
ABSTRACT
Asymptomatic carriers of enterotoxigenic Staphylococcus aureus are potential source of food poisoning. This study aimed to 
determine the prevalence and risk factors associated with S. aureus nasal carriage among food handlers in Kirkuk city, Iraq. 
A total of 500 nasal swab samples were collected and analyzed using standard conventional methods of microbial analysis in 
isolation and identification of S. aureus including, culturing on selective media (mannitol salt agar); also blood agar medium 
was used to detect β hemolysin toxin, catalase, coagulase, and DNase tests were used. Staphaurex Plus test was used to detect 
protein A and clumping factor. Also RapID TM STAPH PLUS System was used to complete the diagnosis of S. aureus isolates. 
Penicillin-Binding Protein (PBP2a) Latex Agglutination test was also used to investigate the presence of penicillin-binding 
protein (PBP2a). Twelve antibiotics were used to detect the antimicrobial susceptibility of the isolates. The results showed 
that the prevalence of S. aureus nasal carriage among food handlers was 87 (17.4%) and 82% of them were harbored sea gene 
which encodes enterotoxin type A that detected by Polymerase Chain Reaction (PCR) using specific primer. Virulence factors 
(protein A, coagulase, DNase, β hemolysin rates were (100%, 100%, 100%, 65.5%) respectively. Free coagulase production by 
using the tube method was measured in different periods (2, 4, 6, and 24 hours) to indicate the degree of severity of S. aureus 
strains and the results were (50%, 34%, 0% and 16%). 100% of the isolates had PBP2a. The isolates showed high resistance 
to Oxacillin (98.8%) used in this study as a preliminary test to detect methicillin-resistant S. aureus (MRSA). Double disc 
diffusion test was performed to detect (MS), inducible clindamycin resistance (iMLSB) and constitutive MLSB (cMLSB) and 
the results were (16%), (14.9%) and (9.1%), respectively.
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INTRODUCTION
Staphylococcus aureus is a principal etiological agent of food 
poisoning worldwide.1 Food handlers have been implicated 
in a plethora of foodborne diseases, and it has been reported 
that one of important pathogens often transmitted via food 
contaminated by infected food handlers is S. aureus.2 S. aureus 
strains produce a range of different exotoxins like enterotoxins 
(SEs), which causes vomiting with or without diarrhea and are 
responsible for food poisoning.3 Staphylococcal enterotoxins 
(SEs) have been divided into five serological types (SEA 
through SEE) based on their antigenicity. In recent years, the 
existence of new types of SEs (SEG-SEY). Enterotoxin type A  
is the most potent for inducing the disease. Staphylococcal 
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enterotoxins are resistant to inactivation by gastrointestinal 
proteolytic enzymes such as pepsin. In addition, they are heat 
stable.4 S. aureus strains also produce additional virulence 
factors such as protein A, ß hemolysin toxin, DNase, coagulase 
and beta-lactam antibiotic resistance factors.5

MATERIALS AND METHODS
Isolation and Identification
500 nasal swabs were collected from food handlers in Kirkuk 
city, and each swab was inoculated onto mannitol salt agar. 
Then the plates were incubated at 37ºC for 18–24 hours. 
Mannitol fermenting yellow colonies were selected, and 
further identification was carried out with Gram stain, catalase, 
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Coagulase (Tube method), DNase. The Staphaurex Plus test 
was used to detect protein A and clumping factors. Also 
Penicillin-Binding Protein (PBP2´) Latex Agglutination test 
was used to detect the presence of penicillin-binding protein 
(PBP2a). RapIDTM STAPH PLUS System tests were used to 
complete the diagnosis of S. aureus isolates. The isolates were 
subcultured on blood agar and incubated at 37ºC to detect  
β hemolysin toxin.
Antimicrobial Susceptibility Test
All strains were analyzed for antimicrobial susceptibility by 
using Kirby-Bauer disk diffusion method according to Clinical 
Laboratory Standard Institute (CLSI) guidelines and Mueller-
Hinton agar as standard medium. Twelve antibiotics were used, 
including (Penicillin, Oxacillin, Gentamycin, Erythromycin, 
Ciprofloxacin, Levofloxacin, Rifampicin, Chloramphenicol, 
Tetracycline, Trimethoprim, Trimethoprim/Sulfamethoxazole 
and Clindamycin. The results were recorded as resistant, 
intermediate, and susceptible by measuring inhibition zone 
diameter in a milliliter. A double-disc diffusion test was used 
to detect MS, inducible clindamycin resistance( iMLSB) and 
constitutive (cMLSB) phenotypes.
Molecular Detection of Sea Gene
Genomic DNA was extracted from (50) S. aureus isolates 
according to the protocol of Wizard Genomic DNA Purification 
Kit, (Promega USA) according to the manufactures instruc-
tions. After the extraction of DNA Quantus Florometer was 
used to detect the concentration of extracted DNA in order to 
detect the goodness of samples for downstream applications. 

