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ABSTRACT
The uprising problem of the Presence of Multi Drug Resistant (MDR) pathogenic bacteria is an emerging obstacle facing food safety. This study purposed to evaluate the antibiotic-resistant profile regarding the Presence of MRSA and biofilm production. After collection of 225 samples (30 chicken fillet, 30 chicken nuggets, 30 chicken shawarma, 15 chicken luncheon, 60 chicken stock cubes and 60 imported frozen chicken meat) from local markets in Cairo and Giza (Egypt), they were examined bacteriologically for staphylococcus aureus using mannitol salt agar and blood agar, The occurrence of staphylococci was 127/225 (56.4%). 16.8% of the samples were S.aureus (38/225), while, 39.5% (89/225) were coagulase-negative staphylococci. S. aureus recovered from 8.3% of frozen chicken meat, 13.3% of chicken fillet, 23.3% of chicken nuggets, 46.6% of chicken shawarma, 33.3% of chicken luncheon, and 5% of chicken stock cubes. Resistance against 13 antibiotics was determined using Kirby-Bauer disc diffusion test, 100%, 78.9%, and 52.6% of the isolates were resistant to penicillin G, tetracycline, and amoxicillin. Clavulanic acid respectively, while 26.3% were resistant to methicillin. On the other hand, the isolates showed high sensitivity to vancomycin, clindamycin, and chloramphenicol with percentages 97.3%, 81.5%, and 68.4% respectively. The resistant strains to methicillin were tested by PCR for the presence of mecA gene, the result was 100% (10/10) positive for mecA gene. The isolates were phenotypically tested for the ability of biofilm formation using the Tube method that divided S. aureus isolates into 4 grades: strong biofilm former, moderate biofilm former, weak biofilm former, and non-biofilm former with percentages18.4%, 15.7%, 13.1%, and 52.6% respectively. To conclude, the increased prevalence of S.aureus in chicken meat products pinpoints the unhygienic condition of food processing, moreover, the occurrence of MDR S. aureus in chicken meat products might lead to alarming public health threats so there is an alerting need for rational use of antibiotics.
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1. INTRODUCTION
S. aureus is well recognized for its capability of inducing diseases that are mostly related to gastrointestinal disorders, moreover, as various infections in animals and humans (Hennekinne et al., 2012). S. aureus is responsible for various diseases related to the respiratory tract, joint infections, sepsis, soft tissue infections, toxic shock syndrome, and urinary tract infections (Paterson et al., 2014; García-Álvarez et al., 2011). Moreover, S. aureus is predominantly associated to food poisoning and considered as the 3rd main cause worldwide (Sasidharan et al., 2011; Achi and. Madubuike 2007). As a result, S. aureus has got a considerable interest in its role as a foodborne pathogen (Zhang et al. 2013). The prevalence of S. aureus food poisoning is slightly higher in poultry and meat products (Mead etal.1995; Balaban and Rasooly. 2000; Genigeorgi, 1989: Kitai et al. 2005). 
Antibiotics are used basically to enhance the quality of animal health and decrease the susceptibility of food-borne diseases. However, the extensive use of antibiotics participates in increasing the prevalence of antibiotic-resistant bacteria that seriously affect both animal and human health (Mathew et al., 2007). The high incidence of resistance of S. aureus bacteria isolated from animal resources to particular groups of antimicrobial agents such as cephalosporins, penicillin, macrolides, aminoglycosides, tetracyclines, and fluoroquinolones has been reported by considerable researches (Safarpoor et al. 2017; Momtaz et al 2013)
Staphylococcal β-lactam resistance has two main mechanisms, the first one is the production of β-lactamase enzyme (most common is penicillin-resistance), while the other mechanism is related to methicillin resistance due to acquisition of mecA gene which encodes a penicillin-binding protein (PBP2a) that has a poor affinity to beta-lactam antibiotics (Abbas et al., 2021).
     S. aureus binds to the host cell through its surface proteins which act as virulence factors. These proteins allow attachment to laminin and fibronectin, moreover, most strains express coagulase protein reaction and a clumping factor, that enhance attachment to blood clots, after the adhering, the bacteria multiply to create a biofilm that makes it more resistant to antibiotics and disinfectants (Todar, 2009). Biofilm has a strong effect on increasing the bacterial resistance to antibiotics, moreover, S. aureus commonly has a significant capability of biofilm formation which mainly exists in food of animal origin (Ou et al 2020)
The ongoing investigation aimed to assess the Presence of S. aureus isolated from chicken meat products and its antibiotic-resistant profile utilizing the Kirby-Bauer disc diffusion test, also to detect the presence of mecA gene among isolates, in addition, to evaluate the biofilm production and its relation to the exitance of MDR S. aureus.

