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ABSTRACT 

Methicillin-resistant Staphylococcus aureus (MRSA) causes nosocomial, community and 

livestock-associated infections. MRSA strains harbor diverse mobile genetic elements 

(MGEs), including plasmids, pathogenicity islands, transposons, integrons and prophages, 

which comprise 15-25% of the genome encoding resistance and virulence genes. We 

investigated resistance and virulence genes in the plasmids of 27 MRSA clinical isolates from 

the private healthcare sector in Durban, South Africa. 

 

MRSA was confirmed by mecA gene identification on plasmids extracted using a commercial 

plasmid extraction kit. The isolates were subjected to antimicrobial susceptibility testing and 

molecular characterization of 4 common resistance encoding genes and four frequently 

encountered virulence factors: blaZ, aac (2’)-aph (6’’), ermC, and tetK, and, hla, hld, eta and 

LukS/F-PV by PCR using plasmid DNA as the template. The genetic relatedness between the 

isolates was determined by pulsed field gel electrophoresis (PFGE). 

 

All MRSA isolates contained plasmids, and were resistant to ampillicin, while 85.2% were 

resistant to ciprofloxacin, 74.1% to gentamicin, 70.4% to rifampicin, 66.7% to tetracycline, 

63.0% to erythromycin, and 11.1% to clindamycin. They were also all susceptible to 

daptomycin, linezolid, vancomycin, tigecycline and fusidic acid.  Multidrug resistance (MDR) 

was found in 74.1% (20/27) of the MRSA isolates. The frequency of the resistance genes blaZ, 

aac (2’)-aph (6’’) and ermC were 100%, 92.6%and 48.2% respectively, while tetK was not 

found in any of the MRSA isolates. The prevalence of virulence genes hla and hld were 96.3% 

and 92.6% respectively, however, eta and LuKS/F-PV were not detected. PFGE analysis 

revealed 10 pulsotypes, designated A–J, which correlated with the resistance profile and 

mechanism of the isolates in each group. 85.2% (23/27) of the isolates clustered into six major 

PFGE types, giving an indication of similar circulating MRSA clones. Type F was the major 

pulsotype (29. 6%) and was found in eight of the 27 MRSA isolates. Hospital centers 1 and 



 

XIII 

 

10 were found to contain pulsotypes C and H, whiles identical pulsotypes F and G were 

identified in nine of the 15 centers, indicating the possibility of inter health centers spread of 

MRSA in the province. 

The complexity and diversity of molecular resistance and virulence profiles poses a challenge 

for MRSA infection management.  A comprehensive understanding of the molecular 

epidemiology is essential to inform treatment and contain dissemination. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

 

1.1 Introduction 

Staphylococcus aureus has persisted as one of the fundamental human pathogens, causing a 

variety of infections in hospital and community settings.  S. aureus possess a remarkable 

number of resistance and virulence factors, and a unique capacity to adapt and survive under 

different host conditions, making it successful as a pathogen (1). Although Staphylococci were 

naturally susceptible to penicillin G, the distribution of penicillinase-encoding plasmids in the 

1950s caused the rapid emergence of resistance. Penicillinase production has become a 

species-related trait of most staphylococcal strains (2),  the main challenge being depicted by 

methicillin-resistance (MR), mediated by the acquisition of the penicillin-binding protein 2A 

(PBP2A), which the mecA gene encodes. This PBP2A enables the staphylococci to escape 

inhibition by methicillin and other penicillinase-stable beta-lactams by taking over the 

functions of the other PBPs (3). Methicillin-resistant Staphylococcus aureus (MRSA) strains 

also harbor other mobile genetic elements (MGEs), including plasmids, pathogenicity islands, 

transposons, integrons and prophages, which comprise 15-25% of the genome. MGEs carry 

the majority of the genes, through which strains of staphylococcal vary from each other, such 

as resistance and virulence genes (4). MGEs play a significant role in bacterial survival and 

adaptability, as they encode many antibiotic resistance determinants and virulence factors, 

hence understanding their composition will broaden our knowledge on their genetic 

determinants  (5). 

 

Glycopeptide vancomycin is currently used as a primary treatment for MRSA, as the number 

of therapeutic options has decreased over time. Predictably, the increase in vancomycin usage 

has caused the emergence of resistance, with the resulting reduction in its efficacy against 

MRSA. Reports of infection by strains resistance to the newest drugs available (daptomycin, 

vancomycin, teicoplanin), and their rapid dissemination, are of major concern as they introduce 

new challenges in the therapeutic and diagnostic fronts. Ascertaining potential risk factors for 
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MRSA acquisition, and completely characterizing the molecular epidemiology and clinical 

properties of these strains are vital for effectively managing infections (6). 

Epidemiological and pathogenicity studies on MRSA in most African countries are limited, 

with South Africa being no exception (7). The Pan-European Antimicrobial Resistance Using 

Local Surveillance (PEARLS) study showed resistance to methicillin to be 33.3% for South 

African strains isolated during the 2001–2002 national survey (8).  Prevalence studies of 

MRSA in specific South African settings have been conducted, with the varying rates being 

influenced by the geographical location, study population and clinical practices (9, 10). MRSA 

infection increases health care cost and treatment complications, and is associated with higher 

mortality rates (11, 12). All efforts should be geared towards preventing the spread of resistant 

and virulent MRSA worldwide clones. 

 

1.2 Staphylococcus aureus 

Staphylococcus aureus is a Gram-positive, facultative anaerobic, coagulase- and catalase-

positive, coccus-shaped bacterium in the family Micrococcaceae. S. aureus is an opportunistic 

pathogen that can be found in human as well as animals, such as cats, dogs, pigs and horses. A 

typical 24-h Staphylococcal colony is large, β-haemolytic and cream-yellow pigmented on 

blood agar (13, 14). It is protected against many toxic molecules by an outer layer, the cell wall 

consisting of teichoic acids and peptidoglycan, which are connected to the cytoplasmic 

membrane (15). In addition, the staphylococcal cell wall is connected to many supporting 

surface proteins. The majority of all clinical S. aureus strains are protected by a polysaccharide 

capsule, with 11 unique putative capsule serotypes (16).The genome of the S. aureus is 

composed of a single circular chromosome with transposons, insertion sequences, genomic 

islands and plasmids. Prophages and pathogenicity islands are also considered to play vital 

roles in the virulence and evolution of S. aureus (22). Complete Staphylococcal genomes have 

been obtained through various genome sequencing methods (23). 

 

Although S. aureus has been regarded as an extracellular pathogen, various studies have shown 

that it can survive in different eukaryotic cells, including osteoblasts, fibroblasts, epithelial 

cells, endothelial cells and keratinocytes. Staphylococci  also survive within neutrophils and 
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human monocyte-derived macrophages (17), which contributes to the recurrent and/or 

persistent nature of certain infections.  S. aureus mutants, known as ‘small colony variants’ 

(SCVs), are slow-growing colonies that are 10-fold smaller than normal bacteria, and have 

characteristics such as reduced haemolytic activity, low coagulase activity, decreased pigment 

formation, decreased toxin production and resistance to aminoglycosides (18). SCVs show 

similar metabolic characteristics in the central metabolism regardless of the fundamental 

auxotrophism, and have the ability to persist intracellularly as well as to cause persistent and 

recurrent infections (19). 

  

1.2.1 Infections  

Staphylococcus aureus causes many infections, ranging from soft skin to lethal conditions. The 

most common infection by S. aureus is superficial skin inflammation, which presents as a boil 

or furuncle. Common subcutaneous and skin infections caused by S. aureus include impetigo, 

folliculitis, carbuncles, mastitis and cellulitis. S. aureus can also cause chronic skin infections 

within human populations with some major disorders such as. More severe S. aureus infections 

include myocarditis, arthritis, pericarditis, osteomyelitis, endocarditis, scalded skin syndrome, 

pneumonia, and bacteraemia (20, 21).  S. aureus bacteraemia often emanates from various 

infection sources, such as deep tissue abscesses, osteomyelitis, pneumonia and septic 

pulmonary emboli (22, 23). Foreign bodies, such as endoprostheses and intravenous catheters, 

can also originate S. aureus bacteraemia (20). Several infections caused by Staphylococcal are 

toxin-mediated, including toxic shock syndrome (TSS), impetigo, food poisoning and 

necrotising pneumonia. TSS is caused by a potent super-antigen called toxic shock syndrome 

toxin 1, he symptoms including rash, hypotension, high fever and the involvement of multiple 

organ systems (24). Self-limiting staphylococcal food poisoning is caused by ingested 

enterotoxins via contaminated food, with the symptoms including headache, vomiting and 

diarrhea (25).  

 

S. aureus bacteraemia in the era of pre-antibiotics was mostly fatal, with reported mortality 

rates observed over a seven year period in the early 1940s in Boston City Hospital being 82% 

among 122 consecutive patients, and 98% in people aged over 50 years (26). S. aureus remains 
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a main cause of hospital-associated infections, with a large proportion of these being caused 

by MRSA (27). The mortality rate associated with  MRSA infections differs noticeably 

between studies in various locations (28). In a large cohort study in Europe, the duration and 

mortality of bloodstream infections attributable to S. aureus were evaluated. The outcomes 

demonstrated the clinical significance of S. aureus invasive bacteria, and highlighted the extra 

burden imposed by resistance for 30 day mortality (29). In a Canadian study (2000-2006), S. 

aureus bacteraemia mortality rate was 4–6 deaths per 100 00 persons (30). In Africa, few 

studies targeting only S. aureus infections have been reported, with the percentage of S. aureus 

bacteraemia  differing considerably between countries, with as high as 52% in Egypt, 45% in 

Algeria, 44% in Botswana and 19% in Morocco (31, 32). The prevalence rate of S. aureus 

bacteraemia within South Africa varies, based on the population studied and geographical 

setting (33-35).  

