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ABSTRACT

The increasing rate of drug resistance associated with methicillin resistant Staphylococcus aureus (S. aureus) represents a challenge for the treatment of staphylococcal infections in humans worldwide leading to use of vancomycin as a last resort in the treatment of methicillin-resistant S. aureus (MRSA). But recent studies have shown the emergence of resistance to vancomycin and other antibiotics.  This study is aimed at investigating the vancomycin resistance profile of S. aureus from Abattoir workers. Sixty (60) Swabs were collected from Abattoir workers in Jos Abattoir. Isolation and identification of the bacterial specimens from the samples were performed using conventional cultural techniques and biochemical identification. Antibiotic susceptibility test was carried out on confirmed S. aureus isolates with selected antibiotics using Kirby-Bauer disk diffusion technique. The prevalence of multi-drug and vancomycin resistant strains of S. aureus isolated from samples was determined using disk diffusion method. A total of 30 S. aureus were isolated. The result showed 20(66.67%) of the isolates were resistant to >2 of the antibiotics tested. They showed general resistance to penicillin 29(96.67%), cefoxitin 14(46.67%) erythromycin 13(43.33%), clindamycin 12(40.00%) and chloramphenicol 11(36.67%) but susceptible to ciprofloxacin 28(93.33%), ofloxacin 27(90.00%), gentamicin 26(86.67%), Tetracycline 25(83.33%) and Co-trimoxazole 24(80.00%). Subjecting the MRSA (cefoxitin resistant) isolates to vancomycin showed that 4(28.57%) were resistant, 5(35.71%) were intermediate and 5(35.71%) susceptible. This study demonstrated that VRSA is present on body surface of Abattoir workers and a possible community spread indicates future public health safety concern.

