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1.1  Introduction  

 

Healthcare associated infections (HAIs) continue to be one of the most common 

complications of care causing high rates of morbidity and mortality and placing a 

significant burden on hospital resources as a consequence of the subsequent 

increased length of hospital stay and cost of additional treatment (Cooper et al., 

2004; Diekema and Saubolle, 2011). Many factors contribute to infection in 

hospitalised patients, mainly as a result of low level immunity of these patients, the 

various invasive techniques that are applied that create potential routes for 

infection, and the facilitation of transmission of drug resistant micro-organisms in 

crowded hospital environments, together with poor infection control practices 

(Ducel et al., 2002). The problem is further compounded as a result of diminishing 

appropriate antibiotics due to the emergence of multi-drug resistant bacterial 

pathogens. Successful treatment has become a real and increasing global public 

health concern (Weber and Rutala, 2006), demanding attention and development of 

improved effective prevention and control measures. 

 

Improving patient care by addressing HAIs, through the development of robust 

strategies and procedures for prevention and control of infection in hospitals is high 

on the Government’s agenda. It is at the heart of the National Health Service 

(NHS) modernisation plan since the first “vision of developing a health service 

designed around the patient” was conceived (The NHS Plan: A Plan for 

Investment, 2000).  Various reports and documents have since been published with 

the central focus being the patient and with greater responsibility on the healthcare 

provider. The report “Winning Ways: Working together to reduce Healthcare 

Associated Infection in England”, published in 2003, is set out to provide clear 

direction to local health services of the actions required to reduce HAIs and prevent 

proliferation of antimicrobial resistant organisms. Further Government initiatives in 

the United Kingdom (UK) have invested considerably in improving infection 

control practices with emphasis on improving cleanliness and standards in hospitals 

to control the spread and limit the source of HAIs. In July 2000, the Department of 

Health (DoH) published the document “Towards Cleaner Hospitals and Lower 

Rates of Infection to provide direction to its commitment to reduce infection rates. 
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The Matron’s Charter within the report gave matrons and nurses at ward level the 

practical advice and power to ensure maintenance of high standards, and emphasis 

on cleanliness and the control of infection. Independent inspection regimens were 

introduced with encouragement to learn from the best. The report also encouraged 

patients to demand the highest standards of hygiene and the power to question their 

healthcare provider. 

 

 

Following this publication, the DoH published guidance and enacted new 

legislation over the next few years, the Health Act 2006: Code of Practice for the 

Prevention and Control of Healthcare Associated Infections (superseded by The 

Health and Social Care Act 2008: Code of Practice for the NHS Prevention and 

Control of Healthcare Associated Infections and Related Guidance) set out 

guidelines to ensure that patients are cared for in a clean environment and risk of 

acquiring infection is kept as low as possible. The Code brought new inspection 

powers for the Healthcare Commission. The Health and Social Care Act was 

further updated in 2012, paying particular attention to the standards of care in 

healthcare establishments outside of hospitals, e.g. nursing homes, which are now 

considered to be the second most frequent source of Meticillin-Resistant 

Staphylococcus aureus (MRSA) infections in UK hospitals (Cookson, 2005; The 

Health and Social Care Act 2012: Code of Practice for the NHS Prevention and 

Control of Healthcare Associated Infections and Related Guidance).  

 

The World Health Organisation (WHO) guidelines define nosocomial infections as: 

“an infection acquired in hospital by a patient who was admitted for a reason other 

than that infection, or an infection occurring in a patient in hospital or other health 

care facility, in whom the infection was not present or incubating at the time of 

admission (Ducel et al., 2002). Thus the fundamental aim of the modernisation 

agenda, through the various documentations, legislations, and working parties is to 

improve patient care by limiting and lowering infection rates and decrease the 

burden of healthcare costs. A report released by Britain’s National Audit Office in 

2000, revealed that although no national aggregate data are available on the total 

number of healthcare associated infections in England, “the estimated cost to NHS 
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hospitals of caring for people that acquire a healthcare associated infection is over 

£1 billion a year”, (National Audit Office, 2000). In 2004 the DoH confirmed that 

the best estimate of the number of HAIs per year was the figure 300,000 with 

hospital-acquired MRSA infections affecting 100,000 of those patients annually, 

costing the NHS approximately £1 billion to treat. 

 

It has long been acknowledged that multi-resistant organisms are transmitted 

between patients via the hands of healthcare professionals (Cookson, 2005; Horner 

et al, 2012), as a result of lack of compliance with basic infection control practices 

such as hand washing (Braid and Wale, 2002). Thus hand hygiene is acknowledged 

as one of the key elements in cross-infection prevention and control strategies. 

However, effective infection prevention measures focus not only on hand hygiene, 

but encompass and rely on the compliance of healthcare professionals to the 

various patient care regimens and the appropriate standards in place. Measures 

such as the correct choice and application of antimicrobials, adherence to optimal 

dosage and duration of treatment (Sherman, 2006), preparation of correct 

concentrations of disinfectant solutions for surface and/or environmental 

decontamination to remove the primary sources of infection are undertaken 

(McDonnell and Russell, 1999). These are supported by the regular and timely 

personal use of skin decontamination preparations to remove transient and 

contaminant organisms on the skin of the healthcare professional before and after 

any clean or aseptic procedures to prevent HAIs as outlined in the WHO guidelines 

on hand hygiene, (Anon, 2009). The WHO’s ‘My 5 Moments for Hand Hygiene’ 

approach to the provision of training, awareness, monitoring and compliance to 

hand hygiene aims to ensure a safe healthcare environment globally and patient 

care (Anon, 2009). 

 

The increase in requirements for hygiene standards and compliance has resulted in 

an inevitable increase in the use of disinfectants and antiseptics containing active 

ingredients such as quaternary ammonium compounds (QACs), chlorhexidine 

gluconate and the bisphenol ether compound, triclosan for environmental and skin 

decontamination procedures. This has raised potential concerns that as with the 
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phenomena of antibiotic resistance, intensive exposure to biocides may in time lead 

to the emergence of co-selection for resistance to both antibiotics and biocides as a 

result of the same mechanisms that provide resistance to biocides also enable cross-

protection to the activities of antibiotics (McMurry et al., 1998; Smith et al., 2007; 

Meyer and Cookson, 2010). Although the possibility of a link between biocide and 

antibiotic resistance in bacteria has been reported, there is no strong evidence as yet 

to support that this phenomenon has caused a problem in practice (Meyer and 

Cookson, 2010; Mavri and Možina 2012). 

 

1.2  Antimicrobials 

The term “antimicrobials” applies to antibiotics, antiseptics and biocides and 

therefore, when referring to antimicrobial resistance the inference is to any of these 

three compounds. Biocides (also termed germicides) comprise topical agents 

(antiseptics) disinfectants and preservatives (Fraise, 2002; Cookson, 2005) and are 

used to prevent the transmission of infectious disease agents. Antibiotics are 

employed for systemic or topical treatment of infectious diseases, and as 

prophylactic therapy. Disinfectants are used extensively in hospitals and other 

health care settings for hard-surface applications for the destruction of harmful 

microorganisms in the environment (McDonnell and Russell, 1999).  

 

The problems associated with the development and spread of antibiotic resistance, 

have been increasing since the early 1960s (Gilbert and McBain, 2003). One of the 

main causes of bacterial resistance has been linked to the inappropriate use and 

over prescribing of antibiotics (Woodford and Sundsfjord, 2005), not only in 

clinical medicine but also in animal husbandry and veterinary practice (Gilbert and 

McBain, 2003). This is further challenged by the increasing use of biocidal agents 

both in the clinical and community setting. There is no doubt that since their advent 

antibiotics have proven to be invaluable in the management of infections (Poole, 

2005), and have complemented well the use and application of antiseptics and 

disinfectants in limiting the potential sources of infection in hospitals and other 

health care settings. But the evolution and spread of bacteria resistant to drugs that 
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were previously used to successfully treat infections (Heym et al., 2002), has led to 

concerns of possible development of bacterial resistance (not only to biocides, but 

also to antibiotics), and thus the benefit of using biocides, and their possible role in 

the emergence of multidrug-resistant bacteria (Russell, 1999; Beumer et al., 2000; 

Fraise, 2002; Maillard, 2005). 

 

Thus the present study was undertaken to research into known MRSA biocidal 

resistance to review the above concerns and to explore the impact to hospital 

infection prevention strategies these may present.  

 

1.3  Staphylococcus aureus 

1.3.1  Taxonomy 

The genus Staphylococcus are part of the family Staphylococcaceae, which 

includes three other genera; Gamella, Macrococcus and Salinococcus. 

Staphylococci are facultatively anaerobic, Gram-positive spherical shaped bacteria 

that resemble clusters of grapes. They are catalase-positive, oxidase-negative, non-

motile and non- spore forming bacteria. 

 

The staphylococci are divided into two categories based on the production of 

coagulase; an extracellular protein that plays an important role in staphylococcal 

virulence by catalysing plasma-clotting and fibrinogen binding activity (Boden, 

1997). Thus staphylococci are designated as coagulase-positive or coagulase 

negative. Furthermore all coagulase positive strains of Staphylococci hydrolyse 

deoxyribonuclease (DNase) (only a small minority of coagulase negative strains 

also do so) and thermostable endonuclease. The tests are used to confirm 

identification of Staphylococcus aureus (S. aureus). 
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1.3.2  Staphylococcal cell wall 

The cell wall of staphylococci plays an important role in infectivity and 

pathogenicity; it is a tough protective coat underneath which is the cytoplasm that 

is enclosed by the cytoplasmic membrane (Harris et al., 2002). It comprises an 

intricate network of glycan chains of short peptides called peptidoglycan (a major 

target for host recognition) that are cross-linked to surface proteins and 

glycopolymers. The peptidoglycan layers contain a disaccharide backbone of 

alternating β-1-4-N-acetylglucosamine and N-acetylmuramic acid (NAG-NAM), to 

form a glycan unit. These units are joined together into long chains by the activity 

of transglycosidases (Salton, 1994). Attached to these glycan chains, via the N-

acetylmuramic acid are pentapeptides consisting of L-alanine, D-glutamine, L-

lysine and two alanine residues. These are cross-linked by a pentaglycine group 

between the L-lysine of one peptidoglycan to the D-alanine of another; it is during 

this transpeptidation, that the D-alanine terminal is cleaved (Labischinksi, 1992). It 

is these glycosidic bonds that promote stability to the cell as without these the cell 

would not be able to resist osmotic pressure and burst. Approximately 50% of the 

cell wall consists of phosphate- containing polymers known as teichoic acid, which 

further strengthens the cell wall by linking N-acetylmuramic acid of different 

peptidoglycan layers and by resisting the action of autolysin that break down the 

NAG-NAM bond (Giesbrescht et al, 1998). 

 

1.3.3  Staphylococcus 

Some staphylococci are classed as opportunistic pathogens and are able to cause a 

range of disease manifestations, particularly in the immune-compromised, elderly 

or very young, and in those with pre-disposed medical conditions. The most 

prominent pathogenic species in the genus is S. aureus which is both a 

commensal organism and a pathogen found on the skin and mucosal membranes of 

healthy individuals. Approximately 20% of individuals are persistently nasally 

colonized with one type of S. aureus strain (persistent carriers), (Williams, 1963; 

Dancer, 2007), whilst approximately 60% of the population are intermittently 

colonized and the strains change with varying frequency. The remaining 20% 
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almost never carry S. aureus and are referred to as “non-carriers” (Kluytmans et al., 

1997). Under normal circumstances, this organism does not cause infections in 

these sites. However, if the skin or the membranes in the nares are compromised 

through trauma such as injury including surgery, the organism may enter into 

deeper tissues and cause disease (John and Barg, 1999). This important human 

pathogen causes a range of infections from superficial abscesses and boils to the 

more serious infections of osteomyelitis, septicaemia, pneumonia, endocarditis, 

meningitis and toxic shock syndrome (Xin et al., 2002).  It is considered one of the 

most common causes of nosocomial infections and is often the cause of 

postsurgical wound infections (O’Neil et al., 2001). 

 

1.3.4  Staphylococcus genome  

The staphylococcal genome is arranged into a single circular chromosome of 

approximately 2.8 to 2.9 megabases (Mb) (George et al., 1994). The core genome 

of S. aureus comprises 75% of the genome. House-keeping genes that are essential 

for absorbing nutrients from the environment, metabolic intermediate synthesis and 

reproduction are contained here. The remaining 25% is made up of an assortment 

of extra-chromosomal non-essential accessory genes, i.e. genetic elements carrying 

virulence genes (Ito et al., 2003; Lindsay et al., 2006). Genetic elements such as 

conjugative and non-conjugative plasmids, mobile elements such as the 

staphylococcal cassette chromosome mec (SCCmec), prophages, transposons, and 

staphylococcal pathogenicity islands are important components of the 

staphylococcal genome involved in pathogenesis and antibiotic resistance. These 

elements are transferrable between staphylococcal strains (Novick et al., 2001) and 

even between patients during infection (Moore and Lindsay, 2002). Genes 

responsible for virulence and antimicrobial resistance reside on both the 

chromosome and extra-chromosomal elements (Novick, 1990). Phylogenetic 

studies have suggested that more than half of the predicted proteins encoded by the 

S. aureus genome are similar to those of Bacillus subtilis and Bacillus haladurans 

(Kuroda et al., 2001).   

 

http://en.wikipedia.org/wiki/Nosocomial_infection
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1.4  Meticillin-resistant Staphylococcus aureus (MRSA)  

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

resistant to not only meticillin (formerly named methicillin) but also most of the 

conventionally used antibiotics for treatment of infections caused by the organism. 

It is recognized as a major cause of nosocomial and community-acquired infection 

(Elsayed et al., 2003; Stavri et al., 2007). On a global level it is one of the most 

commonly identified multiple antimicrobial resistant organisms and thus continues 

to be a world-wide public health and infection prevention challenge (Fernandez et 

al., 2002). Elderly patients in nursing homes are more likely to be colonised with 

MRSA rather than infected and thus, are reservoirs of infection from which 

epidemic strains can be transferred to acute hospitals (Fraise et al., 1997). Once 

established within a hospital and other healthcare environments it is difficult to 

eradicate and thus places significant pressures in standards of healthcare and 

burden on health costs. The problem has been further exacerbated by the 

emergence of multidrug-resistant MRSA (MR-MRSA) resulting in it becoming one 

of the major causes of HAI leading to considerable morbidity and significant 

mortality (Caddick et al., 2005).  

 

MRSA infections are similar to those occurring with meticillin-sensitive 

Staphylococcus aureus (MSSA), with more serious infections likely to develop in 

ITU, cardiothoracic, orthopaedic, burns and transplant units (Bradley et al., 1991). 

Cross-infection is common in these units where patients are treated with topical or 

systemic antibiotics for prolonged periods of time during their illness. Neomycin is 

frequently prescribed topically and affords considerable selective advantage on the 

neomycin-treated skin surface resulting in the dissemination of neomycin-resistant 

strains (Lowbury et al., 1964; Lacey, 1970; Ayliffe et al., 1977a). Neomycin and 

gentamicin-resistant MRSA strains emerged almost 10 years after the introduction 

of these antibiotics (Lacey, 1975; Ayliffe, 1997).  

 

Soon after the discovery of the antibiotic penicillin by Alexander Fleming in 1928, 

and the subsequent use for therapy, S. aureus strains resistant to the agent began to 

emerge. The development of resistance to penicillin is mediated by the production 
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of an enzyme called penicillinase, a β-lactamase. This enzyme is able to break 

down the β-lactam ring, an important part of the structure of numerous antibiotics, 

rendering them ineffective. In response to the development of penicillin-resistant 

strains of S. aureus, commercially prepared forms of penicillin not affected by β-

lactamase were introduced, i.e. meticilin (the name was changed from methicillin 

to meticillin in 2005, in accordance with the international pharmacopoeia 

guidelines, which is regulated by WHO), flucloxacillin, oxacillin, and cefoxitin. 

Initially these provided effective treatment and management of clinical infections 

caused by penicillinase-producing strains of S. aureus, but by the early 1960s, 

however, isolates resistant to the semi-synthetic antibiotics were reported. 

Although meticillin is no longer used in treatment, the term meticillin-resistant is 

still used when referring to S. aureus strains resistant to these agents (Griffiths-

Jones, 1995; Johnson et al., 2005).  

 

In the UK, MRSA was first detected in 1961, only months after meticillin was 

introduced (Duckworth, 2003), and by the 1980s had become endemic in many 

hospitals as a common cause of nosocomial infections (Lowey, 1998) presenting a 

major treatment complication for physicians. Since then, the development of novel 

antibiotics for treatment of S. aureus infections has been in parallel with the 

emergence of multidrug-resistant strains on a global level. Strains are usually 

resistant to several antibiotics such as meticillin, erythromycin, aminoglycosides, 

lincosamides, fluoroquinolones and cephalosporins or even combinations of these 

(Gemmell et al., 2006) and prevalence has been widely reported.  S. aureus strains 

resistant to the glycopeptide, vancomycin (VRSA) have also been isolated and 

have thus, acquired resistance to practically all antibiotics, becoming one of the 

major causes of Community-acquired (CA) and HAIs leading to infectious 

morbidity and mortality. MRSA has been a cause of predominately HAIs, usually 

affecting patients during hospitalization, after surgery and during stays in long-term 

care facilities. In addition, MRSA infections are common in patients who have 

indwelling vascular catheters for dialysis or other medical treatments. 
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MRSA in hospitals is controlled by the same infection prevention and control 

measures as other HAIs. However, despite the implementation of improved 

standards of infection prevention and control, these measures have still failed to 

restrain the spread of MRSA, mainly due to its ability to survive in hospital dust for 

many months and on environmental surfaces for several weeks (Dancer, 2009). The 

numbers and proportion of S. aureus strains resistant to meticillin have increased 

steadily and significantly over the decades with the percentage of MRSA strains 

isolated from hospital patients in the UK rising from “<0.1% in 1960, 4% in 1969, 

10% in 1984 and 75% in 1999” (Aucken et al., 2002).  In 1988 a joint working 

party of the British Society for Antimicrobial Chemotherapy (BSAC) and Hospital 

Infection Society (HIS) was formed and published guidelines to control MRSA in 

hospitals by setting out recommendations in the document: Guidelines for the 

control and prevention of meticillin-resistant Staphylococcus aureus (MRSA) in 

healthcare facilities. In 1998, the document was revised with the participation of 

the Infection Control Nurses Association (ICNA). These guidelines have since 

been revised in 2002 and again in 2006 (Coia et al., 2006).  

 

1.5  Epidemic meticillin-resistant Staphylococcus aureus (EMRSA) 

Epidemic strains of MRSA (EMRSA) are defined as “those strains that have been 

isolated from two or more patients in two or more hospitals” (Kerr et al., 1990). 

The first EMRSA strain was identified in 1981 and designated EMRSA-1. It 

continued to cause outbreaks in hospitals until the late 1980s when a second 

EMRSA strain emerged. The subsequent characterization of MRSA isolates 

collected during a six-month national survey resulted in identification of a further 

twelve MRSA strains, which were designated EMRSA-3 to -14. 

 

During the 1990s the scale of the public health problem posed by MRSA in UK 

hospitals increased significantly, as it became a prevalent agent of bacteraemia in 

intensive care units (ICUs). The proportion of cases of S. aureus bacteraemia due 

to MRSA showed dramatic increases from “1–2% incidence in 1990–1992 to 40% 

in 2000” (Johnson et al., 2001; Moore and Lindsay, 2002). The increase was 
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mainly due to the emergence and spread of two of the most prevalent EMRSA 

strains isolated at this time, namely EMRSA-15 and -16 (Ellington et al., 2010). In 

2001 EMRSA-16 accounted for more than one third of all cases of MRSA 

bacteraemia in England and Scotland. In 2002, EMRSA-17 (a highly multi-

resistant strain, more so than any of the other previous UK EMRSA strains) was 

identified from a major outbreak at a hospital on the south coast-of England 

(Aucken et al., 2002). 

 

For many years now, the rate of MRSA bacteraemia infection has decreased and 

though it is not conclusive as to the reason for this decline it has been suggested 

that prudent antibiotic prescribing and effective infection prevention and control 

measures have impacted greatly on this (Ellington et al., 2010). EMRSA-3, 

EMRSA-15, and EMRSA-16 have now been the main strains affecting hospitals in 

England and Wales (Johnson et al., 2001). EMRSA-15 has disseminated to Europe, 

Australia, the Middle East and the Far East as well as the United States to cause the 

same problems as encountered in the UK (Ellington, et al., 2010). 

 

Sixteen epidemic strains of MRSA isolated and identified in the UK during the 

1980s and 1990s are displayed in Table 1.1. 
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Table 1.1:  EMRSA strains isolated in the UK (1980s and 1990s).         

(Adapted from Ayliffe, 1997) 

 

EMRSA Type Phage Type Antibiotic Resistance 

1 85/88A/932 Pen, Tet, Ery, (K), (Gm) 

2 80/85/90/932+ Pen, Ery 

3 75/83A/932 Pen, Ery, K, Gm, (Cip) 

4 85/90/932 Pen, Tet, Ery 

5 77/84 Pen, Tet, K, Gm, Rif 

6 90/932 Pen, Tet, Ery, K, Bac 

7 85 Pen, Tet, Ery 

8 83A/83C/932 Pen, Tet 

9 77/84/932 Pen, Tet, Ery, K, Gm 

10 29/75/77/83A/85 Pen, Tet, Ery, K, Gm 

11 84 Pen, Tet, Ery, K, Gm, Bac 

12 73/83A/83C/932 Pen, Tet, Ery, Fus, K 

13 29/83C/932 Pen, Tet, Fus, K, Gm, Bac 

14 29/64/47/54/90/932 Pen, Tet, Fus, K 

15 75 weak Pen, Ery, Cip 

16 29/52/75/83A/83C Pen, Ery, K, Cip 

 

Pen; penicillin, Ery; erythromycin, Fus; fusidic acid, Tet; tetracycline, Gm; 

gentamicin, K; kanamycin, Rif; rifampicin, Cip; ciprofloxacillin,   Bac; bacitracin 

 

Since 1999, the European Antimicrobial Resistance Surveillance Network (EARS-

Net) [formerly known as the European Antimicrobial Resistance Surveillance 

System, EARSS] has monitored the rise in infections to a number of organisms, 

throughout Europe, providing a European wide network of national surveillance 

systems to present data on antimicrobial resistance for public health care (Cookson, 

2005). 
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1.6 Community-acquired MRSA (CA-MRSA) 

MRSA was once considered as solely a hospital pathogen however, in the current 

climate it is increasingly recognized as a community problem (Wise, 2004). Strains 

are occurring increasingly in the community causing sporadic infections and 

outbreaks (Finch and Hunter, 2006). Community acquired MRSA (CA-MRSA) has 

emerged as an important pathogen among previously healthy young people in 

community settings worldwide (CDR Weekly, 2006). In addition to causing 

sporadic disease in the community, outbreaks of CA-MRSA have occurred in 

individuals in close contact, particularly where skin trauma is likely, e.g. sporting 

teams, military recruits and injecting drug users. Many strains of CA-MRSA 

encode the Panton-Valentine Leucocidin (PVL) virulence gene; a pore-forming 

cytotoxin associated with necrotic lesions or abscess formation. Rarely, infection 

can lead to cases of serious life-threatening disease such as necrotizing pneumonia. 

 

During the past decade, multiple reports of CA-MRSA infections have been 

reported in patients who lack the above risk factors. CA-MRSA infections differ 

from healthcare-associated MRSA (HA-MRSA) in that they are predominantly 

found in skin and soft tissue infections and are often susceptible to other non-β-

lactam antimicrobial drugs. In contrast, HA-MRSA infections are found at multiple 

sites, and are usually multidrug resistant.  

 

1.7  S. aureus typing methods  

The establishment of epidemiological links in an outbreak situation is critical to 

enable controlling the source or sources of the outbreak; several methods have been 

developed to facilitate this, rapidly and efficiently. Multi-locus sequence typing 

(MLST) utilises seven housekeeping genes of the genomic core to compare isolates 

on their genetic identities, (Enright et al., 2000). This method relies upon DNA 

sequencing of these seven loci, which are compared to known alleles on the online 

MLST database (www.mlst.net). From this, an allelic profile is generated, with 

each of the seven numbers identifying the allele for that particular gene. Each 

http://www.mlst.net/
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unique allelic profile assigned an identifying number, namely its sequence type 

(ST). To date 1710 sequence types have been added to the database for S. aureus; 

there are several databases for different species, including S. epidermidis, 

Escherichia coli, and Enterococcus faecium. The progressive links between 

different sequence types can be seen using the eBURST algorithm, available from 

the same website address, i.e. (www.mlst.net), which groups together closely 

related clones into Clonal Complexes (CC) centred around the apparent precursor 

of the group, or the Founder. MLST is a very useful tool for comparing MRSA 

lineages between different countries, as well as regions within countries. However, 

MLST is not able to quantify the level of variation within a locus, fine-scale 

differences among a population in a hospital outbreak is not possible. For this 

purpose, pulsed-field gel electrophoresis (PFGE) is generally considered to be the 

method of choice (Enright, et al., 2002). PFGE involves digesting total genomic 

DNA with the restriction endonuclease smaI, and using multi-directional 

alternating current to separate the fragments according to both the size and the 

charge. This method has proved to be highly discriminatory between 

staphylococcal strains (Prevost et al., 1992). However, PFGE can be laborious, and 

the results difficult to interpret, and often there are problems in achieving replicate 

results between laboratories. Therefore, a range of molecular tools have been 

developed, with the discriminatory power of PFGE, without compromising on 

efficiency and reproducibility. The most common procedure used, is spa-typing, 

which targets the Staphylococcal protein A (spa) gene, which is present in the cell 

walls of all strains of S. aureus. This involves PCR amplification and sequencing of 

the polymorphic X-region of the spa gene (van Belkum et al., 1998). This region 

consists of a variable number of tandemly repeated non-identical units which are 

typically 24 bp long, but may vary (Harmsen et al., 2003). To date, 435 repeat 

sequences have been identified and are stored in an online database.  

           

 

 

                                                                                                                               

http://www.mlst.net/
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1.8  Resistance Mechanisms 

1.8.1 Genetic basis of meticillin-resistance in S. aureus 

Understanding of the genetic basis for meticillin resistance in S. aureus strains has 

advanced significantly (Ito et al., 2004). The key genetic component of meticillin 

resistance is the mecA gene which encodes for a novel low-affinity penicillin-

binding protein (PBP2a) that enables MRSA strains to grow and divide in the 

presence of meticillin and all other β-lactam antibiotics (Foster, 2004).  The mecA 

gene is carried on a mobile genetic element (MGE) known as the staphylococcal 

cassette chromosome mec (SCC)mec or (SCCmec) which is inserted into the 

chromosome (Ito, et al., 2001). The SCCmec element is a genomic island (G-

island) that harbours a variable set of genes unrelated to meticillin resistance, and 

serves as an integration site for various other resistance determinants, transposons 

and integrated plasmids conferring resistance to other antibiotics such as 

erythromycin and kanamycin (Hiramatsu  et al., 2001; Ender et al., 2004). 

Susceptible strains of Staphylococci are able to acquire meticillin resistance by the 

integration of these mobile elements carrying the mecA gene encoding for PBP2a 

(Donnio et al., 2005). The first SCCmec element was discovered in 1999 in a pre-

MRSA strain (N315 isolated in Japan in 1982) (Ito et al., 2001). Pre-MRSA strains 

are mecA gene-carrying meticillin-sensitive strains of S. aureus (MSSA) in which 

mecA gene expression is strongly repressed by the presence of an intact mecI gene. 

The genes mecI and mecR1 are two regulatory genes of the mecA gene that encodes 

for PBP2a. To date eight different SCCmec types (I to VIII) have been described 

in S. aureus, differing in their structure and size, (Conceicȁo et al., 2010; 

Malachowa and DeLeo, 2010).  SCCmec types 1, 1V and V confer resistance 

solely to beta-lactams, whilst types 11 and 111 present multi-resistance (Hiramatsu 

et al., 2001). MRSA strains carrying SCCmec types 11 and 111 emerged in Japan 

and New Zealand in 1982 and 1985 respectively, strains incorporating type 1V 

were isolated worldwide in the 1990s and type V carrying strains in 2000 

(Deurenberg et al., 2007).  Figure 1.1 shows the different SCCmec types. 
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Figure 1.1:  S. aureus SCCmec types (ı-ᴠııı) (Malachowa and DeLeo, 2010) 

 

A limited number of MRSA lineages have emerged from the transfer of SCCmec 

into MSSA. Using MLST, to compare the internal sequences of seven 

housekeeping genes, it has been demonstrated that MRSA clones have evolved 

from five different groups of related genotypes or clonal complexes, each arising 

from a distinct ancestral genotype. The earliest MRSA isolates evolved from 

sequence type (ST) 8-MSSA, which after a point mutation, evolved into ST250-

MSSA (Meticillin-sensitive Staphylococcus aureus). This MSSA was likely to be 

the original recipient of SCCmec to yield the first MRSA (Enright et al., 2000).  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

1.8.2  Intrinsic and extrinsic resistance mechanisms   

MRSA strains are able to acquire resistance to antimicrobials via two major 

inherent survival mechanisms; intrinsic (natural, innate) and extrinsic (acquired) 

resistance (Hunter et al., 1995). Intrinsic resistance allows cells to survive the 

effects of antimicrobials by mutation or alteration in a gene, to produce changes in 

subsequent generations. Extrinsic resistance is the acquisition of a new property 

through the mutation or transfer of genes that confer resistance mechanisms such as 
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efflux and degradation, to cause resistance to antibiotics or substances that were 

previously effective.  

 

Whilst some strains of bacteria have intrinsic resistance mechanisms that pre-date 

the introduction of antibiotics, others such as MRSA have developed resistance due 

to many contributing factors, such as the overuse of antimicrobials, sub-optimal 

dosing, incorrect choice of antibiotics, and incorrect duration of treatment or an 

inappropriate route of administration (Sherman, 2006). As with most bacterial 

species, MRSA are able to use several strategies determined by intrinsic and/or 

extrinsic resistance mechanisms to combat the effects of antimicrobials. Firstly, 

they can produce specific proteins that chemically modify the antibiotic to prevent 

the drug from interfering with the activity that it was designed to inhibit e.g. β-

lactamase production. Secondly, they are able to chemically modify or mutate the 

target site of the antimicrobial so that no binding occurs e.g. strains of S. aureus are 

resistant to penicillin due to the mutation of the enzymes that are essential for 

forming their rigid cell wall, which is inhibited by the antibiotic (Sherman, 2006), 

and thirdly, by inserting a protein or efflux pump into its cytoplasmic membrane. 

These pumps can be specific for one substrate or be able to transport multiple drugs 

(MDR pumps), (Piddock, 2006; Correa et al., 2008). This pump can eject the 

antimicrobial as soon as it moves into the cytoplasm. As a result the concentration 

of the compound is too low to effectively inhibit the synthesis of bacterial proteins.  

 

A combination of these mechanisms can lead to the development of multidrug 

resistant phenotype strains (DeMarco et al., 2007). S. aureus normally colonizes 

the nasal and skin surface and it is at these sites that contact between bacteria and 

antibiotics may result in selection of resistant strains and transfer of resistance 

between strains (Lacey, 1971). However, one of the mechanisms used by 

staphylococci to resist the action of antibiotics and biocides is the expression of an 

efflux system (Correa et al, 2008). 
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1.8.3  Antimicrobial efflux systems  

In order for antimicrobials to work, they need to reach their target. Efflux 

mechanisms are one of the ingenious mechanisms that bacteria utilize to prevent 

antimicrobials and biocides from achieving this and thus evade the toxic effects of 

these compounds to ensure survival. The outer membrane of the cell of all strains 

of S. aureus contains hydrophilic porin-like channels through which antimicrobials 

enter and are pumped back out of the cell by the efflux protein pump.  

 

Miller and Sulavick (1996) described efflux pumps as “natural defence 

mechanisms against toxic compounds” acting like a channel to actively expel 

antimicrobials and other compounds out of the cell. Transport can be governed 

either by using proton motive force (PMF), a pH gradient or electrochemical 

formation, to prevent the accumulation of toxic substances within the cell (Beumer 

et al., 2000). So when efflux pumps are activated a number of antimicrobial 

compounds may become less effective as they never reach the internal 

concentration required to destroy the cell and/or never reach their target. 

 

Efflux mechanisms play an important role in bacterial acquired resistance to 

biocides (including, both mutation and plasmid-borne mechanisms). Drug efflux 

may be mediated by more than one pump in a single organism mediated by 

transport proteins which can be relatively specific for a given drug (single drug 

transporters) or a broad range of structurally unrelated toxic compounds, and for 

this reason are known as multidrug efflux pumps or multidrug exporters. The 

multidrug efflux pumps have emerged as one of the major drug resistance 

mechanisms in many organisms, including fungi and protozoa (Gibbons et al., 

2002) and are mediated by genes comprising part of the normal cell genome 

activated by induction or mutation.  

 

Although antibacterial efflux was first identified in 1980, in tetracycline resistance 

in Gram negative bacteria (Lomovskya and Watkins, 2001), it is only recently that 
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their importance has been acknowledged as a cause of resistance in a variety of 

bacteria. One such pump, the AcrAB pump which is found in strains of S. aureus 

transports biocides such as triclosan, chlorhexidine and QACs as well as multiple 

antibiotics out of the cell (Levy, 2002b) thus preventing antimicrobials from 

reaching their target sites. Table 1.2 displays the principal biocide efflux pumps 

and their characteristics that have been identified in S. aureus. 

 

Table 1.2:  Important biocide efflux pumps identified in S. aureus 

Efflux pump 

proteins 

Transporter 

family 

Resistance 

against 

Determinant 

location 
Reference 

QacA MFS 

Dyes, QACs, 

diamadines, 

biguanidines 

Plasmid 

(pSKI I & 

pSK57 ) 

Lyon & Skurray 

1985; Jaglic & 

Cervinkova, 2012 

QacB MFS 

Dyes, QACs, 

diamadines, 

biguanides,  

Plasmid 

(pSK23) 

Lyon & Skurray 

1985; Jaglic & 

Cervinkova, 2012 

QacC/D SMR Dyes, QACs 
Plasmid 

(pSK41) 

Lyon & Skurray 

1985; Correa et al., 

2008 

NorA MFS 
Dyes, QACs, 

Quinolones 
Chromosome Huang et al., 2004 

QacG/H SMR QACs, Plasmid 
Heir et al., 1998: 

Nelson, 2002 

QacJ SMR QACs Plasmid 
Bjorland et al., 

2003 

MdeA MFS 

Dyes (EtBr), 

QACs, 

Novobiocin & 

Fusidic acid 

Chromosome Huang et al., 2004 

SepA MFS Dyes, QACs Chromosome Correa et al., 2008 
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1.8.4  Multiple drug resistance proteins 

Multiple drug resistance (MDR) proteins are important resistance determinants 

which protect bacteria from antibiotics, antiseptics and disinfectants (Huang et al., 

2004). MDR proteins found in Gram-positive bacteria may be subdivided into five 

classes based upon the energy source used to export their substrates, their 

molecular arrangement, mechanism of action and biochemical constitution. 

Transport can either be driven by ATP hydrolysis, as in the case of the ATP-

binding cassette (ABC) superfamily, or by PMF.  

 

The four PMF-dependant families are: 

i. The Small Multidrug Resistant Family (SMR), 

ii. The Major Facilitator Superfamily (MFS),  

iii. The Multidrug and Toxic Compound Extrusion Family (MATE) and  

iv. The Resistance/Nodulation/Cell Division Family (RND).  

 

An illustration of the four representative transporters from the five major multidrug 

transporter families is displayed in Figure 1.2. 

 

 

Figure 1.2:  Diagrammatic expression of representative transporters from the 

five major multidrug transporter families. (Source: Hassan et al., 2010). 
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Intrinsic energy-driven drug efflux systems are activated either in response to 

environmental signals or by a mutation in the gene which regulates their 

expression. MRSA strains including MSSA strains may be resistant to 

antimicrobials by the production of MDR proteins such as NorA (Huang et al., 

2004), which acts as an efflux pump for multiple compounds.  

 

1.8.5  Reserpine and Acriflavine 

The overexpression of multidrug efflux pumps confers resistance to various 

antibiotics, dyes such as EtBr and acriflavine, and disinfectants, e.g. cetrimide 

(Garvey and Piddock, 2008). The activities of many of these pumps can be 

inhibited by the plant alkaloid reserpine, a specific inhibitor of active efflux 

(Brenwald et al., 1998; Beyer, et al., 2000). Previous studies undertaken have 

proven the presence of a reserpine-sensitive multidrug transporter to express 

resistance to fluoroquinolones, as well as EtBr and acriflavine (Markham, 1999). 

Thus the effect of reserpine on efflux activity may be used as a comparison to 

determine the presence or activity of novel efflux pump inhibitors (Frempong-

Manso et al., 2009).  

 

Acriflavine is used for a variety of biological and biochemical purposes, especially 

as an antiseptic agent. One mechanism of acriflavine resistance is due to 

overexpression of efflux pump genes (Kawai et al., 2009) and so the effects of 

acriflavine activity may also be used to determine the presence of efflux pump 

inhibitors. 

 

1.9  Resistance transfer methods in MRSA 

An important feature contributing to the dissemination of antibiotic resistance by 

bacteria is the ability of resistance genes to move into other susceptible strains as a 

result of mutations in their genetic constitutions or in the uptake of new genetic 

elements through horizontal gene transfer. Horizontal transfer of resistance may 
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occur via different mechanisms; through the acquisition of free exogenous DNA 

containing resistance genes by transformation, or the acquisition of resistance 

genes mediated by bacteriophages in the process of transduction, or lastly, via 

acquisition of resistance genes on mobile genetic elements (MGE) such as plasmids 

or transposons by conjugation, as demonstrated in Figure 1.3.  