2. MATERIALS and METHODS
2.1. Samples collection:
 About 225 samples were collected from frozen chicken meat (n:60), chicken fillet (n:30) chicken nuggets (n: 30), chicken shawarma (n:30), chicken luncheon (n:15), and chicken stock cubes (n:60). Collection of samples were done under aseptic condition and safety precautions (Kitai et al., 2005 and Middleton et al., 2005)
Each sample was collected and marked then placed in an icebox and transferred to the laboratory as soon as possible to be examined bacteriologically. 
2.2. Isolation and identification of Staphylococci:
Each sample was enriched in buffer peptone water (1:10) and incubated aerobically at 37°C for 24hr., then inoculated on mannitol salt agar (MSA) as a selective and differential characteristic media. After incubation at 37°C for 24hr, identical colonies were picked and subjected to gram staining and biochemical test based on coagulase test, catalase test, and oxidase test, and streaked on blood agar according to (Quinn et al. 2002). Colonies of staphylococci generally were 1-3 in diameter and frequently circular, smooth, and opaque with a creamy consistency, yellow colonies on MSA represent mannitol fermentation of staphylococci including coagulase-positive S. aureus while the pink colonies for other staphylococcus spp., on the other hand, most strains of S. aureus were β-hemolytic on blood agar (Quinn et al. 2002). For further examination, the pure cultures were stored at 4°C after inoculation on nutrient agar slant medium. 
2.3. Antimicrobial sensitivity test: 
the antibiotic sensitivity of isolated Staphylococcus aureus was determined by diffusion method according to (Koneman et al.,1979) by representatives of different groups of antibiotics provided by (Oxoid): Penicillin G(P 10 I.U), Chloramphenicol (C 30µg), Gentamicin  (G 10µg), Erythromycin (E 15µg), Clindamycin (DA 2µg),  Doxycycline (DO 30µg), Amoxycillin+ Clavulanic acid (AMC 30 (30+15µg)), Tetracycline (TE 30µg), Vancomycin (VA 30µg), Methicillin (MET 5µg), Ampicillin Sulbactin (A/S (10\10µg)), Rifampin (RIF 5µg) and Ciprofloxacin (CIP 5 µg). The antibiotic discs were distributed on Mueller Hinton agar that was streaked with the bacterial suspension of the isolates (0.5 Mac Farland), then incubated for 24h
at 35°C. After measuring the inhibition zones, the results were evaluated by (CLSI/NCClS 2018).
2.4. Detection of mecA gene in the Staphylococcus aureus: 
 Extraction of DNA according to QIAamp DNA mini kit Catalogue no.513. Oligonucleotide Primers were used for the detection of mecA gene with nucleotide sequence as shown in Table 1 was supplied from Metabion (Germany). The PCR amplification was applied in a 25µl reaction containing 12.5µl of Emerald AMP Max master mix (Takara, Japan), 1µl of each primer of 20 pmol concentrations, 4.5µl of water, and 6µl of DNA template. The reaction was done in an applied biosystem 2720 thermal cycler with specific conditions as shown in Table 2. The PCR product was separated by gel electrophoresis using 1.5% agarose gel stained with ethidium bromide and examined under ultraviolet light using a Gel documentation system for analysis of the PCR product using a ladder 100bp (100-1000).

2.5. Detection of biofilm formation using tube method (Christensen et al., 1982)
The tube method is considered a qualitative method to detect biofilm formation. A loopful of the culture was inoculated on 10 ml TSBglu in test tubes and incubated aerobically at 36°C ± 1 for 24hrs, after discarding the content, the tubes were rinsed using 9ml phosphate buffer saline pH 7.2 and then removed, after that 10ml of freshly prepared sodium acetate (2%) was added to each tube for biofilm fixation then removed after 10mins, then10ml crystal violet (0.1%) was then added for staining for 30min. at room temperature, after discarding the stain, the tubes were washed again and left to dry in an inverted position at room temperature. Biofilm formation was detected by the presence of the visible film on the wall and bottom of the tube. The interpretation was done regarding results of the control strain and graded visually as non, weak, moderate, and strong biofilm former respectively.

