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Summary 
 

Biomedical devices are indispensable for modern health care and therapeutic industry which 

revolutionized the treatment strategies and outcomes. Biomedical indwelling devices are 

prone to the contamination and colonization of endogenous or exogenous microbes.  The 

consequences of this colonization are severe including failure of indwelling devices, 

treatment failure, burden to the healthcare facility, prolonged and extensive treatment and 

sometime death of the patient.  Staphylococcus aureus is ubiquitous pathogen that harbors 

battery of enzymes, toxins, adhesion proteins and variety of pathogenic strategy. It is 

responsible for minor skin infection to life threatening infection and capable of causing 

disease in hospitals and community. Biofilm formation potential is another pathogenic 

strategy of   Staphylococcus aureus which helps it to colonize on biomedical devices and 

results in worse consequences for patient and healthcare industry.   

This study was conducted on 6,424 biomedical indwelling devices which were supposed to 

be contaminated or infected by endogenous or exogenous pathogens. Of these biomedical 

devices, 4.420 (69%) were colonized by bacterial of fungal pathogens. Escherichia coli was 

most common pathogen, followed by Staphylococcus aureus, Acinetobacter species, 

Coagulase Negative Staphylococcus aureus (CONS), Klebsiella pneumoniea, Pseudomonas 

species, Streptococcus species and Candida species.  Methicillin resistance Staphylococcus 

aureus (MRSA) was isolated form 626 biomedical indwelling devices which were subjected 

to antibiotic susceptibility testing and biofilm formation studies. Standard microbiological 

and molecular methods were used for identification and confirmation of pathogens involved 

in biomedical device related infections. Antibiotic susceptibility testing was performed 

following the Clinical and Laboratory Standard Institute (CLSI) guidelines. These 626 

strains of MRSA subjected to SCCmec tying, agr characterization and restriction fragment 

length polymorphism. Phylogenetic analysis was performed based on 16S rRNA sequences 

of 16 selected strains of MRSA. ZS35C (MG757682), ZS39H (MG757684), ZS41C 

(MG757686) and ZS43C (MG757688) were subjected to internalization by osteoblasts to 

understand the role of bbp and cna genes in development of osteomyelitis.  

Of 4,420 infected biomedical devices, 28.1% (1242/4420) were urinary catheters followed 

by 19.9% (882/4420) central venous catheters (CVC), 16.6% (736/4420) orthopedic 

implants, 12.2% (539/4420) Ventriculo-peritoneal/Ventriculoatrial (VP/VA), 12% 

(531/4420) endotracheal tube (ETT), 11% (490/4420) peritoneal dialysis catheters (PD). Of 

626 isolates of MRSA, 23% (203/882) were isolated from CVC, 14% (69/490) PD, 7% 
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(37/531) ETT, 30% (221/736) orthopedic implants, 5% (62/1242) urinary catheters and 6% 

(34/539) were isolated from VP/VA shunts. MRSA was isolated from 14% (626/4420) of 

infected biomedical devices and catheters.  

MRSA was confirmed by cefoxitin disc method and amplification of mecA gene. Antibiotic 

sensitivity testing revealed that all MRSA isolated from biomedical devices were sensitive 

to vancomycin and linezolid. Of 626 MRSA, 79% were resistant to amikacin, 92% 

gentamycin, 96% tobramycin, 87% azithromycin, 46% doxycycline, 96% ciprofloxacin, 

94% ofloxacin, 85% trimethoprim/sulfamethoxazole, 72% clindamycin and 25% 

chloramphenicol. A correlation was established between community acquired MRSA (CA-

MRSA) and hospital acquired MRSA (HA-MRSA) for antibiotic resistance profile and no 

significant difference (p>0.05) between these two types of MRSA was observed. 

All strains of MRSA were subjected to SCCmec typing and 20% were found belonging to 

SCCmec II, 17% SCCmec III, 33% SCCmec IV, and 8% SCCmec V, respectively. None of 

the isolates of MRSA belonged to SCCmec I and 22% were not classified by this method. 

All strains typed by SCCmec were moderate biofilm producer except 20% of SCCmec IV 

which were strong biofilm producers. SCCmec typed strains were subjected to agr 

characterization and found 52% belonged to agr I, 12% agr II, 8% agr III and 14% agr IV. 

MRSA belonged to agr II were strong biofilm producers, all others were moderate biofilm 

producers. These characterized strains were subjected to RFLP and sixteen unique DNA 

band patterns were obtained after gel analysis. Sixteen strains were selected, one from each 

RFLP group for 16S rRNA ribotyping and subjected to phylogenetic analysis. Adhesion 

genes were detected in 48 selected strain of MRSA and found 65% harbored clfA, 100% 

clfB, 85% fnbA, 60% fnbB, 83% eno, 92% fib, 60% cna, 60% sdrD, 69% sdrE, 93% icaA 

and 77% harbored icaD. High prevalence of adhesion genes showed these are indispensable 

for biofilm formation but participation of single gene couldn’t be determined accurately.  

SCCmec typing, agr characterization and adhesion genes detection was also conducted on 

221 strains of MRSA isolated from bone and orthopedic implant related infections. Four 

strains were selected for adhesion and internalization by osteoblast, which is crucial for 

pathogenesis of osteomyelitis by MRSA. This study revealed ZS35C was internalized 

rapidly because it harbored bbp and cna genes which facilitated osteomyelitis. ZS41C was 

internalized at lower rate because it only contained bbp. Association of ZS43C to osteoblasts 

suggested that cna gene have role association of MRSA to osteoblast. Expression studies 

showed that bbp and cna were upregulated during internalization; bbp is complimentary for 

internalization and cna promoted association.  
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Thymoquinone is biologically active component of Nigella sativa and showed excellent 

inhibitory effect against planktonic and biofilm form of MRSA, not only free living but 

established biofilm of MRSA was also eradicated by thymoquinone.   

This study concluded that CA-MRSA is emerging pathogen for biomedical device related 

infection. CA-MRSA is rapidly gaining resistance towards available antibiotic and will 

impose major threat to healthcare industry. There is no significant difference between CA-

MRSA and HA-MRSA regarding antibiotic resistance profile and adhesion genes frequency. 

This study also concluded that there is no significant relationship between antibiotic 

resistance profile, biofilm formation and adhesion genes in MRSA isolated from biomedical 

device related infections.  For osteomyelitis bbp has major role and cna supports the 

development of osteomyelitis by MRSA. This investigation will help to understand the 

molecular pathogenesis of osteomyelitis and support us to manage the biomedical related 

infections especially orthopedic implant related infections. Thymoquinone is an active 

component of Nigella sativa and showed excellent antibacterial activity against planktonic 

and biofilm form of MRSA. Antibacterial and anti-biofilm activity of TQ was enhanced 

when used with antibiotics.		
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Chapter 1 
Introduction 

 
Health care settings are always on the risk of nosocomial infections. One of the nosocomial 

pathogens is Staphylococcus aureus which harbors battery of pathogenic tools and 

responsible for mild to life threatening infections in community and hospitals (Lowy, 1998; 

Schaumburg et al., 2015). In parallel Staphylococcus aureus is becoming more virulent and 

difficult to treat with versatile genome and antibiotic resistant profile (Lindsay and Holden, 

2006). High prevalence of methicillin resistance Staphylococcus aureus (MRSA) reported 

in USA, Canada, Australia and many European contraries in last two decades (Warshawsky 

et al., 2000). In Pakistan 47% infections are caused by MRSA.   

Staphylococcus aureus is colonized in the general population (Chambers, 2001), of which 

1.3% is colonized with MRSA (Salgado et al., 2003). Main reservoir of MRSA is the 

hospitals where patients are admitted with MRSA infections, environment of hospitals, 

inanimate objects and surfaces which comes in contact to infected patients (Mulligan et al., 

1993; Waldvogel and Bisno, 2000). MRSA is transmitted through direct contact to patient 

having MRSA infection or through healthy carrier. MRSA can be transferred by contact to 

the skin of infected patient or colonizer so, every person dealing with MRSA harboring 

individuals should have contact precautions. These contact precautions should be adopted 

throughout hospitalization even after recovery because MRSA colonization may persist after 

treatment (Calfee et al., 2014; Marimuthu et al., 2014).  Colonization of MRSA depends 

upon the age, recent hospitalization, antibiotic therapy, poverty level, diabetes and immune 

status (Gorwitz et al., 2008). Anterior nares are most common site for MRSA colonization 

followed by throat and axilla (Mermel et al., 2011; Albrecht et al., 2015). These carriers 

don’t have any sign and symptoms of MRSA infection but can transfer pathogen to other 

healthy individuals with the same potential as the infected patient. This bug is also reported 

in the retails meat of North America and Asian countries (Weese et al., 2010). Hospital 

acquired MRSA infections develop due to consistent antibiotic therapy or intermittent 

carriers of MRSA (Kluytmans et al., 1997).  

Staphylococci are gram positive cocci arranges in grapes like cluster, ferment carbohydrates 

and produce yellow colonies (Wendlandt et al., 2013). These are metabolically active 

organisms and found on skin and mucous membrane as normal flora which results in 

bacteremia when get entry into blood. Pathogenic staphylococci are capable to clot plasma 

and hemolysis of RBSs. Based on presence of coagulase activity staphylococcus is called 
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Staphylococcus aureus. This pathogen has multiple exotoxins, enzymes and toxins in 

addition to coagulase activity which attributed the virulence and pathogenicity of this bug. 

Coagulase activity is also used as identification tool for Staphylococcus aureus. Culture base 

detection methods are considered golden methods for identification of bacterial pathogens 

but these are time consuming and needs skillful person and facility. Molecular base methods 

like PCR are rapid methods for pathogen detection with considerable high sensitivity and 

reliable specificity (Feng et al., 2016; Zhao et al., 2016).     

Staphylococcus aureus is responsible for variety of infections including minor infections to 

life threatening infections (Tangchaisuriya et al., 2014). It’s also responsible for bone 

infections like septic arthritis and osteomyelitis (Tong et al., 2015). This pathogen can 

disseminate through lymphatic vessels and blood vessels from local site to other body 

organs. For osteomyelitis, it grows in the blood vessels of terminal ends of long bones and 

cause necrosis of bone tissue. It’s also responsible for scalded skin syndrome and toxic shock 

syndromes due to variety of toxins it harbors.  This bug is responsible for infections in 

community and hospitals.  

Prevalence of Staphylococcus aureus is variable in different parts of world depending upon 

heath care facilities. It’s documented that 13 to 74% Staphylococcus aureus infections are 

due to MRSA (Köck et al., 2010).  It’s also evident that community acquired MRSA is 

emerging rapidly compared to hospital acquired MRSA (Hassoun et al., 2017). Prevalence 

of MRSA is 47% in Pakistan which correlates with prevalence of MRSA in other Asian 

countries (Chen and Huang, 2014).   

Antimicrobial resistant is major threat to the modern health care setting and it becomes worse 

when infectious agent is gram positive bacteria like Staphylococcus aureus especially 

MRSA (Control and Prevention, 2013; Aidara-Kane et al., 2018). Staphylococcus aureus 

are resistant to many antibiotics, ß-lactamase production is common in Staphylococcus 

aureus and resulted resistance to penicillin group of antibiotics. This resistance is plasmid 

mediated and spread rapidly. Acquisition of mec gene is independent of ß-lactamase plasmid 

and alter penicillin binding protein (PBP) which becomes unavailable for methicillin 

antibiotics and this leads to the methicillin resistance Staphylococcus aureus. Vancomycin 

was considered best option for treatment of MRSA (Bhateja et al., 2006; Hodille et al., 2017) 

but emergence of VISA (vancomycin intermediate Staphylococcus aureus) and VRSA 

(vancomycin resistance Staphylococcus aureus) posed serious problems to health care and 

pharmaceutical industry.  
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Plasmid mediated resistance to other antibiotics like aminoglycosides (amikacin, 

gentamycin and tobramycin), macrolides (azithromycin), chloramphenicol, ß-lactams 

antibiotics, trimethoprim/sulfamethoxazole and tetracycline are also common in MRSA. 

Staphylococcus aureus that get resistance to oxacillin or methicillin is termed as methicillin 

resistance Staphylococcus aureus (MRSA). Methicillin was introduced in 1959 and S. 

aureus acquired resistance in 1961. MRSA was first reported in UK in 1961, in Europe 1965, 

in Australia 1966, in USA 1968, in Asia 1970 and in Pakistan 1989 (Ashiq and Tareen; 

Molton et al., 2013). Soon after acquisition of resistance, USA have to face the epidemics 

of MRSA (Oliveira and de Lencastre, 2002). MRSA carries altered penicillin proteins 

(PBP2a) encoded by mecA gene which is 50 kb piece of DNA. This piece of DNA also 

contains insertion sites for other antibiotics and confers resistance to other antibiotics as 

well. Resistance to antibiotics depends upon the time, MRSA surviving in the environment. 

Longer the time it spends in the environment more resistance to antibiotics it will be.  

Penicillins and cephalosporins can’t bind this proteins and results in resistance to these group 

of antibiotics. This bug is resistance to common antibiotics including penicillin, 

cephalosporins and carbapenems which make it very difficult to treat and manage. 

Vancomycin was considered as recommended drug for MRSA infections (Tong et al., 2015). 

The resistance and failure of treatment with vancomycin was also reported previously (Han 

et al., 2012). Vancomycin resistant strain of Staphylococcus aureus was reported in USA in 

2002. The failure of available drugs increased rate of morbidity, mortality, hospitalization 

and cost of treatment. Resistance to antibiotics was mediated by overuse of antibiotics in 

health care setting and poultry farms which made treatment of this infectious agent more 

difficult and complicated (Teramoto et al., 2016). 

One third of surgical wounds are infected with Staphylococcus aureus and results in fatal 

consequences (Dennis et al., 2002). Rate of carrying MRSA is 20-50%, compromised 

immune status, indwelling biomedical catheters, work in health industry, drug users and 

insulin dependent diabetes are predisposing factors (Waldvogel and Bisno, 2000).  

Quick diagnostic tools and discovery of new antibiotics can reduce mortality, mortality, 

hospitalization and cost of treatment (Bauer et al., 2010; Nicolsen et al., 2013; Palavecino, 

2014). It’s necessary to diagnose MRSA infection quickly and correctly for optimum 

treatment and infection control strategies. MRSA can be detected rapidly by amplification 

of specific genes. PCR based identification and antibacterial sensitivity testing is more rapid 

and reliable than chromogen and traditional culture media (Polisena et al., 2011). To combat 

antibiotic resistance bacterial infections special consideration is given to medicinal plants 
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that were frequently used for treating the infections. Another strategy to reduce or overcome 

this problem is combination of antibiotics. Different combinations of drugs were used to 

reduce the exposure time to bacteria and enhanced outcome of antibiotic therapy (Davis et 

al., 2015). The combination of antibiotics with other organic material like essential oils is 

also very effective strategy to control the pathogen and eradicate biofilm producer pathogen 

from biomedical devices and catheters (Davis et al., 2016). 

MRSA can be broadly categorized into hospital acquired MRSA (HA-MRSA) and 

community acquired MRSA (CA-MRSA). CA-MRSA is defining as MRSA infection 

acquired outside hospital or within two days of hospitalization and patient shouldn’t be 

admitted to hospital in last two years (Boyce, 1998; Salmenlinna et al., 2002). While HA-

MRSA is MRSA infection acquired during hospitalization and not before 48 hours of 

hospitalization.   

Many strategies were adopted to characterize MRSA in various contraries and found similar 

strains were well adopted in same environment and showed similar behavior towards 

antibiogram, biofilm formation and other characters. Different strains are involved in 

community and hospital acquired infections which can be typed and differentiated by 

different molecular methods (Hassoun et al., 2017). For epidemiological study of MRSA, 

the highly sophisticated and powerful technique is MLST (Multi Locus Sequence Typing) 

(Enright et al., 2000) or pulsed field gel electrophoresis (PFGE) (Tenover et al., 1995; 

Challagundla et al., 2018) which involve the sequence of housekeeping genes (Maiden et 

al., 2013). Molecular typing methods involve the different genes to characterize 

Staphylococcus aureus, like genes encoding staphylococcus protein A (Frenay et al., 1996) 

and staphylococcal chromosomal cassette (SCC) mec gene (Oliveira and de Lencastre, 2002; 

Tenover et al., 2006; Challagundla et al., 2018). Different typing methods have different 

significances and applications. PFGE is considered as gold standard for investigations of 

MRSA outbreaks in hospital and hospital to hospital transmission (Gibson et al., 2014). For 

phylogenetic analysis and evolutionary studies MLST is reported to be most useful.  

Molecular characterization of MRSA based upon five clonal variants of SCCmec gene. The 

size of these subtypes of SCCmec ranges from 20 to 68kb (Appelbaum, 2007). Hospital 

acquired MRSA belonged to SCCmecII and community acquired MRSA belonged to 

SCCmecIV (Moran et al., 2005; Maree et al., 2007; Mediavilla et al., 2012). MRSA can be 

distinguished by Panton-Valentine leucocidin (PVL)which is one of the powerful exotoxin 

and responsible for lysis of leucocytes especially neutrophils. This is powerful tool for 

pathogenesis of MRSA. Otto, (2013) described that MRSA can be grouped into hospital 
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acquired MRSA (HA-MRSA) and community acquired MRSA (CA-MRSA) depending 

upon the hospitalization, indwelling catheters, antibiotic therapy and previous healthcare 

contact (Otto, 2013; Gibson et al., 2014).  The gene pvl is carried by CA-MRSA and HA-

MRSA don’t harbour this gene (Vandenesch et al., 2003; Maree et al., 2007). This gene 

makes CA-MRSA more virulent than HA-MRSA (Cosgrove et al., 2003; Diep and Otto, 

2008). Initially prevalence of HA-MRSA was low 6.8% but it is increasing gradually but the 

prevalence of CA-MRSA is more rapid and virulent in these days (Tiwari and Sen, 2006; 

Fomda et al., 2014).   

Some aspects of pathogenicity of MRSA are biofilm production potential and antibiotic 

resistance (Otto, 2014; Harms et al., 2016). This bug can make biofilm on biotic and abiotic 

surfaces which makes it superbug of hospital acquired infections (Percival et al., 2015; 

Phillips, 2016). The association of medical device related infection with biofilm was 

discovered in 1972 (Johanson et al., 1972). Biofilm discovered in 1980 on CVC and health 

pace maker when electron microscopy applied in medicine and diagnosis (Marrie and 

Costerton, 1984). Biofilm producer MRSA have extraordinary potential to resist the 

antibiotics and evade host immune response by producing extracellular polysaccharides 

substances (EPS) , which made it interesting candidate for research (Lindsay and Von Holy, 

2006; Akbas and Kokumer, 2015). EPS consist of polysaccharides, extracellular DNA and 

proteins which makes it resistance to external forces and antibiotics (Percival et al., 2010). 

These characteristics of biofilm forming bacteria leads to unhealed wounds and device 

related infections (Percival et al., 2010; Seth et al., 2012). There are many mechanisms of 

biofilm which makes it resistant to antibiotics effect and external forces compared to the 

planktonic counterpart.  Increased resistance to antibiotics is due to  

• Incomplete penetration of antibiotic in EPS (Francolini and Donelli, 2010) 

• Dilution of antibiotics by EPS (Hall-Stoodley et al., 2012) 

• Slow growth rate of bacteria within biofilm (Spoering and Lewis, 2001) 

• Efflux pump (Soto, 2013) 

• Antibiotic induced resistance due to rapid plasmid exchange (Hausner and 

Wuertz, 1999) 

• Antibiotic efficacy is reduced by nutrients and oxygen depletion (Francolini 

et al., 2010) 

Antibiotic resistance of pathogens poses major problems, and threat to the public health. All 

bacteria showed antimicrobial resistance but gram-positive bacteria especially 
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Staphylococcus aureus pose major threat to public health (Organization, 2014). In addition 

to Staphylococcus aureus, CONS and S. epidermidis, other pathogens that are responsible 

for device related infections and biofilm formation are Acinetobacter baumannii, E. coli, K. 

pneumoniae and P. aeruginosa (Vuong et al., 2004; Niveditha et al., 2012).  

When biomedical device is placed in the body, the proteins, salts and ions of host interact 

with indwelling device and form a film of proteins and salts over the surface of it (An and 

Friedman, 2000; Yu et al., 2015). This film changes the surface characteristics of implanted 

material and makes it compatible to bacterial attachment and start the process of biofilm 

formation (Johnson et al., 2016). Biofilm is the community of microorganisms attached to 

biotic or abiotic surfaces having its own communication and defence mechanism. Genetic 

diversity and survival adaptation of microorganisms in biofilm showed it is preferred mode 

of life for microorganisms (Van Dijck and Jabra-Rizk, 2017). Periasamy et al. (2012) 

described biofilm a constant source of remittent infection (Periasamy et al., 2012). 

Formation of biofilm is well studies in past and physiological and genetic characteristics are 

well described. Formation of biofilm is dynamic process that involves multiple species of 

bacteria or single species. 

In 1965, Antonie van Leeuwenhoek reported first time that prokaryotes like bacteria have 

tendency to adhere to each other and other surfaces but the term “biofilm” was used first 

time in 1977 when William Costerton discovered that	bacteria in lake Alpine have tendency 

to adhere to the rocks rather than floating free in the water (Geesey et al., 1977). He used 

the term “biofilm” for such adherent bacteria.  

 Biofilm involves the five steps (Hall-Stoodley et al., 2004; Dang and Lovell, 2016). Biofilm 

starts with reversible attachment followed by permanent attachment of bacterial cells. 

Permanent attachment to biotic or abiotic attachment is followed by formation of 

microcolony which leads to biofilm maturation and then dispersion which is final stage of 

biofilm development.  

Depending upon the nature of biomedical implant surfaces and bacterial surface adhesion 

proteins the reversible attachment initiates which is easily erupted by the shear forces. 

Bacteria have natural tendency to adhere to the solid surfaces or tissues because biofilm is 

natural way of existence for bacterial species. This step is crucial for biofilm development 

because initial adhesion is integral part to start of biofilm development and bacteria are 

loosely attached to biomedical surfaces and can be removed easily and antibiotics are most 

effective in this stage (Dang and Lovell, 2016). Once the initial loose attachment is made 

bacterial flagella or cilia are arrested and it start the production of extracellular polymeric 
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substances (EPS). EPS is the mixture of polysaccharides, lipids, proteins, teichoic acid, host 

products and extracellular DNA (Feng et al., 2018). Production of EPS makes bacterial 

attachment from reversible to irreversible mode followed by rapid proliferation and 

aggregation. After this transition development of microcolony starts and results in the 

development of communication system among bacterial species and the best communication 

system for biofilm is quorum sensing. It regulates the density of biofilm, production of EPS, 

secondary toxins and functions related to maintenance of biofilm and growth of biofilm 

(Jayaraman and Wood, 2008). After these steps microcolony develops into three-

dimensional complicated structure with its own communication and defence mechanism. 

This is the maturation stage of biofilm development. At this stage biofilm is maintained and 

have capability to face any adverse environment and antibiotics effect. EPS also involved in 

the attachment of other bacterial colonies to this developed biofilm and makes it multi specie 

structure. After maturation, some bacterial cells are released from the matured biofilm and 

attached to the new surfaces and establish biofilm over there. This is called dispersion which 

is under the influence of intrinsic factors within biofilm and autolysis (Renner and Weibel, 

2011).  Wimpenny et al. (2000) described biofilm as heterogeneous structure, biofilms on 

the same surfaces may be different from each other in term of species, cellular 

communication, metabolic activities and response to the adverse environments (Wimpenny 

et al., 2000). Due to heterogeneity, it is very difficult to study and understand the biofilm 

mechanisms and characteristics. Only 2-5% of biofilm are made by bacterial biomass and 

water is major constituent of biofilm (Rabin et al., 2015).   

 
Figure 1.1: Five steps of biofilm formation on medical devices (Srivastava and Bhargava, 

2016). 
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Literature reported 65% (CDC) to 80% (NIH) of medical infections are due to biofilm 

producer bacteria or fungi. Catheters and biomedical devices are responsible for most of 

nosocomial infections. Device related infections posed major problem to health care industry 

in relation to increased morbidity, mortality and economic burden (Robinson, 2001; Donlan, 

2008). It was found 13.2% of all hospitalised patients need catheters and chances of 

colonization of pathogens to indwelling catheters increases with time (Zimakoff et al., 

1993). It was 1982, when biofilm was described on CVC for first time (Christensen et al., 

1982). Prosthetic device related infections are also caused by Staphylococcus aureus (Tong 

et al., 2015). With urinary catheters chances of UTI becomes 3-10% (Kurosaka et al., 2001). 

Staphylococcus aureus has potential to form biofilm on heart valves and results in life 

threating consequences (Nethercott et al., 2013). Pathogens enter body during insertion of 

catheter or implants or these biomedical materials are already colonised with bacteria.  

Richards et al. (1999) reported 95% of urinary trach infections are due to urinary catheters, 

87% of blood infections are due to CVC and other catheters that directly related to blood 

and 86% pneumonia is ventilator associated (Richards et al., 1999).  

Biomedical devices are important component of modern health providing facility and 

revolutionized the therapeutic outcomes. Its outcomes are worst when get contaminated or 

colonised with endogenous or exogenous pathogens. Device related infections contributes 

two third of hospital acquired infections and 10% die during hospitalization and treatment 

(Weiner et al., 2016). In Asian countries like Pakistan the prevalence of hospital acquired 

infection due to indwelling biomedical devices is more than USA and Europe (Rosenthal et 

al., 2014). Duration of catheterization may be from few days to many days and even 

permanent depending upon the health status of patient. Long duration of catheterization 

attributes the hospital acquired infections (Crouzet et al., 2007; Hooton et al., 2010)       

Central venous catheters are indispensable biomedical devices in seriously ill patients, which 

are required for intravenous drugs, medicine and food items. Thrombosis and bacterial 

infections are the major problems associated with CVC (Parienti et al., 2015). When CVC 

is inserted into blood it is coated with plasma protein like fibrinogen and collagen. 

Fibrinogen attached to the CVC attracts platelets and leukocytes and makes aggregation of 

platelets (Baskin et al., 2009; Sukavaneshvar, 2017). In literature Staphylococci aureus was 

reported most frequently isolated pathogen isolated from CVC infection followed by CONS, 

E. coli, Klebsiella pneumonea, Pseudomonas aeruginosa and candida (Shah et al., 2013; 

Lebeaux et al., 2014; Timsit et al., 2018).    
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For patients with end stage kidney disease peritoneal dialysis is good option and alternate of 

haemodialysis. The insertion of peritoneal dialysis catheter depends upon the health status 

of patient, treatment strategy and comfort of physician (Yip et al., 2013). The infection of 

peritoneal dialysis is responsible for technical failure and treatment failure. Literature 

reported Staphylococcus aureus, the most common cause of peritoneal dialysis infection 

followed by CONS, Staphylococci aureus and candida (Nessim, 2011; Lukowsky et al., 

2013). Staphylococci aureus attributed 12-14% peritoneal catheter related infections (Fahim 

et al., 2010; Govindarajulu et al., 2010). The predisposing factors are prolonged treatment, 

antibiotic usage, immune status of patient and duration of catheterization (Matuszkiewicz–

Rowinska, 2009; Hook et al., 2012; Li and Chow, 2012).  

Urinary catheters are most frequently used biomedical devices in health care industry to 

relieve the patients suffering from urinary tract dysfunctions. Its estimated that 15 to 25% 

patients need indwelling urinary catheters during hospitalization or any stage of treatment 

(Van Roessel et al., 2014). Urinary indwelling catheter infection is directly related to the 

length of time catheters stay in the body (Kwaan et al., 2015). Flores-Mireles et al., (2015) 

and other researchers throughout world reported Escherichia coli, the most common cause 

of urinary catheter related infection followed by Klebsiella pneumonea, CONS, 

Staphylococcus aureus and Pseudomonas aeruginosa (Siddiq and Darouiche, 2012; Nicolle, 

2014; Flores-Mireles et al., 2015). 

Prosthetic joints and orthopedic implants are indispensable for older patients and 

dramatically enhanced quality of life of older and fractured patients. These biomedical 

devices are prone to bacterial infection which may result in complicated situation like 

osteomyelitis when causative agent is Staphylococcus aureus. Infection of orthopaedic 

implants attributes 14.8% failure of hip implants due to inflammation and destruction of 

tissues which support orthopaedic implants (Bozic et al., 2009).  In previous studies, 

Pseudomonas aeruginosa is reported most common cause of bone and orthopaedic implant 

related infections followed by Staphylococcus aureus and Staphylococcus epidermidis 

(Skogman et al., 2012).  

Endotracheal tubes (ETT) are prone to infection which results in ventilator associated 

pneumonea. During insertion of ETT it is contaminated with skin flora and result in the 

infection. Some studies reported that 100% ETT get contaminated with bacteria so it’s 

recommended to use silver coated ETT to minimize the infection rate (Inglis et al., 1995; 

Neethirajan et al., 2014). Literature reported Acinetobacter baumannii the most common 
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cause of ETT infection followed by Pseudomonas aeruginosa, Staphylococcus aureus and 

CONS (Gil-Perotin et al., 2012; Vandecandelaere et al., 2012). 

Gram positive bacteria especially Staphylococcus aureus are associated with device and 

implant related infections. Biofilm synthesized by Staphylococcus aureus is single specie or 

multi species depending upon the time of catheter or implant insertion in the body. This 

biofilm is responsible for conversion of local infection to systemic infections because after 

maturation dispersion is normal mechanism of biofilms formation (Donlan, 2001; Stoodley 

et al., 2002).  

Biofilm producer MRSA can be controlled and managed by physical and chemical methods 

including removal of catheters, antibiotics in combination, nanoparticles, enzymes and 

various anti-peptides (Lellouche et al., 2012; Ferrer et al., 2017). Device related biofilm 

infections are very difficult to eradicate because these pathogens escape the host immune 

system easily and pose resistance to antibiotics. Resistance to antibiotics is due to EPS which 

is protective covering of biofilm (Habash and Reid, 1999).  

Antibiotic therapy of biofilm is based upon the conventional antibiotics which are developed 

against planktonic form of bacteria. Planktonic form of bacteria is easy to eradicate state of 

bacteria as compared to sessile or inert form. Bacterial biofilm is 1000-fold more resistant 

to the antibiotics than its counterpart in planktonic form, which makes conventional 

antibiotic strategies to combat infection less effective (de Paz, 2015). Biofilms are more 

resistant to antibiotics and less susceptible to the biocides like sodium hypochlorite and 

chlorhexidine used in health care industry for decontamination (Otter et al., 2015; Lockhart 

et al., 2017).  

Orthopedic implants are very commonly used biomedical devices in modern medicine which 

enhance quality of life especially for elders. Bacterial infections are commonly observed in 

orthopedic implants and pathogens isolated from these implants are multi drug resistant 

(MDR) bacteria (Saginur et al., 2006). Most common cause of orthopedic implants and bone 

infection is MRSA, which is isolated from osteomyelitis and rheumatoid arthritis patients 

(Bengtson et al., 1987). 

Medicinal plants have been good choice for eradication of pathogens, inhibition of biofilm 

formation and eruption of biofilm on biotic and abiotic surfaces (Lellouche et al., 2012). 

Essential oils of medicinal herbs prevent the initial attachment of pathogens and block cell 

to cell communication which is required for biofilm formation and maturation (Packiavathy 

et al., 2012). Nigella sativa has been used in old days as marvelous medicine for curing 

many diseases and recent studies also reported it as a medicinal drug with excellent 
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antibacterial and antiviral activity with variety of pharmacological properties 

(Gholamnezhad et al., 2016). 

Staphylococcus aureus is common pathogen of device and catheter related infections which 

results in failure of implant or indwelling device, chronic infection and extensive treatment. 

There are two mechanisms involved in the biofilm synthesis. One involves polysaccharide 

intracellular adhesion (PIA) which is mediated by ica operon and other involves the bacterial 

surface proteins interaction with host proteins or biomedical device materials (Hennig et al., 

2007; O'Neill et al., 2008). Surface proteins of Staphylococcus aureus also called microbial 

surface components recognizing adhesive matrix molecules (MSCRAMMs) mediates initial 

adhesion of bacterial cells to the biomedical material and starts the process of biofilm 

formation (Tong et al., 2015). 

 Large number of genes are involved in various stages of biofilm formation. Two fibronectin 

binding protein (fnbA and fnbB), two clumping factor binding protein (clfA and clfB), 

collage binding proteins (cna), bone sialo binding protein (bbp), elastin binding proteins 

(eno) and fibrinogen binding proteins (fib) are adhesion proteins which are well 

characterized and extensively studies due to their involvement in the indwelling medical 

devices. Congo red agar (CRA) is described the simple way to phenotypically distinguished 

the strains that are PIA-positive and PIA negative. (Heilmann and Götz, 1998). PIA positive 

strains detected by black colonies and PIA negative strains were detected by red colonies on 

CRA. This is simple and physiological method for preliminary screening of biofilm producer 

bacteria.  

In an experiment two genes of ica operon were inactivated and result was loss of PIA activity 

(Heilmann et al., 1996). This experiment performed by Heilmann et al., (1996) confirmed 

the role of ica operon for PIA production. It’s demonstrated that culming factor A (clfA) 

induce attachment of bacteria to biomedical devices especially polyethylene based catheters 

(Vaudaux et al., 1995). Some drugs when used in the sub inhibitory concentration induce 

the expression of ica operon and enhanced PIA (Rachid et al., 2000) and facilitate the biofilm 

formation on implanted devices. 

