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ABSTRACT 

Staphylococcus aureus (S. aureus) is a common microorganism present on the skin and 

mucosal surfaces of humans and animals. However, a variety of infections, ranging from mild 

skin infections to severe infections such as bacteraemia, osteomylitis, and toxin-mediated 

diseases can be caused by this bacterium. These infections become more severe if strain 

harbours antibiotic resistance genes together with virulence genes. The aim of this study was to 

investigate the occurrence, antibiotic susceptibilities, virulence genes profiles and genetic 

relationships of S. aureus in milk obtained from the North-West Province. To achieve this, 200 

samples of raw, tank and pasteurised milk were obtained randomly from supermarkets, shops 

and some farms in the North-West Province during the period of May 2012 to April 2013. S. 

aureus was isolated and positively identified using morphological, biochemical tests, protein 

profile analysis (MALO I-TOF mass spectrometry) and molecular (PCR) methods. The isolates 

were characterised by determining their antimicrobial resistance profiles, detection of genes 

encoding enterotoxins, exfoliative toxins and collagen adhesins. Moreover, the relationships of 

the isolates from different stations and milk types were compared using their antibiotic 

inhibition zone diameter data, RAPD-PCR and ERIC-PCR fmgerprinting data.Among all the 

samples examined, 30 of 40 raw milk samples (75%), 25 of 85 of tank milk samples (29%) and 

I 0 of 75 pasteurised milk samples (13%) were positive for S. aureus. One hundred and fifty-six 

PCR-confirmed S. aureus isolates were obtained from the 75 contaminated milk samples. A 

large proportion (60-1 00%) of the isolates was resistant to penicillin G, ampicillin, oxacillin, 

vancomycin, teicoplanin and erythromycin. On the contrary, low level resistance (8.3 to 40%) 

was observed for gentamycin, kanamycin and sulphamethoxazole. Methicillin resistance was 

detected in 59% of the multidrug resistant isolates. However, a small proportion (20.6%) of 

these isolates possessed the PBP2a which codes for methicillin resistance in S. aureus. In 
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addition, 32.7% of isolates possessed the sec gene whereas the sea, seb sed, see, cna, eta,etb 

genes were not detected. A total of 18 RAPD patterns were generated from 74 randomly 

selected milk isolates while 9 banding patterns was obtained with ERIC-PCR indicating a high 

genetic diversity among the isolates. However, the presence of toxin genes was not associated 

with any particular genotype. The findings of this study indicate that raw, tank and pasteurised 

' milk in the North-West Province were contaminated with toxigenic and multi-drug resistantS. 

aureus strains. Moreover, even if some of theseS .aureus isolates were genetically diverse, in 

some situations isolates from different types of milk were very similar based on phenotypic and 

genotypic typing assays. This emphasise the need for the implementation of better control 

measures to reduce contamination as well as the spread of virulent S. aureus strains. This may 

greatly reduce human suffering due to foodborne infections that may occur through the 

consumption of contaminated food products. 

xiv 
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CHAPTERl 

INTRODUCTION AND PROBLEM STATEMENT 

1.1 General introduction 

Milk is high in nutrients such as vitamins, proteins, lactose, fat, minerals as well as water and 

as such, plays an important role in assisting individuals to meet their nutrient requirements 

(Haug et al., 2007; Ebringer et al., 2008; Michaelidou, 2008). It has been reported worldwide 

that foods of animal origin, particularly milk and other dairy products, are often associated 

with food-borne diseases if proper sanitary and health care procedures are not implemented 

during their production and marketing of these products (J0rgensen eta!., 2005; Havelaar et 

al., 2010; Newell et a!., 2010). This is mainly due to the fact that milk may serve as an 

excellent medium for the survival and growth of many different types of pathogenic 

microorganisms, hence it is regarded as a potentiat\'ehicle for the transmission of bacteria, 

including staphylococci, to humans (Normanno et al., 2007; Huong et al., 2010). 

Staphylococci are bacteria that easily grow and establish themselves as commensals on the 

skin and mucous membranes of warm-blooded animals (Evans et al., 1950; Neely and 

Maley, 2000; Rasmussen et al., 2000; Guardabassi eta!., 2004; Westh et al., 2004). In line 

with this, a number of coagulase positive and negative species have been isolated from 

humans and animals (Neely and Maley, 2000; Rasmussen et al., 2000; Nagase et al., 2002; 

Lee, 2003; Van Duijkeren et al., 2004). However, Staphylococcus aureus (S. aureus) is well 

recognized as a pathogen in both human and animal medicine, and it is currently considered 

as one of the world's most important pathogens (Le Loir eta/., 2003). Staphylococcus aureus 

is known to cause a number of pathological conditions in humans and animals that range 
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from mild skin infections, bacteraemia, systemic diseases, osteomyelitis to the more 

complicated toxic shock syndrome and staphylococcal food poisoning (SFP) (Pujol et a/., 

1996; Lina eta/., 1999; Le Loir eta/., 2003; Hageman eta/., 2006). 

Staphylococcus aureus is reported to be one of the most common causative agents of food 

poisoning associated with the consumption of raw milk and milk products (Spanu et a!., 

2012). Foodstuff contamination may occur directly from infected food-producing animals or 

may result from poor hygiene during production processes, or the retail and storage of foods, 

since humans also harbour the microorganisms (Normanno eta/. , 2007; Huong eta!., 2010; 

V azquez-Sanchez et a/.. 20 12). As such, food products such as milk, cheese, yoghurt and 

other dairy products have been implicated as potential sources for the transmission of the 

pathogen to humans (Normanno et al., 2007). Moreover, foods contaminated with antibiotic 

resistant bacteria represent ideal vehicles for the transmission of antibiotic resistant strains 

(Angulo et al. , 2004; Phillips et a/., 2004). 

Antimicrobial resistance is an important health problem worldwide (Carmeli et al., 1999; 

Cosgrove, 2006). The development of resistance both in human and animal bacterial 

pathogens has been ascribed to the extensive therapeutic use of antimicrobials or with their 

use as growth promoters in animal feed production (Hsueh eta/. , 2005; Rogues et al. , 2007; 

Sapkota et al., 2007; Silbergeld et al., 2008). Methicillin-resistant S. aureus (MRSA) was 

first described in 1961, shortly after the introduction of methicillin (Jevsons, 1961). 

Staphylococcus aureus becomes methicillin resistant by acquisition of the mecA gene which 

encodes a modified penicillin binding protein (PBP2a) that has a low affmity for P-lactarns 

(Lim and Strynadka, 2002; Fuda eta!., 2004; Normanno et al., 2007). The modified PBP2a in 

MRSA isolates is therefore capable of replacing the biosynthetic functions of normal 
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penicillin binding proteins even in the presence of ~-lactam antibiotics, thereby preventing 

cell lysis. As such, S. aureus strains that are producing PBP2a are resistant to all ~-lactam 

antibiotics (Lim and Strynadka, 2002) as well as other classes of antibiotics. Since the 

development of MRSA, vancomycin has been used as the antibiotic of choice to treat 

infections caused by S. aureus strains that are resistant to methicillin and oxacillin however 

the emergence of vancomycin-resistant S. aureus has been reported in some studies (Lee, 

2003; Tenover et al. , 2004; Ateba et al., 2010). 

The multi-drug resistant S. aureus strains may have an increased ability to spread especially 

if they are also enhanced with virulence genes and these do not only provide therapeutic 

challenges for clinicians, but may be very detrimental to human health (Chakraborty et al., 

2011 ). Therefore, the present study is designed to determine the occurence of S. aureus and 

MRSA strains in milk obtained from some supermarkets, shops and farms in the North West 

Province - South Africa, and subsequently determine their genotypic characteristics by 

Random amplified polymorphic DNA- Polymerase chain reaction (RAPD)-PCR and 

Enterobacterial Repitetive Intergenic Consensus (ERIC)-PCR. Moreover, the possible health 

risks to consumers based on the presence of virulence genes and antibiotic resistance profiles 

of the isolates were also investigated. 

1.2 Problem statement 

f)taphylococcus aureus is a major cause of food-borne diseases in humans as a result of the 

~onsumption of contaminated food products (De Buyser et al., 2001; Jones et al. , 2002; Le 

..... oir et al., 2003; Scallan et al., 2011). Due to the fact that staphylococcal food poisoning is 

tsually self-lirnitirlg and the patients may recover within 24 to 48-hours after the onset of 

lisease, most cases are therefore not reported to healthcare services. Faced with this reality, 
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the actual incidence of staphylococcal food poisoning is known to be much higher than 

reported (J0rgensen et al., 2005). However, S. aureus strains that are resistant to methicillin 

or oxacillin are known to present severe challenges to clinicians and veterinary practitioners 

worldwide (Chakraborty et al., 2011). Despite this, only one study has been reported on the 

antibiotic resistant profiles of S. aureus in the Mafikeng region (Ateba et a/., 201 0). The 

findings of that study indicated the presence of multidrug resistant S. aureus as well as 

MRSA. Considering the problems associated with these antibiotic resistantS. aureus strains 

and most especially the difficulties in the management of staphylococcal infections (Ito et al., 

2003), it is important to determine the antibiotic resistance profile of S. aureus isolates in 

food products such as mille This is necessary for both the source-tracking of the pathogen 

and for establishing effective control measures. 

' 
Rapid methods for accurate detection and susceptii?jlity determination of S. aureus isolates 

are necessary to minimise patient suffering by identifying the antimicrobial agents to which 

the isolated strains may be sensitive to and hence provide treatment options. Owing to the 

poor discriminatory power of the phenotypic techniques, DNA-based identification and 

genotyping techniques are now considered the ideal methods for the detection and typing of 

S. aureus strains (Mason et al., 2001; Perez-Roth et al. , 2001). In a previous study that was 

conducted in the North West Province - South Africa, S. aureus isolates were identified using 

only the phenotypic antibiotic susceptibility test (Ateba eta/., 2010). In the present study, a 

combination of both phenotypic and genotypic methods are employed for the detection of S. 

aureus isolates. It is envisaged that the results obtained may provide a better understanding of 

the occurrence of S. aureus and MRSA in milk obtained from some supermarkets, shops and 

farms in the North West Province- South Africa. Along with the organisms, the presence of 
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staphylococcal virulence genes were also determined to evaluate the health risks associated 

with the consumption of these food products. 

1.3. Research aim and objectives 

1.3.1 Aim 

The aim of the study was to isolate S. aureus from milk samples collected from different 

areas of NW province, determine their antibiotic resistance profiles,virulence gene 

determinants and their genetic relatedness using molecular methods. 

1.3.2 Objectives 

fhe objectives of the study were to: 

• isolate Staphylococcus aureus from milk. 

• characterize the isolates using preliminary biochemical tests (Gram staining and 

catalase) and confirmatory tests (DNase test, haemolytic patterns on blood agar, rapid 

latex agglutination slide test and specific PCR). 

• confirm the identities of the isolates using the nuc specific PCR assay 

• determine the proportion of isolates that are resistant to the antibiotics tested 

• determine the presence of oxacillin-resistant isolates using latex PBP2a agglutination 

test 

• screen isolates for the presence of staphylococcal virulence gene determinants by 

multiplex PCR analysis 

• determine the genetic similarities and differences among isolates from different 

sampling areas using RAPD-PCR and ERJC-PCR analysis. 

6 



CHAPTER2 

LITERATURE REVIEW 

7 



CHAPTER2 

LITERATURE REVIEW 

2.1 General characteristics of staphylococci 

The genus Staphylococcus is defmed as a member of the family Micrococcaceae (Laukova et 

a/., 2001; Gotz et al., 2006). Currently, the family comprises of 41 recognised species, 18 of 

which are indigenous to humans and the remaining species have been isolated from various 

animals, plants or food specimens (Gillapsy and Landolo, 2009). Members of the genus 

Staphylococcus are Gram-positive cocci with individual cells measuring approximately 0.7-

1.2 J.Lm in diameter (Gotz et al., 2006). Although these cocci appear predominantly in grape

like clusters, they can also be arranged as single cells, pairs, tetrads and short chains 

(Deresinski, 2005). 

Staphylococci are non-motile, non-spore-forming and mostly catalase-positive; 

distinguishing them from the catalase-negative streptococci (Gillapsy and Landolo, 2009). 

Most species are aerobic or facultatively anaerobic. Nevertheless, S. aureus subsp. anaerobius 

and S. saccharolyticus grow anaerobically and unlike the facultative species, are often 

catalase negative. 

Most strains of S. aureus will grow at temperatures between 7 and 48 °C, with optimum 

growth at 35-40 °C (Bergdoll and Wong, 1993). The organism is not very heat resistant, and 

is inactivated at 54-60 °C. The bacteria survive well during freezing and drying. At optimum 

conditions, S. aureus can grow in the presence of up to 20% NaCl; thus the ability to tolerate 

low water acitivity has been used to differentiate this genus (Gillapsy and Landolo, 2009). 
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However in food products stored at below 20°C, growth is prevented by applying 15% NaCl 

(Baird-Parker, 2000). Growth can occur at pH range of 4-10, but it is very slow at the 

extreme ends ofthe range (Bergdoll and Wong, 1993). These characteristics enableS. aureus 

to survive and grow in a wide variety of foods and persist in the environment including food 

processing surfaces which can serve as a source of post-processing contamination (Le Loir et 

a/., 2003). 

Molecularly, the genus can be distinguished from other members of the Micrococcacea by the 

low guanine and cytocine (GC) content of its DNA that ranges from 30 to 38% (Gotz et al., 

2006; Gillapsy and Landolo, 2009). The genome size ranges from 2.8 to 2.9 Mbp containing 

75% essential genes that are necessary for cell survival and other accessory genetic elements 

such as bacteriophages and pathogenicity island that contains various virulence genes 

(Gillapsy and Landolo, 2009). 

2.2 Stapltylococcus aureus 

Staphylococcus aureus is by far the most important and virulent human pathogen among the 

staphylococci. (Kamal et al., 2013). In fact, the virulence of S. aureus is enhanced by its 

ability to produce an enzyme called coagulase which separates it from other less virulent 

species. The coagulase-positive species S. aureus and two coagulase negative species, S. 

epidermidis and S. saprophyticus, are frequently implicated in human infections (Gillapsy 

and Landolo, 2009). 

Despite its pathogenicity, S. aureus can often be found as a commensal and a transient or 

persistent member of the resident flora of the skin and anterior nares in a large proportion 

(20-50%) of the human population (Le Loir et al. , 2003; Cespedes eta/. , 2005). However, 
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when mucous barriers are breached, severe or life threatening hospital and community 

acquired infections can develop. Hospital acquired infections caused by S. aureus particularly 

MRSA isolates, are especially common in immuno-compromised and severely debilitated 

patients, and prevail in the presence of indwelling medical devices (Arciola et a!., 2005; 

Campoccia et a!. . 2006). 

The ability of MRSA, to spread through the community and cause a wide variety of 

infections in otherwise healthy individuals, has generated great concern (Nimmo eta!. , 2006; 

Gonzalez-Dominguez eta/. , 2012; Mediavilla et al., 2012; Nimmo eta/., 2013; Otto, 2013). 

This can be attributed to the increased virulence and fitness properties that enhance the ablity 

of community-associated-MRSA (CA-MRSA) to cause diseases which are quite different 

from those of hospital associated-MRSA (HA-MRSA) (Otto, 2013). Community-associated

MRSA are distinguished by their molecular profiles, virulence determinants and sensitivity to 

a wider array of antibiotics relative to HA-MRSA· (Nimmo et a!., 2013; Otto, 2013). The 

various types of diseases caused by S. aureus is a reflection of the genetic difference that 

exist among strains within this bacterial species; each with different ability to colonize, evade 

host immune defences, invade tissues, cause tissue damage, form protective biofilms, resist 

antibiotics, survive, and finally spread to other new hosts (van Leeuwen et al. , 2005; 

Fijalkowski et al., 2012; Yamamoto et al. , 2013; Zecconi and Scali, 2013). 

2.2.1 Methicillin-resistant Staphylococcus aureus (MRSA) 

Methicillin-resistant Staphylococcus aureus (MRSA) is a strain of S. aureus that is resistant 

to the antibiotic methicillin; and such strains potentially exhibit resistance patterns against 

oxacilln, nafcillin, cephalosporins, imipenem and other B-lactams (Lee, 2003; Stefani et al. , 

2012; Lindsay, 2013). A majority of MRSA strains are also resistant to erythromycin, 
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tetracycline, clindamycin and the aminoglycosides, limiting treatment options (Hiramatsu et 

a!. , 2002; Lee, 2003; Middleton eta/., 2005; Lindsay, 2013). The resistance of S. aureus to 

these antimicrobial agents results from the acquisition of the mecA gene, which is part of a 

larger mobile genetic element known as staphylococcal chromosomal cassette (SCCmec) 

(Hiramatsu et a!. , 2002; Stefani et al. , 2012; Kamal et al., 2013; Lindsay, 2013). The 

SCCmec is a genetic element that integrates into the staphylococcal chromosome and 

therefore may provide opportunities for the detection of the mecA gene sequence by PCR 

analysis when present (Hiramatsu et al., 2002; Stefani et al., 2012; Kamal et al. , 2013; 

Lindsay, 2013). 