 

1.2.2 Carriage 

S. aureus colonises multiple sites in the body, with the anterior nares of the nose being the 

most consistent carriage site in humans. Other typical sites for S. aureus colonisation include 

the skin, pharynx, gastrointestinal tract, axillae, perineum and vagina (36). Recent studies 

suggests that approximately 25–35% of healthy humans carry S. aureus on the mucous or skin 

membranes (36). Predictions from careful estimations based on the US and Dutch prevalence 

data indicate that approximately 53 million individuals carry MRSA (37). In a longitudinal 

carrier studies on S. aureus, three carrier patterns have been assigned: non-carriers, intermittent 

carriers and persistent carriers, with various criteria for assigning an individual to specific 

carriage patterns. Most studies use a cross-sectional study design with a single nasal culture, 

with  Van Belkum and co-workers in their 2009 studies predicting persistent and non-persistent 

as the only two types of S. aureus nasal carriers (38). Persistent nasal carriage is known as the 

main risk factor for causing infections in different locations. It is also the major risk factor in 

patients with intravascular devices and human immunodeficiency virus (HIV) infection, and 

those undergoing haemodialysis and surgery. The prevalence of nasal colonisation with S. 

aureus varies among countries, with a study in Lebanon during 2006 and 2007 reporting rates 
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of 38.4% (39). In the USA, similar studies conducted in 2008 reported a decrease in S. aureus 

nasal colonisation from 32.4% to 26.8% (40).  

 

1.2.3 Genome Composition 

The S. aureus genome has a comparatively low G+C content and a size of approximately 2.5 

- 2.9 Megabase pairs (Mbp), with up to 3 additional-chromosomal plasmids. It also harbors 

between 2600 and 2750 genes (41). The complete structure of the S. aureus genome is made 

up of a core and accessory genomes, which are well conserved (4) with only the accessory 

genomes being explored in this study.  

 

The accessory genome of  S. aureus was acquired through lateral gene transfer from other 

bacterial species, and accounts for approximately 25% of any S. aureus genome (5). The 

accessory genome mainly consists of mobile genetic elements that transfer horizontally 

between strains and make S. aureus a notorious hospital pathogen. These mobile genetic 

elements that will be explored further include plasmids, transposons, chromosome cassettes, 

pathogenecity and genomic islands (4). Many of these genetic determinants carry genes with 

antibiotic resistance, as well as virulence molecules and functions. Mobile genetic elements 

identification and characterization provides insight into infection, pathogenesis and the 

evolution of S. aureus. The horizontal transfer and distribution of these determinants can 

therefore have significant clinical consequences (42).  

 

a. Staphylococcal Cassette Chromosome (SCC): SCC is a fundamental mobile genetic 

element that serves as the medium for gene transmission within the staphylococcal species.  It 

belongs to the SCC family and specialises as a methicillin resistance carrier. It is a genomic 

island fixed at the 3‘end of open reading frame X (orf X), and is found near the origin of 

replication of S. aureus. The structure of SCCmec consists of the ccr and the mec gene 

complexes. The ccr gene complex encodes the recombinases responsible for its mobility and 

contains two site specific recombines genes, ccrA and ccrB.  The mec gene complex encodes 

methicillin resistance (43). 
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b. Pathogenecity Islands of S. aureus: S. aureus pathogenicity islands  are a group of 15-27 

kb genetic elements that usually carry one or more super-antigen genes, encoding toxic shock 

syndrome toxin 1 (TSST-1) and/or enterotoxins. Pathogenecity Islands of S. aureus are firmly 

integrated at distinct chromosomal sites, but can be moved following infection by certain 

staphylococcal bacteriophages or by inducting endogenous prophages (44). S. aureus 

pathogenicity islands are believed to be formed by integrating extra chromosomal DNAs 

(plasmids) or by incorporating bacteriophages carrying toxin genes, which may transform a 

non-toxic into toxic strain (45). 

 

c. Plasmids in S. aureus: Plasmids are significant genetic vehicles that carry antibiotic 

resistance and virulence genes. Various forms of plasmids encoding for specific genes has been 

reported in staphylococci. For example, the plasmid pUB110 is found embedded into the type 

II SCCmec of some strains of S. aureus and encodes resistance to tobramycin, kanamycin, 

aminoglycosides and bleomycin.  The plasmid pI258 encodes resistance to heavy metals and 

penicillins, while the pT181 plasmid also encodes tetracycline resistance (46, 47). 

 

d. Transposons in S. aureus: Transposons (Tn) are minute transferable fragments of DNA 

that are located in the chromosome of S. aureus. They inactivate or modify certain cellular 

functions by transposing beside or into the genes involved in the function (48). Macrolide-

lincosamide-streptogramin B (MLSB) and spectinomycin resistance is located on the Tn 554. 

Transposons carrying genes responsible for resistance to gentamycin, tobramycin and 

kanamycin are the Tn552 containing the blaZ pencillinase gene and Tn4001 containing aacA-

aphD gene (42, 49). 

 

e. Genomic islands (GIs): This is a term given to non-SCC genomic and non-phage islands 

(20-30 kb in size) found exclusively in S. aureus (50). These GIs frequently encode virulence 

determinants inserted at a specific locus in the chromosome. In S.aureus each genomic island 

is found in various allelic forms with diverse sets of resistance or virulence genes. As each 

allelic form of GIs encodes different properties, identifying the allelic set of GIs that the isolate 
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carries provides information on the overall properties of the isolate, i.e. its pathogenic potential 

and the antibiotic susceptibility patterns (51).   

 

1.2.4 Virulence factors and pathogenesis 

The ability of bacteria to cause an infection in humans is largely due to an evasion of the host’s 

immune system, with S. aureus playing a role in disease pathogenesis by expressing a number 

of distinct virulence factors. The complex interaction between the virulence factors of the S. 

aureus infecting strain and host defence mechanisms determines the severity and form of the 

infection. Each virulence factor may have various functions in pathogenesis, and multiple 

virulence factors may execute an identical function. Pathogenesis in Staphylococci is 

multifactorial, involving three factors that are directly or indirectly injurious: cell surface 

components, cell-surface-bound proteins, and secreted proteins. Secreted proteins, including 

tissue-degrading enzymes (lipases, proteases), cytotoxins [e.g. α, β, γ, δ–haemolysin, Panton-

Valentine leukocidin (PVL)], and super-antigens [e.g. enterotoxins A-D, exfoliatins A-B, toxic 

shock syndrome toxin-1 (TSST-1)], allow bacteria to penetrate and destroy the local structural 

and cellular elements of host organs and tissues (52-54).  

 

Two genes are found on the prophage encode the PVL toxin (55), which is harmful to 

neutrophils causing tissue necrosis. It is associated with severe necrotising pneumonia as well 

as soft and skin tissue infections (56). The release of PVL has also been associated with 

community-acquired methicillin-resistant S. aureus (CA-MRSA) strains (57). Microbial 

surface components recognising adhesive matrix molecules (MSCRAMMs) are among the 

numerous surface proteins found in S. aureus, and include collagen-binding, fibrinogen-

binding and fibronectin-binding protein, as well as adhesins (58). MSCRAMMs play an active 

role in mediating their attachment to bacterial cells, host tissues, the inert and extracellular 

surfaces.  They also aid in initiating prosthetic-device, endovascular, joint and bone infections 

(17, 53).  

 

The Staphylococcal protein A (Spa) is the best known surface protein of S. aureus, being first 

isolated in 1972 from S. aureus after lysostaphin digestion (59). It is made up of five closely 
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related immunoglobulin G (IgG)-binding domains, a polymorphic region X and C- terminal 

cell wall attachment sequence (60, 61), with the X region containing a highly polymorphic 

sequence of 24 bp repeats (62). Spa blocks the normal function IgG by binding to its Fc region, 

which causes an inhibition of the phagocytosis that are disguising the bacterium from the innate 

immune system by preventing opsonisation-dependent activation of the complement cascade 

(63). Due to the highly variable X-region, spa typing is a universally used genotyping method 

for comparing S. aureus isolates (64).  Each cell surface component has a different role in the 

pathogenesis of S. aureus, with the mucoid capsule inhibiting phagocytosis by covering C3b 

complement factor bound to the cell wall (65). However, the function of the capsules involved 

in the pathogenesis of S. aureus is controversial.  

 

A complex regulatory network controls the staphylococcal virulence factors encoding genes. 

The surface protein genes are released shortly after the pre-exponential growth phase during 

the establishment of an infection. This enables adherence to the host tissues and protects the 

bacteria from host defenses, such as complement-mediated killing and opsonisation-

phagocytosis. Other genes encoding secreted enzymes and cytotoxins are released during the 

post-exponential growth phase to aid in spreading the bacteria, acquiring nutrients and killing  

phagocytes (52). The accessory gene regulation (agr) locus is the main global regulatory 

system of S. aureus (66). Additionally, three other two-component signalling modules are 

known to be involved in staphylococcal virulence genes regulation. Environmental factors, 

such as temperature, CO2, O2 and pH levels, also affect the overall regulatory system by 

helping the bacterium to recognise and respond appropriately to its local environments (52, 

66).  

 

1.3 Molecular detection 

Many molecular based techniques are available to identify MRSA, the ‘gold standard’ being 

mecA gene detection. Multiplex PCR assays that concurrently target mecA gene and that are 

specific for some S. aureus, including spa, coa, femA, nuc or all staphylococci, e.g. 16S rDNA 

conserved genus sequences, have been developed (67-69). Genomic DNA extracts from broth 

culture lysates or bacterial colonies are usually used to perform these assays. However, these 
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methods can produce false positive results if the culture contains a mixture of methicillin-

susceptible and methicillin resistant coagulase negative staphylococci. Recently, MRSA was 

detected within one to six hours directly from screening swabs using commercially available 

real-time PCR assays.  

 

1.4 Typing methods 

Phenotypic or genotypic characters are generated by typing strains within a species to predict 

the routes and sources of spread of the micro-organisms. Typing contributes to understanding 

the study bacterial genetic population structures and infectious diseases pathogenesis. Data 

from typing help to define the relatedness of isolates implicated in an outbreak and elucidates 

its chain of transmission (70). Microbial typing systems should be evaluated and validated with 

respect to different performance criteria, including typeability, discriminatory power, 

reproducibility, stability, convenience criteria and epidemiological concordance (71). It can be 

used at various levels: (i) globally, through international surveillance networks; (ii) 

nationally/regionally, in reference laboratories, or (iii) locally at hospital or health-care 

institutions. The choice of methods and quality assessment depends solely on the level at which 

typing is performed, with phenotypic characters showing limited performance, reliability and 

specificity. In genotyping, comparisons based on the sequence polymorphism or genomic 

DNA fragments are the most preferred techniques. Typing systems can be grouped as 

definitive (‘library’ system) or comparative, which are often the same ‘typing run’, and enable 

comparisons of isolates in the same laboratory. The latter can be enough for an outbreak 

investigation, but it poses difficulties when comparing results with future or past data samples. 