Osteomyelitis is infection of bone and bone marrow caused by haematogenous, surgical or 

traumatic inoculation of pathogen that require quick and accurate diagnosis and effective 

treatment strategy. Osteomyelitis are categorised as most difficult to eradicate infections 

(Kavanagh et al., 2017) and worst complication of orthopaedic implantation. Osteomyelitis 

is caused by viruses and fungus but bacteria especially S. aureus is most common cause of 

osteomyelitis (Shmerling et al., 1990; Terrier and Gasque, 2017). Staphylococcus aureus is 
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responsible for osteomyelitis in young adults compared to young children and old peoples. 

Most of bone infection, around 80% are due to S. aureus (Waldvogel et al., 1970). The 

disposing factors of osteomyelitis are orthopedic implants, rheumatic arthritis and joint 

surgery. Staphylococcus aureus is most common cause of orthopedic implant related 

infections and pose major problem when infectious pathogen is MRSA (Lee et al., 2010; 

Kaasch et al., 2014). MRSA is responsible for bone and orthopedic implant related infection 

and required extensive treatment strategies, cost of treatment and longer stay in hospital 

(Nixon et al., 2006; Rebmann and Aureden, 2011).  

It is very difficult to eradicate the pathogen from bone because it is hard for antibiotics to 

reach the target site at optimum concentration (Lazzarini et al., 2004).  Osteomyelitis is 

worse when causative pathogen is MRSA because it can attach bone matrix and osteoblasts 

can internalise it (Bertelli et al., 2016). Biofilm associated infection are very difficult to 

eradicate because of low penetration of antibiotics and presence of inert cells. Biofilm 

associated infection accounts for 80% of all infections which lead to medical complications 

and burden to health care facility (Davies, 2003). Orthopaedic implants increased probability 

of osteomyelitis and removal of implants is required in most cases (Montanaro et al., 2011).  

Osteoblasts are among some non-professional phagocytic cells that have capacity to 

internalise the bacterial cells. It’s reported that MRSA can invade the osteoblasts which 

makes it strong candidate for osteomyelitis by direct contact. MRSA can invade osteoblasts 

and can survive over there which is strong pathogenic tool for MRSA (Khalil et al., 2007). 

Internalization of S. aureus by osteoblast protect it from immune cells and antibiotics which 

may not penetrate osteoblast easily (Valour et al., 2015). Internalization of MRSA by 

osteoblasts is mediated by bacterial cell surface adhesion proteins especially fnbB, fnbA, fib, 

eno, cna and bbp. These interactions between osteoblasts and bacterial cell surface proteins 

facilitate different steps of internalization like cell to cell interaction, adhesion and finally 

invading. 	

Capacity of S. aureus to infect osteoblast depends on the interaction between BEM (Bone 

Extracellular Matrix) and adhesions (MSCRAMM) on the surface of S. aureus (Heilmann, 

2011). There are multiple adhesions on the surface of S. aureus but cna and bbp are primarily 

involved in the implant related osteomyelitis (Campoccia et al., 2009). Fibronectin binding 

proteins fnbA/B facilitates attachment to osteoblast and promote internalization by 

osteocytes (Kintarak et al., 2004).  

Communication or quorum-sensing mechanism is essential for establishment, maintenance 

and dispersion of biofilm. Quorum-sensing mechanism or density dependent virulent factor 
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is controlled by agr operon which is essential for skin and soft tissue (SST) infections 

(Murray et al., 2014; Sully et al., 2014). The only known system for quorum-sensing is agr 

system. The agr operon consist of two promotors, one produces agrB, D, C, A and other one 

is responsible for RNAIII which is regulatory molecule for proteins and toxins like Panton–

Valentine leukocidin (Novick and Geisinger, 2008; Queck et al., 2008) to establish the 

biofilm and activate defence mechanism.  

Antibiotic resistance is global problem of health care setting which results in the increased 

mortality, extensive treatment and long hospitalization. The situation becomes worse when 

multi drug resistance pathogen is biofilm producer and forms biofilm on medical devices 

including catheters and implants. Keeping in mind all these factors this study is directed to 

isolate the causative agent of device related infection, antibiogram, phenotypic and 

genotypic studies of biofilm formation on medical device surfaces and involvement of bbp 

gene in the development of osteomyelitis. This study will us better understand the 

pathogenesis of osteomyelitis by MRSA and combat strategies to eradicate thus superbug.  
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Chapter 2 

Materials and Methods 
High quality distilled water was used in all media and reagents preparation. Glass wares 

were properly washed, oven dried and autoclaved before use. The media and glass wares 

were autoclaved at temperature of 121°C and 15 pounds square inch pressure for time of 15 

minutes. 

Table 2.1: Phosphate Buffer Saline (Sambrook and Russell, 2001) 

S. No. Components g L-1 

1. NaCl 8 

2. KCl 0.2 

3. KH2PO4 0.24 

4. Na2HPO4 1.44 

Dissolved completely and made the final volume up to 1000mL. pH adjusted at 7.4±0.1   

Table 2.2: Nutrient Agar (Oxoid, UK)   

S. No. Components  g L-1 

1. Peptone 5 

2. Beef extract 3 

3.  Agar 15 

Table 2.3: Nutrient Broth (Oxoid, UK) 

S. No. Components  g L-1 

1. Peptone 5 

2. Beef extract 3 

Table 2.4: Blood Agar (Oxoid, UK) 

S. No. Components  g L-1 

1. Blood agar base 40 

Blood agar base was cooled to 40-50˚C after autoclaving and aseptically added 5% sterile, 

defibrinate blood. Mixed well and poured in the plates. 

Table 2.5: Eosin Methylene Blue Agar (Oxoid, UK) 

S. No. Components  g L-1 

1. Eosin methylene blue agar (Oxoid) 37.50 
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Table 2.6: Mac-Conkey Agar Medium (Cappuccino and Sherman, 2004) 

S. No. Components  g L-1 

1. Bacto peptone 170 

2. Proteose peptone 3.0 

3. Lactose 10.0 

4. Bile salts mixture 1.5  

5. Sodium chloride 5.0  

6. Agar  13.5  

7. Neutral red 0.03   

8. Crystal violet 0.001  

9. Distilled water 1000 

pH adjusted at 7.1±0.1 

Gram Staining Solution (Solution A & B)  

Table 2.7: Hucker’s Crystal Violet Solution A (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 
1. Crystal violet (90% dye content) 2.0 g  

2. Ethyl alcohol (95%)  20.0 mL 

 

Table 2.8: Hucker’s Crystal Violet Solution B (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 

1. Ammonium oxalate 0.8 g 

2. Distilled water  80.0 mL 

 

Table 2.9: Gram’s Iodine (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 

1. Iodine  1.0 g 

2. Potassium iodide 2.0 g 

3 Distilled water 300 mL 
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Table 2.10: Ethyl Alcohol (95%) (Cappuccino and Sherman, 2004) 

S. No. Components v/v 

1. Ethyl alcohol (100%) 95 mL 

2. Distilled water 5.0 mL 

 

Table 2.11: Safranin (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 

1. Safranin  0.25 g 

2. Ethyl alcohol (95%)  10.0 mL 

3. Distilled water 90 mL 

 

Table 2.12: Motility Test Medium (Cappuccino and Sherman, 2004) 

S. No. Components  gm L-1 

1. Motility agar  30.0 g 

2. Distilled water  1000mL 

pH adjusted at7.5+0.2 

Solution for Biochemical Tests 

Table 2.13: Reagent for Catalase Test (Cappuccino and Sherman, 2004) 

S. No. Components v/v 

1. H2O2 (35%)  9mL 

2. Distilled water 91mL 

 

Table 2.14: Reagent for Oxidase Test (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 

1. Tetramethyl-p-phenylene 0.1g 

2. Distilled water 10mL 

 

Table 2.15: Reagent for Nitrate Broth for Nitrate Reduction Test (Cappuccino and Sherman, 

2004) 

S. No. Components gm L-1 

1. Peptone 5.0g  

2. Beef extract 3.0g  
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3. Potassium nitrate 5.0g  

4. Distilled water 1000mL 

pH adjusted at 7.2±0.1 

Table 2.16: Simmons Citrate Agar (Cappuccino and Sherman, 2004) 

S. No. Components gm L-1 

1. Ammonium dihydrogen phosphate 1.0g  

2. Dipotassium phosphate 1.0g 

3. Sodium chloride 5.0g 

4. Sodium citrate 2.0g 

5. Magnesium sulphate 0.2g 

6. Agar  15.0g 

7. Bromophenol blue  0.08g 

8. Distilled water 1000g 

pH adjusted at 6.9±0.1 

Table 2.17: L- Broth (Cappuccino and Sherman, 2004) 

S. No. Components  gm L-1 

1. Tryptone 10g 

2. Yeast extract 5g 

3. NaCl 5g 

4. Distilled water 1000mL 

 

Table 2.18: L- Agar (Cappuccino and Sherman, 2004) 

S. No. Components  gm L-1 

1. Tryptone 10g 

2. Yeast extract 5g 

3. NaCl 5g 

4. Agar 15g 

5. Distilled water 1000mL 
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Table 2.19: Medium for antibiotic resistance  

S. No. Components  µg mL-1 

1. Amikacin 64 

2. Chloramphenicol 32 

3. Tetracycline 16 

4. Vancomycin 16 

5. Linezolid 8 

Reagents and Solutions for Genomic DNA Isolation 

Table 2.20: TE Buffer 

S. No. Components Concentration 

1.  EDTA 0.5M 

2. Tris 1 M 

186.1 g of Na2EDTA.2H2O was dissolved in 700mL of H2O and pH adjusted to 8 with 10N 

Na-OH and at the end water was added to make volume up to 1L. pH of Tris base was 

attuned to 7.5 by addition of 1M HCl. TE buffer was composed of 1mM EDTA and 10mM 

Tris base. 

Table 2.21: SDS (10%) Solution 

S. No. Components gm L-1 

1.  SDS 10 g 

2. Distilled water 100 mL 

Proteinase K  

Preparation of Proteinase K was accomplished having strength of 20 mg/mL in 1.5 mM 

calcium acetate and 50mM Tris (pH 8.0). 

Table 2.22: NaCl (5M) Solution 

S. No. Components gm L-1 

1.  NaCl 29.25g 

2. Distilled water 100 mL 
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Table 2.23: CTAB/NaCL Solution 

S. No. Components gm l-1 

1.  NaCl 4.1g 

2. CTAB 10.0g 

3. Distilled water 100 mL 

4.1g NaCl was dissolved in 80 mL deionized and distilled water and gradually added 10g 

cetyltrimethyl ammonium bromide (CTAB) while continuous rousing and heated to 65oC. 

Adjusted volume up to 100 mL. 

Table 2.24: Chloroform/ Isoamyl Alcohol Solution 

S. No. Components 25mL 

1.  Chloroform  24 mL 

2. Isoamyl alcohol  1 mL 

 

Table 2.25: Phenol /Chloroform/ Isoamyl Alcohol Solution 

S. No. Components 50mL 

1. Phenol 25 mL 

2.  Chloroform  24 mL 

 Isoamyl alcohol  1 mL 

Phenol was equilibrated prior to use and it placed at 4oC after wrapping with aluminium foil 

around bottle to prevent the oxidation due to effect of light. Ice-cold isopropanol was used 

to precipitate DNA.  

Buffers/ media for agarose gel electrophoresis 

Table 2.26: 10 X TBE (tris base boric acid EDTA) 

S. No. Components 100mL 

1. 1X TBE 

 

99 mL 

2.  Agarose 1g 

1% agarose gel was prepared by mixing 1 g agarose in 100 mL of 1X TBE buffer. 

Table 2.27: TBE (tris base boric acid EDTA) 

S. No. Components gm L-1 

1. Boric acid 

 

55g 

2.  Tris base 

 

108g 

 Sodium EDTA 

 

9.25g 
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Table 2.28: Running buffer (0.5 X TBE) 

S. No. Components mL L-1 

1. 1X TBE 

 

50 mL 

2.  Distilled water 950 mL 

 

Table 2.29: Ethanol (70%) Solution 

S. No. Components 100mL 

1. Absolute ethanol  70 mL 

2.  Distilled water 30 mL 

 

Table 2.30: 16S rRNA Universal Primer Sequences 

S. No. Primer  Primer sequences 

1. 785F GGATTAGATACCCTGGTA 

2.  907R CCGTCAATTCMTTTRAGTTT 

 
Table 2.31: Primers for SCCmec (Zhang et al., 2008) and agr (Gilot et al., 2002) 
characterization 

S. 

No. 

Primer  Primer sequences 

1. SCCmec type I F. GCTTTAAAGAGTGTCGTTACAGG 
R. GTTCTCTCATAGTATGACGTCC 

2.  SCCmec type II F. CGTTGAAGATGATGAAGCG 
R. CGAAATCAATGGTTAATGGACC 

3. SCCmec type III F. CCATATTGTGTACGATGCG 
R. CCTTAGTTGTCGTAACAGATCG 

4. SCCmec type IVa F. GCCTTATTCGAAGAAACCG 
R. CTACTCTTCTGAAAAGCGTCG 

5. SCCmec type IVb F. TCTGGAATTACTTCAGCTGC 
R. AAACAATATTGCTCTCCCTC 

6. SCCmec type IVc F. ACAATATTTGTATTATCGGAGAG 
R. TTGGTATGAGGTATTGCTGG 

7. SCCmec type IVd F. CTCAAAATACGGACCCCAATACA 
R. TGCTCCAGTAATTGCTAAAG 

8. SCCmec type V F. GAACATTGTTACTTAAATGAGCG 
R. TGAAAGTTGTACCCTTGACACC 

9. agr pan ATGCACATGGTGCACATGC 

10. agr group 1 GTCACAAGTACTATAAGCTGCGAT 
11. agr group 2 TATTACTAATTGAAAAGTGGCCATAGC 
12. agr group 3 GTAATGTAATAGCTTGTATAATAATACCCAG 
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13. agr group 4 CGATAATGCCGTAATACCCG 
 
Table 2.32: Primers for mecA (Zhang et al., 2008), pvl (McClure et al., 2006) adhesion 

genes, sdr (Sabat et al., 2006; Post et al., 2014) and ica (Arciola et al., 2006). 

S. 

No. 

Primer  Primer sequences 

1. mecA F. GTGAAGATATACCAAGTGATT 
R. ATGCGCTATAGATTGAAAGGAT 

2. pvl F. ATCATTAGGTAAAATGTCTGGACATGATC 
R. GCATCAAGTGTATTGGATAGCAAAAGC 

3. clfA F. ATTGGCGTGGCTTCAGTGCT 
R. CGTTTCTTCCGTAGTTGCATTTG 

4. clfB F. ACATCAGTAATAGTAGGGGCAAC 
R. TTCGCACTGTTTGTGTTTGCAC 

5. fnbA F. CATAAATTGGGAGCAGCATCA 
R. ATCAGCAGCTGAATTCCCATT 

6. fnbB F. GTAACAGCTAATGGTCGAATTGATACT 
R. CAAGTTCGATAGGAGTACTATGTTC 

7. eno F. ACGTGCAGCAGCTGACT 
R. CAACAGCATCTTCAGTACCTTC 

8. fib F. CTACAACTACAATTGCGTCAACAG 
R. GCTCTTGTAAGACCATTTTCTTCAC 

9. cna F. AAAGCGTTGCCTAGTGGAGA 
R. AGTGCCTTCCCAAACCTTTT 

10. sdrD F. AGTGGGAACAGCATCAATTTTA 
R. GTGGTAGATTGTACACTTTCTT 

11. sdrE F. AGAAAGTATACTGTAGGAACTG 
R. GATGGTTTTGTAGTTACATCGT 

12. icaA F. TCTCTTGCAGGAGCAATCAA  
R. TCAGGCACTAACATCCAGCA  

13. icaD F. ATGGTCAAGCCCAGACAGAG  
R. CGTGTTTTCAACATTTAATGCAA  

14. Bbp F. AACTACATCTAGTACTCAACAACAG 
R. ATGTGCTTGAATAACACCATCATCT 

15 Coa (Coagulase gene) 
(Himabindu et al., 
2009) 

F. CGAGACCAAGATTCAACAAG  
R. AAAGAAAACCACTCACATCA  

 
Collection of samples 

Samples were collected from various hospitals in Lahore like Jinnah hospital, Sheikh Zayed 

hospital, Mayo hospital and Doctors hospital. Samples were surgical tubes including central 

venous catheters (CVC), dialysis catheters, endotracheal tubes (ETT), orthopaedic implants, 

urinary catheters and Ventriculo-peritoneal (VP)/ Ventriculoatrial (VA) shunts. Samples are 
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collected aseptically and brought to the laboratory in transport media maintain the cold 

chain. After receiving in Microbiology Lab, these samples were processed immediately.  

Isolation of bacterial isolates 

Isolation of the bacterial isolates was done from catheters. All samples processed in 

duplicate; (a): direct inoculation of catheter on culture medium and (b): inoculation on 

culture medium after enrichment in broth. For enrichment catheters were cut down into small 

size pieces (3cm) and placed in blood heart infusion (BHI; Oxoid, UK) for two hours for 

incubation. After incubation, BHI was centrifuged and pellet was inoculated on culture 

plates. Sheep blood agar (SBA; Oxoid, UK), Sabouraud agar (SA; Oxoid, UK) and 

MacConkey agar (MAC; Oxoid, UK) were used for inoculation. Culture plates were placed 

for incubation at 37°C. After 24 hours of incubation, colonies were observed; their colony 

characteristics were noted and isolated colonies were purified on respective agar plates. 

Purification of isolated strains 

Isolated colonies were purified on selective and differential media. After 24 hours, purified 

growth of isolated colonies was observed. Colony characteristics were noted and matched 

to earlier one. These purified colonies were used in further study. 

Preservation of cultures 

To maintain the original strains for long period of time, the strains were preserved in 20% 

glycerol stocks. Pure bacteria were refreshed in the L-broth by keeping them 24 hours in the 

shaking incubator. After 24 hours incubation, 800µl culture was mixed with 200 µl of 

autoclaved glycerol. Vortex it well and preserved at -20°C. 

Morphological characteristics of bacteria isolated from catheters 

Culture characteristics and colony morphology of bacteria on culture media was noted. 

Preliminary identification and characterization of pathogens was based upon these culture 

characteristics. 

Colony characteristics  

For colony characteristics, 18-hour old culture was used. Colour, size, margins, surface, 

texture, elevation and general appearance was observed with naked eye and magnifying lens. 

These variable features helped to identify and classify the pathogens isolated from catheters.  

Gram’s staining 

On the basis of different constituents of cell wall, it differentiates bacteria into two groups 

that helps to select the confirmatory tests.  

A droplet of sterilized normal saline was positioned on dry clean glass slide. A colony of 

pure bacterial culture was picked up with sterile loop and gently mixed with normal saline. 
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This suspension was air dried at room temperature and then fixed in 70% ethanol to keep 

morphology and arrangement intact.  

This fixed smear was stained with CV (crystal violet) solution for 60 seconds followed by 

washing with distilled water. Iodine was used as mordant to fix CV on bacterial wall for 45 

seconds followed by washing with distilled water. After that ethyl alcohol was used as 

decolourizer for 30 seconds which removed CV-iodine complex from gram negative 

bacterial wall only. Excessive decolourizer was washed by distilled water for 30 seconds. 

Then safranin was applied as counterstain for 2 minutes that stained colourless cells i.e. 

gram-negative bacteria. Final washing was done to remove excessive safranin. Smears were 

air dried and observed under compound microscope with 100X oil emersion lens.   

Biochemical characterization of bacteria isolated from catheters 

 After preliminary identification of gram negative and Gram-positive bacteria, various 

biochemical tests were performed for the identification of pathogen. 

Catalase test  

This test was performed to differentiate staphylococci from streptococci. Catalase was 

produced by staphylococci which converts H2O2 (3%) to carbon dioxide. To perform this 

test one drop of H2O2 was placed on clean dry slide and mixed with gram positive bacterial 

colony. Production of bubbles within 30 seconds was denoted by staphylococcus and other 

gram-positive cocci was noted as streptococci.  

Coagulase test  

This test was performed to differentiate pathogenic Staphylococcus aureus from another 

catalase positive staphylococci. Coagulase, an enzyme produced by most of S. aureus, 

converts fibrinogen to fibrin. S. aureus produce two types of coagulase; free and bound.  

 Free coagulase 

Free coagulase converts fibrinogen to fibrin by activating coagulase reacting proteins. This 

test is performed by tube method and involves the following steps. 

• Rabbit plasma is diluted ten times in physiological saline (PBS) 

• Three test tubes were labelled as test (T), negative control (N) and positive control 

(P). Test organism was grown 16-18 hours in Luria broth (LB), Staphylococcus 

aureus grown 16-18 hours in broth was used as a positive control and sterile 

Phosphate Buffer Saline (PBS) was used as negative control. 

• Pipetted 0.5 mL of diluted plasma in each tube 
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• Pipetted 0.1 mL physiological saline in “N” labelled test tube, test organism in “T” 

labelled test tube and S. aureus in test tube labelled as “P”. 

• These tubes were incubated at 37� and observed for clumping after one hour and 

up to 6 hours.  

• Clumping in the tube “T” was noted as positive for coagulase and no clumping in 

test tube as negative. 

Bound coagulase 

Bound coagulase is firmly attached to bacterial cell wall and directly converts fibrinogen to 

fibrin. The test was performed by placing one drop of rabbit plasma on dry clean slide and 

mixed with free colony of test organism. Clumping against black background was noted as 

positive for coagulase and no clumping was denoted negative.  

DNase test 

This test differentiates DNase producers from non-DNase producer microorganisms. Test 

organism was streaked on the DNA agar plate (Oxoid, UK) that contained intact DNA.  After 

16-18 hours incubation, the plate was flooded with 1N HCl. Hollow zones around streaking 

lines showed DNase positive and test organism was considered negative if there was no 

clearing zone around streaking lines.  

Mannitol salt agar (Oxoid, UK) 

MSA was selective and differential medium for S. aureus. Bacteria that can bear high 

concentration of salt and ferment mannitol can give yellow colonies on MSA plates. To 

perform test isolated colonies were streaked on MSA observed for yellow colonies after 

incubation at 37ºC.  

Oxidase test 

This test was used to differentiate bacteria having cytochrome C oxidase enzyme. Bacteria 

that had this enzyme produce purple colour when mixed with oxidase reagent (p-

aminodimethylaniline). To perform this test oxidase reagent was impregnated on the filter 

paper. An isolated colony of test organism from nutrient agar was picked and streaked on 

the filter paper impregnated with oxidase reagent (Corey and Tius, 1980). The production of 

purple colour within 30 seconds noted positive for oxidase.      

API (Analytical Profile Index) 20E (Enterobacteriaceae) 

API 20E (bioMérieux, USA) was used for the identification and confirmation of 

Enterobacteriaceae and other non-fastidious gram-negative bacteria.  
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Ortho-Nitrophenyl-β-galactoside (ONPG) 

This test is used for the detection of β-galactosidase activity. The presence of enzyme was 

indicted by production of yellow colour after addition of test bacteria and incubation at 37ºC 

for 24 hours.  

Arginine Dihydrolase (ADH) 

This test was used for detection of ADH in the bacteria. The presence of ADH was indicated 

by change of colour from yellow to red/orange after addition of test bacteria and incubation 

at 37ºC for 24 hours.  

Lysine Decarboxylase (LDC) 

This test was used for detection of LDC in the test organism. The presence of LDC was 

indicated by change of colour from yellow to red/orange after addition of test bacteria and 

incubation at 37ºC for 24 hours. 

Ornithine Decarboxylase (ODC) 

This test was used for detection of ODC in the test organism. The presence of ODC was 

indicated by change of colour from yellow to red/orange after addition of test bacteria and 

incubation at 37ºC for 24 hours 

Citrate utilization (CIT) 

This test was used for the detection of microorganism’s capability to consume citrate as 

carbon source and energy. The capability of citrate utilization was observed by change of 

pale green colour to blue green colour after addition of bacterial suspension and incubation 

overnight at 37ºC. 

H2S production 

 This test was performed to confirm the production of hydrogen sulfide by some bacteria and 

good identification marker for gram negative bacteria. Production of black precipitates in 

the wells; after addition of bacterial suspension and overnight incubation at 37ºC confirmed 

H2S production. 

Urease test  

This test confirms the production of urease by some bacteria. Urease production was 

indicated by change of yellow colour to red/orange after addition of bacterial suspension and 

overnight incubation at 37ºC 

Tryptophan Deaminase 

This test confirms the production of enzyme tryptophan deaminase by some bacteria. For 

this test, bacterial suspension was added in the well labelled as TDA and incubated overnight 
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at 37ºC. After incubation, TDA solution was added in the well and observed immediately 

for production of reddish brown colour.  

Indole production  

This test confirms the presence of indole from L-tryptophan. To perform this test bacterial 

suspension was added in the well designated as IND and incubated overnight at 37C. 

Production of pink colour immediately after addition of JAMES solution (Bjeldanes et al., 

1991) confirmed production of indole from L-tryptophan.  

Acetoin production (Voges Proskauer)    

This test confirms production of acetoin from sodium pyruvate. To perform this test bacterial 

dilution was added to the well designated as VP and incubated overnight at 37ºC. After 

incubation VP1 and VP2 solution (Barritt, 1936) were added. Pink or red colour indicated 

positive result while colourless wells showed negative for acetoin production.  

Gelatinase 

This test differentiates gelatinase producer and non-gelatinase producers.  Bacterial 

suspension was added in the well designated for gelatinase. After overnight incubation, the 

diffusion of black pigment was noted as positive reaction.  

Fermentation / oxidation (Glucose) 

This test was executed to confirms the fermentation / oxidation of glucose. Bacterial 

suspension was added in the designated well. The production of yellow colour after 

overnight incubation at 37ºC confirmed oxidation/fermentation of glucose. 

Fermentation / oxidation (Mannitol) 

This test confirms fermentation / oxidation of mannitol. To perform this test bacterial 

suspension was added in the designated well. The production of yellow colour after 

overnight incubation at 37ºC confirmed the oxidation/fermentation of mannitol. 

Fermentation / oxidation (Inositol) 

Fermentation / oxidation of inositol was confirmed by adding bacterial suspension in the 

designated well and production of yellow colour after overnight incubation at 37ºC 

confirmed the oxidation/fermentation of inositol. 

Fermentation / oxidation (Sorbitol) 

To perform this test, bacterial suspension was added in the designated well and production 

of yellow colour after overnight incubation at 37ºC confirmed oxidation/fermentation of 

sorbitol. 
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Fermentation / oxidation (Rhamnose) 

To confirm the fermentation / oxidation of rhamnose, bacterial suspension was added in the 

designated well. The production of yellow colour after overnight incubation at 37ºC 

confirmed the oxidation/fermentation of rhamnose. 

Fermentation / oxidation (Saccharose) 

This test confirmed fermentation / oxidation of saccharose. To perform this test bacterial 

suspension was added in the designated well and production of yellow colour after overnight 

incubation at 37ºC confirmed oxidation/fermentation of saccharose. 

Fermentation / oxidation (Melibiose) 

To perform this test, bacterial suspension was added in the designated well and production 

of yellow colour after overnight incubation confirmed oxidation / fermentation of melibiose. 

Fermentation / oxidation (Amygdalin) 

To perform this test, bacterial suspension was added in the designated well and production 

of yellow colour after overnight incubation at 37C° confirmed the oxidation / fermentation 

of amygdalin. 

Fermentation / oxidation (Arabinose) 

To perform this test bacterial suspension was added in the designated well and production 

of yellow colour after overnight incubation at 37C° confirmed the oxidation / fermentation 

of arabinose. 

Cefoxitin screening for Methicillin Resistance Staphylococcus aureus (MRSA) 

CLSI recommended cefoxitin disk (Oxoid, UK) screening test for confirmation of MRSA 

(CLSI, 2015). This test was performed by disk diffusion method at plate of Mueller Hinton 

agar (MHA; Oxoid, UK). Bacterial suspension of 0.5 McFarland standard (Oxoid, UK) was 

prepared in sterilized normal saline from overnight culture. Bacterial suspension was 

inoculated on Mueller-Hinton agar and impregnated disk of cefoxitin (30µg) was put on 

agar. After 24h incubation, zone of inhibition was measured in transmitted light by zone 

measuring scale as per CLSI recommendations. The zone of inhibition less than 21mm was 

considered as resistance and declared as MRSA (Dybvig et al., 2008).  

Antimicrobial resistance profile 

MRSA were screened for antimicrobial resistance against multiple antibiotics by Kirby-

Bauer disk diffusion test (Lehman, 2005). The antibiotics used for testing were 30µg-

Amikacin, 10µg-Gentamicin, 10µg-Tobramycin, 15µg-Azithromycin, 30µg-Doxycycline, 

05µg-Ciprofloxacin, 05µg-Ofloxacin, 1.25/23.75µg-Trimeth/Sulfamethoxazole, 02µg-

Clindamycin, 30µg-Linezolid and 30µg-Chloramphenicol. For quality assurance 
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Staphylococcus aureus ATCC® 25923 was used. To perform this test bacterial suspension 

equal to 0.5 McFarland standard was prepared from overnight culture (Hudzicki, 2009). The 

organism suspension was spreaded equally on the MHA plate by back and forth movement 

of swab and rotating plate at 60°. In this way, confluent lawn of growth was made which is 

prerequisite for drug testing (Hudzicki, 2009). On the seeded MHA plates, commercially 

prepared antibiotics discs with known antibiotic concentration were applied. On 100mm 

plate 06 antibiotic discs were applied as per CLSI recommendation. These plates were placed 

in incubator for 24 hours at 37°C and results were interpreted as sensitive or resistance based 

upon the interpretation criteria provided by CLSI. 

Qualitative measurement of biofilm formation 

Biofilm formation potential was measured qualitatively by method of Congo Red Agar 

(CRA) (Freeman et al., 1989). To perform this test, CRA plates supplemented with sucrose 

were prepared. Isolated pure colony of MRSA from BHI plate was inoculated on freshly 

prepared CRA plates. The seeded CRA plates were incubated at 37°C. After overnight 

incubation, the colour of colonies was observed and noted. On the basis of blackening of 

colonies MRSA were classified as weak, moderate and strong biofilm producers (Reid, 

1999).  

Quantitative measurement of biofilm formation  

Biofilm formation potential was measured quantitatively by microtiter plate having 96 wells 

(Müsken et al., 2010). To perform this test, MRSA were grown overnight in the BHI broth 

supplemented with 2% glucose. Two positive controls and two negative controls were run 

along with samples. Positive control included S. aureus ATCC 25923. After incubation, each 

overnight culture was diluted 100 times in fresh BHI broth for biofilm assay. A total of 100 

µL diluted culture was added in microtiter plate having 96 wells and incubated for 24 hrs at 

37°C. Cells were dumped out by turning over the plate and then washing was performed 

three times with 150µL physiological saline to remove excess medium and non-adhere 

bacterial colonies. After washing staining of adhere colonies was done by adding 125µL of 

0.1% crystal violet solution to each well of microtiter plate. Microtiter plate containing CV 

was placed at room temperature for incubation of 15 minutes. Plate was washed three times 

with physiological saline to remove excess CV stain and non-adhered bacteria. For 

quantification of adhered cells, 125µL of 30% glacial acid was added to microtiter plate for 

solubilisation of CV stain. This plate was incubated at room temperature for time of 15 min. 

Solubilized CV was shifted to new 96 well microtiter plate and absorbance value was 

determined at 550nm using 30% glacial acid as blank.     
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Time-Kill assay of MRSA  

Four strains of MRSA were selected for time-kill studies for five antibiotics viz AK 

(amikacin), CHOL (chloramphenicol), TET (tetracycline), VAN(vancomycin) and LNZ 

(linezolid). Following the protocol of CLSI this assay was performed with little 

modifications. An initial inoculum was prepared by mixing 24-hour old bacterial colony in 

distilled water and adjusting the turbidity to 0.5 McFarland tube. A total of 6 tubes of 10mL 

culture were set with bacterial count of approximately 105 CFU/mL. These isolates were 

tested against MIC of AK, CHOL, TET, VAN and LNZ, calculated by broth dilution method 

and E-testing. Concentration of antibiotics used for the time kill testing is 64 µg/mL 

amikacin, 32 µg/mL chloramphenicol, 16 µg/mL tetracycline, 16 µg/mL vancomycin and 8 

µg/mL linezolid.  Bacterial growth was quantified after 0, 12, 24, 36 and 48 hours of 

incubation at 37ºC. For quantification of bacterial colonies at specific time serial dilution of 

inoculated broth was prepared and streaked on SBA (Sheep Blood Agar).   

For each strain growth control was run that contained only bacteria and without antibiotics.  

Minimum inhibitory concentration of thymoquinone  

Minimum inhibitory concentration of thymoquinone (TQ) determined by broth dilution 

method and concentration of TQ used was 0 to 256 µg/mL. The minimum inhibitory 

concentration of vancomycin, linezolid, chloramphenicol and amikacin was determined by 

the E-test broth dilution procedure, following the standard guidelines (CLSI).  

Selected strains of MRSA were grown overnight in enriched broth medium. Overnight 

culture was diluted 10 times in tryptic soy broth (TSB; Oxoid, UK) and incubated at 37Cº 

for two to three hours as per their exponential growth time. TQ was diluted two folds serially 

in TSB (Oxoid, UK) and 190µl of this broth was poured in each well of 96-wells plates. 

The 0.5 McFarland standard of MRSA prepared (5*106 CFU/mL) and 10µl of this 

suspension was added in the microtiter plate except sterility and negative control wells. 

