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        Abstract



        
          Background:


          Staphylococcus aureus is a leading cause of food poisoning resulting from the consumption of contaminated food with staphylococcal enterotoxins. Raw meat is a good medium for the survival and spread of drug-resistant S. aureus.

        


        
          Objective:


          To look for the prevalence of drug-resistant S. aureus in Addis Ababa abattoir enterprise.

        


        
          Material & Methods:


          A cross-sectional study was conducted from November 2013 to April 2014 in Addis Ababa abattoir enterprise. A total of 185 swab samples were collected from the carcasses of sheep, goat and slaughtering materials such as workers’ clothes, vehicles, knives and hands. Isolation and identification of S. aureus were conducted using the conventional culture methods and signatory tests. Antimicrobial sensitivity was conducted using standard methods.

        


        
          Results:


          The overall prevalence rate for S. aureus in the present study was 33%. The higher prevalence rates of S. aureus were recorded from sheep carcasses 36%, followed by 30% from the environment and 16% from goat carcasses. The variation in the prevalence of S. aureus between the carcasses and environment was not statically significant (p > 0.05). More than 90% of S. aureus strains were sensitive to vancomycin, chloramphenicol, gentamicin and kanamycin. While 86.9% S. aureus strains were resistant to penicillin G 80.3% resistant to ampicillin, 63.9% resistant to ceftriaxone, 62.3% resistant to oxacilin, and 62.3% resistant to cefoxitin respectively.

        


        
          Conclusion:


          The present study indicated that the quality of slaughtered sheep carcasses was more contaminated by S. aureus as compared to goat carcasses, during slaughtering, processing, handling and transportation. The presence of MDR strain in the carcasses demonstrates that there is a growing need to control antimicrobial resistance in sheep and goat carcasses.
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      1. BACKGROUND


      Foodborne diseases often follow the consumption of contaminated food such as meat from infected animals or carcasses contaminated with pathogenic bacteria such as S. aureus. The majority of these microorganisms result from contamination occurring at the slaughterhouse [1], where conventional veterinary inspection cannot detect the presence of these bacteria on apparently healthy looking carcasses [2].


      Meat is not only highly susceptible to spoilage, but also frequently implicated in the spread of foodborne diseases. Contaminated raw meat is one of the main sources of foodborne diseases, whereby all potentially edible tissues are subjected to contamination from a variety of sources [3].


      S. aureus is a leading cause of food poisoning resulting from the consumption of contaminated food with staphylococcal enterotoxins [4]. Raw meat is a good medium for S. aureus survival and spread of drug-resistant S. aureus in the community [5]. The rapid evolution of antibiotic-resistant S. aureus is of considerable concern. Multidrug-resistant S. aureus strains are especially one of the greatest public concerns since the treatment of infections caused by resistant S. aureus is more complicated and difficult [6]. Methicillin-resistant S. aureus (MRSA) is known to be one of the most prevalent nosocomial pathogens throughout the world and is capable of causing a wide range of hospital-linked infections [7].


      A limited number of investigations have been conducted on the potential of raw meat to spread drug-resistant S. aureus as a source of infection. The objective of this study is to look for the prevalence of drug-resistant S. aureus in Addis Ababa abattoir enterprise.

    


    
      

      2. MATERIAL AND METHODS


      The study was carried out in Addis Ababa, from November 2013 to April1 2014 at Ethiopian Public Health Institute (EPHI) food microbiology laboratory. Sample collection was carried out at Addis Ababa abattoir enterprise. Analyses of data were performed using IBM SPSS Statistics V21. We con-sidered p values <0.05 as statistically significant.


      
        2.1. Sample Collection


        Sterile cotton swabs moistened in 0.1% peptone water were used to collect samples. A total of 185 swab samples were collected of which 150 swabs were taken randomly from selected carcasses of sheep, 25 swabs were taken from the carcasses of goats that were slaughtered in Addis Ababa abattoir enterprise. These samples were taken from five different sites viz brisket, shoulder, flank, neck and rump. In addition, 10 samples were taken from the vehicles, workers knives, and their hands at post skinning, evisceration and after washing operations. The collected samples were put in ice container and transported to laboratory examination.

      


      
        2.2. Identification of S. aureus


        S. aureus was isolated and identified from the samples using conventional culture methods. The transported samples were inoculated into 10ml of nutrient broth and incubated for 24 to 48 h at 37°C. After incubation, the culture was transferred to manitol salt agar plates for isolation of S. aureus and incubated for 24-48 hrs at 37°C. After incubation cultures with typical colonies of yellowish to golden yellow colonies with smooth, slightly raised yellowish colonies were selected for further confirmatory tests. The presumptive positive colonies were plated on blood agar and incubated for 24hrs at 37°C. After incubation colonies with alpha and beta hemolysis were screened for gram stain. All the gram-positive staphylococci had passed to tube catalase test, tube coagulase test, and DNase test.

