. Emerging foodborne pathogens.
International journal of food microbiology.2002; 78(1-
2),31-41. https://doi.org/10.1016/50168-
1605(02)00232-5.

4. Normanno G, La Salandra G, Dambrosio A, Quaglia
NC, Corrente M, Parisi A, Santagada G, Firinu A,
Crisetti E, Celano GV. Occurrence, characterization
and antimicrobial resistance of enterotoxigenic
Staphylococcus aureus isolated from meat and dairy
products. International journal of food microbiology.
2007; 115(3),290-6.
https://doi.org/10.1016/].ijffoodmicro.2006.10.049
5. Kuroda M, Nagasaki S, Ito R, Ohta T. Sesquiterpene
farnesol as a competitive inhibitor of lipase activity of
Staphylococcus aureus. FEMS microbiology letters.
2007; 273(1),28-34. https://doi.org/10.1111/j.1574-
6968.2007.00772.x.

6. Kérouanton A, Hennekinne JA, Letertre C, Petit L,
Chesneau O, Brisabois A, De Buyser ML.
Characterization of Staphylococcus aureus strains
associated with food poisoning outbreaks in France.
International  journal of food microbiology.
2007;115(3),369-75.
https://doi.org/10.1016/j.ijfoodmicro.2006.10.050.
7. Hu DL, Nakane A. Mechanisms of staphylococcal
enterotoxin-induced emesis. European journal of
pharmacology. 2014, 722,95-107.
https://doi.org/10.1016/j.ejphar.2013.08.050.

8. Schlievert PM, Case LC. Molecular analysis of
staphylococcal superantigens. Methicillin-Resistant
Staphylococcus aureus (MRSA) Protocols. 2007; 113-
26. https://doi.org/10.1007/978-1-59745-468-1_9.

9. Pinchuk 1V, Beswick EJ, Reyes VE. Staphylococcal
enterotoxins. Toxins. 2010; 2(8),2177-97.
https://doi.org/10.3390/toxins2082177.

10. Greenfield RA, Slater LN, Bronze MS, Brown BR,
Jackson R, landolo JJ, Hutchins JB. Microbiological,
biological, and chemical weapons of warfare and
terrorism. The American journal of the medical
sciences. 2002; 323(6),326-40.
https://doi.org/10.1097/00000441-200206000-
00005.

11. Le Loir Y, Baron F, Gautier M. Staphylococcus
aureus and food poisoning. Genetics and molecular
research: GMR. 2003; 2(1),63-76.
https://hal.science/hal-01123026/



https://doi.org/10.29079/qjvms.2024.149988.1017
https://qjvms.qu.edu.iq/
https://doi.org/10.1016/j.ijfoodmicro.2006.10.049
https://hal.science/hal-01123026/

Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). doi.org/10.29079/gjvms.2025.157450.1072

ISSN P: 1818-5746
E: 2313-4429

gjvms.qu.edu.iq

12. Balaban N, Rasooly A. Staphylococcal
enterotoxins.  International journal of food
microbiology. 2000; 61(1),1-0.
https://doi.org/10.1016/50168-1605(00)00377-9.
13. Murray RJ. Recognition and management of
Staphylococcus aureus toxin-mediated disease.
Internal medicine journal. 2005; 35,5106-19.
https://doi.org/10.1111/j.1444-0903.2005.00984.x.
14. Papadopoulos P, Angelidis AS, Papadopoulos T,
Kotzamanidis C, Zdragas A, Papa A, Filioussis G,
Sergelidis D. Staphylococcus aureus and methicillin-
resistant S. aureus (MRSA) in bulk tank milk, livestock
and dairy-farm personnel in north-central and north-
eastern Greece: Prevalence, characterization and
genetic relatedness. Food microbiology. 2019;
84,103249. https://doi.org/10.1016/j.fm.
2019.103249.

15. Sheet OH, Al-Mahmood OA, Othamn SM, Al-
Sanjary RA, Alsabawi AH, Abdulhak AA. Detection of
positive mecA Staphylococcus aureus isolated from
meat and butchers’ shops by using PCR technique in
Mosul city. Iragi Journal of Veterinary Sciences. 2023;
37(4),865-70.
https://doi.org/10.33899/ijvs.2023.136964.2632.