 

 

Figure 1.3:  Horizontal and vertical gene transfer (Malachowa and DeLeo, 2010) 

 

1.9.1  Conjugation 

Conjugation is the process used by bacteria to acquire resistance genes that are 

carried on mobile genetic elements such as plasmids (extra-chromosomal DNA that 

replicate independently of the chromosome,  and carry genes that confer resistance 

to antimicrobials) or transposons (smaller pieces of DNA that transfer resistance 

genes from plasmids to chromosomes and probably chromosomes to plasmids). 

Conjugation is mediated by an extra chromosomal circular DNA (F-plasmid) 

which allows the bacterium to transfer certain genes to other bacteria without the F-
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plasmid. Bacteria with the F-plasmid are known as the “donors” and bacteria 

without the F-plasmid are known as the “recipients”. When two cells come into 

close contact, a hollow structure known as a pilus forms between them to allow the 

plasmid to be transferred from one cell to another, thus, enabling a susceptible cell 

to acquire resistance to a particular antimicrobial agent. 

 

1.9.2  Transduction 

Transduction is a process whereby DNA containing resistance genes is transferred 

from one cell to another inside a virus (bacteriophage), and therefore, does not 

require physical contact between the cell donating the DNA (donor) and the cell 

receiving the DNA (recipient) as is required in conjugation. Bacteriophages are 

able to transfer chromosomal or plasmid-associated resistance genes to a new 

bacterial host of vastly different evolutionary backgrounds i.e. transfer of resistance 

between Gram-positive and Gram-negative bacteria. When the cell dies and lyses 

the new phage continue to infect other bacteria. 

 

1.9.3  Transformation 

Transformation is the process where genes are transferred from one strain to 

another as “naked” DNA. When cells die and break apart, DNA can be released 

into the surrounding environment. Other bacteria in close proximity can scavenge 

this DNA and incorporate it into their own. This DNA may contain genes such as 

antimicrobial resistance genes which may be advantageous to the recipient cell. 

 

1.10  Plasmid-encoded antibiotic resistance 

1.10.1 Staphylococcal multi-resistance plasmids  

During the 1940s and 1950s antibiotic resistance in S. aureus was considered to 

have arisen by mutation and selection due to the ability of the organism to develop 

resistance to antibiotics (Lacey, 1975). However, since then it has been evident that 
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most antibiotic resistance in S. aureus is plasmid mediated. Plasmids are auto-

replicating extra-chromosomal DNA molecules which mainly exist as double 

stranded circular DNA molecules. If both strands of DNA are intact circles, the 

molecules are described as covalently closed circles (CCC DNA). If only one 

strand is intact, then the molecules are described as open circles (OC DNA). 

However, plasmids are able to exist as both circular and linear molecules in a 

variety of bacteria. 

 

Clinical strains of S. aureus often harbour multiple plasmids, ranging from small 

rolling-circle (RC) replicating plasmids that encode only a single resistance 

determinant to larger multi-resistance and conjugative plasmids. The 

staphylococcal RC plasmids have been subdivided into four families and are 

exemplified by pT181, pC194, pSN2 and pE194, based on replication region 

sequence similarities. Multi-resistance plasmids confer resistance to penicillin and 

heavy metals or other inorganic ions. Such β-lactamase-heavy-metal resistance 

plasmids characteristically contain the β-lactamase-encoding transposon Tn552 or a 

derivative or operons mediating resistance to arsenical, cadmium and/or mercuric 

ions (Firth et al., 2000). Some β-lactamase-heavy-metal resistance plasmids also 

contain qacA or qacB antiseptic and disinfectant multi-resistance determinants. 

 

The largest of the staphylococcal plasmids are the conjugative multi-resistance 

plasmids designated pSK41, pGO1 and pJE1 and are capable of mediating their 

own conjugative transfer and mobilization of other resident plasmids. These 

plasmids are designated the pSK41 family and were first detected in strains isolated 

in the mid-1970s (Simpson, et al., 2003). The pSK41 family plasmids typically 

confer resistance to the aminoglycosides; gentamicin, tobramycin and kanamycin 

as well as multidrug resistance to antiseptics and disinfectants encoded by smr 

which was formerly referred to as qacD. Figure 1.4 illustrates the various methods 

of gene transfer, i.e. conjugation, transformation and transduction systems. 
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Figure 1.4: Resistance gene transfer methods to susceptible strains. (Levy,1998) 

 

1.11  MRSA resistance mechanisms to antiseptics and disinfectants 

As with antibiotics, reduced susceptibility or acquired resistance to antiseptics and 

disinfectants can occur either by chromosomal gene mutation or by acquisition of 

genetic material via plasmids or transposons. When such changes arise causing an 

antibiotic to be ineffective against an infection that was previously treatable with 

that antibiotic, the organism is referred to as “resistant”. In contrast, reduced 

susceptibility to disinfectants is not strictly an indication of the failure of the 

disinfectant because the concentrations used in clinical practice are substantially 

higher than the susceptibility of pathogens to the antimicrobial. At present 

susceptibility testing of antiseptics and disinfectants is performed following 

methodology developed for testing antibiotics. However, interpretation of the 

results may not correlate with the clinical efficacy of the biocide and therefore, 

“resistance when applied to these changes is considered incorrect and the term 

“reduced susceptibility” or “increased tolerance” is considered more appropriate 

(Beumer et al., 2000).  
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1.11.1 Antimicrobial selection pressure  

Resistance to antiseptics and disinfectants is widespread amongst MRSA due to the 

expression of plasmid-mediated efflux pumps in these strains. It has been 

suggested that this may have occurred due to the extensive use of QACs in hospital 

settings, which in turn imposes selective pressure, and thus contributes to the 

emergence of antiseptic and disinfectant-resistant strains (Sidhu et al., 2002). 

Although biocides play an important role in limiting the potential sources of 

MRSA nosocomial infection, their use also provides micro-organisms an 

environment in which the acquisition of resistance by spontaneous mutation or 

horizontal gene transfer via conjugation, natural transformation or transduction is 

facilitated. Thus, strains are able to adapt to biocide exposure through the 

acquisition of plasmids and/or transposons. In any large population of MRSA 

strains, a few cells will be present with traits that will enable them to survive in the 

presence of antibiotics, biocides and other toxic compounds. Susceptible strains i.e. 

those lacking this trait, will be removed leaving the resistant population behind. 

With long term use of antimicrobial compounds, the population will change with 

the more resistant cells increasing. This can result in unsuccessful elimination of 

the organism using a compound that was previously effective but presenting as an 

infection control problem (Beumer et al., 2003).  A rapid increase in the number of 

strains resistant to antimicrobial agents may lead to the introduction of resistant 

strains into susceptible populations of bacteria and transfer resistance traits into 

other bacteria. 

 

Similarly, the development of antibiotic resistance can occur intrinsically by 

acquisition of transposons or plasmids carrying resistance genes. Often these 

elements carry genes conferring resistance to more than one antibiotic, and so 

selection of resistance to one antibiotic may also select for a variety of other 

antibiotics. Increased disinfectant use may result in the selection for disinfectant 

resistance genes on the same transposon or plasmid carrying antibiotic resistance 

genes. These disinfectant selected-antibiotic resistant strains are able to survive the 

effects of the disinfectant and may transfer these genes to other susceptible strains, 

which to date is an unproven hypothesis. Thus excessive biocidal exposure could 
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contribute to the spread of antimicrobial resistance by selection and dispersal of 

plasmids producing resistance to both antibiotics and biocides (Bloomfield, 2002).  

 

Food industries and veterinary practices also frequently use disinfectants based on 

QACs to eradicate and to prevent the spread of unwanted microorganisms (Sidhu et 

al., 2001). In recent years biocides have been increasingly used in the home 

environment, for the decontamination of food preparation surfaces, in toilet and 

bath cleaning agents, and general improvement of cleanliness in the home as well 

as in personal hygiene products, such as shampoos, deodorants, toothpaste, 

medicated mouthwash and soaps (Fraise, 2002). This frequent use may result in 

residual sub lethal concentrations of the disinfectant in the environment, which, in 

turn, may lead to the development of a selective pressure. Continuous selective 

pressure may result in the rapid emergence of novel resistance determinants and 

continuing evolution of existing ones. A variety of naturally occurring genetic 

transfer mechanisms ensures that under the appropriate selection, pressure 

resistance determinants will disseminate resulting in resistance in previously 

susceptible strains. Thus the emergence of microorganisms with a combined 

resistance to disinfectants and antibiotics is a challenge to both the food industry 

and to clinical hospital settings (Sidhu et al., 2001).  

 

1.11.2 Antiseptic and disinfectant resistance qacA and qacB genes 

In clinical strains of MRSA, efflux is an important mechanism of antibiotic and 

biocide resistance and is generally plasmid mediated (Correa et al., 2008). At least 

12 plasmid-borne qac genes conferring resistance to antiseptics and disinfectants 

have been identified, i.e. qacA to qacJ, smr and norA (Huang et al., 2004; Noguchi 

et al., 2006). The genes that encode loss of susceptibility to QACs by efflux in 

staphylococci are mainly; qacA, qacB, qacC and qacD (Fraise, 2002; Correa et al., 

2008; Jaglic and Cervinkova, 2012) and have been described as two gene families; 

qacA and qacB (qacAB), qacC and qacD (collectively referred to as smr).  

  

http://jmm.sgmjournals.org/content/58/3/331.full#ref-12
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The qacA and qacB are almost identical at the nucleotide level and sequence 

analysis has shown that there are only seven base pair differences between the two 

(Heir et al, 1998; Kumar and Varela, 2012), and thus are two closely related genes 

that mediate multidrug efflux in MRSA strains (Sidhu et al., 2001). The qacA gene 

is a member of the MSF and is predominantly found on the pSK1 family of multi-

resistance plasmids (Gaze et al., 2005). pSK1 is a 28.4-kb plasmid that may also 

carry the transposon Tn4001 (which confers resistance to the aminoglycosides; 

gentamicin, kanamycin and tobramycin). The qacB gene is detected on the large 

heavy-metal resistance plasmid pSK23 and mediates resistance to divalent cationic 

drugs such as diamidines and biguanidines (Paulsen et al., 1996). The gene encodes 

for the protein QacB which is closely related to QacA protein encoded by qacA. It 

is suggested that the extensive use of antiseptics such as chlorhexidine in hospital 

environments has resulted in the evolution of qacA gene from qacB gene (Paulsen 

et al., 1998). Resistance to QACs and monovalent and divalent organic cations is 

specifically determined by the two gene families; qacAB that mediates high-level 

resistance and smr that mediates low-level resistance.  

 

The smr genes are present on the plasmids pSK89 and pSK41.  The plasmid pSK41 

is a 46.4-kb conjugative plasmid that consists of multiple antimicrobial resistance 

mechanisms on a single plasmid that has evolved from the insertion of transposons 

and the integration of other plasmids. The transposon Tn4001 on pSK41 confers 

aminoglycoside resistance, and neomycin resistance conferred by genes provided 

by the integration of a plasmid (pUB110). tra genes carried on the pSK41 are 

required for the conjugation of the plasmid from one organism to another. 

 

The other plasmid-borne genes belonging to the SMR family are qacF, qacG, qacH 

and qacJ which have been detected and identified in food-borne, equine and bovine 

veterinary isolates of S. aureus and CoNS (Heir et al., 1998; Bjorland et al., 2003; 

Bjorland et al., 2005). The qacE gene and its attenuated variant qacEΔ1are widely 

distributed in Gram negative bacteria, such as Enterobacteriaceae spp., 

Pseudomonas spp., Acinitobacter spp., and Helicobacteraceae spp., mainly due to 

the high prevalence of class 1 integrons (Gaze et al., 2005; Jaglic and Cervinkova, 
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2012), i.e. genetic elements that are able to integrate additional DNA at a specific 

site by encoding for the enzyme, integrase, which mediates site-specific 

recombination. Four distinct classes of integrons have been identified, of which 

class 1 are most commonly isolated from antibiotic-resistant clinical strains 

(Bennet, 1999).  

 

MRSA strains that possess multidrug efflux systems may inevitably present serious 

problems for successful treatment due to their ability to resist the effects of 

antimicrobial agents through both intrinsic and acquired resistance. Various studies 

have revealed that the expression of several genes encoding multidrug efflux 

pumps may in fact be induced by the same drugs that are used for treatment.  

 

1.12  Antiseptics and Disinfectants  

Antiseptics and disinfectants are used extensively in hospitals and other healthcare 

settings, and are an important part of infection prevention and control practices in 

the prevention of HAIs (McDonnell and Russell, 1999). Along with adherence to 

effective hand hygiene practices, correct practice of disinfectant use, i.e. 

disinfection of contaminated surfaces and medical instruments has also been 

considered a key method of preventing patient-environment-patient transmission of 

infectious agents (Smith, 2004; Cookson, 2005; Ioannou et al., 2007), thus 

increasing the use of disinfectants within hospitals and other healthcare 

establishments. Antiseptics may be defined as substances which inhibit the growth 

and development of micro-organisms that may cause sepsis in wounds, or are 

present on skin surfaces, and can either be bactericidal or bacteriostatic in action 

(Khan and Naqvi, 2005).  Cationic antiseptics, e.g. ethidium bromide (EtBr), and 

biguanides, e.g. chlorhexidine gluconate, are most commonly used within hospitals 

and other healthcare institutes to prevent infections (Correa et al., 2008). 

Disinfectants are similar, but are generally used for environmental or surface 

decontamination e.g. hospital floors, walls, and furnishings (McDonnell and 

Russell, 1999). The characteristics of the various hospital biocides and their 

intended use is summarised in Table 1.3, and their bacterial targets and summation 

of their known mechanisms of action is presented in Table 1.4 
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    Table 1.3:  Biocide characteristics and intended use (adapted from Sheldon, 2002). 

Biocide Classification Intended Use 

Antiseptic Applied to skin or living tissue to kill or inhibit the growth of 

vegetative micro-organisms, e.g. surgical hand scrubs, hand 

washes, pre-operative skin preparation solutions, and skin 

prepping before injection or blood taking. 

Disinfectant Applied to inanimate surfaces to kill or inactivate vegetative 

micro-organisms, e.g. house-keeping surfaces, non-critical 

patient-care instruments. 

Preservative Used on multi-use medical products to prevent the growth of 

organisms resulting in product deterioration. 

Sterilant Applied primarily on multi-use medical devices such as 

stethoscopes, endoscopes, etc., to kill vegetative and spore-

forming bacteria. 
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Table 1.4:  Commonly used hospital biocides, uses, bacterial targets and known mechanisms of action (adapted from Sheldon, 2002) 

Biocide Agent Uses Target and Mechanism(s) of action 

Biguanides Chlorhexidine Antisepsis, disinfection, 

preservative 

Membrane –active agents that destroy cell wall and outer 

membrane, resulting in collapse of membrane potential and 

intracellular leakage. Enhanced passive diffusion mediates 

further uptake causing coagulation of cytosol. 

Bisphenols Triclosan Antisepsis, disinfection, 

preservative, deodorant, 

soap, toothpaste 

Bind to enoyl-acyl carrier protein reductase, causing 

inhibition of fatty acid biosynthesis. 

QACs Benzalkonium chloride, 

Cetrimide, Octenidine 

Antisepsis, disinfection, 

preservative, cleaning 

Membrane-active agents that damage cell wall and 

cytoplasmic membrane, mediated by binding to 

phospholipids, resulting in loss of structural integrity of the 

cytoplasmic membrane, enhancing further uptake and 

inducing leakage of intracellular components and cell lysis. 

Alcohols Ethanol, isopropanol, n-

propanol 

Antisepsis, disinfection, 

preservative 

Penetrating agents that cause loss of cellular membrane 

function, leading to the release of intracellular components, 

denaturing of proteins and inhibition of DNA, RNA, 

protein and peptidoglycan synthesis. 

Halogen-releasing agents Iodine chlorine Antisepsis, disinfection, 

preservative 

Highly active oxidizing agents that destroys cellular 

activity of proteins. Disrupts oxidative phosphorylation and 

membrane-associated activities. Iodine reacts with cysteine 

and methionine thiol groups, nucleotides and fatty acids, 

resulting in cell death. 
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1.13 Quaternary Ammonium Compounds (QACs) 

 Quaternary ammonium cations are ionic compounds derived from ammonium. 

 These compounds are also referred  to as quaternary ammonium salts, quaternary 

 ammonium compounds or “Quats” and are the active ingredients in disinfectants and 

 sanitizers used in hospitals and other healthcare establishments, as well as in homes, 

 offices and farms. A quaternary ammonium salt has the general structural formula as 

 shown in Figure 1.5. 

 

 

 Figure 1.5:  Structural formula of a quaternary ammonium salt.                    

   (Source: www.fefchemicals.com) 

 

 In brief, the chemical structure of QACs comprises, the replacement of the hydrogen 

 atoms  in ammonia (NH3) by organic groups, i.e. R is an aliphatic hydrocarbon 

 radical that contains at least seven carbon atoms. R2 represents alkyl groups of low 

 molecular weight such as methyl, ethyl, propyl, isopropyl, or butyl etc., and R3 

 represents a member of the group consisting of alkyl, arlyl and unsaturated aliphatic 

 hydrocarbon  radicals. The X represents an anion, e.g. a halide, hydrogen  sulfate, 

 methyl or ethyl sulfate, alkyl phosphate, thiocyanate, etc., (Cook et al., 1949; 

 Bossart et al., 2009). 

 

http://www.fefchemicals.com/
http://en.wikipedia.org/wiki/File:Quaternary_Ammonium_Salt.PNG


 34 

1.13.1 Applications of QAC based compounds 

QACs have been used in a variety of clinical purposes, e.g. as antiseptics for 

preoperative disinfection of unbroken skin and application to mucous membranes 

(McDonnell and Russell, 1999), as well as in fabric conditioners, hair products and 

other household detergents. The most common QAC based compound is 

benzalkonium chloride (BZC), and the main QACs currently in-use are, alkyl-

dimethyl-benzyl-ammonium chloride (ADBAC), stearalkonium chloride, 

isothiazolium-benzalkonium chloride, cetrimonium chloride/bromide (cetrimide), 

cetylpyridinium chloride, alkyl amino alkyl glycines and didecyldimethylammonium 

chloride (DDAC), (Buffet-Bataillon et al., 2012).  

 

Due to their strong affinity for surfaces, QACs are excellent disinfectants for hard-

surface cleaning. They are referred to as “surface acting” as they interact with liquid 

(water) to reduce the surface tension and also form micelles, allowing dispersion in 

the liquid. The QACs adsorb onto almost any surface resulting in the formation of a 

monolayer as they contain a hydrophobic group that has an oily character and thus 

repels water. It is the formation of this monolayer of oil and the neutralisation of 

surfaces that makes them ideal for use. When adsorbed on surfaces this oily group 

extends outwards from the surface as shown in Figure 1.6.   

 

 

Figure 1.6:     Formation of oil monolayer repelling water and extension outwards 

from the surface. (Source: www.fefchemicals.com).  

http://www.fefchemicals.com/
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1.13.2 Mode of action of QACs 

As biocides QACs are active against Gram positive and Gram negative organisms, as 

well as some of the viruses, fungi and protozoa. The primary target sites for the 

QACs are the bacterial cell walls and the cytoplasmic (inner) membranes. QACs 

bind to these membrane surfaces by ionic and hydrophobic interactions. The cationic 

head group faces outwards and the hydrophobic tails are inserted into the lipid 

bilayer as shown above in Figure 1.6. The compounds quickly adsorb to and 

penetrate the cell wall, which can disrupt its structure and function. On contact with 

the cell membrane they react with the membrane lipids and proteins (including 

enzymes), leading to a cascade of effects including loss of structure and function and 

leakage of cytoplasmic material (McBain et al., 2004; Ioannou et al., 2007).  
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1.14  Management and Control of MRSA Infection 

The spread and inability to effectively treat or manage MRSA infections, poses 

obvious infection prevention and control problems. If there are mechanisms by 

which bacterial DNA may be transferred between strains of the same species of 

bacteria (interspecies) or even different species (Gram positive to Gram-negative 

organisms and vice-versa), it may create genetic diversity in bacterial populations 

(Fraise, 2002), resulting in many problems and inability to control and eradicate 

infections. Furthermore, if biocide resistance were to become increasingly common 

it may result in the evolution and subsequent dissemination of new resistance 

mechanisms and emergence of cross-resistance due to commonality of target sites 

between biocide and antimicrobial (Gilbert and McBain, 2003). Several resistance 

mechanisms have evolved in all bacteria and a working knowledge of these 

mechanisms by professionals and research scientists will lead to a better 

understanding of MRSA resistance mechanisms and the need for adherence to 

efficient control of infection strategies to prevent spread of infections and 

development of resistance in both hospital and community acquired MRSA 

infections. 

 

1.15  MRSA and Infection Prevention and Control 

MRSA is commonly resistant to multiple antimicrobials and thus has a limited 

spectrum of antibiotics that may be prescribed in hospital treatment regimens. 

Antiseptics and disinfectants are used occasionally as topical agents for treatment of 

infected sites, e.g. pressure sores infected with MRSA, but more commonly for 

decolonisation of patients to reduce possible auto-infection and cross-infection and 

in environmental decontamination to reduce sources of MRSA. However, the 

organism is still a major cause of nosocomial infections worldwide. The incidence of 

hospital acquired MRSA continues to rise globally placing a substantial burden on 

hospital resources (Cooper et al., 2004). Unless outbreaks are controlled and 

managed effectively, MRSA may reside permanently in a hospital environment, as it 

is difficult to eradicate, and so continue to cause significant infection prevention 

failures and pressures on the hospital’s infection prevention teams. 
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It is considered that the principal mode of transmission from patient to patient is 

mediated via the transiently colonized hands of hospital personnel (Cooper et al., 

2004; Cookson, 2005), and so compliance with hand hygiene before and after each 

patient is deemed the single most effective measure of reducing the spread of MRSA 

and other HAIs (Smith, 2004). As early as 1847, Ignaz Semmelweis, who is 

considered the “grandfather of infection control”, demonstrated that the incidence of 

infection could be drastically reduced by enforcing hand washing amongst 

physicians. Contemporary studies have shown hand hygiene compliance amongst 

healthcare workers to significantly reduce HAIs (Pittet et al., 2000). In any situation 

where susceptible or immune-compromised patients are brought into contact, the 

risks of acquiring and/or spreading infection can be high. Infection may be spread 

not only via the hands of healthcare workers but also airborne dispersal and contact 

with contaminated surfaces in the healthcare setting. Therefore, improvement in 

hospital cleanliness and hygiene standards are an important preventative measure to 

eradicate the reservoir of infections, targeting equipment used before and after each 

patient, removal of dust from hard surfaces and furnishings, and staff hands. The 

cleaning of surfaces and equipment has two main functions; to maintain and improve 

the hygiene of the environment and to reduce the numbers of microbes and any 

substances that may support their growth or interfere with the disinfection or 

sterilisation process. Thus, reduction in the numbers of microbes on surfaces and 

objects and the general environment should theoretically reduce the risk of acquiring 

infection and /or colonisation through contact. 

 

Isolation and decolonisation are the two main control measures intended to prevent 

such routes of transmission (Robotham et al., 2011).  The most intensive form of 

isolating patients being isolation wards (designated for the treatment of known or 

suspected carriers of MRSA) and selective nursing (the physical segregation of 

MRSA patients in one part of a ward, and nursed by designated staff that care 

exclusively for these patients). Other isolation measures include use of single bedded 

rooms and barrier precautions (use of aprons or gowns and gloves as physical 

barriers to transmission). 
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The timely implementation of effective infection prevention measures is essential to 

maintain a low incidence of MRSA cases within the environment and to minimise 

the magnitude of any outbreaks.  Attempts to control the spread of MRSA infection 

is principally based on three measures: Firstly, hand hygiene amongst healthcare 

workers, secondly, restriction of antibiotics and lastly the detection and isolation of 

infected or colonised patients. Ultimately the implementation of effective infection 

control practices and policies will aim to reduce the incidence of MRSA infections. 

However, the need for improved hygiene is recognized as a vital component of 

infection prevention and control strategies. The correct practice of disinfectant use 

within hospitals has long been considered the most appropriate first line of defence 

to curb infection outbreaks and to minimize antibiotic prescriptions. Thus a 

combination of appropriate control strategies and improved environmental hygiene 

are key components of prevention of transmission of MRSA infections from patient 

to environment to patient. If the incidence of infection through high standards of 

hygiene is achieved it may be possible to reduce the amount of antibiotic prescribing 

leading to a reduced impact on antibiotic resistance. Hospital staff should be made 

aware of correct disinfectant practices and the adverse consequences of a failure to 

appreciate the effects of temperature and dilution on disinfectant performance. The 

thorough understanding of antimicrobial action is necessary for adequate advice to 

be given to hospital infection control teams in order to formulate appropriate 

disinfection protocols and policy guidelines. 

 

1.16  The Role of Hospital Infection Research Laboratory and HAIs 

During the early 1950s and 1960s the number of hospital patients acquiring 

infections in the West Midlands was high and the Regional Medical Officer, Dr 

Christie Gordon requested Professor Edward Lowbury of the Medical Research 

Council to investigate the problem. A decision was made to appoint a research team 

and set up a laboratory to provide a regional and national infection control service. 

The Hospital Infection Research Laboratory (HIRL) opened in 1964 at Summerfield 

Hospital (now the City Hospital), Dudley Road, Birmingham, under the directorship 

of Professor Graham Ayliffe.  
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In the early days, the work of the laboratory was mainly investigation into outbreaks 

of infection and locating the source. Cross-sectional surveys of infection in relation 

to ward structure and practices were carried out in hospitals in the midlands during 

the years 1973 and 1976 (Ayliffe et al., 1977b) to monitor rates of hospital infections 

in the Birmingham area. HIRL has played a major historical role in researching into 

the prevention and control of HAIs and provided a national source of information 

and advice on infection control issues. It’s involvement with international counter-

parts in the evaluation of procedures for hygienic hand-disinfection (Rotter et al., 

1986), has continued, and the laboratory is recognised as a reputable and approved 

institute for carrying out evaluations on newly formulated products for hand hygiene.  

Over the years the role of the laboratory has developed to investigate new and 

alternative methods of cleaning, disinfection and sterilization, evaluation of new 

disinfectants, antiseptics and other infection control products, as well as 

commissioning and validating decontamination equipment. 

 

The early research exploring the effective removal of transient skin flora (including 

MRSA) and distinguishing them from resident skin flora led to better understanding 

and effectiveness of removal of transient bacteria with soap and water and 

disinfection with antiseptics (Lilly and Lowbury, 1978).  

 

The WHO promotes hand hygiene globally as “a very simple action, that is well 

accepted to be one of the primary modes of reducing HAIs” (Anon, 2009). The 

procedure is advocated for effective hand hygiene and is a six step hand washing 

technique that was devised by Professor Graham Ayliffe and his research staff in 

1978 (Taylor, 1978).  Studies conducted identified that during washing of hands, the 

areas most neglected are the tip of the thumb, the fingertips and space in-between the 

fingers and concluded that as it is the fingertips that come into contact with skin 

surfaces, or inanimate surfaces, person to person transfer of micro-organisms and 

infections is thus facilitated (Ayliffe et al., 1978). 
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1.17  Aim and Objectives of research 

It is hypothesised that in hospital strains of MRSA harbouring the antiseptic and 

disinfectant resistance genes qacA and qacB, there is an association with antibiotic 

resistance due to genes borne on the same mobile genetic element.  

The scientific objectives of the research were as follows: 

1. To identify and select from two collections stored at City Hospital, Birmingham, 

MRSA strains showing varying MIC levels to the intercalating dye EtBr. 

 

2. To analyse this set of MRSA isolates to determine the prevalence and 

distribution of the antiseptic and disinfectant resistance genes qacA and qacB. 

 

3. To determine if a phenotypic linkage exists between antibiotic resistance and 

resistance to EtBr. 

 

4. To investigate the possibility that antibiotic and biocidal resistance is encoded on 

the same plasmid expressing both mechanisms.   

 

5. To investigate the mechanism for high level MIC to EtBr in those MRSA isolates 

identified not to have qacAB. 

 

6. To carry out conjugation studies to investigate inter-species transfer of biocidal 

resistance in MRSA, i.e. transfer of EtBr resistance from a highly resistant strain 

of MRSA i.e. one that has ≥256 mg/L susceptibility to EtBr and is positive for 

qacAB to a sensitive strain of MRSA, i.e. one that lacks qacAB.  

 

7. To reflect on the results to build on approaches to influence attitudes and 

perceptions of local biomedical scientists and infection prevention teams. 

 

For the purpose of this study, only limited information regarding the samples was 

required, e.g. the site where the sample was taken from and the antibiogram of the 

strain, but no patient details were needed and therefore, it was not necessary to seek 

ethical approval. 
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CHAPTER 2 

METHODS AND MATERIALS 
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2.1 Introduction 

The intercalating dye ethidium bromide (EtBr) is a substrate for many S. aureus 

multi-drug resistant (MDR) efflux pumps and is therefore, a useful marker for the 

detection of efflux pump activity (Gibbons et al., 2003). Previous studies have 

shown strains of S. aureus to possess an efflux pump, mediated by plasmid-borne 

qacAB which confers resistance to disinfectants, antiseptics and intercalating dyes 

(Townsend et al,. 1985; Lyon and Skurray, 1987; Sasatsu et al., 1992). The present 

study, thus, used EtBr as a marker to detect MRSA strains able to expel the dye due 

to an efflux pump encoded by qacAB, other qac genes or possibly a novel gene. 

Previous authors have reported that MRSA strains with an MIC to EtBr of ≥ 64 

mg/L have qacAB. The present study decided to use a lower baseline value of ≥ 32 

mg/L resistance to EtBr in order to capture any isolates with low MICs that may 

have qacAB and would be missed. 

 

Two collections of MRSA strains were studied that were stored at the Hospital 

Infection Research Laboratory (HIRL) and the Antimicrobial Chemotherapy 

Laboratory, City Hospital, Birmingham. The MRSA strains stored in HIRL were 

isolated from routine staff screening and from patients screened preoperatively or at 

emergency admissions for MRSA carriage from the nasal, axilla and groin sites, or 

from clinical samples taken from in-patients diagnosed with MRSA infections. All 

isolates were routinely stored in HIRL for a period of three years, in case of 

suspected cross-infection, or recurrent infections or when typing may be required.  

 

The HIRL collection studied comprised approximately 3,800 MRSA strains 

collected between October 2002 and October 2006.  The second collection from the 

Antimicrobial Chemotherapy Laboratory was a nationwide collection of 63 clinical 

MRSA isolates that had been forwarded to the laboratory for various investigations 

and thus stored as part of their research isolates. Both laboratories stored the isolates 

at -20
o
C in nutrient broth (Oxoid Ltd., Basingstoke, UK) with a final concentration 

of 10% glycerol. Using a sterile loop, three to four colonies were taken from the 

sensitivity plate, i.e. a pure culture, and suspended into labelled glycerol broth tubes. 
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The tubes were briefly vortexed to mix the suspension and then stored in appropriate 

storage boxes at -20
o
C. 

 

On receipt of samples in HIRL for MRSA screening, swabs were plated onto 

Oxacillin Resistant Screening Agar Base (ORSAB), (Oxoid Ltd., Basingstoke, UK), 

which is an example of a highly selective and specific solid medium that presents 

easily identifiable colonies of MRSA. The media contains peptones for enhancing 

growth, a high salt concentration (5.5% sodium chloride), and lithium chloride, and 

the dual antibiotic supplements, oxacillin at 2 mg/L (to inhibit MSSA and polymyxin 

B, 50,000 IU/L for the suppression of coliforms, enable suppression of growth of 

non-staphylococcal organisms and selection of growth of MRSA. Typical colonies 

of MRSA are an intense indigo-blue colour due to the breakdown of aniline blue and 

subsequent pH change and so easily distinguishable from other contaminating flora 

(Oxoid ORSAB; Simor et al., 2001). 

 

Swab samples for routine diagnosis of infection were processed in the main 

microbiology laboratory, with samples being plated onto commercially prepared 

Columbia agar supplemented with 5% defibrinated horse blood, (Oxoid Ltd., 

Basingstoke, UK). Both laboratories followed standard laboratory procedures for 

identification and confirmation of MRSA strains, by carrying out DNase and 

susceptibility testing. 

 

2.2  Study Isolates 

Initially 3,400 HIRL isolates were screened, with only 49 detected to have high level 

resistance to EtBr varying from 32 mg/L to 256 mg/L. To this set of isolates, 63 

strains from the Antimicrobial Chemotherapy Department were included to comprise 

a total number of 112 isolates for study.   
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However, the project aims developed over time due to new supervision, and an 

additional 400 stored isolates were re-screened to expand the study set to include 

isolates showing much lower levels of resistance to EtBr, i.e. between 4 and 32 mg/L 

to investigate the presence or absence of qacAB and/or other qac genes in these 

strains also. The final study set therefore, comprised a total of 273 clinical MRSA 

isolates selected from the HIRL collection and the 63 isolates from the 

Chemotherapy Department, totalling 336 isolates. 

 

Minimum inhibitory concentration (MIC) determinations were carried out on all the 

isolates identified from screening to determine exact values.  

 

2.3  Storage and Retrieval of Study Isolates  

The clinical and control isolates of S. aureus (MRSA and MSSA) strains when not in 

use were stored frozen in nutrient broth containing 10% glycerol at -20
o
C. To 

retrieve an organism a sterile loop was used to scrape off a small amount of the 

frozen culture and inoculated and spread onto Columbia agar supplemented with 5% 

defibrinated horse blood. After overnight incubation at 37
o
C the culture was 

examined for purity before being used. 

 

2.4  Ethidium Bromide Screening of Isolates 

In order to screen the 3,800 stored isolates for detection of the EtBr “effluxing” 

strains, four sets of Columbia agar (Oxoid Ltd.) were prepared to manufacturer’s 

instructions, and EtBr solution (Sigma-Aldrich, Dorset, UK) was added to the media 

to give final concentrations of 4, 8, 16 mg/L (for the detection of possible non qacAB 

strains) and 32 mg/L (for qacAB expressing strains). The plates were allowed to 

completely dry before using. Once dried, a sterile 1 µL loop was used to scrape a 

small “loopful” from each of the frozen isolates and “spot” inoculated onto the 

surface of each of the two selective screening plates (the lower concentration plate 

inoculated first). The plates were incubated at 37
o
C overnight and examined for 
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growth the following morning. They were then re-incubated for a further 24 h to 

allow any slow growing isolates to flourish. 

 

All isolates recovered were sub-cultured onto freshly prepared plates of the same 

concentration, and incubated overnight at 37
o
C. The following morning, the plates 

were examined for re-growth. Then using a sterile loop, 2-3 colonies were picked 

and sub-cultured onto commercially prepared Columbia agar supplemented with 5% 

defibrinated horse blood (Oxoid Ltd.). Once again these plates were incubated 

overnight at 37
o
C. The following morning a single colony from these plates was 

inoculated into labeled tubes containing 1 mL of nutrient broth and 10% glycerol for 

storage at -20
o
C. These saved isolates would comprise the study set and when 

required would be used for testing.  

 

2.5  Minimum Inhibitory Concentration Determinations  

The MIC to EtBr of all the study isolates were determined following an agar 

dilution method for susceptibility testing; Standard method for MIC (Working Party 

of the British Society of Antimicrobial Chemotherapy, 1991) as outlined in BSAC 

guidelines (Andrews, 2001b). The method was adapted for testing EtBr in this study. 

 

 

Iso-sensitest agar plates containing a range of EtBr (Sigma-Aldrich) concentrations 

(4–512 mg/L) were prepared following the manufacturer’s (Oxoid Ltd.) instructions.  

A control plate (one not containing EtBr) was included.  Overnight cultures of the 

test organisms (including control organisms) were adjusted to equal 0.5 McFarland 

Standard by addition of sterile water and then further diluted 1:10. A multipoint 

inoculator (Denley, Mast Diagnostics, Bootle, UK) was used to deliver 1-2 µL 

(equivalent to 5 x 10
4 

cfu/spot) to the surface of the plates. The plates were incubated 

for 24 h at 37
o
C and then examined for growth.  
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The MIC is the lowest concentration of an antimicrobial agent that is required to 

inhibit growth, determined visually after18-24h incubation. The end point is taken at 

the concentration where no growth is observed.  

 

2.6  Minimum Bactericidal Concentration Determinations 

 

The minimum bactericidal concentration (MBC) is the lowest concentration of an 

antibacterial agent required to cause at least a 3 log10 reduction in the number of 

surviving cells after 18-24 hours incubation. The end point is taken at the 

concentration where no growth or turbidity is observed. 

 

Fourteen MRSA strains showing varying levels of MIC to EtBr and presence or 

absence of qacAB were randomly selected from the 336 study set and minimum 

bactericidal concentration (MBC) to three cationic active compounds and two 

commonly used biocides in the hospital setting were determined. The cationic active 

biocides benzalkonium chloride (BZC) (Sigma Aldrich), chlorhexidine gluconate 

(Sigma Aldrich), octenidine dihydrochloride (Schűlke & Mayer, Norderstedt, 

Germany), and hexadecylpyridinium chloride monohydrate (HDCPM) were tested.  