The mecA gene encodes for an altered penicillin binding protein known as penicillin binding 

protein 2a (PBP2a), which has a reduced affinity for methicillin binding and thus confers 

resistance to methicillin and other similar beta-Jactam antibiotics (Normanno et a/., 2007). 

Although methicillin is no longer used, the term methicillin-resistant Staphylococcus aureus 

has persisted since methicillin was the common anti-staphylococccal agent used when this 

resistance pattern was discovered. 

Methicillin-resistant Staphylococcus aureus has been recognized as an important cause of 

human and animal diseases around the world (Zetola et al., 2005; Nimmo et al. , 2013; Otto, 

2013). Though it was first reported in human medicine in 1961 (Jevsons, 1961), it has 

become a major pathogen associated with both hospital and community acquired infections 

(Lindsay, 2013). Previous studies have shown that MRSA accounts for 30 to 40% of all 

hospital acquired S. aureus infections worldwide (Diekema eta/., 2001 ; Zetola et al. , 2005; 

Lindsay, 20 13). In 2005, 58% of nosocomial infections in the USA were associated with 

MRSA (Klein et al. , 2009). Moreover, in the European Union, over 150 000 persons are 
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infected with MRSA armually (Kock et al., 2010). A study conducted to determine the 

distribution and resistance of MRSA in Nigeria reported a prevalence rate of 3 7.5% (Azeez

Akande et al., 2008). Another survey of patients with S. aureus bacteraernia in South Africa 

indicated that 23% of the isolates were resistant to methicillin (Shittu and Lin, 2006). As the 

most frequent cause of hospital acquired infections, MRSA can be life-threatening in 

irnmuno-cornpromised patients (Chacko et al., 2009~. Considering the high prevalence of 

HIV I AIDS in a country like South Africa, the importance of such investigations carmot be 

overemphasized. 

Although often associated with hospital acquired infections, the emergence of highly virulent 

community associated MRSA (CA-MRSA) strains, which cause severe infections in 

individuals lacking health care-associated risk factors, has become a global problem (Cohen, 

2007). As such, CA-MRSA, in particular, those isolated from foods are of great concern due 

to their ability to cause a variety of diseases in .the absence of predisposing health-care 

associated risk factors (Zetola et al., 2005). 

2.3 Diseases caused by S. aureus 

The pathogenicity of S. aureus is usually associated with its ability to produce toxins or 

through the invasion and destruction of host tissues (Le Loir et al., 2003; Spanu et al., 20 12). 

Among the various toxin-mediated diseases are staphylococcal food poisoning (SFP), 

staphylococcal scalded skin syndrome (SSSS) and toxic shock syndrome (TSS). In addition 

suppurative infections, wound infections and catherter-related infections have also been 

linked to S. aureus (Arciola et al. , 2005; Campoccia et al., 2006). Despite the fact that the 

development of disease in the host depends on a number of host factors, it is very important 
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to control the transmission of these pathogens to consumers, considering the difficulty in 

managing the associated complications. 

2.3.1 Staphylococcal food poisoning 

Foodbome illnesses that are of microbial origin can be divided into two categories, namely 

foodbome infections and foodbome intoxications. l1'oodbome infections result from the 

consumption of food that is contaminated with pathogens and this is associated with 

symptoms of the disease, whereas foodbome intoxications result from the ingestion of foods 

contaminated with preformed toxins (Kerouanton et al., 2007). These toxins are heat-stable, 

such that when the microorganisms are destroyed during food processing, the heat-resistant 

toxins may still cause intoxication (Le Loir et al., 2003). 

Staphylococcal food poisoning is a typical example of food intoxication in which the 

... 
preformed toxins are responsible for the clinical symptoms of the disease (Le Loir et a!. , 

2003). Staphylococcal food poisoning, caused by enterotoxin-producing strains of S. aureus 

is an important food borne illness in many countries including South Africa (Le Loir et a!., 

2003; Sasidharan eta!. , 2011; Spanu eta/., 2012). Studies have revealed that consumption of 

food including milk contaminated with enterotoxin-producing S. aureus can cause severe 

toxin-mediated illnesses such as gastroenteritis which is characterised by nausea, vomiting, 

diarrhoea and abdominal cramps (Le Loir et al. , 2003; J0rgensen eta/., 2005; Akineden et 

a/., 2008; Argudin eta/., 201 1). 

S. aureus-induced food poisoning typically has a rapid onset (within 30 min to 7 h after 

eating contaminated food). Although considered as a mild, self-limiting illness of low 

mortality in normal and healthy individuals; the hospitalization rate is as high as 14%, with 
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4.4'1o resultmg m tatality in immunocompromised individuals (Murray, 2005; Argudin et al. , 

201 I). Moreover, some studies have described food borne outbreaks attributed to S. aureus in 

a variety of food products including meat, milk and cheese, even in countries that have more 

advanced public health and health care facilities (Asao et al., 2003; J0rgensen et al., 2005; Pu 

et al., 2009). It is therefore very important to constantly monitor the presence of this pathogen 

in South African food products such as milk. This might limit human infections. 

2.3.2 Toxic shock syndrome (TSS) 

Toxic shock syndrome is a toxin-mediated illness caused by S. aureus strains that produce 

superantigens (SAgs), especially TSS toxin-1 (TSST-1), staphylococcal enterotoxin B (SEB) 

and staphylococcocal enterotoxin C (SEC) (Macias et a/., 2011; Low, 20 13). The disease is 

characterised by rapid onset of fever, hypotension, and multisystem failure with 

desquamating rash occurring in convalescence. (Low, 201 3). Staphylococcal TSS was first 

reported in healthy children with S. aureus infections by Todd and colleagues in the USA 

(Todd et al., 1978). Shortly thereafter, it became well known as an illness of menstruating 

women who used tampons (Davis et al. , 1980). The majority of early cases of menstrual

associated TSS are almost always caused by a strain that carries TSST-1 while non-menstrual 

TSS may be caused by other SAgs including TSS-1 , SEC or SEB (Macias et al. , 2011 ; Low, 

2013). Despite the differences in toxin expressed by different strains in their hosts, the 

complications associated with TSS indicates the need to ensure that consumers do not come 

in contact with virulent S aureus strains. 

14 



2.3.3 Staphylococcal scalded skin syndrome 

Staphylococcal scalded skin syndrome (SSSS) was first described in 1978 by Ritter von 

Rittershain as a disease characterized by a bullous exfoliative dermatiti s in infants (Rogolsky, 

1979). The disease represents a systemic illness caused by an exfoliative toxin secreted by 

certain strains of S. aureus. Exfoliative toxin A (ETA) and exfoliative toxin B (ETB) are the 

etiological agents of SSSS especially in S. aureus isoi\ted from human clinical cases (Nizet 

and Bradley, 2011 ; Lipory et al., 2012; Prevost, 2013). However, some studies have 

demonstrated that the production of ETA in S. aureus isolated from milk of cow suffering 

from mastitis may also cause SSSS (Hayakawa et a!., 1998). 

Staphylococcus aureus is also a common pathogen associated with other serious community 

and hospital acquired diseases ranging from minor skin infections (Ladhani and Garbash, 

2005; Murray, 2005) to post-operative wound infections, bacteraernia, and infection 

associated with foreign bodies and necrotising pneumonia (Francis et al. , 2005; Priest and 

Peacock Jr, 2005). Apart from being a notorious human pathogen, S. aureus causes numerous 

infections in economically important livestock animals such as cows, sheep, goats, rabbit and 

poultry (Bradley, 2002). For example, it was demonstrated that S. aureus is associated with 

intramarnmary infection of dairy cows leading to mastitis, which is a major economic burden 

on the global dairy industry. These bacteria have also been implicated in the diseases of other 

animals such as goat, sheep (Menzies and Ramanoon, 200 l ), rabbit (V ancraeynest et al., 

2006) and chicken (McNamee and Smyth, 2000). 
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2.4 Virulence determinants of S. aureus 

Staphylococcus aureus isolates may possess several gene segments, known as virulence 

factors, believed to contribute to its pathogenicity (Haveri et al., 2007; Kerouanton et a!., 

2007; Normanna et al., 2007; Pereira et al., 2009). These factors, may be grouped into cell

wall associated and extracellular factors that are encoded on plasmids and other mobile 

genetic elements (Gillapsy and Landolo, 2009; Fijalkowski eta/., 2012). Therefore, different 

strains have been shown to possess a variable array of toxins and enzymes that are expressed 

as a result of these gene dtetenninants (Peacock et al., 2002). Many studies have described 

several virulence gene combinations which have been shown to contribute to the 

pathogenesis of S. aureus (Vancraeynest et al., 2006; Normanna et al., 2007; Pereira et al., 

2009). It is therefore suggested that the cumulative effects of these factors account for the 

potential of an S. aureus strain to cause disease (Peacock et al., 2002; V ancraeynest et a/., 

2006). The implication is that it is difficult to determine precisely the role of any given factor 

in disease. Nevertheless, there are correlations between strains isolated from a particular 

disease condition and the expression of particular virulence determinants (Le Loir et a!., 

2003). The extracellular factors include a wide array of toxins and enzymes such as food 

poisoning enterotoxins, exfoliative toxins, toxic shock syndrome toxin, hemolysins, 

coagulase proteases, lipases, and other enzymes; while the cell surface protein include; 

capsular polysacharrides, proteinA, and fibronectin binding protein (Gillapsy and Landolo, 

2009; Fijalkowski et al., 2012). 

Staphylococcal enterotoxins (SEs) are recognised as the main agents of staphylococcal food 

poisoning (SFP) in humans (Dego et al. , 2002; Peacock et a!., 2002; Intrakarnhaeng et al., 

2012). Initially, these enterotoxins have been characterised into five serological types 

designated SEA - SEE on the basis of their antigenicity and consequently been implicated as 
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the predominant cause of food-borne outbreaks (Aydin et al. , 2011 ). However, many new 

types of SEs and their corresponding genes have been reported, but their exact role in food 

poisoning is not clear (Chiang et al. , 2006; Aydin eta!., 2011). Staphylococcal enterotoxins 

are resistant to inactivation by gastrointestinal proteases such as pepsin as well as by heat, 

and thus can retain their biological activity after the thermal process of pasteurization 

(Normanna et al., 2007; Rail et al., 2008). The ability' o survive heat treatment is one of the 

most important properties of SEs which negatively affects food safety and therefore this 

could account for the presence of SEs in pasteurised milk. 

Previous studies indicated that enterotoxin production can be observed in milk and a great 

variety of SE encoding genes have been found among S. aureus isolates (Cremonesi et al., 

2005; J0rgensen et al., 2005; Katsuda et al. , 2005; Moon et al. , 2007). However, objective 

information regarding the toxigenic property of S. aureus and MRSA strains from food 

products such as milk in South Africa is limited (Q'perrall-Bemdt, 2003; Ateba et al., 2010). 

To date, few pusblished studies have been conducted to investigate the antibiotic resistance 

profile of S. aureus isolates in milk in the North-West province of South Africa (Ateba et a!. , 

2010). No investigation on the toxin gene profile of these isolates was performed. 

Other factors that enhance S. aureus pathogenicity are surface proteins that promote 

colonization of host tissues, invasins such as leucocidin, kinases, and hyaluronidase that 

promote bacterial spread in tissues (Loffler et al., 2010). Moreover, surface factors that 

inhibit phagocytic engulfment include capsule and protein A (von Eiff et al. , 2007). 

Staphylococcus aureus isolates also possess biochemical properties that enhance their 

survival in phagocytes and these include carotenoids and catalase production. Immunological 

disguises such as protein A, coagulase and clotting factor (Palmqvist eta/., 2002; von Eiff et 
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a/., 2007) and membrane-damaging toxins that comprise of hemolysins, leucotoxins and 

leucocidins are known to provide cells with the ability to cause disease (Boyle-Vavra and 

Dawn, 2006; Loffler et al., 201 0). 

2.5 Transmission and Prevalence of Staphylococcus aureus 

Knowledge of the epidemiology and the modes in which disease is transmitted to healthy 

individuals is vital for the development of methods to slow or curb the incidence of a disease 

in a population. The transmission of S. aureus is favoured by the fact that it is widely 

distributed in air (Gehanno et al., 2009), dust, sewage, water, milk, food products of animal 

origin (Jones et al., 2002) and environmental surfaces (Buss eta/., 2009; Redziniak: et al., 

2009; Semmons et a/., 201 0). Moreover, humans and animals are the primary reservoir of S. 

aureus, since it occurs on their skin and mucous membranes. Consequently food handlers and 

food animals are considered as the main source of contamination especially during food

borne outbreaks (Kerouanton et al., 2007). 

Previous studies have implicated food as a vehicle for the transmission of S. aureus and 

MRSA strains (Kluytmans et al., 1995; De Buyser et al., 2001; Jones et al., 2002). 

Kluytmans et a/. (1995) reported food-initiated MRSA outbreak in hospitalized patients. 

Also, an outbreak caused by CA-MRSA through contaminated food and food handlers has 

been reported (Jones eta/., 2002). The detection of MRSA in food products is a major public 

health concern due to its ability to cause severe infections if food is not prepared properly 

before consumption 0f an Loo et a/., 2007). A variety of food products including meat 

(Pereira et a/., 2009), milk (Rail et a/., 2008) and dairy products (Normanno et a!., 2007) 

have been involved in outbreaks. These food products are considered high risk due to the 
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ability of S. aureus to grow and survive in them and consequently present a huge challenge to 

the food industries. 

In food manufacturing industries, prevention of contamination of equipment with S. aureus 

should be considered of paramount importance, since the bacterium can survive well on 

surfaces (Kusumaningrum et al., 2003; Hamadi et a!., 2014). Therefore, preventing its 

establishment on processing equipments in milk-producing factories where it can act as a 

source of contamination or recontamination, is one of the most important preventive 

measures necessary to obtain pathogen-free products. 

Considering the fact that S. aureus is normally found on the skin, it can spread through direct 

contact (i.e. skin to skin), or indirect (through inanimate object- formite) (Abe et al., 2001; 

Chambers, 2001; Desai et al., 20 11 ). In fact, previous exposure to the hospital environment 

have been considered a risk factor for infection (Baraboutis et a!., 201 1 ). Furthermore, a 

study conducted by Abe et a!. (200 1) suggested that the use of a respirator, amongst other 

things was found to be a significant risk factor for MRSA infection. Needle sharing among 

intra-venous (IV) drug users makes them susceptible to MRSA infections (Bassetti and 

Battegay, 2004; Gordon and Lowy, 2005). Animals infected with MRSA may act as carriers 

and spread the infection to people who come in contact with them (Weese et al., 2006). 

2.6 Antimicrobial resistance proftle of Staplzy lococus aureus 

The difficulty in the treatment of staphylococcal infections has been attributed to increasing 

resistance of S. aureus to a variety of antibiotics. Isolates from food products have shown 

considerable increase in resistance against most commonly used antibiotics (Normanna et a/., 

2007; Pesavento et al., 2007; Ateba and Bezuidenhout, 2008; Ateba et al., 2010). Resistance 
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to P-lactams, tetracycline, aminoglycosides and even glycopeptides have been detected inS. 

aureus (Sasidharan et al. , 20 11 ; Ateba et al., 201 0; Gundogan et al. , 2005). 

In a study undertaken by Ateba eta/. (2010), a large proportion (42%-91%) of the S. aureus 

isolates from milk samples were resistant to sulpbamethoxazole, nitrofurantoin, ampicillin, 

methicillin, penicillin G and streptomycin. On the other hand, several isolates were 

susceptibile to vancomycin. Another study by Gundogan et al. (2005), revealed that S. aureus 

was susceptible to vancomycin, ampicillin, ciprofloxacin and cefaperazone-sulbactam while 

resistance to penicillin G, methicillin and bacitracin was frequently observed among the 

isolates. This attribute of multiple antibiotic resistance in S. aureus is a major concern if 

observed in isolates from foods, especially those that are ready-to-eat. Resistance of bacterial 

isolates vary from region to region. Moreover the different resistance patterns observed for 

isolates from the same region may depend largely on a number of factors that include the 

degree of exposure of isolates and the mechanism oT resistance amongst others. The modes of 

actions of different antibiotics and the mechanisms through which Gram-positive bacteria 

such asS. aureus evade destruction and exhibit resistance phenotypes is summarized in Table 

2.1. Detailed overview of the processes involved are outlined in sections 2.6.1 - 2.6.4. 

20 



Table 2.1 : Antibiotics, mechanisms of action and mechanisms through which bacteria evade destruction. 