In contrast, a definitive typing system has the advantage to compare typing data produced in 

various laboratories, by different investigators at a range of time intervals, and generates 

standardised and reproducible data. The most frequently used molecular typing methods are 

pulsed field gel electrophoresis, multi locus sequence typing, SCCmec typing and spa typing 

(72).  
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1.4.1 Pulsed-field gel electrophoresis (PFGE) 

This typing methodology employs a restriction enzyme (SmaI in the case of S. aureus) for 

digesting chromosomal DNA and agarose gel electrophoresis using an alternating voltage 

gradient. A software package was used to analyze the banding patterns, this being one of the 

most popular methods, which helps to detect genetic variation between staphylococcal strains 

(73). However, PFGE is less reproducible and does not involve a selective amplification step, 

hence it has a limited use for long-term epidemiology surveillance or for studying the 

phylogenetic and evolutionary relationship among Staphylococcus aureus strains (74).  

 

1.4.2 Multi locus sequence typing (MLST) 

MLST is a genotypic technique for bacterial strain characterization that uses DNA sequencing 

to reveal allelic variants in various conserved genes (75). MLST offers the advantages of high 

degrees of typeability, unambiguous identification and reproducibility based on the nucleotide 

sequences of 450-500bp internal fragments of seven housekeeping genes. Data obtained by 

MLST also permits an investigation of the population structure, and the development and 

testing of evolutionary hypotheses (76). The main advantage of this technique is its ability for 

sequence data to be compared and contrasted between different laboratories through the MLST 

website, making it suitable for local and global epidemiology of S. aureus and other bacterial 

pathogens (77). 

1.4.3 Spa typing 

Spa typing is based on variations of the polymorphic X region of staphylococcal protein A 

(spa) locus (78). The highly polymorphic X region is suited directly upstream of the region 

encoding the C-terminal cell wall attachment sequence, and is characterized by a variable 

number of 24 bp repeats (70, 73). Its discriminatory power falls between that of MLST and 

PFGE. Spa typing involves sequencing only one locus, which makes the technique simple 

compared to MLST. Another advantage over MLST is its ability to investigate both hospital 

outbreaks of MRSA and molecular evolution (79). It also allows laboratories to use diverse 

sequencing platforms and specialised software (Bionumerics software) to interpret the 

chromatograms of resulting sequence (72). 
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1.4.4 SCCmec Typing 

This is a technique used to investigate the structure of SCCmec. A multiplex PCR assay for 

identifying mecA and various loci on SCCmec was developed to determine the specific 

SCCmec types, which are based on the allotype of ccr genes and the mec gene complex (80-

82).  

 

1.4.5 Whole Genome Sequencing (WGS) 

WGS is a technology that is advancing our understanding of MRSA evolution, especially 

during epidemics, with various WGS studies of MRSA isolates from outbreaks having been 

published (83-85). This method includes sequencing DNA fragments and aligning them to a 

complete and well-annotated reference genome sequence. It can be used to detect lineage, as 

well as single nucleotide polymorphisms (SNPs) variation in the core genome (86). A few 

studies have also investigated additional DNA found in the test isolates that are not found in 

the reference genome, indicating that it is also a reliable method for identifying mobile genetic 

elements (MGE) variation. Bioinformatic data analysis is currently complex, and user friendly 

algorithms to identify spa, MLST type and the presence of key virulence and resistance genes 

are being developed. There are good prospects that this technology could be widely 

incorporated into infection control outbreak investigation in real time (87).  

 

1.5 Justification for the study 

Although research has been done on MRSA in South Africa, few have been done on its genetic 

determinants, with little information being available on the content and resistance of MRSA 

plasmids in the private health sector in South Africa. There is therefore a need to delineate 

antibiotic resistance patterns, compare their plasmids profiles and establish the possible genetic 

relatedness of MRSA in the private sector, as this will increase the evidence base to optimize 

infection management, and inform control policies and practices. 
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1.6 Aim 

The study aims to establish the clonality and characterize the plasmid-encoded antibiotic 

resistance and virulence profile of 27 clinical MRSA isolates collected from a private 

pathology laboratory in Durban, South Africa. 

 

1.7 Objectives 

1. To verify the identity of the clinical isolates using cefoxitin disc diffusion (CDD) test and 

polymerase chain reaction (PCR) - based mecA gene detection technique. 

2. To determine the minimum inhibitory concentration (MIC’s) to the following antibiotics: 

ampicillin, ciprofloxacin, gentamicin, erythromycin, clindamycin, tetracycline, linezolid, 

daptomycin, fusidic acid, tigecycline, rifampicin and vancomycin.   

3. To establish the presence of resistance genes (blaZ, tetK, ermC, aac-aph) and specific 

virulence genes (PVL genes (lukS/F-PV, eta, hla, hld) on plasmids DNA using PCR. 

4. To study the clonal relatedness of the isolates using pulse field gel electrophoresis (PFGE). 

5. To establish possible correlations between particular plasmid types, antimicrobial 

susceptibility and the clonal lineages of isolates for their genetic relatedness using PFGE. 

 

1.8 Outline  

This study is presented in three chapters, the first outlining the rationale for the research, as 

well as the Aim and Objectives.  As this dissertation is presented in manuscript format, it 

contains the following two chapters:  

Chapter 2 outlines the characterization of plasmid-mediated resistance and virulence genes in 

clinical MRSA isolates in private sector in KZN province and their genetic relatedness. This 

section has been submitted to the International Journal of Infectious Diseases and formatted 

according to the journal’s standards.  

Chapter 3, the final chapter presents the conclusions, limitations and recommendations arising 

from the study.  

 

 

 



 

13 

 

1.9 References 

1. Vidaillac C, Gardete S, Tewhey R, Sakoulas G, Kaatz GW, Rose WE, et al. Alternative 

mutational pathways to intermediate resistance to vancomycin in methicillin-resistant 

Staphylococcus aureus. Journal of Infectious Diseases. 2013;208(1):67-74. 

2. Chambers HF, Deleo FR. Waves of resistance: Staphylococcus aureus in the antibiotic era. 

Nature Reviews Microbiology. 2009;7(9):629-41. 

3. Rossolini GM, Mantengoli E, Montagnani F, Pollini S. Epidemiology and clinical 

relevance of microbial resistance determinants versus anti-Gram-positive agents. Current 

Opinion in Microbiology. 2010;13(5):582-8. 

4. Lindsay JA, Moore CE, Day NP, Peacock SJ, Witney AA, Stabler RA, et al. Microarrays 

reveal that each of the ten dominant lineages of Staphylococcus aureus has a unique 

combination of surface-associated and regulatory genes. Journal of Bacteriology. 

2006;188(2):669-76. 

5. Lindsay JA, Holden MT. Staphylococcus aureus: superbug, super genome? Trends in 

Microbiology. 2004;12(8):378-85. 

6. Egyir B, Guardabassi L, Sørum M, Nielsen SS, Kolekang A, Frimpong E, et al. Molecular 

epidemiology and antimicrobial susceptibility of clinical Staphylococcus aureus from 

healthcare institutions in Ghana. PLoS One. 2014;9(2):e89716. 

7. Oosthuysen WF, Orth H, Lombard CJ, Sinha B, Wasserman E. Population structure 

analyses of Staphylococcus aureus at Tygerberg Hospital, South Africa, reveals a diverse 

population, a high prevalence of panton–valentine leukocidin genes, and unique local 

methicillin-resistant S. aureus clones. Clinical Microbiology and Infection. 2014;20(7):652-9. 

8. Bouchillon SK, Johnson BM, Hoban DJ, Johnson JL, Dowzicky MJ, Wu DH, et al. 

Determining incidence of extended spectrum β-lactamase producing Enterobacteriaceae, 

vancomycin-resistant Enterococcus faecium and methicillin-resistant Staphylococcus aureus 

in 38 centres from 17 countries: the PEARLS study 2001–2002. International Journal of 

Antimicrobial Agents. 2004;24(2):119-24. 

9. Essa ZI, Connolly C, Essack SY. Staphylococcus aureus from public hospitals in 

KwaZulu-Natal, South Africa-infection detection and strain-typing. Southern African Journal 

of Epidemiology and Infection. 2009;24(1):4-7. 



 

14 

 

10. Shittu A, Nubel U, Udo E, Lin J, Gaogakwe S. Characterization of meticillin-resistant 

Staphylococcus aureus isolates from hospitals in KwaZulu-Natal province, Republic of South 

Africa. Journal of Medical Microbiology. 2009;58(9):1219-26. 

11. Rasmussen RV, Fowler VG, Jr., Skov R, Bruun NE. Future challenges and treatment of 

Staphylococcus aureus bacteremia with emphasis on MRSA. Future Microbiology. 

2011;6(1):43-56. 

12. Goff DA. Antimicrobial stewardship: bridging the gap between quality care and cost. 

Current Opinion in Infectious Diseases. 2011;24:S11-S20. 

13. LoPinto AJ, Mohammed HO, Ledbetter EC. Prevalence and risk factors for isolation of 

methicillin-resistant Staphylococcus in dogs with keratitis. Veterinary Ophthalmology. 2015; 

18(4):297-303. 

14. Rich M. Staphylococci in animals: prevalence, identification and antimicrobial 

susceptibility, with an emphasis on methicillin-resistant Staphylococcus aureus. British 

Journal of Biomedical Science. 2005;62(2):98-105. 

15. Brown S, Santa Maria JP, Jr., Walker S. Wall teichoic acids of gram-positive bacteria. 

Annual Review of Microbiology. 2013;67:313-36. 

16. Grunert T, Wenning M, Barbagelata MS, Fricker M, Sordelli DO, Buzzola FR, et al. Rapid 

and reliable identification of Staphylococcus aureus capsular serotypes by means of artificial 

neural network-assisted fourier transform infrared spectroscopy. Journal of Clinical 

Microbiology. 2013;51(7):2261-6. 

17. Garzoni C, Kelley WL. Staphylococcus aureus: new evidence for intracellular persistence. 

Trends in Microbiology. 2009;17(2):59-65. 

18. Von Eiff C, Peters G, Becker K. The small colony variant (SCV) concept - the role of 

staphylococcal SCVs in persistent infections. Injury. 2006;37 Suppl 2:S26-33. 

19. Kriegeskorte A, Grubmuller S, Huber C, Kahl BC, Von Eiff C, Proctor RA, et al. 

Staphylococcus aureus small colony variants show common metabolic features in central 

metabolism irrespective of the underlying auxotrophism. Frontiers in Cellular and Infection 

Microbiology. 2014;4:141. 