The escalating problem of antibiotic resistance associated with methicillin-resistant Staphylococcus aureus (S. aureus) has become a significant challenge in treating staphylococcal infections worldwide. As a last resort, vancomycin is often utilized to treat methicillin-resistant S. aureus (MRSA) infections, but recent studies have reported emerging resistance to vancomycin and other antibiotics. In light of this, the present study aimed to investigate the vancomycin resistance pattern of S. aureus among abattoir workers in Jos, Nigeria. A total of 60 swabs were collected from abattoir workers, and S. aureus was isolated and identified using conventional techniques. The susceptibility of the confirmed S. aureus isolates to various antibiotics was determined by the Kirby-Bauer disk diffusion technique. Results showed that among the 30 S. aureus isolates, 20 (66.67%) were resistant to more than two antibiotics tested. Specifically, the isolates were resistant to penicillin, cefoxitin, erythromycin, clindamycin, and chloramphenicol, while remaining susceptible to ciprofloxacin, ofloxacin, gentamicin, tetracycline, and co-trimoxazole. The MRSA isolates showed resistance to cefoxitin, and of these, 4 (28.57%) were vancomycin-resistant, 5 (35.71%) were intermediate, and 5 (35.71%) were susceptible to vancomycin. These findings suggest that the presence of vancomycin-resistant S. aureus on the skin of abattoir workers may pose a potential public health risk through community spread.
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INTRODUCTION
Staphylococcus aureus (S. aureus) is a normal microbiota of the human body and is frequently found in the human respiratory tract and on the skin.  It is estimated that 20% of the human population are long-term carriers of S. aureus whereas it is a transient normal flora of human skin and mucosal surfaces in 20 to 90% of healthy population (Taylor and Unakal, 2022).  However, S. aureus can cause a variety of serious infections upon invading the bloodstream or internal tissues leading to a variety of clinical manifestations ranging from relatively benign skin and soft tissue infections to severe and life-threatening systemic diseases (Cong et al., 2020). This is achieved by the aid of virulent factors- such as coagulase to clot plasma and coats the bacterial cells to probably prevent phagocytosis, hyaluronidase and DNAse to break down hyaluronic acid and DNA respectively to help in its systemic spread as well as staphylokinase to dissolve fibrin- associated with the pathogen (Cheung et al., 2021). 
Since the first report of a methicillin-resistant S. aureus (MRSA) strain in 1961 from a human patient, attention has been paid to its public health significance, leaving vancomycin as the antibiotic of choice for the treatment of many infections (Lowy, 1998). However, MRSA with increased minimum inhibitory concentration (MIC) to vancomycin, later designated vancomycin intermediate-resistant S. aureus (VISA) first reported in Japan in 1997 (Hiramatsu, 1997) emerged and in July 2002, the situation became dire when the Centres for Disease Control and Prevention (CDC) in the USA documented the first sample of S. aureus that was resistant to both vancomycin and methicillin (Kest et al., 2019). Since then, other cases though sporadic have been recorded in different countries around the world (Shariati, 2020).
The slaughterhouse (Abattoir) is an environment that is conducive to the transmission of zoonotic diseases to humans, for in few other locations are so many animals brought into close contact with so many people. As a result, abattoir workers constitute a major group at risk of occupational zoonosis, due to the close contact that exists between them and animals/tissue of animals during slaughtering or processing (Pal et al., 2020). Several studies have shown the presence of S. aureus in animals including household animals, cattle, buffalo, camel, horse, goat, pig, rabbit and poultry from which it can be transmitted between animal-to-human (and vice versa) (Mourabit et al., 2020; Pal et al., 2020) and presence of resistances to antibiotics in some of the isolates including to vancomycin (Weese, 2010; Sharma et al., 2014 and Al-Amery et al., 2019). In Nigeria, several studies have been conducted on vancomycin-resistant S. aureus (VRSA) in association with hospitals and resistant strains isolated (Akanbi and Mbe, 2013; Olufunmiso et al., 2017) with little work and data based on community acquired VRSA. This study was carried out to determine the prevalence of S. aureus and the occurrence of vancomycin-resistant strains among slaughterhouse workers in Jos Abattoir.
MATERIALS AND METHODS
Study Area
The research was conducted in Jos, the capital city of Plateau State, located at latitude 09°55′00″ North, and longitudes 08°53′25″ East and having a population of about 900,000 residents (Population and Development Review, 2007). 
Samples came from the three sections of Jos Abattoir, located at Jos South Local Government Area: Pork handlers, Beef handlers and Mutton/Chevon handlers. Hand swabs were collected from 60 adult male slaughterhouse workers. All workers were informed about the nature of the experiment. Sample collection was performed during working hours. Workers were asked not to wash their hands before sampling. Samples were collected by carefully swabbing sticks saturated with sterile saline on one square centimetre (cm2) of palms of Abattoir workers, closed in an air-tight container and transported (in an ice pack) immediately to the laboratory for analysis. 
The hand swabs from the workers were streaked on MSA and incubated aerobically at 37°C for 24h. Characteristic appearance of yellow colonies on MSA were considered to be presumptive S. aureus. The pure cultures were streaked on Nutrient agar (NA) plates and incubated for 24 h at 37 °C and were further characterized by biochemical tests as described by Cheesbrough, (2010). The Kirby-Bauer disc diffusion technique was performed to determine the antibiotic resistance profile of the isolates. After overnight incubation on Mueller-Hinton agar at 37°C (Oxoid Ltd., Hampshire, UK), the inhibition zones were measured, and the interpretation was carried out according to the Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2016). Antibiotic discs used were Ofloxacin (5µg), chloramphenicol (30µg), clindamycin (2µg), gentamicin (10µg), erythromycin (15µg), penicillin (10µg), tetracycline (30µg), cefoxitin (30µg) ciprofloxacin (15µg) and co-trimoxazole (1.25/23.75µg).
Vancomycin susceptibility tests were carried out on MRSA strains (Isolates with inhibition zone diameter (IZD) ≥22 mm for cefoxitin). A 30mg vancomycin disc and a blank disc as a control were aseptically placed over the surface of the MHA plates inoculated with the bacterial suspension which was previously adjusted to 0.5 McFarland standards at a distance of 5 mm to observe the range of the zone diameter for the detection of strains of VRSA (Schweizer et al., 2012). The laboratory breakpoints were as follows: vancomycin-susceptible S. aureus (VSSA)= vancomycin IZD ≤14 mm; and vancomycin-intermediate S. aureus (VISA)= vancomycin IZD 15-16 mm and vancomycin-resistant S. aureus (VRSA) =vancomycin IZD ≥17 mm. (CLSI, 2016).
RESULTS
Out of the 60 samples collected, 30 were confirmed to contain S. aureus after subjection to culture and various biochemical tests, representing 50% occurrence (Table 1). From the 20 samples collected from each of the Abattoir section, percentage occurrence was 60%, 60% and 30% (pork handlers, beef handlers and mutton/chevon handlers respectively) (Figure 1). Subjecting the isolates to the antibiotics sensitivity testing revealed that 29 (96.67%) were resistant to penicillin, cefoxitin 14 (46.67%), erythromycin 13 (43.33%), clindamycin 12 (40.00%) and 11 (36.67%) to chloramphenicol while 28 (93.33%) were susceptible to ciprofloxacin, followed by ofloxacin 27(90.00%), gentamicin 26(86.67%), Tetracycline 25(83.33%) and Co-trimoxazole 24(80.00%) in a descending order (Table 2). Comparing occurrence of resistant isolates among the three sample sites (i.e. pork handlers, beef handlers and mutton/chevon handlers), higher overall resistance was observed in isolates from pork handlers (Table 3). On subjecting the 14 MRSA isolates to vancomycin (30µg), 4 (28.57%) showed resistance with IZD ≤14, 5 (35.17%) were sensitive- IZD ≥17 and 5 (35.17%) classified as intermediate (IZD =15-16) (Figure 2).