 

A broth microdilution method for susceptibility testing; Determination of minimum 

inhibitory concentrations, Andrews, J.M. (2001b) was followed and the isolates 

tested are displayed in Table 2.1 
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Table 2.1:  Strains used in MIC/MBC studies   

Laboratory number Antibiogram EtBr MIC qacAB 

H9674 POx 4 mg/L Negative 

H1021 POx 4 mg/L Negative 

R2465 PEOx 4 mg/L Negative 

H10586 PEOx 8 mg/L Negative 

H808 PEOxTm 8 mg/L Negative 

A6172 POx 16 mg/L Negative 

H999 PEOx 16 mg/L Negative 

XA1092 PEOx 32 mg/L Negative 

XA5225 PEOxTeMu 64 mg/L Negative 

A9013 POx 64 mg/L Positive 

H8417 POx 128 mg/L Positive 

XA1090 PEOxG 256 mg/L Positive 

A1379 PEFTe 256 mg/L Positive 

RN2677          

(qacAB Positive) 
PGKR 256 mg/L Positive 

WBG 541 
Fusidic and 

Rifampicin 
< 32 mg/L Not tested 

 

P; penicillin, E; erythromycin, Ox; oxacillin, F; fusidic acid, Te; tetracycline, Tm; 

trimethoprim, G; gentamicin, K; kanamycin, Mu; mupirocin 

 

Overnight broth cultures of each of the isolates were prepared: One colony was 

inoculated into 5 mL of Tryptone Soya Broth (TSB) (Oxoid Ltd.) and incubated 

overnight at 37ºC in a shaking incubator. The following morning, biocides were 
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prepared to obtain working concentrations and the cultures were adjusted to obtain 

an OD0.001. TSB was the growth medium used and 100 µL was transferred to the 

wells from column 2 – 12 of the microtitre plate. One hundred µL of biocide was 

added to all the wells in the first and second column. From the second column the 

biocide was serially diluted in the subsequent columns and rows to obtain 

concentration intervals of 0-512 mg/mL. One hundred µL of the sample was added 

to each well using a multi-channel pipette. Column one was the biocide control and 

Row H was the TSB growth medium control. The MIC of each biocide for all 14 of 

the isolates was determined using this method. The plates were incubated at 37ºC 

overnight.  

 

The following morning the plates were examined and MIC values determined. To 

obtain the MBC values, TSA divided into six segments was inoculated with the 

appropriate sample from the wells onto each segment corresponding up to 5x the 

concentration after the MIC. The plates were incubated overnight at 37ºC and 

examined the following morning. The MBC of each biocide for all 14 of the isolates 

was determined using this method. 

 

2.7  Antibiotic Susceptibility Testing 

 

A standard method for determining the susceptibility/resistance profile of S. aureus 

strains by disc diffusion method (BSAC, 2001) was followed. Iso-sensitest agar 

plates (Oxoid Ltd., Basingstoke, UK) were inoculated with a standardised inoculum 

(0.5 McFarland Standard and further diluted with addition of sterile water) of each of 

the isolates and antibiotic discs placed on the surface. The plates were then incubated 

aerobically at 37ºC for 18-20 h. The following morning the plates were examined for 

zones of inhibition. The zone diameters were measured in millimetres using a ruler 

and templates obtained from the BSAC website (http://www.bsac.org.uk). The 

susceptibility test plate was placed over the template and the zones of inhibition 

interpreted in comparison to the template zones. If the zone of inhibition of the test 
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strain was within the area marked with marked with an ‘R’ the organism was 

reported as resistant. 

 

The antibiotic discs tested were penicillin G 1 µg, erythromycin 5 µg, fusidic acid 10 

µg, tetracycline 10 µg, trimethoprim 5 µg, mupirocin 5 µg, oxacillin 1µg, gentamicin 

10 µg, kanamycin 30 µg, rifampicin 2 µg, linezolid 10 µg, and vancomycin 5 µg 

(Beckton Dickinson, Oxford, UK).  

 

During the course of the study, due to revised BSAC susceptibility testing 

recommendations, some of the antibiotics used to test the initial isolates changed and 

so all the test isolates were then re-tested against the new panel of antibiotics. From 

January 2006, cefoxitin 10 µg replaced oxacillin 1 µg for routine identification and 

susceptibility testing of MRSA. This was mainly due to the intended cessation of 

meticillin production but also to avoid the various disadvantages of using meticillin 

or oxacillin for detection of resistance. Research conducted by BSAC showed that 

cefoxitin expresses MRSA susceptibility at an optimum temperature of 35
o
C, rather 

than the lower temperature of 30
o
C, as required by meticilin or oxacillin, and on 

routine iso-sensitest agar, thus eliminating the requirement to use an additional 

selective plate, i.e. Columbia agar supplemented with 2% salt agar, and separate 

incubation at  a lower temperature (Andrews et al., 2006).  

 

From June 2006, mupirocin 20 µg disc replaced the 5 µg disc to eliminate the need 

to perform E-tests for determination of high level (MIC ≥ 512 mg/L) or low level 

(MIC 8 – 256 mg/L) resistance to mupirocin.  

 

In 2007, due to laboratory revision of procedures, ciprofloxacillin 1 µg was replaced 

with kanamycin 30 µg as a marker antibiotic for detection of PVL positive S. aureus 

strains. So all the strains were then tested for ciprofloxacillin sensitivity.   

 

The antibiotics neomycin and novobiocin (5µg) were tested additionally for the 

purpose of characterisation of the isolates. 
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2.8 Characterization of Isolates 

Urease production and susceptibility to neomycin were two marker tests that were 

carried out on all 336 isolates for indication of EMRSA-16 and -17 strains in the 

collection studied. Together with the antibiogram, these characteristics were used as 

a basic characterisation tool of the strains as described previously by Murchan et al., 

2004. Using a sterile loop, a single colony was inoculated onto a Christensen urea 

slope (Oxoid Ltd, Basingstoke) and incubated at 37
o
C for five days. The slopes were 

examined daily and results recorded as positive or negative. They were initially 

quantified on an arbitrary scale (+, -, +/-) depending on the intensity of the colour 

produced, and this was then translated as positive or negative. 

 

2.9 Plasmid Curing Experiment 

 

Plasmids can be removed from the host cell in the process of curing, leading to a 

loss of particular phenotypes.  The method followed in this study was adapted as 

previously described by Heir et al., (1998) and Costa et al., (2010). Selected isolates 

(as displayed in Table 2.2) were to be cured of plasmids carrying qacAB by 

successive passage on selective agar plates containing sub-inhibitory concentrations 

of novobiocin (2-25µg/L). 

 

2.9.1   Preparation of Novobiocin Selective Plates  

 

A range of selective plates were prepared, by adding novobiocin (Sigma Aldrich) of 

a final concentration of 2 – 128 µg/L to Muller Hinton agar (MH), (Oxoid Ltd.). Five 

isolates were randomly selected from the study set that showed high MIC levels to 

EtBr (two strains had MICs of 128mg/L and three strains 256mg/L) and all were 

qacAB positive. The control strain RN2677 (qacAB) was included. 
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Table 2.2:  Strains used in plasmid curing experiments 

 

Lab Number Antibiogram EtBr MIC qacAB 

A1988 PEFTmMuOxGK 128 mg/L Positive 

H8417 PEFTTmOxGK 128 mg/L Positive 

A8731 PEOxK 256 mg/L Positive 

A1379 PEFTmMuOxGK 256 mg/L Positive 

H628 PEFTOx 256 mg/L Positive 

RN2677 (qacAB) PGKR 256 mg/L Positive 

 

P; penicillin, E; erythromycin, Ox; oxacillin, F; fusidic acid, Te; tetracycline, Tm; 

trimethoprim, G; gentamicin, K; kanamycin, Mu; mupirocin 

 

2.9.2  Inoculation of Novobiocin Selective Plates  

 

Cultures were retrieved from the frozen stored cultures as described in Section 2.2. 

Initially a single colony from each culture was plated onto the lowest Novobiocin 

concentration plate, i.e. 2 µg/L. The plates were incubated overnight at 37ºC. The 

following morning the plates were examined for growth and single colonies were 

sub-cultured onto the next concentration plate, i.e. 4 µg/L. This procedure was 

carried out for seven consecutive days, i.e. passage onto selective agar plates 

containing consecutively increasing concentrations of novobiocin, e.g. 2-25µg/L. 

 

At the end of the seven days and following sub-culture on the highest concentration 

plate the final efflux capacity of the strains was evaluated. Overnight cultures were 

prepared (single colony inoculated into 5 mL of BHIB and incubated overnight at 

37ºC in a shaking incubator) of the passaged strains, and 10 µL of the growth 

suspension were plated onto low level EtBr selective plates (MH agar containing 2.5 

mg/L EtBr) as described before. Plates were incubated overnight at 37ºC.   
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Following this incubation period, the plates were examined for growth away from 

the main inoculum. The smaller and paler colonies were selected and sub-cultured 

into 5 mL of BHIB to obtain overnight broth cultures. 

 

The following morning 10 µL of the growth suspension were plated onto fresh EtBr 

selective plates (as above), in a manner to achieve single colonies. The plates were 

incubated overnight at 37ºC. 

 

The following morning the plates were examined under ultra violet (UV) light for 

fluorescence.  
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2.10  Molecular Assays – Polymerase Chain Reaction (PCR) 

2.10.1 Preparation of bacterial DNA template for PCR  

 

Samples for testing were retrieved as per method previously described in Section 

2.2. In brief: using a sterile 1 µL loop, a small “loopful” was scraped from the frozen 

samples and inoculated and spread in the conventional manner onto Columbia blood 

agar. The plates were incubated overnight at 35
o
C to achieve fresh cultures.  

 

 

2.10.2 DNA Extraction Method 1   

 

The following morning, five colonies of the fresh culture were suspended in 100 µL 

of sterile PCR grade water contained in 0.5 mL Eppendorf tubes (RNA/DNA free 

centrifuge tubes) (Anachem Ltd., Luton, UK). The tubes were heated at 99
o
C for 15 

mins in a Thermal Cycler (OmniGene Hybaid). At the end of the heating period, the 

suspensions were centrifuged (Sigma 3K10, Shropshire, UK) at 13,000 g for 3 mins. 

The supernatant was used as the template DNA in the PCR. When not in-use the 

DNA solutions were stored at -20
o
C. 

 

 

2.10.3 DNA Extraction Method 2  

 

DNA was also extracted following the method devised by Kumari et al., 1997. Using 

sterile loops, 2-3 colonies were taken from the overnight fresh culture and suspended 

in 25 µL of proteinase K (Sigma Aldrich) (100 µg/mL). The suspension was then 

incubated at 37ºC for 10 mins. At the end of the incubation period, 25 µL of 

lysostaphin (Sigma Aldrich) (100 µg/mL) and 75µL of Tris-HCL (pH 8, 0.1M) were 

added and further incubated for 10 minutes at 37ºC. Finally, the mixture was heated 

at 95ºC for 10 mins to inactivate the enzymes. The supernatant was used as the 

template DNA in the PCR. When not in-use the DNA extracts were stored at -20
o
C. 
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 2.10.4 PCR for qacAB  

 

PCR was carried out on all isolates with confirmed MIC of ≥ 32 mg/L to EtBr for 

amplification and detection of qacAB, following the method described below:  

 

Note: All PCR reactions were always set up in a clean air PCR workstation or a 

Class 11 Safety Cabinet to minimize the potential for contamination.  

 

A master mix was prepared in a single tube and 15 µL of the mixture was transferred 

to the required number of 0.2 mL thin-walled PCR tubes. Each reaction mixture 

contained 5 µL of bacterial template DNA, a final concentration of 2 mM of each 

deoxynucleotide triphosphate (dNTPs) (Bioline, London, UK), 15 mM of MgCl2 

(Bioline, UK), 1 µL buffer and 5 µM of primers QACAB1 and QACAB2 (Alta 

Bioscience, University of Birmingham, UK). Table 2.3 shows the gene targets, PCR 

primers and primer sequences used. Once the thermocycler had heated to 95
o
C and 

had held at that temperature for 5 mins, 5 µL of diluted Taq DNA polymerase 

(Bioline) was added to each tube.   

 

 

2.10.5 PCR using pre-prepared Mastermix (Promega) 

 

PCR mastermix (Promega) contains all the constituents of the PCR reaction except 

for the primers. These were ordered from Invitrogen and reconstituted in sterile 

deionised water to give a working solution of 25 pmol. The 1000 pmol stock 

solutions were stored at -20ºC until required. 

 

 

Each batch of PCR included a positive control (S. aureus RN2677) known to possess 

qacAB and a tube containing water only as a negative control to check for any 

contamination of the solutions used. The entire PCR batch was repeated if a 

discrepancy occurred in any of the control tubes. 
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A programmable thermal cycler was used for the amplification and detection of 

qacAB. A total of thirty cycles of amplification were carried out and each cycle 

comprised 30 s at 95
o
C, 30 s at 72

o
C and 30 s at 95

o
C. An initial denaturation cycle 

at 95
o
C for 5 mins and an end polymerisation cycle at 72

o
C for 10 mins is part of the 

programme. Table 2.4 shows the PCR cycle conditions used. PCR products were 

analysed by electrophoresis on a 1% (w/v) agarose gel, as described in Section 2.9.6. 

 

 

Table 2.3:  PCR primers and primer sequences for qacAB  

 

Primer Gene Primer Sequence (5’-3’) 

QACAB1 Forward qacAB CTA TGG CAA TAF FAF ATA TGG TGT 

QACAB2 Reverse qacAB CCA CTA CAG ATT CTT CAG CTA CAT G 

  (Mayer et al., 2001) 

 

 

 

Table 2.4:  PCR programme for amplification of qacAB 

 Temperature Time Number of cycles 

Initial denaturation 95
o
C 5 mins 1 

Denaturation 95
o
C 30 s 30 

Annealing 55
o
C 30 s 30 

Extension 95
o
C 30 s 30 

Final polymerisation 72
o
C 10 mins 1 

(Mayer et al., 2001) 
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2.10.6 Agarose gel electrophoresis  

 

Agarose gel electrophoresis was carried out in an electrophoretic tank running at a 

constant 150 V/cm for 45-60 mins for estimation of the size of DNA fragments. Five 

µL of each PCR product was mixed with 1 µL of gel loading buffer (0.25% 

bromophenol blue, 0.25% xyanol blue, 40% sucrose in distilled water) and loaded 

into the appropriate wells in the gel. Each agarose gel was loaded with 5 µL of 

GeneRuler 1 kb DNA Ladder (Life Technologies, Paisley, UK) containing DNA 

fragments of known size;  250 to 10,000 bp. 

 

 

The products were separated on a 1% electrophoresis grade agarose gel (Sigma-

Aldrich) immersed in TRIS/borate/EDTA buffer (TBE buffer; 89 mM TRIS; 89 mM 

boric acid; 2 mM EDTA) contained in the gel tank. Following electrophoresis, the 

agarose gel was stained for 30 mins in distilled water containing ethidium bromide 

(Sigma-Aldrich) at a concentration of 0.5 µg/mL. The DNA bands complexed with 

ethidium bromide were visualised on a UV trans-illuminator and photographs taken. 

Positive reactions contained a 371 bp gene product.  

 

2.10.7 Gradient PCR 

A gradient PCR was performed to determine the optimum annealing temperature for 

qacAB PCR. The following test parameters were selected: 

Table 2.5  Parameters for Gradient PCR 

 Temperature Time Number of cycles 

Initial denaturation 95
o
C 3 mins 1 

Denaturation 95
o
C 30 s 30 

Annealing [46 - 54
o
C] 30 s 30 

Extension 72
o
C 1min 30 

Final polymerisation 72
o
C 2 mins 1 
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Five samples were selected from the set of isolates that had previously shown to be 

qacAB positive.  

 

Table 2.6 Samples Selected and Properties 

Laboratory number EtBr MIC qacA/qacB 

A8179 64 mg/L A 

H1600 256 mg/L A 

H4776 256 mg/L A 

XA585 256 mg/L B 

XA382 256 mg/L A 

 

Five tubes containing PCR mixture and sample DNA were prepared. The control 

strain RN2677 (qacAB) was included and six negative control tubes (water) were 

paired with each positive control. The tubes were placed vertically in separate rows 

of the PCR block. Each row of the thermoblock was assigned a different temperature 

to provide a gradual increase in the annealing temperature. The lower temperature 

was selected to reflect 5ºC below the calculated temperature of the primer melting 

point.  

 

2.10.8 Purification of DNA PCR Products  

 

Any PCR reaction that was negative for qacAB gene on agarose gel electrophoresis 

was purified using a QIAQuick PCR Purification Kit (QIAGEN Ltd, Crawley, UK) 

following the manufacturer’s instructions for repeat PCR for qacAB.  A 2 µL volume 

of the purified DNA was used as the bacterial DNA template in a reaction mixture 

constituted as previously, with the primers QACAB1 and QACAB2, and the same 

PCR cycle and conditions was carried out. Efficiency of the purification procedure to 

allow amplification and detection of the target gene was determined by agarose gel 

electrophoresis as in Section 2.9.6. 
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2.10.9 Restriction digestion of PCR products (Chemotherapy SOP, 2004) 

  

PCR products generated using primers QACAB1 and QACAB2 were digested with 

the restriction endonuclease Rsa1 (Bioline) using the QIAprep Spin Miniprep Kit 

(QIAGEN Ltd, Crawley, UK), to distinguish between the two genes. Digestion with 

Rsa1, gives two fragments of different sizes; a larger fragment of 231 bp (qacA) and 

a smaller fragment of 185 bp (qacB). Manufacturer’s instructions were followed to 

digest the DNA samples for use as the DNA template in a reaction mixture 

constituted as described previously in Section 2.8, to differentiate between qacA and 

qacB genes. RN2677 (qacAB positive) was included as a positive control with the 

negative water control. Amplification and detection of the two genes was determined 

by gel electrophoresis as described in Section 2.9.6. 

 

 

2.10.10 PCR for Other Biocide Resistance Genes 

 

Isolates that presented a negative PCR reaction after purification and repeat PCR, 

were further studied by PCR for the presence or absence of other biocide resistance 

genes i.e. smr (qacC/D), qacG, qacH, and qacE∆. These genes are not commonly 

associated with clinical strains of MRSA (Sidhu et al., 2001; Bjorland 2005), but 

were investigated to eliminate activity due to their presence.  

 

A mastermix was prepared as before, and 2 µL of the eluent previously prepared 

using the QIAQuick PCR Purification Kit (QIAGEN) was used as the bacterial DNA 

template. Positive controls included S. aureus RN2677 (smr) (positive smr control) 

and Pseudomonas aeruginosa (positive control for qacE∆1). At this time there were 

no positive controls available for qacG or qacH and so PCR was performed without 

the inclusion of a positive control.  A negative water control was included. 

 

 

At the time of testing the second set of isolates (low to medium MIC to EtBr) 

positive controls for qacG and qacH as well as an additional (new) qacJ strain were 

available and were obtained from Dr Jostein Bjorland (The Norwegian School of 
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Veterinary Science, Norway). (Refer to Appendix 1 for retrieval and storage). All the 

study isolates were therefore tested once again for the presence of all the qac genes, 

i.e. qacAB, smr, qacG, qacH and qacJ with the inclusion of appropriate positive 

control strains and a negative water control as previously described in Section 2.9.5. 

Table 2.7 displays the new qac strains obtained from Norway, and Table 2.8 shows 

the primers and primer sequences for amplification of these genes. Testing of all 

strains for these additional genes was carried out in duplicate. 

 

Table 2.7:  List of qac Control Strains  

 

Control Strain qac gene Reference 

Staphylococcus aureus RN4220 (pSK265) smr Bjorland et al., 2003 

Staphylococcus aureus RN4220 (pSK265) qacG Bjorland et al., 2003 

Staphylococcus aureus RN4220 (pSK265) qacH Bjorland et al., 2003 

Staphylococcus aureus RN4200 (pSK265) qacJ Bjorland et al., 2003 

Staphylococcus haemolyticus NVH97A qacAB blaZ Bjorland et al., 2005 
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Table 2.8:  PCR primers and primer sequences for amplification of smr, 

qacE∆1, qacG, qacH and qacJ 

 

Primer Gene Primer sequence 

SMR1 Forward smr AAA CAA TGC AAC ACC TAC CAC T 

SMR2 Reverse smr AAC GAA ACT ACG CCG ACT ATG 

  (Mayer et al., 2001) 

QACG1 Forward qacG TTA TGG CCA ACA TTA GGT AC 

QACG2 Reverse qacG CAC CTA TAA CAA TTA AGC CA 

  (Heir et al., 1999) 

QACH1 Forward qacH AGT CAG TGA AGT AAT AGG CA 

QACH2 Reverse qacH TAG TGT GAT GAT CCG AAT GT 

  (Heir et al., 1998) 

QACE1 Forward qacE∆1 AAT AGT TGG CGA AGT AAT CG 

QACE2 Reverse qacE∆1 AFF CAA TGG CTG TAA TTA TG 

  (Kazama et al., 1998) 

QACJ1 Forward qacJ CTTATATTTAGTAATAGCG 

QACJ2 Reverse qacJ GATCCAAAAACGTTAAGA 

  (Bjorland, 2005) 
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Table 2.9:  PCR amplification conditions for smr, qacE∆1, qacG, qacH and qacJ 

 

PCR   Temperature (
o
C) Time N

o
 of Cycles 

qacA/B 

Mayer et al., 2001 

Denaturation 95 15 mins 1 

Extension 

54 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

smr 

Mayer et al., 2001 

Denaturation 95 15 mins 1 

Extension 

54 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

qacE∆1 

Kazama et al., 

1998 

Denaturation 95 15 mins 1 

Extension 

57 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

qacG 

Heir et al., 1999 

Denaturation 95 15 mins 1 

Extension 

46 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

qacH 

Heir et al., 1998 

Denaturation 95 15 mins 1 

Extension 

45 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

qacJ 

 

Bjorland, 2003 

Denaturation 95 15mins 1 

Extension 

45 30 s 

30 72 30 s 

95 30 s 

Annealing 72 10 mins 1 

 

 

Amplification and detection of the target genes was determined by gel 

electrophoresis as described in Section 2.9.6. 
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2.10.11 Multiplex PCR for Detection of mecA and nuc gene in qacAB   

   Negative strains identified from Set A 

 

The multiplex PCR assay was conducted to target two different genes, the mecA 

gene, (determinant of meticillin resistance), and the nuc gene which encodes the S. 

aureus-specific region of the thermonuclease gene, thus differentiating between S. 

aureus and Coagulase-negative Staphylococci (CoNS). 

 

Thirty-one isolates with varied MIC to EtBr (ranging from 16–256 mg/L) and 

negative for qacAB, smr, qacG and qacH genes by PCR, were tested for 

confirmation of their MRSA status.  

 

Each PCR reaction consisted of 2µL of the stored template DNA, 2µL of primers 

mecA1 and mecA2, nuc1 and nuc2, 5mM dNTP mix, 2 mM MgCl2 (Bioline) and 5 

µL of Taq polymerase (Bioline). The amplification cycle consisted of 1 cycle at 

95
o
C for 5 mins, 95

o
C for 30 s, 55

o
C for 30 s and 72

o
C for 2 mins, for a total of 30 

cycles. The PCR products were detected by gel electrophoresis as described in 

Section 2.9.6. The expected sizes of the amplified DNA fragments were 533 and 279 

bp respectively.  

 

Table 2.10:  PCR primers and primer sequences for amplification of mecA 

and nuc gene  

 

 

Primer Gene Primer sequence Band size 

mecA1 mecA GTG GAA TTG GCC AAT ACA GG  

533 bp mecA2 mecA TGA GTT CTG CAF TAC CGG AT 

nuc1 nuc GCG ATT GAT GGT GAT ACG GTT  

279 bp nuc2 nuc AGC CAA GCC TTG ACG AAC TAA AGC 

  (Nimmo et al., 2001) 
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2.11  Effect of Reserpine in Presence of EtBr and Acriflavine 

 

Those isolates that tested negative in all PCR assays were investigated for possible 

effects of the efflux pump inhibitor reserpine. MIC determination of the dyes, EtBr 

and acriflavine in the presence of reserpine were conducted following the BSAC 

agar dilution methodology as described in Section 2.4.  

 

2.11.1 Preparation of Samples 

 

Fresh isolates were retrieved from frozen cultures as described in Section 2.6.3 From 

the fresh culture a single colony of each isolate was transferred to 5 mL of TSB and 

grown overnight at 37
o
C. Control strains included S. aureus (NorA), S. aureus 

NCTC 6571, RN2677 (qacAB) and RN2677 (smr).  

 

2.11.2 Preparation and Inoculation of Selective Media 

 

The effect of reserpine on the activity of EtBr was investigated by determining MICs 

in the presence and absence of 10 mg/L of reserpine.  Selective plates were prepared 

containing a range of EtBr or acriflavine (Sigma-Aldrich) concentrations (4–512 

mg/L). Five hundred µL of chloroform (VWR International, Leicester, UK) was 

carefully added to 10 mg of reserpine (Sigma-Aldrich) and gently swirled to fully 

dissolve the chemical. Note, reserpine is highly labile and should be used 

immediately once it is in solution (communication with Dr Brenwald, Senior BMS, 

Chemotherapy Department, City Hospital, Birmingham). 

The solution was then added to molten Iso-sensitest agar (Biomerieux UK Ltd.) 

cooled to a temperature of approximately 50-55 °C (as per laboratory protocol), and 

swirled gently until the chloroform evaporated. A final concentration of 1µL/mL of 

agar was achieved. A duplicate set of plates were prepared using the same agar and 

stock solutions but without reserpine, as a comparative control. Control plates not 

containing reserpine or acriflavine but with added chloroform (1 µL) were also 
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prepared. The plates were inoculated as described in Section 2.4 using the multi-

point inoculator and incubated at 37
o
C for 24 h. 

 

 

2.12  Staphylococcus Protein A (spa) Typing  

 

Due to financial constraints it was not possible to type a large number of isolates. At 

the time of testing Set A samples, an opportunity was made available to type a 

selection of strains from this set that tested negative for qacAB with high MICs to 

EtBr by using spa typing methodology. DNA lysates prepared as before were 

forwarded to GATC Biotech, Germany (http://www.gatc-biotech.com/en/index.htm) 

for analysis. On receipt of the results analysis was carried out using the Ridom 

StaphType software to identify the strains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.gatc-biotech.com/en/index.htm
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2.13  Transfer Studies - Conjugation  

2.13.1 Isolates selected for transfer studies 

 

The donor and recipient strains used are as displayed in Table 2.11. The MRSA 

clinical isolate XA1090 exhibited high MIC levels to EtBr (> 256 mg/L) and ≤ 0.06 

mg/L to triclosan. The qacAB gene was detected by PCR in this isolate and so was 

selected as a test donor cell in the transfer studies.  The MIC to EtBr of the control 

strain RN2677 (qacAB) was 256 mg/L and MIC to triclosan was ≤ 0.06 mg/L and 

confirmed by PCR to have the qacA/B gene. The control recipient cells RN4220 and 

NCTC 8325 were both susceptible to EtBr and were mutated to achieve an MIC of 2 

mg/L and 4 mg/L respectively to triclosan as described later in Section 2.12.2. 

Triclosan was to be used as a second marker of transfer in these studies. 

 

 

Table 2.11:  Characteristics of Strains Used for Transfer Studies 

 

Strain Organism MIC to EtBr MIC to Triclosan qacA/B genes 

XA1090 MRSA 256 mg/L ≤ 0.06 mg/L Positive 

RN2677    

(qacAB Positive) 
MSSA 256 mg/L ≤ 0.06 mg/L Positive 

RN4220 MSSA Not tested 2 mg/L Not tested 

NCTC 8325 MSSA Not tested 4 mg/L Not tested 

 

 

2.13.2 Increasing MIC to Triclosan of Recipient Cells 

 

The recipient strains were mutated to achieve high level resistance to triclosan in 

order to avoid any false positives due to possible mutation to low level resistance. 

This was achieved by growth in 3 mL of TSB with daily sub-culturing in increasing 

concentrations of triclosan (from 0.06–4.0 mg/L). The MIC of these strains to 

triclosan is generally ≤ 0.06 µg/mL. Strain RN4220 was mutated through 7 sub-
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cultures and strain NCTC 8325 through 12 sub-cultures to achieve MIC values of 2 

mg/mL and 4 mg/L respectively. All strains were stored as described in Section 2.2. 

 

  

2.13.3 Preparation of Donor and Recipient Cells 

 

Each strain was plated on to Columbia 5% blood agar (Oxoid Ltd.) and incubated 

aerobically at 37
o
C overnight to obtain a fresh culture. From this fresh culture 3-4 

colonies were inoculated into 3 mL of TSB and incubated aerobically at 37
o
C for 2–

4 h to achieve log phase. At the end of this incubation period, 0.5 mL of the test 

donor cell culture and 0.5 mL of the recipient cell culture were transferred into 1.5 

mL Eppendorf centrifuge tubes and centrifuged at 18,000 g for 10 mins. Variations 

of ratios of donor to recipient cells were conducted to increase the probability of 

successful transference of ethidium bromide resistance:  

 

1. Equal ratio of donor and recipient (1:1). 

2. A ratio of 2:1 (donor : recipient) 

3. A ratio of 2:1 (recipient : donor) 

4. A ratio of 3:1 (donor : recipient) 

5. A ratio of 3:1 (recipient : donor) 

6. A ratio of 4:1 (donor : recipient) 

7. A ratio of 4:1 (recipient : donor) 

 

One mL of each suspension was transferred to a separate Eppendorf tube to be used 

for spontaneous mutation check as described later in Section 2.14.4. 

 

At the end of centrifugation, the supernatant was removed and the pellet re-

suspended. The organism pellet was then gently removed from the bottom of the 

tube using a sterile disposable pipette and spot-inoculated on blood agar. The plates 

were incubated overnight at 37
o
C to “mate”. The following morning, all the growth 

from the surface of the non-selective culture plate was collected with a sterile loop 

and transferred to 0.4 mL of fresh TSB. The suspension was vortexed briefly to re-

suspend the organisms.  
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2.13.4 Preparation of Selective Media 

 

The selective agar plates comprised Muller Hinton agar (Oxoid Ltd.) prepared 

following the manufacturer’s instructions, and supplemented with 5% sterile horse 

blood (Tissue Culture Services Biosciences Ltd., Milton Keynes, UK). The media 

was made selective by adding 64 µL of EtBr (Sigma-Aldrich) to achieve a final 

concentration of 32 mg/L and/or 5 µL of triclosan  (Sigma-Aldrich, Dorset, UK) to 

achieve a final concentration of 2.5 mg/L. One hundred µL volumes of the 

conjugation mixture were plated out on a selective agar plate containing both EtBr 

and triclosan, and a selective plate containing only EtBr or triclosan, as well as onto 

a non-selective agar plate. Using a sterile disposable loop, the inoculum was spread 

over the entire surface of the agar. 

  

A control to check for spontaneous mutation was included. This involved inoculating 

100 µL of each “unmated” sample (donors and recipients) onto a set of selective 

plates. All plates were incubated aerobically at 37
o
C. Plates were examined at 24 h 

and 48 h. This was conducted before the test procedure to confirm the isolates were 

resistant to EtBr and would grow well on the media, to eliminate the probability that 

the strains would be inhibited in any way to either EtBr or the media used. 

 

 

2.13.5 Conjugation Studies Following New Protocol 

Conjugation studies were re-attempted following Polyethylene glycol (PEG) 

methodology previously described by Townsend et al., (1985) and receipt of a 

plasmid-free S. aureus strain with chromosomal resistance to antibiotics fusidic acid 

and rifampicin. Both the protocol and the plasmid-free S. aureus strain were received 

from Professor Warren Grubb (Curtin University, Perth, Western Australia). Three 

clinical donor MRSA strains were randomly selected from the stored study set, with 

high EtBr MICs, i.e. 256mg/L and qacAB positive, and the control donor strain 

RN2677 (qacAB positive) strain was included. 
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The markers of transfer in this set of experiments were the antibiotics fusidic acid 

and rifampicin and as previously, the dye EtBr. The recipient strain WBG 541 was 

resistant to both the antibiotics, and had low level resistance to EtBr, i.e. < 32mg/L. 

The donor cells were sensitive to both the antibiotics and expressed high level 

susceptibility to EtBr.  

 

Selective plates were prepared as before, but replacing triclosan with the antibiotics 

fusidic acid at concentrations of 5 µg/mL and 20µg/mL, and rifampicin at 25 µg/mL. 

The EtBr concentrations were as before.    

 

Once again, each strain was plated on to Columbia 5% blood agar (Oxoid Ltd.) and 

incubated aerobically at 37
o
C overnight to obtain a fresh culture. From this fresh 

culture a single colony was added to 5 mL of TSB and incubated overnight in a 

shaking incubator at 37ºC. The following morning 2 mL each of the donor and 

recipient strains were transferred to a centrifuge tube and centrifuged for 5mins at 

2,000g. At the end of centrifugation the supernatant discarded and the sediment 

resuspended in 500 µL of BHIB with 40% PEG. The tubes were incubated overnight 

in a shaking incubator at 37ºC. 

 

 

The following morning the tubes were centrifuged for 5mins at 2,000g. At the end of 

centrifugation the supernatant was discarded and the sediment resuspended in 1 mL 

of BHIB. One hundred µL of the suspension was plated out on each selective plate 

and spread using a sterile spreader. The plates were incubated overnight at 37ºC and 

re-incubated for a further 24 h after examination. Due to time limitations it was not 

possible to use variations of donor and recipient strains following this protocol, and 

only equal ratio of donor and recipient strains, i.e. 1:1 v/v were used.   

 

Any suspect colonies were sub-cultured onto selective plates as prepared for 

conjugation. 
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2.13.6 Confirmation of Trans-conjugants 

 

Presumptive transconjugant colonies were checked initially by plating onto freshly 

prepared high level selective plates and the sensitivity testing repeated to confirm 

that the antibiogram was the same as the recipient strains. MIC following BSAC 

methodology as previously described was to be carried out to confirm the strain had 

high level ethidium bromide susceptibility as the donor cell to indicate successful 

conjugation had taken occurred.  

 

2.13.7 Mixed Culture Transfer (MCT)  

 

Samples used were as before. 

 

Each strain was plated on to Columbia 5% blood agar and incubated aerobically at 

37
o
C overnight to obtain a fresh culture. From this fresh culture, 10 colonies were 

inoculated into 5 mL Brain Heart Infusion Broth (BHI) (Oxoid, Ltd.) and incubated 

at 37
o
C for 2-4 h to achieve log phase. At the end of this incubation period, the 

following combinations of ratio of donor to recipient cells were mixed in fresh sterile 

bijous bottles:  

 

1. Equal ratio of donor and recipient (1:1). 

2. A ratio of 2:1 (donor : recipient) 

3. A ratio of 2:1 (recipient : donor) 

 

The broths were incubated at 37
o
C overnight in a shaking water bath (Grant OLS 

200, UK) at 150 rpm. The following morning 100 µL of each suspension was plated 

onto selective plates as described in Section 2.9.5 and incubated at 37
o
C for 48 h. 

 

 

2.13.8 MCT with Added Calcium Chloride  

 

Each strain was plated on to Columbia 5% blood agar and incubated aerobically at 

37
o
C overnight to obtain a fresh culture. From this fresh culture 3-4 colonies were 
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inoculated into 3 mL of BHIA and incubated aerobically at 37
o
C for 6 h. Following 

this incubation period, 1 mL each of the donor and recipient cells were mixed with 

0.1 mL of 0.2 M CaCl2 (VWR International Ltd.) and incubated at 37
o
C for 18-20 h 

with agitation at 150 rpm using a shaking incubator. One hundred µL of each 

suspension was plated onto BHIA selective plates containing EtBr and triclosan at 

concentrations as above and incubated at 37
o
C for 24 h. Potential transconjugants 

were sub-cultured onto BHIA agar selective plates as described in 2.9.5 and 

incubated at 37
o
C for 18-24 h. 

 

 

2.14 Transformation Studies 

2.14.1 Preparation of Bacteria for Plasmid Preps 

 

Plasmid DNA was isolated from S. aureus strains using the QIAprep Spin Miniprep 

Kit (QIAGEN, Crawley, UK) with the addition of lysostaphin to break down the cell 

wall of the sample S. aureus.  

 

A single colony of the appropriate S. aureus strain was inoculated into 5 mL of TSB 

and grown overnight at 37
o
C. The following morning 2 mL of the suspension was 

centrifuged at 13,000 g for 1 min. The supernatant was removed and the pellet was 

used immediately or stored at -20
o
C until required. Plasmids were purified according 

to the manufacturer’s instructions, except that 5µL lysostaphin (Sigma-Aldrich), (5 

mg/mL in water) was added to the pellet which was re-suspended in 250 µL Buffer 

P1. This suspension was incubated at 37
o
C for 15 mins prior to the addition of 

Buffer P2.   

 

Plasmid DNA was eluted in 35 µL water, and analysed by agarose gel 

electrophoresis as described in Section 2.9 and used in further transformation studies 

 

2.14.2 Transfer by Electroporation  

 

Electroporation is a fast technique for high-frequency introduction of plasmid DNA 

into strains of S. aureus cells. The process involves the brief application of strong 
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electrical field pulses to the cells in order to create temporary pores in the cell 

membrane to enable the plasmid DNA from the donor cell to cross the lipophilic 

layer and enter the recipient cell. The process comprises four stages: 

 

1.  Preparation of electrocompetent cells. 

2.  Treatment of cells before electroporation. 

3.  The electroporation step. 

4.  The recovery of the transformed cells after electroporation. 

 

2.14.3 Samples Tested 

 

Plasmid DNA preparations were obtained from strains XA1090, RN2677 (qacAB) 

and RN4220 pMK4 (control isolate containing high copy number plasmid pMK4). 

 

 

2.14.4 Preparation of Electro-competent Cells 

 

The strains of S. aureus RN4220 were grown overnight at 37
o
C in 10 mL of TSB. 

The following morning, the cultures were diluted 1:100 v/v (1 ml of bacterial culture 

to 99 mL of TSB and incubated at 37
o
C for 2-3 h (mid-log phase achieved). The 

cells were then pelleted by centrifugation at 3,000 g for 10 mins at room 

temperature, followed by successive washes in 100 and 50 mL ice cold 500 mM 

sucrose in water. The final pellet was resuspended in 10mls of the same solution, 

frozen in aliquots at -80
o
C.   

 

 

2.14.5 Electroporation process 

 

Eighty µL of thawed, electrocompetent cells were added to 5 µL of plasmid DNA. 