      


      
        2.3. Antimicrobial Susceptibility Test (AST)


        AST was carried out on confirmed S. aureus using disc diffusion method according to CLSI [8]. Briefly, each of the S. aureus isolates was inoculated into 5ml of trypton soya broth (Oxoid, UK) and incubated at 37°C until the suspension turbidity was equivalent to a 0.5 MacFarland standard as measured by turbidity meter before they were tested. The bacterial suspension was subsequently inoculated onto Mueller-Hinton agar plates (Oxoid, UK) and spread over the surface with sterile cotton swabs on a wooden applicator stick.


        S. aureus isolates were tested against different classes of antimicrobials, from which the following antibiotics were used. (Penicillins) ampicillin (30μg), penicillin G(10μg) and oxacillin(1μg), (Macrolides) erythromycin (15 μg) and clindamycin (2 μg), (cephalosporin) ceftriaxone (30μg), and cefoxitin(30μg) chloramphenicol (30μg) (Aminoglycosides) Kanamycin(30μg) and gentamycin (10 μg) (Fluoroquinolones) nalidixic acid (30μg) and (Glycopeptide) vancomycin (30μg) were used.


        Antibiotic-impregnated discs were applied to the surface of inoculated plates by hand using sterile forceps. The discs were not closer than 15mm to the edge of the plate and they were 24mm apart from each other. The plates were incubated inverted aerobically for 18-24 hours at 37°C. Finally, the diameters of the zone inhibition around the discs were measured using a transparent ruler according to CLSI guideline [8].

      

    


    
      Table 1 Prevalence of S. aureus isolated from sheep carcass, goat carcass and the environment.


      
        
          
            	Sample Source

            	Number of Samples

            	S. aureus No (%)
          

        

        
          
            	Sheep carcass

            	150

            	54(36%)
          


          
            	Goat carcass

            	25

            	4(16%)
          


          
            	Environment

            	10

            	3(30%)
          


          
            	Total

            	185

            	61(33%)
          

        
      


    


    
      Table 2 The susceptibility pattern of S. aureus (n=61) isolated from sheep carcass, goat carcass and environment.


      
        
          
            	Antimicrobials

            	Susceptible (%)

            	Intermediate (%)

            	Resistant (%)
          

        

        
          
            	Ampicillin

            	19.7

            	0

            	80.3
          


          
            	Cefoxitin

            	37.7

            	0

            	62.3
          


          
            	Ceftriaxone

            	32.8

            	3.3

            	63.9
          


          
            	Chloramphenicol

            	90.2

            	8.2

            	1.6
          


          
            	Clindamycin

            	27.9

            	14.8

            	57.4
          


          
            	Erythromycin

            	49.2

            	11.5

            	39.3
          


          
            	Gentamicin

            	96.7

            	0

            	3.3
          


          
            	Kanamycin

            	91.8

            	4.9

            	3.3
          


          
            	Nalidixic acid

            	37.7

            	19.7

            	42.6
          


          
            	Oxacillin

            	34.4

            	3.3

            	62.3
          


          
            	Penicillin G

            	13.1

            	0

            	86.9
          


          
            	Vancomycin

            	100

            	0

            	0
          

        
      


      


    


    
      

      3. RESULTS


      The overall prevalence of S. aureus in sheep, goat carcasses and the environmental samples was 33% (61/185). The highest prevalence of S. aureus was found in sheep carcasses (36%) followed by swabs from the environment (knife, workers’ clothes, slaughtering area and transporting vehicles) 30%, and goat carcasses (16.0%). No statistically significant association was found between the sheep and goat carcasses and environmental samples for S. aureus contamination (P > 0.05) (Table 1).


      
        3.1. Overall Susceptibility Pattern of S. aureus


        The antimicrobials used indicate gentamicin, kanamycin and chloramphenicol were the most effective antibiotics whereby 100%, 96.7% and 91.8% of the strains were sensitive respectively. Penicillin G, ampicillin, clindamycin and ceftriaxone have showed very poor activity on many isolates, whereby only 13.1%, 19.7%, 27.9% and 32.8% of the isolates were sensitive, respectively. Vancomycin resistance was not observed. Table 2 illustrates the rate of antibiotic resistance among commonly isolated bacteria.