Microtiter plate was incubated at 37Cº on shaking incubator.  Bacterial growth was evaluated 

after 4,8,12,18, 24 and 48 hours by measuring OD of microtiter plate at 595nm. Optical 

density of negative control (containing only broth) and positive control (containing only 

broth and MRSA without drug) was used as reference to calculate MIC of drugs and TQ.  
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Effect of thymoquinone on established biofilm 

Biofilm was established in the wells of microtiter plate for 48 hours; microtiter plate was 

incubated at 37Cº for 48 hours without agitation. An additional 2% glucose (w/v) was added 

in TSB to facilitate the biofilm formation. The planktonic bacteria were removes by washing 

three times in PBS. In each well 190 µL fresh TSB supplemented with 2% glucose was 

added. Thymoquinone was two-fold serially diluted (0-256 µg/mL) and 10 µL is of each 

dilution is added in microtiter plate contained established biofilm. S. aureus (ATCC 25923) 

was deployed as positive control for biofilm studies.  

Synergistic effect of TQ on planktonic MRSA and MRSA biofilm. 

Four MRSA strains were selected for this study following the above-mentioned protocol 

for planktonic and established biofilm. Standard inoculum of MRSA (0.5 McFarland) was 

used against two-fold dilution of thymoquinone (0 to 256 µg/mL). For synergistic studies 

amikacin (64µg/mL), tetracycline (16µg/mL) and chloramphenicol (32µg/mL) were used.  

Invasion Assay  
 
Separation and growth of primary bone cells from adult mouse (Burger et al., 1986) 

One adult mouse was euthanized by cervical dislocation. Long bones were excised 

aseptically and scrapped by scalper until muscles and soft tissues were removed completely. 

After excision and cleaning, epiphyses were cut to flush out bone marrow with PBS. Cleaned 

diaphysis was cut into small pieces (1-2mm) and washed with PBS. These small bone pieces 

were incubated in 5mL of collagenase solution (Sigma-Aldrich, USA) and placed in 

incubator at 37ºC to remove any soft tissue and adherence cells. After two hours incubation 

4mL Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich, USA) comprising 

10% fetal bovine serum (FBS) (Sigma-Aldrich, USA) was added to inhibit the collagenase. 

The bone pieces were rinsed three time with DMEM. 25 fragments of bone were transferred 

into 25mL culture flask containing 5mL DMEM and incubated for 15 days. DMEM was 

replaced after each three days during incubation. Osteoblast were confirmed by microscopy 

and ALP activity (Ahmad and Shakoori, 2012). These osteoblasts were used in the further 

experiments.   

Adhesion assay and enumeration of intracellular MRSA  

Four selected strains of MRSA were grown for 16-18 hours in shaking incubator at 37ºC in 

5mL TSB (Tryptic Toy Broth). After overnight incubation bacteria were harvested by 
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centrifugation. Supernatant was discarded and pellet was washed in duplicate in HBSS 

(Hank’s Balanced Salt Solution) (Sigma Aldrich, USA). After washing and centrifugation 

the palette was suspended in Mouse Osteoblast Growth Medium (OBGM) (Sigma-Aldrich, 

USA) without antibiotics. Confluent layer of osteoblast was obtained after six days of 

seeding in 250 mL culture flask. These osteoblasts were isolated from mouse and verified 

by microscopy and ALP activity. This confluent layer of osteoblasts was washed with HBSS 

three times. Standard inoculum (1.5*108 CFU/mL) of MRSA strains was prepared in HBSS 

solution and monolayer of osteoblast was infected with 160ul of MRSA suspension. After 

infection culture flask was incubated at 37ºC for 3 hours. After incubation, infected cell 

cultures were washed and incubated with OBGM containing 25ug/mL gentamicin.  

Gentamycin killed extracellular MRSA because it can’t penetrate osteoblasts (Wilson et al., 

1982). The cultures were washed and lysed by Triton X-100 (Sigma-Aldrich, USA).  

Followed by lysis with Triton X-100, MRSA were enumerated by diluting and plating on 

Tryptic Soy Agar (TSA) plates.      

Expression analysis  

Analysis of growth curve was done to determine the growth phases of four strains of MRSA. 

This experiment determined the expression behavior of bbp and cna gene at different time 

of internalization by mouse osteoblasts.  

Standard amount of MRSA (160ul of 0.5 McFarland) were challenged to established layer 

of osteoblast (5000 cells per cell) in 24 well culture plate. At different time interval 30, 60, 

90, 120, 150 and 180 minutes MRSA were harvested from osteoblast by treating with 1% 

Triton X-100 (Sigma Aldrich, USA) and subjected for expression studies.    

RNA isolation   

Bacterial cells were harvested after centrifugation at 1000g for 10 minutes. Cell palette was 

suspended in sterilized, RNase free pre-cold distilled water at 4Cº. Cell densities were 

adjusted to compare the results obtained at every incubation time. Total RNA was isolated 

from three MRSA strains (ZS35, ZS41 and ZS43) after 30, 60, 90, 120, 150 and 180 minutes 

of incubation (QiagenRNeasy mini kit, QIAGEN). DNA contamination was removed by 

using gDNA wipeout buffer (QIAGEN). The quantity and quality of RNA was determined 

by Agarose gel electrophoresis. Purified RNA was converted to cDNA to avoid any 

degradation. Conversion was done by cDNA synthesis kit (QIAGEN) following the 

manufacturer instructions and cDNA stored at -80Cº for analysis.  
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Quantitative real time PCR  

Using the primer design software (NCBI) primers of bbp and cna were designed and 

synthesized by Macrogen (Macrogen, Korea).  Annealing temperature was determined by 

melting curve analysis. Transcript level of two genes was measured by RT-PCR at different 

time intervals of MRSA attachment to osteoblast. Following the manufacturer instruction 

this reaction was carried out in Rotor-Gene Q (QIAGEN) using the SYBR Green Master 

Mix (Bio Rad). All reaction carried out in triplicate. Reaction mixture of 20ul was prepared 

that included 2ul cDNA, 10ul CYBR Green Master Mix, 0.5ul of each primer (100uM) and 

7ul of RNase free water. The reaction conditions contained initial denaturation at 65ºC for 5 

minutes followed by 40 cycles of amplification with 95Cº for 20 seconds (Denaturation) 

followed by 60Cº for 20 seconds (Annealing) and finally extension at 72Cº for 30 seconds.  

Data analysis 

Expression of bbp and cna was measured at 30, 60, 90, 120, 150 and 180 minutes time 

intervals for three MRSA strains ZS35, ZS41 and ZS43. Relative Expression Software Tool 

(REST) program (QIAGEN) was used to generate the threshold value (Ct) using 16S rRNA 

as endogenous control. With the help of REST program and Ct values the relative change in 

the expression level of these two genes was measured.  

Molecular typing of MRSA 

Restriction Fragment Length Polymorphism (RFLP) analysis  

Bacterial genome DNA was extracted and coa gene was amplified using the previously 

described set of primer and conditions of amplification (Himabindu et al., 2009). Amplified 

product was digested using two restriction enzymes (aluI and HaeII; NEB England). 

Restriction was done following the manufacturer guidelines in the same reaction tube. After 

restriction digestion gel electrophoresis was done with 3% agarose to detect the restriction 

fragments.  

16S rRNA sequencing   

Using the universal primers 785F (GGATTAGATACCCTGGTA) and 907R 

(CCGTCAATTCMTTTRAGTTT) 16S rRNA was amplified and sequenced from 

Macrogen, Korea. The sequences obtained were BLAST in National Centre for 

Biotechnology Information (NCBI) database (https://blast.ncbi.nlm.nih.gov/Blast) for 

identification of bacterial strains and observed similarity to reported sequences. The 

sequences obtained from  

Macrogen were submitted to GeneBank for accession numbers. After successful submission 

accession numbers were obtained.  
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Phylogenetic tree 

After getting accession number of 16S rRNA gene from GeneBank, a phylogenetic tree was 

constructed using Molecular Evolutionary Genetics Analysis (MEGA7) software on basis 

of similar sequences in NCBI database keeping parametric value 1000 (Felsenstein, 1985).  
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Chapter 3 

Isolation and Characterization of Bacteria  
A total of 6,424 prosthetic devices were collected from different wards including ICUs of 

different private and public-sector hospitals in Lahore, Pakistan.  

Out of these 6,424 biomedical devices, 1,155 (18%) were central venous catheters; 643 

(10%) were dialysis catheters; 963 (15%) were endotracheal catheters; 965 (15%) were 

orthopedic implants; 1,991 (31%) were urinary catheters and 707 (11%) were Ventriculo-

peritoneal (VP) /	Ventriculoatrial (VA).  

 

Figure 3.1: Six types of catheters collected from hospitalized patients	 	

Of these 6,424 catheters, 4,420 (69%) were positive for bacterial or candidal growth. Among 

infected peoples 65% (2,873) were male and 35% (1,547) were female with the age range of 

10 days to 80 years. Median age was 44 years for males and 33 years for females. The clinical 

specimen wise distribution of MRSA is given in the Table 3.1  

 

 

 

 

 

Central venous catheters 
Catheter 

VP/VA	Urinary catheter Orthopedic implants	

Endotracheal tubes	Peritoneal catheter	
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Table 3.1: Prevalence of MRSA among contaminated indwelling catheters.  

S# Specimen Total Non-infectious Infectious  MRSA 

1 Central venous catheter 1156 24% (274/1156) 76% (882/1156) 23% (203/882) 

2 Dialysis catheter 642 24% (152/642) 76% (490/642) 14% (69/490) 

3 Endotracheal tube 963 45% (432/963) 55% (531/963) 7% (37/531) 

4  Orthopedic implants 965 24% (229/965) 76% (736/965) 30% (221/736) 

5 Urinary catheters 1991 38% (749/1991) 62% (1242/1991) 5% (62/1242) 

6 VP/VA shunt 707 24% (168/707) 76% (539/707) 6.4% (34/539) 

 Total 6424 31% (2004/6424) 69% (4420/6424) 14% (626/4420) 

 

Identification of pathogens from Catheters.  

Following pathogens were isolated from biomedical devices and catheters related infections 

of hospitalized patients 

• Escherichia coli 

• Staphylococcus aureus 

• Acinetobacter spp. 

• Coagulase negative Staphylococcus aureus (CONS) 

• Klebsiella pneumoniae 

• Pseudomonas spp. 

• Streptococci spp. 

• Candida spp. 

On the basis of Grams staining, growth characteristics, metabolic profiles and biochemical 

test pathogens are identified which were isolated from prosthetic devices. Seven major 

pathogens were isolated including Staphylococcus aureus, Coagulase negative 

Staphylococci (CONS). Klebsiella pneumoniae, Candida species, Streptococci species, 

Pseudomonas aeruginosa, Escherichia coli and Acinetobacter. Culture characteristics and 

identification schemes of pathogens isolated from prosthetic devices are given in Table 3.2 
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Table 3.2: Culture characteristics of pathogens isolated from indwelling medical devices 

S# Organism Gram's 
reaction 

SBA MAC CHOC SDA 

1 S. aureus GPC Golden yellow, round, convex 
colonies with α, β or γ hemolysis   

No growth yellowish, round, 
convex colonies 

- 

2 CONS GPC White, round, convex colonies No growth white, round, 
convex colonies 

- 

3 K. 
pneumoniae 

GNR Creamy, wet looking, γ hemolysis   Mucoid, 
pink 

Creamy, mucoid - 

4 Candida  Large creamy white colonies with 
spikes 

No growth Large creamy 
white colonies 
with spikes 

Soft 
creamy 

5 Streptococci GPC Pin point colonies with variable 
characters 

No growth Small colonies 
with variable 
characters 

- 

6 P. aeruginosa GNR Flat, small with green metallic 
sheen 

Colorless 
colonies 

- - 

7 E. coli GNR Off white or greyish, wet looking, 
β hemolytic  

 Greyish, large - 

8 Acinetobacter GNC in 
pair 

Domed, mucoid colonies with 
pitted surfaces  

NLF 
colonies 

- - 

Key: GPC, Gram Positive Cocci; GNR, Gram Negative Rod; SBA, Sheep Blood Agar; 

MAC, MacConkey Agar; CHOC, Chocolate Agar; SDA, Sabuoraud Dextrose Agar and 

NLF, Non-Lactose Fermenter. 

Gram negative pathogens were confirmed by API testing after purifying the growth and 

Gram staining. Identification of   Escherichia coli, Acinetobacter, Klebsiella pneumoniae, 

Pseudomonas and Candida is given in the following diagrams (Figures 3.2, 3.3, 3.4 and 3.5). 

 

Figure 3.2: Identification of E. coli by API 
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Figure 3.3: Identification and confirmation of Acinetobacter by API 

 

Figure 3.4: Identification and confirmation of Klebsiella pneumoniae by API 
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Figure 3.5: Identification and confirmation of Pseudomonas by API 

Coagulase negative Staphylococcus (CONS) were identified on the basis of coagulase 

agglutination test. For further confirmation of Staphylococcus aureus mannitol utilization 

and DNase production tests were performed.  

 

Figure 3.6: Identification of Staphylococcus aureus by (a) Hemolytic golden yellow 

colonies on Sheep Blood agar (SBA) (b) Gram Positive Cocci (GPC) on Gram staining and 

(c) Positive Coagulase agglutination test. 
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Figure 3.7: Confirmation of Staphylococcus aureus by (a) DNase production and (b) yellow 

colonies on Mannitol Salt Agar (MSA) 

Identification of MRSA from biomedical devices and catheters.  

Indwelling medical devices and catheters were processed to isolate and confirm the 

pathogens causing device related infections. Specimen wise identification of MRSA and 

relevant prevalence is described in the following paragraphs.  

Central Venous Catheters (CVC) 

Of 1,156 CVCs, 76% (882/1156) showed growth of pathogen. Among infected CVCs 39% 

(344/881) were positive for Staphylococcus aureus growth. Among Staphylococcus aureus 

59% (203) were confirmed as Methicillin Resistance Staphylococcus aureus (MRSA). 

Prevalence of other pathogens causing CVC infection is given in Figure 3.8.  

Zone of 
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Figure 3.8: Prevalence of pathogens causing CVC infection  

Dialysis catheters 

Of 642 peritoneal catheters, 76% (490/642) were positive for bacterial growth. The 

prevalence of MRSA is 14% (69/490) among infected peritoneal catheters. Streptococcus 

species were not isolated form peritoneal catheters. The prevalence of other pathogens is 

given in the Figure 3.9. 

 

Figure 3.9: Prevalence of pathogens causing peritoneal catheter infection  

Key: MSSA, Methicillin Sensitive Staphylococcus aureus; MRSA, Methicillin Resistant 

Staphylococcus aureus; CONS, Coagulase Negative Staphylococcus. 
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Endotracheal tubes 

Of 963 endotracheal tubes (ETT), 55% (531/963) were positive for bacterial or fungal 

growth. Prevalence of Staphylococcus aureus was 11% (58/531) among infected 

endotracheal tubes. Of 58 Staphylococcus aureus, 64% (37/58) were identified as MRSA 

and rest were MSSA. The prevalence of MRSA among endotracheal tubes in given in the 

Figure 3.10. 

 

Figure 3.10: Prevalence of pathogens causing endotracheal tubes infection 

Orthopedic implants 

Of 965 orthopedic implants, 76% (736/965) were positive for bacterial or candidal infection. 

Prevalence of MRSA was 30% (221/736) among infected orthopedic implants. Streptococci 

species were not isolated from orthopedic implants. The prevalence of others pathogens is 

represented in the Figure 3.11. 

 

Figure 3.11: Prevalence of pathogens causing infection of orthopedic implants 
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Urinary catheters 

Of 1,991 urinary catheter samples, 62% (1,242/1,991) were positive for bacterial or fungal 

infection. Prevalence of MRSA was 5% (62/1,242) among indwelling urinary catheter 

infection. Acinetobacter species were not isolated from urinary catheters. The prevalence of 

others pathogens is represented in the Figure 3.12. 

 

Figure 3.12: Prevalence of pathogens causing urinary tract infection in catheterized 
patients 

VP-VA(Ventriculo-peritoneal-Ventriculoatrial) shunts 

Of 707 VP-VA samples, 76% (539/707) were positive for bacterial or fungal growth. 

Prevalence of Staphylococcus aureus was 20% (109/539) among infected VP-VA shunts. 

Of 109 Staphylococcus aureus, 31% (34/109) were identified as MRSA and rest were 

MSSA. The prevalence of MRSA among VP-VA shunts is given in the Figure 3.13. 

 
Figure 3.13: Prevalence of pathogens causing infection of VP-VA (Ventriculo-peritoneal / 

Ventriculoatrial) shunts 
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Prevalence of MRSA among seven age groups  

Prevalence of MRSA among seven age groups and six types of biomedical devices and 

catheters is given in the Figure 3.14. Data showed age group less than 20 years and greater 

than 60 years were less infected by MRSA. Age group 41-51 were most infected by MRSA 

followed by age group 31-40. 

 
Figure 3.14: Prevalence of MRSA among seven age groups of indwelling catheter 
patients. 

Prevalence of CA-MRSA and HA-MRSA among catheters 

MRSA isolated from biomedical devices and indwelling catheters were classified as hospital 

acquired (HA-MRSA) and community acquired (CA-MRSA). The prevalence of HA-

MRSA and CA-MRSA was shown in the Table 3.3.  

Table 3.3:  Prevalence of HA-MRSA and CA-MRSA in indwelling catheters	

Indwelling catheters HA-MRSA CA-MRSA Total p value 

Central venous catheters 57% (116) 43% (87) 203 <0.01 

Peritoneal catheter 58% (40) 42% (29) 69 <0.01 

Endotracheal tubes 49% (18) 51% (19) 37 >0.05 

Orthopedic implants 56% (123) 44% (98) 221 >0.05 

Urinary catheter 56% (35) 44% (27) 62 >0.05 

VP/VA 56% (19) 44% (15) 34 >0.05 

 

Data showed there was statistically significant difference between HA-MRSA and CA-

MRSA for CVC and peritoneal catheters only; for rest of biomedical devices the prevalence 
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is not significantly different. Among 203 CVC samples 57% were HA-MRSA and among 

69 peritoneal catheters 58% were HA-MRSA which are significantly greater than prevalence 

of CA-MRSA.  

Discussion  

This study revealed prevalence of pathogens causing biomedical devices and catheter related 

infections. Causative agents of prosthetic device related infections were different for 

different specimens and health care settings. MRSA was categorized as HA-MRSA and CA-

MRSA depending the hospitalization history and time of positivity of culture (Salmenlinna 

et al., 2002).  

Prevalence of MRSA was inconsistent among device related infection. High prevalence of 

MRSA was observed in orthopedic implants (30%) and lowest in urinary catheters (5%) 

which supports previous studies that reported same rate of prevalence of MRSA   

Antibiotic therapy, serious illness and intravenous drugs were disposing factors for CA-

MRSA (Saravolatz et al., 1982; Embil et al., 1994). This study reported prevalence of HA-

MRSA 55% and CA-MRSA 45%. Literature reported HA-MRSA greater than CA-MRSA 

but this trend is changing rapidly due to fitness of CA-MRSA in all environments. Important 

reservoir of MRSA is reported to be children. Children are responsible for dissemination of 

MRSA to community and hospital setting (Hisata et al., 2005).    

MRSA was most common (30%) cause of CVC related infections followed by MSSA (16%) 

and CONS (13%). CVC related infections were mostly caused by Gram-positive bacteria. 

Many studies conducted in USA on CVC related blood stream infection reported that most 

common cause of CVC infection was CONS 37% followed by S. aureus 13% and 

enterococcus spp. 13% (Tenover et al., 2001; System, 2002). The prevalence of pathogens 

was due to nature of specimen tested and health care setting. Our study showed most 

common cause of CVC infection was MRSA which supported previous study reported 

MRSA (38%) most frequent cause of CVC related infections (Sadoyma et al., 2006).  

E. coli was most common (33%) cause of infection in dialysis catheters followed by MRSA 

(14%) and K. pneumoniae (13%). Dialysis catheter related infections were mostly caused by 

Gram-negative bacteria. Some studies reported S. aureus 61%; most common cause of 

infection followed by pseudomonas 21% (Piraino, 1990; Flanigan et al., 1994; Yap and Yip, 

2016). Some studies showed similar results reported in this study (Sahli et al., 2017). 
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ETT (Endo Tracheal Tubes) related infection were mostly caused by K. pneumoniae (30%) 

followed by Acinetobacter species (25%), pseudomonas (22%) and MRSA (7%).  Gram-

negative bacteria are frequent cause of ETT related infections. Some studies reported that 

most frequently isolated pathogen was MRSA from ETT followed by E. coli, P. 

aeruginosa, Acinetobacter spp. and K. pneumoniae (Bauer et al., 2002; Ramirez et al., 2007; 

Perkins et al., 2010). Other studies reported same results as the finding of current study 

(Vandecandelaere et al., 2012; Vandecandelaere and Coenye, 2015) where K. pneumoniae 

was most pathogen isolated from ETT.  

Joint, bone and orthopedic implant related infections were mostly caused by MRSA (30%) 

followed by CONS (20%) and MSSA (15%). These results evident that orthopedic related 

infections were caused by Gram-positive pathogens (Pfaller et al., 2018). Staphylococcus 

aureus was single most common cause of bone and joint infections as reported in this study 

followed by CONS and Gram-negative bacteria (Sanderson, 1991; Lalani et al., 2008; 

Sankaran et al., 2018). 

E. coli was found to be most common (71%) cause of urinary catheter related infections 

followed by K. pneumoniae (8%) and MRSA (5%). Urinary catheters related infections are 

mostly caused by enterobacteriaceae especially E. coli. MRSA was rarely responsible for 

urinary catheter related infections. Previous studies showed the E. coli was most common 

cause of UTI in short and long term urinary catheterizations, followed by Pseudomonas 

aeruginosa, Klebsiella pneumoniae, Proteus mirabilis and Staphylococcus aureus (Warren, 

2001; Milan and Ivan, 2009). 

VP-VA related infections were caused by CONS (20%) followed by pseudomonas (15%), 

MSSA (13%), E. coli (12%) K. pneumoniae (10%), Acinetobacter species (9%) and MRSA 

(8%). VP-VA related infections were caused by both Gram-positive and Gram-negative 

bacteria. Literature reported Staphylococcus epidermidis was most common cause of CSF 

shunt infections followed by Staphylococcus aureus, Streptococcus pneumoniae, E. coli and 

pseudomonas (Quigley et al., 1989; Heidari et al., 2017). A study conducted in California 

stated that MRSA was not most common cause of shunt related infection, which supported 

findings of current study (McGirt et al., 2003). 

Most common cause of catheter and implant related infections are E. coli (21%) and then 

MRSA (15%) followed by K. pneumoniae (14%), CONS (11%), pseudomonas (10%), 

MSSA (10%) and Acinetobacter species (8%).  Prevalence of S. aureus varied depending 
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upon the nature of specimens under study and health care facility. This study reported 15% 

prevalence of MRSA causing catheters and biomedical devices related infections which 

supported the studies conducted in Indonesia, which reported MRSA prevalence 28% and 

USA, which reported 17% prevalence of MRSA (Suwantarat et al., 2018). Other countries 

reported increased prevalence of MRSA like India (45%), China (45.8%), Japan (41%), 

31.5% in Uganda, 46.3% in Iran and 35.3% reported in Singapore (Ojulong et al., 2009; 

Chen and Huang, 2014; Dibah et al., 2014). Some studies in Pakistan reported prevalence 

of MRSA 42% in clinical samples. Prevalence of MRSA among clinical samples varied from 

2-61% in Pakistan depending upon the detection method, health care setting and type of 

sample under study (Hafiz et al., 2002).  The difference in the prevalence of MRSA among 

different clinical specimens in different countries may be attributed to infection controls 

strategies and identification schemes employed (Gitau et al., 2018). 

In conclusion E. coli was most common cause of device related infection, but if we ignore 

urinary catheters then MRSA is most common pathogen isolated from catheter and device 

related infection. Resistance to the major antibiotics made MRSA superbug of device related 

infection.  
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Chapter 4 

Antimicrobial Sensitivity Testing of MRSA 

Rapidly emerging multi-drug resistance (MDR) pathogens are major challenge of today’s 

health care industry. Therapeutic industry failed to cope the mortality and modality 

associated with MDR bacterial pathogens (Ling et al., 2015). MRD bacterial pathogens like 

MRSA are responsible for 64% increase in mortality and modality as compared to sensitive 

counterpart (Hoffknecht et al., 2015). Discovery of novel antibiotics is not paced with 

rapidly emerging drug resistance which made the situation worst. Pharmaceutical companies 

are not interested in antibiotic discovery projects due to uncertainty in profit (Lewis, 2013). 

All these factors lead to the antibiotic crisis which threatening the health care industry. This 

study aimed to investigate the antibiogram of MRSA isolated from device related infections. 

This study was conducted on metabolically active forms of MRSA. Antibiotic sensitivity 

testing was conducted using Kirby-Bauer disk diffusion method (Drew et al., 1972) 

following the Clinical and Laboratory Standard Institute (CLSI) guidelines and interpretive 

criteria (CLSI, 2015). Minimum Inhibitory Concentration (MIC) of vancomycin was done 

by E-test following CLSI guidelines (CLSI, 2015).   

Prevalence of resistance among MRSA 

A total of 626 MRSA isolated from six different type of indwelling catheters were subjected 

for antimicrobial sensitivity testing. Antimicrobial resistance observed against 12 antibiotics 

by disc diffusion method. The antibiotics used were included amikacin (30µg), gentamicin 

(10µg), tobramycin (10µg), azithromycin (15µg), doxycycline (30µg), ciprofloxacin (5µg), 

ofloxacin (5µg), trimethoprim-sulfamethoxazole (1.25/23.75µg), clindamycin (2µg), 

linezolid (30µg) and chloramphenicol (30µg). Minimum inhibitory concentration against 

vancomycin (0.025- 256µg) was measured by E-test.  

Overall antimicrobial resistance of MRSA  

Overall resistance of 626 MRSA isolates against 12 antibiotics was as follow; amikacin 79% 

(494/626), gentamicin 92% (573/626), tobramycin 96% (599/626), azithromycin 87% 

(544/626), doxycycline 46% (285/626), ciprofloxacin 96% (600/626), ofloxacin 94% 

(591/626), trimethoprim-sulfamethoxazole 85% (533/626), clindamycin 72% (449/626) and 

chloramphenicol 25% (158/626). None of the isolate was resistant to linezolid and 

vancomycin. There were some strains of MRSA that had MIC of vancomycin greater than 4 
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µg/mL but less than 8 µg/mL, but these strains were sensitive to vancomycin as per CLSI 

interpretation criteria.  

Antimicrobial testing of MRSA isolated from CVC 

Antibiogram of 203 MRSA isolates was generated from experimental data; amikacin 80% 

(163/203), gentamicin 95% (192/203), tobramycin 97% (197/203), azithromycin 68% 

(138/203), doxycycline 42% (85/203), ciprofloxacin 98% (199/203), ofloxacin 98% 

(199/203), trimethoprim-sulfamethoxazole 85% (173/203), clindamycin 66% (133/203) and 

chloramphenicol 21% (43/203) linezolid and vancomycin were sensitive to 203 MRSA 

strains isolated from CVC, data represented in Figure 4.1. 

 

Figure 4.1: Prevalence of resistance (%) among MRSA isolated from CVC 
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Figure 4.2: Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 
CVC. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 & >0.01 and 
***strong significant P<0.01 

There was significant difference (p<0.05) between HA-MRSA and CA-MRSA on basis of 

doxycycline and trimethoprim-sulfamethoxazole (SXT). Prevalence of other antibiotics 

were same (p>0.05) for HA-MRSA and CA-MRSA as shown in Figure 4.2. 

Antimicrobial testing of MRSA isolated from dialysis catheters 

Constructed antibiogram of 69 MRSA isolates showed resistance against amikacin 72% 

(50/69), gentamicin 87% (60/69), tobramycin 94% (65/69), azithromycin 96% (66/69), 

doxycycline 44% (30/69), ciprofloxacin 94% (65/69), ofloxacin 94% (65/69), trimethoprim-

sulfamethoxazole 84% (58/69), clindamycin 78% (54/69), linezolid 0%(0/69) and 

chloramphenicol 20% (14/69). Data represented in Figure 4.3.   
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Figure 4.3: Antibiotics resistance (%) among MRSA isolated from dialysis catheters. 

 

 

Figure 4.4. Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 

dialysis catheters. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 & 

>0.01 and ***strong significant P<0.01 

There was significant difference (p<0.05) between HA-MRSA and CA-MRSA on basis of 

doxycycline, trimethoprim/sulfamethoxazole (SXT), amikacin, gentamicin and tobramycin. 
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Prevalence of other antibiotics were same (p>0.05) for HA-MRSA and CA-MRSA as shown 

in Figure 4.4. 

Antimicrobial testing of MRSA isolated from endotracheal tube  

Antibiogram of 37 MRSA isolates from endotracheal tubes were; amikacin 84% (31/37), 

gentamicin 92% (34/37), tobramycin 95% (35/37), azithromycin 95% (35/37), doxycycline 

92% (34/37), ciprofloxacin 92% (34/37), ofloxacin 68% (25/37), trimethoprim-

sulfamethoxazole 70% (26/37), clindamycin 0% (0/37), linezolid 0% (0/37) and 

chloramphenicol 100% (37/37).  This data is represented in Figure 4.5. 

 

Figure 4.5: Prevalence of resistance among MRSA isolated from ETT 
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Figure 4.6: Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 

ETT. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 & >0.01 and 

***strong significant P<0.01 

On the basis of trimethoprim/sulfamethoxazole (SXT), ofloxacin, amikacin and linezolid 

significant difference (p<0.05) was observed between HA-MRSA and CA-MRSA. 

Prevalence of other antibiotics were same (p>0.05) for HA-MRSA and CA-MRSA as shown 

in figure 4.6. 

Antimicrobial testing of MRSA isolated from orthopedic implants 

Antibiogram of 221 MRSA isolated from orthopedic implants were; amikacin 

81%(179/221), gentamicin 93% (206/221), tobramycin 96% (212/221), azithromycin 97% 

(214/221), doxycycline 42% (92/221), ciprofloxacin 96% (212/221), ofloxacin 96% 

(212/221), trimethoprim-sulfamethoxazole 89% (197/221), clindamycin 85% (187/221), 

linezolid 0% (0/221) and chloramphenicol 21% (47/221).  The antibiogram is represented in 

figure 4.7. 
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Figure 4.7: Prevalence of resistance among MRSA isolated from orthopedic implants 

 

 

Figure 4.8: Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 

orthopedic implants. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 

& >0.01 and ***strong significant P<0.01 
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resistance of other antibiotics was same (p>0.05) for HA-MRSA and CA-MRSA as shown 

in Figure 4.8. 

Antimicrobial testing of MRSA isolated from urinary catheter 

Antibiogram of 62 MRSA isolated from urinary catheters were; amikacin 74% (46/62), 

gentamicin 86% (53/62), tobramycin 94% (58/62), azithromycin 95% (59/62), doxycycline 

47% (29/62), ciprofloxacin 94% (58/62), ofloxacin 94% (58/62), trimethoprim-

sulfamethoxazole 82% (51/62), clindamycin 77% (48/62), linezolid 0%(0/62) and 

chloramphenicol 19% (12/62).  Antibiogram of MRSA shown in the Figure 4.9. 

 

Figure 4.9: Prevalence of resistance among MRSA isolated from urinary catheters 
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Figure 4.10: Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 

urinary catheters. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 & 

>0.01 and ***strong significant P<0.01 

Significant difference (p<0.05) was calculated between HA-MRSA and CA-MRSA on basis 

of amikacin, gentamicin, doxycycline, trimethoprim-sulfamethoxazole (SXT), clindamycin 

and ofloxacin antibiotics. Prevalence of other antibiotics were same (p>0.05) for HA-MRSA 

and CA-MRSA as shown in figure 4.10. 

Antimicrobial testing of MRSA isolated from Ventriculo-peritoneal-Ventriculo-atrial 

Antibiogram of 34 MRSA isolates were generated from experimental data; amikacin 74% 

(25/34), gentamicin 82% (28/34), tobramycin 94% (32/34), azithromycin 94% (32/34), 

doxycycline 44% (15/34), ciprofloxacin 94% (32/34), ofloxacin 94% (32/34), trimethoprim-

sulfamethoxazole 82% (28/34), clindamycin 79% (27/34), linezolid 0% (0/34) and 

chloramphenicol 15% (05/34).  Antibiogram of MRSA isolated from VP-VA is given in 

Figure 4.11. 
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Figure 4.11: Prevalence of resistance among MRSA isolated from VP-VA

 

 

Figure 4.12: Prevalence of resistance between HA-MRSA and CA-MRSA isolated from 

VP-VA. * indicates significant P<0.05 & >0.03; **moderate significant P<0.03 & >0.01 

and ***strong significant P<0.01 

There was significant difference (p<0.05) between HA-MRSA and CA-MRSA on basis of 

amikacin, gentamicin, trimethoprim-sulfamethoxazole (SXT), clindamycin and 

0

20

40

60

80

100
Pr

ev
al

en
ce

 (%
)

Resistance Sensitive

0

20

40

60

80

100

R
es

is
ta

nc
e (

%
)

HA-MRSA CA-MRSA

***
********* **



Antimicrobial Sensitivity Testing of MRSA 
_________________________________________________________________________ 

	 57	

doxycycline. Prevalence of other antibiotics were same (p>0.05) for HA-MRSA and CA-

MRSA as shown in Figure 4.12. 

Antimicrobial resistance trends of MRSA from June 2013 to June 2016. 

Trend of antimicrobial resistance was measured from 2013 to 2016. It was observed that 

there is slight difference among antibiotic resistance from 2013 to 2016 but this difference 

is not statistically significant (p<0.01). Emergence of resistance is not rapid among MRSA 

isolated from prosthetic devices during the period of four years as shown in Figure 4.13.  

 

Figure 4.13: Resistance (%) to antibiotics in period of four years from 2013 to 2016. 

Minimum inhibitory concentration (MIC) of vancomycin  

Resistance of vancomycin was measured by E-test method which is most effective way to 

determine antimicrobial sensitivity testing. It was clear from Figure 4.14 that MIC is shifting 
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Figure 4.14: MIC of vancomycin among MRSA isolated from prosthetic devices during 
period of four years. 