20. Rodvold KA, McConeghy KW. Methicillin-resistant Staphylococcus aureus therapy: past, 

present, and future. Clinical Infectious Diseases. 2014;58 Suppl 1:S20-7. 



 

15 

 

21. Townes WS, Gorwitz RJ, Lessa FC, Aragon SP, Ray SM, Harrison LH, et al. Trends in 

invasive methicillin-resistant Staphylococcus aureus infections. Pediatrics. 2013;132:e817.  

22. Corey GR. Staphylococcus aureus bloodstream infections: definitions and treatment. 

Clinical Infectious Diseases. 2009;48 Suppl 4:S254-9. 

23. Wilson J, Guy R, Elgohari S, Sheridan E, Davies J, Lamagni T, et al. Trends in sources of 

meticillin-resistant Staphylococcus aureus (MRSA) bacteraemia: data from the national 

mandatory surveillance of MRSA bacteraemia in England, 2006-2009. Journal of Hospital 

Infection. 2011;79(3):211-7. 

24. Silversides JA, Lappin E, Ferguson AJ. Staphylococcal toxic shock syndrome: 

mechanisms and management. Current Infectious Disease reports. 2010;12(5):392-400. 

25. Yamamoto T, Nishiyama A, Takano T, Yabe S, Higuchi W, Razvina O, et al. Community-

acquired methicillin-resistant Staphylococcus aureus: community transmission, pathogenesis, 

and drug resistance. Journal of Infection and Chemotherapy: 2010;16(4):225-54. 

26. Skinner D, Keefer CS. Significance of bacteremia caused by Staphylococcus aureus: A 

study of one hundred and twenty-two cases and a review of the literature concerned with 

experimental infection in animals. Archives of Internal Medicine. 1941;68(5):851-75. 

27. DeLeo FR, Chambers HF. Reemergence of antibiotic-resistant Staphylococcus aureus in 

the genomics era. Journal of Clinical Investigation. 2009;119(9):2464-74. 

28. Köck R, Becker K, Cookson B, Van Gemert-Pijnen J, Harbarth S, Kluytmans J, et al. 

Methicillin-resistant Staphylococcus aureus (MRSA): burden of disease and control 

challenges in Europe. Eurosurveillance 2010;15:1-9.  

29. De Kraker ME, Wolkewitz M, Davey PG, Koller W, Berger J, Nagler J, et al. Clinical 

impact of antimicrobial resistance in European hospitals: excess mortality and length of 

hospital stay related to methicillin-resistant Staphylococcus aureus bloodstream infections. 

Antimicrobial Agents and Chemotherapy. 2011;55(4):1598-605. 

30. Laupland KB, Ross T, Gregson DB. Staphylococcus aureus bloodstream infections: risk 

factors, outcomes, and the influence of methicillin resistance in Calgary, Canada, 2000-2006.  

Journal of Infectious Diseases. 2008;198(3):336-43. 



 

16 

 

31. Wood SM, Shah SS, Bafana M, Ratner AJ, Meaney PA, Malefho KC, et al. Epidemiology 

of methicillin-resistant Staphylococcus aureus bacteremia in Gaborone, Botswana. Infection 

Control and Hospital Epidemiology. 2009;30(8):782-5. 

32. Borg MA, De Kraker M, Scicluna E, Van de Sande-Bruinsma N, Tiemersma E, Monen J, 

et al. Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in invasive isolates 

from southern and eastern Mediterranean countries. Journal of Antimicrobial Chemotherapy. 

2007;60(6):1310-5. 

33. Shittu AO, Lin J. Antimicrobial susceptibility patterns and characterization of clinical 

isolates of Staphylococcus aureus in KwaZulu-Natal province, South Africa. BMC Infectious 

Diseases. 2006;6:125. 

34. Groome MJ, Albrich WC, Wadula J, Khoosal M, Madhi SA. Community-onset 

Staphylococcus aureus bacteraemia in hospitalised African children: high incidence in HIV-

infected children and high prevalence of multidrug resistance. Paediatrics and International 

Child Health. 2012;32(3):140-6. 

35. Smidt MC, Singh-Moodley A, Badat R, Quan V, Kularatne R, Nana T, et al. 

Staphylococcus aureus bacteraemia at Gauteng academic hospitals, South Africa. International 

Journal of Infectious Diseases. 2014.30;41-48.  

36. Wertheim HFL, Melles DC, Vos MC, Van Leeuwen W, Van Belkum A, Verbrugh HA, et 

al. The role of nasal carriage in Staphylococcus aureus infections. Lancet Infectious Diseases. 

2005;5(12):751-62. 

37. Grundmann H, Aanensen DM, Van den Wijngaard CC, Spratt BG, Harmsen D, Friedrich 

AW, et al. Geographic distribution of Staphylococcus aureus causing invasive infections in 

Europe: a molecular-epidemiological analysis. PLoS Medicine. 2010;7(1):e1000215. 

38. Van Belkum A, Verkaik NJ, De Vogel CP, Boelens HA, Verveer J, Nouwen JL, et al. 

Reclassification of Staphylococcus aureus nasal carriage types. Journal of Infectious Diseases. 

2009;199(12):1820-6. 

39. Halablab MA, Hijazi SM, Fawzi MA, Araj GF. Staphylococcus aureus nasal carriage rate 

and associated risk factors in individuals in the community. Epidemiology and Infection. 

2010;138(5):702-6. 



 

17 

 

40. Gorwitz RJ, Kruszon-Moran D, McAllister SK, McQuillan G, McDougal LK, Fosheim 

GE, et al. Changes in the prevalence of nasal colonization with Staphylococcus aureus in the 

United States, 2001-2004. Journal of Infectious Diseases. 2008;197(9):1226-34. 

41. Baba T, Bae T, Schneewind O, Takeuchi F, Hiramatsu K. Genome sequence of 

Staphylococcus aureus strain Newman and comparative analysis of staphylococcal genomes: 

polymorphism and evolution of two major pathogenicity islands. Journal of Bacteriology. 

2008;190(1):300-10. 

42. Malachowa N, DeLeo FR. Mobile genetic elements of Staphylococcus aureus. Cellular and 

Molecular Life Sciences. 2010;67(18):3057-71. 

43. Kondo Y, Ito T, Ma XX, Watanabe S, Kreiswirth BN, Etienne J, et al. Combination of 

multiplex PCRs for staphylococcal cassette chromosome mec type assignment: rapid 

identification system for mec, ccr, and major differences in junkyard regions. Antimicrobial 

Agents and Chemotherapy. 2007;51(1):264-74. 

44. Novick RP, Christie GE, Penadés JR. The phage-related chromosomal islands of Gram-

positive bacteria. Nature Review Microbiology. 2010;8(8):541-51.   

45. Van Hal SJ, Jensen SO, Vaska VL, Espedido BA, Paterson DL, Gosbell IB. Predictors of 

mortality in Staphylococcus aureus bacteremia. Clinical Microbiology Reviews. 

2012;25(2):362-86. 

46. Ito T, Okuma K, Ma XX, Yuzawa H, Hiramatsu K. Insights on antibiotic resistance of 

Staphylococcus aureus from its whole genome: genomic island SCC. Drug Resistance 

Updates. 2003;6(1):41-52. 

47. Gomez-Sanz E, Kadlec K, Fessler AT, Zarazaga M, Torres C, Schwarz S. Novel erm(T)-

carrying multiresistance plasmids from porcine and human isolates of methicillin-resistant 

Staphylococcus aureus ST398 that also harbor cadmium and copper resistance determinants. 

Antimicrobial Agents and Chemotherapy. 2013;57(7):3275-82. 

48. Hiramatsu K, Watanabe S, Takeuchi F, Ito T, Baba T. Genetic characterization of 

methicillin-resistant Staphylococcus aureus. Vaccine. 2004;22 Suppl 1:S5-8. 

49. Kuroda M, Ohta T, Uchiyama I, Baba T, Yuzawa H, Kobayashi I, et al. Whole genome 

sequencing of meticillin-resistant Staphylococcus aureus. Lancet. 2001;357(9264):1225-40. 



 

18 

 

50. Lindsay JA. S. aureus evolution: lineages and mobile genetic elements (MGE), in: Lindsay 

J.A. (Ed.), Staphylococcus: molecular genetics, Caister Academic Press, Norfolk UK, 

2008:45-69. 

51. Baba T, Takeuchi F, Kuroda M, Yuzawa H, Aoki K-i, Oguchi A, et al. Genome and 

virulence determinants of high virulence community-acquired MRSA. Lancet. 

2002;359(9320):1819-27. 

52. Fischetti VA, Novick RP, Ferretti JJ, Portnoy DA, Rood JI. Gram-positive pathogens. 

ASM Press, Washington, D.C., 2006. 

53. Gordon RJ, Lowy FD. Pathogenesis of methicillin-resistant Staphylococcus aureus 

infection. Clinical Infectious Diseases 2008;46 Suppl 5:S350-9. 

54. Laabei M, Recker M, Rudkin JK, Aldeljawi M, Gulay Z, Sloan TJ, et al. Predicting the 

virulence of MRSA from its genome sequence. Genome Research. 2014;24(5):839-49. 

55. El Haddad L, Moineau S. Characterization of a novel Panton-Valentine leukocidin (PVL)-

encoding staphylococcal phage and its naturally PVL-lacking variant. Applied and 

Environmental Microbiology. 2013;79(8):2828-32. 

56. Haider S, Wright D. Panton-Valentine leukocidin Staphylococcus causing fatal necrotising 

pneumonia in a young boy. BMJ case reports. 2013 Mar 15;2013:bcr2012007655.  

57. DeLeo FR, Otto M, Kreiswirth BN, Chambers HF. Community-associated meticillin-

resistant Staphylococcus aureus. Lancet. 2010;375(9725):1557-68. 

58. Foster TJ, Geoghegan JA, Ganesh VK, Hook M. Adhesion, invasion and evasion: the many 

functions of the surface proteins of Staphylococcus aureus. Nature Reviews Microbiology. 

2014;12(1):49-62. 

59. Sjöquist J, Meloun B, Hjelm H. Protein A isolated from Staphylococcus aureus after 

digestion with lysostaphin. European Journal of Biochemistry. 1972;29(3):572-8. 

60. Sjödahl J. Repetitive sequences in protein A from Staphylococcus aureus. European 

Journal of Biochemistry. 1977;73(2):343-51. 