Polymerase Chain Reaction (PCR) and Gel Electrophoresis 
were done according to the protocol of the manufacturers. The 
following primer was used in this study for gene.6

PCR was performed under initial denaturation at 95ºC for 
5minutes, followed by 30 cycles of 95ºC for 30 seconds, 72ºC 
for 30 seconds, and a final extension of 7 minutes at 72ºC. PCR 
products were analyzed using Gel electrophoresis, which was 
performed at 100 v/mAmp for 75 minutes. Gels were viewed 
by UV trans-illumination and photographed.

RESULTS AND DISCUSSION 
A total of 500 specimens 87  (17.4%) were identified as 
S.  aureus, and 57 (65.5%) of the isolates were produced β 
hemolysin, which was absent at 37ºC but produced at 4ºC this 
is called “hot-cold phenomenon” the hemolysis being initiated 
at 37ºC, but become evident only after chilling7,8 was revealed 

(66%), while other studies9,10 were reported (84.35%), (96.6%), 
respectively. All isolates were positive with Staphaurex Plus 
test, and this result indicated the presence of protein A and 
clumping factor for S. aureus. Protein A, synthesized by 
almost all strains of S. aureus.11 In the current study, all 
isolates (100%) were positive for tube coagulase test, and the 
results were obtained by the formation of a clotted plasma 
in the tube after four different periods of incubation 2, 4, 6, 
and 24 hours (Table 1). The correlation between coagulase 
production and the time indicates the degree of severity of 
S. aureus strains, so if the isolate produces coagulase and clot 
the plasma in a short time, that means it is more virulent and  
vice versa.

Also the isolates (100%) were positive for DNase test, and 
the result was similar to the study by12 that revealed (100%), 
while other studies by13 and by14 reported a lower percentage 
(72.2%) and (65.7%), respectively. Detection of this enzyme 
is a useful diagnostic marker as other Staphylococci small 
amounts of this enzyme or none at all.15

S. aureus Carriers and Gender 
In this study, the results (Table 2) indicate that the number of 
males who work as food handlers and carry S. aureus was high 
(86.2%) compared with the low number of females (13.7%). 
This result disagreed with other studies which had revealed 
slightly differences between males and females for example, the 
study by16 that reported a high prevalence of S. aureus among 
females (58.6%) while in male (44%) another study16 reported 
(52.6%) in females and (47.4%) in males. This may be due to 
our country’s tradition, which prevents females from working 
in restaurants and public places.
S. aureus Carriers and Age Group
The age was categorized from less than 20 to more than 40 years  
in Table 3. The results were reported in Table 3 the higher 
number of isolates was between (20–29) years with 58.6% 
followed by the age group (30–39) years with 17.2% then the 
age group more than (40) years with 16% and the less number 
was in age group less than 20 with 8% the results were close 
to a study17 that revealed (61.5%, 7.7%, 7.7%, and 15.4%), 
respectively.
Results of Antibiotic Susceptibility Test 
Antibiotic susceptibility testing is not usually carried out for 
S. aureus associated with food poisoning because the illness 
is self-limiting and antibiotics are not usually required for 
treatment. However, antibiotic-resistant S. aureus strains 
can be involved in cases of food intoxication. In our study 
the antibiotic resistance profile of the S. aureus isolates were 
presented in Table 4.

Oxacillin was used in this study as a preliminary test 
to detect MRSA. The prevalence of nasal carrier of MRSA 

Table 1: Production of coagulase in tube method on different periods

Test
Total 
No.

Time of incubation
2h % 4h % 6h % 24h %

Coagulase 50 25 50 17 34 0 0 8 16

Table 2: Distribution of S. aureus carriers acorrding to gender

Total No. Positive No. Negative No. Female No. Positive No. Male No. Positive No.
500 87(17.4%) 413(82.6%) 48(9.6%) 12(13.7%) 452(90.4%) 75(86.2%)
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Table 3: Distribution of S. aureus carriers according to age

Age group Total No. Positive No. %
< 20 67 7 8
20-29 229 51 58.6
30-39 129 15 17.2
> 40 75 14 16