 

Figure 4.15: Prevalence of vancomycin MIC between HA-MRSA and CA-MRSA. 
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MIC 1.5 µg/mL. None of HA-MRSA showed MIC ≥ 6 µg/mL. For CA-MRSA 17.1% have 

MIC 1.0 µg/mL, followed by 14.7% having MIC value 0.8 µg/mL. Among CA-MRSA 3.6% 

have vancomycin MIC 6 µg/mL and 0.4% showed MIC value of 8 µg/mL.  

 

Figure 4.16: Correlation among antibiotics resistance, hemolysis and color production.  

Hemolysis property and color of colony did not significantly affect the drug resistance 

among MRSA as shown in Figure 4.16. Hemolytic strains of MRSA were overall more 

resistance to the tested antibiotics than non-hemolytic strains of MRSA. While yellow and 

white colonies of MRSA are equally resistance to antibiotics.  
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Figure 4.17: Prevalence of antibiotic resistance among seven age groups 

Prevalence of resistance to antibiotics was high among 21-30, 31-40 and 41-50 age groups 

compared to other age groups including extreme age groups as represented in Figure 4.17. 

None of the age group was resistant to vancomycin and linezolid. The age group 31-50 and 

>60 were 20% and 21% resistant to chloramphenicol respectively. Age group 21-31 and 41-

50 were 23% and 24% resistant to clindamycin respectively. The resistance of age group 

<11 years was 0 to 13%, age group 11-20 was 0-7%, age group 21-30 was 0-24% resistant, 

age group 31-40 was 0-20% resistant, age group 41-50 was 0-24% resistant, age group 51-

60 was 0-16% resistant and age group >60 years was 0-21% resistant to the tested antibiotics.  

Discussion 

Antimicrobial resistance rate of 626 strains of MRSA isolated from device related infections 

was assayed in this study. Linezolid showed excellent therapeutic value against MRSA, all 

isolates were sensitive to linezolid. This finding supported the previous studies conducted in 

Pakistan and other countries (Hussain et al., 2005; Stratchounski et al., 2005). Vancomycin 

also had good therapeutic value because none of the isolate of MRSA was resistant to 

vancomycin (MIC >16µg/mL). Studies in Iran, India, Pakistan and Kenya reported 100% 

susceptibility of MRSA toward vancomycin and linezolid (KANAGA; Crowley et al., 2012; 
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Ray et al., 2013; Ullah et al., 2016). Vancomycin and linezolid were reported excellent 

antibiotic drugs for management of MRSA infections (Wunderink et al., 2012; Paiva and 

Eggimann, 2017). Some studies reported linezolid best option for treatment of MRSA 2nd 

choice was vancomycin (Russo et al., 2015; Wang et al., 2015; Hasan et al., 2016). Some 

other studies reported vancomycin and linezolid resistance as well, but we didn’t observe 

vancomycin resistance by E-test method (Rayner and Munckhof, 2005; Yoshida et al., 2009; 

An et al., 2013) or linezolid resistance.  Four years data showed there was increase in the 

resistance of antibiotic but this change is not statistically significance. The consequences of 

this change would be enormous for individual and public health care facilities.  

Most MRSA assayed in this study were multi drug resistant. Resistance rate was very high 

for tobramycin and ciprofloxacin (96% each), followed by ofloxacin (94%), gentamycin 

(92%), azithromycin (87%), trimethoprim/sulfamethoxazole (85%), amikacin (79%), 

clindamycin (72%), doxycycline (46%) and chloramphenicol (25%). Resistance to 

gentamycin, clindamycin, ciprofloxacin and trimethoprim/sulfamethoxazole was similar to 

the resistance profile of MRSA (92% versus 90%, 72% versus 80%, 96% versus 95% and 

85% versus 85%) reported in Iran in 2018 (Arabestani et al., 2018). Study conducted in 

Pakistan reported amikacin resistance 81% which agreed our results (Khan et al., 2018) 

while same study reported contradicted results of chloramphenicol and doxycycline (25% 

versus 76.56% and 46% versus 68.75%). This study was conducted on environment samples 

of hospital which might be possible reason for enhanced resistance in case of 

chloramphenicol and doxycycline. Other possible reasons are infection control strategies, 

overuse and misuse of specific antibiotics. Aminoglycosides (amikacin, gentamycin and 

tobramycin) resistance rate was in accordance with previous study conducted in Iran which 

reported 77.6% resistance to amikacin, 84.5% to gentamycin and 82% to tobramycin 

(Khosravi et al., 2017). Some studies reported low resistance rate of amikacin, gentamycin, 

azithromycin, clindamycin and ciprofloxacin (Bindu et al., 2017). 

Studies conducted on MRSA isolated from buffalos and fruit items showed 100% sensitivity 

to amikacin, gentamycin, ciprofloxacin, trimethoprim/sulfamethoxazole, tobramycin and 

chloramphenicol (Parisi et al., 2016; Kumar et al., 2017).  

Antimicrobial resistance profile of 351 isolates of HA-MRSA and 275 isolates of CA-MRSA 

isolated from biomedical device related infections was assayed. Among CA-MRSA, 

resistance to amikacin, gentamycin, tobramycin, azithromycin, doxycycline, ciprofloxacin, 
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ofloxacin and trimethoprim/sulfamethoxazole is lower than that of HA-MRSA (33% versus 

67%, p <0.01; 39% versus 61%, p<0.01; 42% versus 48%, p<0.0; 44% versus 56%, p <0.01; 

21% versus 79%, p <0.01; 42% versus 58%, p <0.01; 41% versus 59%, p <0.01and 36% 

versus 64%, p <0.01 respectively). All strains of CA-MRSA and HA-MRSA were sensitive 

to linezolid and vancomycin. Chloramphenicol resistance rate were similar for HA-MRSA 

and CA-MRSA (48% versus 52%, p =0.25). A study conducted in India showed similar 

results of antibiotics resistance between CA-MRSA and HA-MRSA in term of amikacin, 

gentamycin, azithromycin, doxycycline, ciprofloxacin, ofloxacin and chloramphenicol 

(Dhawan et al., 2015). For skin and soft tissue infections trimethoprim-sulfamethoxazole 

was reported good empirical therapy due to low resistance, this finding conflicted our study 

(Zhanel et al., 2010).   

Currently HA-MRSA are more resistance to antibiotics than CA-MRSA as concluded in this 

study. There would be possibility of increased transfer of the genetic elements between HA-

MRSA and CA-MRSA in hospitals and community setting (Song et al., 2011). It is expected 

that CA-MRSA will increase in future and these CA-MRSA will be more resistant to HA-

MRSA. Choice of antibiotic would be very difficult to deal with the infection in hospital and 

community settings.  

Emergence of antibiotic resistance pathogens like MRSA posed serious threat to personal 

and public health. Increased mortality and morbidity, increased hospital stay, cost of 

treatment and reduced live hoods are the consequences of antimicrobial resistant strains 

emergence (MacDougall and Polk, 2005). Antimicrobial resistance pathogen like MRSA is 

recognized as community acquired infection causing pathogen, that was confined to hospital 

settings previously. Broad spectrum antibiotic therapy should be avoided and care must be 

taken to choose appropriate antibiotic for infection management or suspected infection. 

Narrow spectrum and targeted therapy must be appreciated to combat enormous threat of 

antibiotic resistance. There is also need for antibiotic stewardship, correct selection, dosing 

and duration of antibiotic is also demand of day to achieve the optimum concentration of 

antibiotic to manage the infections caused by MDR pathogens (Henderson and Nimmo, 

2017).   
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Chapter 5  

Biofilm and Antimicrobial Sensitivity Testing of MRSA 

Aggregation of bacterial cells that adhere to biotic or non-biotic surfaces called biofilm 

which is surrounded by polysaccharides, extracellular DNA and proteins containing material 

called extracellular polymeric substances (EPS) (Donlan and Costerton, 2002; Lindsay and 

Von Holy, 2006). This EPS is considered an adaptation of pathogens for hostile environment 

including antibiotic and host immune system (Hall-Stoodley et al., 2004; de la Fuente-Núñez 

et al., 2013). Recent developments in medical and physics sciences revolutionized use of 

artificial organs, indwelling biomedical devices and catheters (Høiby et al., 2010). It’s 

evident that indwelling biomedical devices results in the infection by biofilm producing 

bacteria. On medical devices biofilm starts as single pathogen which develops into 

community of pathogens when biofilm develops (Donlan and Costerton, 2002). 

Staphylococcus are most frequently associated with biofilm associated infections because 

it’s commensal of skin of eukaryotes (Tredget et al., 2004). Biofilm forming bacteria are 

major cause (>65%) of nosocomial infection (Von Eiff et al., 2005) and device related 

infections (Wolfe et al., 2004; Zimmerli et al., 2004). MRSA is MDR pathogen and forms 

biofilm on indwelling biomedical devices which makes it resistant to available antibiotics 

and resulted in fatal consequences (Ando et al., 2004; Mataraci and Dosler, 2012).  

Biofilm formation potential of MRSA isolated from CVC 

MRSA strains isolated from CVC related infections were subjected for biofilm formation 

potential qualitatively and quantitatively.  The findings of qualitative and quantitative 

biofilm formation assay are given in the Figure 5.1. 

 
Figure 5.1: Biofilm formation potential of MRSA isolated from CVC.  + indicates weak 

biofilm; ++ moderate biofilm and +++ strong biofilm producer.  
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Of 203 MRSA isolated from CVC, 76% (154/203) showed weak biofilm (OD < 0.6 nm) 

formation potential; 16% (32/203) showed moderated (OD>0.6 < 1.0) and 8% (17/203) 

showed strong biofilm (OD > 1.0) formation potential (Figure 5.1).  

 

Figure 5.2: Biofilm formation potential of HA-MRSA and CA-MRSA 

Data presented in Figure 5.2 showed 69% CA-MRSA were strong biofilm producers. 54% 

of HA-MRSA were weak and 60% were moderate biofilm producers. There is statistically 

significant between CA-MRSA and HA-MRSA on basis of biofilm formation potential 

p<0.05.   

Biofilm formation potential of MRSA isolated from peritoneal dialysis (PD) catheters 

MRSA isolated from dialysis catheters were subjected for biofilm formation assay. Figure 

5.3 showed the results of qualitative and quantitative assay of biofilm formation potential.   

	

Figure 5.3:  Biofilm formation potential of MRSA isolated from dialysis catheters. + 

indicates weak biofilm; ++ moderate biofilm and +++ strong biofilm producer. 
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Of 37 MRSA isolated from dialysis catheters, 19% (7/37) showed weak biofilm (OD < 0.6 

nm) formation potential; 65% (24/37) showed moderated (OD>0.6 < 1.0) and 16% (6/37) 

showed strong biofilm (OD > 1.0) formation potential.   

 

Figure 5.4: Biofilm formation potential of HA-MRSA and CA-MRSA 

Data presented in Figure 5.4 showed 100% CA-MRSA isolated form peritoneal catheters 

were strong biofilm producers. 79% of HA-MRSA were weak and 64% were moderate 

biofilm producers. There is statistically significant between CA-MRSA and HA-MRSA on 

basis of biofilm formation potential p<0.05.   

Biofilm formation potential of MRSA isolated from endotracheal tube (ETT)  

Biofilm formation potential of MRSA isolated from endotracheal tubes was assayed and 

results presented in figure 5.5.  

 

Figure 5.5:  Biofilm formation potential of MRSA isolated from endotracheal tube. + 

indicates weak biofilm; ++ moderate biofilm and +++ strong biofilm producer. 
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Of 69 MRSA isolated from endotracheal tube, 70% (48/69) showed weak biofilm (OD < 

0.6 nm) formation potential; 30% (21/69) showed moderated (OD>0.6 < 1.0) and none of 

the isolate showed strong biofilm (OD > 1.0) formation potential. 

 
Figure 5.6: Biofilm formation potential of HA-MRSA and CA-MRSA 

Data presented in Figure 5.6 showed none of CA-MRSA and HA-MRSA was strong biofilm 

producers. 79% of HA-MRSA were weak and 64% were moderate biofilm producers. There 

is statistically significant between CA-MRSA and HA-MRSA on basis of biofilm formation 

potential p<0.05.   

Biofilm formation potential of MRSA isolated from orthopedic implants 

Qualitative and quantitative measurement of biofilm formation potential of MRSA was 

assayed and results presented in figure 5.7.  

 

Figure 5.7:  Biofilm formation potential of MRSA isolated from orthopedic implants. + 

indicates weak biofilm; ++ moderate biofilm and +++ strong biofilm producer. 
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Of 221 MRSA isolated from endotracheal tube, 77% (170/221) showed weak biofilm (OD 

< 0.6 nm) formation potential; 15% (33/221) showed moderated (OD>0.6 < 1.0) and 8% 

(18/221) showed strong biofilm (OD > 1.0) formation potential. 

 
Figure 5.8: Biofilm formation potential of HA-MRSA and CA-MRSA 

Date presented in Figure 5.8 showed 69% CA-MRSA were strong biofilm producer. 54% 

HA-MRSA were moderate and 58% were weak biofilm producer.  

Biofilm formation potential of MRSA isolated from urinary catheter 

MRSA isolated from urinary catheters were subjected for biofilm formation assay and results 

shown in Figure 5.9. 

 
Figure 5.9:  Biofilm formation potential of MRSA isolated from urinary catheter. + indicates 

weak biofilm; ++ moderate biofilm and +++ strong biofilm producer. 
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Of 62 MRSA isolated from urinary catheter, 76% (47/62) showed weak biofilm (OD < 0.6 

nm) formation potential; 16% (10/62) showed moderated (OD>0.6 < 1.0) and 8% (5/62) 

showed strong biofilm (OD > 1.0) formation potential. 

 
Figure 5.10: Biofilm formation potential of HA-MRSA and CA-MRSA. 

Data presented in Figure 5.10 indicated all strong and moderate biofilm producer MRSA 

were CA-MRSA.  50% weak biofilm producer MRSA were CA-MRSA and 50% were HA-

MRSA.  

Biofilm formation potential of MRSA isolated from Ventriculo-peritoneal/Ventriculo-
atrial 

MRSA isolated from Ventriculo-peritoneal/Ventriculo-atrial (VP/VA) subjected for biofilm 

formation assay and results shown in Figure 5.11.		

 

Figure 5.11:  Biofilm formation potential of MRSA isolated from VP/VA shunts 
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Of 34 MRSA isolated from VP/VA shunts, 68%(23/34) showed weak biofilm (OD < 0.6 

nm) formation potential and 32%(11/34) showed strong biofilm (OD > 1.0) formation 

potential. There was no isolate showed moderated biofilm formation potential.  

 

Figure 5.12: Biofilm formation potential of HA-MRSA and CA-MRSA 

All strong biofilm producer MRSA were CA-MRSA 83% weak biofilm producers were HA-

MRSA. Moderate biofilm production was not detected in MRSA isolated from VP/VA 

shunts.  

Overall biofilm forming potential between CA-RSA and HA-MRSA isolated from 
biomedical device related infection  

Biofilm formation potential of CA-MRSA and HA-MRSA was assayed, isolated from 

biomedical device related infections.  

	

Figure 5.13: Biofilm formation potential of HA-MRSA and CA-MRSA isolated from 
catheters. 
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There were 275 CA-MRSA and 351 HA-MRSA isolated biomedical device related 

infections.  Of 275 CA-MRSA isolated from biomedical devices 67% (186/275) were weak, 

16.6% (45/275) moderate and 16.4% (44/275) were strong biofilm producer. Of 351 HA-

MRSA isolated from prosthetic devices 80% (282/351) were weak, 15% (54/351) moderate 

and 4% (15/351) were strong biofilm producer. Data presented in Figure 5.13. 

Biofilm formation potential and antibiotics resistance  

Weak biofilm (+) / OD @ 595 <0.6nm 

Among weak biofilm producer MRSA isolated from biomedical devices, 81% (379/468) 

were amikacin resistance, 92% (432/468) gentamycin, 96% (449/468) tobramycin, 87% 

(406/468) azithromycin, 46% (214/468) doxycycline, 97% (453/468) ciprofloxacin, 95% 

(446/468) ofloxacin, 86% (405/468) trimethoprim-sulfamethoxazole, 74% (345/468) 

clindamycin, and 24% (111/468) were chloramphenicol resistance as shown in Figure 5.14. 

All strains were sensitive to vancomycin and linezolid.  

 

Figure 5.14: Antibiotic resistance among MRSA forming weak biofilm (+). 
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were chloramphenicol resistance as shown in Figure 5.15. All strains were sensitive to 

vancomycin and linezolid.   

 

 

Figure 5.15: Antibiotic resistance among MRSA forming moderate biofilm (++) 

Strong biofilm (+++) / OD @ 595 >1.0nm 

Among strong biofilm producer MRSA isolated from prosthetic devices, 37% (63/59) were 

amikacin resistance, 90% (53/59) gentamycin, 98% (58/59) tobramycin, 83% (49/59) 

azithromycin, 29% (17/59) doxycycline, 95% (56/59) ciprofloxacin, 95% (56/59) ofloxacin, 

85% (50/59) trimethoprim-sulfamethoxazole, 73% (43/59) clindamycin, 0% (0/59) linezolid 

and 15% (9/59) were chloramphenicol resistance as shown in Figure 5.16. 
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Figure 5.16: Antibiotic resistance among MRSA forming strong biofilm (+++) 

Vancomycin MIC and Biofilm potential 

 
Figure 5.17: Relationship among Vancomycin MIC and biofilm formation potential 

Relationship was established between vancomycin MIC and biofilm formation potential was 

shown in Figure 5.17. It was observed that 90% (563/626) of MRSA have MIC less than 2.0 

µg/mL, 3% (18/626) have MIC 2-4 µg/mL and 7% (45/626) have MIC greater than 4 µg/mL 

and less than 16 µg/mL. For MRSA isolates having MIC <2.0 µg/mL, 75% (421/563) were 

weak biofilm producer, 15% (84/563) moderate and 10% (58/563) were strong biofilm 

producers. For MRSA isolates having vancomycin 2-4 µg/mL, 78% (14/18) were weak 

biofilm producer, 22% (4/18) were strong biofilm producers. There was no moderate biofilm 
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producer among this group. For MRSA isolates having vancomycin >4 µg/mL, 73% (33/45) 

were weak biofilm producer, 24% (11/45) were moderate biofilm producer and 2.2% (1/45) 

were strong biofilm producers. 

Correlation between biofilm formation potential and age of patients  

 

Figure 5.18: Relationship among biofilm potential of MRSA and age groups of patients. 

A relationship was shown in Figure 5.18 among age groups and biofilm formation potential. 

Among 626 MRSA isolates 75% (468/626) were weak biofilm producers, 16% (99/626) 

moderate and 9% (59/262) were strong biofilm producers. For age group, less than ten years, 

10% (6/62) were strong biofilm producers, 16% (10/62) were moderate and 74% (46/62) 

were weak biofilm producers. For ager group 11-20 years 4% 1/27) were strong, 22% (6/27) 

were moderate and 74% (20/27) were weak biofilm producers. For age group 21-30 years 

4% (4/144) were strong, 26% (37/144) were moderate, 71% (102/144) were weak biofilm 

producers. For age group 31-40 years age, 9% (10/107), 12% (13/107) and 79% (84/107) 

were strong, moderate, and weak biofilm producers respectively. For 41-50 years of age 9% 

(12/136) were strong, 7% (9/136) were weak and 85% (115/136) were wear biofilm 

producers. For 51-60 years of age 19% (18/93) were strong, 16% (15/93) were moderate and 

65% (60/93) were weak biofilm producers. For age group greater than 60 years of age, 12% 

(7/57) were strong, 16% (9/57) were moderate and 72% (41/57) were weak biofilm 

producers.  
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Relationship among biofilm potential of MRSA, hemolysis and color   producing 
capability 

 

Figure 5.19: Biofilm potential correlation with lysine and color production  

Of 626 strains of MRSA isolated from prosthetic devices, 55% (345/626) showed hemolysis 

on Blood agar plate and among these strains 74% (256/345) weak biofilm producer, 16% 

(55/345) moderate biofilm and 10% (34/345) were strong biofilm producers. This correlation 

between hemolytic reaction and biofilm formation potential is statistically significant 

(p<0.05). Of 626 strains of MRSA, 56% (349/626) showed yellow color on blood agar plate 

and among these strains 70% (244/349) were weak biofilm producer, 16% (56/349) 

moderate biofilm and 14% (49/349) were strong biofilm producers as indicated in Figure 

5.19. 

Discussion 

Biofilm formation potential of 626 MRSA isolated from device related infection was assayed 

in this study. Biofilm formation capability of MRSA strains was examined by two ways; 

qualitatively and quantitatively. Results of both experiments were correlated and found 

similarity between assay results.  

All trains of MRSA isolated form device related infection were biofilm producer which is 

most important tool for the pathogenesis of this superbug. Most strains 66% (414/626) were 

weak biofilm procurers giving OD @ 595 less than 0.6nm and reddish black color on Congo 

red medium. Some of strains 27% (168/6262) were moderate biofilm producers with 0.6 to 

1.0 OD @ 595 and blackish red color on Congo red medium. A few strains 7% (44/626) 

were strong biofilm producer with >1.0 OD @ 595nm and black colored colonies on Congo 

red medium.  
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CVC is an integral part of modern medicine for critically ill patients. These CVC becomes 

fatal when colonized by MDR pathogens like MRSA. Of 203 MRSA strains isolated from 

CVC 76% were weak biofilm producers followed by 16% moderate and 8% strong biofilm 

producers.  

Staphylococcus infection causes mortality and morbidity when infects dialysis catheters and 

source of infection is nasal caries and skin (Ena et al., 1994; Simor et al., 1994). Of 69 

MRSA isolates from dialysis catheters 21% were weak biofilm reducers, 64% were 

moderate biofilm producers and 15% were strong biofilm producers.  

Presence of endotracheal tubes (ETT) in ventilated patients increases the risk of pneumonea 

(Craven and Steger, 1995; Zur et al., 2004). Biofilm formations universally occurs on ETT 

and major cause of pneumonea called ventilated associated pneumonea (Pneumatikos et al., 

2009). Of 37 MRSA isolated from ETT, 70% were weak biofilm producers but 30% were 

moderate biofilm producers. No isolate of MRSA showed strong biofilm formation 

potential.  

Prosthetic joint replacement is increasing day by day to decrease mortality and morbidity. 

This procedure is crucial and needs sophisticated infection control practices, if it’s 

contaminated by MDR like MRSA then the consequences are fatal. Of 221 MRSA strain 

isolated from bones and prosthetic joint related infections 77% were weak biofilm producers 

followed by moderate biofilm producer 16% and strong biofilm producers 8%. 

Urinary catheters are most frequently used to manage urinary tract problems, this 

catheterization results in bacteriuria. Of 62 MRSA isolated from urinary catheters 76% were 

weak biofilm produces followed by 16% moderate and 8% strong biofilm producers.  

VP-VA catheters are used for critical patients and colonization to MRSA or other MDR 

pathogens results in fatal consequences (McGirt et al., 2003). Of 34 MRSA isolates 68% 

were weak biofilm producers followed by 32% strong biofilm producers measured by 

qualitatively and quantitatively. None of the isolate was moderate biofilm producer.  

The results of this study concluded that MRSA has potential to form biofilm on all type of 

medical devices especially CVC, dialysis catheters, ETT, prosthetic joint and bone, urinary 

catheters and VP-VA shunts(Davey and O'toole, 2000; Donlan and Costerton, 2002; Hall-

Stoodley et al., 2004; Von Eiff et al., 2005).  
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A study conducted in Korea showed 37% MRSA isolated from indwelling catheters were 

biofilm producers (Kwon et al., 2008). A study conducted in Bangladesh on hospital 

acquired MRSA, reported all MRSA were 100% biofilm producer which agreed the results 

of current study (Kwon et al., 2008). Study conducted in India, reported strong biofilm 

producer 14.51% and moderate biofilm potential 50.38% of MRSA isolated from clinical 

isolates. Some researchers found 5.03% and 7.9% MRSA isolated from device related 

infection as biofilm producers (Darouiche et al., 1999; Bose et al., 2009). The difference in 

the rate of colonization on catheters is attributed to the selection of sample, selection of 

pathogen forming biofilm on the catheters, type of indwelling catheters and microbiological 

techniques used to recover and identify the pathogen (Maki et al., 1997) 

Of 275 CA-MRSA isolated from device related infections 7% were strong biofilm producer 

followed by 14% moderate biofilm producer and 23% were weak biofilm producers. Out of 

351 HA-MRSA isolated from prosthetic device related infection 12% were moderate biofilm 

producer and 44% were weak biofilm producer. None of HA-MRSA was strong biofilm 

producer. These investigations showed CA-MRSA are better adopted to the skin and easily 

colonies the indwelling catheters and form biofilm along with time. These findings agreed 

the previous findings which described CA-MRSA emerging biofilm producer for device 

related infections (Diep et al., 2006; Klevens et al., 2007; van Belkum et al., 2007; 

Wardenburg and Schneewind, 2008).  

Antibiotic resistance was measured against all biofilm producers in planktonic form. All 

strains were sensitive to linezolid and vancomycin and antibiogram to other antibiotic was 

same as reported earlier in chapter 4.  

This study concluded that all MRSA isolated form device related infections are biofilm 

producers. Rate of biofilm producer pathogen colonizing the indwelling catheters was 

versatile from 0.3 to 100% depending upon the choice of specimen and techniques for 

isolation and identification of biofilm producer pathogen. In addition to it CA-MRSA is 

more adaptive to human skin emerging as biofilm producer superbug, on medical devices 

and catheters     
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Chapter 6 

Molecular Studies of Biofilm 

MRSA isolated form biomedical device and surgical tubes related infections are biofilm 

producers. All biomedical devices and catheters are susceptible for colonization, biofilm 

formation and infection (Castelli et al., 2006). Biofilm production is the major risk to health 

care industry especially when indwelling medical devices are used (O'Gara, 2007). Failure 

of biomedical device is major threat when colonizing pathogen is biofilm producer. In 

critically ill patients 60-70% of hospital acquired infections are due to biomedical device 

related infections (Darouiche et al., 1998; Bryers, 2008). Bacterial pathogen can form 

biofilm on biotic (tissues) and abiotic (implanted devices) surfaces which results in serious 

illness, failure of implanted device and sometimes death (Hall-Stoodley et al., 2004). 

Staphylococcus aureus especially MRSA is one of the major pathogen that form biofilm on 

biomedical devices and catheters and results in fatal consequences (Davey and O'toole, 

2000).  

Biofilm on medical devices involves the attachment, intercellular adhesion, EPS production 

and biofilm maturation (Otto, 2013). In MRSA, intercellular attachment attributed to 

polysaccharide intercellular adhesion (PIA) which is encoded by icaADBC operon (Laverty 

et al., 2013). Intercellular adhesion involves surface proteins like fibrinogen binding proteins 

(fib), clumping factors (clfA and clfB), fibronectin binding protein (fnbA and fnbB) (O'Neill 

et al., 2008; Vergara-Irigaray et al., 2009; McCourt et al., 2014), collagen adhesion (cna), 

bone sialoprotein binding protein (bbp) (Gu et al., 2005), serine aspartate repeat (sdrD and 

sdrE) and laminin binding protein (eno) (Josefsson et al., 2005; Atshan et al., 2012; Cha et 

al., 2013). MRSA is multidrug resistance bacteria that harbor the biofilm associated genes 

(Pozzi et al., 2012).   

Genotypic characterization of biofilm producer MRSA. 

For molecular studies of biofilm, 48 strains of MRSA were selected on the basis of antibiotic 

resistance, source of isolation, biofilm formation potential, agr typing, SCCmec typing and 

restriction fragment length polymorphism (RFLP). Proteinaceous and non-proteinaceous 

pathways of biofilm formation were studied by amplifying 14 genes in selected MRSA 

strains. These genes were fibrinogen binding proteins (fib), clumping factors (clfA and clfB), 

fibronectin binding protein (fnbA and fnbB), collagen adhesion (cna), bone sialoprotein 

binding protein (bbp), serine asparate repeat (sdrD and sdrE), panton-valentine leukocidin 
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(pvl), laminin binding protein (eno), intracellular chromosomal adhesion genes (icaAD and 

icaBD) and methicillin resistance gene (mec).   

DNA extraction 

DNA of 626 strains of MRSA isolated from device related infection was extracted using the 

conventional method as described in methodology section (Wilson, 1987). Agarose gel 

electrophoresis of selected strain of MRSA was done to check the quantity of DNA shown 

in Figure 6.1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Agarose gel electrophoresis of genomic DNA isolated from selected strains of 
MRSA  

Confirmation of methicillin resistance Staphylococcus aureus (MRSA) by mecA gene 

Resistance to methicillin in Staphylococcus aureus was confirmed by amplification of mecA 

gene. Methicillin resistance gene (mecA gene) was amplified in 626 strains of 

phenotypically confirmed MRSA. All strains harbored mecA gene and confirmed MRSA 

genotypically. PCR amplification of mecA gene shown in Figure 6.2. 
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Figure 6.2: PCR amplification of methicillin resistance mecA gene  

Amplification of clumping factor, A and B (clfA & clfB) 

Clumping factors, A and B (clfA & clfB) are part of Microbial Surface Components 

Recognizing Adhesive Matrix Molecules (MSCRAMM) in Staphylococcus aureus and 

involved in biofilm formation especially adhesion. Presence of genes were confirmed in 48 

strains of MRSA by PCR amplification (Figure 6.3).  
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Figure 6.3: PCR amplification of clumping factors A (clfA, 292bp) and clumping factors B 
(clfB, 205bp). 

Of 48 MRSA strains, 65% (31/48) have clfA gene and all strains have clfB. Presence of clfB 

in all biofilm producer strains of MRSA showed that for production of biofilm on medical 

devices clfB is indispensable.    

Amplification of fibronectin binding protein, A and B (fnbA & fnbB) 

Fibronectin binding proteins, A and B (fnbA & fnbB) are part of Microbial Surface 

Components Recognizing Adhesive Matrix Molecules (MSCRAMM) in Staphylococcus 

aureus. These genes are essential pathogenic tool and involved in biofilm formation stages 

especially initial adhesion to biomedical material. These genes were amplified in 48 strains 

of MRSA to confirm their presence.  
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Figure 6.4: PCR amplification of fibronectin binding protein A (fnbA, 643bp) and 

fibronectin binding protein B (fnbB, 524bp). 

Of 48 strains of MRSA which were subjected for PCR amplification of these genes, 85% 

(42/48) contained fnbA and 60% (29/48) contained fnbB with molecular size of 643bp and 

524bp as shown in Figure 6.4. 

Amplification of laminin binding protein (eno) 

Laminin binding protein (eno) is part of Microbial Surface Components Recognizing 

Adhesive Matrix Molecules (MSCRAMM) in Staphylococcus aureus and considered an 

important pathogenic tool for attachment to biotic surfaces like tissues. This gene was 

amplified to confirm the presence in 48 strains of MRSA 
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Figure 6.5: PCR amplification of laminin binding protein (eno, 302bp) 

Of 48 MRSA strains isolated from device related infections, 83 % 40/48) contained eno 

which is 302bp molecular weight gene as shown in Figure 6.5. 

Amplification of fibrinogen binding proteins (fib) 

Fibrinogen binding proteins (fib) are part of Microbial Surface Components Recognizing 

Adhesive Matrix Molecules (MSCRAMM) in Staphylococcus aureus. These genes involved 

in the initial attachment of MRSA to biotic surfaces and interact with protein fibrinogen. 

This gene was amplified to confirm the presence in 48 strains of MRSA and shown in Figure 

6.6.  
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Figure 6.6: PCR amplification of fibrinogen binding proteins (fib, 404bp) 

Of 48 MRSA, 92% (44/48) harbored fib gene. The gene which is 404bp in molecular weight 

involved in the attachment with surfaces and initiate the process of biofilm formation.  

Amplification of collagen adhesion proteins (cna) 

Collagen adhesion proteins (cna) are part of Microbial Surface Components Recognizing 

Adhesive Matrix Molecules (MSCRAMM) in Staphylococcus aureus. The product of this 

gene involved in the initial steps of biofilm formation and establishment. This gene was 

amplified to confirm the presence in 48 strains of MRSA and amplification of gene shown 

in Figure 6.7.  
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Figure 6.7: PCR amplification of collagen adhesion proteins (cna, 423bp) 

Of 48 MRSA, 60% (29/48) contained cna gene and this gene is not amplified in 40% (19/48) 

strains of MRSA involved in the biofilm formation on indwelling medical devices.  

Amplification serine aspartate repeat (sdrD & sdrE) 

Another member of Microbial Surface Components Recognizing Adhesive Matrix 

Molecules (MSCRAMM) of Staphylococcus aureus and involved in biofilm formation are 

Sdr (serine aspartate repeat) family of proteins. These proteins are encoded by genes sdrC, 

sdrD, sdrE. Two genes sdrD and sdrE were amplified by PCR with specific primers in 48 

strains of MRSA, amplified product in a few strains is shown in Figure 6.8. 
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Figure 6.8: PCR amplification of serine aspartate repeat (sdrD; 326pb and sdrE; 326bp)  

Of 48 selected strains of MRSA, sdrD was amplified in 60% (29/48) and sdrE was amplified 

in 69% (33/48). 

Amplification of intracellular chromosomal adhesion genes (icaA and icaD). 

Polymeric N-acetyl-glucosamine (PNAG) encoded by ica ABCD locus is important in the 

biofilm formation of MRSA. From ica locus only two genes icaA and icaD were amplified 

in the 48 strains of MRSA.  
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Figure 6.9: PCR amplification of intracellular chromosomal adhesion genes (icaA, 520bp 

and icaD,182bp) 

Of 48 strains of MRSA, 92% (44/48) contained icaA and 77% (37/48) contained icaD which 

indicate that transcription of ica locus is essential for the biofilm formation in most of MRSA 

on biotic and abiotic medical devices (Figure 6.9).  