61. Guss B, Uhlén M, Nilsson B, Lindberg M, Sjöquist J, Sjödahl J. Region X, the cell-wall-

attachment part of staphylococcal protein A. European Journal of Biochemistry. 

1984;138(2):413-20. 



 

19 

 

62. Tang Y-W, Waddington MG, Smith DH, Manahan JM, Kohner PC, Highsmith LM, et al. 

Comparison of protein A gene sequencing with pulsed-field gel electrophoresis and 

epidemiologic data for molecular typing of methicillin-resistant Staphylococcus aureus. 

Journal of Clinical Microbiology. 2000;38(4):1347-51. 

63. Bien J, Sokolova O, Bozko P. Characterization of virulence factors of Staphylococcus 

aureus: novel function of known virulence factors that are implicated in activation of airway 

epithelial proinflammatory response. Journal of Pathogens. 2011;2011:601905. 

64. Kahl BC, Mellmann A, Deiwick S, Peters G, Harmsen D. Variation of the polymorphic 

region X of the protein A gene during persistent airway infection of cystic fibrosis patients 

reflects two independent mechanisms of genetic change in Staphylococcus aureus. Journal of 

Clinical Microbiology. 2005;43(1):502-5. 

65. Hair PS, Foley CK, Krishna NK, Nyalwidhe JO, Geoghegan JA, Foster TJ, et al. 

Complement regulator C4BP binds to Staphylococcus aureus surface proteins SdrE and Bbp 

inhibiting bacterial opsonization and killing. Results in Immunology. 2013;3:114-21. 

66. Wright JS, III., Novick RP. Virulence Mechanisms in MRSA Pathogenesis. MRSA Current 

Perspectives. 2003:213-51. 

67. Larsen A, Stegger M, Sørum M. Spa typing directly from a mecA, spa and pvl multiplex 

PCR assay - a cost‐effective improvement for methicillin‐resistant Staphylococcus aureus 

surveillance. Clinical Microbiology and Infection. 2008;14(6):611-4. 

68. Stegger M, Andersen PS, Kearns A, Pichon B, Holmes MA, Edwards G, et al. Rapid 

detection, differentiation and typing of methicillin-resistant Staphylococcus aureus harbouring 

either mecA or the new mecA homologue mecALGA251. Clinical Microbiology and Infection. 

2012;18(4):395-400. 

69. Rohrer S, Tschierske M, Zbinden R, Berger-Bächi B. Improved methods for detection of 

methicillin-resistant Staphylococcus aureus. European Journal of Clinical Microbiology and 

Infectious Diseases. 2001;20(4):267-70. 

70. Van Belkum A, Tassios P, Dijkshoorn L, Haeggman S, Cookson B, Fry N, et al. Guidelines 

for the validation and application of typing methods for use in bacterial epidemiology. Clinical 

Microbiology and Infection. 2007;13(s3):1-46. 



 

20 

 

71. Sabat A, Budimir A, Nashev D, Sá-Leão R, Van Dijl J, Laurent F, et al. Overview of 

molecular typing methods for outbreak detection and epidemiological surveillance. 

Eurosurveillance. 2013;18(4):20380. 

72. Deurenberg RH, Nulens E, Valvatne H, Sebastian S, Driessen C, Craeghs J, et al. Cross-

border dissemination of methicillin-resistant Staphylococcus aureus, Euregio meuse-rhin 

region. Emerging Infectious Diseases. 2009;15(5):727-34. 

73. Van Belkum A, Melles DC, Nouwen J, Van Leeuwen WB, Van Wamel W, Vos MC, et al. 

Co-evolutionary aspects of human colonisation and infection by Staphylococcus aureus. 

Infection, Genetics and Evolution. 2009;9(1):32-47. 

74. Melles DC, Van Leeuwen WB, Snijders SV, Horst-Kreft D, Peeters JK, Verbrugh HA, et 

al. Comparison of multilocus sequence typing (MLST), pulsed-field gel electrophoresis 

(PFGE), and amplified fragment length polymorphism (AFLP) for genetic typing of 

Staphylococcus aureus. Journal of Microbiological Methods. 2007;69(2):371-5. 

75. Maiden MC, Bygraves JA, Feil E, Morelli G, Russell JE, Urwin R, et al. Multilocus 

sequence typing: a portable approach to the identification of clones within populations of 

pathogenic microorganisms. Proceedings of the National Academy of Sciences. 

1998;95(6):3140-5. 

76. Perez-Losada M, Cabezas P, Castro-Nallar E, Crandall KA. Pathogen typing in the 

genomics era: MLST and the future of molecular epidemiology. Infection, Genetics and 

Evolution. 2013;16:38-53. 

77. Berglund C, Molling P, Sjoberg L, Soderquist B. Multilocus sequence typing of 

methicillin-resistant Staphylococcus aureus from an area of low endemicity by real-time PCR. 

Journal of Clinical Microbiology. 2005;43(9):4448-54. 

78. Frénay HME, Bunschoten AE, Schouls LM, Van Leeuwen WJ, Vandenbroucke-Grauls 

CMJE, Verhoef J, et al. Molecular typing of methicillin-resistant Staphylococcus aureus on 

the basis of protein A gene polymorphism. European Journal of Clinical Microbiology and 

Infectious Diseases. 1996;15(1):60-4. 

79. Kahl BC, Belling G, Becker P, Chatterjee I, Wardecki K, Hilgert K, et al. Thymidine-

dependent Staphylococcus aureus small-colony variants are associated with extensive 



 

21 

 

alterations in regulator and virulence gene expression profiles. Infection and Immunity. 

2005;73(7):4119-26. 

80. Oliveira DC, Lencastre Hd. Multiplex PCR strategy for rapid identification of structural 

types and variants of the mec element in methicillin-resistant Staphylococcus aureus. 

Antimicrobial Agents and Chemotherapy. 2002;46(7):2155-61. 

81. Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel multiplex PCR assay for 

characterization and concomitant subtyping of staphylococcal cassette chromosome mec types 

I to V in methicillin-resistant Staphylococcus aureus. Journal of Clinical Microbiology. 

2005;43(10):5026-33. 

82. International working group on the classification of Staphylococcal cassette chromosome 

elements. Classification of staphylococcal cassette chromosome mec (SCCmec): guidelines for 

reporting novel SCCmec elements. Antimicrobial Agents and Chemotherapy. 

2009;53(12):4961-7. 

83. Eyre DW, Golubchik T, Gordon NC, Bowden R, Piazza P, Batty EM, et al. A pilot study 

of rapid benchtop sequencing of Staphylococcus aureus and Clostridium difficile for outbreak 

detection and surveillance. BMJ Open. 2012;2(3):e001124. 

84. Harris SR, Cartwright EJP, Török ME, Holden MTG, Brown NM, Ogilvy-Stuart AL, et al. 

Whole-genome sequencing for analysis of an outbreak of meticillin-resistant Staphylococcus 

aureus: a descriptive study.  Lancet Infectious Diseases. 2013;13(2):130-6. 

85. Gordon N, Price J, Cole K, Everitt R, Morgan M, Finney J, et al. Prediction of 

Staphylococcus aureus antimicrobial resistance by whole-genome sequencing. Journal of 

Clinical Microbiology. 2014;52(4):1182-91. 

86. Lindsay JA. Evolution of Staphylococcus aureus and MRSA during outbreaks. Infection, 

Genetics and Evolution. 2014;21:548-53. 

87. Torok ME, Peacock SJ. Rapid whole-genome sequencing of bacterial pathogens in the 

clinical microbiology laboratory - pipe dream or reality? Journal of Antimicrobial 

Chemotherapy. 2012;67(10):2307-8. 

 

 

 



 

22 

 

CHAPTER TWO 

 

This dissertation is in a manuscript format (as is the requirement of the College of Health 

Sciences at the University of KwaZulu-Natal) as follows: 

Daniel G. Amoako, Linda A. Bester, Anou M. Somboro, Sooraj Baijnath, Chetna N. Govind, 

Sabiha Y. Essack; Molecular characterization of resistance and virulence in Methicillin 

Resistant Staphylococcus aureus (MRSA) from the private sector in KwaZulu-Natal, South 

Africa, Submitted to International  Journal of Infectious Diseases. 

 

Contributions:  

 Mr. Daniel G. Amoako, as investigator, worked on the study design with the assistance of 

my supervisors, developed the protocols for the study, executed the laboratory work and wrote 

the manuscript. 

 

 Professor Sabiha Y. Essack, as main supervisor, conceptualized the study and undertook 

critical revision of the manuscript. 

 

 Dr. Linda Bester, as co-supervisor, designed the study, facilitated data acquisition, 

laboratory work and data analysis, and contributed to the writing and critical revision of the 

manuscript. 

 

 Dr. Chetna N. Govind of Lancet Laboratories provided clinical data and isolates for the 

study. 

 

 Mr. Anou M. Somboro and Mr. Sooraj Baijnath assisted in the development of the 

protocols and the analysis of the results from the study. 

 

 

 

 



 

23 

 

Molecular Characterization of Resistance and Virulence in Methicillin Resistant 

Staphylococcus aureus (MRSA) from the Private Sector in KwaZulu-Natal, South Africa 

Daniel G. Amoakoa, Linda A. Besterb*, Anou M. Somboroa, Sooraj Baijnathc, Chetna N. 

Govindd, Sabiha Y. Essacka 

 

Authors 

aAntimicrobial Research Unit, College of Health Sciences, University of KwaZulu-Natal, 

Durban, South Africa 

bBiomedical Resource Unit, School of Laboratory Medicine and Medical Sciences, 

College of Health Sciences, University of KwaZulu-Natal, Durban, South Africa 

cCatalysis and Peptide Research Unit, College of Health Sciences, University of 

KwaZulu-Natal, Durban, South Africa 

dLancet Laboratories, Durban, KwaZulu-Natal & Honorary Research Fellow, College of 

Health Sciences, University of KwaZulu-Natal, Durban, South Africa  

 

Corresponding Author* 

Linda A. Bester 

Private Bag X54001 

University of KwaZulu-Natal 

Durban 

4000 

besterl@ukzn.ac.za 

 

Running Title: Molecular characterization of MRSA from private sector in South Africa. 

 

 

 

 

 

 

mailto:besterl@ukzn.ac.za


 

24 

 

      Abstract 

Objectives: There is limited information on the plasmid content of MRSA strains from South 

Africa. We investigated resistance and virulence genes in the plasmids of 27 MRSA clinical 

isolates from the private healthcare sector in Durban, South Africa and their genetic 

relatedness. 