Antibiotic Group 

B-Lactams• 

Aminoglycosides 

Tetracyclinesc: 

Examples 

Ampicillin 

Gentamycin 
Kanamycin 
Streptom cin 
Tetracycline 

Target 

1Cell wall synthesis. inhibitor - act 
on penicillin binding proteins 
(PBP 
0Bind to 30S subunit of ribosomes 
- inhibit protein synthesis 

Bind to 30S subW'lit of ribosomes
inhibit protein synthesis 

Active against Resistance mechanism 
G+ 

Penicillin-G impenneable to G -
Mutation in PBPs. Produce P
Lactamase = :;,_..-
Aminoglycosides modifying enzymes. 
Fluz mechanisms RNA modifications 

Efflux mechanisms 16S mutations 

Chloramphenicolsa Chloramphenicols Bind to 50S subunit of ribosomes - Efflux mechanisms Inactivation by 

--~------~-=~~~~~----i_ruu~·b~it~r~o~te_in~s~yn_t_b_e __ sis ~--------~--~-----~e_nz~y~m~es __ ~--~ 
Quinolonese Nalidixic acid Inhibit DNA gyrase synthesis Inhibit the microbial enzyme, DNA 

G lycopeptidesr Vancomycin Cell wall synthesis inhibitor 

Sulfamethoxazoleg Sulphamethoxazole ~"Inhibit normal bacterial utilization 
of para-aminobenzoic acid (PABA) 
for the synthesis of folic acid, an 
important metabolite m DNA 
synthesis 

gyrase and thus block chromosomal 
replication 

Bind to _j)-anyi-D-alanine, inhibit 
transfer of linear glycan acceptor to 
the N-acetylmurarnypentapeptide-N
acetyglucosarnine 
Over production of p-arninobenzoic 
acid by enzyme. 

G+ = Gram positive: (Hitchings, 1973i (Mingeot-Leclercq et a/., 1999)6 (Capitano and Nightingale, 200 I )'"1 (Kernodle, 2000)1 (Connell eta/., 2003t 
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2.6.1 P-Lactams 

P-lactam antibiotics such as penicillins, methicillin and oxacillin damage bacteria by 

inactivating penicillin-binding proteins (PBPs), enzymes that are essential in the 

assembly of the bacterial cell wall. As a result of weakend cell wall, treated bacteria 

become osmotically fragile and are easily lysed (Kernodle, 2000; Kohanski et al., 

2007). 

Staphylococcalaureus has two prunary P-lactam resistance mechanisms: the 

expression of P-lactamase enzyme encoded by the blaZ gene, which hydrolyse P-

lactams such as penicillin (Kernodle, 2000) and expresion of PBP2a encoded by the 

mecA gene (Pantosti et a!., 2007; Mirzaei et al., 201 1 ), which is responsible for higher 

level P-lactam resistance, including against penicillinase resistant antibiotics such as 

methicillin. Methicillin resistance indicates resistance to all P-lactam antibiotics 
;-

including cephalosporins and carpenems. It has been established that besides the P-

lactams, hospital acquired MRSA are often resistant to other antibiotics of different 

classes, hence they are referred to as multi-drug resistant bacteria (Pantosti et a!., 

2007). 

2.6.2 Tetracycline 

The tetracyclines are a class of broad-spectrum bacteriostatic antibiotics that inhibit 

bacterial protein synthesis by blocking the association of aminoacyl-tRNA with the 

ribosome. Tetracy.clines bind to a high affinity site on the small 308 subunit of the 

bacterial ribosome (Connell et al., 2003). This binding to the ribosome is reversible 

and explains the reason why tetracyclines are bacteriostatic rather than bacteriocidal. 
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Nevertheless, atypical tetracyclines such as thiatetracyclines act by a bacteriocidal 

membrane-damaging mechanism (Chopra eta!. , 1992). 

The introduction of tetracycline for clinical, veterinary and agricultural use has led to 

the development of resistance among bacterial pathogens (Chopra and Roberts, 2001 ). 

Most Gram-positive bacteria, especially those that are multi-drug resistant have 

acquired tetracycline resistance, thus this resistance has been frequently observed 

among S. aureus isolates (Han et a/., 2007). This resistance is mainly due to 

ribosomal protection and activation of efflux pump with the genes responsible for 

resistance located on the chromosome or plasmid (Schnappinger and Hillen, 1996; 

Chopra and Roberts, 2001; Connell eta!., 2003). 

2.6.3 Glycopeptides 

Glycopeptide antibiotics, such as vancomycin and teicoplanin, were originally the 

most effective and reliable drugs against S. aureus especially MRSA, until 1996 when 

the first vancomycin-intermediate resistant S. aureus (VISA) was reported in Japan 

(Mohr and Murray, 2007). Thereafter, in 2002, the first case of vancomycin-resistant 

S. aureus (VRSA) was reported in the USA (Weigel et a!. , 2003). Since then, the 

recorvery of VRSA is on the rise and the effectiveness of glycopeptides to fight 

MRSA infections is declining (Tenover et al., 2004). 

Vancomycin inhibits bacterial cell wall synthesis by binding to the D-alanyl-D-alanine 

subunit, which is the precusor to peptidoglycan polymerization (Berger-Bachi, 2002). 

Nevertheless, the efficacy of vancomycin has been challenged due to its slow 
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bacteriacidal activity and evolving resistance leading to increasing reports of treament 

failures (Deresinski, 2007). 

2.6.4 Aminoglycosides 

Aminoglycosides inhibit protein synthesis by binding with the 30S ribosomal subunit 

and disrupting the translocation of peptidyl-transfer rlbonucleic acid (tRNA), but the 

exact mechnism by which these antibiotics kill bacteria is unclear. Consequently, the 

mode of action has been attributed to the block in protein synthesis, misreading of 

messenger ribonucleic acid (mRNA) and to the disorganisation of cell cytoplasmic 

membrane (Mingeot-Leclercq et al. , 1999). 

Although the aminoglycosides are one of the classes of antibiotics that play a major 

role in the treatment of staphylococcal infections, reports of increased resistance to 

these drugs have been documented worldwide (Schmitz et al., 1999; Klingenberg et 

al., 2004; Ardic et al., 2006). In addition, the development of multiple resistance to 

methicillin and other antibiotics in aminoglycoside-resistant strains has also been 

reported (Schmitz et al., 1999; Ardic et al., 2006). 

The increased resistance of S. aureus to quite a number of antibiotics world-wide, 

coupled with its high prevalence in hospital and community associated infections is a 

major concern. Therefore, it is important to understand the current strategies available 

for therapy and prevention of staphylococcal infections. 
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2. 7 Treatment of S. aureus infections 

In spite of the increasing knowledge on S. aureus and its infections, it is still difficult 

to prevent or effectively treat staphylococcal infections (Kurlenda and Grinholc, 

20 12). Therapeutic problems arise when infections are caused by strains which are 

resistant to multiple antibiotics and methicillin in particular (Kurlenda and Grinholc, 

2012). 

Penicillin remains the major drug of choice for staphylococcal infections provided that 

the isolate is sensitive. However, infections caused by beta-lactamase producing 

staphylococcal isolates require a semi-synthetic penicillin, such as methicillin. With 

the emergence of resistance to methicillin (Kurlenda and Grinholc, 20 12), the 

glycopeptide agent, vancomycin is the drug of choice for the treatment of MRSA 

infections (Michel and Gutmann, 1997). However, the development of resistance to 

this last resort drug has narrowed the therapeutic options for the treatment of 

staphylococcal infections (Kurlenda and Grinbolc, 201 2). 

The difficulty in the treatment of multidrug-resistant S aureus is an indication of the 

diminishing efficacy of antimicrobial agents for the treatment of bacterial infections. 

This trend is alarming, considering the severity and diversity of diseases caused by 

this important pathogen. While effective therapeutic agents such as linezoid and 

tigecycline still exist, their shelf-lives are likely to be shortened once resistance is 

developed to them, necessitating the development of novel approaches to therapy and 

prevention (Appelbaum and Jacobs, 2005; Kurlenda and Grinholc, 2012). This can 

only be achieved through constant monitoring of the antibiotic resistance profiles of 

isolates especially S. aureus in a given area. 
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2.8 Methods for isolation, identification, antibiotic susceptibility determination, 
and typing 

2.8.1 Isolation and identification methods 

Rapid and direct identification of S. aureus is essentail for infection control measures 

and proper management of patients with staphylococcal infections (Kateete et al., 

20 1 0). Methods used to detect and enumerate S. aureus from food products depend on 

the types, history of food material and the reasons for testing (Bergdoll and Wong, 

1993; Sperber et a!., 2001). Therefore the utilisation of a suitable procedure is 

essential to demonstrate a detectable population of cells from a very low initial level 

in food substances. 

Several conventional procedures such as direct surface plating of S. aureus have been 

described, but the types of food to be analysed should inform the appropriate method 

to be used. For example, it is often necessary to use non-selective enrichment 

procedures prior to selective enrichment for the detection of S. aureus in processed 

food products (Sperber et al., 2001). Since surviving cells in processed foods might 

have been injured as a result of beating, freezing or storage, their growth could be 

inhibited by toxic components of a selective enrichment medium (Gracias and 

McKillip, 2004). Thus, the enrichment step in the detection of bacterial contaminants 

in processed food is of paramount importance since they provide the optimum 

condition for resuscitation of sublethally injured cells. Subsequent to this enrichment, 

it is necessary to subculture the the enriched broth onto selective agar for confirmation 

of the isolates. 
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Many simple culture media like Mannitol salt agar (MSA) and Baird-Parker medium 

are available for the selective isolation of S. aurues from food samples (Chapman, 

1945). These media contain substances such as sodium chloride, lithium chloride and 

tellurite that inhibit the growth of other bacteria other than staphylococci (Chapman, 

1945; Vogel and Johnson, 1960). This selection for staphylococci is crucial because 

other pathogens present in food samples may out oompete and outgrow S. aureus 

during the initial culturing stages (Baird and Lee, 1995). Isolates obtained from these 

agar should be subjected to further confirmatory tests, to eliminate false-positive 

results. 

Staphylococcus aureus produces deoxyribonuclease (DNase), an exoenzyme that is 

able to hydrolyze deoxyribonucleic acid (DNA). DNase test agar is used to determine 

' the production of deoxyribonuclease by DNase-producing bacteria, particularly 

staphylococci (Winn et al., 2006). The DNA incorporated into the medium allows for 

the detection of DNase that depolymerizes DNA. After the DNA is broken down, a 

clear zone appears around the colony of the DNase-producing organism. This medium 

is mainly used in the identification of staphylococci, but the ability of other organisms 

to produce DNase indicates the need for further test such as the coagulase test 

(Hasegawa et al., 201 0). 

The most reliable characteristic of identifying S. aureus is based on its ability to 

produce coagulase (Winn et al., 2006). The latex agglutination test is a rapid, reliable 

and cost effective method that can be recommended for the detection of coagulase 

production in S. aureus strains (Essers and Radebold, 1980). Initially, this test was 

designed to detect S. aureus isolates based on the presence of specific protein A and 
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the clumping factor (Winn et al., 2006). Afterwards, the latex particle coated with 

human plasma was developed to detect various surface antigens in addition to protein 

A, thereby improving the sensivity of the test (Kerremans et al. , 2008). Hence, several 

commercial kits based on this principle have been developed and are now utilized for 

rapid identification of S. aureus (Zschock et al., 2005). These kits include Staph Plus® 

(BioMerieux) (Kerremans et a/., 2008), Masta-Staph® (Mast Diagnostic) and 

Staphylase -Test® (Oxoid) (Zschock et al., 2005), to name but a few. The latex 

agglutination test is very valuable as a confirmatory test in the identification of S. 

aureus, but some species of staphylococci other than S. aureus produce coagulase, 

highlighting the limitations of this test. 

[n developing countries, the phenotypic tests are mostly used in the detection of S. 

1ureus isolates and consequently in the diagnosis of staphylococcal infections, with 

~he coagulase test being used as a confirmatory test to (Mugalu et a!., 2006; Kateete et 

'1!., 201 0). Despite the fact that these tests identify S. aureus, their performances differ 

from one place to another and thereby require improvement. A study conducted by 

Kateete et al. (20 I 0) underlines the use of multiple tests for the identification of S. 

aureus and indicated that no single phenotypic test (including the coagulase test) can 

guarantee reliable results in the identification of S. aureus. Although, the combined 

use of these methods are instrumental in the detection of S. aureus, it is suggested that 

some isolates give equivocal results, which necessitates confirmation by alternative 

methods, particularly molecular techniques. 

The majority of molecular methods for identification of S. aureus have been PCR 

based. Ealier PCR assays involved the use of southern blotting of amplified products 
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to confirm their identities (Williams et a/., 1990), but a variety of primers designed to 

amplify species- specific targets have been developed (Brakstad et a!., 1992; Maes et 

a!. , 2002; Becker et al. , 2004). One of such species-specific genes which has been 

widely used as PCR target for identification of S. aureus, is the thermostable nuclease 

gene (nuc) (Brakstad eta/., 1992; Maes et al., 2002). Morever bacterial 16S rRNA 

gene sequencing is currently an ideal method for discriminating between 

staphylococcal species. However, this is based on successful detection of specific 

sequences by PCR using DNA from isolates and later subjecting the amplicons to 

sequencing (Becker eta/., 2004). Indentification is therefore based on a comparison of 

amplified sequences with those previously deposited in Genebank. 

2.8.2 Antibiotic susceptibility testing 

... 
Antibiotic susceptibility determination 1s not only essential to ensure optimum 

antimicrobial therapy amongst patients but also fo( monitoring the spread of resistant 

bacterial pathogens and resistant determinants. Several tests are available for the 

detection of antibiotic resistance and susceptibility in bacteria. These include the 

standard disk diffusion method that is widely utilized (Bauer et al. 1966; Boyle et al., 

1973) as well as the micro broth dilution assay (Reller et al., 2009). 

Other susceptibility testing methods include molecular assays such as PCR and DNA 

chips which provide an opportunity to monitor resistance in bacteria isolates. PCR 

assays have been used as standard methods for effective detection of resistance genes 

especially in bacterial strains with non-functional and non-expressed genes. The 

presence of such resistance genes is generally considered as an indication of a 

potential for exhibiting resistance to a particular antibiotic. Although the use of 
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molecular techniques for the detection of antibiotic resistance is becoming more 

popular, phenotypic assays remain the method of choice for most resistance 

determinants especially in settings that do not have adequate finance. equipments and 

highly trained personnels (Ambler and Stone, 2012). 

2.8.3 Typing of S. aureus strains 

Typing of microorganisms allows the differentiation of related from unrelated strains 

of the same bacterial species based on their phenotypic and genotypic differences 

(Peles et al., 2007; Nikbakht et al., 2008; Maslankova et al., 2009; ldil and Aksoz, 

20 13). Earlier typing methods for discriminating between the same bacterial species 

have been based on phenotypic typing methods such as biotyping, phage typing, 

serotyping, antimicrobial susceptibility profiles (Nikbakht et al., 2008). With the 

phenotypic method, the characters being studied are prone to variable expression and .. 
therefore, this method usually lacks reproducibility and reliability. As such, molecular 

or genotypic typing methods have largely replaced these phenotypic methods, since 

they are more reliable and efficient (Pinto et al., 2005; Peles et a/., 2007; ldil and 

Aksoz, 2013). 

Generally, most of these molecular typing methods are based on PCR principles and 

restriction enzyme methodology (Radu et a/., 2001; Goering, 201 0; Rivoal et a/., 

2013; Taboada et al., 2013). Restriction enzyme analysis (REA) and pulsed field gel 

electrophoresis (PFGE) are known as gold standard genotypic techniques that have 

proven to have good specificity, reproducibility and sensitivity. However they are time 

consuming and very expensive (Goering, 2010; Rivoal eta/., 2013; Taboada eta/., 

2013). Hence, alternative and comparable typing methods such as RAPD-PCR and 
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ERJC-PCR have received considerable attention in recent years (Fueyo eta!., 2001 ; 

Onasanya et al. , 2003; Nema el a!., 2007; Nikbakht et al., 2008; Aras et al. , 2012). 

2.8.3.1 Random Amplified Polymorphic DNA (RAPD) 

The random amplified polymorphic DNA (RAPD) method is a PCR based method in 

which unknown sequences of the genome are amplified to produce several DNA 

fragments of differents sizes which serve as genetic markers (Bardakci, 2000; Fueyo 

et a!., 2001; Nikbakht eta/., 2008; Shebata, 2008). The RAPD method utilises a single 

arbitrary oligonucleotide primer of approximately 10 bases in length which binds to 

complementary sequences located randomly on the genomic DNA template from the 

isolate (Nanvazadeh et al., 2013). Some methods do employ the combined use of two 

or three l O-rner primers if no single primt(t was found to generate sufficient 

polymorpbisms (Lombardi et al., 2001). The RAPD-PCR assay is based on the . 
assumption that the complementary DNA sequence of the primer will occur in the 

target genome on both DNA strands in opposite orientations within a distance from 

each other that is readily amplifiable (Barbakci, 2000). 

Polymorphism in RAPD banding patterns between isolates is usually generated by 

three events. These include base substitutions or deletions within the priming site that 

result in the presence or absence of bands at a specific locus; insertions between two 

opposite priming sites that increase the distance between the priming sites beyond the 

amplifiable range and finally, insertions or deletions between two priming sites that 

significantly alter the size of the amplified fragment (Nanvazadeh et a/., 20 13). 

RAPD reactions generate several discrete DNA products and these products are 

considered to originate from different genetic loci in the genome. Amplified products 
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are usually separated by agarose gel electrophoresis and are visualised on a UV 

transilluminator after staining with ethidium bromide (Williams et al., 1990). Analysis 

of RAPD banding pattems involves only the presence or abscence of a band at a 

specific locus. This suggests that RAPD is a dominant marker and cannot be suitable 

for comparing isolates that do not belong to the species or genus (Holsinger et a!., 

2002). 