Amplification of panton-valentine leukocidin (pvl) gene. 

Panton-valentine leukocidin (pvl) gene amplified in MRSA for confirmation of CA-MRSA 

and HA-MRSA along with other characteristics like source of specimen, antibiotic 

resistance pattern and hospitalization history of patient.   
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Figure 6.10: PCR Amplification of Panton-valentine leukocidin (pvl, 432bp) gene 

This gene was amplified in 54% (26/48) strains and rest of MRSA didn’t have this gene as 

shown in Figure 6.10. It is confirmed that 54% strains were CA-MRSA and 46% strains 

were HAMRSA along with other characteristics (Boyce, 1998; Salmenlinna et al., 2002).   

Discussion 

Attachment of microbial cells to biomedical devices to form aggregation of multicellular 

layer is the important step in biofilm related infection (Vaudaux et al., 1990). Biofilm related 

infection of MRSA can be better understood by studying the phenotypic and genotypic 

characterization of surface molecules of microorganisms that interact with biomedical 

devices, indwelling implants and catheter.  

MRSA confirmed by cefoxitin disc method were verified by amplification of mecA gene. 

All 626 MRSA harbored this gene and confirmed MRSA phenotypically and genotypically.  

All 626 strains of MRSA isolated from device related infections were subjected for the 
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amplification of pvl gene. Pvl was amplified in 44% (275/626) isolates and 56% (351/626) 

didn’t harbor this gene.   

All MRSA isolated from device related infections were biofilm producers so most of these 

strains possessed adhesion genes. Clumping factors A and B genes (clfA & clfB) were 

detected in 65% (31/48) and 100% (48/48) strains of MRSA respectively. Low 43.38% and 

high 86.89% prevalence of these gens was reported previously which was due to nature of 

specimens (Moreillon et al., 1995; Peacock et al., 2002). These studies were conducted on 

blood specimens.  Fibronectin binding protein genes A and B (fnbA & fnbB) was detected 

in 85% (41/48) and 60% (29/48) strains of MRSA isolated from device related infections. 

Some studies reported low prevalence of fnbB 1.89% (Taneike et al., 2006; Serray et al., 

2016) whereas others described same results as reported in current study (Rice et al., 2001).  

Laminin binding protein (eno), fibrinogen binding proteins (fib) and collagen adhesion 

proteins (cna) were detected in 83% (40/48), 92% (44/48) and 60% (29/48) strains of MRSA 

respectively. Literature reported prevalence of cna ranging from 46 to 67% which agreed 

findings of current study (Holderbaum et al., 1987; Thomas et al., 1999; Peacock et al., 

2002). Serine aspartate D and E was amplified by PCR in MRSA and these were detected in 

60% (29/48) and 69% (33/48) strains respectively.  Intracellular chromosomal adhesion 

genes (icaA & icaD) were detected in 92% (44/48) and 77% (37/48) strains of MRSA 

respectively. These results contradicted previous studies that reported icaAD 38.5% 

(Lachachi et al., 2014) and 32% (Nasr et al., 2012). These studies ae conducted on blood 

and catheters (Liberto et al., 2009).  

High prevalence of fnbA 98.4%, fnbB 99.5%and cna 46% was reported by study conducted 

on prosthetic implants in Italy (Arciola et al., 2005). 78% prevalence of these genes was 

reported in MRSA by a study conducted on orthopedic implants related infections by Rice 

et al., (2001) (Rice et al., 2001). 

A study detected icaAD in all MRSA that had potential to produce biofilm (Semczuk et al., 

2008) and responsible for cystic fibrosis in children. This study showed close association 

between biofilm formation and icaAD expression but these results are not correlated with 

our study (Liberto et al., 2009). The difference is due to nature of specimens and site of 

specimens.  

A study conducted in Tehran by Ghasemian et al., (2015) on 209 MRSA strains, showed 

same prevalence of adhesion genes as reported in the current study (Ghasemian et al., 2015). 
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MRSA isolated from Chinese children were assayed for adhesion genes and found variable 

results clfA 100%, clfB 100%, fnaA100%, fnbB 0%, cna 2.7%, sdrD 5.4% and sdrE 94.5% 

(Yang et al., 2017). Another study conducted in burn patients reported that eno 61.1% was 

most prevalent adhesion gene followed by fib 48.1% (Motallebi et al., 2016). Study 

conducted in Iran reported clfA, clfB, fnbA, fnbB, fib, cna and eno frequency in MRSA 97%, 

97%, 64%, 51%, 76%, 56% and 79% respectively (Ghasemian et al., 2016). 

All these results showed there was great variation in different studies for the frequency of 

these adhesion genes. Some studies reported very low frequency and some reported very 

high frequency of these adhesions. These findings showed that adhesion genes are important 

pathogenic tool for MRSA especially causing device related infection. The difference in the 

prevalence of adhesion gene was due to heterogeneity of MRSA strains, processing of 

specimens for amplification of adhesion genes and specimen selected for study like 

indwelling devices or blood or pus from wound.  

In conclusion adhesion genes, ica regulatory mechanism and sdr are essential tool of biofilm 

formation by MRSA on tissues and indwelling medical devices. These tools are responsible 

for failure of indwelling catheters and conversion of acute infection to chronic. These 

pathogenic tools made it difficult to eradicate pathogen and consistence source of infection. 
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Chapter 7 

Molecular Basis of Biofilm Formation and Antimicrobial Resistance  

Staphylococcus was considered as opportunistic pathogen. It is also major causative agent 

of biomedical device related infections, surgical tubes and catheters. Research is being 

conducted to elucidate the tools and pathogenesis mechanism involved in the biomedical 

related infections (Montanaro and Arciola, 2000). Biofilm formation by S. aureus on 

medical devices involved production of EPS and interaction of cellular proteins with 

biomedical devices (Montanaro et al., 1998; McKenney et al., 1999). Capsular 

polysaccharide is involved in the synthesis of biofilm and controlled by ica operon. Capsular 

polysaccharides or biofilm synthesis is enhanced by the simultaneous expression of icaA 

and icaD than the expression of icaA alone (Frere et al., 1999). These genes significantly 

attribute to the biofilm formation on catheters, surgical tubes and indwelling medical 

devices. In the establishment of infection by MRSA on indwelling medical devices there is 

interaction between surface molecules of   MRSA called “Microbial Surface Components 

Recognizing Adhesive Matrix Molecules” (MSCRAMMs) and environment or indwelling 

devices (s Tung et al., 2000; Menzies, 2003) 

Clumping factors A and B (clfA and clfB) 

Clumping factor A and B are important component of cell surface and involved in the biofilm 

formation of MRSA on catheters.  

 

Figure 7.1: Prevalence of clfA & clfB among selected strains of MRSA 
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Out of 48 selected strains of MRSA 64% (30/48) harbored both genes (clfA & clfB) as shown 

in Figure 7.1. All strains of MRSA had clfB and 65% (31/48) had clfA for the clumping 

factors B and A respectively.  

Among 48 biofilm producer strains of MRSA, 40 (83%) were moderate and 8 (17%) were 

strong biofilm producers. Clumping factor A gene was present in 65% (31/48) and absent in 

35% (17/48) of biofilm producer MRSA (Figure 7.2). There is no statistically significant 

relationship between strength of biofilm and harboring of clfA (p>0.05). Clumping factor B 

was present in 100% (48/48) of biofilm producers. There was no statistically significant 

correlation between clfB and strength of biofilm (p>0.05) 

 

Figure 7.2: Relationship between strength of biofilm formation and clumping factors 

Of 48 MRSA strains 31 (65%) harbors clfA gene. Among these 31 strains 87% (27/31) were 

resistance to amikacin; 90% (28/31) to gentamycin; 100% (31/31) to tobramycin; 90% 

(28/31) to azithromycin; 74% (23/31) to doxycycline; 93% (29/31) to ciprofloxacin, 87% 

(27/31) to ofloxacin; 77% (24/31) to trimethoprim-sulfamethoxazole; 42% (13/31) to 

clindamycin and 100% (31/31) were resistant to chloramphenicol. Similarly, 48 (100%) 

strains harbors clfB gene.  Among these 48 strains 92% (44/48) were resistance to amikacin; 

94% (45/48) to gentamycin; 100% (48/48) to tobramycin; 94% (45/48) to azithromycin; 75% 

(36/48) to doxycycline; 96% (46/48) to ciprofloxacin, 92% (44/48) to ofloxacin; 85% 

(41/48) to trimethoprim-sulfamethoxazole 46% (22/48) to clindamycin and 100% (46/46) 

were resistant to chloramphenicol. All strains of MRSA isolated from biomedical device and 

catheters related infection are sensitive to vancomycin and linezolid as shown in Figure 7.3. 
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Figure 7.3: Prevalence of antibiotic resistance among clumping factors harboring, biofilm 
producer MRSA 

Fibronectin binding protein, A and B (fnbA & fnbB) 

Fibronectin binding protein, A and B (fnbA & fnbB) are adhesion proteins present on the 

surface of bacteria and involved in the biofilm formation by MRSA on the indwelling 

medical devices and issues. Out of 48 strains of MRSA 15% (7/48) harbors none of these 

genes and 60% (29/48) have both genes as shown in Figure 5.4. Most of MRSA 85% (41/48) 

harbored fnbA followed by fnbB 60% (29/48). 

 

Figure 7.4: Prevalence of fnbA & fnbB genes among selected strains of MRSA 
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Among 48 biofilm producer strains of MRSA 37 (90%) were moderate and 4 (10%) were 

strong biofilm producers. Fibronectin binding protein A gene was present in 85% (41/48) 

and absent in 15% (7/48) of biofilm producer MRSA. There is no statisticall significant 

relationship between strength of biofilm and harboring of fnbA (p=0.053). Fibronectin 

binding protein B was present in 60% (29/48) of biofilm producers and absent in 40% 

(19/48) biofilm producers. There was no statistically significant correlation between fnbB 

and strength of biofilm (p>0.05) as shown in Figure 7.5. 

 

Figure 7.5: Relationship between strength of biofilm formation and fibronectin binding 

proteins 

Of 48 MRSA strains 41 (85%) harbors fnbA gene. Among these 41 strains 90% (37/41) were 

resistance to amikacin; 93% (38/41) to gentamycin; 100% (41/41) to tobramycin; 93% 

(38/41) to azithromycin; 78% (32/41) to doxycycline; 95% (39/41) to ciprofloxacin, 90% 

(36/40) to ofloxacin; 83% (34/41) trimethoprim-sulfamethoxazole; 51% (21/41) to 

clindamycin and 100% (40/40) were resistant to chloramphenicol. Similarly, 29 (60%) 

strains harbors fnbB gene.  Among these 29 strains 90% (26/29) were resistance to amikacin; 

93% (27/29) to gentamycin; 100% (29/29) to tobramycin; 93% (27/29) to azithromycin; 79% 

(23/29) to doxycycline; 96% (28/29) to ciprofloxacin, 90% (26/29) to ofloxacin; 79% 

(23/29) to trimethoprim-sulfamethoxazole 52%(15/29) to clindamycin and 100%(29/29) 

were resistant to chloramphenicol as shown in Figure 7.6. 
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Figure 7.6: Prevalence of antibiotic resistance among fibronectin binding protein harboring, 

biofilm producer MRSA.	 

Serine aspartate repeat (sdrD & sdrE) 

Serine aspartate repeat D and E (sdrD & sdrE) are involved in the biofilm formation and 

maintenance on medical devices. Out of 48 strains of MRSA 17% (8/48) harbors none of 

these genes and 46% (22/48) have both genes as shown in Figure 7.7. 

 

Figure 7.7: Prevalence of sdrD & sdrE among MRSA 
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absent in 40% (19/48) of biofilm producer MRSA. There is no statistically significant 

relationship between strength of biofilm and harboring of sdrD (p>0.05). Serine aspartate 

repeat E (sdrE) was present in 69% (33/48) of biofilm producers and absent in 31% (15/48) 

biofilm producers. There was no statistically significant correlation between sdrE and 

strength of biofilm (p>0.05) as shown in Figure 7.8. 

 

Figure 7.8: Relationship between strength of biofilm formation and Serine aspartate repeats 

Of 48 MRSA strains 29 (60%) harbors sdrD gene. Among these 29 strains 90% (26/29) were 

resistance to amikacin; 93% (27/29) to gentamycin; 100% (29/29) to tobramycin; 93% 

(27/29) to azithromycin; 79% (23/29) to doxycycline; 96% (28/29) to ciprofloxacin, 90% 

(26/29) to ofloxacin; 79% (23/29) trimethoprim/sulfamethoxazole; 52% (15/29) to 

clindamycin and 100% (43/43) were resistant to chloramphenicol. Similarly, 33 (69%) 

strains harbors sdrE gene.  Among these 33 strains 94% (31/33) were resistance to amikacin; 

97% (32/33) to gentamycin; 100% (33/33) to tobramycin; 91% (30/33) to azithromycin; 70% 

(23/33) to doxycycline; 97% (32/33) to ciprofloxacin, 91% (30/33) to ofloxacin; 88%(29/33) 

to trimethoprim-sulfamethoxazole; 49% (16/33) to clindamycin and 100% (33/33) were 

resistant to chloramphenicol 
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Figure 7.9: Prevalence of antibiotic resistance among serine aspartate repeats harboring, 

biofilm producer MRSA 

Laminin binding protein (eno) 

Among 48 biofilm producer strains of MRSA 40 (83%) were moderate and 8 (17%) were 

strong biofilm producers. Laminin binding protein (eno) was present in 83% (40/48) and 

absent in 17% (8/48) of biofilm producer MRSA. There is no statistically significant 

relationship between strength of biofilm and harboring of eno (p=0.08) by MRSA as shown 

in Figure 7.10. 

 

Figure 7.10: Prevalence of eno among MRSA 
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Of 48 MRSA strains 40 (83%) harbors eno gene. Among these 40 strains 90% (36/40) were 

resistance to amikacin; 92% (37/40) to gentamycin; 100% (40/40) to tobramycin; 95% 

(38/40) to azithromycin; 77% (31/40) to doxycycline; 95% (38/40) to ciprofloxacin, 90% 

(36/40) to ofloxacin; 82% (33/40) trimethoprim-sulfamethoxazole; 45% (18/40) to 

clindamycin and 100% (43/43) were resistant to chloramphenicol as shown in Figure 7.11. 

 

Figure 7.11: Prevalence of antibiotic resistance among Laminin binding protein (eno) 

harboring, biofilm producer MRSA 

Fibrinogen binding protein (fib) 

Among 48 biofilm producer strains of MRSA 40 (83%) were moderate and 8 (17%) were 

strong biofilm producers. Fibrinogen binding protein (fib) was present in 92% (44/48) and 

absent in 8% (4/48) of biofilm producer MRSA. There is no statistically significant 

relationship between strength of biofilm and harboring of fib (p=0.096) as shown in Figure 

7.12. 
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Figure 7.12: Prevalence of fib among biofilm producer MRSA 

Of 48 MRSA strains 44 (92%) harbors fib gene. Among these 44 strains 91% (40/44) were 

resistance to amikacin; 93% (41/44) to gentamycin; 100% (44/44) to tobramycin; 93% 

(40/43) to azithromycin; 77% (34/44) to doxycycline; 95% (42/44) to ciprofloxacin, 91% 

(40/44) to ofloxacin; 84% (36/43) trimethoprim-sulfamethoxazole; 48% (21/44) to 

clindamycin and 100% (44/44) were resistant to chloramphenicol as shown in Figure 7.13. 

 

Figure 7.13: Prevalence of antibiotic resistance among Fibrinogen binding protein (fib) 

harboring, biofilm producer MRSA. 
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Collagen adhesion (cna) protein 

Among 48 biofilm producer strains of MRSA 40 (83%) were moderate and 8 (17%) were 

strong biofilm producers. Collagen adhesion (cna) protein was present in 60% (29/48) and 

absent in 40% (19/48) of biofilm producer MRSA. There is statistically significant 

relationship between strength of biofilm and harboring of cna (p=0.021) as shown in Figure 

7.14. 

 

Figure 7.14: Prevalence of cna among biofilm producer MRSA 

Of 48 MRSA strains 29 (60%) harbors cna gene. Among these 29 strains 90% (26/29) were 

resistance to amikacin; 90% (26/29) to gentamycin; 100% (29/29) to tobramycin; 100% 

(29/29) to azithromycin; 76% (22/29) to doxycycline; 93% (27/29) to ciprofloxacin, 86% 

(27/29) to ofloxacin; 79% (23/29) trimethoprim-sulfamethoxazole; 24% (7/29) to 

clindamycin and 100% (29/29) were resistant to chloramphenicol as shown in Figure 7.15. 

 

Figure 7.15: Prevalence of antibiotic resistance among Collagen adhesion (cna) protein 

harboring, biofilm producer MRSA. 
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Intracellular chromosomal adhesion genes A and D (icaA & icaD) 

Intracellular chromosomal adhesion genes A and D (icaA & icaD) are involved in the biofilm 

formation and maintenance. Out of 48 strains of MRSA 8% (4/47) harbors none of these 

genes and 77% (37/48) have both genes as shown in Figure 7.16 

 

Figure 7.16: Prevalence of icaA & icaD among MRSA 

Among 48 biofilm producer strains of MRSA 40 (83%) were moderate and 8 (17%) were 

strong biofilm producers. Intracellular chromosomal adhesion genes AD (icaA) was present 

in 93% (45/48) and absent in 7% (4/48) of biofilm producer MRSA. There is no statistically 

significant relationship between strength of biofilm and harboring of icaA (p=0.053). 

Intracellular chromosomal adhesion genes D (icaD) was present in 77% (37/48) of biofilm 

producers and absent in 23%(11/48) biofilm producers. There was no statistically significant 

correlation between ica and strength of biofilm (p>0.05) as shown in Figure 7.17. 
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Figure 7.17: Relationship between strength of biofilm and intracellular chromosomal 

adhesion genes in MRSA. 

Of 48 MRSA strains 45 (93%) harbors icaA gene. Among these 45 strains 91% (41/45) were 

resistance to amikacin; 93% (42/45) to gentamycin; 100% (45/45) to tobramycin; 93% 

(42/45) to azithromycin; 78% (35/45) to doxycycline; 96% (43/45) to ciprofloxacin, 91% 

(41/45) to ofloxacin; 84% (38/45) trimethoprim-sulfamethoxazole; 49% (22/45) to 

clindamycin and 100% (45/45) were resistant to chloramphenicol. Similarly, 37 (77%) 

strains harbors icaD gene.  Among these 37 strains 89% (33/37) were resistance to amikacin; 

92% (34/37) to gentamycin; 100% (37/37) to tobramycin; 92% (34/37) to azithromycin; 76% 

(28/37) to doxycycline; 94% (35/37) to ciprofloxacin, 89% (33/37) to ofloxacin; 81% 

(30/37) to trimethoprim-sulfamethoxazole; 54% (20/37) to clindamycin and 100% (37/37) 

were resistant to chloramphenicol as shown in Figure 7.18. 
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Figure 7.18: Prevalence of antibiotic resistance among Intracellular chromosomal 

adhesion gene harboring, biofilm producer MRSA.  

Table 7.1: Comparison of CA-MRSA and HA-MRSA on bass of antibiotics resistance and 
biofilm formation genes.  

 CA-MRSA 

 54% (26/48) 

HA-MRSA 

 46% (22/48) 

Significance 
level 

Potential of biofilm Moderate (++) 72% (19/26) 100% (22/22) p>0.05 

Strong (+++) 28% (7/26) 0% (0/22) p>0.05 

Antibiotic resistance Amikacin 88% (23/26) 95% (21/22) p>0.05 

Gentamicin 88% (23/26) 100% (22/22) p>0.05 

Tobramycin 100% (26/26) 100% (22/22) p>0.05 

Azithromycin 100% (26/26) 86% (19/22) p>0.05 

Doxycycline 77% (20/26) 73% (16/22) p>0.05 

Ciprofloxacin 92% (22/26) 100% (22/22) p>0.05 

Ofloxacin 84% (22/26) 100% (22/22) p>0.05 

Trimethoprim-
sulfamethoxazole 

77% (20/26) 95% (21/22 p>0.05 

Clindamycin 19% (5/26) 77% (17/22) p<0.01 

Linezolid 0% (0/26) 0% (0/22) p>0.05 

Chloramphenicol 100% (26/26) 100% (22/22) p>0.05 
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Genes involved in 
biofilm formation 

clfA 73% (19/26 54% (12/22) p>0.05 

clfB 100% (26/26) 100% (22/22) p>0.05 

icaA 88% (23/26) 100% (22/22) p>0.05 

icaD 69% (18/26) 86% (19/22) p>0.05 

eno 84% (22/26) 82% (18/22) p>0.05 

cna 92% (24/26) 23% (5/22) p=0.02 

fib 88% (23/26) 95% (21/22) p>0.05 

fnbA 81% (21/26) 91% (20/22) p>0.05 

fnbB 58% (15/26) 64% (14/22) p>0.05 

sdrD 65% (17/26) 73% (16/22) p>0.05 

sdrE 58% (15/26) 64% (14/22) p>0.05 

 

Discussion 

This study revealed phenotypic and genotypic characterization of biofilm producer MRSA. 

MRSA attributes to the biofilm formation on medical devise and cause failure of indwelling 

medical devices. This study conducted on 48 strains of MRSA isolated from device related 

infections which were capable for biofilm formation on medical devices. Production of slime 

on indwelling medical devices is major pathogenic tool and resulted in the failure of 

indwelling devices (Vuong et al., 2004).  Of these 48 strains, 83% (40/48) were moderate 

biofilm producer and 17% (8/48) were strong biofilm producer. Section of these strains 

based upon antibiogram, SCCmec typing and agr characterization of MRSA. Production of 

EPS and presence of adhesion gene on surface of MRSA are essential tools for attachment 

to medical devices which is first step of biofilm formation on biomedical devices (Götz, 

2004).  

Indwelling medical devices itself, antibiotic therapy duration, implantation duration, health 

status of patient, presence of adhesion genes and regulatory genes of biofilm formation are 

predisposing factors for biofilm formation on indwelling medical devices (Prakash et al., 

2017). All isolates involved in this study harbored clfB gene which suggested for production 

of biofilm by MRSA on indwelling devices, this gene in indispensable. Similar results of 

clfB presence in all clinical specimen was reported in China and Malaysia (Tristan et al., 

2003; Atshan et al., 2012). Ghasemian et al. (2016) and Klein et al. (2012) reported 95% 

and 91.8% prevalence of clfB in clinical isolates of MRSA respectively, which were biofilm 

producer (Klein et al., 2012; Ghasemian et al., 2016). Clumping factor A (clfA) was reported 
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in 65% strains of MRSA involved in this study that contradicted with study conducted by 

Atshan et al. (2012) who reported 100% strains of MRSA that were biofilm producers, 

harbored clfA (Atshan et al., 2012). A study conducted in Iran also reported 100% of MRSA 

having potential of biofilm formation harbored this gene (Ghasemian et al., 2016). A study 

conducted on orthopedic surgical wounds reported 51.1% MRSA harbored clfA gene 

(McKenney et al., 1999). A study conducted on slime producer MRSA reported 30.4% 

isolates harbored clfA gene (Zmantar et al., 2008). 

This study reported prevalence of fnbA and fnbB in MRSA isolated from prosthetic medical 

devices as 85% and 60% respectively. Ariciola et al. (2005) reported 98.4% and 99.5% 

MRSA harbored fnbA and fnbB respectively (Arciola et al., 2005). Some studies reported 

higher prevalence of these genes in MRSA (Foster and Höök, 1998) and others reported low 

prevalence (Ghasemian et al., 2016). Studies conducted on MRSA isolated from indwelling 

medical devices reported high prevalence (>95%) of these two genes (Peacock et al., 2000; 

Rice et al., 2001; Arciola et al., 2005). 

Prevalence of fib, eno and cna is 92%, 83% and 60% respectively, in this study which agree 

with previous studies that reported prevalence of cna 56.6% and 52% (Peacock et al., 2000; 

Zmantar et al., 2008); eno 82% fib 80% in nasal colonization (Tristan et al., 2003); fib 74%, 

cna 54% and eno 78% (Ghasemian et al., 2016). Some studies reported diversified results 

like fib 90%, cna 93% (Atshan et al., 2012); fib 5.66 %, cna 11.32% and eno 43.39% (Serray 

et al., 2016); fib 29 %, cna 15% and eno 37% in haematogenous osteomyelitis and arthritis 

samples (Tristan et al., 2003).  

This study reported sdrD, sdrE, icaA and icaD prevalence as 60 %, 69 %, 92% and 77 % 

respectively. Some studies reported icaAD29.5% (Seng et al., 2017), icaA 32.5 % in 

orthopedic implants (Prakash et al., 2017), 50.6 % icaA (Pinheiro et al., 2016), 87.50% icaD 

(Tang et al., 2013), 100 % icaD in MRSA which are biofilm producer (Tang et al., 2012) 

and 44% icaD in biofilm producer MRSA (Li et al., 2012b). Similarly, versatile results 

prevalence of sdrD and sdrE reported in biofilm producer MRSA in different clinical 

samples and geological locations. In China, 5.4% sdrD and 94.5% sdrE was reported in 2017 

(Yang et al., 2017); in Australia prevalence of sdrD and sdrE was reported 90.32% and 

96.77% respectively (Waryah et al., 2016).  The difference of prevalence of adhesion gene 

attributed to the presence of different clone complex at different geographical location. Each 

clonal complex contained unique combination of adhesion proteins and regulatory 
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mechanisms (Lindsay et al., 2006). There are many factors which influence the biofilm 

formation capability of MRSA like genetic variability, epidemiological factors and 

transmission origin (Pozzi et al., 2012). 

Eleven genes were assayed to understand the molecular mechanism of biofilm formation. 

The prevalence of these adhesion genes varies from 60 to 100 % depending upon the 

indwelling device. It’s reported that ica was found in MRSA and attributed to the biofilm 

formation and regulation on indwelling medical devices (Lindsay et al., 2006). This study 

revealed 93% and 77% MRSA isolated from indwelling medical devices harboured icaA 

and icaD, which showed these are not sole regulators of biofilm formation. There must be 

some alternate system for biofilm regulation (Li et al., 2012a). Initial attachment of biofilm 

producers to tissues or indwelling medical devices attributed to the surface proteins of 

MRSA like clfA, clfB, fnbA, fnbB, eno, fib and cna (Foster and Höök, 1998; Li et al., 2012a). 

The frequency of these genes is not significantly different between CA-MRSA and HA-

MRSA.  

All of isolates in the present study were sensitive to vancomycin and linezolid. These are 

ideal drugs for eradication and management of MRSA infections but resistance to these 

antibiotics was also reported in some countries (Mirzaee et al., 2015). All strains of MRSA 

tested in this study were at least resistant to six antibiotics.  

Wange et. al (2015) reported 54.8 % resistance to gentamycin, 79.9 % to erythromycin, 70.3 

% to doxycycline, 45.2 % to ciprofloxacin, 91.8 % to trimethoprim/sulfamethoxazole, 77.2 

% to clindamycin and 52.1 % resistance to chloramphenicol (Wang et al., 2015) which are 

similar to our findings except chloramphenicol. A study conducted in Pakistan reported that 

MRSA were 81.25 % resistant to amikacin, 76.56 % to chloramphenicol and 73.44% were 

resistant to doxycycline (Khan et al., 2018). This study was conducted on the MRSA isolated 

from hospital environment. Shim et.al (2018) reported very low resistance to antibiotics in 

Korea; amikacin 2.2 % resistant, 8.2 % gentamycin, 21.8 % azithromycin, 1.1 % 

ciprofloxacin, 0 % sulfamethoxazole–trimethoprim, 1.1 % clindamycin and 0 % 

chloramphenicol. (Shim et al., 2018) which was due to genetic variability and infection 

source. Literature reported different prevalence of resistance among MRSA isolated from 

different clinical samples, some reported high resistance and some very resistance (Hooper, 

1998; Bindu et al., 2017; Pourakbari et al., 2017). No significant difference was found in 

antibiotic resistance between CA-MRSA and HA-MRSA except clindamycin, but HA-
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MRSA are more resistant to antibiotics than CA-MRSA. The increased resistance to 

antibiotics was attributed by biofilm formation capability of MRSA (Cucarella et al., 2004; 

Bjarnsholt, 2013). 

In conclusion, the antibiotic resistance is emerging in the MRSA especially which have 

potential of biofilm formation. To control antibiotic resistance, we need to control antibiotic 

usage in community hospital setting and veterinary. Adhesion genes are indispensable for 

biofilm formation along with ica regulatory mechanism and sdr. MRSA isolated from 

indwelling catheters are more resistance to antibiotics and have potential to synthesize 

biofilm.  
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Chapter 8 
Internalization of MRSA by Osteoblasts 

 
Bacterial infection of bone spread from nearby tissues or blood stream is called 

osteomyelitis. Staphylococcus aureus is highly virulent pathogen that is responsible 80% 

cases of osteomyelitis either acute or chronic. It’s rare but painful serious type of infection 

especially when causative agent is multi drug resistance bacteria like MRSA (Schwotzer et 

al., 2014). Most of device related osteomyelitis around 30-35% are also caused by 

Staphylococcus aureus (Montanaro et al., 2011). Infection of bone by Staphylococcus 

aureus results in implant failure, prolonged antibiotic treatment and ultimately removal of 

bone implant (Nair et al., 2000). Adhesion and invasion are major factors involved in the 

pathogenesis of osteomyelitis caused by Staphylococcus aureus. This pathogen adheres and 

invades the host tissue by microbial surface components recognizing adhesive matrix 

molecules (MSCRAMM) that interacts with matrix of bone tissue and plasma protein coated 

prosthetic devices (Greene et al., 1995). Adhesion of Staphylococcus aureus to the bone 

tissue and prosthetic devices is mediated by the interaction between bacterial MSCRAMMs 

and host tissue proteins like collagen (Patti et al., 1992), fibronectin (JÖNSSON et al., 1991) 

and sialoprotein (Ganss et al., 1999). The major MSCRAMMs involved in bone and 

orthopedic implant infection are fibronectin binding proteins (fnbA and fnbB), collagen 

binding proteins (cna) and bone sialoprotein binding proteins (bbp). Clumping factors (clfA 

and clfB), fibrinogen binding proteins (fib), laminin binding proteins (eno) and Serine–

Aspartate repeat (SdrD and sdrE) proteins also involved in the pathogenesis of osteomyelitis. 

For adhesion and invasion to the osteoblast, interaction between fibronectin of host tissue 

and fibronectin binding proteins of Staphylococcus aureus is essential while host 

extracellular proteins provides space and act as bridging molecules (Hauck and Ohlsen, 

2006). Staphylococcus aureus get entry into osteoblast via fibronectin-integrin α5β1 

mechanism which is different from other pathogens (Khalil et al., 2007).  Some surface 

components like cna and bbp plays a vital role in the process of internalization of MRSA by 

osteoblasts and thus osteomyelitis. Collagen adhesion proteins are encoded by cna gene of 

MRSA are involved in various infections including osteomyelitis, septic arthritis and implant 

related infections (Montanaro et al., 1999; Elasri et al., 2002; Arciola et al., 2005) 

This study aimed to investigate the internalization of MRSA by osteoblast. This 

internalization is mediated by either collagen binding proteins (cna) or bone sialoprotein 
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binding proteins (bbp) gene or both. It also dealt with the role of cna and bbp gene in the 

osteomyelitis pathogenesis 

Prevalence of pathogens among bone and orthopedic implants 

This study was conducted on four MRSA strains selected from 965 bone and orthopaedic 

implants samples. Identification and confirmation was done by following standard 

microbiological guidelines as described previously (Sohail and Latif, 2017).  

A total of 965 orthopedic implants were subjected for pathogen isolation and 

characterization. Out of 736 (76%) positive samples for bacterial growth, MRSA were 

isolated from 30% (221/736) of bone and orthopedic implants related infections. Other 

pathogens were coagulase negative Staphylococcus (CONS) (20%), Klebsiella pneumoniae 

(15%) and Escherichia coli (5%) as shown in Figure 8.1. All MRSA isolated from 

orthopedic implants were subjected for further testing.  

 
Figure 8.1: Prevalence of pathogens among bone and orthopedic implants.  

SCCmec typing and antibiogram  

MRSA identified by cefoxitin disc method (CLSI, 2015) were confirmed by amplification 

of mecA gene. Of 221 MRSA isolated from bone and orthopedic implants, 33% (73/221) 

belonged to SCCmec type IV followed by SCCmec type III (17.6%, 39/221), SCCmec type 

II (16.7%, 37/221) and SCCmec type V (7.7%, 17/221). None of MRSA isolated from 

orthopedic implants belonged to SCCmec type I as shown in Figure 8.2 
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Figure 8.2: SCCmec typing of MRSA isolated from orthopedic implants  

Of 166 isolates of MRSA which were typed by SCCmec typing, 83% (138/166) were 

resistance to amikacin, 94% (156/166) to gentamycin, 96% (159/166) to tobramycin, 100% 

to azithromycin, 40% (67/166) to doxycycline, 98% (162/166) to ciprofloxacin and 

ofloxacin, 92% (153/166) to trimethoprim-sulfamethoxazole, 86% (142/166) to clindamycin 

and 100% resistant to chloramphenicol. None of isolate was resistance to linezolid and 

vancomycin as shown in Table 8.1. 