Table 1: Confirmatory and Biochemical Tests
	Source of Isolate
	No. of Samples
	Yellow Appearance on Mannitol Salt Agar
	Gram Staining
	Catalase positive
	Coagulase  Positive
	Haemolytic Test

	Pork handlers
	20
	14
	14
	14
	12
	12

	Beef handlers
	20
	12 
	12
	12
	12
	12

	Mutton handlers
	20
	6 
	6
	6
	6
	6 

	Total
	60
	32 
	32
	32
	30
	30 





Figure 1: Graphical Presentation of Staphylococcus aureus Isolates by Abattoir Section 

Table 2: Antibiotic Resistance/Sensitivity Profile of the Staphylococcus aureus Isolates
	S/N
	Antibiotics
	Concentration (µg)
	No. of S. aureus (%)

	
	
	
	Resistant
	Intermediate
	Sensitive

	1
	Ofloxacin
	5
	3 (10.00)
	1 (3.33)
	26 (86.67)

	2
	Chloramphenicol
	30
	11 (36.67)
	5 (16.67)
	14 (46.66)

	3
	Clindamycin
	2
	12 (40.00)
	7 (23.33)
	11 (36.67)

	4
	Gentamicin
	10
	4 (13.33)
	5 (16.67)
	21 (70.00)

	5
	Erythromycin
	15
	13 (43.33)
	4 (13.33)
	13 (43.33)

	6
	Penicillin
	10
	29 (96.67)
	0 (0.00)
	1 (3.33)

	7
	Tetracycline
	30
	5 (16.67)
	16 (53.33)
	9 (30.00)

	8
	Cefoxitin
	30
	14 (46.67)
	0 (0.00)
	16 (53.33)

	9
	Ciprofloxacin
	5
	2 (6.67)
	10 (33.33)
	18 (60.00)

	10
	Co-trimoxazole
	1.25/23.75
	6 (20.00)
	4 (13.33)
	20 (66.67)





Table 3: Comparison of Antibiotic Resistance of Staphylococcus aureus Isolates from Abattoir Workers
	Antibiotics
	Abattoir Workers (%)

	
	Pork Handlers
	Beef Handlers
	Mutton/Chevon Handlers

	Ofloxacin
	2 (66.67)
	1 (33.33)
	0 (0.00)

	Chloramphenicol
	5 (45.45)
	4 (36.37)
	2 (18.18)

	Clindamycin
	5 (41.67)
	6 (50.00)
	1 (8.33)

	Gentamicin
	2 (50.00)
	2 (50.00)
	0 (0.00)

	Erythromycin
	7 (53.85)
	5 (38.46)
	1 (7.69)

	Penicillin
	11 (37.93)
	12 (41.38)
	6 (20.69)

	Tetracycline
	2 (40.00)
	1 (20.00)
	2 (40.00)

	Cefoxitin
	6 (42.86)
	6 (42.86)
	2 (14.28)

	Ciprofloxacin
	2 (100.00)
	0 (0.00)
	0 (0.00)

	Co-trimoxazole
	2 (33.33)
	3 (50.00)
	1 (16.67)

	Total
	44 (44.44)
	40 (40.40)
	15 (15.15)