The main advantage of RAPD over more traditional phenotypic methods and some 

molecular methods is that it is a quick, simple, cost effective and efficient technique 

that requires no prior information of the target genome for development (Fueyo et al., 

2001; Vazquez-Sanchez et al. , 2012). However, there are doubts raised as to its 

reproducibility and to its use as a standard typing technique. These limitations can be 

overcomed if the technique is standardized, including standard methods of DNA 

preparation, constant volumes and concentration ¢reagents, consistent use of same 

DNA polymerase, same thermal cycler and standard procedures for visualization of 

fmgerprints (Bardakci, 2000). RAPD analysis has been extensively used on a variety 

of microorganisms with highly invaluable results in as much as it can detect higher 

levels of polymorphisms than other molecular markers (Nath et al. , 2010; Adzitey el 

al. , 2012; Keeratipibul and Techaruwichit, 2012; Nanvazadeh et al., 2013). 

Nikbakht et a!. (2008) demonstrated that RAPD analysis could be used to determine 

the molecular diversity of clinical MRSA in Iran. In that study, 8 MRSA strains were 

subjected to RAPD-PCR using five different primer sequences and 43 RAPD-PCR 

profiles that clustered into 18 taxa showing 50% similarity amongst the isolated were 

detected (Nikbakht et al., 2008). Their findings revealed that RAPD-PCR typing is 
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highly discriminative since it was able to distinguish unrelated strains and was 

reproducible. Recently, Aras et al. (2012) typed the MRSA isolates obtained from 

goat milk using RAPD-PCR technique. Ten different patterns were obtained and the 

strains were located in 6 sub-groups with the majority of them clustered in one main 

group. In Africa, Onansanya et al. (2003) used RAPD-PCR to differentiateS. aureus 

isolates from Nigeria. A II the isolates were classified ~mpletely into two main groups 

with twelve different subgroups indicating possible relationships between host origin 

and genetic variation among S. aureus isolates. 

2.8.3.2 Enterobacterial repitetive intergenic consensus (ERJC)-PCR 

This is a PCR-based typing technique in which a repetitive sequence that is highly 

conserved in the genome of the isolate is amplified to produce DNA fragments of 

different sizes which can be used as genetic marker to characterise isolates within a 

bacterial species (Son et al., 2002). Unlike RAPD-PCR primers, ERIC primers are not 

arbitrary but designed to known target sequences, like enterobacterial repetitive 

intergenic concensus sequence (Zulkifli et al., 2009). Although, the ERIC sequence 

also known as intergenic repeat units (IRU) were originally described in Gram

negative bacteria, they have been equally successful in typing Gram-positive bacteria 

as well (Robin et al. , 2007; Zulkifli et al., 2009). Since the repeated DNA sequences 

spread throughout the genome of most bacteria, these repetitive elements can serve as 

targets for PCR primers that are intended for the amplification of genomic DNA 

between the repitetive elements (Son et al. , 2002). Variability in the size of the region 

that flanks the repeated elements results in amplicons of different sizes which creates a 

specific genetic fingerprint that is viewed following agarose gel electrophoresis. 

Differences in the size of the amplified fragments produce different banding patterns 
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that are compared to one another. Similar to RAPD, the ERIC PCR assay is a rapid 

typing method with good discriminating power. However, certain strains may lack a 

sufficient number of repetitive elements to generate a discriminatory profile, leading 

to difficulty in typing of the isolates (Nath et al. , 201 0). 

Other molecular methods are available and can be applied for epidemiological and 

fmgerprinting purposes. These methods include: Coagulase (coa) typing (Su et al., 

2000), staphylococcal protein A (Spa) typing methods (Strommenger et al., 2008) and 

Multilocus sequence typing (MLST) (Enright et al., 2000), to name but a few. 

2.9 Control and Prevention 

In clinical settings control of staphylococcal infections depends largely on the 

prevention of transmission from known carriers. Therefore an active policy of finding 

carriers and preventing subsequent transmission from these carriers, is central to the 

control of staphylococcal and MRSA infections. In addition, prudent use of antibiotics 

that favours the selection of resistant strains such as MRSA that are difficult to treat, is 

essential to minimise the emergence of these strains in both the hospital and the 

community (Kluytmans, 2007). 

Moreover, basic hygiene practices are the mainstay to prevent staphylococcal and 

MRSA infections. Hands should be washed thoroughly with soap and warm water and 

washing can be replaced by alcohol-based hand rubs if the hands are not visibly soiled 

(Collins and Hampton, 2005). To reduce the risk of infection people should not share 

personal items (towels, razors, dirty clothes, wash clothes, athletic gear) and also keep 

these personal items clean. 
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ln milk and milk products, pasteurization and heating are the most effective ways to 

inactivate S. aureus. However, the enterotoxins produced by some isolates are very 

heat-resistant and are not inactivated by pasteurization (Le Lair et al. , 2003). 

Therefore, raw milk that may be contaminated with high numbers of S. aureus should 

not be used for consumption or further processing. Futhermore, storage of milk under 

appropriate temperature ( <7°C or lower) is important in the controlling and preventing 

the growth of S. aureus which eventually leads to toxin production. 
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CHAPTER3 

MATERIALS AND METHODS 

3.1 Study design 

A cross-sectional study design was used to determine the bacteriological analysis of 

raw, tank and pateusrised milk in the North-West Province of South Africa. 

3.2 Study site 

This study was conducted in Mafikeng town, in the North-west Province of South 

Africa. This province has an estimated population of 3 509 953 million inhabitants 

(Wikipedia, 20 13). The North-west province is located in the north of South Africa on 

the Botswana border, surrounded by Kalahari desert in the west, Gauteng province to 

the east, and the Free State to the south as shown in Appendix A. 
> 

3.3 Sample collection 

From May 2012 to April 2013, a total of 200 milk samples including raw, tank and 

pasteurised milk were randomly collected from 18 sources (supermarkets, shops and 

farms) in the four districts of the North-west province in South Africa (Table 3.1). 

Two to five (the number depends on the size of the district) representative stores were 

chosen in each district for sampling. Each milk sample (500 ml) was collected, 

labelled properly, kept at 4°C in an insulated ice box and transported to the laboratory 

for analysis. Upon arrival in the laboratory, samples were analysed for S. aureus 

within 4 hours of collection. 
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Table 3.1: Areas, nature and number of samples collected during the study 

District 

Dr. Kenneth Kaunda 

Bojanala 

Dr Ruth Mompati 

Dr Modiri Molema 

Sampling Area 

Coligny 
Carltolville 
Potchefstroom 
W olmaranstad 
Zeerust 
Swaartruggens 
Rustenburg 
Luhurutshe 
Madibogo 
Ste lla 
Setlagole 
Vryburg 
Taung 
Disaneng 
Mafikeng 
Mabule 
Rooigroon 
Tshid ilamolomo 

Nature & Number of 
samples 

TM =5; PM= 5 
TM = 5; PM = 5 
TM= 5; PM = 5 
TM = 5; PM =5 
TM =5· PM = 5 
i'M = S· PM =5 

' TM = 5; PM = 5 
TM = 5; PM = 5 
TM = 5; PM = 5 
TM = 5; PM = 5 
TM = 5; PM = 5 
TM= 5; PM = 5 
TM =5; PM = 5 
TM = 5; RM = 15* 
TM = 5; RM = 10* 
TM = 5; PM = 5 
RM = 15* 
TM = 5; PM = 5 

TM =Tank milk, PM = Pasteurised milk, RM = Raw milk; *Number of raw milk 
samples that were collected from the different ateas based on availabil ity 

3.4 En richments a nd Isolation of S. aureus 

Isolation of S. aureus was carried out as previously described (Bergdoll and Wong, 

1993). Isolation involved a non-selective enrichment procedure (Sperber et a!., 200 I) 

where a 5 ml aliquot of each mi lk sample was mixed with 5 ml double strength 

Trypticase Soy Broth (TSB) (Bio lab, Wadeville, SA). This preparation was incubated 

for 3 hours at 3 7°C then I 0 ml of a single-strength TSB supplemented with 20% NaCI 

was added and incubated for 24 hours at 37°C. Aliquots of 0.1 ml were spread-plated 

onto mannitol salt agar (MSA) (Biolab, Modderfontein, SA). The plates were 

incubated aerobically at 37°C for 24 hours. Presumptive S. aureus co lonies that were 

yellow in co lour from each MSA (Biolab, Modderfontein, SA) plate were sub-cultured 

onto fresh MSA (B iolab, Modderfontein, South Africa) plates for isolate purification 
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and incubated aerobically at 3 7°C for 24 hours. These isolates were retained for 

further identification. 

3.5 Bacterial identification 

Presumptive S. aureus colonies were identi£ed by standard microbiological tests 

which included Gram-staining; catalase testing (usinf\ 3% hydrogen peroxide); Slide 

agglutination test; DNase test; and the oxidation and fermentation of mannitol salt 

agar (Biolab, Modderfontein, SA) (Pelisser et al. , 2009). 

3.5.1 Gram staining 

Isolates were Gram-stained using standard techniques (Cruickshank et al., 1975), 

which differentiates bacterial species into Gram-positive and Gram-negative based on 

the chemical and physical properties of their cell walls. Colonies that were Gram

positive cocci, arranged in clusters, were picked a.Qd subcultured onto MSA (Biolab, 

Modderfontein, SA) plates and retained for further identification. 

3.5.2 DNase test 

Deoxyribonuclease (DNase) is an enzyme produced by S. aureus that cleaves DNA. 

The DNA present in the agar is hydrolysed by the DNases if produced by the 

organism. All S. aureus isolates were identified using the DNase test that was 

performed on DNase agar (Fluka® Analytical, Switzerland) plates according to the 

guidelines of Koneman (Winn eta/. , 2006). Staphylococcus aureus ATCC® 25923, 

was included in every plate as a positive control. Each plate was divided into eight 

segments and eight isolates including the control strain were inoculated on each 

DNase plate and incubated at 37°C for 24 hours. After incubation, the plates were 
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flooded with 1M HCI, left to stand for I min following which excess HCl was 

discarded. The appearance of clear zone around bacterial growth was considered as 

the positive activity. Non-hydrolyzed DNA appeared whitish or blurred complex with 

HCI, indicating a negative reaction. 

3.5.3 Catalase test 

The catalase test facilitates the detection of the enzyme catalase in bacteria. The 

catalase enzyme serves to neutralize the bacteriocidal effects of hydrogen peroxide. 

The catalase test was performed using standard techniques (Thomas, 1963). To 

determine catalase production, a microscope slide was placed inside a petri dish. 

Using a sterile inoculating loop, a small amount of an 18 - 24 hours old culture was 

placed onto the microscope slide. A drop of 3% H20 2 was placed onto the isolate on 

the slide. The petri dish was immediately covered to limit aerosols, and observed for 

immediate bubble formation against a dark backgrpund. Positive reaction are evident 

by immediate effervescence (bubble formation), while the absence of bubbles 

indicated a catalase-negative reaction. Quality control was performed by the use S. 

aureus A TCC® 25923. 

3.5.4 Slide agglutination test 

The PASTOREX™ STAPH-PLCS allows for simultaneous detection of bound 

coagulase also known as clumping factor; proteinA; and capsular polysaccharides of 

S. aureus. This reagent is made of latex particles sensitised by fibrinogen and lgG as 

well as specific monoclonal antibodies against capsular polysaccharides of S. aureus. 

This combination allows for the detection of highly encapsulated strains of S. aureus 

as well as poorly encapsulated strains. 
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The slide agglutination test was performed according to the manufacturer's 

instructions. Cells from a pure colony were placed on a clean slide using a sterile 

toothpick and a drop ofPASTOREX™ STAPH-PLUS reagent was added. These were 

mixed using the toothpick. The slide was gently rocked, and within 1 or 2 minutes, 

clumping indicated a positive reaction. Absence of clumping or agglutination with the 

suspension retaining its milky appearance indicate<\_ a negative reaction. S aureus 

A TCC® 25923 was used for quality control of the test. 

3.5.5 Hemolysis test 

The hemolysin activity of the isolates was evaluated on blood agar base medium 

containing 5% sheep blood according to a published method (Turkyilmaz and Kaya, 

2006). After inoculation, the plates were incubated at 3 7°C for 24 hours. The presence 

or absence of zones of clearing around the col()nies was interpreted as ~-hemolysis 

and r -bemolysis activity respectively, while an intact but discoloured erythrocytes 

with a greenish colouration were considered as a.-hemolysis. 

3.6 Antibiotics susceptibility test 

Antibiotic susceptibility test was performed using the Kirby-Bauer disc diffusion 

method (Bauer et al. , 1996). Susceptibilities of the isolates to a panel of 11 different 

antimicrobial impregnated disks (Mast Diagnostics, Merseyside, UK) were 

determined using the drugs shown in Table 3.2. The tests were performed according to 

the guidelines of the Clinical Laboratory Standards Institute (CLSI, 2007). Mueller

Hinton agar (Oxoid, Hampshire, England) was used as recommended by the CLSI. 

Bacterial suspensions were prepared in 0.8% saline. Using a sterile cotton swab, the 

bacterial suspension was evenly spread over an entire plate of Mueller-Hinton Agar 
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(Oxoid, Hampshire, England). Then, the antibiotic disks were transferred aseptically 

unto the surface of the inoculated medium. Zones of inhibition were measured after 

24 hours of incubation at 37°C and results were interpreted according to CLSI 

recommendations. Each isolate was tested in duplicate and mean zone of inhibition 

diameters were determined. The strains were classified as susceptible, or resistant 

according to supplier instructions and for the purposes of analysis, intermediate 

susceptibility was regarded as susceptible. The reference strain used for quality 

control was S. aureus ATCC® 25923. 
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Table 3.2: Antibiotics that were used in the study. The superscripts a to d indicate the generally accepted concentrations of antibiotics in the discs 
according to the standard method stipulated by the manu facturer, Mast Diagnostics, Merseyside, United Kingdom 

G roup Antibiotic Abbrev Disc cone. (J.tg) Inhibition zone (mm) 

R I s 
Penicillins Penicill in PG JOb ~20 2 1-28 ~29 

j 

Oxaci ll in ox sa $9 10-1 3 ~ 14 

Ampicillin AMP lOb $ 11 12-14 ~ IS 

Am inoglycosides Streptomycin s 1 ob ~11 12-14 ~ IS 

Kanamycin K 30d $ 13 14-17 ~18 

Genlamycin GM lOb ~12 13-1 4 ~ IS 

Macro I ides Erythromycin E " ISC ~13 14? ~23 

Tetracyc lines Oxytetracycline OT lOb $ 14 15- 18 ~19 

Glycopeptides Vancomycin v 30d ~9 I 0-11 ~ 1 2 

Teicoplanin TEC 30d $ 10 11-1 3 ~ 1 4 

Sulphonam ides Sulphamethoxazole Smx ISC $ 10 11-15 ~1 9 

R - Resistance; I - Intermediate; S- susceptible 
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3.6.1 Latex agglutination test for detection of penicillin binding protein (PBP2a) 

All isolates were tested for the production of PBP2a, the protein encoded by mecA, using the 

PBP2a latex agglutination assay (Bio-Lab, Pretoria, SA) that employs a serological procedure 

for the detection of methicillin and oxacillin resistant S. aureus. The test was performed 

according to the manufacturer's instructions. 

3. 7 Molecular Identification by PCR 

3.7.1 DNA extraction 

Genomic DNA was extracted using a ZR Genomic DNA™ -Tissue MiniPrep kit (Zymo 

Research Corp., Irvine, USA). The extraction protocol was according to the manufacturer's 

instruction. Briefly, the bacterial isolates were cultured overnight in 10 ml of Brain Heart 

Infusion (BHI, Oxoid) broth at 37°C (shaking at 100 rpm) (Incubator Shaker Series 25). A 

thousand rnicrolitre of the overnight culture was transferred to an Eppendorf tube and the 
........ 

bacterial cells harvested by centrifugation at 15 000 x g for 2 min. Cells were resuspended in 
> 

100 J.!l digestion buffer that contained 5 J .. d of Proteinase K, and the tubes were incubated at 

55°C for 20 min. Then 700 Ill of Genomic Lysis Buffer was added to the tube and the 

contents were mixed by vortexing. The contents of the tube were transferred to a Zymo-

Spin TM IIC column in a collection tube and centrifuged at 10,000 x g for 1 min. The flow-

through was discarded. About 200 Ill of DNA pre-wash buffer was added to the spin column 

in a new collection tube and the tube was centrifuged at 10,000 x g for 1 min. Then, 400 J.!l of 

genomic DNA (g-DNA) wash buffer was added to the spin column and the tube was 

centrifuged at I 0,000 x g for 1 min. The spin column was placed into a clean microcentrifuge 

tube and 50 Ill of DNA Elution buffer was transferred directly onto the spin column 

membrane. The column was incubated at room temperature for 5 minutes and the tube was 

centrifuged at 15,000 x g for 30 sec to elute the DNA. The eluted DNA was stored at -20°C 

and used for molecular identification and bacterial typing protocols. 
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i.7.2 DNA quality and quantity determination 

rhe quality and quantity of the extracted genomic DNA was determined using a Nanodrop 

WOO Spectrophotometer (Thermo Scientific, USA) and diluted to a working concentration of 

50 ng/jll. 