Table 4: Antibiotic susceptibility pattern of S. aureus isolates

Antibiotic
Resistant Intermediate Sensitive

No. % No. % No. %
Penicillin 10 µg 87 100 0 0 0 0
Oxacillin 1 µg 86 98.8 0 0 1 1.1
Gentamicin 10 µg 1 1.1 3 3.4 83 95.4
Clindamycin 2 µg 21 24.1 3 3.4 63 72.4
Erythromycin 15 µg 33 37.9 6 6.8 48 55.1
Tetracycline 30µg 16 18.3 4 4.5 57 65.5
Ciprofloxacin 5 µg 15 17.2 9 10.3 63 72.4
Levofloxacin 5 µg 15 17.2 2 2.2 70 80.4
Trimethoprim 5 µg 1 1.1 0 0 86 98.8
Trimethoprim/Sulfamethoxazole 1.25/23.75 µg 1 1.1 0 0 86 98.8
Rifampicin 5 µg 0 0 0 0 87 100
Chloramphenicol 30 µg 7 8 0 0 80 91.9

among food handlers was found to be 86 (98.8%) out of 87 
that corresponded with local study conducted in Samara City, 
Iraq by18 that revealed (100%). While a study in Duhok City, 
Iraq by19 reported (73%). In Jordan, a study report20 were 

Table 5: Susceptibility patterns of isolated MRSA against erythromycin and clindamycin.

Erythromycin sensitive 
Clindamycin sensitive

Erythromycin resistant 
Clindamycin sensitive  

(D zone negative)

Erythromycin resistant 
Clindamycin sensitive 

(D zone positive)
Erythromycin resistant 
Clindamycin resistant

No resistance MS iMLSB cMLSB
No. % No. % No. % No. %
46 52.8% 14 16% 13 14.9% 8 9.1%

reported (57.3%). In contrary to our study, no cases of MRSA 
were detected by other studies.8,21 Many different factors 
contributed to S. aureus and MRSA distribution, including 
crowded housing, bad hygienic practices, sharing of personal 
utensils, recurrent antibiotic usage, hospital admissions, and 
intravenous drug addicts.22

In our study the prevalence of MS, iMLSB and cMLSB 
phenotypes (Table 5) among MRSA isolates were (16%), 
(14.9%) and (9.1%), respectively (Table 5 and Figure 1 are in 
agreed with other previous reports).23 which is in agreement 
with that reported by23 (20%), (18.6%), and (12%) consistent 
with the study24 reported (17.6%), (11.75), and (8.8%) and with 

Figure 1: D-test positive. Halo formed as letter D form due to erythromycin-induced resistance
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Table 6: The Primer sequence

Primer Name Sequence Annealing  temp.ºC Product Size
SeA-1 5`-CATTGCCCTAACGTGGACAACAAG-3`

57 587bp
SeA -2 5`-ATCCCCTCTGAACCTTCCCATC-3`

Figure 2: Results of the presence of sea gene of Staphylococcus aureus 
samples were fractionated on 1% agarose gel electrophoresis stained 

with Eth.Br. Lane1:100bp DNA marker

the study25 that revealed (25.5%), (23.2%) and (9.3%). 52.8% 
of S. aureus isolates were sensitive to both clindamycin and 
erythromycin, which corresponded with another26 reported 
(50%).

Molecular Detection of Sea Gene
DNA was extracted from (50) S. aureus isolates. The 
concentrations of extracted DNA samples were determined; 
the results showed that concentrations of DNA samples ranged 
from (18-30) ng/μL. The result of PCR assay was investigated 
a high prevalence of sea gene, 41(82%) were harbored sea gene 
(Figure 2). Our result was in agreement with the study carried 
out in China27 that reported (81%). In Japan28 also was reported 
a high prevalence (71%) of this gene. 

While other studies were investigated a lower prevalence of 
sea gene among S. aureus strains isolated from food handlers, 
such as a study in Karbala City,2 in Khartoum State29 and 
(16%), (18.7%) and (22%),30 respectively. SEA predominance in 
staphylococcal food poisoning outbreaks were aso documented 
in Italy,31 Belgium,2 and Germany.32 SEA is produced in foods 
under a wider range of pH, redox potential and water activity 
(aw) than are the other SEs, which explain why SEA is principal 
toxin involved in staphylococcal food poisoning.33 The Primer 
sequence is mentioned at Table 6.

CONCLUSIONS
The prevalence of enterotoxigenic S. aureus carriers among 
food handlers is high.

High number of the enterotoxigenic S. aureus produce 
coagulase within 2–4 hours, so they are considered more 
virulent strains.

Most isolates have (PBP2a) a product of mec A gene, so 
they are MRSA, which means they are resistant to all beta-
lactam antibiotics. The carrier state of MRSA among food 
handlers indicated must be considered as a problem with 
health impact. 

The prevalence of inducible clindamycin resistance 
phenotype is not high.

Isolated S. aureus strains produce β-hemolysin toxin at 4ºC 
in other wards this toxin is less effective in the human body.
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