Methods: MRSA was confirmed by mecA gene identification in plasmids extracted using a 

commercial plasmid extraction kit. The isolates were subjected to antimicrobial susceptibility 

testing and molecular characterization of four common resistance encoding genes and four 

frequently encountered virulence factors: blaZ, aac (2’)-aph (6’’), ermC, tetK, hla, hld, eta and 

LukS/F-PV respectively by PCR using plasmid DNA as the template.  The genetic relatedness 

between the isolates was determined by pulsed field gel electrophoresis (PFGE). 

Results: All MRSA isolates contained plasmids. The isolates were 100% resistant to 

ampillicin, 85.2% were resistant to ciprofloxacin, 74.1% to gentamicin, 70.4% to rifampicin, 

66.7% to tetracycline, 63.0% to erythromycin, and 11.1% to clindamycin. They were all 

susceptible to daptomycin, linezolid, vancomycin, tigecycline and fusidic acid.  Multidrug 

resistance (MDR) was found in 74.1% (20/27) of the MRSA isolates. The frequency of the 

resistance genes blaZ, aac (2’)-aph (6’’) and ermC were 100%, 92.6% and 48.2% respectively, 

but tetK was not found in any of the MRSA isolates. The prevalence of virulence genes hla 

and hld were 96.3% and 92.6% respectively, however, eta and LuKS/F-PV were not detected. 

PFGE analysis revealed 10 pulsotypes, designated A–J, which correlated with the resistance 

profile and mechanism of the isolates in each group. Of note, 85.2% (23/27) of the isolates 

clustered into six major PFGE types giving an indication of similar circulating MRSA clones. 

Type F was the major pulsotype (29. 6%) and was found in eight of the 27 MRSA isolates. 

Hospital centers 1 and 10 contained pulsotypes C and H, whiles identical pulsotypes F and G 

were spread across nine of the 15 facilities, intimating the possibility of inter-health center 

spread of MRSA in the province. 

Conclusions: The complexity and diversity of the molecular resistance and virulence profiles 

poses a challenge for managing MRSA infections. A comprehensive understanding of the 

molecular epidemiology is essential to inform treatment and contain dissemination. 

     Keywords: MRSA, plasmids, PCR, PFGE 
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1. Introduction 

The World Health Organization (WHO) and the African Health Observatory (AHO) have 

increasingly recognized the significance of  tracking  antibiotic resistance, specifically the 

resistance mechanisms and their dissemination, to optimize managing infections and provide 

the basis for evaluating the effectiveness of infection control programmes.1, 2 One of the 

fundamental human pathogens is Staphylococcus aureus, an adaptive bacterium that causes 

superficial, deep and fatal diseases. The ability of S. aureus strains to cause infection depends 

on various resistance and virulence factors that contribute to its colonization and disease 

development in the host.3  S. aureus has gradually developed resistance towards all the main 

classes of antibiotics to which it was once susceptible.4 

 

MRSA strains, whose definitive characteristic is the mecA carrier element called 

staphylococcal cassette chromosome mec (SCCmec), confer resistance to methicillin,  causing 

nosocomial, community and livestock-associated infections that have resulted in major public 

health, economic and social problems worldwide 5, 6 These strains also harbor mobile genetic 

elements (MGEs), including plasmids, pathogenicity islands, transposons, integrons and 

prophages, which comprise 15-25% of the genome.  MGEs carry the majority of the genes, 

through which strains of staphylococcal may be differentiated from each other.7 As MGEs play 

a significant role in bacterial survival and adaptability because they encode many resistance 

and virulence genes, understanding their composition will broaden our knowledge on the 

genetic determinants of antibiotic resistance.8  

 

The most significant MGEs are plasmids, which aid antibiotic resistance genes transmission 

and carriage. Plasmids of staphylococcal vary in size from 1 to over 200 kb, and are classified 

according to their mutual incompatibility, size and replication mechanism.9 S. aureus possess 

a wide variety of plasmid-borne genes, with many of the currently sequenced plasmids 

containing open reading frames (ORFs) that have not been described.10 

 

Although research has been conducted on MRSA in Africa, the recently available information 

on the plasmid content of these strains from African countries is comparatively scarce, and 
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data on their resistance in the South Africa private sector being lacking.  A study of this nature 

is a necessity, as understanding antibiotic resistance patterns, comparing the plasmids profiles, 

and assessing the possible relatedness of MRSA isolates is useful for epidemiological studies 

and evaluating the effectiveness of infection control. The aim of this study was to ascertain the 

clonality, and characterize the plasmid-encoded antibiotic resistance and virulence profile of 

27 clinical MRSA isolates obtained from a private laboratory in Durban, KwaZulu-Natal 

Province, South Africa. 

 

2. Materials and Methods 

 

2.1. MRSA isolates and mecA gene confirmation 

A total of 27 consecutive non-repetitive MRSA isolates were obtained from a pathology 

laboratory based in Durban, South Africa, over a three months period, from June to August, 

2015, that caters for the private healthcare sector. The isolates were identified using Vitek 2 

(bioMerieux, Durham, NC, USA) and confirmed by matrix assisted laser desorption ionization 

time of flight mass spectrometry (MALDI-TOF/MS).  The cefoxitin disc diffusion (CDD) test 

was used to identify putative MRSA11, 12, which were confirmed by PCR detection of the mecA 

gene.13 S. aureus ATCC 29213 (susceptible to methicillin) and S. aureus ATCC 43300 

(resistant to methicillin) were used as controls. 

 

2.2. Antimicrobial agents and MIC determinations 

    The minimum inhibitory concentration (MIC) was determined for 12 antibiotics by the 

broth microdilution method.14 They included ampicillin (β-lactams), ciprofloxacin 

(fluoroquinolones), erythromycin (marcolides), gentamicin (aminoglycosides), tetracycline 

(tetracyclines), rifampicin (ansamycins), clindamycin (lincosamides), linezolid, daptomycin 

(lipopeptides), fusidic acid, vancomycin (glycopeptides) and tigecycline (glycylcyclines). The 

Clinical and Laboratory Standards Institute (CLSI) Guideline14  was used for interpreting the 

results, and Staphylococcus aureus ATCC 29213 was used as the control. Isolates resistant to 

β-lactams, and at least three classes of antibiotics, were defined as multidrug resistant (MDR).  
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2.3. Molecular characterization of plasmid-borne resistance and virulence determinants by 

PCR 

     A plasmid DNA extraction kit (GeneJET Plasmid Miniprep kit, Thermoscentific) was used 

to purify the plasmid DNA from all 27 MRSA strains, according to the manufacturer’s 

instructions. The presence of resistance genes conferring resistance to ampicillin-penicillin 

(blaZ), aminoglycoside (aac (6’)–aph (2’’)), macrolide-lincosamide-streptogramins B [MLSB] 

(ermC) and tetracycline (tetK) were determined using PCR.15 The virulence determinants 

encoding the bio-component Panton-Valentine leukocidin (LukS/F-PV gene), exfoliative toxin 

(eta), alpha and delta hemolysin genes (hla and hld) were also ascertained by PCR.16 All 

specific primers and programs for detecting antibiotic resistance and virulence determinants 

can be found in Table 1.15,16. Positive and negative controls were included in all PCR assays. 

 

2.4. Pulsed-field gel electrophoresis (PFGE)  

     PFGE was used to determine the genetic relationship between the isolates17. The 

Bionumerics software version 6.6 (Applied Maths NV, Belgium) using the Dice coefficient, 

and represented by unweighted pair group method with arithmetic mean (UPGMA) with 

optimization settings and position tolerance set at 0.5% and 1% respectively was used to 

analyze the electrophoretic patterns. Clusters were defined using the criterion of a difference 

of ≤ 6 bands, as described by Tenover et al 18, and a similarity cut-off of ≥70.0%.  Salmonella 

serotype Braenderup strain H9812 was used as the quality control strain for normalization 

between gels.  

 

3. Results 

 

3.1. Patient demographics and clinical sources of infection 

    All 27 laboratory-confirmed mecA-positive MRSA isolates constituted the study sample. 

Of the available isolates, 22 had complete data, such as hospital center, specimen source, ward 

type, date of sample collection, gender and age (Table 3). Demographic data reflected 10 males 

(37.0%) and 13 females (48.2%), while four patients had no record for gender. The median age 

was 43.8 (SD 26.7) years, ranging from day 0 to 86 years, and patient age was missing in four 
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isolates. Five (18.5%) were classified as paediatric isolates, and 18 isolates (66.7%) as adult 

isolates. Nineteen isolates (70. 4%) were collected from in-patients, three (11.1%) from 

outpatients, with five (18.5%) being unknown. The intensive care unit (ICU) yielded nine 

(33.3%) isolates, that largest number of all ward types.  

 

3.2. Antimicrobial resistance pattern  

    The resistance patterns of the 27 MRSA isolates and the MIC distributions of the tested 

antimicrobial agents are shown in Tables 2 and 3. Ampicillin showed no activity against 

MRSA isolates, while 85.2% (23/27) were resistant to ciprofloxacin, 74.1% (20/27) to 

gentamicin, 70.4% (19/27) to rifampicin, 66.7% (18/27) to tetracycline, 63.0% (17/27) to 

erythromycin, and 11.1% (3/27) to clindamycin.  All isolates were susceptible to daptomycin, 

linezolid, fusidic acid, tigecycline and vancomycin. Multidrug resistance (MDR) was 

determined in 74.1% (20/27) of the MRSA isolates. 

 

3.3. Prevalence of the genetic determinants of resistance and virulence 

     The prevalence of four resistance genes and four virulence factors on extracted plasmids 

of the 27 clinical MRSA isolates are shown in Table 3. The penicillin resistance gene, blaZ, 

was amplified from all 27 MRSA isolates. The aac (6’)–aph (2’’) gene for aminoglycoside 

resistance and the ermC gene for macrolide-lincosamide-streptogramins [MLSB] resistance 

were amplified from 25 (92.6%) and 13 (48.2%) isolates respectively. The tetracycline 

resistance gene (tetK) was not detected in any of the 27 MRSA isolates. The most prevalent 

virulence gene was alpha hemolysin hla, which was identified in 26 (96.3%) isolates, followed 

by delta hemolysin hlddentified in 25 (92.6%) of isolates. However, Panton-Valentine 

leukocidin lukS/F-PV and exfoliative toxin eta were not detected. 