3. 7.3 Primers 

Primers used for the PCR amplification were synthesized by Inqaba Biotech (Pretoria, SA). 

Details of primer sequences, their specific targets and amplicon sizes are summarized in 

Table 3.3. Lyophilized primers for the target genes were reconstituted using DNAse-RNAse 

free sterile water to obtaine 100 11M stock solution. All primers were stored at -20°C. 

3.7.4 Reaction mixture 

Each PCR reaction mixture containing a total volwpe of 25 Ill consisted of 5 Ill of 10- 50 ng 

of template DNA, 1.5 Ill of 5 X Green Go Taq® reaction buffer (Promega Corporation, 

Madison WI, USA), 12.5 Ill of 2 X PCR master mix (Thermo Scientific, Johannesburg, SA), 

1.5 Ill of 25 mM MgCh, 0.5 Ill 50 pm of primers (Inqaba Biotech, Pretoria, SA), and 

nuclease free water (Thermoscientific, Johannesburg, SA) was used to top up to the fmal 

volume. 

3.7.5 16S rRNA specific PCR for the detection of staphylococci 

The identities of organisms belonging to the genus staphylococci were determined using a 

16S rRNA specific PCR assay that amplifies the 16S rRNA gene sequence specific for 

staphylococci (L0Vseth eta/., 2004). Primer sequences used are shown in Table 3.3. PCR was 

conducted using a ClOOO Touch Thermal Cycler (Bio-Rad, Johannseburg, SA) and the 
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cycling conditions utilized were an initial denaturation at 94 °C for 5 min; followed by 30 

cycles of 94°C for 30 sec, 64°C for 30 sec, 72°C for 60 sec and a final elongation step of 72 

°C for 5 min. The PCR products were stored at 4 °C and later separated by agarose gel 

electrophoresis. 

3. 7.6 Detection of the nuc gene using PCR 

The identities of S. aureus isolates were confirmed using a specific PCR that targeted the 

thermonuclease (nuc) gene that is specific for S. aureus (Maes et al., 2002) using primers 

sequences listed in Table 3.3. PCR was conducted using a ClOOO Touch Thermal Cycler 

(Bio-Rad, Johannesburg, SA) and the cycling conditions utilized were initial denaturation of 

94°C for 5 min; followed by 30 cycles of 94°C for 30 sec, 55°C for 30 sec, 72°C for 60 sec 

and a final elongation step of 72°C for 5 min. The PCR products were stored at 4 °C and later 

separated by agarose gel electrophoresis. 

3.8 Identification of isolates using using the Matrix-Assisted Laser 

Desorption/Ionization Mass Spectrometry (MALDI-TOF MS) 

Pure isolates were sub-cultured on MSA agar and plates were incubated at 37°C for 24 hours. 

The plates were transported to the Microbiology Laboratory at the University of Pretoria 

(South Africa) for MALDI-TOF MS. The MALDI Biotyper identifies organisms using the 

Matrix-Assisted Laser Desorption/Ionization Mass Spectrometry by measuring the unique 

protein fingerprint of highly abundant proteins in an organism. The characteristic patterns of 

these proteins are used to reliably identify the particular microorganism by matching the 

respective patterns with an extensive open database. Analysis was performed and isolates 

were identified to~species level. 
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t9 Multiplex polymerase chain reaction (PCR) detection of gene sequences that encode 

l'irulence determinants inS. aureus 

\A.ultiplex PCR was used to screen for the presence of genes encoding different virulent 

:ieterminants: staphylococcal enterotoxins A to E (sea, seb, sec, sed and see) (Peles et a/., 

2007), exfoliative toxins A and B (eta and etb) (Mehrotra et al., 2000) and collagen adhesin 

( cna) gene (Montanaro et a/., 1999). Primer sequence\ used for the PCR assays are listed in 

Table 3.4. Two sets of multiplex PCR mixes containing enterotoxins A to E primers and 

another with eta, etb and cna primers were prepared. Each of the multiplex PCR mix 

contained, 10-50 ng of template DNA, 1.5 J.tl of 25 mM MgCh (Promega Corporation, 

Madison, USA) 1.5 J.tl of 5 X Green Go Taq® reaction buffer (Promega Corporation, 

Madison, USA), 12.5 J.tl of 2 X PCR master mix (Thermo Scientific, Johannesburg, SA), 50 

pmol of each primer. The volume of this reaction mixes were adjusted to 25 J.t l with nuclease 

free water. DNA amplification was carried out in a ClOOO Touch Thermal Cycler (Bio-Rad, 

Johannesburg, South Africa) with the following cycj.ing conditions: an initial denaturation of 

94°C for 5 min was followed by 35 cycles of amplification (denaturation at 94°C for 2 min, 

annealing at 57°C for 2 min and extension at 72°C for I min), ending with a final extension at 

72°C for 7 min. 

47 



Table 3.3: Oligonucleotide primers that were used for molecular identification and for multiplex detection of virulence determinant genes. 

Primer Sequence Target gene Amplicon size (bp) References 
16S rRNA F GTAGGTGGCAAGCGTTACC 16SrRNA 228 Lovseth eta/. (2004) 
16S rRNA R CGCACATCAGCGTCAG 

Nuc F GCGATTGATGGTGGATACGGT nuc 279 Maes et a/. (2002) 
Nuc R AGCCAAGCCTTGACGAACTAAAGC 

Sea F GGTTATCAATGTGCGGGTGG Sea 102 Peles et a/. (2007) 
Sea R CGGCAC I IIIITCTCTTCGG 

Seb F GTATGGTGGTGTAACTGAGC Seb 164 Peles et a/. (2007) 
Seb R CCAAATAGTGACGAGTTAGG 

Sec F AGATGAAGTAGTTGATGTGTATGG Sec ' 451 Peles et al. (2007) 
Sec R CACACTTTTAGAATCAACCG 

Sed F CCAATAATAGGAGAAAATAAAAG f Sed 278 Peles et al. (2007) 
Sed R A TTGGT A I I I I I I I I CGTTC "\ / 
See F AGG' l I I I I I CACAGGTCA TCC See 209 Peles et a/. (2007) 
See R Cl I IIIIIICTTCGGTCAATC 

Eta F ATATCAACGTGAGGGCTCTAGTAC Sta 1155 (Mehrotra et a/. (2000) 
Eta R ATGCAGTCAGCTTCTTACTGCTA 

Etb F CACACATTACGGATAATGCAAG Etb 604 (Mehrotra et at. (2000) 
Etb R TCAACCGAATAGAGTGAACTTATCT 

Cna F AAAGCGTTGCCTAGTGGAGA Cna 192 Montanaro et a/. ( 1999) 
Cna R AGTGCCTTCCCAAACCTTTT 
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3.10 Molecula r typing 

Staphylococcus aureus isolates were genotypically characterized using the ERIC and RAPD-

PC R protocols. The primer sequences that were used in both typing methods are shown in 

Table 3.4. 

3.10.1RAPO PCR a na lysis 

RAPD - PC R analysis was performed on S. aureus isolates using the primer Ml3 (Morandi 

et al., 20 1 0). The thermal cyc ling cond itions were made up of an in itial denaturat ion 

involving 2 cycles of 94°C for 30 sec, 35°C for 1 min, 72°C for 2 min; 40 cycles of 93°C for 

30 sec, 35°C for I min, 72°C fo r 2 min and a fi na l e longation step of72°C for 5 min. 

3.10.2 ERIC PCR a nalysis 

ERIC - PCR analysis was performed on S. aureus isolates using the ERJC-2 primer 

(Vazquez-S{mchez et al.. 20 12). PCR was performed at an initial denaturation at 94 °C for 4 

•• 
min, 35 cyc les of 94 °C for 60 sec, 25 °C for 60 sec, 72 °C fo r 2 min; 72 °C for 2 m in and 72 

°C for 5 min. 

Table 3.4: O ligonucleotide primer sequences that were used for RA PD and ERIC-PCR 
typing o f S. aureus isolates 

P rimer Name P rimer Sequence (S'-3 ' ) Typing procedur e 

G AGGGTGGCGGTICT RAPD-PCR 

ERJC-2b AAGTAAGTGACTGGGGTGAGCG ERIC-PGR 

aA ndrighetto et a/. , 200 l; 6Yazquez-Sanchez et al., 2012 
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3.11 Agarose gel electrophoresis of DNA extracted and PCR products 

DNA extracted and PCR products were separated by electrophoresis on a 0.8% (w/v) and 2% 

(w/v) agarose (Seak:me®, Rockland, USA) gel using Tris-acetate-EDTA (1 X TAE) (40 mM 

Tris, 1 mM EDTA and 20 mM glacial acetic acid; pH 8.0) on a horizontal agarose gel 

equipment (BiocomDirect, Bridge of Weir, UK). Gels were stained in 0.1 Jlg/ml of ethidium 

bromide (Bio-Rad Laboratories, Canada). Electrophoresis was performed at 1 00 V for the 

first l 0 min and then at 80 V for 60 min. A 100 bp or 1 kb DNA ladder (Fermentas, Glen 

Burnie, USA) was included in all PCR and fingerprinting gels as a molecular weight 

standard. ChemiDoc ™ MP Imaging system (Bio-Rad, Hercules, USA) was used to visualise 

and capture the images. 

3.12 Statistical analysis 

' The genetic profiles generated from the RAPD-PCR were captured using GeneTools (version 

3.00.22) software (SynGene, UK). The fingerprinfs were compared and analysed with the 

TotalLab Phoretix 10 Pro software (UK). The presence, absence and intensity of band data 

were obtained, exported to Microsoft Excel (Microsoft Office, 2003) and used to generate a 

data matrix. Unweighted pair group method with arithmetic mean (UPGMA) and complete 

linkage algoritluns was used to analyze the percentage similarity and matrix data. 

Relationships between the various profiles and/or lanes were expressed as dendrograms. 
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CHAPTER4 

RESULTS AND INTERPRETATION 

4.1 Prevalence of Staphylococcus :species in milk samples 

A total of 200 milk samples were collected and scre~ed for the presence of Staphylococcus 

species. Table 4.1 shows the number of milk samples that were obtained from the different 

sampling stations, number that were positive for staphylococci and the percentage 

distribution of positive samples. Out of the 200 milk samples, 40 were raw milk (RM), 85 

were tank milk (TM) and 75 were pasteurised milk (PM). The bacterium was detected in 

were 75% (30/40), 29% (25/85), atnd 13% (10/75) of (RM), (TM) and (PM) respectively. 

The overall prevalence of S. aureus contamination in the milk samples was 32.5% (65/200) .. 

In this study staphylococci were de:tected in all the different types of milk samples that were 

analysed. Bacteria were frequently iso lated from raw milk than tank milk and pasteurised 

milk obtained from the supermarke1ts. 

Table 4.1 : Number of samples scr,eened and the proportion of samples from raw, tank milk 
and pasteurised milk that were posi1tive for staphylococci 

Type of samples No of milk samples No positive for S. Percentage 
colllected aureus (%) 

Raw milk 40 L 30 75 

Pasteurised milk 75 10 13 

Tank milk 85 25 29 

Total 2001 65 32.5 
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4.2 Presumptive detection of Staphylococcus species in milk samples based on cultural 

characteristics 

Two hundred milk samples were analysed for the presence of S. aureus using a selective 

medium, Mannitol salt agar (Biolab, Modderfontein, SA). Only isolates that satisfied both 

preliminary and confirmatory biochemical tests, such as Gram staining, catalase test, slide 

agglutination test, DNase test, were considered. A total of 380 isolates, obtained from the 

contaminated milk samples were screened for the characteristics of S. aureus. Of these 

isolates 56% (2111380) were positively identified by using the slide agglutination test. All of 

the isolates were Gram-positive and catalase positive, and a large number of the isolates were 

positive for DNase production 65% (138/211). The majority of the isolates 74% (156/211) 

showed haemolytic activity on sheep blood agar plates: 50% (78/156) of the haemolytic S 

aureus isolates produced a-hemolysin while 44% (69/156) displayed ~-hemolysis and 6% 

(9/ 156) were a and ~-haemolytic (Appendix B). The results showed that S. aureus was 

frequently isolated from milk samples obtained from the North-West Province. Although all 

the milk samples were contaminated with S. aureus, isolates obtained from Coligny, 

Wolmaranstad, Luhurutshe and Madibogo were not positively identified by the slide 

agglutination test and thus not included in the study. The results in Tables 4.2A and 4.2B 

indicate the number of isolates screened from the different sampling areas and those that were 

positive for the different tests. All the isolates that were positively identified as S. aureus by 

the slide agglutination test were subjected to confirmatory identification using molecular 

methods. 
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Table 4.2A: Results of preliminary identification tests that were used for the detection of S. aureus 

Sampling area Type of milk No. of Gram Catalase Mannitol Heamolysis DNase Staph Xtra 
isolates tested staining (+ve test fermentation Reaction test Latex 

cocci) agglutination 
test 

Cartonville TM 15 10 10 10 10 10 10 

PM 20 8 6 6 6 4 6 

Potchefstroom TM 10 5 5 5 2 2 2 
PM 15 10 8 6 6 5 6 

Zeerust TM 15 4 4 4 12 0 12 
PM 10 5 3 3 0 0 0 

Swaartruggens TM 15 5 15 5 4 0 4 
PM 10 7 7 7 7 4 7 

Rustenburg TM 14 II II II II 8 II 
PM 12 7 7 7 7 2 7 

Madibogo TM 10 8 4 8 0 0 0 

Stella TM 15 10 8 10 8 6 8 
PM 8 5 5 5 4 3 4 

Setlagole TM 15 12 8 12 6 4 6 
PM 5 6 6 6 6 4 6 
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Table 4.28: Results o f pre liminary identification tests that were used for the detection of S. aureus 

Sampling a rea Type of milk No. of G ra m Catalase Mannitol Heamolysis DNase Staph Xtra 
isola tes s taining test fermentation Reaction test Latex 
tested (+ve cocci) agglutina tion 

test 
Vryburg TM 20 15 13 15 12 8 12 

PM 10 8 8 8 8 4 8 

Taung TM 10 6 6 6 5 5 6 

Disaneng RM 33 32 25 32 25 15 25 

TM 14 10 8 10 5 4 5 

Mafikeng RM 30 15 1.6 15 8 6 8 

TM 12 10 '\' 10 10 5 3 5 / 
PM 6 4 4 4 2 2 2 

Mabule TM 10 6 6 6 6 4 6 

PM 5 4 4 4 4 4 

Roo igroond RM 40 35 34 35 34 25 34 

Tshidilamolomo TM 6 4 5 4 2 'l 2 

Total 380 262 230 254 211 135 211 

PM= Pasteurised milk, TM = Tank milk, RM = Raw milk 
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4.3 Molecular characte risation of S. aureus isolates from milk 

4.3.1 Speci fic PC R for the identification of Staphylococcus aureus 

A total of 2 11 S. aureus isolates that were positively identified by the Staph Xtra Latex 

agglutination test were subjected to specific s implex PCR analysis for the detection of 16S 

rRNA gene and the S. aurew; thermonuclease (nuc) gene. The 16S rRNA gene is specific for 

the genus Staphylococcus while the nuc gene is spe~es specific for S. aureus. Figure 4.1 

shows a 2% agarose (w/v) gel depicting the I 6S rRNA gene fragments that were amplified by 

PCR using genomic DNA extracted from S. aureus isolates. The 16S rRNA and nuc 

fragments with the expected amplicon sizes of 228bp and 279bp respectively were obta ined. 

Table 4.3 ind icates the number of isolates that were screened from the different sampling 

sites and those that were positive for the targeted genes. 

500bp- --

100bo---

Figure 4.1 : Agarose gel e lectrophoresis analysis fo r the 16S rRNA gene in S. aureus isolates. 

Lane M= I OObp DNA maker, Lanes I-ll =S. aureus isolates, lane 12 = S. aureus 25923 

(positive contol) lane 13=negative control. 
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Figure 4.2: Agarose gel electrophoresis analysis for the nuc gene in S. aureus isolates. Lane 

M= I OObp DNA maker; Lanes I, 3, 4, 5, 6, 8 and 9 = S. aureus isolates; lanes 2 and 7 = nuc 
negative isolates; lane I 0 = S. au reus 25923 (positive control); lane I I =negative control. 

Table 4.3: Number of S.aureus isolates that were positive for the targeted genes 

Sample source No of isolates tested No of isolates positive for the targeted 
genes • 
16S rRNA gene IIIIC gene 

Carletonvi lie 16 16 12 
Potchefstroom 8 8 6 
Zeerust 12 12 10 
Swaartruggens II II 5 
Rustenburg 18 18 15 
Rooigroond 34 34 30 
Mabule 10 10 5 
Mafikeng 15 15 12 
Disaneng 30 30 24 
Taung 6 6 5 
Yryburg 20 20 14 
Set1agole 12 12 8 
Stella 12 12 8 
Lehurutshe 5 5 0 
Tshidilamolomo 2 2 2 
Total 211 211 156 
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As shown in Table 4.3, the proportion of isolates that were positive for the 16S rRNA gene 

(100%) PCR analysis was higher than those that possessed the nuc gene (74%). This is not 

surprising since the nuc gene is more specific in detecting isolates belonging to the species S. 

aureus when compared to the 16S rRNA gene that is common to the genus staphylococcus 

and will detect other Staphylococcus species in addition to S. aureus. 