This mixture was then transferred to a 1 mm gap electroporation cuvette (BioRad 

Laboratories, Hertfordshire, UK) and incubated for 30 mins at room temperature to 

allow the DNA to stick to the surface of the competent cells, before electroporation 

at 20
o
C using a BioRad Gene Pulser (BioRad Laboratories). The electroporator was 
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set to deliver a voltage of 2.5 kV, 25µFd capacitance, and 100 Ohm resistance. 

Immediately after electroporation, 800 µL of SMMP50 solution (recovery solution) 

was added to the cuvette and cells incubated at 37
o
C for 3 h. 

 

 

Electroporated cells were then plated on selective medium comprising Tryptone 

Soya Agar (TSA) (Oxoid Ltd.) containing 32 mg/L EtBr. The plates were incubated 

at 37
o
C for 48 h. 

 

2.14.6 Control Samples 

 

The control samples contained 80 µL of electrocompetent S. aureus cells only (no 

DNA), and 800 µL of SMMP50 recovery medium. pMK4 was used as a control 

plasmid to check for electrocompetence of the recipient cells and strains transformed 

with pMK4 were selected on TSA plus 5 µg/mL chloramphenicol.  

 

 

2.15   Determination of Transmissibility by Phage Transduction  

 

Sensitivity to Phi-11 was conducted to determine if phage transduction could be used 

as an alternative method to investigate transmissibility of the EtBr marker. Phage 

sensitivity is detected by subsequent lysis of the cells. The no phage control should 

be turbid (as the organism continues to multiply), if the test strain is sensitive to the 

phage, it will cause lysis of the cells and a drop in turbidity of the culture.  
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2.16  Plate Mating Transfer 

Plate mating experiment was carried out on antibiotic-free solid media adapting the 

method previously described by Taylor, et al., (1981). Commercially prepared TSA 

(Oxoid Lt., Basingstoke) was used in this experiment. The donor cells were the same 

as those used in the plasmid curing experiment and the recipient cell was the 

plasmid-free WBG 541 strain, with chromosomal resistance to rifampicin and fusidic 

acid. A single colony of the donor cell was inoculated and spread on one half of a 

TSA plate and a single colony of the recipient cell was inoculated and spread on the 

other half of the plate. These areas were the control segments. The same two 

colonies were inoculated in the middle of the plate to contain a mixed inoculation of 

the two strains. The plates were incubated at 37ºC overnight to “mate” and examined 

the following morning for growth. The procedure was repeated continuously for five 

days, at the end of which, selected colonies from the mixture were inoculated into 5 

mL BHI to obtain overnight cultures. The following morning, 100 µL of the broth 

culture were plated out onto EtBr selective plates ranging from 32–256 mg/L and 

incubated overnight at 37ºC. Colonies isolated from these sub-cultures were again 

sub-cultured onto fresh EtBr selective plates of the same ranges. The colonies were 

examined for colonial variation from the parent strain and confirmed by DNase and 

susceptibility testing as previously described. 
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CHAPTER 3 

RESULTS 
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3.  Results of Set A 

3.1 Screening for EtBr Susceptibility  

A total of 3,400 clinical MRSA strains collected and stored in HIRL between 

October 2002 and October 2006 were initially screened to detect isolates showing 

resistance to EtBr of at least 32 mg/L. Only 61 isolates (approximately 3%) from this 

collection showed ≥32 mg/L resistance to EtBr and were originally selected for 

inclusion in the study. At a later date an additional 400 strains were screened from 

the same stored collection but only from the year 2006, as it was not necessary to 

screen large numbers to obtain the study set required. The final study set comprised 

273 MRSA isolates from the HIRL collection and 63 isolates from the 

Chemotherapy Department, City Hospital, Birmingham, totalling 336 isolates 

showing varying MIC levels to EtBr. 

 

The original study set of 112 isolates that showed high EtBr MIC levels were 

analysed initially at the start of the project and are referred to as Set A. The second 

group of isolates (224 isolates) were investigated later and are referenced as Set B. 

The presentation of the results will therefore, reflect the two different study groups 

and also where appropriate as combined findings. 

 

3.2  EtBr Minimum Inhibitory Concentration Determinations 

MIC determinations were carried out on the 61 HIRL isolates that showed to be 

resistant to EtBr at ≥ 32 mg/L on screening to confirm and provide precise values. 

The results obtained detected two isolates having MICs of 16 mg/L to EtBr and eight 

isolates showed borderline resistance to EtBr, i.e. 32 mg/L. The two isolates that 

showed MICs of 16 mg/L, and thus not fulfilling the criteria for inclusion in the 

study, were eliminated from further investigations at this stage. The eight isolates 

that had borderline MICs remained part of the study, as shown in Figure 3.1. The 

MIC results confirmed the remainder of the isolates to have varying levels of MICs 

ranging from 64–256 mg/L. MICs to EtBr were performed in duplicate to ensure 
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reproducibility of results. If differing results were obtained, MIC was repeated once 

more to confirm the validity of the duplicate result. 

 

Figure 3.1: HIRL isolates for inclusion in Set A. 

 

The Antimicrobial Chemotherapy Department at City Hospital had stored a 

collection of 63 MRSA isolates which had previously been tested and shown to have 

MIC values of ≥ 64 mg/L to EtBr. These isolates were included in the study set with 

no further MIC analysis. However, at a later stage when performing statistical 

analysis of the data it was a requirement to obtain exact MIC values and so the 

isolates were re-tested and exact values determined. At this initial stage though, a 

total of 59 isolates from the HIRL collection and 63 isolates from the Chemotherapy 

Department, i.e. 122 with MICs to EtBr of ≥ 32 mg/L comprised Set A.  

 

3.3  HIRL Isolates Eliminated From Further Investigations 

  

From the 59 HIRL isolates, three samples were duplicate patient samples, i.e. the 

same strain of S. aureus (identified from their antibiogram) isolated from the same 

patients from an identical site on repeat testing within a period of one month. The 

laboratory practice at City Hospital was not to store concurrent strains of S. aureus 

isolated from the same patient from identical sites within one month. These duplicate 

isolates were stored in error. The MICs of the three isolates and their corresponding 

isolate were the same and so the duplicates were eliminated from further studies.  

 

61 Isolates  

MIC Performed 

2/61 Isolates 

 MIC of 16 mg/L 
(eliminated from 

further study) 

8/61 Isolates  

MIC of 32 mg/L 
(included in 

study) 
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The remaining 56 isolates from the HIRL collection were checked using a latex 

agglutination test, i.e. PASTOREX
® 

STAPH-PLUS, (Bio-Rad Laboratories, 

Hertfordshire, UK) for confirmation that they were S. aureus strains and not CoNS.  

It was established that seven isolates were CoNS species and therefore, were 

eliminated from the study, leaving only 49 in the final study set. The sequential 

process of elimination to obtain the final study group comprising MRSA isolates 

showing ≥ 32mg/L susceptibility to EtBr is shown in Figure 3.2. 

 

 

 

Figure 3.2: Elimination of isolates to obtain 112 strains comprising Set A  

 

 

 

 

59 MRSA  

(HIRL) 

59 - 3  (Duplicate 
Samples) 

56 - 7  (CoNS) 

49 HIRL 

 + 

63 Antimicrobial 
Chemotherapy 

112 

Set A 
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3.4   EtBr MIC Determinations of Study Set B  

 

The screening results of the additional 400 MRSA strains tested at a later date, i.e.  

Set B were confirmed by MIC determinations and two groups, comprising 112 

isolates each were selected. One group comprised those isolates that had MIC values 

of 4 mg/L and 8 mg/L, and a second group that had MIC values of 16 mg/L and 32 

mg/L. The study group now comprised 336 MRSA isolates showing varying MIC 

levels to EtBr, ranging from 4-256mg/L. The isolates were grouped to represent 

three MIC levels; low level resistance, comprised strains that showed MICs of 4- 

8mg/L, medium level resistance, contained strains showing MICs to EtBr of 16–32 

mg/L and high level resistance were those isolates with MICs of ≥ 64–256mg/L. 

 

The original screening of the 3,400 isolates for detection of high level resistance to 

EtBr showed only a very small proportion of the stored MRSA isolates to have this 

property and so it was necessary to screen a large number of isolates to obtain a 

substantial study set. However, on screening the additional 400 stored isolates, a 

much larger proportion of the isolates were detected to have lower levels of 

resistance to EtBr. Thus an equal number of additional isolates with low and medium 

level resistance to EtBr equating to the 112 isolates of Set A were readily identified 

and selected. Forty-one isolates (10%) were confirmed to have MICs to EtBr of 4 

mg/L and 71 (18%) isolates showed to have MICs of 8 mg/L and 71 isolates showed 

to have MICs of 16 mg/L. An additional 41 isolates with MICs of 32 mg/L were 

detected from this second round of screening and these were grouped with the 

original six isolates identified previously. MIC determinations of Set A confirmed 18 

(<1%) isolates with an MIC of 64 mg/L, 10 (< 1%) samples showed an MIC of 128 

mg/L  and 78 (2%) isolates had MICs of 256 mg/L.  

 

Figure 3.3 shows the proportion of strains with different MICs selected from the 

screening of 3,800 isolates. 
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Figure 3.3:  Total MRSA isolates screened and proportion of varying MICs 

 

3.5  PCR for qacAB in Set A 

The initial PCR results of Set A MRSA isolates with high MICs to EtBr i.e. ≥ 64 

mg/L, showed 81 (72%) strains of the 112 to be positive for qacAB. Two further 

isolates tested positive for qacAB when the PCR was repeated following DNA 

purification. The results suggested that a high proportion of clinical MRSA strains 

that demonstrate high MICs to EtBr were positive for qacAB. The remaining 31 

strains remained negative for qacAB even after the second round of PCR. An 

example of qacAB PCR results obtained as visualised on an agarose gel are shown in 

Figure 3.4. The lanes of the gel containing the positive control sample and the test 

DNA samples should contain a prominent band of the appropriate molecular weight. 

This band should be absent from the lanes containing the negative control sample 

and those lanes containing negative reactions.  
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Figure 3.4: Agarose gel qacAB PCR results for Set A  

 

In the above gel, the first lane of the gel contained the 1 kb molecular weight marker 

(with known sizes of 250 to 10,000 bp) against which the lanes with positive 

reactions containing the 371 bp gene product were measured. Lane 2 contained the 

positive control (RN2677), Lanes 3-7, 9-12, and 14-19 contained test isolates 

showing positive reactions, Lane 8 and 13 contained test isolates showing negative 

reactions for qacAB, and Lane 20 contained the negative water control.  

 

3.6  Restriction Digestion with Rsa1 of qacAB Positive Isolates from Set A 

The total size of the qacAB fragment being detected was 416 bp as shown in Figure 

3.5. Once digested, two fragments measuring either 185 bp or 231 bp were achieved.  
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Figure 3.5: Agarose gel PCR result of qacA and qacB differentiation  

 

In the above gel, the first lane contained the 1 kb molecular weight ladder. Lane two 

contained the negative water control and Lane 24 the positive control (RN2677). The 

remainder lanes comprise positive test reactions for those isolates possessing the 

qacA gene. In this gel, there are no qacB positive strains visible. 

 

From a total of 81 isolates investigated, 75 (92%) tested positive for the qacA gene 

and 6 (8%) tested positive for the qacB gene as determined by digestion of products 

with the restriction digestion enzyme Rsa1. The prevalence of the qacA gene would 

suggest that most of these strains would be highly resistant to QAC based 

disinfectants and antiseptics and cationic biocides such as chlorhexidine. The lower 

prevalence of qacB gene would suggest that a small proportion of isolates would also 

be resistant to these compounds but with limited resistance to divalent cations. 

 

Restriction digest of the samples was carried out in duplicate. When carrying out the 

digests the first time, although there were no obvious technical errors, on 
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visualisation of the agarose gel a few of the wells were empty. These were recorded 

as blank. On repeat analysis, reportable results were obtained. 

 

3.7  PCR for qacAB in Set B 

PCR for qacAB carried out on the additional 224 isolates comprising Set B, did 

detect positive results. Thus demonstrating that qacAB was also present in MRSA 

strains with lower MICs to EtBr tested in this study. In total, PCR for this set of 

isolates was carried out several times initially, as problems were encountered with 

the positive qacAB control strain. DNA extraction was carried out following 

methodology described by Kumari et al., 1997) and were stored frozen at -20ºC until 

required. 

 

 

Figure 3.6:   Agarose gel qacAB PCR result of Set B  

 

In the above gel, Lanes 1 and 20 contained the 1 kb molecular weight ladder. Lane 

two contained the positive control and Lane 3 the negative water control. Lanes 4–19 

comprise positive qacAB test reactions.   
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A first batch comprising 34 isolates was tested for PCR with the inclusion of an 

appropriate positive control, i.e S. aureus RN2677 (qacAB positive) and a negative 

(water) control. The results of this first PCR run were negative, i.e. all the test wells 

were blank including those containing the positive and negative control samples, and 

thus no fluorescent bands visible. Due to control failure the run was invalid and the 

results not accepted. The same sample set was used to repeat the PCR assay to 

eliminate technical error, but similar results were obtained for the positive control 

and test samples, making this run invalid also.  

  

To determine the efficiency of the positive control used, stored DNA of a qacAB 

positive test sample (from the previous positive set) was selected and reanalysed 

including the RN2677 (qacAB) control samples. Visualisation on agarose gel showed 

a consistent negative result for the RN2677 (qacAB) control, and a weak positive for 

the test sample control. The PCR result for the test sample, tested previously had 

achieved an acceptable fluorescent band, but was now giving a weaker band, which 

still was not confidently acceptable for detection of qacAB in the test samples.  

 

In order to improve PCR conditions, namely the annealing temperature, a gradient 

PCR was performed. The optimum temperature was determined to be 48ºC and the 

temperature in the PCR cycle was changed accordingly. 

 

For reassurance of the result of the previous isolate, fresh DNA of this isolate was 

extracted for repeat analysis. The first batch of test samples were, once more 

analysed with the inclusion of S. aureus RN2677 (qacAB positive) and fresh DNA of 

the previous positive sample. Acceptable control results were achieved this time, 

with the S. aureus RN2677 (qacAB positive) giving a weak positive band.  

 

A request to Dr Jostein Bjorland for qacJ, qacC, qacH and smr positive control 

isolates for investigation of additional qac genes, led to the acquisition of a fresh 

qacAB positive control strain also. PCR assay was carried out, using the newly 
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acquired qacAB positive strain, and the test samples comprising the set of isolates 

that had previously been confirmed positive for qacAB, i.e. those showing ≥ 64 mg/L 

resistance to EtBr were repeat tested. This was carried out to check the validity of 

the test procedures, the modified PCR parameters, and validity of the new control, 

before attempting repeat testing of the control group of isolates. The results were 

finally reassuring, as the new positive control gave excellent fluorescent bands, the 

negative control was negative, and the test samples that were positive previously, 

gave positive fluorescent bands. 

 

Thus, Set B isolates were then investigated in batches for the presence or absence of 

qacAB. Fresh DNA was prepared of all the 224 isolates once more, following 

extraction method 1, to eliminate any variability of the material due to different 

methodologies of extraction. This factor had not been accounted for initially, but in 

view of the problems encountered it was considered for consistency of practice. 

 

Positive bands of fluorescence were detected in 77/224 (34%) of the isolates tested 

across the varying levels of EtBr MICs. The positive control strain showed good 

fluorescence and an appropriate negative result was achieved for the negative 

control. The whole set was then repeated to ensure achievement of reproducible 

results. DNA extractions were then stored at -20ºC. 

 

3.8  Purification of DNA from PCR Products for qacAB (Set A only) 

DNA purification and reanalysis of negative isolates showing high MICs to EtBr 

detected from Set A were carried in the earlier phase of the research. Two samples 

tested positive for qacAB following this procedure and were accounted in the 81 

strains testing positive for presence of qacAB, whilst the remaining 31 isolates 

showed consistent negative result.  
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3.9  PCR for Other Biocide Resistance Genes 

PCR for smr, qacE∆1, qacG, and qacH were originally carried out on the 31 strains 

that were negative for qacAB and showing high MICs to EtBr. The remaining 81 

isolates were qacAB positive and it was considered that the ability of these strains to 

expel EtBr may be attributed to an efflux pump mediated by these genes, and 

therefore, at that time these isolates were not examined for other biocide resistance 

genes. The 31 isolates tested, were all negative for these additional genes.  

 

However, in the second phase of the research, appropriate controls for each of these 

supplementary genes were available and were obtained. On receipt of the controls, 

the whole set, i.e. 336 isolates were tested for smr, qacG, qacH and (additional new) 

qacJ. It was not considered useful to continue to test for qacE∆1 as this gene is 

located in Gram-negative organisms and therefore, would not be expected to be 

present in the study MRSA strains, (conversation with Dr Gaze, School of Life 

Sciences, University of Warwick).  

 

All 336 isolates gave negative results for the additional genes tested.  The positive 

and negative controls gave appropriate results proving all test parameters were 

satisfactory and the results could be acceptable. However, each PCR assay was 

repeated in duplicate using fresh DNA of all the isolates to ensure validity of stored 

DNA. The same results were achieved.  

 

3.10  Multiplex PCR for Confirmation of MRSA (Set A only) 

Multiplex PCR for the detection of mecA and nuc genes was carried out in the first 

phase of the research on Set A isolates that were originally negative for all qac genes 

but showed high MICs to EtBr. This was conducted to confirm these isolates to be 

MRSA and not S. aureus or CoNS. Multiplex PCR results revealed two isolates did 

not have either the mecA or nuc genes. These were CoNS species and had been mis-

identified at the original processing of the patient specimen. After repeat of the PCR 
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using fresh DNA template, a similar result was achieved. These 2 isolates were 

therefore, eliminated from further investigation and have been accounted for in the 

total 31 qacAB negative isolates. The remaining isolates showed detection of the 533 

bp gene product of the mecA gene and the 279 bp gene product of the nuc gene, 

confirming that these strains were MRSA.  

 

3.11  Effect of Efflux Pump Inhibitor Reserpine  

Twenty qacAB negative samples were randomly selected from Set A to investigate 

for presence and effect of the efflux pump inhibitor reserpine in the presence of EtBr 

and acriflavine. MICs were determined in the presence and absence of 10 mg/L 

reserpine and varying levels of EtBr and acriflavine. If the MIC of EtBr or 

acriflavine was at least 4-fold less (two doubling dilutions) than the MIC in the 

absence of reserpine, it was considered a positive result. Tests were repeated in 

duplicate. The MICs of EtBr and acriflavine were not affected by the presence or 

absence of reserpine.  

 

3.12 spa Typing of Negative Samples 

Eighteen samples negative for qacAB were randomly selected from Set A for spa 

typing. The results were analysed by Dr Matthew Ellington, (Staphylococcal 

Reference Laboratory, Health Protection Agency, Colindale) using the Ridom 

StaphType software to identify the strains. Although the number of isolates typed 

using this methodology was small, the results demonstrated that EMRSA-15 was the 

most prevalent strain in the collection at City Hospital. Three strains identified 

jointly as EMRSA-3 and EMRSA-1. One strain identified as the Berlin clone. The 

results are shown in Table 3.1. 
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Isolate EtBr MIC Antibiogram 
Neomycin 

S/R 
Urease Repeat Sequence Spa Type 

A9013 64 mg/L POx R Neg r15r12r16r02r25r17r24 t037/E1 

H7862 64 mg/L PETTmOxGKR R Pos r15r12r16r02r25r17r24 t037/E1 

H7549 64 mg/L POx R Pos r15r12r16r02r25r17r24 t037/E1 

X2342 64 mg/L PETTmMuOxCip R Neg r11r17r34r24r34r22r25 t190/E2 

XB1263 64 mg/L PETTmMuOxCip S Neg r11r21r17r34r24r34r22r25 t648/E2 

XA1090 256 mg/L PEOxGCip S Neg r26r23r16r13r16r25r36r17r25r36r17r25r17r25r16r28 Unknown/E15 

XA5225 64 mg/L PETMuOxCip S Neg r26r23r16r13r16r25r36r17r25r26r17r25r17r25r16r28 Unknown/E15 

H5291 32 mg/L PEOx S Neg r26r23r13r16r25r05r17r31r36r17r25r16r28 Unknown/E15 

A7590 64 mg/L PEOx S Neg r26r23r16r13r16r25r36r17r25r29r17r25r17r25r16r28 Unknown/E15 

A9309 32 mg/L PETmOx S Neg r26r23r16r13r16r25r29r17r25r29r17r25r17r25r16r28 Unknown/E15 

U30403 64 mg/L PETOx S Neg r26r23r16r13r16r25r36r17r25r17r25r16r28 Unknown/E15 

H9283 64 mg/L PETTmOx S Neg r26r23r16r13r16r25r36r17r25r17r25r16r28 Unknown/E15 

H10885 32 mg/L POx S Neg r26r23r16r13r16r25r36r17r25r36r17r25r17r25r16r28 Unknown/E15 

OK-1 128 mg/L PEFTTmOxGK R Pos r15r12r16r34r16r02r25r17r24r24r24 t4056/E16 

XA1801 64 mg/L PETmMuOx R Neg r15r12r16r02r16r02r25r17r24r24r24 t018/E16 

H6700 32 mg/L PETmMuOxGK R Pos r15r12r16r02r16r02r25r17r24r24r24 t018/E16 

X549 64 mg/L POx S Pos r08r76r02r16r34r13r17r34r16r34 t624/Berlin clone 

 

Table 3.1:  spa type results for MRSA strains negative for all qac genes  
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3.13  Characterization of Isolates 

 

The ability of MRSA strains to hydrolyse urea, and susceptibility to neomycin was 

considered as a basic discriminatory tool for analysis of all the strains. Previous 

studies (Murchan et al., 2004) suggested that EMRSA strains can be classified based 

on urease production and susceptibility to neomycin.   

 

Of the 336 total number of strains analysed, 220 (65%) were sensitive to the 

antibiotic neomycin with the remainder 116 being resistant. Seventy-two (21%) 

isolates showed to be urease positive with the remainder 264 isolates negative. 

 

 

Table 3.2: Results of urease activity and neomycin susceptibility testing 

 

Urease Positive Neomycin Sensitive Neomycin Resistant 

72 (21%) 11 (15%) 61 (85%) 

Urease Negative Neomycin Sensitive Neomycin Resistant 

264 (78%) 209 (79%) 55 (21%) 

Totals 220 116 

 

 

3.14  Statistical Analysis of Data 

 

Chi-squared analysis were carried out using GenStat (VSN International, UK) by Mr 

Andrew Mead, (University of Warwick, Warwick, UK), to test for associations 

between EtBr MIC levels, qacAB prevalence, and antibiotic resistance traits within 

the samples. Stacked bar charts, scaled to total 100% within each category, were 

generated to demonstrate significance associations. A p-value (or significance value) 

of less than or equal to 0.05 (5%) was considered to be statistically significant, 

whilst p-values greater than 0.05 were considered to be statistically not significant. 

Tests were generally only considered valid where the minimum expected value 

exceeded the upper threshold value of 5.  
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3.14.1 EtBr Susceptibility and Prevalence of qacAB 

 

For assessing the association between EtBr MIC and qacAB prevalence, the result of 

the chi-squared test statistic demonstrated 69.18 with 6 d.f. (p < 0.001) with a 

minimum expected value of 4.70, (slightly below the threshold value of 5). Whilst 

the condition of a minimum expected value of 5 was not satisfied, it was only just 

below the threshold value, and so this deviation would not significantly influence the 

best statistic. Therefore, the test results was accepted, and indicated a strong 

association existed between the prevalence of qacAB in varying levels of EtBr MIC, 

i.e. the presence of qacAB in strains of EtBr with high MICs did not occur by chance 

but was due to an actual association, as indicated in Figure 3.7. 

 

 

 

 

Figure 3.7:  Distribution of qacAB and varying levels of EtBr MIC 
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The results show that in those strains showing MIC values of 256 mg/L, qacAB was 

markedly prevalent (85%). Equally those strains with MIC values between 32 mg/L 

and 128 mg/L also showed a higher prevalence rate of qacAB. Distribution of qacAB 

in those strains with lower MIC values was considerably lower, with only a very 

small proportion of strains with 4 mg/L MIC to EtBr positive for the gene.  

 

 

3.14.2 High, Medium and Low EtBr MIC and Prevalence of qacAB 

 

For assessing the association between qacAB prevalence and the high, medium and 

low classifications of EtBr levels, the chi-squared test statistic result demonstrated 

50.38 with 2 d.f. (p < 0.001). Again this indicates a strong association between 

prevalence of the gene and varying levels of EtBr MIC, as indicated in Figure 3.8.   

 

 

 

Figure 3.8:  Distribution of qacAB in MRSA strains within high, medium and 

low EtBr classifications  
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The results revealed a marked prevalence of qacAB (75%) in those strains with high 

MIC levels to EtBr, i.e. ≥ 64 mg/L, whilst those strains with low or medium MIC 

levels showed to have similar prevalence of qacAB (35%).  

 

 

3.14.3 High, Medium and Low EtBr MIC and Urease Activity 

For assessing the possible association between the high, medium and low  EtBr MIC 

classifications and ability to hydrolyse urease, the chi-squared test statistical result 

was 19.01 with 2 d.f. (p = < 0.001). The result indicates there is a strong association 

between a particular EtBr MIC group and the prevalence of urease as indicated in 

Figure 3.9. 

 

 

Figure 3.9:  Prevalence and distribution of urea hydrolysing MRSA strains 

  within the high, medium and low EtBr MIC classifications  
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The results showed that in the medium MIC category, i.e. MIC of 16 – 32 mg/L only 

a small number of MRSA isolates were able to hydrolyse urease, with the majority 

showing negative results for urease hydrolysis. Similarly, those strains in the low 

and high MIC classification group also showed that a smaller number of isolates 

within each group were urease hydrolysing strains. The two groups showed similar 

number of isolates to be negative for urease (or inversely positive for urease). 

However, overall all three categories demonstrated that the majority of strains were 

negative for urease hydrolysis. The results suggest that, statistically there is an 

association between inability to hydrolysis urease and MIC of 16 – 32 mg/L.   

 

3.14.4 High, Medium and Low EtBr MIC and Neomycin Susceptibility 

For assessing the association between the high, medium and low EtBr MIC 

classifications and susceptibility to neomycin, the chi-squared test statistical result 

was 49.22 with 2 d.f. (p = < 0.001). The result indicates a strong association between 

a particular EtBr MIC classification and the prevalence of resistance to neomycin as 

indicated in Figure 3.10. 
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Figure 3.10:  Prevalence and distribution of neomycin susceptibility and  

  correlation with varying EtBr MICs  

 

The results indicate a higher percentage, i.e. 60% of those MRSA strains showing 

high MIC to EtBr, i.e. ≥ 64 mg/L were resistant to neomycin, in comparison with 

those strains comprising the low and medium groups. A larger proportion of MRSA 

strains in the two lower MIC groups showed to be sensitive to the antibiotic. This 

would indicate a correlation is present between low MIC to EtBr and sensitivity to 

neomycin in these MRSA strains. However, those strains with high MIC to EtBr 

(and most likely qacAB positive) are resistant to the antibiotic and this is shown 

statistically in these results.   

 

3.15  Antibiogram Analysis  

 

The antibiogram profiles of Set A were checked by repeat susceptibility testing. This 

was carried out due to changes in the panel of antibiotics tested for clinical S. aureus 

strains in the laboratory, but it also proved to be a useful check of the profiles 

Prevalence of Neomycin susceptibility and EtBr MIC classifications

100

80

60

40

0

HighMediumLow

20

EtBr MIC

P
e
rc

e
n
ta

g
e

 o
f 

sa
m

p
le

s

S

R

Neo



 94 

recorded on the hospital data base. It was not possible to repeat susceptibility testing 

of all the Set B isolates, but any isolates that were selected from the collection for 

tests other than PCR, i.e. conjugation studies, plasmid curing, MBCs etc, were 

checked by repeat susceptibility testing before carrying out further experiments. 

 

3.15.1 Collation and Grading of Susceptibility Results 

 

The results of the susceptibility tests were collated in a spread sheet and graded to 

reflect a sensitive or resistant result for each of the antibiotics tested; 1 = Resistant, 

0 = Sensitive. Statistical analysis determined the existence of relationships or 

associations between antibiogram profiles and EtBr MIC, i.e. a particular 

antibiogram associated with each of the varying levels of EtBr susceptibilities, the 

most frequent antibiogram profile detected and presence or absence of qacAB, most 

frequent antibiogram profile linked to EtBr MIC value, a single antibiotic which the 

strains were most frequently resistant to and whether associated with presence or 

absence of qacAB. As the collection of strains had been isolated from various 

clinical material the relationship between source of isolate and prevalence of qacAB 

was also investigated.  

 

3.16  Analysis of prevalence of qacAB and antibiotic resistance profiles 

 

Antibiotic susceptibility testing of the study isolates detected 55 different resistance 

profiles. The frequency of the various antibiogram profiles in relationship with the 

presence or absence of qacAB and subsequently prevalence of qacA and qacB in 

these MRSA strains studied are shown in Table 3.3.  
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Table 3.3 Frequency of antibiogram profiles and prevalence of qacA and qacB 

    

Prevalence of genes 

qacAB 

Genes not 

Detected 

Antibiogram 
Frequency 

Total 
qacA qacB 

  

PEFMupOxK 6 
  

6 

PEFMupOxGCipR 1 1 
  

PEFOx 3 
  

3 

PEFOxK 1 
  

1 

PEFTmMupOxGK 35 5 
 

30 

PEFTMupOx 1 
  

1 

PEFTOx 5 4 
 

1 

PEFTOxCip 2 
  

2 

PEFTOxGCipR 11 10 
 

1 

PEFTOxK 4 
  

4 

PEFTTmMupOxGK 2 
  

2 

PEFTTmMupOxK 1 
  

1 

PEFTTmMupOxGCip 1 1 
  

PEFTTmMupOxCip 2 
 

1 1 

PEFTTmOx 2 
  

2 

PEFTTmOxGK 5 1 
 

4 

PEMupOx 1 
  

1 

PEMupOxK 3 
  

3 

PEMupOxCip 1 1 
  

PEMupOxGCip 19 19 
  

PEMupOxGCipR 2 2 
  

PEMupOxGKCip 1 
  

1 

PEOx 72 6 
 

66 

PEOxCip 3 1 1 1 

PEOxGCip 6 3 2 1 

PEOxGCipR 2 2 
  

PEOxK 4 3 
 

1 

PEOxMupK 1 
  

1 

PETmMupOx 2 
  

2 

PETmMupOxGK 4 
  

4 

PETmMupOxGCip 1 
  

1 

PETmMupOxGK 1 
  

1 
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PETmOx 62 2 
 

60 

PETmOxCip 1 
  

1 

PETmOxGCipR 1 1 
  

PETmOxGK 1 
  

1 

PETmOxK 1 1 
  

PETOx 1 
  

1 

PETOxGCipR 2 1 
 

1 

PETOxK 1 
  

1 

PETTmMupOxG 1 
 

1 
 

PETTmMupGcip 1 1 
  

PETTmMupOxCip 1 1 
  

PETTmMupOxGCip 1 1 
  

PETTmMupOxGCipR 1 
 

1 
 

PETTMOx 5 1 
 

4 

PETTmOxCip 1 1 
  

PETTmOxGKR 2 1 
 

1 

PFOx 1 
  

1 

PFOxR 1 
  

1 

PFTmOx 1 1 
  

POx 28 2 
 

26 

PTmOx 15 1 
 

14 

PTOx 1 
  

1 

PTOxGCipR 1 1 
  

Totals 336 75 6 255 

 

P; penicillin, E; erythromycin, F; fusidic acid, T; tetracycline, Tm; trimethoprim, 

Mup; mupirocin, Ox; oxacillin, G; gentamicin, K; kanamycin, R; rifampicin, Cip; 

ciprofloxacillin. 

 

The three most prevalent antibiogram profiles identified were, PEOx, PETmOx and 

PEFTmMuOxGK. A total of 72 (21%) strains from the 336 collection showed to have 

the profile PEOx, with only six (8%) strains showing presence of qacA. The 

remaining 66 strains were negative for qacAB. The second most prevalent strain was 

PETmOx with 62 (18%) of the isolates displaying this profile. Only two (3%) were 

qacA positive with the remaining 60 strains negative for qacAB. The antibiogram, 
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PEFTmMuOxGK displayed by 30 (9%) of the isolates, were all negative for qacAB. 

The most common antibiogram in strains positive for qacB was the profile, 

PEOxGCip, with two strains out of the six showing this profile. 

 

The results showed that there is no significant correlation detected between the 

isolates showing a particular resistance profile and the presence of the genes. 

 

3.17  Statistical Analysis of Antibiotic Susceptibility 

3.17.1 High, Medium and Low EtBr MIC Association with Erythromycin 

  Susceptibility 

For assessing the association between the high, medium and low EtBr MIC 

classifications and susceptibility to erythromycin, the chi-squared test statistical 

result  was 7.94 with 2 d.f. (p = 0.019). The result obtained is thus, statistically 

significant and indicative of a strong association between a particular EtBr MIC 

classification and the prevalence of resistance to erythromycin, as indicated in Figure 

3.11. 
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Fig 3.11:  Prevalence and distribution of erythromycin susceptibility and  

  varying EtBr MIC  

 

The results indicated that resistance to erythromycin was prevalent in the majority of 

the MRSA strains in all three MIC groups. The group of isolates with high MICs to 

EtBr showed 93% to be resistant to erythromycin, whilst 82% of the isolates in the 

low and medium groups were resistant to the antibiotic. 

 

3.17.2 High, Medium and Low EtBr MIC Association with Fusidic acid  

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to fusidic acid, the chi-squared test statistical result 

 was 10.20 with 6 d.f. (p = 0.117). The result is not statistically significant and thus 

 does not indicate an association between a particular EtBr MIC classification and the 

 prevalence of resistance to fusidic acid, as indicated in Figure 3.12. 
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 Fig 3.12:  Prevalence and distribution of fusidic acid susceptibility and  

   varying EtBr  MIC  

 

 The results indicated that the prevalence of susceptibility to fusidic acid was 

 similarly high in the MRSA strains in all three MIC groups, with the majority of 

 strains being sensitive to fusidic acid. 

 

3.17.3 High, Medium and Low EtBr MIC Association with Tetracycline  

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to tetracycline, the chi-squared test statistical result 

 was 49.98 with 2 d.f. (p = < 0.001). The result indicates a strong association between 

 a particular EtBr MIC classification and the prevalence of resistance to tetracycline, 

 as indicated in Figure 3.13. 
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 Figure 3.13:  Prevalence and distribution of tetracycline susceptibility and  

   varying EtBr  MIC  

 

 A significant difference was apparent between the three different MIC groups and 

 prevalence of susceptibility to tetracycline. It was observed that 37% of the 

 isolates within the high MIC group were resistant to the antibiotic whilst, those 

 comprising the low and medium MIC showed only 5% of isolates to be resistant to 

 the antibiotic. 
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3.17.4 High, Medium and Low EtBr MIC Association with Trimethoprim 

   Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to trimethoprim, the chi-squared test statistical 

 result  was 19.02 with 2 d.f. (p = < 0.001). The result indicates a strong association 

 between a particular EtBr MIC classification and the prevalence of resistance to 

 trimethoprim, as indicated in Figure 3.14. 

 

 

 Figure 3.14:  Prevalence and distribution of trimethoprim susceptibility and  

   varying EtBr  MIC  

  

 A significant difference was apparent between the three different MIC groups and 

 the prevalence of susceptibility to trimethoprim. It was observed that only 27% of 

 the isolates within the high MIC group were resistant to the antibiotic and thus the 
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 majority of strains were sensitive to the antibiotic. However, those samples 

 comprising the low and medium MIC showed similar high resistance prevalence, 

 with an average of 55% of MRSA strains in both groups showing resistance.  

 

3.17.5 High, Medium and Low EtBr MIC Association with Mupirocin    

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to mupirocin, the chi-squared test statistical result 

 was 8.21 with 2 d.f. (p = < 0.017). The result indicates a strong association between a 

 particular EtBr MIC classification and the prevalence of resistance to mupirocin, as 

 indicated in Figure 3.15. 

 

 

 Figure 3.15:  Prevalence and distribution of mupirocin susceptibility and  

   varying EtBr  MIC  
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 The results indicate that a slightly higher proportion of isolates (37%) in the high 

 MIC classification group demonstrated resistance to mupirocin than those isolates in 

 the low and medium MIC groups. MRSA strains in these two groups showed similar 

 prevalence of resistance, i.e. 23%. 

 

3.17.6 High, Medium and Low EtBr MIC Association with Gentamicin    

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to gentamicin, the chi-squared test statistic result 

 was 60.28 with 2 d.f. (p = < 0.001). The result indicates a strong association 

 between a particular EtBr MIC classification and the prevalence of resistance to 

 gentamicin, as indicated in Figure 3.16. 

 

 

 Figure 3.16:  Prevalence and distribution of gentamicin susceptibility and  

   varying EtBr  MIC  

Prevalence of Gentamicin resistance and EtBr MIC classifications

100

80

60

40

0

HighMediumLow

20

EtBr MIC

P
e
rc

e
n
ta

g
e

 o
f 

sa
m

p
le

s

R

S

G



 104 

 The results obtained show marked differences in the prevalence of susceptibility to 

 gentamicin within all three EtBr MIC groups. There is a higher percentage of 

 isolates, i.e. 58% in the high MIC classification group that show resistance to 

 gentamicin, in  comparison with the low and medium groups, which show a similar 

 proportion of  isolates being resistant to the antibiotic, i.e. only 17%. 

 

3.17.7 High, Medium and Low EtBr MIC Association with Kanamycin   

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to kanamycin, the chi-squared test statistical result 

 was 4.53 with 2 d.f. (p = < 0.104). The result does not statistically indicate a strong 

 association between a particular EtBr MIC classification and prevalence of 

 resistance to kanamycin as indicated in Figure 3.17. 