16. Taha ZMA, Ahmed MS, Jwher DMT, Abdulrahman
RF, Rahma HY. 2024. Diversity analysis of livestock-
associated Staphylococcus aureus nasal strains
between animal and humans. Open Veterinary
Journal. 2024; 14(9), 2256.
https://doi.org/10.5455/0VJ).2024.v14.i9.13.

17. Sheet OH. Molecular detection of mecA gene in
methicillin-resistant Staphylococcus aureus isolated
from dairy mastitis in Nineveh governorate, Iraq Iraqi
Journal of Veterinary Sciences. 2022; 36(4),939-43.
https://doi.org/10.33899/ijvs.2022.132643.2115.

18. Sheet OH, Jwher DM, Al-Sanjary RA, Alajami AD.
Direct detection of Staphylococcus aureus in camel
milk in the Nineveh governorate by using the PCR
technique. Iraqgi Journal of Veterinary Sciences. 2021;
35(4),669-72.
https://doi.org/10.33899/ijvs.2020.127725.1524.

19. Uscanga-Prieto |, Fernandez-Rendon E, Mota de la
Garza L. 1994. Investigacion de la presencia de
Staphylococcus aureus en jamon cocido empleando
tres metodos (estudio preliminar). Revista
Latinoamericana De Microbiologia-Mexico-. 1994;
36,191-196.
https://biblat.unam.mx/ca/revista/revista-
latinoamericana-de-
microbiologia/articulo/investigacion-de-la-presencia-

de-staphylococcus-aureus-en-jamon-cocido-
empleando-tres-metodos-estudio-preliminar.

20. Lee JH. Occurrence of methicillin-resistant
Staphylococcus aureus strains from cattle and
chicken, and analyses of their mecA, mecR1 and mecl
genes. Veterinary Microbiology. 2006; 114(1-2),155-
9. https://doi.org/ 10.1016/j.vetmic.2005.10.024.

21. Podpecan B, Pengov A, Vadnjal S. The source of
contamination of ground meat for production of meat
products with bacteria Staphylococcus aureus.
Slovenian Veterinary Research. 2007; 44,25-30.
https://www.cabidigitallibrary.org/doi/pdf/10.5555/
20073215437.

22. Ahmed IM, Al-Sanjary RA, Alkazaly HH. Detection
of Mycobacterium paratuberculosis in raw cow’s milk
using polymerase chain reaction (PCR) technique.
Iraqgi Journal of Veterinary Sciences. 2020; 34(1),83-6.
https://www.iasj.net/iasj/download/blec70a657f79f
08.

23. Quinn PJ, Markey BK, Carter ME, Donnelly WIC,
Leonard FC, Maguire D. Veterinary Microbiology and
Microbial Diseases. 2002; 1st ed Blackwell Science

Ltd, Chichester, West Sussex,UK.
https://www.wiley.com/en-
us/Veterinary+Microbiology+and+
Microbial+Disease%2C+ 2nd +Edition-p-
9781405158237.

24. Graber HU, Casey MG, Naskova J, Steiner A,
Schaeren W. Development of a highly sensitive and
specific assay to detect Staphylococcus aureus in
bovine mastitic milk. Journal of Dairy Science. 2007,
90(10),4661-9. DOl:
https://doi.org/10.3168/jds.2006-902.

25. Tristan A, Ying L, Bes M, Etienne J, Vandenesch F,
Lina G. Use of Multiplex PCR to Identify
Staphylococcus aureus Adhesins Involved in Human
Hematogenous Infections. Journal of Clinical
Microbiology. 2003; 41(9),4465-4467.
https://doi.org/10.1128/jcm.41.9.4465-4467.2003.
26. Tsen HY, Chen TR. Use of the polymerase chain
reaction for specific detection of type A, D and E
enterotoxigenic Staphylococcus aureus in foods.
Applied Microbiology and Biotechnology. 1992;
37,685-90. https://link.springer.com/article/
10.1007/ BF00240750.