 

3.4. Genetic relationship by PFGE 

    The PFGE profiles and the dendrogram of the MRSA isolates are shown in Figure 3. PFGE 

analysis grouped the 27 isolates into 10 pulsotypes designated A-J, displaying 70.0% 

similarity, and correlating with their resistance profile and the genetic determinants tested in 

this study. Of note, 85.2% of the isolates were clustered into six major PFGE types: pulsotypes 
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F (8/27 strains; 29.6%), G (5/27; 18.5%), C, I (3/27; 11.1%) and A, H (2/27; 7.4 %). Pulse 

types B, D, E and J were each represented by single isolates. PFGE types F and G were 

subdivided into five and three subtypes respectively.  Hospital centers 1 and 10 were found to 

contain pulsotypes C and H, while identical pulsotypes F and G were spread across nine 

centers, intimating the possibility of inter-health centers spread of MRSA in the province. 

 

4. Discussion 

Antibiotic resistance is a global health problem and MRSA remains a prominent multi-drug 

resistant bacterial species, which presents a challenge to clinicians, as the introduction of new 

classes of antibiotics is usually followed by the emergence of resistant pathogenic forms. 

Antibiotic resistance surveillance and delineating resistance and virulence genes in MRSA 

isolates is essential to understand their genetic basis and inform their management. 

 

The majority of the MRSA isolates in this study were resistant to ciprofloxacin, gentamicin, 

rifampicin, tetracycline and erythromycin. Notwithstanding the small sample size of 27 

isolates, resistance rates in this study were in some cases lower than those seen in another KZN 

study on 61 confirmed MRSA isolates by Shittu et al19, particularly for gentamicin (74.1% vs. 

96.7%), rifampicin (70.4% vs. 73.8%), tetracycline (66.7% vs. 90.2%) and erythromycin 

(63.0% v. 82.0%). Resistance to clindamycin of 11.1% was also much lower in this 

investigation than the rates of 82%19, 62.5%20, 34%21 reported in other studies conducted on 

MRSA isolates in KZN and South Africa. Only the ciprofloxacin resistance rate in our study 

was notably higher (85.2% v. 18%19), with its resistance on MRSA isolates in South Africa 

having been reported to 69.7% and 88.7% in the private sector.20 Multidrug resistance rate was 

lower (74.1% vs. 87%) than those reported by Shittu et al19 but similar to a study by Heysell 

et al22 in KZN with a rate of 79% on 19 clinical MRSA.    

 

All MRSA isolates were susceptible to daptomycin, vancomycin, linezolid, fusidic acid and 

tigecycline, while only ampillicin showed 100% resistance. The susceptibility patterns of the 

isolates in this study were comparable to studies conducted on MRSA in South Africa19, 20, 23 

and Nigeria24, which were fully susceptible to daptomycin, vancomycin, linezolid, fusidic acid 
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and tigecycline. The full susceptibility of MRSA to these antibiotics observed in this study 

confirms their use as treatment options for infections in South Africa.  

 

There was a relationship between resistance to methicillin and to other antibiotics, as noted in 

other investigations25-27.  The presence of mecA is an absolute requirement for S. aureus to 

express methicillin resistance28. The structural component of mecA encodes the penicillin-

binding protein 2a (PBP2a) that establishes resistance to methicillin, other semisynthetic 

penicillinase-resistant beta-lactams that are frequently co-carried with genes conferring 

resistance to aminoglycosides, macrolide-lincosamide-streptogramin B [MLSB] and 

spectinomycin29. All the isolated plasmids of the 27 MRSA isolates contained the mecA and 

blaZ resistance genes, indicating the correlation between MICs and the presence of genes 

encoding resistance against beta-lactams. The gentamicin resistance gene aac (6’)–aph (2’’) 

was identified in 92.6% of the isolates, which varied from the phenotypic resistance profile of 

74.1%, indicating that gene carriage does not necessarily translate into the resistance 

phenotype. This result was similar to the studies conducted in Turkey by Duran et al30, where 

17 gentamicin-susceptible isolates were found to be positive, in terms of one or more 

gentamicin resistance genes mostly aac (6’)–aph (2’’). The ermC gene responsible for 

macrolide-lincosamide-streptogramins B [MLSB] resistance was amplified in 48.2% (13/27) 

of the MRSA isolates, while it was not found in those that were susceptible to both 

erythromycin and clindamycin. The 23.5% (4/17) with phenotypic resistance to MLSB that did 

not contain the ermC gene indicates the occurrence of other resistance mechanism, ermA, ermB 

and msrA, which was not investigated in this study but have been previously reported.31 This 

confirms that the incidence of MLSB phenotypes and genotypes vary according to country, 

patterns of infections and drug use.31, 32 Although there was high tetracycline resistance, the 

tetK gene was not detected, indicating that it this may be due to different mechanisms and not 

mediated by active drug efflux, as tetK resistance has so far not been reported in clinical MRSA 

studies in South Africa. 

 

The prevalence of virulence factors in all isolated plasmids showed a similar trend, with the 

hemolysin genes, hla and hld being the most abundant, with frequencies of 96.3% (26/27) and 
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92.6% (25/27) respectively. Comparatively, this was similar to other studies conducted from 

Iran16, Uganda33 and United States34, with either hla being more frequent than the hld genes, 

or both showing 100% co-dominance. The prevalence rate of eta in our study was 0%, which 

was similar to studies conducted in Japan35 and China36, where no eta was detected in 197 and 

62  clinical MRSA isolates respectively. However, the prevalence of eta differed among 

studies, which could be associated with a variety of geographical and health conditions37. 

LuKS/F-PV was not detected in any of the 27 clinical MRSA isolates, which was comparable 

to a study conducted in South Africa on 320 clinical MRSA isolates with only one positive 

LuKS/F-PV gene being detected38. Generally, the resistance and virulence profiles showed a 

similar trend in all the plasmids, indicating closely related MRSA isolates. 

 

PFGE, which is the gold standard for strain typing, was able to predict the genetic relatedness 

of the MRSA isolates.17 The analysis revealed 10 pulsotypes, designated A–J, which correlated 

with the resistance profile and mechanism of the isolates in each group (Fig. 2). Isolates of 

group G were all resistant to the five antibiotics, and were clustered in 3 subtypes. These 

isolates also clustered at a similarity of 0.75 when analyzed by smaI PFGE. Pulsotype C 

showed susceptibility to both tetracycline and rifampicin. Of note was that 85.2% (23/27) of 

the isolates clustered into six major PFGE types, indicating similar circulating MRSA clones 

in health centers in the province, as predicted by Shittu et al39 and Moodley et al38 in their 

study in KZN and South Africa respectively. Although the sample size was too small to show 

a definite correlation, the assertion of similar circulating clones in the province was supported 

by our study, as the PFGE analysis revealed some form of association between pulsotypes and 

the centers of sample collection. Centers 1 and 10 were found to contain pulsotypes C and H, 

while identical pulsotypes F and G were spread across nine of the 15 centers, intimating the 

possibility of similar clones of MRSA within the health care centers in the province. However, 

the study could not relate the pulsotypes to specific reported clones, as spa, SCCmec and multi 

locus sequence typing (MLST) are needed in tandem, with the PFGE for to predict the 

population clonal structure not being performed in this study. 
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To the best of our knowledge this is the first study of clinical MRSA isolates in the private 

sector in KZN Province characterizing the plasmid-mediated resistance and virulence genes. 

The study provides a private sector perspective of antibotic suscepbility patterns, and strongly 

affirms reports of interhealth centres spread of identical and closely related clones of MRSA 

in Durban, South Africa, highlighting the need for implementing efficeint and effective 

infection control programs.    
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Figure 1. Patterns of agarose gel electrophoresis showing PCR products for isolated MRSA plasmid genes. 

Lanes M: DNA molecular size maker (1-Kb ladder; Thermo Fisher Scientific Inc, Massachusetts, USA) 

Lane 1: mecA; Lane 2: blaZ; Lane 3: ermC; Lane 4: aac (6’)-aph (2’’) Lane 5: hla Lane 6: hld   
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Figure 2: PFGE Smal genotypic types generated from 27 clinical MRSA isolates from private sector in KZN. Pretested 

Salmonella serotype Braenderup strain H9812 was used as the quality control strain. The R and S indicate resistance 

or susceptibility for ciprofloxacin, gentamicin, erythromycin, tetracycline and rifampicin respectively. The alphabets 

A –J shows the main pulsotype and subtype of each isolate. The numbers 1 – 15 indicates codes of the hospital centers 

where the MRSA isolates were collected. 
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        Table 1 

        PCR primers and cycling parameters for genes presented in this study 

Gene Primer/sequence                                                                  PCR conditions PCR size (bp)     Reference 

mecA F-AACAGGTGAATTATTAGCACTTGTAAG 

R-ATTGCTGTTAATATTTTTTGAGTTGAA 

30 s 94 °C, 30 s 55 °C, 1 min 72 °C       174            15 

blaZ F-ACTTCAACACCTGCTGCTTT 

R-TGACCACTTTTATCAGCAAC 

30 s 94 °C, 30 s 55 °C, 1 min 72 °C       173            15 

ermC 

  

aac(6’)-aph(2’’) 

F-CTTGTTGATCACGATAATTTCC 

R-ATCTTTTAGCAAACCCGTATTC 

F-TAATCCAAGAGCAATAAGGGC 

R-GCCACACTATCATAACCACTA 

30 s 94 °C, 30 s 55 °C, 1 min 72 °C 

 

30 s 94 °C, 30 s 55 °C, 1 min 72 °C 

 

      190  

 

      227  

          15 

 

          15 

tetK F-TCG ATA GGA ACA GCA GTA 

R-CAG CAG ATC CTA CTC CTT 

30 s 94 °C, 30 s 55 °C, 1 min 72 °C       169            15 

hla F-CTGATTACTATCCAAGAAATTCGATTG 

R-CTTTCCAGCCTACTTTTTTATCAGT 

30 s 95 °C, 45 s 58 °C, 1 min 72 °C       209            16 

hld F-AAGAATTTTTATCTTAATTAAGGAAGGAGTG 

R-TTAGTGAATTTGTTCACTGTGTCGA 

30 s 95 °C, 45 s 58 °C, 1 min 72 °C       111            16 

eta F-GCAGGTGTTGATTTAGCATT 

R-AGATGTCCCTATTTTTGCTG 

30 s 95 °C, 45 s 54 °C, 1 min 72 °C        93            16 

LukS/F-PV F-ATCATTAGGTAAAATGTCTGGACATGATCCA 

R-GCATCAAGTGTATTGGATAGCAAAAGC 

30 s 95 °C, 45 s  60 °C, 1 min 72 °C        443            16 
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Table 2  