3. RESULTS
3.1. Staphylococcus aureus isolated from different poultry products samples:
[bookmark: _Hlk112064062] phenotypic identification of 225 samples collected from frozen chicken meat, chicken nuggets, chicken fillet, chicken luncheon, chicken shawarma, and chicken stock cubes for the presence of staphylococci revealed 127/225 (56.4%), 16.8 % of the samples were staphylococcus aureus (38/225) (Fig. 1,2), while, 39.5 % were coagulase-negative staphylococci (CNS) (89/225) (Fig. 3). Staphylococcus aureus recovered from 8.3 % (5/60) of frozen chicken meat, 13.3 % (4/30) of chicken fillet, 23.3 % (7/30) of chicken nuggets, 46.6 % (14/30) of chicken shawarma, 33.3% (5/15) of chicken luncheon and 6.6 % (3/60) of chicken stock cubes as shown in Table 3. and Fig.4.
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Fig. 1: S. aureus colonies on mannitol salt agar medium.
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Fig. 2: S. aureus on blood agar
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Fig. 3:  CNS on mannitol salt agar medium.


Fig. 4: shows the occurrence of staphylococci in the examined samples 
3.2. Antibacterial sensitivity test of S. aureus isolates:
[bookmark: _Hlk112067692]   Thirty-eight S. aureus isolates were tested for antibacterial sensitivity test (Fig. 5, 6, 7) showing high sensitivity for vancomycin and clindamycin with percentages of 97.3% and 81.5% respectively. It is clear that (37/38), 97.3% of the isolates were sensitive to vancomycin, also (26/38) 68.4% of isolates were sensitive to chloramphenicol. While (38/38)100%, (30/38)78.9%, and (20/38)52.6% of the isolates were resistant to penicillin G, tetracycline, and amoxicillin-clavulanic acid respectively. Methicillin-resistant Staphylococcus aureus (MRSA) represents (10/38) 26.3% of the isolates, on the other side resistant to methicillin represents 26.3% (10/38) of S. aureus isolates as shown in Table 4. There are 29 (76.3%) isolates resistant to 3 or more of the antibiotic groups which were considered as Multi-Drug Resistant (MDR) S. aureus. as shown in Table 5.
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Fig. 5: Shows sensitivity of S. aureus to more than antibiotic (vancomycin, erythromycin, clindamycin, doxycycline and gentamicin).
[image: ]
Fig. 6: Shows resistance of S. aureus to more than one antibiotic (penicillin G, amoxicillin clavulinic acid, ampicillin sulbactin and tetracycline).
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Fig. 7: Shows resistance of S. aureus to more than one antibiotic (gentamicin, tetracycline and penicillin G) and shows sensitivity to ampicillin sulbactin and vancomycin.
3.3. Detection of methicillin-resistant S. aureus (MRSA) using PCR:
Examination of the 10 isolates that showed phenotypic resistance to methicillin for the presence of mecA gene by PCR. The 10 isolates were found to harbor the mecA gene as shown in Fig. 8.
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Fig. 8: (PCR) result of mecA gene among S. aureus isolates.
a) Lane L: DNA marker, lane N: Control negative, lane P: Control positive, lane (1-10): positive for mecA gene at 310bp amplification.
 3.4. Evaluation of the biofilm formation of S. aureus isolates using Tube Method: 
[bookmark: _Hlk112185080][bookmark: _Hlk112148555]       All S. aureus isolates were divided into different grades after the application of Tube method, the interpretation showed that 18/38 (47.4%) of the isolates were biofilm former which was classified as follows: 7/38 (18.4%) strong biofilm former followed by moderate biofilm former and weak biofilm former with percentages 6/38 (15.7) %, 5/38(13.1%) respectively, while 20/38 (52.6%) were non-biofilm former.
[bookmark: _Hlk111870253]3.5. Correlation between biofilm formation and presence of Multi-Drug Resistance:
It was clear that about 72.2% (13/18) of the biofilm former S. aureus were MDR as shown in Table 6.