Table 8.1: Antibiogram of SCCmec typed MRSA isolated from bone implants 
Antibiotics SCCmec II 

22%  

(37/166) 

SCCmec III 

23% 

 (39/166) 

SCCmec IV 

45%  

(73/166) 

SCCmec V 

10%  

(17/166) 

Total  

75% 

(166/211) 

Amikacin 100 100 86 100 83% (138/166) 

Gentamicin 100 100 89 100 94% (156/166) 

Tobramycin 100 100 93 100 96% (159/166) 

Azithromycin 100 100 100 100 100% (166/166) 

Doxycycline 84 59 14 10 40% (67/166) 

Ciprofloxacin 100 100 94 100 98% (162/166) 

Ofloxacin 100 100 94 100 98% (162/166) 
Trim-
Sulfamethoxazole 100 100 82 100 92% (153/166) 

Clindamycin 100 100 67 100 86% (142/166) 
Linezolid and 
Vancomycin 0 0 0 0 0 

Chloramphenicol 100 100 100 100 100% (166/166) 
 

agr typing and antibiogram 

MRSA isolates typed by SCCmec (75%,166/221) were subjected for agr typing. Of 166 

isolates 45% (75/166) didn’t belonged to any group because they showed no DNA 
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amplification with agr set of primers. Most of MRSA belonged to agr I (71%, 64/91) 

followed by agr II (24%,22/91) and agr III (5%, 5/91) as shown in Figure 8.3.  

 

 
Figure 8.3: Typing of MRSA by agr characterization.  

Most of pathogens typed by agr were resistant to tested antibiotics. Amikacin, gentamycin, 

tobramycin, ciprofloxacin, ofloxacin, trimethoprim-sulfamethoxazole and clindamycin were 

resistant to 96% (87/91) isolates followed by doxycycline 59% (54/91). All pathogens were 

resistant to azithromycin and all were sensitive to vancomycin and linezolid as shown in 

Table 8.2.  

Table 8.2: Antibiogram of agr typed MRSA isolated from bone and orthopedic implants 
Antibiotics agr I  

71% (64/91) 

agr II  

24% (22/91) 

agr III  

5% (5/91) 

Total  

55% (91/166) 

Amikacin 100 100 20 96% (87/91) 
Gentamicin 100 100 20 96% (87/91) 
Tobramycin 100 100 20 96% (87/91) 
Azithromycin 100 100 100 100 % 
Doxycycline 62 41 20 59% (54/91) 
Ciprofloxacin 100 100 20 96% (87/91) 
Ofloxacin 100 100 20 96% (87/91) 
Trim/Sulfamethoxazole 100 100 20 96% (87/91) 
Clindamycin 100 100 20 96% (87/91) 
Linezolid & Vancomycin 0 0 0 0	
Chloramphenicol 100 100 0 100 % 
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Biofilm formation potential 

Most of MRSA isolates produced weak biofilm 49% (108/221) followed by moderate 

biofilm 28% (61/221) and strong biofilm 23% (52/221). Biofilm formation potential of 

SCCmec and agr typed MRSA is given in Figure 8.4 and 8.5 respectively. 

 
Figure 8.4: Biofilm formation potential of SCCmec characterized MRSA  

 
Figure 8.5: Biofilm formation potential of agr characterized MRSA  

MSCRAMM detection in biofilm producer MRSA 

Ten adhesion genes were detected by PCR in 91 selected strains of MRSA isolated from 

bone and orthopaedic implants. Clumping factors (clfA) was detected in 70% (64/91) and 

clfB was detected in 100% isolates. Fibronectin binding gene fnbA was detected in 78% 

(71/91), fnbB in 64% (58/91), fib in 86% (78/91), sdrD in 64% (58/91), sdrE in 70% (64/91), 

cna in 27% (25/91) and eno was detected in 78% (71/91) MRSA isolates. Data represented 

in Figure 8.6. Bone sialoprotein binding proteins (bbp) gene was detected in 14% (13/91) 
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isolates only. Two bbp+ strains were ZS35C and ZS41C which were isolated from within 

the bone.  

 
Figure 8.6: Prevalence of adhesion genes among MRSA isolated from bone and 

orthopedic implants 

 
Figure 8.7: Prevalence of adhesion genes among SCCmec typed MRSA 
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Figure 8.8: Prevalence of adhesion genes among agr typed MRSA 

Prevalence of adhesion genes among SCCmec characterized is shown in Figure 8.7 and agr 

typed MRSA is shown in Figure 8.8. 

Adhesion, internalization and expression studies were conducted on the selected strains of 

MRSA. Four MRSA strains named ZS35C (MG757682), ZS39H (MG757684), ZS41C 

(MG757686) and ZS43C (MG757688) were selected for adhesion and expression studies. 

These strains were selected on the basis of isolation source and adhesion genes especially 

bbp and cna. ZS35C, ZS41C and ZS43C were CA-MRS and ZS39H was HA-MRSA. 

SCCmec typing, agr characterization, pvl prevalence, antibiogram and presence of adhesion 

genes is given in the Table 8.3.  

Table 8.3: Phenotypic and genotypic characterization of selected strains of MRSA 

Characteristics MG757682 
(ZS35C) 

MG757684 
(ZS39H) 

MG757686 
(ZS41C) 

MG757688 
(ZS43C) 

SCCmec Typing IV II IV IV 
agr Typing II II III IV 
PVL + - + + 
Biofilm Potential + + + + 

Antibiogram 
Vancomycin (µg/mL) 0.5 0.8 1 0.9 
Amikacin R R R S 
Gentamicin R R R R 
Tobramycin R R R R 
Azithromycin R R R R 
Erythromycin R R R R 
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Doxycycline S R S S 
Ciprofloxacin R R R R 
Ofloxacin R R R R 
Trim-Sulfamethoxazole R R R R 
Clindamycin R R S R 
Chloramphenicol R R R R 
Fusidic Acid S S R S 

Adhesion genes 
cna + - - + 
bbp + - + - 
clfA + + + + 
clfB + + + + 
fibA + - + + 
fibB - - + + 
fib + - + + 
sdrD - - + - 
sdrE + + + - 
eno + + + + 

Key: R, Resistant; S, Sensitive; +, Present; -, Absent 

Internalization of MRSA strains by osteoblast 

Sixteen strains of MRSA were assayed for internalization of MRSA by osteoblast. Two 

strains ZS35C and ZS41C were isolated from grinding of bone having osteomyelitis. Two 

strains ZS39H and ZS43 were isolated from orthopedic implants related infection. Only two 

strains   ZS35C and ZS41C which were isolated from bone and harbored bbp, were 

internalized by osteoblast, ZS39H and ZS43C were not internalized. ZS35C was internalized 

20 times higher than ZS41C.   

Association of MRSA with osteoblast 

Association of sixteen strains of MRSA to osteoblast was determined. Only three strains 

ZS35C, ZS41C and ZS43C showed variable association with osteoblast and one strain 

ZS39H was used as negative control. ZS35C was approximately 100 times more associated 

with osteoblast than ZS41C. ZS41C was 10 times more associated with osteoblast than 

ZS43C. ZS39H was not associated with osteoblast. These four strains were assayed on the 

basis of adhesion genes for difference in association and internalization.   

Role of bbp and cna in association and internalization 

Ten adhesion genes were assayed to determine their role in internalization and association 

with osteoblast. All genes were similar in four MRSA strains except bbp, cna. Two genes 

were detected in ZS35C cna+, bbp+, ZS41C possessed one genes cna-, bbp+; ZS43C 
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possessed one genes cna+, bbp-; ZS39H didn’t possess any gene. ZS39H also used as 

negative control to detect role of cna and bbp in osteomyelitis.   

Kinetics of MRSA internalization by osteoblast 

Three strains of MRSA were incubated with osteoblast cell lines, which were isolated from 

mouse long bone (described in methodology), to assay the internalization kinetics. This 

assay was performed at time intervals of 30, 60, 90, 120, 150 and 180 minutes. There was 

significant difference in internalization of ZS35C and ZS41C strains of MRSA at specific 

time intervals as shown in Figure 8.9. 

 
Figure 8.9: Kinetics of internalization of MRSA in osteoblasts  

ZS35C that was isolated form bone infection and harbored bbp and cna gene, internalized 

rapidly compared to ZS41C that only harbored bbp without cna gene. ZS43C that contained 

only cna gene was internalized slowly after 120 minutes which showed this gene also 

contributes to the association and internalization by osteoblasts.  

Expression level of bbp and cna quantified by RT-PCR   

Quality and quantity of RNA extracted from MRSA at various time point of attachment and 

internalization by osteoblast, was found good. Good quality bands were obtained when 

cDNA was analyzed by agarose electrophoresis. On optimized annealing temperature 60ºC, 

primers of bbp and cna showed single band and peak which was highly specific to primers. 

The expression of bbp and cna was measured at different time intervals during MRSA 

internalization by osteoblasts. The expression of genes was calculated by Ct value of that 

gene at specific time interval.  The expression of these two genes was significantly high in 
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the ZS35C and ZS41C which were internalized by osteoblast but there was no significant 

increase in the expression of genes during interaction of ZS43C with osteoblast. Expression 

of bbp was 22-49 folds up regulated in ZS35C which was internalized quickly. The gene 

bbp was little upregulated 3-9 folds in ZS41C that was also internalized but slower rate. 

There was no upregulation in the expression of bbp for ZS43C that was not internalized by 

osteoblast. Expression of cna was not detected in ZS43C and expression was upregulated 3-

10 folds in ZS35C that was internalized quickly by osteoblast. The expression of cna was 

upregulated 3-9 folds at different time intervals of internalization by osteoblasts as shown in 

Table 8.4. 

Table 8.4: Fold change in mRNA levels of bbp and cna in culture of MRSA at different 

intervals of internalization. 
 Fold change in level of bbp and cna  

 ZS35C 

Gene 30 Min 60 Min 90 Min 120 Min 150 Min 180 Min 

bbp+ 22↑ 25↑ 36↑ 49↑ 49↑ 49↑ 

cna+ 3↑ 8↑ 10↑ 9↑ 9↑ 6↑ 

 ZS41C 

bbp+ 3↑ 5↑ 8↑ 9↑ 7↑ 6↑ 

cna 0 0 0 0 0 0 

 ZS43C 

bbp 0 0 0 0 0 0 

cna+ 0 0 0 0 3 5 

 

Change in expression level of bbp and cna gene at different time intervals of internalization 

by osteoblast is represented in Figure 8.9. Data showed ZS35C was internalized quickly 

followed by ZS41C. Expression of bbp was upregulated along with cna and ZS35C was 

internalized quickly by osteoblast. Expression of bbp was not significantly upregulated in 

ZS41C which don’t have cna gene (Figure 8.10). It is concluded bbp had role in 

osteomyelitis or internalization of MRSA by osteoblasts but co-expression of bbp and cna 

enhanced the internalization process and hence osteomyelitis.  



Internalization of MRSA by Osteoblasts 

_________________________________________________________________________ 

 117 

  
Figure 8.10: Fold change in the expression of bbp and cna genes. 

Discussion 

This study investigated the phenotypic and genotypic characteristics of MRSA causing the 

orthopedic implants related infections and expression of genes during the pathogenesis of 

osteomyelitis.  The focus was biofilm formation potential, antimicrobial resistance profile, 

adhesion genes, mechanisms involved in the internalization and association of MRSA to 

osteoblast and expression studies during adhesion and internalization. Of 221 isolates of 

MRSA 45% isolates belonged to SCCmec IV followed by 23% to SCCmec III, 22% to 

SCCmec II and 10% belonged to SCCmec V. These results contradicted to previous studies 

which showed high prevalence of SCCmec IV from 96% to 100% (Rahimi et al., 2016; 

Tekeli et al., 2016; Jiang et al., 2018). In present study, all subtypes of SCCmec IV were 

collected in single type so this type became most prevalent. Some studies showed the same 

results as described in the current study for SCCmec typing (Ghasemian et al., 2015a). The 

high prevalence of SCCmec IV suggested the community origin of most of MRSA. The 

prevalence of agr I (71%), agr II (24%) and agr III (5%) was consistent with previous studies 

conducted on bone infections (Montanaro et al., 2010; Kawamura et al., 2011) which 

reported same prevalence of agr typing among MRSA isolated from bone infections. 
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Results of antibiogram are consistence with previous studies (Tekeli et al., 2016; Jiang et 

al., 2018) except clindamycin and chloramphenicol. We observed high prevalence of 

antibiotics resistance among the MRSA isolates which indicated severe situation of 

antibiotic resistance among bone and orthopedic implant infections. Some studies showed 

resistance to vancomycin and linezolid, all MRSA isolates in this study were susceptible to 

these two antibiotics (Múnera et al., 2017).  Overall MRSA categorized as SCCmec IV were 

more sensitive to antibiotics and all belonged to community acquired MRSA.  Similarly, 

MRSA isolates belonged to agr III were more sensitive to antibiotics and belonged to 

community acquired MRSA.  

All the strains of MRSA isolated from orthopedic implants are biofilm producer. Overall, 

49% were weak biofilm producer, 28% moderate biofilm producer and 23% are strong 

biofilm producer. Strong biofilm producers belonged to agr type I (62%) followed by agr 

type II (25%) and agr type III (13%) which consistent with previous study conducted on 

osteomyelitis (Post et al., 2014).   

Prevalence of adhesion genes clfA (70%), clfB (100%), fnbA (78%), fnbB (67 %), cna 

(27%), fib (86%), sdrD (64%), sdrE (70%), eno (79 %) and bbp (14 %) was consistence with 

previous studies (Yu et al., 2012; Jiang et al., 2018). Some studies showed different 

prevalence of these adhesion gens which is due to source of pathogen, geographical location 

and heterogeneity of MRSA (Ghasemian et al., 2015b; Ahangari et al., 2017).  

This study attempted to determine the factors involved in the osteomyelitis by MRSA. 

MRSA is extracellular pathogen that cause list of diseases like skin and soft tissue infections, 

cellulitis and toxic shock syndrome. Internalization of MRSA by non-professional 

phagocytic especially osteoblast cells is now evident from many studies (Reilly et al., 1997; 

Garzoni and Kelley, 2009).   

The current study found four MRSA strains with different tendency to internalized by 

osteoblast. One strain ZS39H was pvl negative, not internalized by osteoblast and belonged 

to SCCmec II and agr II groups. Other three strains ZS35C, ZS41C and ZS43C possessed 

pvl gene and belonged to SCCmec IV. ZS35C belonged to agr II, ZS41C belonged to agr 

III and ZS43C belonged to agr IV. ZS39H was isolated from hospital acquired infection and 

other three isolated from community acquired infection. ZS35C was internalized higher than 

ZS41C and ZS43C; ZS41C was internalized higher than ZS43C.The difference in the ability 

of internalization may be due to source of isolation because both ZS35C and ZS41C were 

isolated from grinding of osteomyelitis bone. While ZS38H and ZS43C were isolated from 

orthopedic implant infection. ZS43C was associated with osteoblast but not internalized 
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which demonstrated that association with osteoblast was not only factor that determines the 

internalization of MRSA by osteoblast.  

The difference in association and internalization was studies in context to the adhesion 

genes. It was demonstrated that gene cna has major role in the association and bbp (RYDÉN 

et al., 1989) has major role in internalization. The presence of both genes enhances the 

process of association and internalization and there was not association and internalization 

in the absence of these two genes. When only cna was present (ZS43C) there was only 

association with osteoblast no internalization and when only bbp was present (ZS41C) there 

was association and internalization but at lower level. It demonstrated that multiple factors 

involve in association and bbp played major role in internalization. MRSA is more virulent 

in the presence of cna and bbp gene was also evident from previous studies (Campoccia et 

al., 2009) other described fibronectin binding proteins as major tool in the pathogenesis of 

osteomyelitis (Testoni et al., 2011; Post et al., 2014). 

Rate of uptake of MRSA by osteoblast was determined and results showed ZS35C associated 

and internalized more than ZS41C and ZS43C. The association and internalization of ZS35C 

reached at maximum level after three hours and became consistent till 6 hours. While 

internalization of ZS41C continued to increase till 6 hours. These finding established that 

presence of both cna and bbp were dispensable for rapid internalization and association 

while absence of these factors doesn’t necessarily exclude the process of internalization.  

Multiple factors involved in the internalization of MRSA to osteoblast (Nair et al., 2003; 

Askarian et al., 2014; Josse et al., 2015) and these factors can be associated with the 

therapeutic target to prevent osteomyelitis by MRSA.  

Expression studies conducted during internalization revealed that bbp was involved in the 

pathogenesis of osteomyelitis. Due the process of internalization of MRSA by osteoblast 

expression of bbp was upregulated many fold compared to the standard (16s RNA). ZS35C 

was internalized efficiently by osteoblast and showed initially 22fold increase in expression 

of bbp after 30 minutes of exposure. The expression continued to upregulated till 120 

minutes, at this time point the expression was stabilized at 49folds upgradation. There was 

upregulation of cna gene along with bbp gene at different time intervals which confirmed 

that upregulation of both bbp and cna enhanced the process of internalization and these two 

genes act synergistically.  ZS41C was internalized by osteoblast with lower rate compared 

to ZS35C and the expression of bbp was also low. The gene cna was absent in ZS41C which 

concluded that bbp is indispensable for osteomyelitis and the process was enhanced in the 

presence of cna. The isolates ZS43C don’t have bbp and it was not internalized before 150 
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minutes which evident that the process of internalization by osteoblast involve multiple gene 

and proteins but this process was enhanced by bbp and its’s product. The bbp was 

upregulated in the presence of cna gene, this finding correlated the previous studies that 

these two genes had synergic effect in the osteomyelitis (Montanaro et al., 1999; Arciola et 

al., 2005).     

This study revealed ZS41C that harbors bbp was internalized at lower rate in the absence of 

cna gene, same results found in the previous studies (Campoccia et al., 2009). On the other 

hand, ZS43C harbors cna only and the internalization was not significant and the expression 

of gene cna occurred after 150 minutes of exposure. These results also evident that CA-

MRSA have more adhesion capability than HA-MRSA and responsible for osteomyelitis 

(Otsuka et al., 2006). The strains ZS35C, ZS41C and ZS43C that were isolated from 

orthopedic implant related infection and involved in osteomyelitis were community acquired 

MRSA (CA-MRSA) harboring pvl gene. 

Studies showed cna gene was involved in initial attachment of S. aureus to the collagen 

containing substrates like bone and cartilage (Patti et al., 1992). Significant involvement of 

cna, bbp and clfA gene in pathogeneses of osteomyelitis in implant related infections was 

reported previously (Testoni et al., 2011; Post et al., 2014). Community acquired MRSA 

possess both bbp and can and imparts in osteomyelitis infection these finding correlated the 

previous studies (Otsuka et al., 2006; Campoccia et al., 2009). The study concluded that 

there are many factors involve in the pathogenesis of osteomyelitis which are not considered 

here but bbp and cna are indispensable for rapid progression of osteomyelitis 
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Chapter 9 

Molecular Typing of MRSA 
Most of device related infections are associated with Staphylococcus aureus, which harbors 

a lot of toxics enzymes and virulent factors (Zimmerli et al., 2004). Device related infections 

pose major problem toward the patient safety especially when causative agent is Methicillin 

Resistance Staphylococcus aureus (MRSA) which is notorious for antibiotic resistance. 

Standard guidelines of identification and antimicrobial resistance determination were used 

for better identification and antibiogram of MRSA (CLSI, 2015). Minimum inhibitory 

concentration (MIC) of vancomycin was assayed using E-test following interpretation 

criteria of CLSI.  Expression of virulent factors of MRSA is under the control of four major 

types of accessory gene regulator (agr) system (Peerayeh et al., 2015). In addition to this 

agr system, density dependent expression of proteins called quorum sensing is also involved 

in the pathogenesis and different stages of biofilm formation. The timely and effectively 

activation of agr system is essential to initiate and establish the infection. It also produced 

certain factors to escape the immune response (Wright et al., 2005). Staphylococcal cassette 

chromosome mec (SCCmec) is a mobile genetic element (21-67 kb) that confers resistance 

to methicillin, is integrated into chromosome of MRSA. Acquisition of mecA gene cause the 

alteration of penicillin binding protein (PBP2) gene and make methicillin, synthetic 

penicillin, cephalosporins and carbapenems ineffective against MRSA.  SCCmec typing is 

essential to determine epidemiology and evolution. SCCmec genetic element is divided into 

eight types and subtypes (Wong et al., 2010). Efficient typing of MRSA is essential to limit 

and monitor the spread of bug among hospitals and communities. There are many efficient, 

complex, expensive and time-consuming methods for typing but DNA amplification based 

methods like PCR based RFLP getting popularity due to cost effectiveness and simplicity 

(Arakere et al., 2005). Coagulation is produced by Staphylococcus aureus essentially and it 

is a pathogenic and identification marker. Coagulation gene (coa) was subjected for 

Restriction Fragment Length Polymorphism (RFLP) analysis after digestion with restriction 

enzymes. MRSA secretes some toxins like pvl which destroys the immune cells and help to 

tolerate the immune response (DeLeo et al., 2009). Emergence of community acquired 

MRSA (CA-MRSA) posed major problem to community, on other hand hospital acquired 

MRSA (HA-MRSA) was threat to hospital admitted, immunocompromised patients.  

Aim of this study was to investigate the molecular typing of MRSA isolated from device 

related infections on the basis of SCCmec and agr typing, PCR-RFLP analysis and antibiotic 
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resistance profiles. Selected strains of MRSA were subjected for 16S rRNA amplification 

and sequencing.  

A total of 6,424 samples of device related infection were processed for isolation and 

identification of pathogens. Of these 6,424 samples, 4,420 (69%, 4420/6424) were found 

infected with pathogens. Of these 4,420 infected devices and catheters, 14% (626/4420) 

were MRSA, which were confirmed by amplification of mecA gene.  Of 626 isolates of 

MRSA, 98% were resistance to ofloxacin, 97% were resistance to ciprofloxacin, 92% were 

resistance to tobramycin, 88% were resistance to erythromycin, 88% were resistance to 

azithromycin and erythromycin and 87% resistance to gentamycin. None of isolate was 

resistance to vancomycin and linezolid (Sohail and Latif, 2017).   

SCCmec characterization  

The distribution of SCCmec determined by multiplex PCR. Out of 626 strains, 22% 

(138/626) didn’t belong to any group. SCCmec IV was most common group (33%) among 

MRSA followed by type II 20%, type III 17%, type V 8%. A total of 488 strains were typed 

by SCCmec typing method (Figure 9.1).  

 

 
Figure 9.1: SCCmec typing of MRSA isolated from device related infections.  

Prevalence of antibiotic resistance among various SCCmec characterized MRSA is given in 

the Table 9.1. Results of antimicrobial resistance showed variable resistance pattern among 

different groups of SCCmec typing. Overall, all SCCmec groups were resistant to 

tobramycin and chloramphenicol; sensitive to vancomycin and linezolid, other antibiotics 

showed variable resistance among different groups.  
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Table 9.1: SCCmec typing and antibiogram of MRSA isolated prosthetic device related 

infection 
Antibiotics SCCmec II SCCmec III SCCmec IV SCCmec V 

25% (123/488) 22% (108/488) 43% (209/488) 10% (48/488) 

Amikacin 80% (98/123) 100% (108/108) 75% (157/209) 100% (48/48) 

Gentamicin 100% (123/123) 100% (108/108) 75% (157/209) 100% (48/48) 

Tobramycin 100% (123/123) 100% (108/108) 100% (209/209) 100% (48/48) 

Azithromycin 80% (98/123) 90% (97/108) 100% (209/209) 100% (48/48) 

Doxycycline 100% (123/123) 90% (97/108) 85% (178/209) 42% (20/48) 

Ciprofloxacin 100% (123/123) 100% (108/108) 90% (188/209) 100% (48/48) 

Ofloxacin 100% (123/123) 100% (108/108) 80% (167/209) 100% (48/48) 

SXT 100% (123/123) 100% (108/108) 70% (146/209) 48%( 26/48) 

Clindamycin 80% (98/123) 90% (97/108) 10% (21/209) 42% (20/48) 

Linezolid and 
Vancomycin 

0% (0/123) 0% (0/108) 0% (0/209) 0%( 0/48) 

Chloramphenico
l 

100% (123/123) 100% (108/108) 100% (209/209) 100% (48/48) 

      Key: SXT=	Trimethoprim-Sulfamethoxazole 

agr typing 

 Distribution of agr genes was determined among MRSA isolated form prosthetic devices. 

Some of MRSA, 14% (68/488) didn’t belong to any agr group and denoted by agr 0 group. 

The most frequent type was agr type I which was 52% followed by agr type IV 14%, agr 

type II 12% and agr type III 8% as shown in Figure 9.2. Out of 488 isolates of MRSA 420 

were types by agr typing method, remaining 68 isolates didn’t belong to any group.  

 
Figure 9.2: agr typing of MRSA isolated from prosthetic device related infections  

Distribution of antimicrobial resistance among different agr types is given in the Table 9.2. 
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All of 55 isolates belonged to agr II, were resistance to all antibiotics except vancomycin 

and linezolid. Similarly, 67 isolates belonged to agr IV were resistance to all tested 

antibiotics except vancomycin and linezolid. Other two groups (agr I and agr III) showed 

the variable resistance towards tested antibiotics.  

Table 9.2: Agr typing and antibiogram of MRSA isolated prosthetic device related infection 
 

Antibiotics 
 
 

agr I  
 
61% (256/420) 

agr II  
 
13% (55/420) 

agr III  
 
10% (42/420) 

agr IV 
 
16% (67/420) 

Amikacin 90% (230/256) 100% (55/55) 80% (34/42) 100% (67/67) 

Gentamicin 100% (256/256) 100% (55/55) 100% (42/42) 100% (67/67) 

Tobramycin 100% (256/256) 100% (55/55) 100% (42/42) 100% (67/67) 

Azithromycin 80% (205/256) 100% (55/55) 100% (42/42) 100% (67/67) 

Doxycycline 60% (154/256) 100% (55/55) 80% (34/42) 100% (67/67) 

Ciprofloxacin 100% (256/256) 100% (55/55) 80% (34/42) 100% (67/67) 

Ofloxacin 100% (256/256) 100% (55/55) 80% (34/42) 100% (67/67) 

SXT 100% (256/256) 100% (55/55) 80% (34/42) 100% (67/67) 

Clindamycin 80% (205/256) 100% (55/55) 0% (0/42) 100% (67/67) 

Linezolid and 
Vancomycin 

0% (0/256) 0% (0/55) 0% (0/42) 0% (0/67) 

Chloramphenicol 100% (256/256) 100% (55/55) 100% (42/42) 100% (67/67) 

 Key: SXT=	Trimethoprim/Sulfamethoxazole 
 

Panton-Valentine leukocidin (PVL) gene characterization 

The pvl gene was detected in SCCme and agr typed MRSA. The pvl genes was found only 

in SCCmec IV typed MRSA. All other SCCmec don’t have pvl gene. On other hand pvl gene 

was present in 100% agr type III, 80% of agr type IV and 50% of agr type II.  

 
Figure 9.3: Prevalence of pvl among SCCmec and agr typed MRSA 
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Restriction Fragment Length Polymorphism 

Total 420 strains of MRSA were typed by SCCmec and agr typing, were subjected to PCR-

RFLP analysis.  Coagulase gene (coa) gene was amplified by gene specific primers. 

Amplified products were digested with HaeII and AluI restriction enzymes. On the basis of 

pattern of bands from both restriction enzymes 16 unique types of band pattern were 

identified (Figure 9.4). One representative for each unique pattern was selected for further 

investigation. Antibiogram, biofilm potential, SCCmec typing, agr typing was almost 

similar for all pathogens showing same banding pattern. 

 
Figure 9.4: Restriction Fragment Length Polymorphism of MRSA isolated from device 

related infections.  

Phylogenetic analysis 

On the basis of antimicrobial sensitivity pattern, SCCmec typing, agr typing 420 strains of 

MRSA were selected. Which were subjected for RFLP analysis and resulted in 16 unique 

non-duplicate DNA band patterns. Sixteen MRSA isolates were selected form each unique 

DNA pattern for 16S rRNA sequencing. Among selected strains, nine were HA-MRSA and 

seven were CA-MRSA. Phylogenetic tree was constructed separately for CA-MRSA and 

HA-MRSA because these two groups had similarity among them. Phylogenetic tree showed 

selected strain of CA-MRSA (ZS28C, ZS35C, ZS38C, ZS41C, ZS43, ZS59C and ZS64C) 

were 99% to 100% similar to the already reported sequences like KY176381.1, LC190794.1 

and CP019574.1 (Figure 9.5). Similarly, HA-MRSA (ZS39H, ZS40H, ZS42H, ZS44H, 

ZS45H, ZS46H, ZS47H, ZS48H and ZS49H) were 99 to 100 % similar to the already 

reported sequences like CP019590, CP014444.1 and MF158055.1(Figure 9.6).  
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Figure 9.5: Phylogenetic tree of CA-MRSA isolated from prosthetic device infections 

 
Figure 9.6: Phylogenetic tree of HA-MRSA isolated from prosthetic device related 
infection. 
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Table 9.3: Characteristics of MRSA isolated from device related infections.  
Strain Name/ 
Accession # 

Biofilm 
potential/ 

OD @ 595 

Resistant 
antibiotics and 
MIC of 
Vancomycin 
(VA) 

Adhesion 
and biofilm 
associated 
genes 

SCCmec 

typing 

Agr 

typing 

Specimen Colour / 
 Haemolysis  
on SBP 

ZS28C/ 
MG757681 
 
CA-MRSA 

Moderate 
biofilm/ 
0.665 

AK, CN, TOB, 
AZ, CIP, OFL, 
SXT, DA, 
 VA 
(1.0µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, cna, 
sdrD, icaA, 
icaD, pvl 

SCCmec 

IV 

agr II Pus Yellow/ 
Non- Haemolytic 

ZS35C/ 
MG757682 
 
CA-MRSA 

Weak 
biofilm/  

0.21 

AK, CN, TOB, 
AZ, CIP, OFL, 
SXT, DA,  
VA 
(0.5µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, cna, 
sdrD, eno, 
icaA, icaD, 
bbp, pvl 

SCCmec 

IV 

agr II Bone Yellow/ 
Haemolytic 

ZS38C/ 
MG757683 
 
CA-MRSA 

Weak 
biofilm/ 
0.221 

CN, TOB, AZ, 
CIP, OFL, 
SXT, DA,  
VA 
(1.35µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, cna, 
sdrD, sdrE, 
icaA, icaD, 
pvl 

SCCmec 

IV 

agr III Catheter Yellow/ 
Non-Haemolytic 

ZS39H/ 
MG757684 
 
HA-MRSA 

Weak 
biofilm/ 
0.169 

AK, CN, TOB, 
AZ, DO, CIP, 
OFL, SXT, 
DA,  
VA 
(1.35µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, sdrD, 
sdrE, eno, 
icaA, icaD 

SCCmec II agr I Bone White/ 
Non-Haemolytic 

ZS40H/ 
MG757685 
 
HA-MRSA 

Weak 
biofilm/ 
0.132 

AK, CN, TOB, 
AZ, CIP, OFL, 
SXT,  
VA 
(1.251.0µg/m
L) 

clfA, clfB, 
fnbA, fnbB, 
fib, sdrD, 
sdrE, eno, 
icaA, icaD 

SCCmec 

III 

agr I Catheter White/ 
Non-Haemolytic 

ZS41C/ 
MG757686 
 
CA-MRSA 

Weak 
biofilm/ 
0.109 

AK, CN, TOB, 
AZ, CIP, OFL, 
SXT, 
VA 
(1.0µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, sdrD, 
sdrE, eno, 
icaA, icaD, 
bbp, pvl 

SCCmec 

IV 

agr III Pus Yellow/ 
Non-Haemolytic 

ZS42H/ 
MG757687 
 
HA-MRSA 

Weak 
biofilm/ 
0.125 

CN, TOB, DO, 
CIP, OFL, 
SXT, 
VA 
(1.0µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, sdrD, 
sdrE, eno, 
icaA, icaD 

SCCmec 

III 

agr I Catheter White/ 
Non-Haemolytic 

ZS43C/ 
MG757688 
 
CA-MRSA 

Weak biofilm 
0.342 

CN, TOB, AZ, 
CIP, OFL, 
SXT, DA, 
VA 
(2.0µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, cna, 
sdrD, sdrE, 
eno, icaA, 
icaD, pvl 

SCCmec 

IV 

agr IV Pus Yellow/ 
Haemolytic 

ZS44H/ 
MG757689 
 
HA-MRSA 

Weak 
biofilm/ 
0.214 

AK, CN, TOB, 
CIP, OFL, 
SXT, 
VA (1.0 
µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, sdrD, 
sdrE, eno, 
icaA, icaD 

SCCmec II agr I Catheter Yellow/ 
Non-Haemolytic 

ZS45H/ 
MG757690 
 
HA-MRSA 

Weak 
biofilm/ 
0.352 

AK, CN, TOB, 
AZ, CIP, OFL, 
DA, 
VA (0.5 
µg/mL) 

clfB, fnbA, 
fnbB, fib, 
cna, sdrD, 
sdrE, eno, 
icaA, icaD 

SCCmec 

III 

agr I Catheter White/ 
Non-Haemolytic 

ZS46H/ 
MG757691 
 

Strong 
biofilm/ 
1.004 

CN, TOB, AZ, 
DO, CIP, OFL, 
SXT, DA, 

clfA, clfB, 
fnbA, fib, 

SCCmec II agr I Pus Yellow/ 
Haemolytic 
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Keys: CA-MRSA; Community acquired methicillin resistant Staphylococcus aureus., HA-

MRSA; Hospital acquired methicillin resistant Staphylococcus aureus. AK; Amikacin., CN: 

Gentamycin., TOB; Tobramycin., AZ; Azithromycin., DO; Doxycycline., CIP; 

Ciprofloxacin., OFL; Ofloxacin., SXT; Trimethoprim/Sulfamethoxazole., DA: 

Clindamycin., CHOL: Chloramphenicol., SBA; Sheep Blood Agar). 