 

 Figure 3.17:  Prevalence and distribution of kanamycin susceptibility and  

   varying EtBr  MIC  
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 The results obtained demonstrated slight variations in the prevalence of resistance to 

 kanamycin in the MRSA strains within all three EtBr MIC groups. Only 14% of 

 isolates in the high MIC classification group showed resistance to kanamycin in 

 comparison with 23% of the isolates from the low and medium groups, being 

 resistant to the antibiotic.  

 

3.17.8 High, Medium and Low EtBr MIC Association with Rifampicin   

  Susceptibility 

 For assessing the association between the high, medium and low EtBr MIC 

 classifications and susceptibility to rifampicin, the chi-squared test statistic result 

 was 52.02 with 2 d.f. (p = < 0.001). The result indicates a strong association between 

 a particular EtBr MIC classification and the prevalence of resistance to rifampicin as 

 indicated in Figure 3.18. 
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  Figure 3.18:       Prevalence and distribution of rifampicin susceptibility 

and varying EtBr MIC  

 

 The results indicate that a significantly higher proportion of MRSA isolates, i.e. 29% 

 in the high MIC classification group demonstrated resistance to rifampicin, whilst 

 isolates in the low and medium MIC group showed nearly all to be sensitive to the 

 antibiotic.  
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3.18 Conjugation Studies 

3.18.1 Cell-to-Cell Contact Method 

Transfer of EtBr resistance by cell-to-cell contact methodology was attempted 

following various methods, modifications and treatments and repeated numerous 

times to succeed, but unfortunately was not achieved during the course of this study. 

The initial conjugation studies were carried out with several modifications to test 

protocols and bacterial strains and multiple repetitions of the tests. Each 

experimental aspect was considered in detail however, successful transfer of 

resistance was not achieved. If the process were to be deemed successful, then 

growth should be observed on the combined EtBr and Triclosan selective plates as 

this would be the selective medium that any potential trans-conjugant colonies 

should grow freely.   

 

The first three attempts at this experiment yielded very scanty growth or no growth 

at all on the EtBr + triclosan selective plates. On each occasion, growth was present 

on the control plates, confirming that the strains were viable and able to flourish on 

the medium lacking inhibitory substances. Due to the poor or no growth of possible 

trans-conjugants on the selective plates, the medium was supplemented with 5% 

sterile defibrinated horse blood. This resulted in growth of colonies on the EtBr + 

triclosan plates but colonies were also isolated on the control plates. Even so, ten 

colonies from each of the plates were picked for phenotypic confirmation. DNase 

and susceptibility tests as previously described were carried out to check for changes 

in the antibiogram. There were no changes detected in the antibiogram confirming 

that the plasmid (or resistance) had not been successfully transferred to the recipient 

strain and the colonies isolated were single cells breaking through into the medium.  

 

Addition of calcium chloride to the TSB broth prior to incubating single strains to 

achieve log-phase before mating, appeared to isolate potential trans-conjugants, but 

after 24 h incubation, spontaneous mutants as in the previous experiments were 

detected on the control plates. The colonies were followed through with phenotypic 
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tests to confirm any changes in antibiogram. The results were the same, and once 

again negative results obtained for transfer of EtBr resistance. 

 

Conjugation studies repeated with fresh donor strains selected from the collection, 

and a new plasmid-free S. aureus (WBG 541) recipient did not yield successful 

transfer of EtBr and antibiotic resistance either. The control plates gave acceptable 

results, i.e. 

 

1) The blank control plates comprising BHIA media without any selective 

agents  added was included as a check of the viability of the test organisms. 

All test strains should and did grow liberally on this plate.  

 

2) The control plate comprising BHIA with fusidic acid only or rifampicin only 

were checks for viability of the recipient strain (WBG41) as this was resistant 

to these two antibiotics and so should not and did not show inhibition in the 

presence of these two antibiotics and substantial growth was observed on 

these control plates.  

 

3) The control plates containing BHIA and EtBr were checks for the  donor 

strains  which  showed high MICs to EtBr and therefore, would not be 

affected by the presence of EtBr in the medium and grow well. 

 

The results are summarised in table 3.4a. 
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Table 3.4a  Results of Conjugation Studies. 

Incubation Isolate Blank Fus EtBr Fus+EtBr Rif Rif+EtBr 

24 h XA1810+R G G G Few colonies G Few colonies 

48 h  G G G 4-6 colonies G Few colonies 

24 h XA1804+R G G G NG G G 

48 h  G G G NG G G 

24 h XA1829+R G G G NG G G 

48 h  G G G NG G G 

 

Fus; fusidic acid, Rif; rifampicin, R;  

Recipient strain (WBG 541),   

G; Growth, NG; No Growth 

 

Due to time limitations it was only possible to carry out the experiments twice as per 

 the new protocol (to eliminate technical error). It was also not possible to repeat the 

 experiments with modifications to the protocol as per the previous studies. The same 

 results were achieved  both times and the conclusion was that the transfer of EtBr 

 resistance by conjugation was not successful following the different methodologies. 
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Table 3.4b Control Set Results (Spontaneous Mutation Check). 

Incubation Isolate Blank Fus EtBr Fus+EtBr Rif Rif+EtBr 

24 h XA1810 G 1-2 col G Few col G Few colonies 

48 h  G 1-2 col G 2-4 col G Few colonies 

24 h XA1804 G 1-2 col G Few col G G 

48 h  G 1-2 col G 2-4 col G G 

24 h XA1829 G NG G NG G G 

48 h  G NG G NG G G 

24 h WBG541 G G NG NG G G 

48 h  G G NG NG G G 

 

 

Table 3.5:  Conjugation Results of all Isolates Tested 

Donor Recipient Selection Resistance Transferred 

XA1090 RN4220 EtBr, Triclosan Not detected 

 NCTC 8325 EtBr, Triclosan Not detected 

RN2677 

(qacAB Positive) 
RN 4220 EtBr, Triclosan Not detected 

 NCTC 8325 EtBr, Triclosan Not detected 

XA1810 WBG541 EtBr, Fus, Rif Not detected 

XA1804 WBG541 EtBr, Fus, Rif Not detected 

XA1829 WBG541 EtBr, Fus, Rif Not detected 

 

Transfer of qacAB from donor cells to any of the recipient strains was not  achieved 

in this study following either of the conjugation methods. 
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3.19 Transformation Studies 

3.19.1 Plasmid Preps 

Plasmid DNA preparations were carried out to establish presence or absence of 

plasmids in the test donor strains XA1080 and control donor strain RN2677 (qacAB). 

Figure 3.18 shows the agarose gel results.   

 

Figure 3.19  Agarose gel showing plasmid prep results. 

 

Lane 1 contained the 1 kb molecular weight ladder. Lane two contained a plasmid 

extract from the plasmid-free RN4220 strain. Lanes three to six contained plasmid 

extracts from XA1090, S. aureus RN2677 (qacAB), S. aureus (RN4220) pKM4, 

5630 and PSK respectively.  

 

There is no visible band in Lane 2 confirming that this strain lacked a plasmid. Lanes 

3 -6 show presence of high molecular bands, suggesting presence of plasmids in all 

these strains. Extracts from, XA1090 and RN2677 showed three prominent bands of 

similar size in both strains, possibly representing three forms of the same plasmid or 
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multiple plasmids of differing molecular weight. Strain XA1090 also showed 

presence of lower molecular weight DNA bands suggesting presence of one or more 

additional plasmids.  

 

3.19.2 Electroporation 

Transfer of EtBr resistance was attempted by transformation using the above plasmid 

preps. In addition to the plasmid-free RN4220 strain, (mutated to achieve 2 mg/L 

resistance to triclosan) recipient strain, S. aureus (RN4220 pMK4) was also used in 

these studies (obtained from Dr Cockayne, Centre for Biomolecular Science, Queens 

Medical Centre, Nottingham). A high copy number E.coli -S. aureus shuttle plasmid 

(pMK4) was electroporated into both strains to check for electrocompetence of the 

cells and to check for presence of spontaneous EtBr resistance. Transformants were 

plated on selective media containing EtBr or chloramphenicol at 5 µg/mL. This 

resulted in the isolation of high numbers (> 500 per plate) of chloramphenicol 

resistant transformants using RN4220NOTTS and approximately 30 for the RN4220 

strain, but not transformants after selection on EtBr. Control electrocompetent cells 

to which plasmid was not added, failed to grow on either EtBr or chloramphenicol 

selective plates.   

 

Transformation of plasmid extracts from strains XA1090 and RN2677 into 

RN4220NOTTS gave successful results as a few potential EtBr resistant trans-formants 

were isolated, although none were isolated for the RN4220 strain. Plasmid 

extractions were carried out on potential transformants following overnight growth 

in TSB+60 µg/mL EtBr, but plasmid was not detected in any of the transformants by 

agarose gel electrophoresis. However, the cells did lyse readily with lysostaphin 

suggesting that they were S. aureus strains. Plasmid extraction was repeated and 

achieved similar but not identical profiles to the first time. So either any plasmid 

transferred is at a very low level that it cannot be detected or EtBr resistance is due 

to spontaneous mutation in the recipient strains. 
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In the experiments using the plasmid-free S. aureus -RN4220 strain, no colonies 

were detected when the recipient strain alone was plated on the selective plates. 

Plasmid extraction was carried out once more, with the cells grown overnight in a 

selective broth comprising TSB and 16 mg/L EtBr and the experiment repeated. 

Once again plasmid was not detected in either of the strains. 

 

The positive control sample comprised only competent S. aureus (RN4220 pMK4) 

cells and recovery medium. pMK4 was the control plasmid for electrocompetence 

check of the recipient cells. The negative control comprised competent cells plated 

onto EtBr selective plates. No growth was detected on these plates and therefore, 

confirmed that the negative control was satisfactory. 

 

3.19.3 Phage Transduction 

Phage transduction using Phi-II was conducted to determine transmissibility of the 

EtBr marker. If phage is present, it will attach to the DNA of the recipient cells and 

is detectable by lysis of the cells. The control should be turbid as the organism is 

able to continue to multiply, (if phage is present it will inhibit the organism and not 

allow it to multiply continuously). Lysis did not occur in the two donor cells, 

indicating that the phage is not transmissible to these strains and therefore, this is not 

a suitable method for transfer of EtBr resistance. 
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3.20  Plasmid Curing 

Seven strains were plated onto novobiocin selective plates continually for seven days 

in an attempt to “lose” the plasmid carrying qacAB. Phenotypic analysis of the 

clones, were performed to confirm the success of this experiment.  

 

Following continual passaging, the efflux capacity of the clones was determined 

initially by observation under UV fluorescence using a trans-illuminator. The cells 

with lower efflux activity are not able to expel the fluorochrome EtBr substrate 

which accumulates within the cell and is visible under UV as pink fluorescence. In 

comparison the cells with higher efflux activity are able to extrude EtBr and require 

higher concentration of EtBr in order to fluoresce. Therefore, by inoculating the 

subcultures onto 2.5 mg/L EtBr selective plates, it was possible to select non-

fluorescent and fluorescent colonies, i.e. those colonies effluxing EtBr and visible as 

fluorescent colonies and those cells still maintaining EtBr and thus not fluorescing. 

 

The plates were examined visually to differentiate between the two colony types; 

dark and light colonies. The dark colonies were essentially cells that had not lost the 

plasmid, and the lighter colonies were those that were potentially lacking or had 

“lost” the plasmid. Confirmation was by observation of the cultures under UV using 

a UV-trans-illuminometer.  

 

The results obtained of two of the strains are shown in Figure 3.19. The cells of 

Sample A were visually much lighter than those in Sample B, and indicated that 

plasmid curing had been successful. Although the cells in sample B were much 

darker, lighter coloured cells were also present.  
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Figure 3.20  Results of plasmid cure experiments of two strains of MRSA 

 

At the first attempt the inoculum and the streak were too heavy and therefore, it was 

not possible to distinguish between dark and light colonies. Fresh overnight cultures 

were prepared to repeat the selection process. This time, rather than spreading the 

inoculum with a spreader, a sterile loop was used to spread partly the inoculum and 

then to streak in order to achieve single colonies.  

 

Single colonies that were a lighter shade were transferred to 5 ml of TSB for 

overnight cultures. The broths were sub cultured onto fresh selective plates as above 

to ensure a greater yield of the lighter colonies. Single lighter shaded colonies that 

were distinguishable from the darker colonies seemed promising of a positive result, 

however, when the plates were examined under UV the cells did not fluoresce and 

therefore, it was concluded that the plasmid curing of these isolates had not occurred.  

 

 

 

Sample B Sample A 
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3.21  Plate Mating  

Five clinical strains of MRSA and the control S. aureus RN2677 (qacAB) strain were 

used as “donor” cells to “plate mate” with the plasmid-free control strain WBG 541. 

The Table 3.6 shows the results obtained from sub-culture of suspect trans-

conjugants onto EtBr selective plates ranging from 32–256 mg/L. 

 

Table 3.6 Results from sub-culture of probable transconjugants on EtBr 

selective plates.  

 32 mg/L 64 mg/L 128 mg/L 256 mg/L MIC 
Previous 

MIC 

H628 –  Clone 5 G G G G >256 mg/L 256 mg/L 

H628 –  Clone 6 G G G G >256 mg/L  

H8417 – Clone 9 G G NG NG 128 mg/L 128 mg/L 

H8417 – Clone 10 G G NG NG 128 mg/L  

RN2677 -Clone 6 G G G NG 256 mg/L 256 mg/L 

WBG 541 G NG NG NG 64 mg/L <32 mg/L 

 

G, Growth; NG, No Growth 

There is no change in the MICs to EtBr of the four possible clones detected. DNase 

test confirmed that the isolates were S. aureus and the susceptibility testing showed 

no changes in the antibiogram of both the donor and the recipient strains. 
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 Table 3.7  Antibiogram results of clones and parent strains 

 Antibiogram DNase Test 

H628 - Clone 5 PEOxTm Positive 

H628 – Clone 6 PEOxTm Positive 

H628 – Parent Antibiogram PEOxTm Positive 

H8417 – Clone 9 POx Positive 

H8417 – Clone 10 POx Positive 

H8417 – Parent Antibiogram POx Positive 

WBG 541 Recipient  F, R Positive 

 

P, Penicillin; E, Erythromycin; Ox, Oxacillin; Tm, Trimethoprim, F, Fusidic acid; R, 

Rifampicin  

 

The results therefore, indicated that the mating experiments on solid media were not 

successful.  
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3.22  Minimum bactericidal concentration (MBC) determinations 

3.22.1 MBC to four commonly used Hospital biocides 

The results of the MIC and MBC determinations carried out to a selection of 

biocides commonly used in the hospital environment are displayed in the Table 3.8.  

 

Table 3.8  MIC/MBC determinations to four hospital biocides 

      BAZ CHLORHEX HDPCM OCT 

Lab No qacAB 

EtBr 

MIC 

(mg/L) 

MIC MBC MIC MBC MIC MBC MIC MBC 

H9674 Negative 4 1 8 1 2 <0.5 2 1 128 

H1021 Negative 4 1 4 1 8 1 2 1 4 

R2465 Negative 4 1 2 1 8 <0.5 4 1 4 

H10586 Negative 8 1 2 1 4 1 <0.5 1 >16 

H808 Negative 8 1 2 1 4 1 <0.5 <0.5 1 

A6172 Negative 16 <0.5 4 <0.5 1 1 2 <0.5 1 

H999 Negative 16 1 4 1 >32 2 4 1 8 

XA1092 Positive 64 <0.5 16 1 >32 1 1 <0.5 1 

XA5225 Negative 64 <0.5 <0.5 1 >32 0.5 0.5 2 4 

A9013 Positive 64 <0.5 1 1 16 2 2 1 2 

H8417 Positive 128 <0.5 8 1 16 0.5 0.5 1 2 

XA1090 Positive 256 <0.5 4 1 >32 1 1 1 2 

A1379 Positive 256 <0.5 4 1 >32 0.5 0.5 2 1 

RN2655 Positive 256 <0.5 1 1 16 1 1 <0.5 1 

 

 BZC; Benzalkonium chloride, CHL; Chlorhexidine gluconate, HDCPM; 

 Hexadecylpyridinium chloride monohydrate, OCT; Octenidine  
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Table 3.9 MIC/MBC determinations to Novobiocin and Fusidic acid. 

 

      NOVOBIOCIN FUSIDIC ACID 

Lab No qacAB 
EtBr 

(mg/L) 
MIC MBC MIC MBC 

H9674 Negative 4 <0.5 32 <0.5 >16 

H1021 Negative 4 <0.5 8 <0.5 >32 

R2465 Negative 4 <0.5 1 <0.5 >16 

H10586 Negative 8 <0.5 >16 <0.5 >16 

H808 Negative 8 <0.5 1 <0.5 >16 

A6172 Negative 16 <0.5 >16 <0.5 >16 

H999 Negative 16 <0.5 <0.5 <0.5 >16 

XA1092 Positive 64 <0.5 16 <0.5 >16 

XA5225 Negative 64 <0.5 >16 <0.5 >16 

A9013 Positive 64 <0.5 1 <0.5 8 

H8417 Positive 128 <0.5 1 <0.5 8 

XA1090 Positive 256 <0.5 8 <0.5 8 

A1379 Positive 256 <0.5 2 >512 >512 

RN2655 Positive 256 <0.5 4 <0.5 16 
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CHAPTER 4 

DISCUSSION  
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4. Outcomes of Research 

 

This study was designed to investigate an association between plasmid-borne qacAB 

and antimicrobial resistance in clinical strains of MRSA as part of a wider study 

which was desk based and focused on the impact on infection prevention and control 

in the healthcare setting. It has long been considered that resistance to biocides has 

developed alongside antibiotic resistance due to the widespread use of antiseptics 

and disinfectants in hospitals, nursing homes and other chronic care establishments. 

Therefore, even in the absence of antibiotic use as a selective agent the biocides are 

likely to select for resistance genes which are carried together with other adaptive 

genes such as antibiotic resistance and heavy metal resistance. Thus the co-selection 

of antimicrobial resistance genes needs to be considered in the hospital environment 

when co-selection is likely to occur.  

 

MRSA infections are an additional burden to both patients and the healthcare system 

and cause more serious outcomes than those presented due to MSSA (Gould, 2005). 

Infections caused by MRSA may be more difficult to treat due to the lack of 

antimicrobial options available, resulting in increases in morbidity and mortality 

(Duckworth, 2003). Some strains are readily able to transfer genetic material to 

susceptible strains through horizontal transmission resulting in large numbers of 

infections in hospitals. If they are resistant to the commonly used hospital antiseptics 

and disinfectants, this may result in increased colonisation around the hospital. In 

clinical strains of MRSA one of the mechanisms to resist the action of antibiotics 

and biocides is the expression of an efflux system. These pumps can be specific for 

single or multiple substrates.  

 

This research investigated the phenotypic traits and determined presence or absence 

of qacAB in 336 clinical strains of MRSA to determine if an association existed. 
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4.1  MRSA Strains 

The HIRL MRSA collection of strains examined for inclusion in the study had been 

isolated from patients screened preoperatively or at emergency admissions for 

MRSA carriage from the nasal, axilla and groin sites, or from clinical samples taken 

from in-patients diagnosed with MRSA infections. The collection also included 

strains of MRSA isolated from asymptomatic carriage of staff members identified 

during suspected cross-infection outbreaks. The Infection Prevention team at City 

Hospital and HIRL worked in unison to manage effectively and efficiently any 

outbreak cases. Healthcare staff were also screened for carriage of MRSA during 

suspect outbreaks. Impression plates of staff fingers on ORSAB media and nasal 

swabs were taken and forwarded to HIRL for processing. Any healthcare staff 

identified as positive for MRSA carriage underwent full screening, i.e. additional 

samples were taken from the axilla and groin and appropriate therapy commenced.  

 

The second collection from the Antimicrobial Chemotherapy Laboratory was a 

nationwide collection of 63 clinical MRSA isolates. Unfortunately epidemiological 

data of these isolates was not recorded and therefore, at a later date when 

demographic analysis was considered, this information was not available. Similarly, 

at the time of screening the 3,800 samples stored in HIRL for initial EtBr 

susceptibility, the only patient details recorded were the site where the sample was 

taken from and the antibiogram of the strain and so demographic information was 

not available for epidemiological analysis. 

 

On receipt of samples in HIRL for MRSA screening, swabs were plated onto 

ORSAB media. Any indigo coloured colonies following 24 h incubation were 

phenotypically identified and confirmed with DNase test and sensitivities to a set 

panel of antibiotics determined as outlined in BSAC guidelines, which provide a 

convenient and valuable method for accurate, reliable and reproducible susceptibility 

testing and confirmation of MRSA (Potz et al., 2004). 
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It was essential to distinguish between S. aureus strains and CoNS species, and 

determining DNase activity was the first line test performed to accomplish this. Any 

DNase result that was doubtful, i.e. small zone of clearing around the inoculum after 

addition of 1% HCL, a commercial rapid slide latex agglutination kit was used to 

detect extracellular coagulase and production of protein A. The DNase result was 

accepted as confirmation of S. aureus strain, but as several species of CoNS also 

produce varying levels of DNase (Brown, et al., 2005) a more specific confirmatory 

test should have been considered. Recent developments have produced further rapid 

latex agglutination kits that detect penicillin-binding protein 2' (2a), or PBP2' 

(PBP2a) found in the cell membrane of MRSA, enabling rapid and an inexpensive 

alternative identification method to PCR, for detection of the mecA gene and thus 

confirmation of MRSA.  

 

Seven CoNS isolates from Set A were misidentified as MRSA, highlighting the 

essential application of rigor, of not only the skills and knowledge of laboratory staff 

but also on the reliability of the methods, reagents and materials used in diagnostics. 

The critical factor for any particular media is assurance to the user that it provides 

accurate, reliable and reproducible results. Recent development of chromogenic 

screening media selective for MRSA carriage and infection has further improved the 

speed and accuracy of detection of MRSA and offers that assurance. However, on 

receipt of reagents and media it is the responsibility of laboratory staff to ensure that 

all items are stored and used appropriately. Antibiotic discs can lose their potency if 

not kept stored at 2-8ºC when not in use, and similarly chromogenic media is to be 

protected from light during storage as it is light sensitive. Additionally, variations in 

the inoculum density, agar thickness or incubation temperature when performing 

susceptibility testing may result in distortion of results obtained (Potz et al., 2004). 

Laboratory SOPs have been produced to ensure that staff followed standardized 

working methods. Any deviation from these procedures may result in inaccuracies. 

 

Although CoNS are opportunistic pathogens that are frequently isolated from blood 

cultures, they are considered to be contaminating flora rather than disease causing 
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agents (Costa et al., 2004). Staphylococcus epidermidis (S. epidermidis) is the most 

commonly isolated species of CoNS from human skin and thus patients are 

frequently infected endogenously with their own flora (James, et al., 1994). 

Meticillin-resistant S. epidermidis (MSSE) strains are heterogeneous, i.e. each 

population contains both meticillin-susceptible and meticillin-resistant organisms. 

The meticillin-resistant organisms grow at a lower rate at lower temperatures and 

within a more hypertonic environment (Woods et al., 1986).   

 

The ORSAB media although selective for MRSA, required re-incubation of culture 

plates following examination at 24 h. Thus, occasionally grey/blue colonies were 

observed at 48 h. These colonies were confirmed using DNase and susceptibility 

testing. A positive DNase result due to a DNase producing CoNS and resistance to 

meticillin would have prompted the BMS to report these isolates as MRSA.  

 

4.2  Set A and B MRSA Strains 

Set A comprised 49 MRSA strains stored in HIRL and a nationwide collection of 63 

MRSA strains stored in the Antimicrobial Chemotherapy Department totalling 112 

strains. At a later date an additional 224 isolates showing varying levels of EtBr 

MICs ranging from 4 mg/L to 32 mg/L were included to the study set. This number 

of strains were included to equate to the 112 isolates in Set A with high level MIC to 

EtBr i.e. ≥ 64 mg/L. The total study set of 336 strains of MRSA were therefore, a 

representative of a four year “snapshot” of MRSA strains isolated from samples 

processed at City Hospital Microbiology Laboratory and HIRL.  

 

The proportion of Set A isolates that were identified and confirmed to show baseline 

EtBr MIC of at least 32mg/L was approximately 3% of the 3,400 isolates screened. 

However, from these 112 isolates, 63 were not isolated from City Hospital patients, 

and thus essentially only 1% of isolates from the 3,400 screened were identified to 

have a base line EtBr MIC of at least 32mg/L. This demonstrates that only a very 
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small percentage of MRSA strains isolated from patients at City Hospital over a 

period of 4 years have this characteristic.  

 

The inclusion of a further 224 strains to the study set revealed that a high proportion 

of MRSA strains did express lower EtBr MIC levels, varying between 4mg/L and 

32mg/L. The growth of certain strains of S. aureus in the presence of EtBr at 

concentrations of 8 µg/mL had been observed in a previous study (Johnston and 

Dyke, 1969). The results of that study also demonstrated that together with losing 

resistance to EtBr, these strains also showed an increased rate of loss of the 

penicillinase phenotype thought to be associated with plasmids.  

 

4.3 Investigation for antiseptic and disinfectant resistance qacAB 

Resistance in MRSA strains to antiseptics and disinfectants is mainly due to the 

presence of qacAB or smr genes. The genes vary in their ability to confer resistance 

to a range of organic cations. qacA specifies resistance to intercalating dyes such as 

EtBr and acriflavine, as well as QACs, e.g. benzalkonium chloride and cetrimide, 

and divalent cations, e.g. chlorhexidine, whilst the closely related qacB, confers low-

level or no resistance to the divalent cations. qacC is phylogenetically distinct from 

qacA and qacB, and mediates resistance to QACs and some dyes, (Paulsen et al., 

1995).  

 

4.3.1 DNA Extraction and PCR 

Two methods for DNA extraction were followed; DNA extraction of Study Set A, 

i.e. the 112 isolates with high level MIC to EtBr was carried out following method 1. 

This protocol followed a basic heat lysis method to extract DNA. The second 

method of DNA extraction followed the University of Warwick protocol devised by 

Kumari et al., 1997). This procedure involved a proteinase K digestion step to 

improve the efficiency and purification of the extract by removing excessive 

proteins. This was followed by the addition of lysostaphin, which disrupts the 
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bacterial cell wall, for release of DNA. The centrifugation step collects the DNA in 

the supernatant. DNA was extracted from Set B, i.e. the additional 224 isolates 

following this method, as these isolates were studied at the University of Warwick 

laboratory.  

 

4.3.2  Set A 

PCR results for detection of qacAB in Set A isolates, showed a high proportion of 

strains (81/112) were positive for qacAB. However, these samples had been collected 

from City Hospital patients over a period of four years and also included 63 strains 

from other hospitals. The presence of such qacAB positive strains therefore, was not 

a true reflection of the MRSA strains that may be circulating in City Hospital.  Only 

49 of the isolates from the 112 isolates were isolated from City Hospital patients and 

29 (59%) of those strains were positive for qacAB. High level antiseptic resistance of 

MRSA is mediated by multidrug efflux pumps encoded by qacAB and the overall 

significantly high prevalence (72%) of these genes may be the result of selective 

pressure imposed by disinfectants used in the various hospitals the strains had 

originated from. Statistical analysis demonstrated a strong association between the 

prevalence and distribution of the gene in strains with high level susceptibility to 

EtBr, i.e. 50.38 with 2 d.f. (p < 0.001). This does suggest that the MRSA strains 

analysed in this study, with high MIC to EtBr were likely to contain qacAB which 

confers resistance to commonly used QAC based hospital biocides. 

 

Restriction digestion with Rsa1 followed by PCR of Set A isolates, differentiated 

between qacA and qacB and revealed the distribution of qacA to be significantly 

higher than qacB, i.e. 75/81 isolates (92%) were qacA positive and only 6/81 (7%) 

were qacB positive. Although qacB was only present in a very small population of 

these MRSA strains, it has the ability to confer lower level resistance to dyes such as 

EtBr and all divalent organic cations. In this study, the six strains that were qacB 

positive had high EtBr MICs, i.e. one strain showed MIC of 64 mg/L and the 

remaining five showed MICs of 256 mg/L. It is unfortunate that a larger study set 

comprising high level EtBr resistant strains had not been obtained. This may have 
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provided more robust evidence of prevalence and distribution of qacAB and in 

particular the two individual genes. 

 

4.3.3 Set B 

Initially, several problems were encountered in obtaining results for Set B. The 

initial setbacks encountered were the repeated failure of the positive control in the 

PCR reactions. Various attempts to rectify this were carried out and PCR repeated 

several times on small batches of samples. Five stored DNA samples known to be 

qacAB positive were selected from Study Set A for re-analysis, including the 

positive control strain RN2677 (qacAB). The results showed a consistent negative 

result for the RN2677 control, and weak positive results for the test samples. These 

results were perplexing as previously the samples had presented acceptable 

fluorescent bands, but were now considerably weaker bands and thus results could 

not be confidently acceptable for detection of qacAB in the test samples. It was 

considered that perhaps the annealing temperature was not exact. A gradient PCR 

was performed to investigate if this was the case. The results of the gradient PCR 

determined that the optimum annealing temperature was 48ºC which was slightly 

lower than the temperature that the initial PCR cycle was programmed at. The 

programme was changed accordingly and repeat samples were prepared for analysis. 

In case of possible deterioration of the DNA whilst in storage, fresh DNA was 

extracted to eliminate the likelihood of this. The results obtained were improved and 

although the RN2677 qacAB positive control, still only presented a weak fluorescent 

band it was considered an acceptable result.  

 

A fresh control was obtained from Dr Jostein Bjorland (Norway) together with 

controls for additional genes; qacC, qacH, qacJ and smr. On receipt of these control 

strains, they were cultured on selective media (containing chloramphenicol) to select 

for plasmid containing cells for DNA extraction. PCR assay using the new qacAB 

positive control, and seventeen representative samples from Set A, was carried out. 

This was mainly to confirm the validity of the test procedures, the modified PCR 

parameters, and performance of the new control, before attempting repeat testing of 
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Set B isolates. Finally reassuring results were obtained, as an excellent fluorescent 

band was detected for the qacAB positive control, no fluorescence was visible in the 

negative control well and all the test samples presented positive fluorescent bands 

concurring with their previous positive results.  

 

Samples from Set B were analysed for qacAB in batches, with a significant number 

of positive samples detected within each level of EtBr susceptibility; 8/41 (19%) 

strains with MICs of 4 mg/L were positive for qacAB, 30/71 (11%) strains with 

MICs of 8mg/L were positive for qacAB, 21/71 (22%) strains with MICs of 16 mg/L 

were positive for qacAB and 17/47 (68%) strains with MICs of 32 mg/L were 

positive for qacAB. PCR was not performed in duplicate at this time as it was to be 

repeated before restriction digest, so samples were re-stored at -20ºC in Microbank 

storage beads until required for further analysis.  

 

However, on repeat analysis prior to restriction digest for qacA and qacB 

differentiation, the gene could not be detected. Repeat PCR and testing of fresh DNA 

extractions failed consistently to detect the genes. One hundred samples selected 

from the low and medium groups were “spot-inoculated” onto low level (4mg/L) and 

medium level (16mg/L) EtBr selective plates to confirm stability of the plasmid. The 

majority of the isolates could not be re-selected on the selective media. One 

explanation for this was thought to be due to not including a suitable selective 

marker in the nutrient/glycerol storage broths, e.g. EtBr, to allow uniform 

maintenance of those cells containing the plasmid. This is not always a requirement 

and therefore, was not considered. Occasionally the carriage of a plasmid can place 

the cell at a disadvantage compared to its plasmid-free neighbours, and so the cells 

with plasmids multiply at a slower rate. The cells that do not have the plasmid during 

cell division may have a higher or increased rate of growth, and so these plasmid-

free or cured cells may take over a population. This may be the reason for the repeat 

negative PCR results obtained in this study set.  
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A second explanation for this may be due to the instability of plasmid partitioning in 

these strains. qacAB is located on the pSK1 family of multiresistance and 

conjugative plasmids that are generally maintained at a low copy number. Low-

copy-number plasmids require stabilization mechanisms, e.g. post-segregational 

killing and active partitioning systems to prevent loss at cell division (Simpson, et 

al., 2003), whilst high copy number plasmids are distributed randomly and do not 

require active partition systems because the possibility that any daughter cell does 

not receive at least one copy is very low. Many naturally occurring bacterial 

plasmids irrespective of their copy number are able to partition into daughter cells 

during cell division (Chang, et al., 1987). Plasmid partitioning, ensures a better-than-

random plasmid distribution, to guarantee the presence of at least one plasmid 

molecule in the future daughter cell.  Post-segregational killing systems prevent the 

appearance of plasmid-free cells in the bacterial population. Plasmid partition 

systems are generally regulated by two genes parA and parB, which are organized in 

one operon encoding a ParA protein (ATPase) and a DNA-binding ParB protein. 

ParB protein binds to a centromere-like region known as parS. The partition systems 

are classified into two distinct groups based on gene organization, the type of 

ATPase encoded by the parA gene, and the location of the centromere-like sequence. 

The absence of any of these three loci will prevent adequate partitioning of the 

plasmid from taking place. However, in contrast to other systems, the pSK1 partition 

system only requires one gene, parA for plasmid stabilization (Dmowski, et al., 

2006). It is therefore, a possibility that the Study Set B MRSA strains with low level 

susceptibility to EtBr and initially positive for qacAB were not able to maintain the 

plasmid during storage due to an instable partitioning system.  

 

Unfortunately, further analysis of Set B isolates for qacAB had to be abandoned, as 

repeatable positive results could not be achieved. Due to time limitations, it was not 

possible to consider any further options, i.e. to return to City Hospital to collect a 

smaller representative of fresh samples with varying lower levels of EtBr resistance, 

and analyse those samples to confirm the original results obtained from Set B. This 

may have been an avenue to follow to obtain evidence of the results obtained on 

initial PCR of Set B. 
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4.4  PCR Screening for other biocide resistance genes 

Initially, only the 31 qacAB negative isolates from Set A were investigated for the 

presence of smr, qacG, qacH and qacE∆1 to establish if high level susceptibility to 

EtBr was due to one of these genes. PCR was carried out, although positive controls 

were not available for qacG and qacH at the time. Confidence in the results obtained 

was based on lack of fluorescent band in the negative well that assured 

contamination had not occurred. Investigation for qacE∆1 was carried out, but in 

previous studies has been reported to be identified only in Gram-negative organisms 

(Gaze, et al., 2005) and so on reflection the inclusion of this gene to test samples was 

not an appropriate action, and was not included in future analysis of Set B.  

 

On receipt of appropriate controls for each of the supplementary genes, all 336 

isolates were tested for smr, qacG, qacH and qacJ. The control strains gave 

appropriate fluorescent bands, confirming PCR positive status and the negative 

control did not give a PCR product.  

 

The presence of norA was investigated on twenty representative qacAB negative 

isolates in Set A to disregard the possibility of EtBr efflux due to this gene. NorA 

MDR efflux pump in S. aureus confers resistance to some quinolones (Neyfakh et 

al., 1993), and protects the cell from various compounds, such as EtBr, acriflavine, 

cetrimide, benzalkonium chloride, (Katz and Seo, 1995; Truong-Bolduc et al., 

2003). norA is located on the chromosome of S. aureus, (Noguchi et al., 2006). None 

of the isolates were positive for the gene, substantiating that the high susceptibility to 

EtBr in these strains was not due to norA.   

 

4.5  Effect of Reserpine on EtBr and Acriflavine 

To eliminate the presence of an active efflux mechanism resulting in high MICs of 

EtBr in the qacAB negative strains from Set A, the effect of reserpine on the activity 

of EtBr and acriflavine was investigated. Due to time constraints a representative 
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sample set of 20 isolates only was tested. The MIC of the dyes EtBr and acriflavine 

were not significantly affected by the presence or absence of reserpine, thus 

suggesting that an active efflux system was not present in these clinical strains of 

MRSA that was resulting in the high level EtBr susceptibility they were showing.  

 

4.6  spa typing of qacAB negative strains from Set A 

Typing of hospital strains of MRSA is an integral component of epidemiology, 

surveillance and infection control. Historically, typing of S. aureus has relied on 

phenotypic strain characterisation, e.g. antibiogram profile or bacteriophages, but 

this has transformed with the development of molecular technology (Strommenger et 

al., 2008) for provision of improved and specific methods for typing.  Among those 

technologies, is the recent development and introduction of spa genotyping, which 

provides a rapid and precise typing of MRSA strains for monitoring and limiting the 

occurrence and spread of epidemic clones within and between hospitals, (Harmesan 

et al., 2003). 

 

The X-region of the Staphylococcus protein A gene (spa) consist of direct DNA 

repeat units based on point mutations, deletions, duplications and insertions, and the 

different specific repeat units can be assigned an alpha-numerical code, the order of 

which defines the spa type (Strommenger, et al., 2006). The eighteen representative 

samples of qacAB negative strains from Set A were typed following this method, 

mainly because, previous studies had shown that a good correlation between clonal 

grouping of MRSA isolates and other typing methods existed (Strommenger, et al., 

2006), and because it was a cost-effective and rapid service for typing of S. aureus 

strains, carried out by the Laboratory of Healthcare Associated Infection & 

Antibiotic Resistance Monitoring & Reference, (LHAI & ARM), Colindale. At the 

time of this research, however, the laboratory was an intermediary between UK 

hospitals referring samples to the reference laboratory for spa typing of S. aureus 

strains and the actual service providers in Germany.  
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PCR products for spa gene fragments of the 18 study isolates were prepared and 

forwarded to Germany. On receipt of the results, nomenclature analysis was carried 

out by Dr Matthew Ellington (Clinical Scientist, LHAI & ARM, Colindale), using 

the Ridom StaphType software, and spa types were assigned. The software enabled 

straightforward sequence analysis and designation of spa types via synchronisation 

to a central server.  