4.3.2 Detection of virulence genes in Staphylococcus aureus isolates 

A total of 156 S. aureus isolates were subjected to multiplex PCR analysis for the detection 

of virulence genes. Results obtained are shown in Table 4.4. Only the sec virulence gene was 

amplified from the isolates that were screened and therefore the genes sea, seb, sed, see, cna, 

eta and etb were not detected in any of the isolates. Generally, 51 (32.7%) of the isolates 

possessed the sec gene and a large proportion of these isolates were obtained from 

Rooigroond (47%) and Disaneng (24%). None of the isolates from Rustenburg, Mabule, 

Taung and Lehurutshe possessed the sec virulenctf determinant. Figure 4.3 shows a 2% 

agarose (w/v) gel depicting the sec virulence gene fragments that were amplified by PCR 

using genomic DNA extracted from S. aureus isolates. Amplicons obtained were of the 

expected sizes (451 bp). 
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Table 4.4: Number of S.aureus isolates that were positive for the targeted genes 

Sample source No of isolates ~o of isolates positive for the targeted genes 
tested 

sea seb Sec See Sed Cna eta Etb 

Ca rletonville 16 0 0 2 0 0 0 0 0 
Potchefstroom 8 0 0 I 0 0 0 0 0 
Zeerust 12 0 0 2 0 0 0 0 0 
Swaartruggens II 0 0 I 0 0 0 0 0 
Rustenburg 18 0 0 0 0 0 0 0 0 
Rooigroond 34 0 0 ~4 0 0 0 0 0 
Mabule 10 0 0 0 0 0 0 0 0 
Mafikeng 15 0 0 4 0 0 0 0 0 
Disaneng 30 0 0 12 0 0 0 0 0 
Taung 6 0 0 0 0 0 0 0 0 
Vryburg 20 0 0 2 0 0 0 0 0 
Setlagole 12 0 0 I 0 0 0 0 0 
Stella 12 0 0 I 0 0 0 0 0 
Lehurutsbe 5 0 0 0 0 0 0 0 0 
Tshidilamolomo 2 0 0 I 0 0 0 0 0 
Total 156 51 

Fig u re 4.3 : Agarose gel electrophoresis analysis for the sec gene in S. aureus isolates. Lane 

M= l OObp DNA maker, Lanes I-13=S. aureus isolates, lane 14=negative control 

59 



4.4 Identification of S. aureus isolates using the MALDI-TOF Mass Spectrometry 

Traditionally bacteria species are identified using phenotypic traits and this is based on 

results obtained for biochemical tests. Despite the fact that biochemical protocols and assays 

are constantly being refined, results obtained from these tests are usually not very reliable, 

and are time consuming (Rajakaruna et al., 2009). The matrix-assisted laser 

desorption/ionisation time of flight mass spectrome~(MALDI-TOF MS) of intact cells has 

been reported to be an attractive alternative method that is accurate, rapid, requires minimal 

sample prepation time for the correct identification of bacteria isolates (Carbonnelle et al., 

2011). 

A total of 36 presumptive S. aureus isolates that were positive for the 16S rRNA gene and 

the nuc gene PCR analysis were subjected to the MALDI Biotyper identification tool using 

the Matrix-Assisted Laser Desorption I Ionization Mass Spectrometry. Using the isolates 

obtained from the present study as unknowns highly treproducible mass spectral profiles were 

obtained and these were compared with those of reference spectra that have been deposited in 

an extensive open database. Unique protein fingerprints of highly abundant proteins in each 

isolate were obtained. A representation of the proteins profiles and peaks obtained are shown 

in Figure 4.4 The identities of isolates that were obtained after analysis and the scores used to 

determine the reliablility of the technique in classifying an isolate as member of a particular 

genus and species are shown in Table 4.5. All the isolates were positively identified as S. 

aureus to species level. 

As shown in Figure 4.4 the score value for best match organism for all the isolates screened 

ranged from 2.027 to 2.338, indicating that it is a secured genus and species identification. 

The greatest peak density or hits of mass ions in the rnlz 2000 to rn/z 16000 range was 
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Table 4.5: Number of S.aureus isolates that were positively identified us ing the MALDI 

Biotyper technique 

Isola te Score Identity based on MALDI- Score Identity based on MALDI-
Number Value TOF MS anal~sis Value TOF MS analysis 

Best Match Second Best Match 
IR03 2.234 Staphy lococcus aureus 2.073 Staphylococcus aureus 
IR04 2.097 Staphylococcus aureus 1.936 Staphylococcus aureus 
IR05 2.223 Staphy lococcus aureus 2.218 Staphy lococcus aureus 
IR06 2.068 Staphylococcus aureus 1.928 Staphylococcus aureus 
IR09 2.076 Staphylococcus aureus ~.758 Staphy lococcus aureus 
2ROI 2.234 Staphylococcus aureus 2.208 Staphylococcus aureus 
2R02 2.259 Staphy lococcus aureus 2.247 Staphylococcus aureus 
2R04 2.124 Staphylococcus aureus 2.074 Staphylococcus aureus 
2R05 2.232 Staphylococcus aureus 2. 103 Staphylococcus aureus 
3R01 2.177 Staphylococcus aureus 2. 167 Staphylococcus aureus 
3R02 2.31 Staphy lococcus aureus 2.286 Staphylococcus aureus 
3R03 2.255 Staphylococcus aureus 2.1 6 Staphylococcus aureus 
3R06 2.048 Staphy lococcus aureus 1.995 Staphy lococcus aureus 
3R09 1.921 Staphylococcus aureus 1.856 Staphylococcus aureus 
4RI 2.288 Staphy lococcus aureus 2.05 Staphy lococcus aureus 
4R2 2.338 Staphylococcus aureus 2.087 Staphylococcus aureus 
4R3 2.224 Staphy lococcus aureus 1.987 Staphy lococcus aureus 
4R4 2.249 Staphylococcus aureus 2.147 Staphylococcus aureus 
4R5 2.296 Staphy lococcus aureus 2.085 Staphylococcus aureus 
14ZI 2.228 Staphylococcus aureus 1.926 Staphylococcus aureus 
15ZI 2.188 Staphylococcus aureus 1.892 Staphy lococcus aureus 
16ZI 2.086 Staphylococcus aureus 1.982 Staphylococcus aureus 
16Z2 2.254 Staphy lococcus aureus ... 2.209 Staphylococcus aureus 
20ZI 2.129 Staphylococcus aureus 1.995 Staphylococcus aureus 
20Z2 2.127 Staphy lococcus aureus 2.121 Staphylococcus aureus 
20Z3 2.179 Staphylococcus aureus 2.145 Staphylococcus aureus 
20Z4 2.109 Staphy lococcus aureus 2.018 Staphylococcus aureus 
21ZI 2.2 15 Staphylococcus aureus 1.996 Staphylococcus aureus 
21Z2 2.291 Staphylococcus aureus 2.213 Staphylococcus aureus 
22ZI 2.165 Staphylococcus aureus 2.094 Staphylococcus aureus 
22Z2 2.1 13 Staphy lococcus aureus 2.049 Staphylococcus aureus 
22Z3 2.163 Staphylococcus aureus 2. 112 Staphylococcus aureus 
22Z4 2.069 Staphy lococcus aureus 1.8 Staphylococcus aureus 
6S3 2.027 Staphylococcus aureus 1.81 1 Staphylococcus aureus 
6SI 2.129 Staphy lococcus aureus 2.011 Staphylococcus aureus 
7SI 2.194 Staphylococcus aureus 1.913 Staphylococcus aureus 
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Isolate 
Number 

Score Identity based on MALDI- Score Identity based on MALDI-
Value TOF MS analysis Value TOF MS analysis 

Best Match Second Best Match 
1R03 2.234 Staphylococcus aureus 2.073 Staphylococcus aureus 
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Figure 4.4: A representative mass spectral profiles of S. aureus isolated from raw milk 

obtained from Rooigroond. 
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4.5 Antibiotic resistance of S. aureus isolates from milk samples 

A total 156 S. aureus isolates from milk obtained from different sampling sites in the North

West Province that possessed the nuc gene were tested to evaluate their susceptibilities 

against a panel of 11 antibiotics. Data depicting the susceptibilities of the isolates were 

presented as percentages and are shown in Table 4.6. 

A large proportion (60% to 1 00%) of the S. aureus isolates obtained from Carletonville, 

Potchefstroom and Zeerust were resistant to penicillin G, ampicillin, oxacillin, streptomycin, 

vancomycin, and erythromycin. In addition, a similarly large proportion of the isolates from 

Swaartruggens, Rustenburg, Stella, Setlagole, Vryburg, Taung and Disaneng were resistant to 

penicillin G and oxacillin (Table 4.6). Despite the fact that a relatively large proportion (50% 

to 71%) of the isolates from V ryburg, Setlagole and Disaneng were resistant to gentarnycin, 

on the contrary, only a small proportion (8.3% io 40%) of the isolates from all the other 

different stations sampled were resistant to this ~timicrobial agent. Moreover, isolates 

obtained from all the sample sites in this study with the exceptions of Disaneng, Carletonville 

and Potchefstroom were highly susceptible to kanamycin. Similar low level resistance was 

observed against sulphamethoxazole (Table 4.6). 

A cause for concern is the fact that multiple antibiotic resistant (MAR) isolates were detected 

in the study. Moreover, methicillin resistant S. aureus (MRSA) strains that showed 

phenotypic resistance to oxacillin based on the disc diffusion antibiotic susceptibility test 

were also detected among the MAR isolates. These isolates could serve as reservoirs for the 

transmission and spread of antibiotic resistant determinants within a population. 
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Table 4.6: The number and percentages of S. aureus isolates from various sampling sites that were resistant to different antibiotics. 

Sampling Area PG AMP ox s K GM VA TEC TE E SMX 
Carleton ville NR 12 12 12 7 6 I 10 3 8 12 0 
NT = 12 % 100 100 100 58 50 8.3 83 25 66.7 100 0 
Potchefstroom NR 6 6 6 4 3 I 6 6 0 6 I 
NT=6 % 100 100 100 67 50 17 100 100 0 100 17 
Zeerust NR 10 10 9 7 4 3 9 10 2 10 I 
NT= 10 % 100 100 90 70 40 30 90 100 20 10 10 
Swaartruggens NR 5 4 3 5 I 0 4 4 3 5 I 
NT =S % 100 80 60 100 20 0 80 80 60 100 20 
Rustenburg NR 15 15 II 8 3 5 15 15 9 9 3 
NT = IS % 100 100 73 53 20 33 100 100 60 60 20 
Stella NR 8 3 4 4 0 2 5 7 7 3 3 
NT = 8 % 100 38 50 50 0 25 63 88 88 38 38 
Setlagole NR 8 4 7 3 2 5 5 5 8 6 6 
NT = 8 % 100 50 88 38 25 63 63 63 100 75 75 
Vryburg NR 14 6 10 8 6 10 9 9 13 7 8 
NT = 14 % 100 43 71 57 43 7 1 64 64 93 50 57 
T aung NR 5 0 I o I 0 2 2 5 5 0 0 
NT = S % 100 0 20 0 0 40 40 40 40 0 0 
Disaneng NR 17 18 23 "i 19 17 14 II 12 II 13 4 
NT = 24 % 71 75 96 79 71 58 46 50 / 46 54 17 
Mafikeng NR 9 9 I 8 5 I 7 I I 8 II 4 
NT = II % 82 82 9 73 45 9 64 100 73 100 36 
Mabule R 4 3 I 4 0 0 2 4 4 5 I 
NT = S % 80 60 20 80 0 0 40 80 80 100 20 
Rooigroond NR 9 9 5 9 8 3 24 25 19 19 3 
NT = 30 % 30 30 17 30 27 10 80 83 63 63 10 
Tshidilamolomo NR 2 I 0 I 0 0 I 0 0 I 0 
NT = 2 % 100 50 0 50 0 0 50 0 0 50 0 

PG = penic illin G: Amp = ampicillin; OX = oxacill in: S = streptomycin; K = kanamycin: GM = gentamycin: VA = vancomycin: TEC =tc icoplanin, TE=tetracyclinc. 
E=erythromycin, SMX=sulphamethoxazole. NT = Number tested; NR = number resistant 
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4.6 Latex agglutination assay for the detection of Penicillin Binding Protein 2a (PBP2a) 

in S. aureus isolates from milk samples 

A total of 92 MAR antibiotic resistant S. aureus strains that were iso lated from milk obtained 

from different sampling sites in the North-West Province were subjected to a sero logical test 

using the Latex PBP2a test kit. This was aimed at detecting PBP2a which is used to identi fy 

methicillin res istance in S. aureus . All these 92 isolates were resistant to oxaci lli n based on 

the disc diffusion technique. The Latex techno logy provides an alternative to the PCR 

technique to detect the mecA gene product serologically. Resu lts obtained are shown in Table 

4.7. Despite the fact that only a small proportion 19 (20.6%) of the isolates were positively 

identified to possess the gene responsible for methicillin resistance in S. aureus, the presence 

of this gene was a cause for concern. Moreover, given that the abi lity to determine whether a 

test is positive or not depends on the person interpreting the results, the actual preva lence of 

PBP2a may be higher than the reported value. Co.nsequently, the iso lates were also screened 

by PCR analysis for the mecA gene. 

Table 4.7: Proportion of S. aureus isolates from various sampling sites that were positive fo r 

the PBP2a Latex agglutination test 

Sample source No of isolates tested No of isolates positive for the 
PBP2a test 

Carleton v i lie 12 3 
Potchefstroom s 2 
Zeerust 9 2 
Swaartruggens 3 I 
Rustenburg 12 2 
Rooigroond s 0 
Mafikeng 4 0 
Yryburg 7 I 
Setlagole 5 0 
Stella s 3 
Mabule 3 0 
Disaneng 22 s 
Total 92 19 
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4.7 Multiple Antibiotic Resistance phenotypes of S. aureus isolates from milk samples 

Mutiple antibiotic resistance (MAR) phenotypes were generated from 110 S. aureus isolates 

showing resistance to three or more antibiotics aecording to Rota et al. (1996). The MAR 

phenotype PG-AMP-VA-TEC-TE-E was observed in 60% ofthe isolates from Taung, and in 

25% of Mafikeng isolates. The MAR phenotypes PG-AMP-OX-8-VA-TEC-E was dominant 

among 50%, 30% and 29% of Potchefstroom and Zeerust and Carletonville samples 

respectively. The predominant MAR phenotypes for isolates from Disaneng raw milk and 

Vryburg pasterurized milk were PG-AMP-OX-8-K-CN-VA-TEC-E and PG-AMP-8K-V A

TEC-TE-E-8MX and were obtained at 20% and 30% respectively. These results indicate that 

in the present study, MAR S. au reus were isolated from milk samples. It therefore suggested 

that these MAR isolates may have severe health implications in individuals who consume the 

milk products. 
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Table 4.8: Predominant multiple antibiotic resistance (MAR) phenotypes for S. aureus 

isolates from milk. 

Sampling Are.a Phenotypes No Percentage(%) 
observed observed 

Carletonville (N= 7) PG-AMP-OX-S-K-VA-TEC-E 3 43 
PG-AMP-OX-S-VA-TEC-E 2 29 
PG-AMP-OX-VA-TEC-E 2 29 

Potchefstroom (N=4) PG-AMP-OX-S-VA-TEC-E 2 so 
Zeerust (N= 10) PG-AMP-OX-S-V A-TEC-E 3 30 

Rustenburg (N= 10) PG-AMP-OX-S-V A-TEC-TE-E-SMX 2 20 
PG-AMP-S-GM-VA-TEC-TE-E 3 30 

Stella (N = 5) PG-AMP-OX-S-K-VA-TEC-TE-E-SMX 20 

Setlagole (N= 4) PG-AMP-OX-S-K-GM-TEC-TE-E-SMX 2S 

Vryburg (N = 10) PG-AMP-OX-S-K-GM-TE-E-SMX 2 20 
PG-AMP-S-K-VA-TEC-TE-E-SMX 3 30 
PG-AP-OX-K-GM-VA-TEC-TE 2 20 

Taung (N= 5) PG-AMP-VA-TEC-TE-E 3 60 

Disaneng (N = 20) PG-AMP-OX-S-K-GM-VA-TEC-TE-E 2 10 
PG-AMP-OX-S-K-GM-TE-E 3 IS 
PG-AMP-OX-S-K-GM-VA-TEC-E 4 20 
PG-AMP-OX-S-K-GM-TEC-E-SMX 3 IS 
AMP-OX-S-K-GM 2 10 

Mafikeng (N=8) PG-AMP-VA-TEC-TE-E 2 25 

Mabule ( N=4) PG-AMP-S-VA-TEC-TE-E-SMX 2S 

Rooigroond (N= 30) OX-VA-TEC-E 2 7 
VA-TEC-E 3 10 
VA-TEC-TE 2 7 
OX-VA-TEC-TE 2 7 
VA-TEC-TE-E 2 7 

Tshidilamolomo (N= 2) PG-AMP-S-VA-TEC so 
PG - penicillin G: AMP M ampici llin; OX oxacillin; S - streptomycin; K • kanamycin: GM gentamycin; VA vancomycin: TEC 
teicoplanin: TE tetracycline: E - erythromycin: SMX = su'phamethoxazole 
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4.8 Molecular Typing of S. aureus isolates 

4.8.1 RAPD PCR analysis 

Due to limitations of the phylogenetic tree construction software, 74 representatives S. aureus 

isolates were selected for this analysis. The 74 representative S. aureus isolates whose 

identities had been confirmed through amplification of the thermonuclease gene (nuc) were 

subjected to the RAPD-PCR genotypic typing te&nique and this was used as a tool to 

determine the s imilarities between isolates from different sampling sites. A representation of 

the RAPD-PCR amplicons that was resolved on 2% (w/v) agarose gel is shown in Figure 4.5. 