27. Johnson WM, Tyler SD, Ewan EP, Ashton FE,
Pollard DR, Rozee KR. Detection of genes for
enterotoxins, exfoliative toxins, and toxic shock
syndrome toxin 1 in Staphylococcus aureus by the
polymerase chain reaction. Journal of clinical



https://doi.org/10.29079/qjvms.2024.149988.1017
https://qjvms.qu.edu.iq/
https://doi.org/10.5455/OVJ.2024.v14.i9.13
https://biblat.unam.mx/ca/revista/revista-latinoamericana-de-microbiologia/articulo/investigacion-de-la-presencia-de-staphylococcus-aureus-en-jamon-cocido-empleando-tres-metodos-estudio-preliminar
https://biblat.unam.mx/ca/revista/revista-latinoamericana-de-microbiologia/articulo/investigacion-de-la-presencia-de-staphylococcus-aureus-en-jamon-cocido-empleando-tres-metodos-estudio-preliminar
https://biblat.unam.mx/ca/revista/revista-latinoamericana-de-microbiologia/articulo/investigacion-de-la-presencia-de-staphylococcus-aureus-en-jamon-cocido-empleando-tres-metodos-estudio-preliminar
https://biblat.unam.mx/ca/revista/revista-latinoamericana-de-microbiologia/articulo/investigacion-de-la-presencia-de-staphylococcus-aureus-en-jamon-cocido-empleando-tres-metodos-estudio-preliminar
https://biblat.unam.mx/ca/revista/revista-latinoamericana-de-microbiologia/articulo/investigacion-de-la-presencia-de-staphylococcus-aureus-en-jamon-cocido-empleando-tres-metodos-estudio-preliminar
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20073215437
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20073215437
https://www.iasj.net/iasj/download/b1ec70a657f79f08
https://www.iasj.net/iasj/download/b1ec70a657f79f08
https://www.wiley.com/en-us/Veterinary
https://www.wiley.com/en-us/Veterinary
https://link.springer.com/article/

Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). doi.org/10.29079/gjvms.2025.157450.1072

ISSN P: 1818-5746
E: 2313-4429

gjvms.qu.edu.iq

microbiology. 1991; 29(3),426-30.
https://doi.org/10.1128/jcm.29.3.426-430.1991.

28. Pereira V, Lopes C, Castro A, Silva J, Gibbs P,
Teixeira P. Characterization for enterotoxin
production, virulence factors, and antibiotic
susceptibility of Staphylococcus aureus isolates from
various foods in Portugal. Food microbiology. 2009;
26(3), 278-282.
https://doi.org/10.1016/j.fm.2008.12.008.

29. Lgvseth A, Loncarevic S, Berdal KG. Modified
multiplex PCR method for detection of pyrogenic
exotoxin genes in staphylococcal isolates. Journal of
Clinical Microbiology. 2004; 42(8),3869-72.
https://doi.org/10.1128/jcm.42.8.3869-3872.2004.
30. Goérska-Warsewicz H, Laskowski W, Kulykovets O,
Kudli'nska-Chylak A, Czeczotko M, Rejman K. Food
products as sources of protein and amino acids—The
case of Poland. Nutrition.  2018;10,1977.
https://doi.org/10.3390/nu10121977.

31. Grispoldi G, Karama M, Armani A,
Hadjicharalambous C, Cenci-Goga BC. Staphylococcus
aureus enterotoxin in food of animal origin and
staphylococcal food poisoning risk assessment from
farm to table. Italian Journal of Animal Science. 2021;
20(1),677-690. https://doi.org/10.1080/1828051X.
32. Soltan Dallal MM, Salehipour Z, Eshraghi S, Fallah
Mehrabadi J, Bakhtiari R. 2010. Occurrence and
molecular characterization of Staphylococcus aureus
strains isolated from meat and dairy products by PCR-
RFLP. Annals of microbiology. 2010; 60,189-196.
https://doi.org/10.1007/s13213-010-0025-4.

33. Argudin MA, Mendoza MC, Gonzalez-Hevia MA,
Bances M, Guerra B, Rodicio MR. Genotypes, exotoxin
gene content, and antimicrobial resistance of
Staphylococcus aureus strains recovered from foods
and food handlers. Applied and environmental
microbiology. 2012; 78(8), 2930-2935.
https://doi.org/10.1128/AEM.07487-11.

34.PuS, Wang F, Ge B. Characterization of toxin genes
and antimicrobial susceptibility of Staphylococcus
aureus isolates from Louisiana retail meats.
Foodborne Pathogens and Disease. 2011; 8(2), 299-
306. https://doi.org/10.1089/fpd.2010.0679.