Data in Table 9.3 showed that seven out of sixteen selected strains of MRSA were CA-

MRSA and remaining nine strains were HA-MRSA. HA-MRSA were more resistant to 

antibiotics than CA-MRSA bur this difference was not statistically significant. Of these 

selected strains three were strong biofilm producers, two strains ZS46H and ZS47H were 

HA-MRSA and one strong biofilm producers (ZS59C) was CA-MRSA. All CA-MRSA 

belonged to SCCmec IV while HA-MRSA belonged to SCCmec II, III and IV but none 

belonged to SCCmec I. There were variations and versatility between CA-MRSA and HA-

MRSA for agr typing, type of specimen and morphological characteristics on SBA (Sheep 

Blood Agar).  

Discussion: 

Most of catheter related infections were due to MRSA which causes community acquired 

and hospital acquired infections. Source identification is very important while dealing with 

outbreak of infectious disease. Most authentic and valuable tool for source identification is 

HA-MRSA VA (1.0 
µg/mL) 

sdrD, eno, 
icaA, icaD 

ZS47H/ 
MG757692 
 
HA-MRSA 

Strong 
biofilm/ 
1.321 

AK, CN, TOB, 
AZ, DO, CIP, 
OFL, DA, 
VA (0.75 
µg/mL) 

clfA, clfB, 
fnbA, fib, 
cna, sdrD, 
sdrE, icaA, 
icaD 

I SCCmec 

II 

agr I Pus White/ 
Non-Haemolytic 

ZS48H/ 
MG757693 
 
HA-MRSA 

Weak 
biofilm/ 
0.105 

TOB, AZ, DO, 
CIP, OFL, 
SXT, 
VA (1.5 
µg/mL) 

clfA, clfB, 
fnbA, fib, 
cna, sdrE, 
icaA 

SCCmec 

IV 

agr II Catheter White/ 
Non-Haemolytic 

ZS49H/ 
MG757694 
 
 
HA-MRSA 

Moderate 
biofilm/ 
0.803 

AK, CN, TOB, 
AZ, CIP, OFL, 
DA, 
VA (1.0 
µg/mL) 

clfA, clfB, 
cna, eno 

SCCmec 

VI 

agr I Bone Yellow/ 
Haemolytic 

ZS59C/ 
MG757695 
 
CA-MRSA 

Strong 
Biofilm/ 

1.146 

AZ,  
VA (1.0 
µg/mL) 

clfA, clfB, 
fnbA, fnbB, 
fib, cna, 
sdrD, sdrE, 
eno, icaA, 
icaD, pvl 

SCCmec 

IV 

agr III Tissue Yellow/ 
Non-Haemolytic 

ZS64C/ 
MG757696 
 
CA-MRSA 

Weak 
biofilm/ 
0.356 

AK, CN, TOB, 
AZ, DO, CIP, 
OFL, SXT, 
VA (0.75 
µg/mL) 

clfA, clfB, 
fib, cna, 
sdrE, eno, 
icaA, pvl 

SCCmec 

IV 

agr III Tissue Yellow/ 
Haemolytic 
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molecular tying (Havaei et al., 2014). PFGE (Pulse Field Gel Electrophoresis) and MLST 

(Multi Locus sequence typing) are standard methods for tying of S. aureus but these are 

expensive, laborious (Weller, 2000) demanding a lot of resources, equipment’s and technical 

skills.  

This study was designed to investigate the molecular typing of MRSA isolated from 

prosthetic device related infections. None of MRSA was characterized as SCCmec I, the 

most prevalent type was SCCmec IV (43%) followed by SCCmec II (25%), SCCmec III 

(22%) and SCCmec V (10%). These results were consistent with previous studies describing 

SCCmec IV most prevalent followed by type III, V and I (Nasirian et al., 2017). Some of 

MRSA (24%) isolated from prosthetic devices were not typed by agr system. Among typed 

MRSA 61% belonged to agr type I followed by agr IV, agr II and agr III, these results were 

similar to the findings reported in Iran by Nasirian et al., (2017) (Nasirian et al., 2017). The 

difference in the prevalence of agr and SCCmec typing with some studies was due to source 

of specimens (Bayat et al., 2017; Perovic et al., 2017; Udo and Boswihi, 2017; Vali et al., 

2017). PCR-RFLP was done for molecular typing of MRSA isolated from prosthetic device 

related infections and sixteen strains were selected for further testing. Different studies 

showed different DNA banding pattern with same set of enzymes and variation was due to 

sample source and geological location, but the similarity was that all DNA bands were 

multiple of 80bp (Nada et al., 1996; Eed et al., 2015).  

All SCCmec types isolates of MRSA were resistance to tobramycin and chloramphenicol 

and sensitive to linezolid and vancomycin which correlates the antimicrobial sensitivity 

testing conducted in Iran (Lu et al., 2014; Goudarzi et al., 2017). For aminoglycosides 

(amikacin, gentamicin and tobramycin) and azithromycin some studies showed similar 

results of resistance profile (Khemiri et al., 2017) and other studies showed different results 

(Mohammadi et al., 2014). SCCmec IV harboring pvl was less resistance to the antibiotics 

compared to the SCCmec I, SCCmec II, SCCmec III and SCCmec V that don’t have pvl 

gene. MRSA belonged to agr III were less resistant to antibiotics as compared to agr I that 

don’t have agr typing gene. These results showed that pvl gene was not associated with 

antibiotic resistance especially in the MRSA isolated form prosthetic devices.  MRSA 

isolates harboring pvl were less resistance to the antibiotics (Bhatta et al., 2016). 

All SCCmec IV have pvl gene and similar results of association of SCCmec IV and pvl 

reported in China (Qin et al., 2017). MRSA types as SCCmec IV was the major MRSA that 

spreads from community to the hospital setting and same results were reported in Libya 

(Khemiri et al., 2017).  



      
_________________________________________________________________________ 

	 130	

The study described that pvl gene is present in 40% of MRSA isolated from prosthetic device 

related infection, these results were similar to the study conducted in Oman (54%) and 

different from the results reported in Kuwait hospital (14.6%) (Monecke et al., 2012; Udo 

et al., 2014).  MRSA containing pvl gene were most commonly associated with skin and soft 

tissue infection which justified the high prevalence of pvl containing MRSA from prosthetic 

devices.  

In Conclusion, MRSA isolated form device related infections were more resistance to 

antibiotics than any other type of infection. SCCmec IV along with pvl and agr I was more 

prevailed genotype of MRSA involving device related infections.   
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Chapter 10 

Effect of Thymoquinone on MRSA 
 

Emergence of resistance to available antibiotics diverted research toward discovery of new 

antibiotics especially plant derived compounds. Medicinal properties of plants which make 

them ideal against microbes includes low toxicity, availability, cost effectiveness and 

potential to kill wide range of pathogens (Auddy et al., 2003). Essential oils of these plants 

can be used in food stuff for antioxidant and antimicrobial effect (Costa et al., 2015). Biofilm 

is aggregation of cells that adhere to biotic and abiotic surfaces and pose extraordinary 

resistance to antibiotics (Mah and O'toole, 2001). Removal of pathogens from prosthetic 

devices and organs is not easy job and require some extensive strategies. To effectively 

remove the biofilm some plants and essential oils are reported recently against 

Staphylococcus aureus (Nostro et al., 2007; Kwieciński et al., 2009). Some studies showed 

combination of essential oils and antibiotics is very effective to eradicate S. aureus (Drago 

et al., 2007).  

Nigella sativa have been used as natural remedy for various infections and diseases for 2000 

years (Phillips, 1992) in Middle East, India and Africa. There are multiple studies that 

showed extracts of Nigella sativa have excellent antibacterial effect against gram-positive 

and gram-negative bacteria (El-Fatatry, 1975). Thymoquinone (TQ) is biological active 

component of Nigella sativa and possess antibacterial and antifungal activities  (Al Jabre et 

al., 2003; Halawani, 2009). This study aimed to determine the antibacterial and ant-biofilm 

activity of thymoquinone alone and in combination of antibiotics.  

Effect of Nigella sativa on MRSA 

Antibacterial activity of ethyl acetate, acetone and chloramphenicol extract of Nigella sativa 

was assayed against MRSA. Ethyl acetate extract showed antibacterial activity and selected 

for further study.  Ethyl acetate extract was subjected for evaporation in rotary evaporator; 

Oil and black colored sediments was collected separately. Sediments didn’t show any 

antibacterial activity and oil showed good antimicrobial activity against MRSA. Oil of 

Nigella sativa was subjected for HPLC; Thymoquinone and cymene were selected for 

further study. Cymene didn’t show any antibacterial activity, so only thymoquinone was 

subjected for antibacterial and ant-biofilm activity.  
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Minimum Inhibitory Concentration (MIC) of selected antibiotics by time kill assay  

MIC of AK (Amikacin), CHOL (Chloramphenicol), TET (Tetracycline), VAN 

(Vancomycin) and LNZ (Linezolid) against four selected strains (ZS35C, ZS41C, ZS46H 

and ZS47H having accession number MG757682, MG757686, MG757691 and MG757692 

respectively) was determined by time kill assay as shown in Figure 10.1.  

Figure 10.1: Time kill assay of selected strains of MRSA against five antibiotics 

MRSA strains ZS35C and ZS41C were resistant to AK and TET. ZS47C was resistant to 

AK, CHOL and TET (ZS46H was resistant to CHOL and TET. All strains were sensitive to 

VA and LNZ.  The three antibiotics AK (128 µg/mL), CHOL (64 µg/mL) and TET (64 

µg/mL) were considered for further study.   

Antibacterial activity of thymoquinone against MRSA 

Cymene didn’t show any antibacterial activity against selected and control strain of MRSA. 

Four multi drug resistant strains of MRSA were selected to assay antimicrobial activity of 

thymoquinone. Control strains of S. aureus (ATTC 25923) was inhibited at 4 µg/mL of 

thymoquinone. While ZS35C, ZS41C, ZS47H and ZS46H were inhibited at 64 µg/mL 

concentration of thymoquinone. The results of thymoquinone activity against selected 

strains of MRSA shown in Figure 10.2.   
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Figure 10.2: Effect of Thymoquinone on selected strains of MRSA 

Antimicrobial effect of thymoquinone was assayed against established biofilm of selected 

strains. Control strain was moderate biofilm producer and inhibited by thymoquinone at 8 

µg/mL concentration.  ZS35C was moderate biofilm producer (OD@ 595=0.51nm), ZS41C 

was weak biofilm producer (OD@ 595=0.109) and other two stains ZS47H and ZS46H were 

strong biofilm producer (OD@ 1.321nm & OD@ 1.004nm respectively) and these were 

inhibited by 128 µg/mL concentration of thymoquinone as shown in Figure 10.3. 
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Figure 10.3: Effect of thymoquinone on established biofilm by selected strains of MRSA 

Synergistic effect of thymoquinone with antibiotics 

ZS35C and ZS41C were resistant to amikacin at concentration of 128 µg/mL, ZS47H was 

resistant to chloramphenicol at 64 µg/mL and ZS46H to tetracycline at 32µg/mL. These 

resistant strains were selected for this study. ZS35C was resistant to amikacin at MIC 

concentration i.e. 128 µg/mL. Low concentration of amikacin (32 µg/mL) was used with 4 

µg/mL, 8 µg/mL and 16 µg/mL of thymoquinone. Thymoquinone (16 µg/mL) and amikacin 

(32µg/mL) combination inhibited the growth of bacteria after 24 hours. Combination of AK 

and TQ inhibited growth of ZS35C and ZS41C at much lower concertation which showed 

synergism between AK and TQ.  

Tetracycline (8 µg/mL) was used in combination of three concentration of TQ i.e. 4 µg/mL, 

8 µg/mL and 16 µg/mL. Growth of ZS46H was inhibited after 24 hours of incubation at TQ 

concentration of 32 µg/mL which showed synergism between TET and TQ. 

Similarly, Chloramphenicol (16 µg/mL) was used against ZS47H in combination with TQ. 

Chloramphenicol (16µg/mL) and TQ (16µg/mL) combination inhibited growth of   MRSA 

after 24 hours which is lower than individual concentration of both CHOL and TQ. Figure 

10.4 showed the synergetic effect of TQ with antibiotics against selected strain of MRSA.  
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Figure 10.4: Synergic effect of Thymoquinone with antibiotics against selected MRSA 

strains 

TQ also inhibited and prevented established biofilm in combination with AK, CHOL and 

TET at low concentration.  The concentration of TQ used were 8 µg/mL, 16 µg/mL and 32 

µg/mL in combination with antibiotics. For moderate biofilm producer ZS35C; Amikacin 

(64 µg/mL) and TQ (32 µg/mL) combination inhibited growth of MRSA after 24hours. 

ZS41C was weak biofilm producer and growth was inhibited by Amikacin (64 µg/mL) and 

TQ (32 µg/mL) after 24 hours of incubation. ZS47H was strong biofilm producers and 

growth was inhibited by CHOL (32 µg/mL) and TQ (32 µg/mL) after 24hours. Similarly, 

ZS47H was strong biofilm producer and growth was inhibited after 24 hours by 16 µg/mL 

TET in combination with TQ at 32 µg/mL concentration. Figure 10.5 showed the synergetic 

effect of TQ with antibiotics against biofilm of selected strain of MRSA 
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Figure 10.5: Synergic effect of Thymoquinone with antibiotics against established biofilm 

of selected MRSA strains. 

Discussion 

Antimicrobial and anti-biofilm activity of thymoquinone was assayed against MRSA 

isolated from device related infections. Thymoquinone, which is biologically active 

constitute of Nigella sativa showed marvelous antibacterial and anti-biofilm activities 

against selected strains of MRSA. Four MRSA strains were selected on the basis of 

antibiogram, biofilm potential, and molecular fingerprinting. ZS35C and ZS41C were 

community acquired MRSA and isolated from prosthetic devices. ZS47H and ZS46H were 

isolated from hospital acquired infections. All MRSA selected strains were sensitive to 

linezolid and vancomycin. ZS35C and ZS41C were resistant to amikacin and tetracycline. 

ZS47H was resistance to amikacin, tetracycline and chloramphenicol while ZS46C was 

resistance to chloramphenicol and tetracycline. MIC of these drugs against four MRSA 

strains was assayed by time kill assay. MIC of thymoquinone was also assayed for these 

strains. Amikacin (64 µg/mL) was selected for ZS35C and ZS41C, chloramphenicol (32 

µg/mL) was selected for ZS47H and tetracycline (16 µg/mL) was selected for ZS46H for 

quantification of synergism between MIC of these drugs and various concentration of 

thymoquinone. MIC of thymoquinone was assayed by time kill assay and results were 
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similar to previous studies conducted on gram positive and gram-negative bacteria (Kokoska 

et al., 2008; Chaieb et al., 2011). Previous studies showed TQ is more effective against gram 

positive bacteria than gram- negative bacterial, these results supports the results of current 

study (Halawani, 2009).  Thymoquinone showed excellent antibacterial activity at 

concentration 20 µg/mL against MRSA strains which were resistant to major antibiotics. 

Biofilm form of bacteria is 1000 times more resistant to antibiotics that planktonic form and 

very hard to eradicate from biotic or abiotic surfaces (Melchior et al., 2006).  Thymoquinone 

was found effective against planktonic form and biofilm form of MRSA with slight increase 

in minimum inhibitory concentration. Thymoquinone eradicated established biofilm (weak, 

moderate and strong) at 64 µg/mL concentration. TQ has ability to terminate the biofilm 

formation potential of bacteria but it also eradicated the established biofilm. There was 

statistically significant inhibition of biofilm formation potential of selected strains of MRSA 

isolated from prosthetic device related infections, after addition of TQ. 

TQ also showed significant synergism with selected antibiotics (amikacin, chloramphenicol 

and tetracycline) and inhibited planktonic and biofilm bacteria at reduced MIC, these finding 

correlated the previous studies (Hanafy and Hatem, 1991; Halawani, 2009). Thymoquinone 

don’t differentiate planktonic or biofilm bacteria and exert antibacterial effect.  These 

properties suggest it and ideal drug in isolated or combination with other antibiotics to 

combat the difficult to eradicate infection in serious patients.  

This study concluded that thymoquinone not only inhibited biofilm formation capacity of 

planktonic MRSA but it also eradicated 48 hours established biofilm which suggest it an 

effective agent against biofilm on biotic and abiotic surfaces.  
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Chapter 11 

Discussion 

Biomedical devices including catheters and implants are essential part of modern medicine 

and therapeutic industry. Improved quality of life and sophisticated treatment strategies are 

attributed to these biomedical devices. There are many types of biomedical or prosthetic 

devices like central venous catheters (CVC), dialysis catheters, Ventriculo-peritoneal (VP) /	

Ventriculoatrial (VA) shunts, endotracheal tubes (ETT), orthopaedic implants and urinary 

catheters. These devices revolutionized modern medicine by facilitating and restoring the 

body functions (Anderson and Patel, 2013; Kwakman and Zaat, 2013).  

This study was conducted on biomedical devices including indwelling medical devices, 

implants, surgical tubes and catheters. Samples were collected from various public and 

private hospitals and health care units. These samples were processed as per standard 

procedure for each type of indwelling medical devices like CVC, ETT and urinary catheters. 

This study aimed to investigate the pathogens that were responsible for device related 

infections. MRSA was selected as major pathogen of biomedical device related infection on 

basis of severity of harm it caused. Molecular analysis of biofilm formation stages and 

expression of some gene was also done during the process of osteomyelitis.  

These biomedical devices are prone to infection, it’s estimated that 50% to 70% hospital 

acquired were due to catheters and implants or other type of biomedical devices (Darouiche, 

2004; Balaban et al., 2005). Infection of biomedical devices leads to the significant loss of 

the resources and health of the patient. It’s estimated that two third death of nosocomial 

infections are associated with CVC and ETT. This study reported 76% CVC, 76% dialysis 

catheters, 55% ETT, 76% orthopaedic implants, 62% urinary catheters were infected with 

pathogens. A total of 69% biomedical devices were contaminated with bacteria or fungus. 

Biomedical devices are contaminated by pathogen from endogenous or exogenous source 

(Sherertz, 2004; Baker et al., 2016). Literature reported low infectious rate of indwelling 

catheters depending upon the biomedical device implanted, procedure adopted for 

implantation and mesh used for it. This rate is 2.5 to 4% for CVC (Marik et al., 2012), 20% 

for dialysis catheters (Akoh, 2012), 5% orthopedic implants (Krenek et al., 2011), 7.5% 

urinary catheters (Edwards et al., 2007) and 1% VP/VA shunts (Kanev and Sheehan, 2003). 

Pathogenesis of device related infection depends upon many factors like site of insertion of 

catheter or indwelling device, contamination of lumen of catheter, skin flora of patient 

undergoing implantation and seeding of pathogen from blood and nearby tissues. Due to 
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involvement of material of biomedical devices, device insertion technique and infection 

control strategies, these studies reported low infection rate of different biomedical devices. 

Community based surveillance programs for epidemiology and antibiotic resistance profile 

is not available in Pakistan which made it difficult to report exact prevalence of MRSA. 

Most of children and 40% adults are carriers of MRSA. Prolonged hospitalization, 

hemodialysis, skin infections, unawareness of infection control measures and long treatment 

with multiple antibiotics are predisposing factors (Sanford et al., 1994).      

Parameswaran et al., (2011) reported that 40% CVC related blood steam infections are due 

to Staphylococcus aureus followed by Pseudomonas aeruginosa and CONS (Parameswaran 

et al., 2010) which agreed with results of this study where Staphylococcus aureus is 

responsible for 39% of CVC related infection. Some studies reported that CONS 50% 

(Alonso-Echanove et al., 2003; Seifert et al., 2003) were the most common cause of CVC 

related infections and others reported Klebsiella pneumoniae 16% (Almuneef et al., 2006) 

the most common cause of surgical tube related infections. 

Peritonitis is the major complication of peritoneal dialysis catheter which results in the 

failure of catheter and complicate the treatment of patient. Lobo et al., (2010) reported 

Staphylococcus aureus 27.5% the most common cause of peritoneal dialysis related 

infection followed by E. coli 13.4% (Lobo et al., 2010). These findings supported this study 

which reported 24% of peritoneal dialysis catheter related infections were due to 

Staphylococcus aureus. Literature also reported S. aureus (32%) (Cleper et al., 2010) and 

21% (Shigidi et al., 2010) was most common pathogen of peritoneal dialysis infections. 

Other studies reported Gram negative bacteria like Klebsiella pneumoniae, E. coli and 

Pseudomonas spp., the most commonly isolated pathogen form peritoneal dialysis related 

infection (Cabrita, 2009; Kofteridis et al., 2010). 

Endotracheal tubes are used in new born or ICU patients to support treatment of these 

patients. CDC identified ETT as most common cause of VAP (Ventilated Associated 

Pneumonea) through National Nosocomial Infection Surveillance System. Infection of ETT 

tubes resulted in VAP, long hospitalization, economical loss and other health complications 

(Cernada et al., 2014). Previous studies showed that Pseudomonas sp. and Enterobacter sp. 

are colonized on ETT and are not actively involved in the development of VAP while other 

studies reported these pathogens the most common cause of VAP (Jones, 2010; Klompas et 

al., 2014). Tan et al., (2014) reported Klebsiella pneumoniae 25.8% was most common 

cause of ETT infection leading to VAP followed by Pseudomonas species 19.7%, E. coli 

12% and Staphylococcus aureus 5.5% (Tan et al., 2014). Current study reported Klebsiella 
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pneumoniae (30%) the most commonly isolated pathogen and Staphylococcus aureus was 

isolated from 7% ETT. This difference in the prevalence of infectious agents attributed to 

the type and nature of the ETT, procedure of decontamination and insertion procedure. 

Facilities provided at health care facility also attributed the type of infectious agent and ratio 

of contamination of ETT.  

Orthopedic implants are frequently used in health care industry and relived a lot of patients 

suffering from bone and joint related complication where replacement of bone partially or 

fully is complimentary. Infection of these orthopedic implant is serious complication of 

orthopedic surgery and resulted in serious consequences like septic arthritis and 

osteomyelitis. Previous studies reported Staphylococcus aureus the most common cause or 

bone and orthopedic implant related infections followed by Pseudomonas aeruginosa, 

Staphylococcus epidermidis and E. coli (Brady et al., 2006; Ribeiro et al., 2012; Tande and 

Patel, 2014; Carretero et al., 2017) these findings were consistent with current study that 

reported Staphylococcus aureus 45% the most common cause of bone and orthopedic 

implants followed by CONS, Pseudomonas aeruginosa and E. coli. Trebse et al., (2005) 

reported Staphylococcus aureus 71% most common pathogen isolated from orthopaedic 

implants followed by streptococci 13% (Trebse et al., 2005), which was conducted on 17 

patients only with implant related infections and follow up cases also included in this study. 

Prevalence of Staphylococcus aureus is higher than reported in this study the possible reason 

is experimental setup and choice of patients with orthopaedic implant infection.  

 Medical devices used for patients having urinary track problems are more vulnerable. There 

are many types of these indwelling catheters and the infectious agents and rate of infection 

to the devices depend upon the type, duration and insertion of urinary catheters. Previous 

studies reported Escherichia coli the most frequently isolated uropathogen from indwelling 

urinary catheters followed by Pseudomonas spp., Klebsiella pneumoniaa, Proteus mirabilis, 

Staphylococcus epidermidis and Staphylococcus aureus (Platt et al., 1986; Lakeman and 

Roovers, 2016; Hawkey et al., 2018; Newsroom et al., 2018). Ronald, (2013) reported E. 

coli is responsible for 80% of complicated urinary tract infection and indwelling urinary 

catheter related infection followed by Staphylococcus saprophyticus (10-15%) and 

Staphylococcus (Ronald, 2003) which is in agreement with the results of current study.  

 Staphylococcus aureus is responsible for 13-31% (Aggarwal et al., 2014), 32% (Montanaro 

et al., 2011) and 34% (Arciola et al., 2005) medical device related infections.  This study 

reported Escherichia coli (21%) was most common cause of device related infection 

followed by Staphylococcus aureus (15%), Klebsiella pneumoniae (14%), Coagulase 
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negative Staphylococcus aureus (11%), Pseudomonas spp. (10%), Acinetobacter spp. (8%), 

Candida spp. (7%) and Streptococci spp. (4%). Some researchers reported Staphylococcus 

aureus the most common cause of device related infection followed by Staphylococcus 

epidermidis, CONS, Enterococci, Streptococci, Propionibacterium acne and Candida 

(Zimmerli et al., 1982; Wang et al., 2015b; Hoyos-Nogués et al., 2017). The causative agents 

are different in different studies depending upon the medical device, geographical location, 

application and duration of medical devices. In the current study Staphylococcus aureus 

becomes most common cause of device related infection if we ignore the urinary catheters. 

Gosbell et al., (1995) reported MRSA most frequently isolated pathogen from CVC (Gosbell 

et al., 1995). He reported 74% of CVC related infections are due to MRSA. Nicolle, (2005) 

reported E. coli the most frequently isolated pathogen from urinary indwelling catheters 

(Nicolle, 2005). A study conducted in China on biomedical devices related infections 

reported Acinetobacter baumannii (19%) the most common isolated pathogen followed by 

Pseudomonas aeruginosa (17%), Klebsiella pneumoniae (12%) and Staphylococcus aureus 

(12%) (Tao et al., 2011). A five-year study conducted on orthopaedic implants reported 

Staphylococcus aureus (39%) the most common cause of orthopaedic implant related 

infections followed by Staphylococcus epidermidis (30%) and Pseudomonas aeruginosa 

(9%) (Montanaro et al., 2011). 

A study conducted on VP-VA shunts reported that CONS was most isolated pathogen; this 

study was conducted in California on pediatric VP shunts (McGirt et al., 2003). MRSA was 

not most frequently isolated pathogen from VP-VA shunts (McGirt et al., 2003). This study 

reported CONS 22% most commonly isolated pathogens of VP-VA shunts related infections 

followed by Pseudomonas aeruginosa and Staphylococcus aureus. 

There is the list of pathogens that cause prosthetic device related infection but 

Staphylococcus aureus was most virulent pathogen that results in severe consequences. The 

multi drug resistant (MDR) Staphylococcus aureus is responsible for more severe 

consequences resulted in failure of catheter or implant, treatment failure and economical 

loss.  MRSA is processed for antibiotic susceptibility testing, biofilm formation potential 

and molecular studies of biofilm. Role of bbp and cna genes in the pathogenesis of 

osteomyelitis was also assayed. MRSA is responsible for 23% CVC related infection, 14% 

peritoneal dialysis catheter related infection, 7% ETT infection, 30% orthopaedic implant 

related infections, 5% urinary catheters and 6.4% VP/VA related infections. There are two 

major types of MRSA, one is prevailed in hospitals and called hospital acquired MRSA (HA-

MRSA) and other is prevailed in community and called community acquired MRSA (CA-
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MRSA. HA-MRSA is responsible for 57% CVC, 58% peritoneal dialysis catheter, 49% 

ETT, 56% orthopaedic implants, 56% urinary catheters and 56% VP/VA shunts. Similarly, 

CA-MRSA is responsible for 43% CVC, 42% peritoneal dialysis catheter, 51% ETT, 44% 

orthopaedic implants, 44% urinary catheters and 44% VP/VA shunts. HA-MRSA are more 

frequently isolated pathogen from device related infection but the difference between HA-

MRSA and CA-MRSA is not statistically significant (p>0.05).  

Previous studies reported prevalence of MRSA 30% (Roghmann et al., 2001) and 38.6% 

(Nagashima et al., 2006) in CVC, 12.7% (Lobbedez et al., 2004) and 20% (Fluck et al., 

2010) MRSA in peritoneal dialysis catheter, 42% (Malik et al., 2012) and 67.4% (Zalipour 

et al., 2016) in ETT, 33% (De Lucas-Villarrubia et al., 2004) and 87% (Harwood et al., 

2006) in orthopaedic implants, 6.5% (Hogardt et al., 2015) and 51% (Carnicer-Pont et al., 

2006) in urinary catheters and 64% (Hirotani et al., 2015) in VP/VA shunts. These results 

showed there is diversity among the prevalence of MRSA in device related infections. There 

are multiple reasons which explained this diversity like heterogeneity of pathogens, hospital 

environment, insertion criteria and antibiotic surveillance program of health acre facility. 

Similar is the situation with HA-MRSA and CA-MRSA, the prevalence is diversified but 

overall HA-MRSA is most frequently isolated pathogen from prosthetic device related 

infections.  

Resistance to antibiotics in the major concern of modern healthcare and therapeutic industry. 

Both are trying to combat the antibiotic resistance acquired by bacteria especially MRSA. 

MRSA is getting resistance to currently used antibiotics due to its capacity to acquire 

antibiotic resistance genes carrying plasmid form environment or another bacterium. 

Antibiotic sensitivity testing was conducted on 626 strains of MRSA isolated from device 

related infection. Amikacin is resistant to 79%, gentamycin 92%, tobramycin 96%, 

azithromycin 87%, doxycycline 46%, ciprofloxacin 96%, ofloxacin 94%, 

trimethoprim/sulfamethoxazole 85%, clindamycin 72%, chloramphenicol 25% resistant to 

MRSA isolated from biomedical device related infection. Vancomycin and linezolid were 

100% sensitive to MRSA isolates. HA-MRSA are more resistance to antibiotics than CA-

MRSA but the difference was not statistically different (p>0.05).  

A study conducted on blood cultures in kids reported 33% amikacin, 84% ciprofloxacin and 

4% linezolid were resistant to MRSA (Amur et al., 2013). This study reported that all isolates 

were sensitive to vancomycin. Previous studies reported amikacin is 20% (Aqib et al., 2017), 

25% (Pramodhini et al., 2011), 64% (Moghadam et al., 2014) and 77.6% (Khosravi et al., 

2017) resistant to the MRSA isolated from different clinical specimens.  A study conducted 
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on HA-MRSA isolated from cystic fibrosis patients and have potential to form biofilm 

reported 90% resistance to amikacin, 85% to gentamycin and 69% to azithromycin (Molina 

et al., 2008). Results of current study are in accordance to this study conducted on biofilm 

producer MRSA. Rezaei et al., (2013) reported that biofilm producer MRSA were 50% 

resistance to gentamycin, 75% to SXT, 75% to ciprofloxacin, 75% to clindamycin and 100% 

resistant to azithromycin (Rezaei et al., 2013). Previous studies reported 61.54% 

(Moghadam et al., 2014) were resistant to tobramycin; 14.7% (Fontes et al., 2013), 56.6% 

(Amirkhiz et al., 2015), 61.5% (Bispo et al., 2014), 63% (Girgis et al., 2013), 71.6% 

(Ranjbar et al., 2017) and 76.2 % (Song et al., 2017) to azithromycin; 28.3% (Amirkhiz et 

al., 2015) and 60% (Girgis et al., 2013) to doxycycline; 78% (Girgis et al., 2013) to 

ciprofloxacin; 13.2% (Amirkhiz et al., 2015) and  77% (Bispo et al., 2014) to ofloxacin; 1% 

(Tangchaisuriya et al., 2014), 11.9% (Fontes et al., 2013) and  29% (Girgis et al., 2013) to 

SXT; 25.7% (Wang et al., 2016), 35.7% (Fontes et al., 2013) and 71% (Girgis et al., 2013) 

to clindamycin; 0% (Busby et al., 2014), 6% (Faghri et al., 2016), 8% (Tangchaisuriya et 

al., 2014), 12% (Wang et al., 2017) and 97.5% (Ali et al., 2014) to chloramphenicol; 0% 

(Vidhya and Niren Andrew, 2012; Fontes et al., 2013), 68% (Wang et al., 2017) and  78% 

(Girgis et al., 2013) to linezolid ; 3.7% (Ali et al., 2014) were resistant to vancomycin. 

Gentamycin is resistance to 32% isolates of MRSA isolated from medical device related 

infections (Campoccia et al., 2008).  

The above-mentioned comparison of antibiotic resistance showed there is diversity in the 

resistance profile of MRSA. There are many factors that are responsible for this diversity 

like nature of specimen, technique of sample collection and sample processing and local 

guidelines for antibodies stewardship. Antibiotic stewardship practices are very poor in 

Pakistan which made MRSA more resistance to antibiotics compared to developed countries 

where good antibiotic stewardship practices were observed. Resistance to vancomycin and 

linezolid was also reported previously but the current study reported all MRSA strains were 

sensitive to vancomycin and linezolid. The overuse of antibiotics especially 

aminoglycosides in our country made MRSA 79 to 96% resistant to amikacin, gentamycin 

and tobramycin. Most medical laboratories don’t report MIC of antibiotics which leads to 

the overdose or under-dose of antibiotics and attributed to the antibiotic resistance. Use of 

antibiotics in poultry and dairy industry was another major factor of antibiotic resistance. 

This was the list of some factors which were responsible for increased antibiotic resistance 

in MRSA.  
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This study revealed the biofilm formation potential of MRSA on biomedical devices and 

catheters. Previous studies also reported biofilm formation on biomedical devices like CVC 

(Weinstein and Darouiche, 2001; Bryers, 2008), ETT (Weinstein and Darouiche, 2001; 

Rodrigues et al., 2007), dialysis catheters (Weinstein and Darouiche, 2001; Rodrigues et al., 

2007; Bryers, 2008), orthopedic implants (Rodrigues et al., 2007; Bryers, 2008), urinary 

catheters (Weinstein and Darouiche, 2001; Rodrigues et al., 2007; Bryers, 2008) and VP-

VA shunts (Weinstein and Darouiche, 2001; Rodrigues et al., 2007).  