Amplification with primer M 13 produced 20 different banding patterns with amplicons 

ranging from 0 to 8. The band sizes ranged from 250bp to 2000bp. The dendrogram in Figure 

4.6 was generated based on the RAPD-PCR derived fingerprinting data using the Unweighted 

Pair Group Method with Arithmetic Mean (UPGMA) . 

..... 
2 3 ' 5 8 7 8 8 10 11 12 13 1' t5 18 17 18 18 20 

Figure 4.5: RAPD-PCR profi les of representative S. aureus isolates isolated from milk samples from 

different sampling sites. Lanes I and 20 = I Kb D A ladder; Lanes 2- 19 A & B= Representations of the RAPD 

profiles for S. aureus isolates. 
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Figure 4.6: RAPD-based dendrogram showing genetic relatedness among S. aureus isolates. 
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Out of the 74 strains typed using RAPD-PCR, 12 RAPD clusters (genotype) with a similarity 

of 80% were identified. Four profile groups (III, IV, VIII, XII) were the most predominant 

among the population when compared to the other RAPD types (Figure 4.6). Profile XII was 

the most common with 16.2% of the isolates belonging to this group and this was followed 

by profiles III, IV, VIII with 12.2% of the isolates each. Profile XII had a total of 12 isolates 

which appeared in all milk types. Profile groups IV an~ VITI were not present in tank milk 

but were evident in all other milk types. However, the 9 isolates with profile III were present 

in all milk types. Isolates from raw milk had the most diverse RAPD-PCR types with 10 out 

of 12 profile types appearing in this milk type. Altbought there was some diversity based on 

the RAPD analysis among the isolates obtained in the study, a large proportion of the isolates 

from raw and tank milk showed genetic similarity in clustering patterns (Figure 4.6). 

4.8.2 ERIC PCR analysis 

The 74 S. aureus isolates whose identities had been eonfmned through amplification of the 

thermonuclease gene (nuc) were subjected to the ERIC genotypic typing technique and this 

was used as a tool to determine the similarities between isolates from different sampling sites. 

A representation of the ERIC -PCR amplicons that was resolved on 2% (w/v) agarose gel is 

shown in Figure 4.7 ERIC profiles produced 9 different banding patterns with amplicons 

ranging from 0 to 8. The band sizes ranged from 250bp to 2000bp. The dendrogram in Figure 

4.8 was generated based on the REP-PCR derived fingerprint data using the Unweighted Pair 

Group Method with Arithmetic Mean (UPGMA). 
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Figure 4.7: : ERI C-PCR profi les of representative S. aureus isolates isolated from mi lk 

samples from different sampling sites. Lanes I ~d 20 = I Kb DNA ladder; Lanes 2-19 A ,B 
= Representations uftht: ERIC profiles for S. aureus isolates . 
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'igure 4.8: ERIC-based dendrogram showing genetic relatedness among S. aureus isolates. 
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At 80% similarity cut-off value, isolates were divided into 4 clusters (designated by I-IV) 

(Figure 4.8). ERIC profile II was the most common with 40.5% of the isolates and this was 

followed by ERJC-PCR profiles IV, I, and III with 36.5%, 17.6% and 5.4% of the S. aureus 

isolates, respectively. ERIC profile group II had a total of 30 S. aureus isolated from all milk 

types. When the profiles were compared for association of isolates from the different milk 

' sources, profiles I and IV had similar distribution of'strains whereas profile II contained 

isolates from all milk types except for pasteurised milk. Similar to the RAPD-PCR typing, 

isolates from raw milk had the most diverse ERIC fmgerprinting profiles and this was 

reflected by the fact that isolates from this milk types appeared in all the 4 clusters. 
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CHAPTERS 

DISCUSSION 

The primary objective of the study was to isolate and identify S. aureus from milk obtained 

from supermarkets, shops and farms around the North-West Province, South Africa. A 

motivation for this was that foodbome pathogenic microorganisms including S. aureus have 

been reported in milk and dairy products (Kluytmans eta/., 1995; De Buyser et al., 2001; 

Jones et al., 2002). A small scale study previously conducted in the area revealed the 

presence of S. aureus in milk collected from a communal farm and two commercial farms 

(Ateba et al., 201 0). Despite the fact that outbreaks and even sporadic cases of staphylococcal 

food poisoning have rarely been reported to date in South Africa, the pathogen has been 

isolated from milk and food products in the area €0'Ferrall-Bemdt, 2003; Ateba et al., 201 0). 

This therefore indicates that there is a possibility t;Qr transmission of S. aureus and their 

associated virulence determinants to consumers when unpasteurised milk or its associated 

products are consumed as is the case in some rural communities. 

Reasonable attention has been given to pathogenic S. aureus strains especially those equipped 

with virulence factors even in developed countries that have proper public health facilities 

(Asao et al. , 2003; Le Loir et al., 2003; Jmgensen et al., 2005; Akineden et a/., 2008; 

Argudin et a/. , 2011 ). There is currently little information on the prevalence of this pathogen 

and its associated virulence determinants in South Africa (O'Ferrall-Berndt, 2003; Ateba et 

a/., 20 I 0). While our knowledge on the occurrence of S. aureus and MRSA in South Africa 

among animals and humans remains limited, determination of its prevalence in milk may 

provide an indication of the health risks associated with the consumption of these products 
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(dairy products) and serve as a tool for assessing their public health risks. The previously 

mentioned study (Ateba et a/. , 201 0), evaluated the presence of S. aureus in milk using 

conventional microbiology methods. 

The present study is the first in the area in which a combination of phenotypic, genotypic and 

proteomic tools were used concurrently to determine the occurrence, antibiotic resistance 
\ 

profiles and the virulence gene profiles of S. aureus strains isolated from milk samples 

obtained from retail outlets and farms in the North-West Province, South Africa. Results 

obtained provided baseline data on the occurence and virulence determinants profile of S. 

aureus in milk for this province. 

In the present study, S. aureus was successfully isolated from milk samples. The overall 

prevalence of the pathogen was 32.5% among the samples screened. However, the prevalence 

of S. aureus was higher (75%) in raw milk than in pasteurised milk (29%). This observation 
~ 

was not surprising but was a cause for concern since individuals who live in rural areas have 

the tendency of consuming raw mille The presence of this bacteria after pasteurisation can be 

attributed to inefficacy of the thermal process or post-process contamination. The result 

presented herein concurs with previous reports that revealed a high occurrence of S. aureus 

from raw milk (J0rgensen et al., 2005; Peles et al. , 2007; Rail eta/., 2008; Gi.ictikoglu eta/. , 

2012; Kamal et al. , 2013). However, a lower prevalence in raw milk was reported by other 

studies (Zouharova and Rysanek, 2008; Mirzaei et a/. , 2011 ). Several reports revealed similar 

fmdings to this study in case of pasteurised milk (Rall et al. , 2008; Intrakamhaeng et a/., 

2012). In general, the variation in the prevalence is probably due to differences in detection 

methods, sample sizes and geographical region sampled and therefore make direct 

comparisons between studies difficult. 
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In this study, the amplification of genus specific 16S rRNA gene fragment and the 

thermonuclease gene (nuc) that is specific for S. aureus, the Pastorex Staph-plus and the 

MALDI-TOF mass spectrometry were used for identification of isolates. Different studies 

have been conducted in which various identification tools were employed (Bernardo et al., 

2002; Pereira et al., 2009; Rajakaruna et a!., 2009; Mirzaei et al., 2011; Gilctikoglu et al., 

20 12). Regardless of the isolation and identification techniques employed, the presence of 
\ 

these pathogens in milk highlights the need for both strict farm management practices and 

proper sanitary procedures during milking operations such as storage, handling and 

transportation which are considered to be critical points for S. aureus cross contamination. 

The presence of S. aureus in pasteurised milk samples that have not gone past their expiry 

dates is an interesting and important finding of this study. This could be attributed to 

improper handling and temperature abuse during--the storage and retail of the products. These 

findings emphasize the need for stringent detection and control measures to detect and 
I>"' 

prevent post-process contamination. In addition, improving the hygienic conditions of the 

milking environment and utensils may reduce the prevalence of S. aureus in milk and prevent 

its transmission to humans (Chye et al., 2004). 

Another objective of the study was to characterize and compare the antibiotic resistance 

profiles of the S. aureus strains isolated from milk samples which may enter the food chain 

and be transmitted to humans. A motivation for this is that recent studies have revealed an 

increasing trend towards the occurrence of S. aureus isolates that potray multiple antibiotic 

resistance phenotypes (Normanno et al., 2007; Pesavento et al., 2007; Ateba et al., 2010). 

Staphylococcus aureus isolates that harbour multiple antibiotic resistant traits have been 
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reported to negatively impact on the treatment of staphylococcal infections, especially in 

immunocompromised individuals, the elderly and young children (Ito eta/. , 2003). 

In the present study, multiple antibiotic resistant S. aureus strains deftned as isolates that 

were resistant to three or more antibiotics were obtained in some of the milk samples 

analysed. Development of multiple antibiotic resistance among most of these isolates may be 

attributed to transmission of resistance (R-factor) which is a plasmid-mediated genetic 

determinants. Staphylococcus aureus often contain multiple plasmids that may contain 

various numbers of antibiotic resistant genes (Yamamoto et al., 2013). Generally, a large 

proportion (60% to 1 00%) of the isolates from the different areas and various samples were 

resistant to penicillin G, ampicillin, oxacillin, streptomycin, vancomycin, tetracycline and 

erythromycin (Table 4.6). These similar patterns of resistance have been reported in previous 

studies (Gundogan eta/., 2005; Kerouanton et al."'-2007; Pesavento et al., 2007). 

;.-

The over-use of antibiotics in dairy farms is one of the factors responsible for the emergence 

of drug resistant bacteria. Ampicillin and tetracycline are mostly used on dairy cattle farms in 

the study area, thus explains the observed prevalence of 66% and 58% respectively. 

Furthermore, isolates that are resistant to ampicillin may cross-select for resistance to other~

lactams including penicillin, therefore, resistance to ampicillin is an indication of the 

resistance of the isolates to other ~-lactam antibiotics. Also the use of growth promoters such 

as macrolide, tylosin and avoparcin has been associated with the emergence of erythromycin 

and vancomycin resistance inS. aureus (Boerlin eta/. , 2001). 

On the contrary, a smaller propotion of the isolates demonstrated low resistance to 

gentamycin (26%), kanamycin (28%) and sulpharnethazole (22.8%), corresponding to 
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previously published studies (Pereira et a/., 2009; Aydin et a/., 2011 ). These findings support 

the fact that antibiotics such as sulphamethazole are rarely used in the sampled areas. 

A cause for concern was the detection of oxacillin resistant S. aureus isolates in the study 

despite the fact the drug is rarely used in both human and animal medicine. Recently, a 

number of studies have revealed the presence of oxacillin/methicillin resistantS. aureus from 

animals, humans, food and water sources (Zetola et al., 2005; Mirzaei et al., 2011; Kamal et 

al. , 2013). Methicillin resistance in staphylococci is due to the presence ofthe mecA gene that 

encodes for the penicillin-binding protein 2a (PBP2a) which has reduced affinity for the 

antimicrobials in the ~-lactam family (Lee, 2003). In the present study, based on the disc 

diffusion assay results, 58.9% of the isolates were potentially MRSA. However, these results 

were different from those obtained by PBP2a assay, in which only 12.1% of the isolates 

expressed the PBP2a and thus carry the mecA gene; whereas the remaining potentially MRSA 

isolates do not possess the mecA gene. 

Similar observations have previously been reported and it is suggested that resistance to 

oxacillin in such strains is not intrinsically mediated by the mecA gene (Mehrotra et a/., 2000; 

Oliveira and de Lencastre, 2002). This therefore implies that resistance observed against 

oxacillin in the present study is executed through other mechanisms (Swenson eta!., 2007). 

The non-mecA mediated resistance has been attributed to modifications of the penicillin 

binding proteins, which results in hyperproduction of beta-lactamase or methicillinase 

(Chambers, 1997; Oliveira and de Lencastre, 2002). However, the detection the non-mecA S. 

aureus strains that are phenotypically resistant to oxacillin and methicillin is known to pose 

serious health concerns and is of great clinical relevance. Moreover, these non-mecA S. 

aureus strains are still classified as MRSA isolates (Swenson eta/., 2007). 
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Given the fact that antibiotic resistance traits in bacteria species including S. aureus may 

occur either spontaneously by mutation and selection or by acquisition of new genetic 

material from other resistant organisms through transformation, transduction and conjugation 

it is usually not suprising that the antibiotic resistance profiles of isolates from the same 

region may vary considerably. Therefore, epidemiological investigations are needed to 

contantly monitor the antibiotic resistance profile of~ aureus strains isolated from milk and 

to implement reliable genetic tracking tools that would facilitate the detection of point source 

contamination within the food chain. This would greatly reduce the transmission of these 

pathogens to consumers and reduce the incidence of staphylococcal infections in humans . 

A further objective of the study was to determine the presence of staphylococcal virulence 

genes that include enterotoxin genes, exfoliative genes and collagen adhesin (cna) genes 

using specific PCR analysis. The enterotoxin genes are known to be the major virulence 

factors of S. aureus and therefore responsible for ,tnost of the pathogenicity observed in 

humans, especially when the pathogen is consumed in food products (Le Loir et a/., 2003). 

These toxins are known to modulate immune response through super antigen activity and this 

gives rise to the various diseases caused by strains that produce them (Peacock eta/., 2002). 

Previous reports analyzing the toxin genes (enterotoxins, eta and etb genes) in S. aureus 

revealed a wide diversity in the prevalence of strains harbouring these toxin genes. In the 

present study 32% of the strains carried the sec gene, which has been described in some 

studies as the most prevalent gene among S. aureus isolates (Scherrer et al., 2004; 

MliSlankova et a/., 2009). Nevertheless, different studies have observed variable results 

concerning the occurrence of enterotoxigenic S. aureus in foods (Fueyo et al., 2001; 

MliSlankova et al., 2009). The occurrence patterns may be due to difference among the kinds 
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of foods examined, number of samples analysed, differences in detection methods, and the 

geographical origin of strains. The detection of staphylococcal enterotoxin genes in S. aureus 

does not necessarily mean that the toxin will be induced and expressed when the bacteria cell 

is consumed. On the contrary, it has been demonstrated that the presence of these genes 

among S. aureus isolates give them the potential to be associated with food poisoning 

outbreaks (Kerouanton et a/. , 2007). 

Genes encoding eta and etb in S. aureus are associated with bullous impetigo (Rogolsky, 

1979). Results of the present study indicate that neither exfoliative toxin A (ETA) or 

exfoliative toxin B (ETB) virulence factors that are associated with virulent S. aureus strains 

were detected. This fmding is in agreement with the results of previous reports in which these 

genes were rarely detected (Hayakawa eta/., 1998; Akineden et al., 2008; Karahan et al., 

2009). 

The collagen adhesin protein (cna) has been recognised as a virulence factor that mediates the 

binding of clinical S. aureus to host specific matrix (Peacock et al., 2002). Despite the fact 

that the cna gene is most frequently associated with clinical S. aureus isolates, there are some 

studies in which the gene has been detected in both food and environmental isolates 

(M3Slankova et al., 2009). On the contrary, this gene product (cna) is not usually present inS. 

aureus strains and therefore rarely detected (Zecconi and Scali, 2013). Based on the latter, the 

results of the present study which showed the absence of the cna gene in S. aureus isolates 

were not suprising. 

In this study, isolates were assayed for other putative virulence factors including haemolytic 

activity, coagulase and DNase production that are also considered to potentially enhance 
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virulence characteristics of S. aureus (Pavlov et a!., 2004). All the isolates were positive for 

coagulase activity, therefore will be able to promote the clotting of fibrin in the blood stream; 

and this has been hypothesized as a mechanism by which pathogens protect themselves 

within the bloodstream (Gillapsy and Landolo, 2009). The aforementioned characteristic 

indicates that these isolates may present possible health care implications in humans if 

consumed in contaminated milk or its associated products. 

Another objective of this study was to determine the genetic relatedness of S. aureus strains 

isolated from raw, tank milk and pasteurised milk in the North-West province of South Africa 

using RAPD-PCR and ERIC-PCR typing methods. DNA-based genotyping are now 

commonly used to describe epidemiological relationships between various isolates since they 

are more reliable and efficient (Pinto et al., 2005; Peles et al., 2007; Idil and Aksoz, 2013). 