         Minimum inhibitory concentration (MIC) distributions of antimicrobial agents for 27 MRSA isolates    

Antibiotic  

Resistance pattern, n (%)                 

 

   Distribution of MIC (mg/ ml) 

 R  S     <0.25       0.5          1        2       4              8       16      32       64      128       256       >512 

Ampicillin 27 (100)  0         0 0   0 0 0 0 0 0 0 1 1 25 

Ciprofloxacin 23 (85.2)  4 (14.8)         0 2   2 0 4 1 1 0 2 5 8 2 

Gentamicin 20 (74.1)  7 (25.9)         2 3   1 0 1 0 2 4 7 7 0 0 

Erythromycin 16 (59.3)  11 (40.7)         0 8   2 1 0 2 6 4 4 0 0 0 

Rifampicin 19 (70.4)  8 (29. 6)         7 1   0 0 0 0 0 0 1 5 8 5 

Tetracycline 18 (66.7)  9 (33.3)                   6 1   1 2 0 0 1 1 8 5 2 0 

Clindamycin 3   (11.1)  24 (88.9)         24 0   1 1 0 0 0 0 0 0 0 1 

Daptomycin 0  27 (100)         7 16   4 0 0 0 0 0 0 0 0 0 

Vancomycin 0  27 (100)         1 10  16 0 0 0 0 0 0 0 0 0 

Linezolid 0  27 (100)         0 0   4 23 0 0 0 0 0 0 0 0 

Fusidic acid 0  27 (100)         26 1   0 0 0 0 0 0 0 0 0 0 

Tigecycline 0  27 (100)         27 0   0 0 0 0 0 0 0 0 0 0 

R, resistant; I, intermediate; S, susceptible, All intermediate MIC values were taken as resistant. 
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Table 3 

Clinical data, minimum inhibitory concentrations (MIC), and results of PCR for 27 MRSA isolates 
Isolate 

No. 

 Clinical data                                                           MIC (mg/l)b                                         PCR 

  

Hos 
cod 

 

Source 

 

Ward 
type 

S

e
x 

 

Age 

 

AP 

 

CP 

 

GT 

 

ET  

 

RF 

 

TT 

 

CM 

 

DP 

 

VM 

 

LZ 

 

FA 

  

TG 

 

mecA 

 

blaZ 

 

ermC 

 

aac-
aph 

 

tetK 

 

hla 

 

hld 

 

eta 

 

lukS/
F-PV 

B11970 1 Blood Neo ICU F  NB  >512 0.5   32 8 ≤0.25 2 ≤0.25 1 1 2 ≤ 0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P10781 15 Nasal OPD M 86 >512 256   64 32  512 256 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +     +     +      +       -   +       +     -    - 

P10747 2 CVP ICU F 66 >512 4 >64 64  512 128 ≤0.25 0.5 0.5 1 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

S37938 -  - - - - >512 256   16 32  256 64    2 0.5 1 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

S18155 3 ETT  ICU F 76 >512 256   64 64  256 128 ≤0.25 0.25 0.5 2 ≤0.25 ≤0.25  +  +  -   +    -   +    -  -    - 

B13178 5 Blood LW F 26 >512 256 >64 64  512 128 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

440260 -  - - - - >512 >512 >64 64  256 128 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

S18970 -  - - - - >512 256   64 32  512 64 ≤0.25 0.5 0.5 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

P11520 6 Pus  OPD M 62   512 >512  0.25 0.5 ≤0.25 ≤0.25 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  -   -    -   +    +  -    - 

T5683 7 Nasal  OPD F 43 >512  8  0.5 0.5  256 32 ≤0.25 0.5 1 1 ≤0.25 ≤0.25  +  +  -   -    -   +    +  -    - 

B15227 1 Blood Neo ICU F NB >512  4  64 8 ≤0.25 ≤0.25 ≤0.25 1 1 1 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P13563 -     - - M 49 >512 128 >64 0.5  128 16 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

S22589 4 Sputum ICU M 49 >512 128 >64 0.5  128 64 ≤0.25 1 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

B15612 8 Blood ICU M 46 >512 128 >64 16  512 256 ≤0.25 1 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    -  -    - 

B15810 5 Pus  Surgical M 41 >512 256  32 16  128 64 ≤0.25 0.5 1 2 0.5 ≤0.25  +  +  +   +    -   +    +  -    - 

B15583 1 Blood ICU F 37 >512 16 >64 2  64 2 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

S24463 10 ETT  ICU F 59   512  1  32 1 ≤0.25 ≤0.25   1 0.5 0.5 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P15045 1 Wound  Surgical F 47 >512 64  64 16  256 64 ≤0.25 0.25 0.25 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

P15028 10 Eye  Nursery F NB    512 4  16 0.5  0.5 ≤0.25 ≤0.25 0.25 1 2 ≤0.25 ≤0.25  +  +  -   +    -   -    +  -    - 

P14890 11 Wound  ICU F 41   512 256  64 0.5  256 128 ≤0.25 0.5 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

P15558 1  CVP  Medical F 94   512 >512 0.12 1  256 ≤0.25 >512 0.5 0.5 1 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P15469 12 Humerus General F 68   128  64  1 0.5 ≤0.25 0.5 ≤0.25 0.25 0.5 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

P15490 13 Bone  General M 63 >512 128   32 16  128 64 ≤0.25 0.25 0.5 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P15742 6 cheek  Trauma M 29   256  0.5  0.5 16 ≤0.25 64 ≤0.25 0.25 0.5 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

P15825 14 Buttock  Paediatri M 5   512  1  0.5 0.5 ≤0.25 0.25 ≤0.25 0.25 1 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

P15793 2 Head Surgical M 10   512 256  64 32  256 32 ≤0.25 0.5 0.5 2 ≤0.25 ≤0.25  +  +  +   +    -   +    +  -    - 

T8060 -     - - - -   512  4  4 16  128 64 ≤0.25 0.5 0.5 2 ≤0.25 ≤0.25  +  +  -   +    -   +    +  -    - 

 

a. ETT, Endotracheal tube; CVP, Central venous cathete; ICU, Intensive/High care unit; LW, Labour ward: OPD, outpatient department, NB, Newborn (day 0), -, No information. 
b AP,  ampicillin; CP,  ciprofloxacin; GT,  gentamicin; ET,  erythromycin; RF,  rifampicin; TT, tetracycline; CM,  clindamycin; DP,  daptomycin; VM, vancomycin; LZ, linezolid; FA, fusidic acid; TG, tigecycline. 

c. The numbers 1 – 15 indicates codes of the hospital centers where the MRSA isolates were collected. 
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CHAPTER 3 

 

This study describes the antibiotic resistance pattern, characterizes plasmid-mediated 

resistance and, virulence genes and assesses the genetic relatedness of 27 clinical MRSA 

isolates from the private sector in KZN, South Africa. 

 

3.1 Conclusions 

The following conclusions were drawn from the study with respect to the study objectives:  

 All MRSA isolates contained the plasmid-mediated mecA gene.  

 The isolates were all (100%) resistant to ampillicin, 85.2% were resistant to 

ciprofloxacin, 74.1% to gentamicin, 70.4% to rifampicin, 66.7% to tetracycline, 63.0% 

to erythromycin, and 11.1% to clindamycin. 

 All MRSA isolates showed no resistance to daptomycin, linezolid, vancomycin, 

tigecycline and fusidic acid.   

 Multidrug resistance (MDR) defined as resistant to β-lactams along with at least three 

classes of antibiotics was found in 74.1% (20/27) of the MRSA isolates.  

 The frequency of the resistance genes blaZ, aac (2’)-aph (6’’) and ermC were 100%, 

92.6% and 48.2% respectively but tetK was not found in any of the MRSA isolates.  

 The prevalence of virulence genes hla and hld were 96.3% and 92.6% respectively, 

however eta and LuKS/F-PV were not detected.  

 PFGE analysis revealed 10 pulsotypes; designated A–J with 70.0% similarity which 

correlated with the resistance profile isolates in each group.  

 Type F was the major pulsotype (29. 6%). It was found in 8 of the 27 MRSA isolates. 

subdivided into 5 subtypes  

 Of note, 85.2% (23/27) of the isolates clustered into 6 major PFGE types giving an 

indication of similar circulating MRSA clones in the KZN province.  

 The hospital centers 1 and 10 were found to contain similar pulsotypes C and H, whiles 

identical pulsotypes of F and G were spread across 9 out 15 different centers intimating 

the possibility of inter health centers spread of MRSA in the KZN province. 
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3.2 Limitations  

The following limitations are acknowledged for this study:  

 The short collection period of isolates yielded a small sample size which may have 

under- and/or over-estimated results. 

 The study sample for molecular profiling was limited to isolates from only one private 

laboratory in eThekwini Municipality hence the results cannot be extrapolated to KZN 

or to South African private health sector in general. 

 Detailed patients’ records were unavailable making it difficult to discuss the PFGE 

results appropriately. 

 

3.3 Recommendations 

That the following recommendations are made as a result of the findings from this study: 

 Further molecular studies should be conducted to investigate the mechanism of 

tetracycline resistance, including the role of efflux proteins (TetA, TetB, TetC, TetL), 

ribosomal protection (TetO, TetM) and modification proteins (Tet37, TetX). 

 Additional mechanisms of macrolide-lincosamide resistance, including the role of 

efflux pumps mediated by mrsA, the acquisition of ribosomal methylase enzyme (ermA, 

ermB) and drug modification (lnuA, lnuB) should be investigated. 

 The mechanisms of rifampicin and fluroquinolone resistance need to be studied in 

similar isolates. 

 Additional virulence factors, such as enterotoxins (sea-see, seg-seo, and seq), gamma 

hemolysins (hlg), toxic shock syndrome toxin (tst) and adhesive proteins (clfA/B, fib, 

fnbA/B) should be investigated to ascertain the repertoire of virulence genes.   

 Other molecular typing techniques that work in tandem with PFGE, such as spa, 

SCCmec and multi locus sequence typing (MLST) must be performed to determine the 

clonal clusters (CC). 

 Further studies involving larger sample sizes from geographically distinct areas in 

South Africa should be conducted to investigate the clonal evolution of MRSA 

overtime.   
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