4. DISCUSSION
[bookmark: bbib36][bookmark: _Hlk112404714]Chicken meat production has increased globally in a significant way, and it is predicted to be the largest meat source by 2023. (Skarp et al. 2016), moreover, chicken meat is well recognized as a cheaper source of protein than other meat types (Salinas et al. 2012). Genus Staphylococcus comprises various species that are widely distributed in nature and found mostly, it is naturally present in the skin and mucous membranes of poultry (Sato et al. 1972). So, S. aureus is considerable reason of poultry disease and that may contaminate foods as a result (Mead and Dodd 1990), this contamination mainly leads to foodborne illnesses due to the Presence of Staphylococcal enterotoxins (Do Carmo et al. 2004), poultry meat and red meat and their products are the main type of food that cause this kind of food illnesses (Kitai et al. 2005). The current study aimed to reveal the occurrence of S. aureus in chicken meat products and to appraise the antibiotic resistance profile, MRSA, and biofilm production in S. aureus isolated from chicken. 
[bookmark: _Hlk112064382]Out of 225 samples collected from different poultry meat products (frozen chicken meat, chicken nuggets, chicken fillet, chicken luncheon, chicken shawarma, and chicken stock cubes), staphylococci revealed 127/225 (56.4%), staphylococcus aureus represents 16.8% (38/225), while, 39.5% (89/225) were coagulase-negative staphylococci. A slightly high level of contamination (18.52%), was identified as S. aureus out of 200 chicken samples obtained from Harcourt, Rivers State (Oritsetimeyin, 2019) in addition to (Akbar and Anil 2013) who isolated S. aureus from 18.18% of the examined chicken meat samples.
The spread of multidrug-resistant (MDR) bacteria in the last few years has evoke a serious problem, rather than the extensive use of antibiotics in livestock breeding is a possible source of MDR bacteria. Consequently, food from animal sources is considered a possible way for transmission of MDR bacteria from animals to human beings (Van Cleef et al. 2011). In the current study, it is noticed that the highest sensitivity of 97.3% and 81.5 % were for vancomycin and clindamycin respectively, and about 100%, 78.9%, and 52.6% of the isolates were resistant to penicillin G, tetracycline and amoxicillin-clavulanic acid respectively. These results agree with (Gundogan et al. 2005) that found all S. aureus strains were sensitive to vancomycin, and agree with (Citak and Duman, 2011) who found all S. aureus isolates were sensitive to vancomycin, furthermore, it agree with (Reeves et al. 1991) who found all of 300 S. aureus isolates but one were sensitive to clindamycin, and disagree with (Mkize et al. 2017) whose results illustrated that 61.9% of S. aureus isolated from broiler chicken (abattoir origin) were resistant to vancomycin. It also disagrees with (Simjee et al. 2007) who found 48% resistance against clindamycin among staphylococci isolated from poultry litter collected from 24 farms across Georgia. On the other hand, (Asima et al. 2019) reported a significant resistance of the S. aureus isolates which was highest to penicillin, ciprofloxacin, tetracycline, and erythromycin with percentages (90.97%), (61.80%), (45.14%) and (11.11%) respectively. Staphylococcus species isolated by (Gundogan and Ataol, 2013) displayed high resistant rate against ampicillin followed by tetracycline, erythromycin, methicillin, and gentamicin (31.6%), (26.3%), (20.6%), (17.2%), and (12.4%) respectively. (Citak and Duman 2011) found 40.2 and 36.9% of S. aureus were resistant to tetracycline and erythromycin, respectively. Most of the S. aureus isolates were resistant to one or more of the microbial agents, with none being resistant to vancomycin, as recorded by (Citak and Duman 2011). 
It is clear that in chickens, the frequency of S. aureus harboring multiple antibiotic resistance genes is high, meaning that food can be considered a reservoir of bacteria-containing genes potentially contributing to the evolution of antibiotic resistance in staphylococci. Recently Multidrug-resistant bacteria (MDR) are forming a challenge not only for the health care system but also in livestock breeding (Zarfel et al. 2014). the ongoing study recorded MDR in a significant percentage, about 29/38 (76.3%) of S. aureus isolates were considered as Multi-Drug Resistant (MDR), this finding is closely related to (Waters et al. 2011) who recorded MDR in 47% of S. aureus isolated from meat and poultry samples in the US. And (Parvin et al. 2021) reported all isolated S. aureus from frozen chicken meat were Multidrug-Resistant.
      Globally, methicillin-resistant Staphylococcus aureus (MRSA) is responsible for considerable mortality, morbidity, and health care expenditure in both hospitals and the community (Weese, 2010). Methicillin resistance gene mecA is located on SCCmec cassettes. These are mobile genetic elements responsible for the transfer of resistance genes, but with lower transfer frequency than plasmids or transposons carrying ESBL genes (Shore and Coleman 2013). Methicillin-resistant staphylococci is a major concern to public and animal health in veterinary medicine and along the meat and milk production line (Weese, 2010). The present study provides data on MRSA among chicken products. In the present study, there were 10 samples were resistant to methicillin disc and 10 samples were positive for the mecA gene. The MRSA occurrence rates mentioned above are in contrast to the low MRSA prevalence in Tulsa, Oklahoma (Abdalrahman et al. 2015) as just 2 chicken samples out of 114 samples 2/114 (1.8%) were positive for (MRSA). On the other hand, we could find this result is almost the same as (Geha et al. 1994) who found that 100% of oxacillin-resistant staphylococcal isolates are positive for the mecA gene.
               One of the most significant virulence factors of S. aureus is biofilm formation (Hall et al. 2004) as it is proven that biofilm-mediated infections have a serious negative effect on both human and animal health (Mohammadi et al. 2021). In addition to its direct relation to the Presence of MRSA among the biofilm producer S. aureus (Bimanand et al. 2018). In the exciting study, by using the tube method test the biofilm formation findings revealed 47.4% (18/38) of the S. aureus were biofilm former classified as follow: 18.4% (7/38) strong biofilm former followed by 15.7% (6/38) moderate biofilm former then 13.1% (5/38) weak biofilm former. This finding is harmonized with (Halim et al. 2018) who detected 42.7% of the S. aureus isolates were biofilm former using the Tube Method, and contrary to (lin et al. 2019) who found 94.4% of the S. aureus expressed weak or non-biofilm production
5. Conclusion
The existence of Staphylococcus species in the examined samples emphasizes the need for improved hygiene practices during food processing. Our results also indicate that most of the S. aureus isolates were resistant to one or more antibiotics. The increasing prevalence of resistance in the isolates from animal origin may have important therapeutic implications. More restrictive policies on the use of antibiotics on animals may improve the current situation. Otherwise, further studies are required to investigate the relation between the high (MRSA) prevalence and biofilm formation. In conclusion, chicken carcasses may constitute a reservoir for disseminating antibiotic-resistance staphylococci into the community. 
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Table 1: Oligonucleotide primers sequences.
	Reference
	Amplicon(bp)
	Primer sequence (5'-3')
	Gene