Among these typing methods, ERIC and RAPD have received a lot of attention due to the ...... 

fact that they are easy, fast and cost-effective typing methods (Fueyo et a/., 2001; Nema el 
~ 

a/., 2007; Nikbakht el a/. , 2008; Vazquez-Sanchez et al. , 2012). Rapid typing methods are 

required to differentiate S. aureus isolates for purpose of epidemiological surveillance, 

determination of sources of contamination in food-processing and for monitoring of food-

borne outbreaks (Karaban et a!. , 2009). 

Although S. aureus has been described in the North-West Province of South Africa (Ateba et 

~/. , 201 0), genetic relatedness among isolates from different food types and sources bas not 

~een evaluated. As a result of this, the genetic diversity of S. aureus in the North-West 

?rovince is not well documented and their diversity in food products such as milk is not 

mderstood. In the present study two molecular methods, RAPD-PCR (using M13 primer) 

md ERIC-PCR (using ERIC primer) assays were employed to generate distinct fingerprints 
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and differentiate polymorphic S. aureus clones obtained from milk m the North-West 

Province of South Africa. 

The banding patterns obtained with the use of RAPD-PCR in the present study were similar 

to those obtained by other researchers (Naffa et al. , 2006; Vazquez-Sanchez et al., 2012). The 

results indicate a high genetic diversity in the S. aureus isolates in the North-West Province 

" of South Africa, even at a similarity index of 80% the strains could be categorised into 12 

different clusters. Other studies around the world, using these genetic methods, have 

described high genetic diversity among S. aureus strains (Naffa et al., 2006; Morandi et al., 

2010; Vazquez-Sanchez et al., 2012; Idil and Aksoz, 2013). Moreover, the ability ofRAPD-

PCR to cluster S. aureus strains suggests that this technique could be used in differentiating 

S. aureus strains. 

As a supporting method to RAPD-PCR, another (.mgerprinting method, ERIC-PCR was 

applied for typing. Although characteristic banding patterns were produced by both of these 

fingerprinting methods, the degree of similarity between clusters in RAPD-PCR ( 12 clusters) 

and ERIC-PCR (4 major clusters) were different. Due to the small number of bands 

produced, the discriminatory power of ERIC-PCR was lower than that of RAPD. This is 

similar to previous studies, where with use of other typing methods in conjuction with 

RAPD-PCR for bacterial typing, RAPD-PCR was indicated to have higher potential in 

detecting genetic variations and better suited for differentiating strains of S. aureus (Zulkifli 

et a/., 2009). 

From this study, it was observed that among the M13-generated amplicons in RAPD-PCR, 

one amplicon of size 750bp was shared by most of the S. aureus isolates studied. Similarly, 
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with ERIC-PCR, a band of size 300bp was common to nearly all strains. This is in agreement 

with the results obtained from previous studies (Maiti eta!., 2009). The sharing of common 

bands indicates the presence of a highly conserved section of the genome in diverse S. aureus 

strains in this region. These highly conserved fragments could be ideal in identifying atypical 

strains or strains that could not easily be identified by phenotypic tests. 

\ 
In contrast, the clustering patterns observed with the two methods were similar because 

isolates from different sources and types of milk seemed to cluster together. A general 

observation with these two typing methods was that some strains were observed to cluster 

together in concordance with the location and the types of sample. However, most clusters 

were mixed, consisting of clones from different types of milk. The existence of a variety of 

clones without apparent concordance to any particular milk source indicates both diverse 

primary sources of contamination as well as the Oefurrence of secondary contamination most 

likely from the food handlers. Previous studies on t!;te use of RAPD-PCR for typing of S. .. 
aureus isolates found no relationship between RAPD pattern and product type/category 

(Pinto eta!., 2005; Morandi et al., 2010; Vazquez-Sanchez et al. , 2012). The RAPD and 

ERIC dendrograms showed that isolates originating from same sample and location 

clustering apart. The existence of a variety of genetically diverse S. aureus strains in the same 

type of milk indicated the possible contamination from different sources and routes. 

These analyses showed a high heterogeneity among the S. aureus strains. Though the 

MALDI-TOF assay identified the bacteria up to species level , these assays were able to type 

them further. The use of these methods allowed the subdivision of the isolates into 12 and 9 

clusters, and in some instances, the identified strains had similar characteristics. The findings 

of this study could not reveal any association between the RAPD patterns, the resistance 
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patterns and the toxin profiles. Similar to previous studies, the results of this study indicate 

that the presence of toxin genes is not associated with particular RAPD genotype (Fueyo et 

a/. , 2001; Araki et al., 2002; Naffa et al., 2006; Morandi eta/. , 2010). Fueyo eta!. (2001 ) 

reported that some enterotoxin-positive strains and some toxin-negative strains generated 

identical RAPD banding profiles, indicating that toxin-positive strains do not belong to a 

specific genetic type. RAPD type J, II, IV, V, VI though were made up of a number strains 
\ 

from different sources, all contain one or more isolates carrying the sec gene which is 

common to almost all the clusters. 

The incidence of high genetic diversity together with the existence of toxins independent of 

any particular genotype pattern in S. aureus point out the bacterium's potential to cause 

foodborne diseases from a wide variety of genotypic clones. Such that if some clonal 

populations are unable to survive, other enterotoxin containing clones with better ecological 

fitness are still potentially dangerous. The occurrence of staphylococcal enterotoxins among 
~ 

isolates of different genotypes might be related to horizontal movement of the sec gene since 

this gene is located on the pathogenicity island. The fact that genotype I and IV in ERJC-

dedrogram included most sec-positive S. aureus isolates may indicate their occurrence as 

epidemic isolates in milk in the North-West province. 
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CHAPTER6 

CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The findings of this study highlight the occurrence of S. aureus in milk sold in supermarkets, 

shops and dairy farms in the North-West Province. Continous monitoring of this pathogen is 

important in the surveillance, prevention and control of its associated diseases. A cause for 

concern was the detection of this human pathogen in tank and pasteurised milk and this may 

have severe public health implications. There is a need to reduce the exposure of conswners, 

particularly the immune-compromised individuals including HIV/AIDS patients, to this 

pathogen. This can be achieved through continous surveillance of S. aureus to ensure the 

microbiological safety of milk. Moreover, the implementation of proper hygienic practices 
....... 

within dairy facilities, effective pasteurisation and prevention of post-pasteurisation 
f-

contamination of milk will minimize health risks on consumers. 

In the present study, a large proportion of S. aureus isolates exhibited resistance towards the 

11 different antibiotics tested. Thus, it is evident that most of the isolates possessed multiple 

antibiotic resistance (MAR) attributes. Though the development of antibiotic resistant 

determinants in S. aureus is associated with the uncontrolled usage of antibiotics in human 

and veterinary medicine, the incidence of drug-resistant S. aureus in raw, tank and 

pasteurised milk samples warrants closer monitoring. 

The MAR isolates obtained in this study possessed a number of virulence factors such as 

hemolysin, coagulse, DNase, catalase, but only few of them carried the enterototoxin gen 
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(sec). This supports the notion that though the epidemiological statistics of milk-borne 

diseases is unavailable, milk sold in this area is not free of pathogens and is a potential source 

of diseases. This study demonstrated that sec gene was the predominant enterotoxin gene in 

these genetically diverse South African milk isolates and that the presence of this gene is not 

genotype specific. 

\ 
ERIC and RAPD-PCR are easy typing methods, requiring no sequencing and can be 

successfully applied to routine analysis in clinical or research laboratories. RAPD-PCR 

proved to be a sensitive, easy, reproducible, rapid and low cost typing method for improved 

understanding of S. aureus characteristics. In order to control this pathogen, continued 

surveillance and research into their antibiotic resistance patterns and epidemiology are 

needed. 

6.2 Limitations ' ,... 

This study could include only a few raw milk samples due to our inability to obtain sufficient 

number of raw milk compared to tank and pasteurised milk, thus making the comparison 

among the samples difficult. However, results obtained has revealed the contamination level 

in all the types of milk sampled. 

6.3 Recommendations 

The present study investigated the occurrence of S. aureus in milk samples consumed directly 

or used in production of other dairy products in the North West Province, South Africa. S. 

aureus was detected and the following recommendations are suggested: 

• Health education on the risks associated with the consumption of raw or unpasteurised 

particularly in the rural communites, is highly recommended. Moreover, health care 
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workers should educate the sucsceptible groups on the risks factors for infection and 

provide information on preventive measures to be taken. 

• Stringent measures such as good manufacturing processes, quality control, hazard 

analysis and critical control point (HACCP) principles should be enforced on dairy 

farms and milk processing plants by the health authority. 

• Setting up and implementation of directive on milk hygiene, and development of 

scientific programms that are dedicated to food safety. 

• Considerable research into better understanding of the interactions between S. aureus 

and milk as well as understanding of the mechanisms of SE production in milk. 

• Other dairy products such as cheese, yoghourt, ice-cream should be investigated so as 

to determine the prevalence, antibiogram, and genetic relatedness to the milk-isolates. 

• In risk assessment, detection of SE in milk should be considered along with the 

detection of S. aureus, since the bacterium can be eliminated by treatment but the SEs 

are resistant to heat treatment. 

• Routine tests should include the detection of other staphylococcal species besides S. 

aureus. These other species are often overlooked, though their toxigenic ability has 

been reported (Le Loir et al., 2003). 
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APPENDIX A 

BOTSWANA 

NORTHWEST 

• Welkom 

Figure A.l: Pictorial presentation ofthe North-West P,covince showing the sampling sites 

Source: Wikipedia n.d (Accessed 121h Feb 20 13) 
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APPENDIX B 

Preliminary biochemical tests 

Table 81: Preliminary test used in identification of S aureus isolates obtained from milk 

sample 

Sample Isolate Mannitol Gram Catalase DNase Hemolysis Coagulas 
area No fermentat staining test test reaction e test 

ion 

Vryburg V2-1 + + + + a + 

V2-2 + + + + a + 

V2-3 + + + + a + 

V2-4 + + + a + 

V3-1 + + + + a + 

V3-2 + + + + a + 

V3-3 + + + + a + 

V4-1 + + + + a~ + 

' V4-2 + + + + a + 

BVl + + + + a + 

BV2 + + + + ~ + 

BV3 + + + a + 

BV4 + + + + ~ + 

Setlagole V4-3 + + + + a + 

V4-4 + + + + a + 

PIT 1 + + + + a + 

PIT2 + + + + a + 

PIT3 + + + + a + 

BVS + + + + ~ + 

BC6 + + + a + 

BV7 + + + + ~ + 

Stella PIT4 + + + + a~ + 
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PTl + + + + a + 

PT4 + + + + a + 

STl + + + + a + 

ST2 + + + + a + 

BV8 + + + p + 

BV9 + + + + p + 
\ 

BVlO + + + + p + 

BV11 + + + + a + 

Taung ST3 + + + a ·+ 

ST4 + + + + a + 

TPl + + + + a 

TP2 + + + + a + 

TP3 + + + + a 

+ + + + a + 

""'" --·~ 

M afikeng MPl + + + a + 

MB6 + + + a + 

MB16 + + + + a + 

MB32 + + + + a + 

3M2 + 
~ - ---
3M1 + + + + ~ + 

2MS + + + + a~ 

3M3 + + + ~ + 
-

+ + + ~ + 

1MS + + + + ~ + 

1M4 + + + + ~ + 

3M4 + + + + ~ + 

Mabule MP2 + + + + a + 

MB7 + + + + a + 
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M814 + + + + p + 

M825 + + + + a + 

M833 + + + + a + 

Disaneng MB12 + + + + p + 

M813 + + + + p + 

M822 + + + 
\ 

p + 

M830 + + + + a + 

186 + + + + a~ + 

+ + + + ~ .+ 

285 + + + + ~ + 

385 + + + + ~ + 
- -- -

189 + + + + ~ + 

289 + + + + ~ 

389 + + + + ~ + 
........ 

489 + + + + ~ + 

4810 + + + 
,... 

+ ~ + 

187 + + + + ~ 

287 + + + + + 

387 + + + + 

487 + + + + B + 

+ + + + B + 

184 + + + + B + 

284 + + + + B + 

484 + + + + a~ + 

589 + + + + B + 

584 + + + + B + 

585 + + + + B + 

Tshidilam MP3 + + + + a + 
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olomo 

MPlS + + + + ~ ·+ 

Rooigroo 2ROI + + + + ~ + 
nd 

3R01 + + + + ~ + 

4R01 + + + + ~ + 

SROl + + + ~ ~ + 

6R01 + + + + ~ + 
-~ 

3R02 + + + + ex~ '+ 

2R02 + + + + a~ + 

1R02 + + + + ~ + _._ -- - --- -
1R03 + + + + ~ + 

----
2R03 + + + + ~ + 

-
3R03 + + + + ~ + 

4R03 + + + " + ~ + 
I ...__,_____ ... _ 

--"---' 
SR03 + + + + ~ + 

""' 
1R04 + + + + ~ + 

2R04 + + + + ~ + 
- - - --. ~~ 

3R04 + + + ex~ + 
~2: .. -- - ----

4R04 + + + + ~ + 

·--- ~ 

lROS + + + ~ + 
- -----------

2ROS + + + + ~ + 

+ ~ + 
-

SROS + + + + ~ + 

1R06 + + + + ~ + 

3R06 + + + + ~ + 

4R06 + + + + ~ + 

SR06 + + + + ~ + 
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2R08 + + + + ~ + 

3R08 + + + + ~ + 

SR08 + + + + ~ + 

1R09 + + + + ~ + 

3R09 + + + + ~ .+ 

Potchefst PID + + + + a + 
room 

PIE + + + + a + 

BPS + + + + a + 

BP6 + + + + p + 

BP7 + + + + a + 

BP9 + + + + p .+ 

Cartloville CVl + + + + a + 

+ + + + a + 

"' -CVl-3 + + + a + 

CVl-4 + + + ?- a + 

CV2-1 + + + + a + 

CV2-2 + + + + a + 

CV2-3 + + + + a + 

+ + + + a + 

BPl + + + + p + 

BP2 + + + + p .+ 

BP3 + + + + p + 

BP4 + + + + a + 

Swaart 14Zl + + + + a + 

14Z2 + + + + a + 

14Z3 + + + + a + 

4R1 + + + + a + 

114 



4R2 + + + + a + 

Rustenbu 4R3 + + + + a ·+ 
rg 

4R4 + + + + a + 

6Rl + + + + a + 

6R2 + + + + a + 

6R4 + + + + \ a + 

21Z2 + + + + a + 

21Z4 + + + + a ·+ 

22Zl + + + + a + 

22Z2 + + + + a 

22Z3 + + + + a + 

22Z4 + + + a + 

6Sl + + + + a + 

+ + + 
'..;: 

+ a + 
- ·-

6S3 + + + + .,.. a + 

751 + + + + a + 

Zeerust lSZl + + + + a + 

15Z2 + + + + a~ + 

15Z3 + + + + a + 

-
16Z1 + + + + a + 

16Z2 + + + + a + 

20Z1 + + + + a + 

20Z2 + + + + a + 

20Z3 + + + + a + 

20Z4 + + + + a + 

21Zl + + + + a + 
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APPENDIXC 

Antibiotic resistance data 

Table C l : The antibiogram data of the S. aureus isolates obtained from milk samples 

Isolate No PG AMP OX s K CN VA TEC TE E SMX 

V2-1 

V2-2 

V2-3 

V2-4 

V3-1 

V3-2 

V3-3 

V4-1 

V4-2 

V4-3 

V4-4 

PIT 1 
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PIT2 

BV2 

BV3 

BV4 

BC6 

BV7 

BV8 

BV9 

BVlO 

BV11 

MPl 

MP2 

MP3 

MBlS 

MB13 

MB30 

MB12 

117 



MB22 

MB33 

MB14 

MB25 

MB16 

MB32 

MB6 

3M2 

3Ml 

2MS 

3M3 

1M2 

lMS 

1M4 

3M4 

2ROI 

3R01 

118 



4R01 

SROl 

6R01 

3R02 

2R02 

1R02 

1R03 

2R03 

3R03 

4R03 

5R03 

1R04 

2R04 

3R04 

4R04 

lROS 

2R05 

119 



3R05 

5R05 

1R06 

3R06 

4R06 

5R06 

2R08 

3R08 

5R08 

1R09 

3R09 

5R09 

186 

386 

285 

385 

189 

120 



289 

389 

489 

4810 

187 

287 

387 

487 

188 

184 

284 

484 

589 

584 

585 

CV1 

CV1-2 

121 



CVl-3 

CVl-4 

CV2-1 

CV2-2 

CV2-3 

CV2-4 

PID 

PIE 

BPl 

BP2 

BP3 

BP4 

BPS 

BP6 

BP7 

BP9 

14Zl 

122 



123 



20Z4 

21Z1 

21Z2 

21Z4 

22Z1 

22Z2 

22Z3 

22Z4 

651 

652 

653 

751 

PIT3 

PIT4 

PT1 

PT4 
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STl 

ST2 

ST3 

ST4 

TP1 

TP2 

TP3 

BV1 

I 
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