      


      
        3.2. Multi-Drug Resistance S. aureus


        Multidrug Resistance (MDR) is defined as a single isolate resistant to three or more unique antimicrobial classes. About 21(34.4%) of the strains were resistant to three or more classes of antibiotics. From which 17(27.8%), 3(5%) and 1(1.6%) of the isolates showed resistance to three, four and five classes of antibiotics respectively. The most frequent multidrug resistance pattern was AMP, CRO, FOX, CHL as shown in Table 3 (Fig. 1).

      

    


    
      

      4. DISCUSSION


      The study has highlighted that MDR S. aureus occurrence in meat and meat origin represents a threat to public health related to food safety. In the last few decades, staphylococcal food poisoning has been reported as the third cause of foodborne illnesses in the world. Meat, milk and dairy products play a vital role in staphylococcal food poisoning [6].


      In the present study, the overall prevalence of S. aureus was found to be 33%. This finding is incomparable with the findings observed in [7] Sudan 16%, 12% [1] and 32.5 in South Africa from cattle and pig carcasses [9]. There was no significant difference in bacterial isolates among sheep carcasses, goat carcasses and environment swabs at P>0.05. This could be due to the similarity of the hygienic practices between them. In this study all S. aureus isolates were tested for twelve antibacterial agents which showed 86.9%, 80.3%, 63.9%, 62.3%, 62.3%, 57%, 42.6%, 39.3%, 3.3%, 1.6% resistance to penicillin G, ampicillin, ceftriaxone, oxacillin, cefoxitin clindamycin, nalidixic acid, erythromycin, gentamicin, kanamycin and chloramphenicol (Table 4).


      
        Table 3 Drug resistance pattern of S.aureus from meat and environmental samples.


        
          
            
              	Classes of Antibiotics

              	Number of Isolates
            

          

          
            
              	AMP

              	CLI

              	KAN

              	–

              	–

              	–

              	1
            


            
              	AMP

              	CLI

              	ERY

              	KAN

              	

              	

              	1
            


            
              	AMP

              	CRO

              	CLI

              	ERY

              	

              	

              	1
            


            
              	AMP

              	FOX

              	CRO

              	ERY

              	

              	

              	2
            


            
              	AMP

              	FOX

              	CRO

              	CLI

              	

              	

              	10
            


            
              	AMP

              	FOX

              	CRO

              	CHL

              	

              	

              	1
            


            
              	AMP

              	FOX

              	CRO

              	CLI

              	ERY

              	

              	16
            


            
              	AMP

              	FOX

              	CRO

              	CHL

              	CLI

              	

              	1
            


            
              	AMP

              	FOX

              	CRO

              	CLI

              	ERY

              	KAN

              	2
            


            
              	AMP

              	FOX

              	CRO

              	CLI

              	ERY

              	GEN

              	2
            


            
              	AMP

              	FOX

              	CRO

              	CLI

              	CLI

              	ERY

              	1
            

          
        


        


      


      [image: ]
Fig. (1)

      Percent resistant for S. aureus isolates from carcasses and environments (n=61) for different antibiotics.

      
        Table 4 A summary of multiple drug resistant S.aureus isolates.


        
          
            
              	Resistance

              	
            


            
              	

              	Three antibiotics

              	Four antibiotics

              	Five antibiotics
            

          

          
            
              	Isolates in number

              	17

              	3

              	1
            

          
        


      


      In the present study, 21 (34.4%) S. aureus strain showed multidrug resistance whereby the most common one was resistance primarily to ampicilin, ceftriaxone, clindamycin, cefoxitin. This could be due to the inappropriate use and misuse of β-lactam and other antibiotics as a means of treatment and thereby the development of resistance. The finding is lower in MDR resistance with the finding of [10] who reported 45% of S. aureus strains had resistance to three and more of the tested antimicrobials and much lower than the study done by 90% in Jimma [11]. Based on the result of this study vancomycin, chloramphenicol, gentamicin, and kanamycin were effective against S. aureus and this is in agreement with the findings of other investigators [1].

    


    
      CONCLUSION


      The microbial population and dynamics of foodborne pathogens (S. aureus, Salmonella, Escherichia coli, and others) that comes in contact with fresh meat during slaughtering, dressing and processing present a challenging problem to the meat industry. The condition of the animals prior to slaughter, sanitary condition of the slaughtering environment, and slaughtering materials also contribute to S. aureus carriage of meat and butchers. The occurrence of S. aureus in raw meat is of high importance where raw meat is eaten as a cultural food. Moreover, the presence of 75.4% MDR strain demonstrates the fast-growing strain of S. aureus which will become a threat to the public. Thus, it requires strong and strict implementation of GMP up to the food handlers.
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