Figure 2: Vancomycin Antimicrobial Susceptibility Results for MRSA Isolates




Discussion
Staphylococcus aureus is notorious for its ability to acquire and/or develop resistance to antibiotics. This attribute, coupled with the high burden of S. aureus infections is a problem for treatment. Inasmuch as vancomycin is important for treatment of severe MRSA infections, the ability of S. aureus to become completely resistant to vancomycin is disconcerting. Recently, the epidemiology of S. aureus and its newly emerged resistant strains has gained attention in both veterinary and human medicine, particularly because of their zoonotic potential.
In the present investigation, out of the 60 samples collected, S. aureus was isolated from 50% (30/60) of the 60 slaughterhouse workers. Very similar S. aureus isolation rates (55%) were reported in hand swabs from abattoirs workers in Addis Ababa, Ethiopia (Al-Amery et al., 2019). Similarly, Fan et al. (2015) also investigated the prevalence of S. aureus from human, meat and poultry origin in Henan Province in China. They reported that 54.8% (34/62) human samples were positive for S. aureus which agrees with the present finding. However, the overall S. aureus prevalence in this study was higher than that reported in humans in contact with animals (29.7%) in Nigeria (Mai-siyama et al., 2014). Increase in prevalence of S. aureus isolated from human sample may be due to improper personal care hygiene.
The distribution of S. aureus in the three Abattoir sections showed the majority came from the pork and beef handlers (60% each) and then mutton handlers (30%).  The differences in the recovery of S. aureus amongst the workers could be attributed to varying practices in meat handling process. During sample collection, it was observed that mutton handlers regularly wash the meat-hence their hands- thereby reducing the microbial of both the meat and their hands. This agreed with the study by Burton et al. (2011) who indicated that washing of hands is an effective method of reducing bacterial load.
As the case may be in Nigeria and some other developing countries, indiscriminate use of drugs is practiced as virtually all drugs can be obtained without prescription or obtaining antibiotic sensitivity test results from the medical laboratories in drug stores called “Chemists” in the local. These factors, according to Yah et al. (2007), increase the rate of drug abuse and consequently, increase the rate of development of bacterial resistance to antibiotics. In this study, the S. aureus isolates were found to be variably susceptible to the antibiotics tested. The isolates showed high resistance activity towards Penicillin (96.67%) with moderate resistance activity towards Cefoxitin (46.67%), Erythromycin (43.33%) Clindamycin (40.00%) and Chloramphenicol (36.67%). However, few isolates showed low resistance activity towards Co-trimoxazole (20%), Tetracycline (16.67%), Gentamicin (13.33%), Ofloxacin (10%) and Ciprofloxacin (6.67%).  
In the present study, Methicillin resistance (46.67%) of S. aureus isolates (indicated by resistance to Cefoxitin) recorded which was in harmony with the finding of Ali et al. (2015) who reported 42.3% resistance towards Cefoxitin. Similarly, Adhikari et al. (2017) and Baral et al.  (2011) recorded 35.50% and 26% resistance to Cefoxitin which was lower than the present study and higher prevalence (68%) was reported by Khanal and Jha (2010). The variation in MRSA rate could be attributed to natural tendencies or variations in the study settings and specimens.
The prevalence of VRSA in this study was found to be (4) 28.57% and 13.33% of the MRSA and total investigated S. aureus isolated respectively. The prevalence of VRSA amongst MRSA (26.5%) varied from that (37.93%) reported by Hasan et al. (2016). The total S. aureus (13.33%) corresponds with that reported by Godebo et al. (2013) in Ethiopia (16.4%). However, the (4) 13.33% vancomycin resistance rate of S. aureus, in this study, was lower than that of 44.5% reported by Olufunmiso et al. (2017) in Osun, Nigeria, 21% reported by Flamm et al. (2004) in Nepal, 40% reported by Mirnejad et al. (2008) in Iran and higher than the 3.6% reported in Iran (Saderi et al., 2005). Although these variations in the degree of resistance could be said to be geographically based, these varied degrees of resistance to vancomycin have resulted in an increasing concern about its therapeutic effectiveness in serious staphylococcal infections.
Conclusion
The emergence and spread of vancomycin resistance is a threat to the already challenged therapy of staphylococcal infections. Its transmission to both immunocompetent and immunocompromised individuals could constitute a significant public health challenge. In this study, the presence of VISA in asymptomatic individuals is considered a critical concern as it indicates a potential increase in vancomycin resistance in the nearest future. The study, therefore, indicates that slaughter-house workers in Jos Abattoir are carrying vancomycin resistant S. aureus and a more sustainable therapy and measures must be in place to prevent its dissemination or the outbreak of its infection which might create significant public health challenges.
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