 

The analysis of the results, clustered the isolates into five clonal types; EMRSA-1, -

2, -15, -16 and –Berlin clone. The results demonstrated that EMRSA-15 was the 

commonly identified strain in the study isolates 9/18 (50%).  EMRSA-15 emerged in 

the UK during 1991 and together with EMRSA-16 are the two most important and 

prevalent EMRSA strains found in the UK and have also been found in a number of 

European countries and the United States, (O’Neill et al., 2001; Murchan et al., 

2004). EMRSA-3, EMRSA-15, and EMRSA-16 are the main EMRSA strains that 

are affecting hospitals in England and Wales (Johnson et al., 2001). Three strains 

that were jointly identified as prevalent clones of MRSA were EMRSA-3 and -1.  

 

Due to cost implications, it was not possible to type a larger number of isolates that 

may have demonstrated more substantive information of the epidemiology of the 

study strains. When strains were first selected for inclusion in the study, patient 

demographic information was not obtained. On reflection this information would 

have provided important and relevant data regarding the prevalence and distribution 

of these strains. Together with typing of a larger set of strains, would have made 

available further robust and relevant information of the epidemiology of qacAB 

positive MRSA strains and their prevalence and distribution. Another important 

factor that demographic information would provide is whether the strains are UK 

based and from British patients or from visiting patients, or patients whom have 

recently resided in England. One of the strains from the study set identified as the 

Berlin clone; the Berlin clone (ST45-IVa)  was originally observed in Berlin 

hospitals in 1993, and has spread in several European countries showing a high 

epidemic potential not only in the hospital environment but also in the 

community (Conceicȁo et al., 2010).  Patient demographic information presenting 
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with this clone, may have provided interesting details pertaining to the origin and 

transfer and presence in a UK hospital.  

 

4.7  Resistance Profiles and Characterisation of Strains 

The research investigated the prevalence and distribution of qacAB genes, to 

determine an association with a particular antibiogram and thus phenotypic linkage. 

Statistical analysis of the data examined for an association between susceptibility to 

a particular antibiotic and the presence of the gene. The isolates were “pooled” into 

three groups according to the level of susceptibility to EtBr. Low level group 

comprised strains that showed MICs of 4 and 8mg/L, the medium group contained 

strains that showed MICs of 16 mg/L and 32 mg/L and the high level group included 

all strains that had ≥ 64mg/L. On analysis the antibiotics showing a strong 

correlation, (statistical significance value of p = 0.001) with the presence of qacAB, 

were erythromycin, tetracycline, trimethoprim, mupirocin, gentamicin and 

rifampicin. Erythromycin is the antibiotic that all the strains in this study set are 

predominately resistant to. The strains of the high EtBr MIC group showed that 93% 

of the isolates were resistant to the antibiotic, and a similar percentage (82%) 

showing resistance were present in the medium and low MIC groups. This is evident 

from Table 3.2 which displays the different antibiotic resistance profiles and the 

prevalence of qacAB. Fifty-five different antibiogram profiles were detected in this 

study set, with forty-nine profiles showing isolates were resistant to erythromycin. 

The study aims examined the prevalence and distribution of qacAB in clinical 

MRSA strains and phenotypic investigation of antibiotic susceptibility.  

 

The second most prevalent antibiotic that the isolates (mainly those in the high EtBr 

MIC group) were resistant to was gentamicin.  A little over half of the isolates (58%) 

were resistant to gentamicin in this group, with only a small percentage (average of 

17%) of isolates from the low and medium group showing resistance, the majority of 

samples were sensitive. Again, in comparing with the different antibiogram profiles 

22 different profiles, with gentamicin resistance were detected. Resistance to 

tetracycline was also dominated by those strains in the high EtBr MIC classification 



 134 

group; although less than half (37%) of the isolates showed this trait, in comparison 

with the isolates in the low and medium groups which showed only an average of 

6% of isolates to be resistant to tetracycline, indicating a marked difference between 

susceptibility within the three EtBr MIC classification groups, or significantly 

between the low and medium group level, and the high level group. Rifampicin was 

another antibiotic that displayed marked susceptibility difference between the low 

and medium classification group and the high level MIC classification group. Again, 

only 29% of the isolates were resistant to rifampicin, indicating a high proportion of 

strains in this group were sensitive to the antibiotic, but in comparison, in the 

medium group all (100%) of the isolates showed to be sensitive and in the low MIC 

group, one isolate only was resistant. Examination of the results of tetracycline, 

gentamicin and rifampicin, showed a clear variance in the susceptibility patterns to 

these antibiotics, between the low and medium EtBr classification group and the 

high EtBr MIC group of isolates.  

 

There was a distinct reversal of susceptibility pattern observed for trimethoprim, 

where a higher proportion of isolates (52%) from the low and medium EtBr MIC 

classification groups showed to be resistant to the antibiotic, in comparison with only 

27% of isolates from the high EtBr MIC group.   

 

The results for kanamycin were marginally similar for the isolates in all three 

classification groups. Kanamycin resistance was slightly lower in the isolates 

comprising the high level EtBr MIC classification group, with only 14% showing 

resistance. The isolates showing resistance to the antibiotic in the low and medium 

classification was approximately 22% between both groups.   

 

A similar distribution pattern between all three classification groups was observed 

for fusidic acid susceptibility. Fusidic acid resistance was slightly higher in the 

isolates comprising high level EtBr MIC classification group (32%), compared to the 

prevalence of resistance shown by isolates in the low and medium classification 

(22%).  
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A similar distribution was obtained for mupirocin, where 37% of isolates in the high 

MIC to EtBr classification group showed to be resistant to the antibiotic and parallel 

levels (22%) were shown in the low and medium EtBr MIC classification groups. 

 

In summary, from the results obtained in this study it would be acceptable to assume 

that reduced susceptibility to EtBr is not specific to a single strain of MRSA, i.e. it is 

prevalent in strains that are resistant to multiple antibiotics as well as in those strains 

that are resistant to only 2-3 antibiotics. It is also relatively widespread among 

MRSA strains showing low and medium levels of susceptibility to EtBr.  

 

4.8  Phenotypic Characterization of MRSA Isolates 

 

Susceptibility testing performed against the panel of antibiotics that were routinely 

applied to all S. aureus strains isolated in HIRL, revealed fifty-five different 

antibiogram profiles. Isolates were considered to belong to a different antibiotype if 

at least one difference was observed in the antibiotic resistance profile. All the 

strains in the study set exhibited resistance to multiple antibiotics, varying between 

resistance to two and nine antibiotics.  

 

In addition to the therapeutic panel of antibiotics, the isolates were also tested for 

susceptibility to neomycin. Together with urease production, basic phenotypic 

characterisation of the isolates was attempted. Findings from previous studies using 

antibiotics as strain markers and urease production to identify EMRSA-17 strains 

(O’Neill, et al., 2001; Aucken, et al., 2002; Murchan et al., 2004), were used as a 

guide to performing basic classification of the strains in the study set. However, 

without full genotyping by either PFGE or another method, it was not possible to 

positively classify the strains types in this study. Table 4.1 was devised to use as a 

guide for classification of the isolates in this study. 
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Strain Antibiotic Resistance Markers 
Neomycin 

Susceptibility 

Urease 

Production 

EMRSA-15 ciprofloxacin, erythromycin (variably) Sensitive Negative 

EMRSA-16 
ciprofloxacin, erythromycin, 

aminoglycosides (variably) 
Resistant Negative 

EMRSA-17 

ciprofloxacillin, erythromycin, fusidic 

acid, rifampicin, tetracycline, 

aminoglycosides (variably), 

occasionally mupirocin 

Resistant Positive 

 

Table 4.1: Guide for classification of study isolates. 

 

Analysis of urease and neomycin susceptibility demonstrated that 21% (72/336) of 

the isolates from the study were urease positive. The prevalence of urease positive 

strains showing sensitivity to neomycin was 15% (11/72) and resistance to neomycin 

was 85% (61/72). The frequency of urease negative strains showing sensitivity to 

neomycin was 79% (209/264) and resistance to neomycin was 21% (55/264). Only a 

crude estimation of the prevalence of these strains within the study set was 

attempted, but did not provide definitive confirmation. 

 

 

4.9 Statistical Significance of Prevalence and Distribution of qacAB and 

EtBr Resistance  

The main aim of the present study was to investigate into the prevalence and 

distribution of qacAB in MRSA strains with high MICs to EtBr. The results of the 

present study absolutely confirmed an association between MRSA strains with high 

MIC to EtBr and the presence of the antiseptic and disinfectant resistance qacAB. 

Statistical analysis provided robust evidence to endorse high prevalence of qacAB in 

strains that showed ≥ 128 mg/L susceptibility to EtBr. The gene also displayed high 

prevalence in those strains showing between ≥ 32 mg/L and 64 mg/L susceptibility, 

verifying the hypothesis that in clinical strains of MRSA harbouring the antiseptic 
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and disinfectant resistance genes qacAB, an association between presence of the 

genes and biocide resistance is present. 

 

 

In order to apply statistical analysis to the data, the isolates were classified into three 

groups according to their MIC determinations. Individual analysis of each MIC 

determination, demonstrated that the highest MIC to EtBr group (256 mg/L) 

comprised 66/78 (85%) isolates that were positive for qacAB. Similarly, although 

only ten isolates comprised the next highest MIC group (128 mg/L), but seven (70%) 

were positive for qacAB.  MRSA strains with MIC levels of 32 mg/L and 64 mg/L 

had similar high positivity rates for qacAB. The total number of isolates present in 

the group showing 64 mg/L was relatively small; 11 isolates, however, 7/18 (39%) 

were positive for qacAB.  A higher number of isolates comprised the 32 mg/L group, 

and 17/30 (36%) were positive for qacAB. The lower MIC groups, i.e. 4 mg/l, 8 

mg/L and 16 mg/L in comparison showed significantly reduced numbers of isolates 

that were positive for qacAB; 8/33 (19%), 31/71 (44%), 22/71 (31%) respectively.  

 

4.10  Summation of Significant Findings of qacAB and other biocide 

Resistance Genes 

 

In summary, the results of this phase of investigations conducted on MRSA isolates 

demonstrated that: 

1. The mechanism of high MIC to EtBr in the majority of the study isolates was 

attributable to the presence of qacAB. 

 

2. The significantly high prevalence of qacAB in MRSA isolates showing high level 

MIC to EtBr are an indication that the strains in this study set are likely to have 

an increased tolerance to disinfecting agents such as QAC based antiseptics and 

disinfectants. 

 

3. Analysis of the antibiogram profiles, and variable EtBr MICs of MRSA strains in 

the whole study set, confirmed that susceptibility to EtBr was not specific to a 
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single MRSA strain; it was a prevalent trait in strains that were resistant to many 

antibiotics as well as those that were resistant to only 2-3 antibiotics. 

 

4. Analysis of the prevalence and distribution of qacAB revealed that there was no 

significant correlation between strains showing a particular antibiotic resistance 

profile and prevalence of the genes, in this study set. 

 

5.  MRSA strains in the present study set had varying levels of MIC to EtBr ranging 

from 4mg/L to 512 mg/L. 

 

6. The prevalence and distribution of qacA in the MRSA samples tested in this 

study is significantly higher than of qacB. There is no apparent correlation with 

other characteristics such as multiple antibiotic resistance, or strain specificity.  

 

7. The higher distribution of qacA in comparison with qacB was suggestive that a 

high proportion of the MRSA strains in the present study would likely be 

extremely resistant to QAC based organic, cationic biocides. 

 

4.11 Transfer Studies 

Various methods to attempt transfer of EtBr resistance were followed. The initial 

attempts to carry out cell-to-cell conjugation, selected donor strains from Set A 

showing high level EtBr resistance and qacAB positive. The marker for selection in 

the recipient strain was the biocide triclosan. Originally, six isolates were selected 

from the study set and were checked by carrying out MIC determinations (BSAC 

methodology, as previously described) to ensure they were not resistant to triclosan. 

Four of the isolates confirmed to be sensitive to triclosan and were selected as 

donors for the study. S. aureus RN2677 (qacAB) was included as a control donor. S. 

aureus RN4220 which was mutated to achieve high level resistance to Triclosan, 

was the recipient strain. Successful transfer to the recipient cell was not successful 

with either of the donors, and it was therefore, decided to continue attempts to 

transfer with just the control donor strain and recipient until transfer was achieved. 
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Although continual modifications were made to the test protocol and culture medium 

used, transfer experiments were not successful.  

 

Treatment with calcium ions to make cells permeable to DNA can promote 

competency of certain bacteria. Competent cells are thus able to take up both linear 

and double stranded circular plasmid DNA, (Snyder and Champness, 2003). Thus 

calcium chloride was added to the TSB broths following inoculation with the test 

organisms and prior to incubation for log-phase growth.  

 

Muller Hinton agar was supplemented with 5% sterile horse blood to encourage 

isolation of possible transconjugant. But this resulted in rapid isolation of 

spontaneous mutants. Culture broths were incubated overnight in a shaking 

incubator, as well as “still” incubation, but no success. Modifications were made to 

the donor recipient ratios, but this still did not provide progress. On each occasion, 

however, any colonies isolated were confirmed by DNase and susceptibility testing 

before elimination. On reflection, it would have been useful to carry out plasmid 

preps on this set of isolates, to confirm presence of a plasmid.  The isolates had been 

selected on their phenotypic characteristics and PCR detected qacAB. But detection 

of a plasmid would have validated their inclusion in the study. 

  

Conjugation studies were repeated with a fresh recipient strain WBG 541 with 

antibiotic resistance marker; fusidic acid and rifampicin. New donor strains were 

selected from the stored study set that were qacAB positive and high susceptibility to 

EtBr. A new protocol was followed (Townsend, et al., 1985) which required addition 

of PEG and an additional incubation step. Townsend et al., (1985) confirmed the 

transfer frequency of all conjugative plasmids to be stimulated with the addition of 

PEG (40%), to mixtures of donor and recipient broth cultures. The protocol advised 

selective plates to contain 5 µg/ml of fusidic acid. But when preliminary checks were 

conducted for validation it was considered this was too low a concentration as 

growth of the recipient strain was observed on the selective plates. The concentration 

was increased to 20 µg/ml.  Due to time limitations, it was only possible to carry two 
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attempts at conjugation following this protocol, and using these strains. No 

modifications could be carried out. However, in all instances selective plates were 

always prepared fresh in the morning, so that there was not a possibility of 

deterioration of EtBr or any of the antibiotics during storage. Care was taken to 

follow the procedures carefully and precisely to avoid technical errors. The 

antibiogram and DNase of the isolates were checked prior to use in the study to 

ensure they fulfilled the criteria for inclusion. Disappointingly, it was not possible to 

achieve transfer of resistance via cell-to-cell conjugation in this study. On reflection, 

an assessment of the starting number of cells present in the strains would have 

provided information regarding the probability of presence of significant competent 

cells to ensure successful transfer rates.   

 

Transfer of resistance by electroporation was also attempted briefly on only two 

isolates under the guidance of Dr Alan Cockayne (Queens Medical Centre, 

Nottingham). Plasmid DNA preps were carried out on the donor strains, XA1090 

and RN2677, which confirmed the presence of a plasmid. The cells were made 

competent to ensure uptake. The initial results obtained suggested success, as a few 

transformants were isolated, but on repeat testing were not detected, implying that 

either plasmid is transferred at very low levels or the recipient cell is producing 

spontaneous mutation. As the results were not encouraging it was decided not to 

continue with transfer studies using these methods. 

 

4.12  Plasmid Curing  

To cure selected study strains of the plasmid, cultures were exposed continually for 

seven days to Novobiocin. The resulting cultures were then screened for the presence 

or absence of plasmids using EtBr as an indicator of efflux activity. Although 

initially these  experiments seemed promising, as light and darker shades of colonies 

were visible, indicating these would either fluoresce if lacking the plasmid or not 

fluoresce if they had retained the plasmid. Under UV, the results confirmed to be 

negative, i.e. plasmid was not lost. Susceptibility testing and DNase of representative 
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colonies confirmed that there were no phenotypic changes to distinguish from parent 

strains, and so it was concluded that plasmid curing had not taken place.   

 

Selection of colonies for sub-culture was not as straightforward and could be slightly 

subjective. Colonies were examined visually by eye to distinguish between light and 

dark coloured cells, and often would be hidden either near or under darker colonies, 

making it a little difficult at times to select single and precise colonies. If there was 

doubt that contamination with another colony had taken place whilst “picking” the 

colony of choice, the loop was discarded and another colony would be selected. Due 

to time limitations it was not possible to carry out modifications to the protocol and 

repeat these experiments. The test samples were retrieved from storage as per 

protocol, and DNase and susceptibility tests were repeated to ensure identification 

and antibiogram was appropriate. Previous studies by Costa et al., (2010) have 

carried out plasmid curing successfully following this protocol. 

 

4.13  Biocide MBC 

Emerging resistance to antiseptics due to an increase in the use of antimicrobials for 

decolonisation of patients or use of disinfectants for environmental cleaning is of 

increasing concern.  The plasmid mediated qacAB gene encodes for multidrug efflux 

pumps that confer increased MBCs to antiseptics (Batra, et al., 2010). The present 

study carried out a model evaluation of MBCs to four hospital biocides, to determine 

if the presence of qacAB did significantly affect efficacy of these biocides. A small 

sub-set of MRSA samples were selected from the study set to reflect equal numbers 

of strains with presence and absence of qacAB, and with varying levels of EtBr 

susceptibility. Previous studies have demonstrated higher MBCs in MRSA strains 

possessing qacA than in those strains that lacked the gene (Longtin, et al., 2011). 

The present study comprised only five strains that were positive for qacAB, and 

these strains also showed MICs to EtBr of ≥ 64 mg/L. Although, the MBCs to 

Benzalkonium chloride, HDPCM and Octenidine were not raised, the MBCs to 

chlorhexidine of five of the isolates were affected. These five isolates demonstrated 

MBCs to chlorhexidine of > 32 mg/L, yet not all of these strains were positive for 



 142 

qacAB, and not all had high MICs to EtBr. One strain was negative for qacAB and 

had an MIC to EtBr of only 16 mg/L. Chlorhexidine gluconate is widely used for 

hand hygiene and surgical antisepsis (Longtin, et al., 2011) in addition to its role in 

MRSA decolonisation and thus raises concerns about selecting for resistance 

(Edgeworth, 2011). It has also been observed in a previous study that a 

chlorhexidine-based antisepsis protocol failed to prevent the transmission of an 

MRSA strain carrying qacAB, (Batra, et al., 2010). It is unfortunate that the present 

study was limited to observing only a small number of strains. The results obtained 

for chlorhexidine in the present study and observations from previous studies do 

present the significance for further studies. However, it should be noted that the 

concentration of disinfectants and antiseptics, when used in the hospital setting is 

much higher than the concentration used in laboratory studies and therefore, 

increased MICs do not generally correlate with increased in vivo resistance, (Favero, 

2002). 

 

4.14  Conclusion 

Since the first outbreak of MRSA infections, counter measures have focused on the 

prevention and control of infections. A variety of antiseptics and disinfectants are 

used in hospitals and other healthcare institutes for prevention of infections not only 

by MRSA, but also all other bacteria that have the potential to acquire adaptive 

resistance to these compounds and proliferate in the healthcare environment whilst 

forming a comfortable niche for themselves. Efflux-mediated resistance has been 

recognized as an important contributor of antibiotic resistance in  all bacteria and 

the concern is that the close association between resistance to antiseptics and 

antibiotics due to close proximity of the genetic resistance determinants of these 

agents  may result in cross-selection of resistance, thus further compounding 

problems for infection prevention and control.  

 

This study was undertaken to extend knowledge of the prevalence and distribution of 

qacAB in clinical strains of MRSA. The prevalence of qacAB in this study set of 

MRSA strains was high in those strains that showed reduced susceptibility to EtBr 
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and thus proved the hypothesis that resistance in these strains would likely be due to 

plasmid mediated qacAB gene. It is unfortunate that further analysis of resistance 

mechanisms could not be determined during the course of this study, but it would be 

interesting to re-trace some of the earlier work, with fresh samples, to determine if 

prevalence and distribution of the gene has altered over time, and repeat the transfer 

studies for further gene analysis. In order to obtain further information  regarding 

the efficacy of hospital biocides on MRSA strains, it would be beneficial  to conduct 

MIC and MBC determinations on a larger study set.  

 

The results of the present study have demonstrated further evidence to support 

various previous studies investigating prevalence and distribution of qac genes and 

in particular qacAB which are mainly present in clinical strains of S. aureus. The 

increase in biocide usage for routine patient care and environmental cleaning does 

necessitate routine monitoring of qacAB prevalence in case of increases in the future, 

resulting in MRSA presenting reduced susceptibility to commonly used biocides in 

hospitals and other healthcare establishments.  

 

4.15 Further work and Recommendations 

 

 To continue to work towards identifying the biocide resistance mechanism or 

gene in the isolates without qacAB or other biocide resistance genes. Cloning 

studies previously carried out (Noguchi et al., 1999), demonstrated cloning of a 

novel gene in Escherichia coli, enabled identification of a new resistance gene 

to the dye acriflavine. To adapt this protocol to determine if a “new gene” is 

present in the strains of the present study that have high MICs to EtBr but 

negative for the qac genes tested. 

 

 

 To carry out investigations on selected isolates from the study set to determine 

absence or presence of ebr gene which has been detected in previous studies 

and reported by Sasatsu et al., 1992. Previous studies demonstrated that the 
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efflux rate for EtBr of strains with duplicate ebr genes was twice the rate of 

strains with as single ebr gene. It was concluded that presence of duplicate 

gene is responsible for the high level resistance to EtBr and antiseptics. This 

would be most interesting to explore. 

 

 To carry out plasmid extraction and sequencing on representative qacAB 

positive isolates from the study set, to establish conclusively that the genes are 

present on the plasmid. 

 

 The MRSA strains in this study had varying low MICs to EtBr ranging from 4 

to 32 mg/L. Unfortunately this set of isolates could not be investigated further 

due to the possibility that loss of plasmid had occurred during storage of the 

isolates. In order to support the results obtained from the initial testing of the 

isolates, it would be useful to obtain fresh MRSA isolates and repeat testing 

immediately without prolonged storage. If storage is required then to ensure to 

add selective media to nutrient broth vials. 

 

 

 One of the aims of the project was to prove an association between antibiotic 

and biocide resistance. This could not be achieved conclusively during this 

study. To investigate further, by looking for specific antibiotic genes, e.g. blaZ 

(β-lactamase transposon) and ermC (erythromycin resistance gene).  
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INFLUENCING ATTITUDES AND 

PERCEPTIONS OF LOCAL BIOMEDICAL 

SCIENTISTS AND INFECTION PREVENTION 

TEAMS  

 

 

 

 

 

 

 

 

 

 

 



 146 

5.  Aim of Chapter 

The focus of this chapter is to consider the key findings of the research and how 

these may be used to approach development and compliance by all healthcare staff 

including local Pathology laboratory staff to infection prevention policies and 

procedures. It aims to reflect on the various requisites of an effective local hospital 

infection prevention programme and the role of biomedical scientists in achieving 

success.  

 

5.1  Introduction 

Modern medical interventions for improvement of patient care encompass life-

saving procedures which are often invasive and therefore, the risk for development 

of infections has significantly increased. The provision of healthcare has become 

more complex with the availability of healthcare systems available outside of the 

hospital environment, e.g. nursing homes, long term care homes, etc. Added to this 

are the issues of an increasingly aged population, the development of 

chemotherapeutic options for cancer treatment, increasing numbers of transplant 

patients and the movement of patients between hospitals, long-term care, and 

rehabilitation facilities all of which have expanded the at-risk population as well as 

the increase in risk for development of infection (Sydnor and Perl, 2011). 

 

Effective infection prevention and control programmes and measures are important 

implementations in the healthcare setting and require regulation, authority and 

compliance in order for success. Initiatives for development of appropriate 

programmes are led by global health care organizations, hospital epidemiologists, 

and government legislations. Key components of MRSA prevention and control 

strategies include active surveillance, prompt outbreak investigations and 

implementation of control measures, and the continual education and training of 

healthcare staff to update and maintain a high standard of knowledge and practice. 

The education and training of all staff, including housekeeping and maintenance, to 

develop and improve their practices is vital for ensuring that a high and safe level of 
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patient care is provided and transmission of disease to a susceptible patient is 

evaded. 

 

The control of MRSA has been considered “an impossible dream” (Humphreys, 

2002).  However, in order to make this into a “possible dream”, the emphasis is 

repeatedly placed on creating close links between microbiology laboratory staff and 

the hospital Infection Prevention Team (IPT), to acquire knowledge and information 

from one another and to ensure best action is taken at all times. It is essential for 

biomedical scientists, nursing and other healthcare staff to understand how bacteria 

respond to antimicrobial pressures, in order to effectively manage the emergence of 

new resistance and trends over time.  

 

The present study was undertaken to gather information of the prevalence and 

distribution of qacAB in MRSA strains, with an overall aim of utilising the research 

findings to exchange information with the hospital infection prevention teams. Thus, 

developing inter-staff knowledge of MRSA characteristics and evolvement of 

resistance and probable efficiency of biocides commonly used, with the purpose of 

improving the practices of all healthcare staff.  

 

5.2  The Role of the Microbiology Laboratory and Infection Prevention 

and Control ~ “A Crucial Symbiosis” 

The clinical microbiology laboratory plays a key role in assisting infection 

prevention teams to effectively manage and control the spread of HAI by provision 

of prompt and accurate identification of causative infectious agents. This information 

is used by medical and nursing teams for effective patient management, 

commencement of appropriate treatment regimens and if required any infection 

prevention measures implemented. 
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Microbiology Biomedical Scientists (BMS) work in an integral role with ward staff, 

infection prevention teams and Consultant Microbiologists in providing the utmost 

level of care and service to patients. Thus the department is not to be considered a 

separate entity from the medical and nursing teams, rather as an extension of their 

functions. The two have a “crucial symbiotic relationship” that enables them to work 

to their most efficient and excellence using expertise from both disciplines in 

compliance with the highest standards our individual professions demand. 

 

Any successful working relationship is dependent on effective communication, 

knowledge of one another’s domains, expectations and requirements, and working 

towards a common goal. It is therefore, vital for both groups of professionals to 

interact regularly to achieve good understanding and value of respective roles, in 

order to enable working supportively with each other. Microbiologists play a vital 

role in providing infection control teams with confirmed information of potential 

outbreaks through the detection of unusual or similar antimicrobial resistance 

patterns, using the services of reference laboratories for the typing and genomic 

identification of micro-organisms to confirm outbreak situations, early recognition of 

possible outbreak clusters and as a link with Health Protection Agency (HPA) to 

provide and obtain surveillance and epidemiology data for future management and 

control of antibiotic resistance and infections.  

 

New technology developed to detect, identify and characterise micro-organisms has 

significantly improved the laboratory’s ability to manage the rapidly changing 

nosocomial pathogens. In particular molecular techniques have enhanced the speed 

and sensitivity of detection methods and have allowed the laboratory to identify 

organisms that do not grow or grow very slowly in culture. Molecular techniques 

also enable the microbiologists to identify antibiotic resistance genes and hospital 

pathogens to facilitate studies of nosocomial transmission. 

 

Most routine diagnostic microbiology laboratories are able to isolate organisms from 

clinical material, identify isolates to species level and perform antimicrobial testing. 
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Conventional laboratory isolation and identification of MRSA is based on 

phenotypic characteristics, i.e. colonial morphology, production of DNase, and an 

appropriate antibiogram, with analysis of antimicrobial susceptibility patterns being 

the first indication of a cross-infection. The development of molecular biology 

techniques, however, has been significantly revolutionary in the provision of rapid 

and specific methods for detection and identification. 

 

5.3  Epidemiological Typing to Aid Infection Prevention 

The hospital laboratory is able to characterise MRSA by phenotypic analysis that 

usually comprises antibiogram profile as a useful first line indication of a possible 

cross-infection. Molecular analysis can confirm the similarities in the strains and if 

the isolates originated from a single clone and were transmitted from patient to 

patient from a common source. Similarly, if the same strain is repeatedly isolated 

from a single patient, the organism is most likely infecting or colonising the patient 

and is unlikely to be a contaminant (Pfaller and Herwaldt, 1997). 

 

Phenotypic characterisation of the study isolates was attempted based on urease 

activity and antibiogram profile, and although this method may indicate the strain 

type, in the event of a possible cross-infection, complete identification and 

conclusive results are required to determine the linkage of the isolates. Molecular 

epidemiological typing methods allow microbiologists and infection prevention staff 

to identify specific strains within a given species, which in turn enables the team to 

study the epidemiology of hospital pathogens and then develop effective measures to 

prevent their spread.  

 

5.4  Impact on Therapy 

Identification and susceptibility testing of MRSA infections and carriage are an 

important responsibility of the diagnostic microbiology laboratory. However, the 

basic limitation of microbiology is that this discipline is unable to deliver rapid, 



 150 

same day results as provided by the other pathology disciplines. Conventional 

detection methods take a minimum of 24 hours for isolation of cultures and a further 

24 hours for identification and suitable susceptibilities. Thus, delay in availability of 

results prevents timely appropriate antimicrobial therapy and ultimately if required 

implementation of effective preventative measures. The innovative technological 

advancements taking place in all the other disciplines to provide a high level service 

has led to demands by clinicians for parallel improvements in microbiology 

discipline. Rapid, specific and accurate results are required to commence appropriate 

therapy, for better patient management, timely implementation of infection 

prevention measures, epidemiological and surveillance activities. Thus, the 

development and customisation of PCR technology to aid bacterial identification and 

detection of antibiotic resistance genes have revolutionised microbiology practices, 

as provision of rapid, specific, and accurate results is achieved. However, due to high 

equipment costs of PCR technology and employment of skilled staff to perform and 

manage the service, this facility is not customarily available in all diagnostic 

laboratories. The demands, however, to stay in line with government legislations to 

provide high level patient care, as well as complying with requests from clinicians, 

have greatly influenced laboratories to invest in this technology.  

 

The prompt and accurate identification of patients colonised with MRSA on 

admission, or developing MRSA infection during their stay is an important 

component of an effective infection prevention programme. The detection of mecA 

in S. aureus strains by PCR offers availability of same day results and is a major 

advancement for individual patient treatment options and management, as well 

implementation of infection prevention and control measures.  PCR assays amplify 

and detect mecA directly from clinical samples or from conventional culture isolates, 

within a few hours. 

 

5.5  Professional Applications of Main Research Findings 

Drug resistance in bacteria and especially multiple-resistance to antimicrobial agents 

has been very much the focus of governments, health professionals, advisors and 
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health care providers. Contemporary studies and research have revealed insights into 

bacterial resistance mechanisms, and it has been established that in addition to the 

recognised mechanisms of resistance, such us inactivation of compounds and 

alteration of target sites, active efflux is now known to play an important role in the 

resistance of antimicrobials in many bacterial species (Xian-Zhi and Hiroshi, 2004). 

Thus, multi-drug efflux pumps play a major role in antiseptic resistance in S. aureus 

with the frequency of strains resistant to antimicrobial agents increasing 

dramatically. The ease with which bacteria have become resistant to the currently 

used antimicrobial agents continues to be of concern to clinicians, public health 

officials and researchers. Transferable antimicrobial resistance presents a major 

threat to the successful treatment of infectious diseases and the increasing use of 

antimicrobial products in both human and veterinary medicine provides a strong 

selective pressure inducing resistance to antimicrobial agents (Kruse and Sørum, 

1994). 

 

5.6  Significance of Study Results to Infection Prevention and Control 

The influences driving antimicrobial resistance are mainly due to the widespread use 

of biocides imposing selective pressure and contributing to the emergence of bacteria 

with decreased susceptibility of commonly used hospital biocides (Weinstein 2001; 

Zhang et al., 2011). To prevent spread of MRSA infections in the hospital 

environment, various QAC based disinfectants and antiseptics are widely used for 

hand disinfection, and decolonisation of patients and decontamination of surfaces, 

(Smith et al., 2008; Zhang et al., 2011). It is however, considered that extensive use 

of these biocides may give rise to an emergence of cross-resistance between biocides 

and antibiotics. Previous studies have demonstrated that plasmid-borne qacAB and 

smr are located adjacent to antibiotic resistance genes on MGEs (Zhang et al., 2011), 

and therefore may support transmission of both antibiotics and biocides to 

susceptible strains.  

 

Clinical isolates of S. aureus contain a number of plasmid-borne antiseptic and 

disinfectant resistance qac genes, e.g. qacA, qacB, and smr encoding for force-
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dependant export pumps (Mayer et al., 2001). Other plasmid-borne qac genes, e.g. 

qacG, qacH and qacJ have been isolated in food-borne and equine veterinary isolates 

of isolates of S. aureus (Bjorland et al., 2005). The clinical significance of MRSA 

carrying qacA, qacB, and smr genes is still slightly uncertain (Longtin et al., 2011), 

although there are concerns of emerging biocide resistance due to increased use of 

antiseptics such as chlorhexidine, which is used in routine cleansing of skin sites 

before invasive therapy (Batra et al., 2010).   

  

5.7  Prevalence and Distribution of qacAB and Biocide Resistance 

The results of the present study established that 81 (72%) strains were positive for 

qacAB and statistical analysis demonstrated a strong association exists between 

presence of qacAB in strains with MICs of ≥ 64 mg/L to EtBr, i.e. a significant p 

value of < 0.001. This would confirm that in these strains qacAB was conferring high 

level resistance to EtBr, and it can be supposed that this set of strains would likely 

show increased tolerance to QAC based antiseptics and disinfectants such as 

chlorhexidine, that are commonly used in hospitals and other healthcare 

establishments. This observation questions the use of these antimicrobials in patients 

from which the study isolates originated from. Increased tolerance to these biocides 

would also enable the strains in the study set to survive antibiotic pressure that is 

present in the hospital environment, (Weber and Piddock, 2003). 

 

The spread and failure to treat MRSA infections poses obvious infection control 

problems. There is significant concern that widespread use of biocides may result in 

an increase in antimicrobial resistance due to the similarities in the determinants for 

both biocidal and antibiotic resistance in not only S. aureus strains but in all clinical 

and environmental bacteria. Commonality of the antimicrobial target sites may lead 

to selection of mutants and thus emergence of cross-resistance. The global increasing 

prevalence of MRSA infections in hospitals has led to an awareness of the risks of 

HAIs and efforts to control the problem using suitable hygiene methods. Biocides 

are an essential component of hospital interventions strategies for prevention of 

HAIs (Smith et al., 2006), and reduced susceptibility to them presents a serious 
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threat. If resistance were to become increasingly common, it would lead to an 

increase in untreatable infections and it may result in use of variety of antiseptics in 

reducing carriage and disinfectants for surface and environmental cleaning. 

 

In the clinical environment, decontamination of colonised patients and 

environmental disinfection are key intervention measures to prevent bacterial spread. 

Previous studies have shown environmental cleaning has shown to reduce the 

microbial burden of hand-contact surfaces (Meyer and Cookson, 2010). However, if 

the healthcare environment is a reservoir of qac genes healthcare workers may be 

important vectors of cross-transmission of antiseptic-tolerant strains of staphylococci 

(Zhang et al., 2011). 

 

5.8 The Advantage of a Molecular-based Bench-top kit for identification 

of qacAB in the Diagnostic Laboratory 

 Research and reference laboratories are equipped to routinely carry out PCR assays 

for identification of various pathogens and susceptibility testing. Increasingly routine 

diagnostic laboratories are investing and implementing provision of molecular 

technology to their test repertoires. Identification of MRSA by detection of mecA is 

the basis of many molecular systems. Previous studies have demonstrated and 

confirmed an association between resistance to biocides that are commonly used in 

hospitals and the presence of qacAB in clinical strains of MRSA. The benefit of 

detection of qacAB in clinical strains of MRSA alongside mecA would be an 

indication of resistance to QAC based disinfectants, thus, enabling selection of 

appropriate antiseptic and disinfectant for patient treatment. This additional profile 

could prove to be a useful infection prevention tool and for monitoring development 

of resistance in sensitive strains of S. aureus.  

 

The results of prevalence of qacAB in the study set of clinical MRSA strains 

obtained from the collections obtained from City Hospital showed that only 1% of 

isolates contain the genes. Therefore, it may not be cost-effective to invest in 
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additional reagents, primers and probes for a test that may be rarely required. 

However, if all MRSA isolates on detection were investigated for the presence of the 

genes, it would be a beneficial additional test in assuring that the correct antiseptics 

were in use. Obviously, a molecular screen for qacAB and smr genes can be 

implemented relatively easily in a laboratory that is already equipped to carry out 

molecular diagnosis, but for those hospital laboratories that do not have this facility 

it would not be possible. An alternative method for detection of these genes would 

be the availability of a bench-top kit to provide a rapid, low-cost, straight-forward 

system from confirmed MRSA cultures. Recent innovations have produced several 

bench-top test kits for rapid and simple confirmation of MRSA, using methods based 

on either latex agglutination, or immunochromatography providing results in 

minutes. The kits contain built-in quality assurance, thus eliminating the necessity 

for purchase or performance of additional quality control. A similar test kit for 

detection of qacAB would be a most valuable tool for infection prevention, as 

immediate application of appropriate disinfectants and antiseptics would be 

implemented, reducing the risk of resistance, treatment failure and possible cross-

infection. On a larger scale, the problem of cross-infection, may be controlled before 

it escalates, requiring ward closures. A proposal for a rapid qacAB test kit based on 

immunochromatographic method is in discussion at the moment with a commercial 

company who are keen to take it forwards.  