35. Park KM, Oh SK, Cha JO, Lee YS, Koo M.
Characterization of antibiotic resistant
Staphylococcus aureus isolates from ready-to-eat
foods in Korea. Journal of the Korean Society for
Applied Biological Chemistry. 2014; 57, 387-395.
https://applbiolchem.springeropen.com/articles/10.
1007/s13765-013-4012-x.

36. Savariraj WR, Ravindran NB, Kannan P, Rao VA.
Occurrence and enterotoxin gene profiles of
Staphylococcus aureus isolated from retail chicken
meat. Food Science and Technology International.
2021; 27(7), 619-625.
https://doi.org/10.1177/1082013220980204.

37. Avsaroglu MD. Prevalence of Staphylococcus
aureus Isolated From Various Foods of Animal Origin
in Kirsehir, Turkey and Their Enterotoxigenicity.
Turkish Journal of Agriculture -Food Science and
Technology. 2016; 4(12),1179-1184.
https://doi.org/10.24925/turjaf.v4i12.1179-
1184.961.

38. Medvedova A, Studenicova A, Valik L, Horvathova
Z. Prevalence and growth dynamics of
enterotoxinogenic Staphylococcus aureus isolates in
Slovakian dairy products. Czech Journal of Food
Sciences. 2014; 32(4), 337.
https://doi.org/10.17221/421/2013-CJFS.

39. Marriott NG, Gravani RB. 2008. Principles of food
sanitation . Journal of Environmental Health. 2008;
71(5), 42-43.
https://go.gale.com/ps/i.do?id=GALE%7CA19101823
4&sid=googleScholar&v=2.1&it=r&linkaccess=abs&is
sn=00220892&p=A0ONE&sw=w&userGroupName=an
on%7Eae3d7cc3&aty=open-web-entry.

40. Yenealem DG, Yallew WW, Abdulmajid S. Food
Safety Practice and Associated Factors among Meat
Handlers in Gondar Town: A Cross-Sectional Study.
Journal of environmental and public health. 2020;
(1),7421745.. https://doi.org/10.1155/2020/.

41. Adesokan HK, and Raji AOQ. 2014. Safe meat-
handling knowledge, attitudes and practices of
private and government meat processing plants'
workers: implications for future policy. Journal of
Preventive Medicine and Hygiene. 22014; 55(1),10.
https://pmc.ncbi.nlm.nih.gov/articles/PMC4718335/.
42. Lozano C, Gharsa H, Ben Slama K, Zarazaga M,
Torres C. Staphylococcus aureus in animals and food:
methicillin resistance, prevalence and population
structure. A review in the African continent.
Microorganisms. 2016; 4(1),12.
https://doi.org/10.3390/microorganisms4010012.
43. Hotta K, Ishikawa J, Ishii R, Saitoh F, Kira KY.
Necessity and usefulness of detection by PCR of mecA
and aac (6')/aph (2") genes for identification of
arbekacin-resistant MRSA. The Japanese journal of
antibiotics. 1999; 52(8), 525-532.
https://pubmed.ncbi.nIm.nih.gov/10587877/.



https://doi.org/10.29079/qjvms.2024.149988.1017
https://qjvms.qu.edu.iq/
https://doi.org/10.1016/j.fm.2008.12.008
https://doi.org/10.1128/jcm.42.8.3869-3872.2004
https://doi.org/10.1007/s13213-010-0025-4
https://doi.org/10.1089/fpd.2010.0679
https://applbiolchem.springeropen.com/articles/10.1007/s13765-013-4012-x
https://applbiolchem.springeropen.com/articles/10.1007/s13765-013-4012-x
https://doi.org/10.1177/1082013220980204
https://doi.org/10.24925/turjaf.v4i12.1179-1184.961
https://doi.org/10.24925/turjaf.v4i12.1179-1184.961
https://doi.org/10.17221/421/2013-CJFS
https://go.gale.com/ps/i.do?id=GALE%7CA191018234&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00220892&p=AONE&sw=w&userGroupName=anon%7Eae3d7cc3&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA191018234&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00220892&p=AONE&sw=w&userGroupName=anon%7Eae3d7cc3&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA191018234&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00220892&p=AONE&sw=w&userGroupName=anon%7Eae3d7cc3&aty=open-web-entry
https://go.gale.com/ps/i.do?id=GALE%7CA191018234&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=00220892&p=AONE&sw=w&userGroupName=anon%7Eae3d7cc3&aty=open-web-entry
https://doi.org/10.1155/2020/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4718335/
https://doi.org/10.3390/microorganisms4010012
https://pubmed.ncbi.nlm.nih.gov/10587877/

Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). doi.org/10.29079/gjvms.2025.157450.1072

ISSN P: 1818-5746
E: 2313-4429

gjvms.qu.edu.iq

44. Hu Y, Meng J, Shi C, Hervin K, Fratamico PM, Shi
X. Characterization and comparative analysis of a
second thermonuclease from Staphylococcus aureus.
Microbiological research. 2013; 168(3), pp.174-182.
https://doi.org/10.1016/j.micres.2012.09.003.
45.Xing X, Zhang Y, Wu Q, Wang X, Ge W, Wu C. 2016.
Prevalence and characterization of Staphylococcus
aureus isolated from goat milk powder processing
plants. Food Control. 2016; 59, 644-650.
https://doi.org/10.1016/j.foodcont.2015.06.042.

46. Javid F, Taku A, Bhat MA, Badroo GA, Mudasir M,
Sofi TA. Molecular typing of Staphylococcus aureus
based on coagulase gene. Veterinary world.
2018;11(4), 423.
https://doi.org/10.14202/vetworld.2018.423-430.
47. Stephan R, Annemiiller C, Hassan AA, Limmler C.
Characterization of enterotoxigenic Staphylococcus
aureus strains isolated from bovine mastitis in north-
east Switzerland. Veterinary microbiology. 2001;
78(4), 373-382.  https://doi.org/10.1016/S0378-
1135(00)00341-2.

48. Wang X, Li G, Xia X, Yang B, Xi M, Meng J. 2014.
Antimicrobial susceptibility and molecular typing of
methicillin-resistant Staphylococcus aureus in retail
foods in Shaanxi, China. Foodborne pathogens and
disease. 2014; 11(4), 281-286.
https://doi.org/10.1089/fpd.2013.1643.

49. Li S, Wang P, Zhao J, Zhou L, Zhang P, Fu C, Meng
J, Wang X. Characterization of toxin genes and
antimicrobial susceptibility of Staphylococcus aureus
from retail raw chicken meat. Journal of food
protection. 2018; 81(4), 528-533.
https://doi.org/10.4315/0362-028X.JFP-17-309.

50. Shylaja M, Goud SSS, Samatha K, Pradeep CH.
2018. Studies on the incidence of Staphylococcus
aureus and its enterotoxins in different meat and
meat products. The Pharma Journal. 2018; 7(4), 669-
673.
https://www.thepharmajournal.com/archives/2018/
volZissue4/PartK/7-4-24-361.pdf.

51. Rahma HY, Jwher DM. Detection of clfA, cIfB and
coa genes in Methicillin-Resistant Staphylococcus
aureus (MRSA) isolated from Nasal Cavity of Cows,
Buffalo and their Breeders in Nineveh Governorate,
Irag. Journal of Applied Veterinary Sciences. 2024;
9(3), 1-10.
https://dx.doi.org/10.21608/javs.2024.276537.1324.
52. Taha AH, Al-Mahmood OA, Sheet OH, Hamed AA,
Al-Sanjary RA, Abdulmawjood AA. Molecular
detection of methicillin resistant Staphylococcus

aureus isolated from local fish in Mosul city. Iraqi
Journal of Veterinary Sciences. 2024; 38(2):437-41.
https://doi.org/10.33899/ijvs.2023.142707.3191.


https://doi.org/10.29079/qjvms.2024.149988.1017
https://qjvms.qu.edu.iq/
https://doi.org/10.1016/j.micres.2012.09.003
https://doi.org/10.1016/j.foodcont.2015.06.042
https://doi.org/10.14202/vetworld.2018.423-430
https://doi.org/10.1016/S0378-1135(00)00341-2
https://doi.org/10.1016/S0378-1135(00)00341-2
https://doi.org/10.1089/fpd.2013.1643
https://doi.org/10.4315/0362-028X.JFP-17-309
https://www.thepharmajournal.com/archives/2018/vol7issue4/PartK/7-4-24-361.pdf
https://www.thepharmajournal.com/archives/2018/vol7issue4/PartK/7-4-24-361.pdf
https://dx.doi.org/10.21608/javs.2024.276537.1324