	(McClure et al., 2006)
	310 bp
	5'GTA GAA ATG ACT GAA CGT CCG ATA A3'
	mecA 

	
	
	3'CCA ATT CCA CAT TGT TTC GGT CTA A5'
	


[bookmark: _Hlk114301799]
Table 2: Temperature and time conditions of the PCR amplification 
	Gene mecA 
	Primary denaturation
	Secondary denaturation
	Annealing
	Extension
	No. of cycles
	Final extension

	Temperature 
	94˚C
	94˚C
	50˚C
	72˚C
	
35
	72˚C

	Time 
	5 min.
	30 sec.
	30 sec.
	30 sec.
	
	7 min.



Table 3: Occurrence of Staphylococcal spp. in the examined samples.
	Type of samples
	No. of examined samples
	S. aureus     

	
	
	No.
	%

	Frozen chicken meat
	60
	5
	8.3

	Chicken fillet
	30
	4
	13.3

	Chicken nuggets
	30
	7
	23.3

	Chicken shawarma 
	30
	14
	46.6

	Chicken luncheon
	15
	5
	33.3

	Chicken stock cubes
	60
	3
	6.6

	Total
	225
	38
	16.8







	



Table 4: Antibacterial sensitivity test of the 38 staphylococcus aureus isolates
	
	Sensitive
	Intermediate	
	Resistant

	
	No.
	%
	No.
	%
	No.
	%

	P
	0
	0
	0
	0
	38
	100

	MET
	12
	31.6
	16
	42.1
	10
	26.3

	G
	22
	57.9
	10
	26.3
	6
	15.8

	E
	21
	55.2
	11
	28.9
	6
	15.8

	DA
	31
	81.5
	3
	7.9
	4
	10.5

	DO
	20
	52.6
	14
	36.8
	4
	10.5

	TE
	2
	5.2
	5
	13.1
	30
	78.9

	VA
	37
	97.3
	1
	2.6
	0
	0

	AMC 30
	18
	47.3
	0
	0
	20
	52.6

	A/S
	24
	63.1
	9
	23.7
	5
	13.1

	Rif 5
	24
	63.1
	3
	7.9
	11
	28.9

	Cip 5
	27
	71
	4
	10.5
	7
	18.4

	C 30
	26
	68.4
	1
	2.6
	11
	28.9








Table 5: correlation between no. of resistant S. aureus isolates and the no. of resisted antibiotic groups: 
	No.  of antibiotic groups
	No. of resistant S. aureus isolates

	1
	4

	2
	5

	3
	14

	4
	7

	5
	3

	6
	4

	8
	1





Table 6: Correlation between biofilm formation and presence of Multi Drug Resistance
	
	Strong biofilm former
	Moderate biofilm former
	Weak biofilm former

	No. of biofilm former S. aureus
	7
	6
	5

	No. of MDR S. aureus
	5
	5
	3






Sales	



Total samples no.	S.aureus	CNS	225	38	39.5	
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