 

5.9  Preventing Infections 

Preventing infections requires ability to detect them when they occur and that is why 

the microbiology laboratory plays a key role in HAI prevention. Hospital 

epidemiology and infection control programs have developed considerably and many 

programs have taken on new functions with an ultimate goal of patient safety as well 

as that of the health care professional, e.g. many infection control programs have 

teamed with antimicrobial management teams to improve and limit antimicrobial 

use. Antimicrobial management programmes work closely with the microbiology 

laboratory to monitor antimicrobial-resistant organisms and work with clinicians to 

restrain excessive antimicrobial use as well as educate clinicians on safe 

antimicrobial practices. Research has also become a large component of infection 
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control programmes as a search for evidence based interventions to improve patient 

care. Given the national interest in cutting health care costs and improving patient 

safety, hospital epidemiology and infection control represent a much-needed practice 

that will continue to grow. 

 

Whilst cleanliness of the healthcare environment and infection prevention are closely 

linked, there are clear distinctions between the two. Cleanliness contributes to 

infection control, but preventing infections does require more than simple 

cleanliness. The risks of contracting MRSA can be reduced with simple and effective 

infection control measures. The level of cleanliness required to reduce HAIs can be 

achieved by implementing a rigid hygiene programme that utilises appropriate and 

effective products. Disinfectants and antiseptics tend to be used excessively and 

ineffectually. The most effective means disinfection, i.e. reduction of microbial 

contamination is through cleaning. Antiseptics may reduce bacterial counts on the 

surface of the skin or a wound. 

 

Infection reservoirs in health care settings may include patients, visitors and staff 

members, to furniture, medical equipment, medications, food, water and blood. The 

mode of transmission is the key to control of cross-infections in hospitals, with 

contact transmission being the most common mode of transmission. Hand washing is 

the single most effective way to prevent transmission by contact route, but alongside 

this is the disinfection of contaminated surfaces and medical instruments with 

appropriate disinfectants (Rutala and Weber, 2004), in preventing transmission of 

infectious agents via the hands of healthcare staff.  

 

5.10  Disinfectant use and staff education 

Good hospital hygiene is considered an integral and important component of a 

strategy for prevention of HAIs (Aziz, 2009) and within that strategy is the correct 

usage of disinfectants for environmental cleaning. Selection of an appropriate 

disinfectant with the correct efficacy spectrum to avoid problems with microbial 
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intrinsic resistance is a major first step in the development of a successful hygiene 

programme (Meyer and Cookson, 2010).  

 

The education and training of support staff such as housekeeping and maintenance 

staff is important to ensure high level practices are carried out, within this 

component. Fully understanding and awareness of any task are key attributes in 

ensuring individuals are able to carry out their duties knowledgeably, responsibly 

and effectively. Thus, it is essential for new staff to have an appropriate induction, as 

well as on-going training and education programme for all healthcare staff 

(Cookson, 2005). This would ensure to update previous knowledge for continual 

application to roles and responsibilities. Housekeeping and maintenance staff are 

responsible for preparation and application of disinfectants for routine environmental 

cleaning and maintaining appropriate levels of disinfection throughout the hospital 

environment. Therefore, infection prevention programmes for environmental 

hygiene should aim to educate staff in best disinfection practices, the use of correct 

biocides for the correct bacterium, correct composition, concentration and 

temperature, and the importance of using solutions in-use date to ensure optimal 

efficiency (Ioannou, et al., 2007). Staff should be educated and informed of the 

importance of avoiding leaving biocide residues, which may result in an increased 

selection pressure for resistance strains (Cookson, 2005).  

 

It may seem that provision of bacterial resistance to biocides may be slightly 

excessive information, but it may play a major role in improving practices and 

compliance to hospital protocols. The knowledge and understanding of this concept 

may benefit all healthcare staff to learn the importance of personal responsibility in 

preventing disease transmission (Aziz, 2009). Local hospital infection prevention 

components within Mandatory training for all staff, place significant emphasis on 

hand hygiene and safe disposal of waste, but do not address preparation of 

disinfectants for environmental cleaning. There is no specific training given for 

preparation of disinfectant, contact times, or affectivity. This is apparent when 

conversing with domestic staff regarding training and education, competency, 

confidence and expectations. In order to investigate this further, a questionnaire 
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directed at all healthcare staff, (including laboratory staff, ward staff, domestic and 

maintenance staff) may prove to be useful in highlighting training issues and lack of 

knowledge regarding disinfectant use and preparation. The information may be 

utilised to devise a training programme that is delivered by the infection prevention 

team and members of the laboratory staff. This may then be part of an on-going 

training and education module delivered as part of mandatory training. It can take 

the form of classroom learning as well as an informal exercise, with an aim to 

provide basic microbiology knowledge, conducted as a visit to the microbiology 

laboratory, and basic knowledge of disinfectant types, efficacies and use. The level 

of knowledge should be tailored according to the staff and standards required and 

key personnel responsible for preparing and using disinfectants within the healthcare 

environment. Even when procedures are routine, knowledge and expertise of staff 

should not be assumed. The thorough understanding of antimicrobial action is 

necessary for adequate advice to be given to hospital infection control teams in order 

for formulation of appropriate disinfection protocols and policy guidelines, cleaning 

schedules and antibiotic prescribing. 

 

5.11 Staff perceptions and education 

Controlling MRSA is the focus of the UK governments plan, and these initiatives are 

readily supported by infection control teams. However, they are not readily accepted 

by all healthcare workers who don’t really understand the aims and motives of the 

various legislations and requirements. Interacting with local healthcare and 

laboratory staff highlights the perceptions and attitudes to infection prevention. A 

mixed response is usually received, some are very knowledgeable and accepting of 

what is required from them, whilst others are antagonistic and perceive infection 

prevention to be a chore that involves washing hands endlessly, and this usually 

stems from not having the knowledge. It is anticipated that the infection prevention 

staff questionnaire will provide interesting feedback, which will be used to challenge 

and overcome the misconceptions and attitudes of staff.    
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5.12  Conclusion 

The clinical microbiology laboratory is an essential component of an effective 

infection prevention and control programme. Microbiology staff and infection 

prevention teams need to communicate their individual and shared goals, 

requirements and problems in order to benefit the patient through the low risk of 

nosocomial infections and frequency of resistant organisms. Active involvement of 

microbiology staff with infection prevention teams is vital to enable exchange of 

important information and developments. The involvement of laboratory staff in 

delivering infection prevention, not only develop their own learning but also are able 

to interact and assist all levels of healthcare staff.  

 

Research undertaken in the laboratory, either evaluation of equipment, or study of 

new diseases and interventions, would interest ward staff as well as pathology staff 

and dissemination of information should be for all healthcare staff. It may be that 

ward staff, or infection prevention team note a particular problem or condition and 

request the laboratory to carry out research. Microbiology and infection prevention 

teams are linked, and should extend this link to other healthcare staff, so that a point 

of contact may be established if an individual requires information, guidance or 

advice of their working practices or surroundings.  
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CHAPTER 6 

PERSONAL REFLECTION 
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6.  Introduction  

The aim of this chapter is a focus on my personal learning and professional 

development both during the research project and within the overall framework of 

the Professional Doctorate course. The Professional Doctorate is the ultimate 

qualification that I have determined to obtain and have strived so hard to achieve.  

 

“The Doctor of the future will give no medicine, but will interest his patients in the 

care of the human frame, in diet and in the cause and prevention of disease”. 

Thomas Edison (1847 – 1931) 

 

I indeed have aspirations to be the Doctor of this time; as a BMS to utilise my core 

microbiology knowledge and skills, to provide information, guidance and support to 

colleagues and other professional teams in the healthcare settings, in preventing 

infections and saving lives! 

 

My journey as a part-time Doctoral student has been a mixture of emotions ranging 

from elation to rock bottom feelings. It has been one of the most difficult, and at 

times the most despondent and the most heart-breaking time of my life! But it has 

also been the most exciting, the most thrilling, the most educative learning curve and 

the most resourceful time of my professional and at times personal life and I am so 

pleased that I took on this journey and did not give up when it all got too difficult 

and seemed impossible!  

 

My choice of research was based primarily on my desire to learn and acquire new 

skills in molecular biology for diagnosis of disease and infections, whilst combining 

my interest in infection prevention and control. As a biomedical scientist specialising 

in microbiology, my role and responsibilities are to provide diagnostic information 

to clinicians and nursing staff to ensure appropriate patient management. I became 

aware of the important role of infection prevention teams when I joined the Hospital 
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Infection Research Laboratory, Birmingham and became interested in developing 

knowledge in this field. On a daily level I would have dealings with the Infection 

Prevention Nurses (ICNs) who would keep me informed of patient progress and 

management.  An opportunity arose for me to represent the department and report at 

the Hospital Infection Prevention Committee meetings, which I gladly accepted. 

This involvement proved to be invaluable in introducing me to the importance of the 

roles and responsibilities of the Infection Prevention teams which comprised, nurses, 

doctors, pharmacists, endoscopy staff, theatre staff and of course Biomedical 

Scientists. I became aware of all the different key areas that are encompassed under 

the infection prevention umbrella within a healthcare setting and thus how each area 

enhanced and facilitated effective infection prevention. More so I realised the 

importance of the role of the laboratory and the provision of rapid, accurate and 

reproducible results. It gave me greater understanding of the role microbial 

resistance mechanisms play in deterring even the most effective infection prevention 

strategies and measures, and how important changes within the field of microbiology 

were evolving to overcome this predicament. This new environment instilled within 

me a desire to use my knowledge base of microbiology to become more involved 

and develop my career to take part in devising national and global infection 

prevention strategies, policies and procedures within organisational bodies. 

 

The diagnostic laboratory environment is forever evolving and changing as new 

technology comes to the forefront. In the last few decades, all disciplines have 

undergone vast technological advancements and thus, improvements in working 

practices. The use of computers, auto and semi- automation, molecular technology 

for specific and sensitive methodologies are just some of the revolutionary changes 

that have been developed and implemented in pathology in an attempt to improve 

services and patient care. In microbiology rapid identification methods for efficient 

turn-around-times have been developed and introduced to assist in effective patient 

management and implementation of treatment regimes. Molecular technology is a 

highly specific and sensitive technology that has revolutionised the diagnosis of 

disease and infections, with many large hospital laboratories and reference 

laboratories using PCR assays to obtain sensitive and rapid results.  



 162 

Opting to conduct a research project based on using molecular technology meant that 

I had to learn a whole new subject and process. This has involved many hours of 

self-study, and absorbing information, literature, and publications. I have 

independently sought and attended appropriate training courses, seminars and 

workshops. Attending molecular based conferences and meetings brought me into 

contact with other students and professionals in the field, and I found myself having 

to learn a whole new language, the language of “molecular speak”. For many years 

as I built up my knowledge and confidence in routine bacteriology, I had felt 

comfortable talking and exchanging views within my professional circle. I was 

proficient in my knowledge of microbial pathogens and in the use of specialist 

methods and techniques to fulfil my diagnostic role. But now I was out of my 

“comfort zone” and trying to comprehend and carry out research, using techniques 

that I had no training or experience of. I was trying to absorb vital new information 

on MRSA and resistance, become proficient in PCR methods and technique, develop 

research skills and carry out the research, whilst performing my professional duties 

of a Senior BMS. 

 

6.1  My Father, My Inspiration, My Motivation  

Education!  Education!  Education! 

My father was and is my eternal source of inspiration and strength for pursuing the 

Doctorate.  He instilled in all his children the importance of a good education and 

pursuit of knowledge to improve one’s behaviour, confidence and status. He was 

Headmaster at a primary school in Nairobi, Kenya, where I was born. When we 

moved to England he continued to develop his career in teaching as he was still very 

passionate about his profession and was keen to continue passing on his knowledge 

and teaching and developing young, naive minds. He was the ideal teacher; 

inspiring, mentoring, coaching and educating his students, always willing to give 

time and attention to those who asked for his skills. I guess I have inherited his genes 

for a thirst for learning and education as he himself throughout his life was always 

learning and developing.  
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6.2  Personal Reflection of my Learning and Professional Development 

On reflection of my undergraduate studies and the start of my career, I didn’t really 

have a goal, but I think without really planning or thinking in great detail, I must 

have worked tentatively towards a career plan. My BSc and MSc studies provided 

me with a high standard of specific knowledge of my discipline so that I could 

competently carry out my roles and responsibilities in my profession. I was always 

motivated to achieve the highest level of knowledge and not just to obtain a 

mediocre working knowledge. My academic qualifications provided me a sound 

base knowledge but my own personal work and study ethics provided me with a 

higher level of understanding and education so that I could be a professional “fit for 

purpose”, a leader and a teacher so that I could pass on the highest level of skills to 

my colleagues and junior members of staff.  

 

I successfully completed and attained a BSc (Hons) in Biomedical Sciences from the 

University of West of England, Bristol in 1994. This degree supported my 

professional practice with theoretical information and knowledge. This was also my 

first introduction to conducting a research project and collating data. Reflecting on 

the research practices I conducted and the fact that my working environment did not 

have a research culture, I realise that I lacked basic knowledge of research 

methodologies and had attempted to conduct a research project without acquiring 

this knowledge.  

 

In pursuit of further excellence in my field, I attended a part-time MSc in Biomedical 

Sciences at Nottingham Trent University. From this degree I once again achieved a 

high level of knowledge and depth in my specialist field, but again the research 

project was conducted without any appropriate information or training in research 

methodologies. On completion of my MSc in 1998 I was keen to develop knowledge 

and research skills to enable me to progress into a research based career and 

considered progressing to a PhD my next step, but this was a difficult goal to 

accomplish. Working in a routine diagnostic laboratory meant that research, 

resources and funding were limited! I had applied for a couple of appropriate PhD’s 
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at the Public Health Reference Laboratory, Colindale, but I was not successful in 

obtaining a place due to my limited experience and knowledge in research.  

 

The Professional Doctorate course at the University of Portsmouth was advertised in 

the Biomedical Scientist Gazette. It interested me as it presented an opportunity to 

pursue my plans for studying towards a doctoral qualification whilst remaining in 

employment. I was informed that the Professional Doctorate was an alternative route 

to the conventional pure research based PhD and was devised as a part time higher 

professional degree that involved a work-based research conducted at a doctoral 

level. The research would be relevant to the individual’s work setting and therefore, 

in my case to the diagnostic laboratory and hospital setting. This I felt would be my 

opportunity to gain new skills and knowledge of qualitative and quantitative research 

technologies; key components that I deeply felt to be lacking in my previous studies. 

 

6.3  Reflection of my Doctoral Journey! 

Studying towards any qualification whilst in full time employment is very 

demanding and I have experienced this first hand. I understood and accepted that my 

studies would require a high level of commitment and discipline and as usual I was 

not at all dissuaded by the assignments or the pressures of the course work. I looked 

forward to new learning and experiences. I did enjoy the taught part of the course, as 

it was a time where I gained new knowledge through formal teaching and 

assignments. It was a time where I interacted with other members of the group that 

comprised a larger range of healthcare professionals and I made some very good and 

lasting friendships, within that group.  

 

However, with work and professional responsibilities, family and other personal 

commitments taking priority, continued attention to my research project was 

neglected for periods of time. But my personal determination and desire to complete 

the Doctorate, pushed me to continue to commit, to find avenues for assistance and 

knowledge when things were not going right, to make the personal sacrifices, to try 



 165 

to balance my professional work pressures with those that my project was 

demanding and to find that inner strength and energy to achieve this qualification. 

Through my studies I have gained a high level knowledge of MRSA and resistance 

mechanisms, and thus have a specialism. I have developed my research skills and 

therefore, improved my scientific skills. I have made contact with eminent scientists, 

and worked with like-minded people and professionals from various backgrounds 

and organisations.  

 

I was introduced to a new environment, not only in terms of subject matter, but also 

an academic environment. The later stages of my work were carried out at the 

University of Warwick, under the much appreciated supervision of Professor Liz 

Wellington and Dr Will Gaze. Being a student in an “alien” laboratory was really 

quite uneasy and difficult at times. Although the other students that I sometimes 

would come into contact with were friendly and helpful, I still felt a little inadequate 

and out of place. I attended the university laboratory after I had finished my 

vocational working day, to continue with my experimental work and that made my 

working day a very long and lonely one, as all the other students had left by the time 

I arrived!  

 

My initial research work brought little success! Constant experimental failure, lack 

of structured supervision and opportunity to obtain internal guidance resulted in a 

delay in completing my research and the Doctorate within a reasonable time frame. 

Often I felt that maybe if I had opted to carry out a project that was not so heavily 

based on pure scientific research, then would I have been more successful in 

obtaining meaningful data and possibly have completed the Doctorate in a shorter 

time? But then on reflection, I would not have developed or gained the skills and 

knowledge in molecular technology, the key area that I was keen to gain experience 

of in-order to progress the next phase of my career.  I would not have gained the 

valuable experiences I underwent in order to complete my research, as it was 

through those experiential phases, the experimental failures, the highs and lows of 

research, that I was able to learn to troubleshoot, to gain in depth knowledge of my 
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subject and to gain confidence in speaking about my research and the technology I 

was using.  

I often felt a complete failure and as though I would never succeed. My supervisor 

(Dr Nigel Brenwald) at the time would say to me “research is 90% failure and only 

10% success!” and that was so true of my experiences in carrying out research.  

The work carried out at the University of Warwick laboratory also had problems of 

experimental failures (and feelings of personal failure), and many weeks and months 

would be lost, with no valuable results or progress. I came across a quote in the 

laboratory by Albert Einstein: “If we knew what we were doing, then it wouldn’t be 

called research” and I often felt I didn’t know what I was doing! But if I knew then, 

what I know now, if I had the knowledge then, that I have acquired now, through 

those failed experiments and times of troubleshooting and discussions, I would have 

done so many things differently and with clearer vision, but then my development of 

knowledge and skills has come through the experiential phase of my life as a 

research scientist. 

 

Although my research may not impact greatly on the services and practices of a 

routine diagnostic laboratory, the results have certainly provided me a wealth of 

specialist knowledge of one particular pathogen. I have broadened my knowledge of 

the evolution of MRSA and resistance, antimicrobial resistance and implications for 

infection prevention, and a better understanding of the importance of on-going 

surveillance and epidemiology in preventing and controlling HAIs and outbreaks. I 

have also succeeded in my aim to develop molecular knowledge and skills, which 

will be very useful in the near future, in my professional role as project lead in 

implementing molecular diagnostics.  

 

I am able to pass on this knowledge to my colleagues and fellow professionals, and 

have the confidence to speak to peers in the work place and at organised meetings 

and conferences. I now have an informed opinion regarding MRSA and bacterial 
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resistance mechanisms, cross-infection and infection prevention. The research 

project has given me the opportunity to obtain, absorb and learn vast information 

regarding Government infection prevention legislations, strategies and policies and 

their expectations and requirements to be met in order to save lives and reduce 

hospital costs. Infection prevention is not just about hand hygiene, but encompasses 

policies and procedures, and the compliance of healthcare workers to those policies 

and procedures. Infection prevention is not just about treatment and management of 

infections and patients, but also about understanding the causative pathogens and 

their requirements for transmission. Infection prevention is not just about controlling 

infections on the ward and the responsibility of nurses, but its starting place is the 

microbiology laboratory and the responsibility of the BMSs to produce accurate and 

rapid results, and to recognise changes in susceptibilities which may indicate a 

possible outbreak and to alert the necessary officials.   

 

Studying towards the Professional Doctorate has equipped me with a range of 

knowledge and skills that will be immensely beneficial in my career on both a 

professional and a personal level. My research project has helped me to develop 

important skills as a scientist, as a student, and as a competent professional. I hope to 

continue to build on these skills to both extend and advance my role within my 

practice and also develop infection prevention strategies and practices as a whole. 

 

As the journey towards my Doctoral qualification reaches its completion, the journey 

of my professional life is just re-starting. I have a much better understanding of 

infection prevention and control through the professional application aspect of the 

Doctoral research and so am so much more confident and forthcoming with my 

opinions and advice I relay at the monthly Infection Prevention team meeting. The 

team also recognise my involvement as a key member of the team and contact me for 

advice whenever the occasion arises on various aspects of infection prevention, 

ranging from theatre air sampling advice, endoscopy advice, cross-infection advice 

and general advice on management of infections. I have also been invited to join the 

Hospital Antimicrobial Prescribing Committee and this further enhances my 

knowledge of antimicrobials and infection prevention. The Doctorate qualification 
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has also opened another key progression. I am in the process of writing my first book 

chapter, and I am hoping this will be the first of many.  

On a personal level, I hope that I am a source of inspiration, a mentor, and a coach, 

not only to my colleagues and students, but also to my loved ones. There have been a 

few times during the course of the research and recently during the writing of this 

thesis, that I have felt completely depleted! But I came across another quote by 

Albert Einstein, “Don’t give up your Dreams” which gave me the motivation to 

overcome each hurdle, each set-back and to continue to work towards my goal. So I 

would say to all, if you have a desire to pursue something, keep at it. Sometimes 

when you feel as though success cannot be achieved, I truly believe a small lifeline 

is given to enable one to pursue one’s dreams, and I have had a few life-lines 

presented to me during the course of this study which I have recognised and seized 

to enable me to complete my research and to obtain my Doctorate.  
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Appendix 1 

Retrieval of qac Controls Received from Dr Jostein Bjorland (The Norwegian School 

of Veterinary Science, Norway)  

Five control strains (qacAB, qacC, qacG, qacH and qacJ) received in glycerol beads. 

qacAB resistant to ampicillin, and qacJ resistant to chloramphenicol. 

To retrieve, require to select out colonies that have the resistance marker. 

 

TSA plates for culture 

Tryptone Soya Broth  

qacAB:  100µg/ml 

qacJ:  5µL/mL chloramphenicol 

 

1. Add 20µL each of TSB and antibiotic onto plate. Use a sterile spreader to spread out 

the mixture (do not take out to the edge of the agar plate) 

2. Incubate overnight at 37ºC 

3. Next morning pick 5 colonies and subculture each onto fresh selective plates 

4. Incubate overnight at 37ºC 

Storage 

1. If using commercial beads, pick a single colony into appropriately labelled tube and 

incubate overnight at 37ºC 

2. Following morning, freeze the vials at -20
o
C 

  

3. If using in-house system, transfer 1mL of nutrient broth into a small labelled tube. 

Pick a single colony into the medium and incubate overnight at 37ºC  

4. Next morning add glycerol in ratio of 1:3 and freeze vials at -20
o
C 
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Retrieval 

1. Prepare plate with appropriate antibiotic and concentration as before. 

2. Add one bead from the frozen vial and roll onto the plate 

3. Incubate overnight at 37ºC 

4. Use from selective plate 
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Appendix 2 

 

Raw statistical Data 

 

   3 job 'Azra Khan - analysis of high EB resistant strains only' 

   4 

   5  spload 'Complete Data Set of Isolates Tested 16. 07. 12 - 

GenStat.GSH' 

  

 
Loading Spreadsheet File 

  
Catalogue of file Complete Data Set of Isolates Tested 16. 07. 12 - GenStat.GSH 
  
Sheet Title:  
Data imported from Excel file: M:\A-J\AX\Other Data\Azra Khan\FINAL DATASETS - December 
2012\Complete Data Set of Isolates Tested 16. 07. 12 - GenStat.xls on: 11-Dec-2012 12:02:41 
taken from sheet "Sheet1", cells A2:V337 
  
Sheet Type: vector 
  Index  Type  Nval    Name 
  3  factor  336    Source 
  6  factor  336    Source_1 
  8  factor  336    MIC 
  12  factor  336    MIC_1 
  15  factor  336    qacAB 
  17  factor  336    E 
  19  factor  336    F 
  21  factor  336    T 
  23  factor  336    Tm 
  25  factor  336    Mup 
  27  factor  336    G 
  29  factor  336    K 
  31  factor  336    R 
  33  factor  336    Lzd 
  35  factor  336    Van 
  38  factor  336    Cip 
  40  factor  336    Total 
  44  factor  336    Total_1 
  47  factor  336    smr 
  50  factor  336    qacG 
  53  factor  336    qacH 
  56  factor  336    qacJ 
  59  factor  336    Urea 
  62  factor  336    Neo 
  

Note: Missing indices are used by unnamed or system structures. These store 
ancillary information, for example factor labels. 
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   6 

   7  text [nval=1] bc_title[1...21]; 'Distributions for qacAB by MIC',\ 

   8       'Distributions for E by MIC','Distributions for F by MIC',\ 

   9       'Distributions for T by MIC','Distributions for Tm by MIC',\ 

  10       'Distributions for Mup by MIC','Distributions for G by MIC',\ 

  11       'Distributions for K by MIC','Distributions for R by MIC',\ 

  12       'Distributions for Lzd by MIC','Distributions for Van by MIC',\ 

  13       'Distributions for Total by MIC','Distributions for Total_1 by 

MIC',\ 

  14       'Distributions for smr by MIC','Distributions for qacG by 

MIC',\ 

  15       'Distributions for qacH by MIC','Distributions for qacJ by 

MIC',\ 

  16       'Distributions for Urea by MIC','Distributions for Neo by 

MIC',\ 

  17       'Distributions for Source by MIC','Distributions for Source_1 

by MIC' 

  18  text [nval=1] bc_title_p[1...21]; 'Distributions for qacAB by MIC 

p',\ 

  19       'Distributions for E by MIC p','Distributions for F by MIC p',\ 

  20       'Distributions for T by MIC p','Distributions for Tm by MIC 

p',\ 

  21       'Distributions for Mup by MIC p','Distributions for G by MIC 

p',\ 

  22       'Distributions for K by MIC p','Distributions for R by MIC p',\ 

  23       'Distributions for Lzd by MIC p','Distributions for Van by MIC 

p',\ 

  24       'Distributions for Total by MIC p','Distributions for Total_1 

by MIC p',\ 

  25       'Distributions for smr by MIC p','Distributions for qacG by MIC 

p',\ 

  26       'Distributions for qacH by MIC p','Distributions for qacJ by 

MIC p',\ 

  27       'Distributions for Urea by MIC p','Distributions for Neo by MIC 

p',\ 

  28       'Distributions for Source by MIC p','Distributions for Source_1 

by MIC p' 

  29  text [nval=1] bc_title1[1...21]; 'Distributions for qacAB by 

MIC_1',\ 

  30       'Distributions for E by MIC_1','Distributions for F by MIC_1',\ 

  31       'Distributions for T by MIC_1','Distributions for Tm by 

MIC_1',\ 

  32       'Distributions for Mup by MIC_1','Distributions for G by 

MIC_1',\ 

  33       'Distributions for K by MIC_1','Distributions for R by MIC_1',\ 

  34       'Distributions for Lzd by MIC_1','Distributions for Van by 

MIC_1',\ 

  35       'Distributions for Total by MIC_1','Distributions for Total_1 

by MIC_1',\ 

  36       'Distributions for smr by MIC_1','Distributions for qacG by 

MIC_1',\ 

  37       'Distributions for qacH by MIC_1','Distributions for qacJ by 

MIC_1',\ 

  38       'Distributions for Urea by MIC_1','Distributions for Neo by 

MIC_1',\ 

  39       'Distributions for Source by MIC_1','Distributions for Source_1 

by MIC_1' 

  40  text [nval=1] bc_title1_p[1...21]; 'Distributions for qacAB by MIC_1 

p',\ 

  41       'Distributions for E by MIC_1 p','Distributions for F by MIC_1 

p',\ 
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  42       'Distributions for T by MIC_1 p','Distributions for Tm by MIC_1 

p',\ 

  43       'Distributions for Mup by MIC_1 p','Distributions for G by 

MIC_1 p',\ 

  44       'Distributions for K by MIC_1 p','Distributions for R by MIC_1 

p',\ 

  45       'Distributions for Lzd by MIC_1 p','Distributions for Van by 

MIC_1 p',\ 

  46       'Distributions for Total by MIC_1 p','Distributions for Total_1 

by MIC_1 p',\ 

  47       'Distributions for smr by MIC_1 p','Distributions for qacG by 

MIC_1 p',\ 

  48       'Distributions for qacH by MIC_1 p','Distributions for qacJ by 

MIC_1 p',\ 

  49       'Distributions for Urea by MIC_1 p','Distributions for Neo by 

MIC_1 p',\ 

  50       'Distributions for Source by MIC_1 p','Distributions for 

Source_1 by MIC_1 p' 

  51 

  52  for fac = 

qacAB,E,F,T,Tm,Mup,G,K,R,Lzd,Van,Total,Total_1,smr,qacG,qacH,qacJ,Urea,\ 

  53      Neo,Source,Source_1;\ 

  54      tab1 = 

t1_qacAB,t1_E,t1_F,t1_T,t1_Tm,t1_Mup,t1_G,t1_K,t1_R,t1_Lzd,t1_Van,\ 

  55      

t1_Total,t1_Total_1,t1_smr,t1_qacG,t1_qacH,t1_qacJ,t1_Urea,t1_Neo,t1_sourc

e,\ 

  56      t1_Source_1;\ 

  57      tab2 = 

t2_qacAB,t2_E,t2_F,t2_T,t2_Tm,t2_Mup,t2_G,t2_K,t2_R,t2_LZD,t2_Van,\ 

  58      

t2_Total,t2_Total_1,t2_smr,t3_qacG,t3_qacH,t3_qacJ,t3_Urea,t3_Neo,t2_Sourc

e,\ 

  59      t2_Source_1;\ 

  60      bct=1...21 

  61 

  62  tabulate [counts=tab1; classification=MIC,fac] 

  63  tabulate [counts=tab2; classification=MIC_1,fac] 

  64 

  65  percent [class=MIC] old=tab1; new=table1 

  66  percent [class=MIC_1] old=tab2; new=table2 

  67 

  68  dbarchart [ti=bc_title[bct]; append=yes] tab1 

  69  dbarchart [ti=bc_title_p[bct]; append=yes] table1 

  70  dbarchart [ti=bc_title1[bct]; append=yes] tab2 

  71  dbarchart [ti=bc_title1_p[bct]; append=yes] table2 

  72 

  73  chisquare [print=test,prob,fitted,tchisquare; method=pearson] tab1 

  74  chisquare [print=test,prob,fitted,tchisquare; method=pearson] tab2 

  75 

  76  dele [redef=y] table1,table2 

  77 

  78  endfor 
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Chi-square test for association between MIC and qacAB 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 69.18 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC qacAB   
 4 Neg 33.00 21.72 3.77 
  Pos 8.00 19.28 -3.77 
 8 Neg 40.00 37.61 0.64 
  Pos 31.00 33.39 -0.64 
 16 Neg 49.00 37.61 3.05 
  Pos 22.00 33.39 -3.05 
 32 Neg 30.00 24.90 1.61 
  Pos 17.00 22.10 -1.61 
 64 Neg 11.00 9.54 0.71 
  Pos 7.00 8.46 -0.71 
 128 Neg 3.00 5.30 -1.48 
  Pos 7.00 4.70 1.48 
 256 Neg 12.00 41.32 -7.58 
  Pos 66.00 36.68 7.58 
  
  
Contributions to the chi-square statistic 
  
 qacAB Neg Pos Margin 
 MIC   
 4 5.86 6.60 12.46 
 8 0.15 0.17 0.32 
 16 3.45 3.88 7.33 
 32 1.05 1.18 2.22 
 64 0.22 0.25 0.48 
 128 1.00 1.12 2.12 
 256 20.81 23.44 44.25 
 Margin 32.53 36.65 69.18 
  
  
  

Chi-square test for association between MIC_1 and qacAB 

  
Pearson chi-square value is 50.38 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 qacAB   
 Low Neg 73.00 59.33 3.17 
  Pos 39.00 52.67 -3.17 
 Medium Neg 79.00 62.51 3.78 
  Pos 39.00 55.49 -3.78 
 High Neg 26.00 56.15 -7.09 
  Pos 80.00 49.85 7.09 
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Contributions to the chi-square statistic 
  
 qacAB Neg Pos Margin 
 MIC_1   
 Low 3.15 3.55 6.69 
 Medium 4.35 4.90 9.25 
 High 16.19 18.24 34.44 
 Margin 23.69 26.69 50.38 
  
 
 
  

Chi-square test for association between MIC and E 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 25.01 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC E   
 4 0 8.00 5.98 0.95 
  1 33.00 35.02 -0.95 
 8 0 12.00 10.35 0.62 
  1 59.00 60.65 -0.62 
 16 0 13.00 10.35 1.00 
  1 58.00 60.65 -1.00 
 32 0 9.00 6.85 0.96 
  1 38.00 40.15 -0.96 
 64 0 1.00 2.63 -1.12 
  1 17.00 15.37 1.12 
 128 0 5.00 1.46 3.22 
  1 5.00 8.54 -3.21 
 256 0 1.00 11.38 -3.80 
  1 77.00 66.63 3.80 
  
  
Contributions to the chi-square statistic 
  
 E 0 1 Margin 
 MIC   
 4 0.683 0.117 0.800 
 8 0.262 0.045 0.306 
 16 0.676 0.115 0.792 
 32 0.672 0.115 0.786 
 64 1.006 0.172 1.178 
 128 8.601 1.468 10.070 
 256 9.463 1.616 11.079 
 Margin 21.363 3.647 25.010 
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Chi-square test for association between MIC_1 and E 

  
Pearson chi-square value is 7.94 with 2 d.f. 
  
Probability level (under null hypothesis) p = 0.019 
  
  
   Observed Fitted Residual 
 MIC_1 E   
 Low 0 20.00 16.33 1.20 
  1 92.00 95.67 -1.20 
 Medium 0 22.00 17.21 1.55 
  1 96.00 100.79 -1.55 
 High 0 7.00 15.46 -2.81 
  1 99.00 90.54 2.80 
  
  
 
Contributions to the chi-square statistic 
  
 E 0 1 Margin 
 MIC_1   
 Low 0.823 0.141 0.964 
 Medium 1.334 0.228 1.562 
 High 4.628 0.790 5.418 
 Margin 6.785 1.158 7.944 
  
  

Chi-square test for association between MIC and F 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 10.20 with 6 d.f. 
  
Probability level (under null hypothesis) p = 0.117 
  
  
   Observed Fitted Residual 
 MIC F   
 4 0 33.00 30.63 0.91 
  1 8.00 10.37 -0.91 
 8 0 53.00 53.04 -0.01 
  1 18.00 17.96 0.01 
 16 0 54.00 53.04 0.30 
  1 17.00 17.96 -0.30 
 32 0 39.00 35.11 1.41 
  1 8.00 11.89 -1.41 
 64 0 16.00 13.45 1.42 
  1 2.00 4.55 -1.42 
 128 0 6.00 7.47 -1.08 
  1 4.00 2.53 1.09 
 256 0 50.00 58.27 -2.46 
  1 28.00 19.73 2.46 
  
  
Contributions to the chi-square statistic 
  
 F 0 1 Margin 
 MIC   
 4 0.184 0.542 0.726 
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 8 0.000 0.000 0.000 
 16 0.017 0.051 0.069 
 32 0.431 1.273 1.704 
 64 0.485 1.432 1.917 
 128 0.289 0.854 1.144 
 256 1.173 3.464 4.637 
 Margin 2.580 7.617 10.197 
 
 
 

Chi-square test for association between MIC_1 and F 

  
Pearson chi-square value is 3.89 with 2 d.f. 
  
Probability level (under null hypothesis) p = 0.143 
  
  
   Observed Fitted Residual 
 MIC_1 F   
 Low 0 86.00 83.67 0.62 
  1 26.00 28.33 -0.62 
 Medium 0 93.00 88.15 1.28 
  1 25.00 29.85 -1.28 
 High 0 72.00 79.18 -1.94 
  1 34.00 26.82 1.94 
  
  
Contributions to the chi-square statistic 
  
 F 0 1 Margin 
 MIC_1   
 Low 0.065 0.192 0.257 
 Medium 0.267 0.788 1.055 
 High 0.652 1.925 2.577 
 Margin 0.984 2.905 3.889 
  
  
  

Chi-square test for association between MIC and T 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 57.14 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC T   
 4 0 38.00 34.41 1.63 
  1 3.00 6.59 -1.63 
 8 0 69.00 59.59 3.42 
  1 2.00 11.41 -3.42 
 16 0 64.00 59.59 1.60 
  1 7.00 11.41 -1.60 
 32 0 44.00 39.45 1.95 
  1 3.00 7.55 -1.95 
 64 0 12.00 15.11 -2.05 
  1 6.00 2.89 2.05 
 128 0 9.00 8.39 0.53 
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  1 1.00 1.61 -0.53 
 256 0 46.00 65.46 -6.84 
  1 32.00 12.54 6.85 
  
  
Contributions to the chi-square statistic 
  
 T 0 1 Margin 
 MIC   
 4 0.374 1.955 2.330 
 8 1.486 7.761 9.247 
 16 0.326 1.705 2.031 
 32 0.526 2.745 3.271 
 64 0.639 3.337 3.976 
 128 0.044 0.229 0.273 
 256 5.787 30.222 36.009 
 Margin 9.183 47.955 57.138 
  
  
  

Chi-square test for association between MIC_1 and T 

  
Pearson chi-square value is 49.98 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 T   
 Low 0 107.00 94.00 4.09 
  1 5.00 18.00 -4.09 
 Medium 0 108.00 99.04 2.79 
  1 10.00 18.96 -2.79 
 High 0 67.00 88.96 -7.02 
  1 39.00 17.04 7.02 
  
  
Contributions to the chi-square statistic 
  
 T 0 1 Margin 
 MIC_1   
 Low 1.80 9.39 11.19 
 Medium 0.81 4.24 5.05 
 High 5.42 28.32 33.74 
 Margin 8.03 41.94 49.98 
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Chi-square test for association between MIC and Tm 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 28.70 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Tm   
 4 0 23.00 22.70 0.10 
  1 18.00 18.30 -0.10 
 8 0 28.00 39.30 -3.04 
  1 43.00 31.70 3.04 
 16 0 35.00 39.30 -1.16 
  1 36.00 31.70 1.16 
 32 0 23.00 26.02 -0.95 
  1 24.00 20.98 0.95 
 64 0 11.00 9.96 0.50 
  1 7.00 8.04 -0.50 
 128 0 4.00 5.54 -0.99 
  1 6.00 4.46 0.99 
 256 0 62.00 43.18 4.89 
  1 16.00 34.82 -4.89 
  
  
Contributions to the chi-square statistic 
  
 Tm 0 1 Margin 
 MIC   
 4 0.004 0.005 0.009 
 8 3.251 4.031 7.282 
 16 0.471 0.584 1.056 
 32 0.350 0.434 0.784 
 64 0.108 0.133 0.241 
 128 0.426 0.528 0.954 
 256 8.204 10.173 18.377 
 Margin 12.814 15.889 28.704 
  
  
  

Chi-square test for association between MIC_1 and Tm 

  
Pearson chi-square value is 19.02 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Tm   
 Low 0 51.00 62.00 -2.56 
  1 61.00 50.00 2.56 
 Medium 0 58.00 65.32 -1.68 
  1 60.00 52.68 1.68 
 High 0 77.00 58.68 4.32 
  1 29.00 47.32 -4.32 
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Contributions to the chi-square statistic 
  
 Tm 0 1 Margin 
 MIC_1   
 Low 1.952 2.420 4.372 
 Medium 0.821 1.018 1.838 
 High 5.720 7.094 12.814 
 Margin 8.493 10.531 19.024 
  
  
  

Chi-square test for association between MIC and Mup 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 13.09 with 6 d.f. 
  
Probability level (under null hypothesis) p = 0.042 
  
  
   Observed Fitted Residual 
 MIC Mup   
 4 0 35.00 30.02 1.87 
  1 6.00 10.98 -1.87 
 8 0 54.00 51.98 0.61 
  1 17.00 19.02 -0.61 
 16 0 52.00 51.98 0.01 
  1 19.00 19.02 -0.01 
 32 0 38.00 34.41 1.27 
  1 9.00 12.59 -1.27 
 64 0 13.00 13.18 -0.10 
  1 5.00 4.82 0.10 
 128 0 8.00 7.32 0.49 
  1 2.00 2.68 -0.49 
 256 0 46.00 57.11 -3.24 
  1 32.00 20.89 3.24 
  
  
Contributions to the chi-square statistic 
  
 Mup 0 1 Margin 
 MIC   
 4 0.827 2.260 3.087 
 8 0.078 0.214 0.292 
 16 0.000 0.000 0.000 
 32 0.374 1.023 1.398 
 64 0.002 0.007 0.009 
 128 0.063 0.172 0.235 
 256 2.160 5.905 8.065 
 Margin 3.505 9.581 13.086 
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Chi-square test for association between MIC_1 and Mup 

  
Pearson chi-square value is 8.21 with 2 d.f. 
  
Probability level (under null hypothesis) p = 0.017 
  
  
   Observed Fitted Residual 
 MIC_1 Mup   
 Low 0 89.00 82.00 1.83 
  1 23.00 30.00 -1.83 
 Medium 0 90.00 86.39 0.93 
  1 28.00 31.61 -0.93 
 High 0 67.00 77.61 -2.81 
  1 39.00 28.39 2.81 
  
  
Contributions to the chi-square statistic 
  
 Mup 0 1 Margin 
 MIC_1   
 Low 0.598 1.633 2.231 
 Medium 0.151 0.412 0.562 
 High 1.450 3.963 5.412 
 Margin 2.198 6.008 8.206 
  
  
 
  

Chi-square test for association between MIC and G 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 77.44 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC G   
 4 0 39.00 28.68 3.75 
  1 2.00 12.32 -3.75 
 8 0 57.00 49.66 2.14 
  1 14.00 21.34 -2.14 
 16 0 55.00 49.66 1.56 
  1 16.00 21.34 -1.56 
 32 0 40.00 32.87 2.44 
  1 7.00 14.13 -2.44 
 64 0 11.00 12.59 -0.84 
  1 7.00 5.41 0.84 
 128 0 8.00 6.99 0.70 
  1 2.00 3.01 -0.70 
 256 0 25.00 54.55 -8.32 
  1 53.00 23.45 8.33 
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Contributions to the chi-square statistic 
  
 G 0 1 Margin 
 MIC   
 4 3.72 8.65 12.37 
 8 1.09 2.53 3.61 
 16 0.57 1.34 1.91 
 32 1.55 3.60 5.14 
 64 0.20 0.47 0.67 
 128 0.14 0.34 0.48 
 256 16.01 37.25 53.26 
 Margin 23.28 54.16 77.44 
  
  
  

Chi-square test for association between MIC_1 and G 

  
Pearson chi-square value is 60.28 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 G   
 Low 0 96.00 78.33 4.46 
  1 16.00 33.67 -4.46 
 Medium 0 95.00 82.53 3.11 
  1 23.00 35.47 -3.11 
 High 0 44.00 74.14 -7.72 
  1 62.00 31.86 7.72 
  
 
  
Contributions to the chi-square statistic 
  
 G 0 1 Margin 
 MIC_1   
 Low 3.98 9.27 13.26 
 Medium 1.88 4.38 6.27 
 High 12.25 28.50 40.75 
 Margin 18.12 42.16 60.28 
  
  
  

Chi-square test for association between MIC and K 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 9.72 with 6 d.f. 
  
Probability level (under null hypothesis) p = 0.137 
  
  
   Observed Fitted Residual 
 MIC K   
 4 0 33.00 32.34 0.27 
  1 8.00 8.66 -0.27 
 8 0 52.00 56.00 -1.31 
  1 19.00 15.00 1.31 
 16 0 50.00 56.00 -1.96 
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  1 21.00 15.00 1.96 
 32 0 39.00 37.07 0.74 
  1 8.00 9.93 -0.74 
 64 0 16.00 14.20 1.07 
  1 2.00 3.80 -1.07 
 128 0 7.00 7.89 -0.70 
  1 3.00 2.11 0.70 
 256 0 68.00 61.52 2.05 
  1 10.00 16.48 -2.05 
  
  
Contributions to the chi-square statistic 
  
 K 0 1 Margin 
 MIC   
 4 0.014 0.051 0.064 
 8 0.285 1.065 1.350 
 16 0.642 2.397 3.039 
 32 0.101 0.376 0.476 
 64 0.229 0.855 1.084 
 128 0.100 0.372 0.472 
 256 0.683 2.549 3.232 
 Margin 2.054 7.665 9.719 
  
  
 
  

Chi-square test for association between MIC_1 and K 

  
Pearson chi-square value is 4.53 with 2 d.f. 
  
Probability level (under null hypothesis) p = 0.104 
  
  
   Observed Fitted Residual 
 MIC_1 K   
 Low 0 85.00 88.33 -0.94 
  1 27.00 23.67 0.94 
 Medium 0 89.00 93.07 -1.14 
  1 29.00 24.93 1.14 
 High 0 91.00 83.60 2.13 
  1 15.00 22.40 -2.13 
  
  
Contributions to the chi-square statistic 
  
 K 0 1 Margin 
 MIC_1   
 Low 0.126 0.469 0.595 
 Medium 0.178 0.663 0.840 
 High 0.655 2.444 3.099 
 Margin 0.958 3.576 4.535 
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Chi-square test for association between MIC and R 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 62.70 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC R   
 4 0 40.00 37.95 1.30 
  1 1.00 3.05 -1.30 
 8 0 71.00 65.72 2.69 
  1 0.00 5.28 -2.69 
 16 0 71.00 65.72 2.69 
  1 0.00 5.28 -2.69 
 32 0 47.00 43.50 2.10 
  1 0.00 3.50 -2.10 
 64 0 15.00 16.66 -1.53 
  1 3.00 1.34 1.53 
 128 0 10.00 9.26 0.91 
  1 0.00 0.74 -0.91 
 256 0 57.00 72.20 -7.48 
  1 21.00 5.80 7.48 
  
 
 
  
Contributions to the chi-square statistic 
  
 R 0 1 Margin 
 MIC   
 4 0.11 1.38 1.49 
 8 0.42 5.28 5.71 
 16 0.42 5.28 5.71 
 32 0.28 3.50 3.78 
 64 0.17 2.06 2.22 
 128 0.06 0.74 0.80 
 256 3.20 39.79 42.99 
 Margin 4.67 58.04 62.70 
  
  
  

Chi-square test for association between MIC_1 and R 

  
Pearson chi-square value is 52.02 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 R   
 Low 0 111.00 103.67 3.23 
  1 1.00 8.33 -3.23 
 Medium 0 118.00 109.22 3.82 
  1 0.00 8.78 -3.82 
 High 0 82.00 98.11 -7.20 
  1 24.00 7.89 7.21 
  



 202 

Contributions to the chi-square statistic 
  
 R 0 1 Margin 
 MIC_1   
 Low 0.52 6.45 6.97 
 Medium 0.71 8.78 9.49 
 High 2.65 32.92 35.57 
 Margin 3.87 48.15 52.02 
  
  
  

Chi-square test for association between MIC and Lzd 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC Lzd   
 4 0 41.00 41.00 0.00 
 8 0 71.00 71.00 0.00 
 16 0 71.00 71.00 0.00 
 32 0 47.00 47.00 0.00 
 64 0 18.00 18.00 0.00 
 128 0 10.00 10.00 0.00 
 256 0 78.00 78.00 0.00 
  
  
Contributions to the chi-square statistic 
  
 Lzd 0 Margin 
 MIC   
 4 0 0 
 8 0 0 
 16 0 0 
 32 0 0 
 64 0 0 
 128 0 0 
 256 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC_1 and Lzd 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC_1 Lzd   
 Low 0 112.00 112.00 0.00 
 Medium 0 118.00 118.00 0.00 
 High 0 106.00 106.00 0.00 
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Contributions to the chi-square statistic 
  
 Lzd 0 Margin 
 MIC_1   
 Low 0 0 
 Medium 0 0 
 High 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC and Van 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC Van   
 4 0 41.00 41.00 0.00 
 8 0 71.00 71.00 0.00 
 16 0 71.00 71.00 0.00 
 32 0 47.00 47.00 0.00 
 64 0 18.00 18.00 0.00 
 128 0 10.00 10.00 0.00 
 256 0 78.00 78.00 0.00 
  
 
 
 
  
Contributions to the chi-square statistic 
  
 Van 0 Margin 
 MIC   
 4 0 0 
 8 0 0 
 16 0 0 
 32 0 0 
 64 0 0 
 128 0 0 
 256 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC_1 and Van 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC_1 Van   
 Low 0 112.00 112.00 0.00 
 Medium 0 118.00 118.00 0.00 
 High 0 106.00 106.00 0.00 
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Contributions to the chi-square statistic 
  
 Van 0 Margin 
 MIC_1   
 Low 0 0 
 Medium 0 0 
 High 0 0 
 Margin 0 0 

 
 
Chi-square test for association between MIC and Total 
  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 119.40 with 42 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Total   
 4 0 4.00 3.54 0.27 
  1 13.00 10.86 0.81 
  2 15.00 9.15 2.34 
  3 4.00 3.29 0.43 
  4 3.00 4.88 -0.97 
  5 0.00 1.83 -1.48 
  6 2.00 6.96 -2.20 
  7 0.00 0.49 -0.75 
 8 0 6.00 6.13 -0.06 
  1 22.00 18.81 0.97 
  2 25.00 15.85 2.94 
  3 1.00 5.71 -2.31 
  4 2.00 8.45 -2.66 
  5 1.00 3.17 -1.40 
  6 14.00 12.04 0.70 
  7 0.00 0.85 -1.04 
 16 0 8.00 6.13 0.89 
  1 25.00 18.81 1.88 
  2 15.00 15.85 -0.27 
  3 3.00 5.71 -1.33 
  4 5.00 8.45 -1.42 
  5 2.00 3.17 -0.76 
  6 11.00 12.04 -0.37 
  7 2.00 0.85 1.42 
 32 0 7.00 4.06 1.65 
  1 17.00 12.45 1.62 
  2 11.00 10.49 0.19 
  3 2.00 3.78 -1.03 
  4 3.00 5.60 -1.26 
  5 2.00 2.10 -0.07 
  6 5.00 7.97 -1.25 
  7 0.00 0.56 -0.81 
 64 0 1.00 1.55 -0.48 
  1 5.00 4.77 0.13 
  2 1.00 4.02 -1.76 
  3 3.00 1.45 1.38 
  4 3.00 2.14 0.64 
  5 2.00 0.80 1.40 
  6 3.00 3.05 -0.03 
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  7 0.00 0.21 -0.48 
 128 0 3.00 0.86 2.44 
  1 1.00 2.65 -1.20 
  2 2.00 2.23 -0.18 
  3 1.00 0.80 0.23 
  4 1.00 1.19 -0.19 
  5 0.00 0.45 -0.69 
  6 2.00 1.70 0.26 
  7 0.00 0.12 -0.35 
 256 0 0.00 6.73 -3.10 
  1 6.00 20.66 -4.29 
  2 6.00 17.41 -3.54 
  3 13.00 6.27 3.20 
  4 23.00 9.29 5.47 
  5 8.00 3.48 2.83 
  6 20.00 13.23 2.33 
  7 2.00 0.93 1.28 
  
  
Contributions to the chi-square statistic 
  
 Total 0 1 2 3 4 
 MIC   
 4 0.060 0.422 3.737 0.151 0.725 
 8 0.003 0.542 5.285 3.881 4.926 
 16 0.572 2.040 0.045 1.283 1.410 
 32 2.136 1.663 0.025 0.836 1.204 
 64 0.197 0.011 2.267 1.669 0.343 
 128 5.291 1.026 0.024 0.048 0.030 
 256 6.732 10.403 7.478 7.231 20.255 
 Margin 14.991 16.108 18.861 15.098 28.892 
  
  
 Total 5 6 7 Margin 
 MIC   
 4 1.830 3.530 0.488 10.944 
 8 1.485 0.317 0.845 17.284 
 16 0.432 0.091 1.578 7.450 
 32 0.005 1.109 0.560 7.536 
 64 1.781 0.001 0.214 6.483 
 128 0.446 0.054 0.119 7.039 
 256 5.862 3.461 1.236 62.659 
 Margin 11.841 8.564 5.040 119.395 
  
  
  

Chi-square test for association between MIC_1 and Total 
  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 89.08 with 14 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Total   
 Low 0 10.00 9.67 0.14 
  1 35.00 29.67 1.40 
  2 40.00 25.00 4.17 
  3 5.00 9.00 -1.70 
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  4 5.00 13.33 -2.98 
  5 1.00 5.00 -2.24 
  6 16.00 19.00 -0.93 
  7 0.00 1.33 -1.42 
 Medium 0 15.00 10.18 1.96 
  1 42.00 31.26 2.78 
  2 26.00 26.34 -0.09 
  3 5.00 9.48 -1.88 
  4 8.00 14.05 -2.13 
  5 4.00 5.27 -0.70 
  6 16.00 20.02 -1.22 
  7 2.00 1.40 0.63 
 High 0 4.00 9.15 -2.15 
  1 12.00 28.08 -4.28 
  2 9.00 23.66 -4.13 
  3 17.00 8.52 3.66 
  4 27.00 12.62 5.21 
  5 10.00 4.73 2.99 
  6 25.00 17.98 2.19 
  7 2.00 1.26 0.80 
 
 
 
  
Contributions to the chi-square statistic 
  
 Total 0 1 2 3 4 
 MIC_1   
 Low 0.011 0.959 9.000 1.778 5.208 
 Medium 2.277 3.693 0.004 2.119 2.604 
 High 2.898 9.206 9.084 8.447 16.389 
 Margin 5.186 13.858 18.088 12.343 24.201 
  
  
 Total 5 6 7 Margin 
 MIC_1   
 Low 3.200 0.474 1.333 21.963 
 Medium 0.305 0.806 0.252 12.060 
 High 5.864 2.739 0.432 55.058 
 Margin 9.369 4.019 2.017 89.082 
  
  
  

Chi-square test for association between MIC and Total_1 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 93.61 with 12 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Total_1   
 4 Low 32.00 23.55 2.85 
  Medium 7.00 8.18 -0.49 
  high 2.00 9.27 -2.90 
 8 Low 53.00 40.78 3.30 
  Medium 3.00 14.16 -3.73 
  high 15.00 16.06 -0.34 
 16 Low 48.00 40.78 1.95 
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  Medium 8.00 14.16 -2.06 
  high 15.00 16.06 -0.34 
 32 Low 35.00 27.00 2.55 
  Medium 5.00 9.37 -1.72 
  high 7.00 10.63 -1.36 
 64 Low 7.00 10.34 -1.64 
  Medium 6.00 3.59 1.46 
  high 5.00 4.07 0.54 
 128 Low 6.00 5.74 0.17 
  Medium 2.00 1.99 0.00 
  high 2.00 2.26 -0.20 
 256 Low 12.00 44.80 -8.55 
  Medium 36.00 15.55 6.61 
  high 30.00 17.64 3.81 
  
  
Contributions to the chi-square statistic 
  
 Total_1 Low Medium high Margin 
 MIC   
 4 3.03 0.17 5.71 8.91 
 8 3.66 8.79 0.07 12.52 
 16 1.28 2.68 0.07 4.03 
 32 2.37 2.04 1.24 5.65 
 64 1.08 1.62 0.21 2.91 
 128 0.01 0.00 0.03 0.04 
 256 24.02 26.88 8.65 59.55 
 Margin 35.45 42.18 15.98 93.61 
  
  
  

Chi-square test for association between MIC_1 and Total_1 

  
Pearson chi-square value is 78.10 with 4 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Total_1   
 Low Low 85.00 64.33 4.84 
  Medium 10.00 22.33 -3.57 
  high 17.00 25.33 -2.31 
 Medium Low 83.00 67.78 3.52 
  Medium 13.00 23.53 -3.01 
  high 22.00 26.69 -1.28 
 High Low 25.00 60.89 -8.52 
  Medium 44.00 21.14 6.72 
  high 37.00 23.98 3.65 
  
  
Contributions to the chi-square statistic 
  
 Total_1 Low Medium high Margin 
 MIC_1   
 Low 6.64 6.81 2.74 16.19 
 Medium 3.42 4.71 0.82 8.95 
 High 21.15 24.73 7.07 52.96 
 Margin 31.21 36.25 10.64 78.10 
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Chi-square test for association between MIC and smr 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 3.74 with 6 d.f. 
  
Probability level (under null hypothesis) p = 0.711 
  
  
   Observed Fitted Residual 
 MIC smr   
 4 Neg 41.00 40.88 0.37 
  Pos 0.00 0.12 -0.37 
 8 Neg 71.00 70.79 0.52 
  Pos 0.00 0.21 -0.52 
 16 Neg 70.00 70.79 -1.93 
  Pos 1.00 0.21 1.93 
 32 Neg 47.00 46.86 0.40 
  Pos 0.00 0.14 -0.40 
 64 Neg 18.00 17.95 0.24 
  Pos 0.00 0.05 -0.24 
 128 Neg 10.00 9.97 0.18 
  Pos 0.00 0.03 -0.18 
 256 Neg 78.00 77.77 0.55 
  Pos 0.00 0.23 -0.55 
  
  
Contributions to the chi-square statistic 
  
 smr Neg Pos Margin 
 MIC   
 4 0.0004 0.1220 0.1224 
 8 0.0006 0.2113 0.2119 
 16 0.0088 2.9437 2.9525 
 32 0.0004 0.1399 0.1403 
 64 0.0002 0.0536 0.0537 
 128 0.0001 0.0298 0.0299 
 256 0.0007 0.2321 0.2328 
 Margin 0.0111 3.7324 3.7435 
  
  
  

Chi-square test for association between MIC_1 and smr 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 1.85 with 2 d.f. 
  
Probability level (under null hypothesis) p = 0.396 
  
  
   Observed Fitted Residual 
 MIC_1 smr   
 Low Neg 112.00 111.67 0.71 
  Pos 0.00 0.33 -0.71 
 Medium Neg 117.00 117.65 -1.36 
  Pos 1.00 0.35 1.36 
 High Neg 106.00 105.68 0.68 
  Pos 0.00 0.32 -0.68 
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Contributions to the chi-square statistic 
  
 smr Neg Pos Margin 
 MIC_1   
 Low 0.0010 0.3333 0.3343 
 Medium 0.0036 1.1986 1.2022 
 High 0.0009 0.3155 0.3164 
 Margin 0.0055 1.8474 1.8530 
  
  
  

Chi-square test for association between MIC and qacG 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC qacG   
 4 Neg 41.00 41.00 0.00 
 8 Neg 71.00 71.00 0.00 
 16 Neg 71.00 71.00 0.00 
 32 Neg 47.00 47.00 0.00 
 64 Neg 18.00 18.00 0.00 
 128 Neg 10.00 10.00 0.00 
 256 Neg 78.00 78.00 0.00 
  
  
Contributions to the chi-square statistic 
  
 qacG Neg Margin 
 MIC   
 4 0 0 
 8 0 0 
 16 0 0 
 32 0 0 
 64 0 0 
 128 0 0 
 256 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC_1 and qacG 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC_1 qacG   
 Low Neg 112.00 112.00 0.00 
 Medium Neg 118.00 118.00 0.00 
 High Neg 106.00 106.00 0.00 
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Contributions to the chi-square statistic 
  
 qacG Neg Margin 
 MIC_1   
 Low 0 0 
 Medium 0 0 
 High 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC and qacH 

  
Pearson chi-square value is 0.00 with 0 d.f. 
   Observed Fitted Residual 
 MIC qacH   
 4 Neg 41.00 41.00 0.00 
 8 Neg 71.00 71.00 0.00 
 16 Neg 71.00 71.00 0.00 
 32 Neg 47.00 47.00 0.00 
 64 Neg 18.00 18.00 0.00 
 128 Neg 10.00 10.00 0.00 
 256 Neg 78.00 78.00 0.00 
  
  
Contributions to the chi-square statistic 
  
 qacH Neg Margin 
 MIC   
 4 0 0 
 8 0 0 
 16 0 0 
 32 0 0 
 64 0 0 
 128 0 0 
 256 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC_1 and qacH 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC_1 qacH   
 Low Neg 112.00 112.00 0.00 
 Medium Neg 118.00 118.00 0.00 
 High Neg 106.00 106.00 0.00 
  
  
Contributions to the chi-square statistic 
  
 qacH Neg Margin 
 MIC_1   
 Low 0 0 
 Medium 0 0 
 High 0 0 
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 Margin 0 0 
  
  
  

Chi-square test for association between MIC and qacJ 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC qacJ   
 4 Neg 41.00 41.00 0.00 
 8 Neg 71.00 71.00 0.00 
 16 Neg 71.00 71.00 0.00 
 32 Neg 47.00 47.00 0.00 
 64 Neg 18.00 18.00 0.00 
 128 Neg 10.00 10.00 0.00 
 256 Neg 78.00 78.00 0.00 
  
  
 
 
Contributions to the chi-square statistic 
  
 qacJ Neg Margin 
 MIC   
 4 0 0 
 8 0 0 
 16 0 0 
 32 0 0 
 64 0 0 
 128 0 0 
 256 0 0 
 Margin 0 0 
  
  
  

Chi-square test for association between MIC_1 and qacJ 

  
Pearson chi-square value is 0.00 with 0 d.f. 
  
  
  
   Observed Fitted Residual 
 MIC_1 qacJ   
 Low Neg 112.00 112.00 0.00 
 Medium Neg 118.00 118.00 0.00 
 High Neg 106.00 106.00 0.00 
  
  
Contributions to the chi-square statistic 
  
 qacJ Neg Margin 
 MIC_1   
 Low 0 0 
 Medium 0 0 
 High 0 0 
 Margin 0 0 
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Chi-square test for association between MIC and Urea 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 20.04 with 6 d.f. 
  
Probability level (under null hypothesis) p = 0.003 
  
  
   Observed Fitted Residual 
 MIC Urea   
 4 Neg 30.00 32.21 -0.90 
  Pos 11.00 8.79 0.90 
 8 Neg 53.00 55.79 -0.91 
  Pos 18.00 15.21 0.91 
 16 Neg 63.00 55.79 2.35 
  Pos 8.00 15.21 -2.35 
 32 Neg 45.00 36.93 3.09 
  Pos 2.00 10.07 -3.09 
 64 Neg 13.00 14.14 -0.67 
  Pos 5.00 3.86 0.67 
 128 Neg 7.00 7.86 -0.67 
  Pos 3.00 2.14 0.67 
 256 Neg 53.00 61.29 -2.61 
  Pos 25.00 16.71 2.61 
  
  
Contributions to the chi-square statistic 
  
 Urea Neg Pos Margin 
 MIC   
 4 0.152 0.558 0.710 
 8 0.139 0.510 0.649 
 16 0.933 3.421 4.354 
 32 1.764 6.469 8.233 
 64 0.092 0.339 0.431 
 128 0.094 0.343 0.436 
 256 1.120 4.107 5.228 
 Margin 4.295 15.747 20.041 
  
  
  

Chi-square test for association between MIC_1 and Urea 

  
Pearson chi-square value is 19.01 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Urea   
 Low Neg 83.00 88.00 -1.41 
  Pos 29.00 24.00 1.41 
 Medium Neg 108.00 92.71 4.26 
  Pos 10.00 25.29 -4.26 
 High Neg 73.00 83.29 -2.94 
  Pos 33.00 22.71 2.94 
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Contributions to the chi-square statistic 
  
 Urea Neg Pos Margin 
 MIC_1   
 Low 0.284 1.042 1.326 
 Medium 2.520 9.241 11.761 
 High 1.270 4.658 5.928 
 Margin 4.075 14.940 19.014 
  
 
 
  

Chi-square test for association between MIC and Neo 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 70.09 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Neo   
 4 R 11.00 14.15 -1.11 
  S 30.00 26.85 1.11 
 8 R 21.00 24.51 -0.99 
  S 50.00 46.49 0.99 
 16 R 15.00 24.51 -2.67 
  S 56.00 46.49 2.67 
 32 R 5.00 16.23 -3.71 
  S 42.00 30.77 3.71 
 64 R 7.00 6.21 0.40 
  S 11.00 11.79 -0.40 
 128 R 1.00 3.45 -1.66 
  S 9.00 6.55 1.66 
 256 R 56.00 26.93 7.90 
  S 22.00 51.07 -7.90 
  
  
Contributions to the chi-square statistic 
  
 Neo R S Margin 
 MIC   
 4 0.70 0.37 1.07 
 8 0.50 0.27 0.77 
 16 3.69 1.95 5.64 
 32 7.77 4.10 11.86 
 64 0.10 0.05 0.15 
 128 1.74 0.92 2.66 
 256 31.38 16.55 47.93 
 Margin 45.89 24.20 70.09 
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Chi-square test for association between MIC_1 and Neo 

  
Pearson chi-square value is 49.22 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Neo   
 Low R 32.00 38.67 -1.62 
  S 80.00 73.33 1.62 
 Medium R 20.00 40.74 -4.98 
  S 98.00 77.26 4.98 
 High R 64.00 36.60 6.77 
  S 42.00 69.40 -6.77 
  
  
 
Contributions to the chi-square statistic 
  
 Neo R S Margin 
 MIC_1   
 Low 1.15 0.61 1.76 
 Medium 10.56 5.57 16.12 
 High 20.52 10.82 31.34 
 Margin 32.23 16.99 49.22 
  
  
  

Chi-square test for association between MIC and Source 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 263.91 with 48 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Source   
 4 A 6.00 7.81 -0.77 
  B 2.00 0.85 1.34 
  H 27.00 22.70 1.44 
  O 0.00 0.24 -0.53 
  R 5.00 1.10 4.03 
  U 1.00 0.61 0.54 
  X 0.00 1.59 -1.37 
  XA 0.00 4.76 -2.48 
  XB 0.00 1.34 -1.26 
 8 A 14.00 13.52 0.16 
  B 3.00 1.48 1.42 
  H 52.00 39.30 3.41 
  O 0.00 0.42 -0.73 
  R 0.00 1.90 -1.57 
  U 2.00 1.06 1.04 
  X 0.00 2.75 -1.90 
  XA 0.00 8.24 -3.44 
  XB 0.00 2.32 -1.75 
 16 A 22.00 13.52 2.88 
  B 0.00 1.48 -1.38 
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  H 45.00 39.30 1.53 
  O 0.00 0.42 -0.73 
  R 3.00 1.90 0.91 
  U 1.00 1.06 -0.06 
  X 0.00 2.75 -1.90 
  XA 0.00 8.24 -3.44 
  XB 0.00 2.32 -1.75 
 32 A 15.00 8.95 2.42 
  B 2.00 0.98 1.12 
  H 30.00 26.02 1.26 
  O 0.00 0.28 -0.57 
  R 0.00 1.26 -1.23 
  U 0.00 0.70 -0.91 
  X 0.00 1.82 -1.48 
  XA 0.00 5.46 -2.68 
  XB 0.00 1.54 -1.36 
 64 A 3.00 3.43 -0.26 
  B 0.00 0.37 -0.64 
  H 5.00 9.96 -2.42 
  O 0.00 0.11 -0.34 
  R 1.00 0.48 0.78 
  U 1.00 0.27 1.47 
  X 0.00 0.70 -0.87 
  XA 8.00 2.09 4.47 
  XB 0.00 0.59 -0.80 
 128 A 1.00 1.90 -0.74 
  B 0.00 0.21 -0.47 
  H 7.00 5.54 0.95 
  O 1.00 0.06 3.93 
  R 0.00 0.27 -0.53 
  U 0.00 0.15 -0.39 
  X 0.00 0.39 -0.64 
  XA 0.00 1.16 -1.16 
  XB 1.00 0.33 1.21 
 256 A 3.00 14.86 -3.90 
  B 0.00 1.62 -1.47 
  H 20.00 43.18 -6.02 
  O 1.00 0.46 0.90 
  R 0.00 2.09 -1.67 
  U 0.00 1.16 -1.24 
  X 13.00 3.02 6.69 
  XA 31.00 9.05 8.85 
  XB 10.00 2.55 5.41 
  
  
Contributions to the chi-square statistic 
  
 Source A B H O R 
 MIC   
 4 0.42 1.54 0.82 0.24 13.86 
 8 0.02 1.56 4.10 0.42 1.90 
 16 5.31 1.48 0.83 0.42 0.63 
 32 4.09 1.06 0.61 0.28 1.26 
 64 0.05 0.37 2.47 0.11 0.56 
 128 0.43 0.21 0.39 14.86 0.27 
 256 9.46 1.62 12.44 0.62 2.09 
 Margin 19.78 7.85 21.66 16.95 20.57 
  
  
 Source U X XA XB Margin 
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 MIC   
 4 0.25 1.59 4.76 1.34 24.82 
 8 0.84 2.75 8.24 2.32 22.16 
 16 0.00 2.75 8.24 2.32 21.99 
 32 0.70 1.82 5.46 1.54 16.81 
 64 2.00 0.70 16.72 0.59 23.57 
 128 0.15 0.39 1.16 1.38 19.23 
 256 1.16 33.02 53.20 21.71 135.33 
 Margin 5.10 43.00 97.78 31.22 263.91 
  
  
 
  

Chi-square test for association between MIC_1 and Source 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 186.82 with 16 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Source   
 Low A 20.00 21.33 -0.39 
  B 5.00 2.33 2.16 
  H 79.00 62.00 3.95 
  O 0.00 0.67 -1.00 
  R 5.00 3.00 1.43 
  U 3.00 1.67 1.27 
  X 0.00 4.33 -2.60 
  XA 0.00 13.00 -4.68 
  XB 0.00 3.67 -2.38 
 Medium A 37.00 22.48 4.23 
  B 2.00 2.46 -0.37 
  H 75.00 65.32 2.22 
  O 0.00 0.70 -1.04 
  R 3.00 3.16 -0.11 
  U 1.00 1.76 -0.71 
  X 0.00 4.57 -2.70 
  XA 0.00 13.70 -4.87 
  XB 0.00 3.86 -2.48 
 High A 7.00 20.19 -3.94 
  B 0.00 2.21 -1.82 
  H 32.00 58.68 -6.29 
  O 2.00 0.63 2.09 
  R 1.00 2.84 -1.34 
  U 1.00 1.58 -0.56 
  X 13.00 4.10 5.41 
  XA 39.00 12.30 9.75 
  XB 11.00 3.47 4.96 
  
  
Contributions to the chi-square statistic 
  
 Source A B H O R 
 MIC_1   
 Low 0.08 3.05 4.66 0.67 1.33 
 Medium 9.39 0.09 1.43 0.70 0.01 
 High 8.62 2.21 12.13 2.97 1.19 
 Margin 18.09 5.34 18.22 4.34 2.53 
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 Source U X XA XB Margin 
 MIC_1   
 Low 1.07 4.33 13.00 3.67 31.86 
 Medium 0.33 4.57 13.70 3.86 34.07 
 High 0.21 19.31 57.92 16.34 120.89 
 Margin 1.60 28.21 84.62 23.87 186.82 
  
 
  
  

Chi-square test for association between MIC and Source_1 

  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 48.51 with 6 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC Source_1   
 4 H 27.00 22.70 1.44 
  Other 14.00 18.30 -1.44 
 8 H 52.00 39.30 3.41 
  Other 19.00 31.70 -3.41 
 16 H 45.00 39.30 1.53 
  Other 26.00 31.70 -1.53 
 32 H 30.00 26.02 1.26 
  Other 17.00 20.98 -1.26 
 64 H 5.00 9.96 -2.42 
  Other 13.00 8.04 2.42 
 128 H 7.00 5.54 0.95 
  Other 3.00 4.46 -0.95 
 256 H 20.00 43.18 -6.02 
  Other 58.00 34.82 6.02 
  
  
Contributions to the chi-square statistic 
  
 Source_1 H Other Margin 
 MIC   
 4 0.816 1.012 1.828 
 8 4.101 5.086 9.187 
 16 0.826 1.024 1.849 
 32 0.609 0.756 1.365 
 64 2.473 3.067 5.540 
 128 0.387 0.480 0.868 
 256 12.442 15.429 27.871 
 Margin 21.656 26.853 48.508 
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Chi-square test for association between MIC_1 and Source_1 

  
Pearson chi-square value is 40.82 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 MIC_1 Source_1   
 Low H 79.00 62.00 3.96 
  Other 33.00 50.00 -3.96 
 Medium H 75.00 65.32 2.23 
  Other 43.00 52.68 -2.23 
 High H 32.00 58.68 -6.30 
  Other 74.00 47.32 6.30 
  
 
  
Contributions to the chi-square statistic 
  
 Source_1 H Other Margin 
 MIC_1   
 Low 4.66 5.78 10.44 
 Medium 1.43 1.78 3.21 
 High 12.13 15.04 27.17 
 Margin 18.22 22.60 40.82 
  
  
  79 

  80  tabulate [counts=t_qacAB_Total; class=qacAB,Total] 

  81  percent [class=qacAB] old=t_qacAB_Total; new=t1_qacAB_Total 

  82  tabulate [counts=t_qacAB_Total_1; class=qacAB,Total_1] 

  83  percent [class=qacAB] old=t_qacAB_Total_1; new=t1_qacAB_Total_1 

  84 

  85  dbarchart [ti='Distributions for Total by qacAB'; append=yes] 

t_qacAB_Total 

  86  dbarchart [ti='Distributions for Total by qacAB p'; append=yes] 

t1_qacAB_Total 

  87  dbarchart [ti='Distributions for Total_1 by qacAB'; append=yes] 

t_qacAB_Total_1 

  88  dbarchart [ti='Distributions for Total_1 by qacAB p'; append=yes] 

t1_qacAB_Total_1 

  89 

  90  chisquare [print=test,prob,fitted,tchisquare; method=pearson] 

t_qacAB_Total 
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Chi-square test for association between qacAB and Total 
  

Message: some expected values less than 5, so test may be unreliable. 
Pearson chi-square value is 72.37 with 7 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 qacAB Total   
 Neg 0 26.00 15.36 4.14 
  1 72.00 47.15 6.15 
  2 35.00 39.73 -1.24 
  3 9.00 14.30 -2.13 
  4 10.00 21.19 -3.78 
  5 5.00 7.95 -1.56 
  6 20.00 30.20 -2.97 
  7 1.00 2.12 -1.13 
 Pos 0 3.00 13.64 -4.14 
  1 17.00 41.85 -6.15 
  2 40.00 35.27 1.24 
  3 18.00 12.70 2.13 
  4 30.00 18.81 3.78 
  5 10.00 7.05 1.56 
  6 37.00 26.80 2.97 
  7 3.00 1.88 1.13 
  
  
 
Contributions to the chi-square statistic 
  
 Total 0 1 2 3 4 
 qacAB   
 Neg 7.36 13.10 0.56 1.97 5.91 
 Pos 8.30 14.76 0.63 2.22 6.66 
 Margin 15.66 27.86 1.20 4.18 12.57 
  
  
 Total 5 6 7 Margin 
 qacAB   
 Neg 1.09 3.44 0.59 34.03 
 Pos 1.23 3.88 0.67 38.34 
 Margin 2.32 7.32 1.26 72.37 
  
  
  91  chisquare [print=test,prob,fitted,tchisquare; method=pearson] 

t_qacAB_Total_1 
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Chi-square test for association between qacAB and Total_1 

  
Pearson chi-square value is 46.72 with 2 d.f. 
  
Probability level (under null hypothesis) p < 0.001 
  
  
   Observed Fitted Residual 
 qacAB Total_1   
 Neg Low 133.00 102.24 6.77 
  Medium 19.00 35.49 -4.49 
  high 26.00 40.26 -3.72 
 Pos Low 60.00 90.76 -6.78 
  Medium 48.00 31.51 4.49 
  high 50.00 35.74 3.72 
  
  
Contributions to the chi-square statistic 
  
 Total_1 Low Medium high Margin 
 qacAB   
 Neg 9.25 7.67 5.05 21.97 
 Pos 10.42 8.63 5.69 24.75 
 Margin 19.67 16.30 10.74 46.72 
  
  
  92 

  93  endjob 

  
End of Azra Khan - analysis of high EB resistant strains only. Current data space: 1 block, peak 
usage 100% at line 5. 
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