All strains of MRSA isolated from biomedical devices were biofilm producer, which agreed 

with study conducted by Di Domenico et al., (2017) that reported all MRSA isolated from 

skin lesion were biofilm producers (Di Domenico et al., 2017). From 626 strains of MRSA 

responsible for device related infection, 48 strains were selected for biofilm studies. These 

strains were selected on the basis of antibiotic resistance profile, RFLP (Restriction 

Fragment Length Polymorphism) and molecular typing on basis of SCCmec and agr 

characteristics. RFLP revealed 16 unique banding patterns out of 626 strains; three strains 

from each unique pattern were selected for biofilm studies. Of these 48-selected strains of 

MRSA, 83% were moderate biofilm producer and 17% were strong biofilm producers and 

non-of these was weak biofilm producer.  

A study conducted on MRSA biofilms strength reported that 21% strains were biofilm 

producer and among these 68% were moderate to strong biofilm producer and 22% were 

weak biofilm producers (Abouelfetouh et al., 2016). Nuryastuti et al., (2015) conducted 

biofilm studies on MRSA isolated from septic patients and reported only 10% MRSA were 

biofilm produces and all of these MRSA produced weak biofilm (Nuryastuti et al., 2015). A 

study conducted on clinical isolates revealed that 14% isolates of MRSA were weak biofilm 

producers, 50% were moderate and 36% were strong biofilm producers (Khan et al., 2011). 

Among MRSA isolated from different clinical specimens 4% (Maleki and Pakzad, 2018), 

15% (Jotić et al., 2016), 21.4% (Akbari-Ayezloy et al., 2017) 26.3% (Samant Sharvari, 

2012) and 46% (Mirzaee et al., 2014) were strong biofilm producer ; 5% (Akbari-Ayezloy 

et al., 2017), 15% (Yang et al., 2017), 17% (Samant Sharvari, 2012), 35% (Jotić et al., 2016) 

and 54% (Maleki and Pakzad, 2018) were moderate biofilm producers and 35% (Maleki and 

Pakzad, 2018), 50% (Jotić et al., 2016),  58%  (Eftekhar and Dadaei, 2011) were weak 

biofilm producers. These results showed there is diversity in the potential of biofilm 

formation by MRSA isolated from clinical specimens including skin lesions, nostrils of 

hospitalized patients and biomedical device related infections. This diversity explained that 

nature of specimen attributes to the potential of biofilm by MRSA.  
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Molecular studies including adhesion genes and ica operon were also conducted on the 

moderate and strong biofilm producer of MRSA isolated from biomedical device related 

infections. The current investigations revealed 65% selected strains of MRSA harbored clfA, 

100% clfB, 85% fnbA, 60% fnbB, 83% eno, 92% fib, 60% cna, 60% sdrD and 69%strains 

of MRSA harbored sdrE. Similarly, icaA was present in 93% and icaD was present in 77% 

selected strains of MRSA isolated from device related infection.  Of these 48 strains 44% 

were CA-MRSA and 56% were HA-MRSA. A study conducted on Chines children reported 

100% strains of MRSA harbored clfA and clfB, 100% fnbA and 0% fnbB, 2.7% cna and 0% 

bbp, 5.4% sdrD and 94.5% sdrE, 100% icaA and 97.3% icaD (Yang et al., 2017). The 

prevalence of adhesion genes is higher than reported in the current investigations. Kouidhi 

et al., (2010) reported icaA and icaD was present in 50%, fnbA in 59%, cna in 54.5% and 

clf was present in 9.1% strains of MRSA isolated from device related infections (Kouidhi et 

al., 2010) which were much lower than reported in the present study. Another study 

conducted in Iran reported prevalence of clfA (100%), clfB (100%), fnbA (56%), fnbB 

(46%), eno (74%), fib (78%), cna (54%), icaA (71%) and icaD (41%) in biofilm producer 

MRSA isolated from various clinical specimens (Ghasemian et al., 2016).  Previous studies 

showed MRSA harbored 43.39% (Serray et al., 2016) and 98% (Wiśniewska et al., 2008) 

clfA; 1.89% (Serray et al., 2016), 43.39% (Serray et al., 2016) and 50% (Khoramrooz et al., 

2016) clfB; 77.8% (Gowrishankar et al., 2016) and 85% (Wiśniewska et al., 2008) fnbA; 

53.3% (Atshan et al., 2012), 81% (Gowrishankar et al., 2016), 85% (Wiśniewska et al., 

2008) and 96% (Serray et al., 2016)   fnbB; 60.37 % (Serray et al., 2016) and 75.5% 

(Khoramrooz et al., 2016)  eno; 5.66% (Serray et al., 2016) and 90% (Atshan et al., 2012) 

fib; 11.32% (Serray et al., 2016), 22.5% (Khoramrooz et al., 2016), 54% (Wiśniewska et al., 

2008), 73% (Gowrishankar et al., 2016) and 93.3% (Atshan et al., 2012) cna; 5.4% (Yang 

et al., 2017) and 63.9% (Liu et al., 2015) sdrD; 68.1% (Liu et al., 2015) and 94.5% (Yang 

et al., 2017) sdrE; 56.2% (Khoramrooz et al., 2016) and 84.1% (Gowrishankar et al., 2016) 

icaA; 84.1%(Gowrishankar et al., 2016), 87.5% (Khoramrooz et al., 2016) and 100% 

(Serray et al., 2016) icaD. MRSA which were capable of biofilm formation on biomedical 

devices or tissues harbored diversity of adhesion genes ranging from 0 to 100%. These 

results showed there was not a single gene or single set of genes which was indispensable 

for biofilm formation. All the steps of biofilm formation and related genes are 

interdependent.  

Selected strains of MRSA were assayed for presence of adhesion genes and antibiotic 

resistance profile. Of 48 selected strains of MRSA, 64.5% harbored clfA. These strains were 
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74 to 100% resistant to antibiotics. clfB was present in all selected strains of MRSA which 

were 85 to 100% resistant to tested antibiotics. fnbA was present in 85.4% strains of MRSA, 

of which 90% were moderate and 10% were strong biofilm producer. These strains were 51 

to 100% resistant to tested antibiotics. fnbB was possessed by 60.4% strains of MRSA, of 

which 86% were moderate and 14% were strong biofilm producers. These strains were 52 

to 100% resistant to tested antibiotics. sdrD and sdrE were harbored by 60.4 and 64.5% 

strains of MRSA respectively of which 49 to 100% were resistant to tested antibiotics. eno, 

fib and cna were carried by 75%, 83% and 60.4% strains of MRSA respectively. Majority 

of these strains were moderate biofilm producer (90%, 86% and 72% respectively) and 24 

to 100% resistant to tested antibiotics. icaA and icaD operon was present in 93.7% and 77% 

isolates of MRSA of which 89% were moderate and 11% were strong biofilm producers. 

These strains carrying ica operon showed 54 to 100% resistance to tested antibiotics. These 

results indicated ica was not the only control mechanism for biofilm synthesis and EPA 

production, there must be some alternate control mechanism for biofilm production.  All 

strains that were subjected for biofilm studies were sensitive to vancomycin and linezolid.   

Typing of bacterial strains is essential to predict the outbreak, antibiotic profile and 

epidemiological studies. A total of 626 strains of MRSA which were isolated from 

biomedical device related infection. These strains were subjected for SCCmec typing and 

found 488 samples were typed and 138 showed no typing. Of these 488 MRSA strains 20% 

belonged to SCCmec II, 17% SCCmec III, 33% SCCmec IV and 8% were SCCmec V. None 

of the isolate belonged to SCCmec I. SCCmec typed strains of MRSA (488) were subjected 

for agr typing and found 52% belonged to agr I, 12% to agr II, 8% to agr III, 14% to agr 

IV and 14% don’t have any of the agr type. These 488 selected strains of MRSA were 

subjected for RFLP and found 16 unique bands. These 16 strains were subjected for 

phylogenetic analysis after 16S rRNA sequencing. PVL gene was also amplified in 488 

samples and established a relationship among SCCmec typing, agr characterization, 

antibiotic resistance and adhesion genes along with biofilm potential of these strains. All 

CA-MRSA belonged to SCCmec IV, 50% of agr II characetrised strains were CA-MRSA, 

100% strains were CA-MRSA which harbored   agr III and 80% of agr IV typed strains 

were CA-MRSA. A study conducted on MRSA isolated from cystic fibrosis reported 81.2% 

SCCmec III and 18.8% SCCmec IV (Yurdakul et al., 2012). A study conducted in India 

reported that HA-MRSA belonged to SCCmec III and CA-MRSA belonged to SCCmec IV 

and V (Sunagar et al., 2016). Amirkhiz et al., (2015) reported 69.8% belonged to SCCmec 

III, 11% to SCCmec IV and 1.9% to SCCmec I (Amirkhiz et al., 2015), these results were 
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consistent to the results of current study in term of SCCmec I. Wang et al., (2015) reported 

SCCmec characterization of HA-MRSA and CA-MRSA isolated from blood stream 

infections. This study revealed 60% of HA-MRSA belonged to SCCmec II, 30% to SCCmec 

III and 9% to SCCmec IV. Similarly, 47% of CA-MRSA belonged to SCCmec II, 35% to 

SCCmec III and 16% to SCCmec IV (Wang et al., 2015a). The results of this study 

contradicted to our study because of the nature of specimen and heterogeneity of MRSA 

strains. Previous studies reported 100% stains of MRSA belonged to SCCmec III 

(Ghasemian et al., 2015a), 100% CA-MRSA belonged to SCCmec IV (Brito et al., 2015), 

76% MRSA belonged to SCCmec III followed by 11.2 % SCCmec IV, 4.8% SCCmec I and 

3.2% SCCmec IV (Taherirad et al., 2016). Azimian et al., (2012) reported most prevalent 

type was agr I followed by agr III, agr II and agr IV (Azimian et al., 2012) which agreed 

with the results of current study. Study conducted in Greece reported even distribution of 

agr I, II and IV while agr III was not detected (Ikonomidis et al., 2009). Previous studies 

reported 50%, (Jotić et al., 2016),52% (NASIRIAN et al., 2017), 54% (NASIRIAN et al., 

2017) , 57% (Ćirković et al., 2015) and 70% (Ghasemian et al., 2015b) biofilm producer 

MRSA harbored agr I; 9% (NASIRIAN et al., 2017), 18% (NASIRIAN et al., 2017), 36% 

(Ćirković et al., 2015) and 37% (Jotić et al., 2016) harbored agr II; 7% (Ćirković et al., 

2015), 10% (Ghasemian et al., 2015b)and 13% (Jotić et al., 2016) harbored agr III; 5% 

(Ghasemian et al., 2015b) and 13% (NASIRIAN et al., 2017) harbored agr IV. MRSA 

strains belonged to agr II were strong biofilm producers compared to other agr types, this 

supported previous investigation (Manago et al., 2006; Cafiso et al., 2007). Majority of the 

findings contradicted to our findings because these studies are conducted on MRSA isolated 

from various clinical specimens and geographical location but we collected biomedical 

device related infection samples which consequences in the different SCCmec and agr 

characterization. All selected strains of MRSA belonged to SCCmec II, III, and V were 

moderate biofilm producers and 80% of MRSA belonged to SCCmec IV was also moderate 

biofilm producers. Only 20% MRSA belonged to SCCmec IV were strong biofilm 

producers, these results are in favor to the previous studies (Mirani et al., 2013; Yang et al., 

2017). Similarly, MRSA belonged to agr I, III and IV were moderate biofilm producers and 

MRSA belonged to agr II were strong biofilm producers (Mirani et al., 2013). 

A total of 965 samples of orthopedic implants and bone were collected and 76% (736/965) 

were positive for bacterial or fungal infection. Among these 736 strains 30% (221/736) were 

colonized with MRSA. Biofilm formation studies, molecular studies of biofilm formation, 

SCCmec tying and association of MRSA to osteomyelitis was studies with these strains.  
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Of these 221 MRSA isolated from bone and orthopedic implant related infection 49% were 

weak biofilm producer, 28% were moderate and 23% were strong biofilm producers. These 

MRSA strains were subjected for SCCmec characterization and agr classification. Total of 

166 strains were characterized by SCCmec tying and 55 strains didn’t show any typing. 

These 166 strains were subjected for agr typing. Molecular studies were conducted on 166 

selected strains of MRSA isolated from orthopedic implants. 

All Strains isolated from orthopedic implants and bones were sensitive to vancomycin and 

linezolid. Of SCCmec II typed MRSA 84% were resistant to doxycycline and 100% 

resistance to all other antibiotic, SCCmec II typed MRSA were 59% resistant to doxycycline 

and 100% to all other tested antibiotics. Similarly, SCCmec V was 100% resistant to all 

tested antibiotics except doxycycline.  SCCmec IV showed variable resistance to all tested 

antibiotics but this type was more sensitive to other types of MRSA isolated from bone and 

orthopedic implants.  

Similar pattern of antibiotic resistance was shown by MRSA characterized by agr method. 

Agr type I and II were resistance to all tested antibiotics except linezolid, vancomycin and 

doxycycline while agr III showed variable resistance to the antibiotics. Studies conducted 

in past on orthopedic implants showed diversified results about correlation of SCCmec and 

agr typing to the antibiotic resistance profile, strength of biofilm formation and harboring of 

adhesion genes (Walther et al., 2006; Kawamura et al., 2011; Rahimi et al., 2016; Prakash 

et al., 2017; Jiang et al., 2018). Prevalence of adhesion genes among biofilm producer 

MRSA was consistence with previous studies (Yu et al., 2012; Jiang et al., 2018). 

Osteomyelitis is considered as medical emergency and results in severe consequences when 

caused by drug resistant bacteria like MRSA. Staphylococcus aureus was isolated from 38 

to 67% cases of osteomyelitis and septic arthritis (Al Arfaj, 2008).  

Table 11.1: Prevalence of cna and bbp genes among MRSA isolated from bone and 

orthopedic implants. 

MRSA  Accession # cna Gene bbp 
ZS35C MG757682 + + 
ZS39H MG757684 - - 
ZS41C MG757686 - + 
ZS43C MG757688 + - 

 

To study the pathogenesis of osteomyelitis by MRSA, four strains ZS39H, ZS35C, ZS41C 

and ZS43C were selected (Table 11.1). The source of isolation, phenotypic and molecular 
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characterization and harboring of adhesion genes especially cna and bbp gene was given in 

previous chapter. 

ZS35C and ZS41C were isolated from osteomyelitis bone infection having orthopedic 

implants as well. These strains harbored bbp genes; ZS35C also harbored cna. Other two 

strains ZS39H and ZS43C were isolated from orthopedic implant related infection and don’t 

have bbp gene. These two strains that harbored bbp were efficiently associated and 

internalized by osteoblasts compared to others which don’t harbored bbp gene.   

This study revealed ZS41C that harbors bbp was internalized at lower rate in the absence of 

cna gene, same results found in the previous studies (Campoccia et al., 2009). Studies 

showed cna gene was involved in initial attachment of S. aureus to the collagen containing 

substrates like bone and cartilage (Patti et al., 1992). Significant involvement of cna, bbp 

and clfA gene in pathogeneses of osteomyelitis in implant related infections was reported 

previously (Testoni et al., 2011; Post et al., 2014). Community acquired MRSA possess both 

bbp and can and imparts in osteomyelitis infection, these finding correlated the previous 

studies (Otsuka et al., 2006; Campoccia et al., 2009). Role of bbp and cna was also discussed 

by the researchers (Johansson et al., 2001; Elasri et al., 2002; Palmqvist et al., 2005) and 

their findings supported the results of current investigations. This is revealed that many 

factors involve in the pathogenesis of osteomyelitis which are not considered here but bbp 

and cna are indispensable for rapid progression of osteomyelitis 

Medicinal plants have been used as complimentary drug since ancient times. These are good 

to deal with the antibiotic resistance pathogens. Thymoquinone (TQ) showed significant 

synergism with antibiotics (amikacin, chloramphenicol and tetracycline) and inhibited 

planktonic and biofilm bacteria at reduced MIC, these finding correlated the previous studies 

(Hanafy and Hatem, 1991; Halawani, 2009). Thymoquinone don’t differentiate planktonic 

or biofilm bacteria and exert antibacterial effect.  These properties suggest it an ideal drug 

in isolated or combination with other antibiotics to combat the difficult to eradicate infection 

in serious patients. There is still need to investigate the pharmacological properties of Nigella 

sativa and its active component TQ.  
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LOCUS       MG757681                 889 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-28C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757681 
VERSION     MG757681.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 889) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..889 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-28C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>889 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tatttgtttc ccttccttct ccggatgaac gctggcggcg tgcctaatac atgcaagtcg 
       61 agcgaacgga cgagaagctt gcttctctga tgttagcggc ggacgggtga gtaacacgtg 
      121 gataacctac ctataagact gggataactt cgggaaaccg gagctaatac cggataatat 
      181 tttgaaccgc atggttcaaa agtgaaagac ggtcttgctg tcacttatag atggatccgc 
      241 gctgcattag ctagttggta aggtaacggc ttaccaaggc aacgatgcat agccgacctg 
      301 agagggtgat cggccacact ggaactgaga cacggtccag actcctacgg gaggcagcag 
      361 tagggaatct tccgcaatgg gcgaaagcct gacggagcaa cgccgcgtga gtgatgaagg 
      421 tcttcggatc gtaaaactct gttattaggg aagaacatat gtgtaagtaa ctgtgcacat 
      481 cttgacggta cctaatcaga aagccacggc taactacgtg ccagcagccg cggtaatacg 
      541 taggtggcaa gcgttatccg gaattattgg gcgtaaagcg cgcgtaggcg gttttttaag 
      601 tctgatgtga aagcccacgg ctcaaccgtg gagggtcatt ggaaactgga aaacttgagt 
      661 gcagaagagg aaagtggaat tccatgtgta gcggtgaaat gcgcagagat atggaggaac 
      721 accagtggcg aaggcgactt tctggtctgt aactgacgct gatgtgcgaa agcgtgggga 
      781 tcaaacagga ttagataccc tggtagtcca cgccgtaaac gatgagtgct aagtgttagg 
      841 gggtttccgc cccttagtgc tgcagctaac gcattaagca ctccgcctg 
// 
 
 
 
 
 



Annexure - I 
	

	 201	

 
LOCUS       MG757682                 878 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-35C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757682 
VERSION     MG757682.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 878) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..878 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-35C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>878 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tctgctcagg atgaacgctg gccggcgtgc cttaatacat gcaagtcgag cgaacggacg 
       61 agaagcttgc ttctctgatg ttagcggcgg acgggtgagt aacacgtgga taacctacct 
      121 ataagactgg gataacttcg ggaaaccgga gctaataccg gataatattt tgaaccgcat 
      181 ggttcaaaag tgaaagacgg tcttgctgtc acttatagat ggatccgcgc tgcattagct 
      241 agttggtaag gtaacggctt accaaggcaa cgatgcatag ccgacctgag agggtgatcg 
      301 gccacactgg aactgagaca cggtccagac tcctacggga ggcagcagta gggaatcttc 
      361 cgcaatgggc gaaagcctga cggagcaacg ccgcgtgagt gatgaaggtc ttcggatcgt 
      421 aaaactctgt tattagggaa gaacatatgt gtaagtaact gtgcacatct tgacggtacc 
      481 taatcagaaa gccacggcta actacgtgcc agcagccgcg gtaatacgta ggtggcaagc 
      541 gttatccgga attattgggc gtaaagcgcg cgtaggcggt tttttaagtc tgatgtgaaa 
      601 gcccacggct caaccgtgga gggtcattgg aaactggaaa acttgagtgc agaagaggaa 
      661 agtggaattc catgtgtagc ggtgaaatgc gcagagatat ggaggaacac cagtggcgaa 
      721 ggcgactttc tggtctgtaa ctgacgctga tgtgcgaaag cgtggggatc aaacaggatt 
      781 agataccctg gtagtccacg ccgtaaacga tgagtgctaa gtgttagggg gtttccgccc 
      841 cttagtgctg cagctaacgc attaagcact ccgcctgg 
// 
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LOCUS       MG757683                 696 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  i strain ZS-38C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757683 
VERSION     MG757683.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 696) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..696 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-38C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>696 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gatgagtgct agtgttaggg ggtttccgcc ccttagtgct gcagctaacg cattaagcac 
       61 tccgcctggg gagtacgacc gcaaggttga aactcaaagg aattgacggg gacccgcaca 
      121 agcggtggag catgtggttt aattcgaagc aacgcgaaga accttaccaa atcttgacat 
      181 cctttgacaa ctctagagat agagccttcc ccttcggggg acaaagtgac aggtggtgca 
      241 tggttgtcgt cagctcgtgt cgtgagatgt tgggttaagt cccgcaacga gcgcaaccct 
      301 taagcttagt tgccatcatt aagttgggca ctctaagttg actgccggtg acaaaccgga 
      361 ggaaggtggg gatgacgtca aatcatcatg ccccttatga tttgggctac acacgtgcta 
      421 caatggacaa tacaaagggc agcgaaaccg cgaggtcaag caaatcccat aaagttgttc 
      481 tcagttcgga ttgtagtctg caactcgact acatgaagct ggaatcgcta gtaatcgtag 
      541 atcagcatgc tacggtgaat acgttcccgg gtcttgtaca caccgcccgt cacaccacga 
      601 gagtttgtaa cacccgaagc cggtggagta accttttagg agctagccgt cgaaggtggg 
      661 acaaatgatt ggggtgaagt cgtcaagggg gaaccc 
// 
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LOCUS       MG757684                 702 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-39H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757684 
VERSION     MG757684.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 702) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..702 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-39H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>702 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gacgatgagt gctagtgtta gggggtttcc gccccttagt gctgcagcta acgcattaag 
       61 cactccgcct ggggagtacg accgcaaggt tgaaactcaa aggaattgac ggggacccgc 
      121 acaagcggtg gagcatgtgg tttaattcga agcaacgcga agaaccttac caaatcttga 
      181 catcctttga caactctaga gatagagcct tccccttcgg gggacaaagt gacaggtggt 
      241 gcatggttgt cgtcagctcg tgtcgtgaga tgttgggtta agtcccgcaa cgagcgcaac 
      301 ccttaagctt agttgccatc attaagttgg gcactctaag ttgactgccg gtgacaaacc 
      361 ggaggaaggt ggggatgacg tcaaatcatc atgcccctta tgattgggct acacacgtgc 
      421 tacaatggac aatacaaagg gcagcgaaac cgcgaggtca agcaaatccc ataaagttgt 
      481 tctcagttcg gattgtagtc tgcaactcga ctacatgaag ctggaatcgc tagtaatcgt 
      541 agatcagcat gctacggtga atacgttccc gggtcttgta cacaccgccc gtcacaccac 
      601 gagagtttgt aacacccgaa gccggtggag taacctttta ggagctagcc gtcgaaggtg 
      661 ggacaaatga ttggggtgaa gtcgtcaaag gggtaaccca at 
// 
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LOCUS       MG757685                 681 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-40H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757685 
VERSION     MG757685.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 681) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..681 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-40H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>681 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgagtgctag tgttaggggg tttccgcccc ttagtgctgc agctaacgca ttaagcactc 
       61 cgcctgggga gtacgaccgc aaggttgaaa ctcaaaggaa ttgacgggga cccgcacaag 
      121 cggtggagca tgtggtttaa ttcgaagcaa cgcgaagaac cttaccaaat cttgacatcc 
      181 tttgacaact ctagagatag agccttcccc ttcgggggac aaagtgacag gtggtgcatg 
      241 gttgtcgtca gctcgtgtcg tgagatgttg ggttaagtcc cgcaacgagc gcaaccctta 
      301 agcttagttg ccatcattaa gttgggcact ctaagttgac tgccggtgac aaaccggagg 
      361 aaggtgggga tgacgtcaaa tcatcatgcc ccttatgatt tgggctacac acgtgctaca 
      421 atggacaata caaagggcag cgaaaccgcg aggtcaagca aatcccataa agttgttctc 
      481 agttcggatt gtagtctgca actcgactac atgaagctgg aatcgctagt aatcgtagat 
      541 cagcatgcta cggtgaatac gttcccgggt cttgtacaca ccgcccgtca caccacgaga 
      601 gtttgtaaca cccgaagccg gtggagtaac cttttaggag ctagccgtcg aaggtgggac 
      661 aaatgattgg ggtgaagtct a 
// 
 
  
 
 
 
 
 
 



Annexure - I 
	

	 205	

 
LOCUS       MG757686                 691 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-41C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757686 
VERSION     MG757686.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 691) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..691 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-41C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>691 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgagtgctag tgttaggggg tttccgcccc ttagtgctgc agctaacgca ttaagcactc 
       61 cgcctgggga gtacgaccgc aaggttgaaa ctcaaaggaa ttgacgggga cccgcacaag 
      121 cggtggagca tgtggtttaa ttcgaagcaa cgcgaagaac cttaccaaat cttgacatcc 
      181 tttgacaact ctagagatag agctttcccc ttcgggggac aaagtgacag gtggtgcatg 
      241 gttgtcgtca gctcgtgtcg tgagatgttg ggttaagtcc cgcaacgagc gcaaccctta 
      301 agcttagttg ccatcattaa gttgggcact ctaagttgac tgccggtgac aaaccggagg 
      361 aaggtgggga tgacgtcaaa tcatcatgcc ccttatgatt tgggctacac acgtgctaca 
      421 atggacaata caaagggcag cgaaaccgcg aggtcaagca aatcccataa agttgttctc 
      481 agttcggatt gtagtctgca actcgactac atgaagctgg aatcgctagt aatcgtagat 
      541 cagcatgcta cggtgaatac gttcccgggt cttgtacaca ccgcccgtca caccacgaga 
      601 gtttgtaaca cccgaagccg gtggagtaac cttttaggag ctagccgtcg aaggtgggac 
      661 aaatgattgg ggtgaagtcg tccaggggga a 
// 
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LOCUS       MG757687                 694 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-42H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757687 
VERSION     MG757687.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 694) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..694 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-42H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>694 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgagtgctag tgttaggggg tttccgcccc ttagtgctgc agctaacgca ttaagcactc 
       61 cgcctgggga gtacgaccgc aaggttgaaa ctcaaaggaa ttgacgggga cccgcacaag 
      121 cggtggagca tgtggtttaa ttcgaagcaa cgcgaagaac cttaccaaat cttgacatcc 
      181 tttgacaact ctagagatag agccttcccc ttcgggggac aaagtgacag gtggtgcatg 
      241 gttgtcgtca gctcgtgtcg tgagatgttg ggttaagtcc cgcaacgagc gcaaccctta 
      301 agcttagttg ccatcattaa gttgggcact ctaagttgac tgccggtgac aaaccggagg 
      361 aaggtgggga tgacgtcaaa tcatcatgcc ccttatgatt tgggctacac acgtgctaca 
      421 atggacaata caaagggcag cgaaaccgcg aggtcaagca aatcccataa agttgttctc 
      481 agttcggatt gtagtctgca actcgactac atgaagctgg aatcgctagt aatcgtagat 
      541 cagcatgcta cggtgaatac gttcccgggt cttgtacaca ccgcccgtca caccacgaga 
      601 gtttgtaaca cccgaagccg gtggagtaac cttttaggag ctagccgtcg aaggtgggac 
      661 aaatgattgg ggtgaagtct aaaaggggga aacc 
// 
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LOCUS       MG757688                 699 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-43C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757688 
VERSION     MG757688.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 699) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..699 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-43C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>699 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 atgagtgcta gtgttagggg gtttccgccc cttagtgctg cagctaacgc attaagcact 
       61 ccgcctgggg agtacgaccg caaggttgaa actcaaagga attgacgggg acccgcacaa 
      121 gcggtggagc atgtggttta attcgaagca acgcgaagaa ccttaccaaa tcttgacatc 
      181 ctttgacaac tctagagata gagccttccc cttcggggga caaagtgaca ggtggtgcat 
      241 ggttgtcgtc agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt 
      301 aagcttagtt gccatcatta agttgggcac tctaagttga ctgccggtga caaaccggag 
      361 gaaggtgggg atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac 
      421 aatggacaat acaaagggca gcgaaaccgc gaggtcaagc aaatcccata aagttgttct 
      481 cagttcggat tgtagtctgc aactcgacta catgaagctg gaatcgctag taatcgtaga 
      541 tcagcatgct acggtgaata cgttcccggg tcttgtacac accgcccgtc acaccacgag 
      601 agtttgtaac acccgaagcc ggtggagtaa ccttttagga gctagccgtc gaaggtggga 
      661 caaatgattg gggtgaagtc taaaaggggg aacccaaaa 
// 
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LOCUS       MG757689                 701 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-44H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757689 
VERSION     MG757689.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 701) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..701 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-44H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>701 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 atgagtgcta gtgttagggg gtttccgccc cttagtgctg cagctaacgc attaagcact 
       61 ccgcctgggg agtacgaccg caaggttgaa actcaaagga attgacgggg acccgcacaa 
      121 gcggtggagc atgtggttta attcgaagca acgcgaagaa ccttaccaaa tcttgacatc 
      181 ctttgacaac tctagagata gagccttccc cttcggggga caaagtgaca ggtggtgcat 
      241 ggttgtcgtc agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt 
      301 aagcttagtt gccatcatta agttgggcac tctaagttga ctgccggtga caaaccggag 
      361 gaaggtgggg atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac 
      421 aatggacaat acaaagggca gcgaaaccgc gaggtcaagc aaatcccata aagttgttct 
      481 cagttcggat tgtagtctgc aactcgacta catgaagctg gaatcgctag taatcgtaga 
      541 tcagcatgct acggtgaata cgttcccggg tcttgtacac accgcccgtc acaccacgag 
      601 agtttgtaac acccgaagcc ggtggagtaa ccttttagga gctagccgtc gaaggtggga 
      661 caaatgattg gggtgaagtc gtacaagggg taacccaaaa a 
// 
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LOCUS       MG757690                 698 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-45H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757690 
VERSION     MG757690.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 698) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..698 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-45H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>698 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 cgaatgagtg ctagtgttag ggggtttccg ccccttagtg ctgcagctaa cgcattaagc 
       61 actccgcctg gggagtacga ccgcaaggtt gaaactcaaa ggaattgacg gggacccgca 
      121 caagcggtgg agcatgtggt ttaattcgaa gcaacgcgaa gaaccttacc aaatcttgac 
      181 atcctttgac aactctagag atagagcctt ccccttcggg ggacaaagtg acaggtggtg 
      241 catggttgtc gtcagctcgt gtcgtgagat gttgggttaa gtcccgcaac gagcgcaacc 
      301 cttaagctta gttgccatca ttaagttggg cactctaagt tgactgccgg tgacaaaccg 
      361 gaggaaggtg gggatgacgt caaatcatca tgccccttat gatttgggct acacacgtgc 
      421 tacaatggac aatacaaagg gcagcgaaac cgcgaggtca agcaaatccc ataaagttgt 
      481 tctcagttcg gattgtagtc tgcaactcga ctacatgaag ctggaatcgc tagtaatcgt 
      541 agatcagcat gctacggtga atacgttccc gggtcttgta cacaccgccc gtcacaccac 
      601 gagagtttgt aacacccgaa gccggtggag taacctttta ggagctagcc gtcgaaggtg 
      661 ggacaaatga ttggggtgaa gtcgtacaaa gggtaacc 
// 
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LOCUS       MG757691                 686 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-46H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757691 
VERSION     MG757691.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 686) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..686 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-46H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>686 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 cgagatgagt gctagtgtta gggggtttcc gccccttagt gctgcagcta acgcattaag 
       61 cactccgcct ggggagtacg accgcaaggt tgaaactcaa aggaattgac ggggacccgc 
      121 acaagcggtg gagcatgtgg tttaattcga agcaacgcga agaaccttac caaatcttga 
      181 catcctttga caactctaga gatagagcct tccccttcgg gggacaaagt gacaggtggt 
      241 gcatggttgt cgtcagctcg tgtcgtgaga tgttgggtta agtcccgcaa cgagcgcaac 
      301 ccttaagctt agttgccatc attaagttgg gcactctaag ttgactgccg gtgacaaacc 
      361 ggaggaaggt ggggatgacg tcaaatcatc atgcccctta tgatttgggc tacacacgtg 
      421 ctacaatgga caatacaaag ggcagcgaaa ccgcgaggtc aagcaaatcc cataaagttg 
      481 ttctcagttc ggattgtagt ctgcaactcg actacatgaa gctggaatcg ctagtaatcg 
      541 tagatcagca tgctacggtg aatacgttcc cgggtcttgt acacaccgcc cgtcacacca 
      601 cgagagtttg taacacccga agccggtgga gtaacctttt aggagctagc cgtcgaaggt 
      661 gggacaaatg attggggtga agtcgt 
// 
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LOCUS       MG757692                 694 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-47H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757692 
VERSION     MG757692.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 694) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..694 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-47H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>694 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 atgagtgcta gtgttagggg gtttccgccc cttagtgctg cagctaacgc attaagcact 
       61 ccgcctgggg agtacgaccg caaggttgaa actcaaagga attgacgggg acccgcacaa 
      121 gcggtggagc atgtggttta attcgaagca acgcgaagaa ccttaccaaa tcttgacatc 
      181 ctttgacaac tctagagata gagccttccc cttcggggga caaagtgaca ggtggtgcat 
      241 ggttgtcgtc agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt 
      301 aagcttagtt gccatcatta agttgggcac tctaagttga ctgccggtga caaaccggag 
      361 gaaggtgggg atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac 
      421 aatggacaat acaaagggca gcgaaaccgc gaggtcaagc aaatcccata aagttgttct 
      481 cagttcggat tgtagtctgc aactcgacta catgaagctg gaatcgctag taatcgtaga 
      541 tcagcatgct acggtgaata cgttcccggg tcttgtacac accgcccgtc acaccacgag 
      601 agtttgtaac acccgaagcc ggtggagtaa ccttttagga gctagccgtc gaaggtggga 
      661 caaatgattg gggtgaagtc tcaaagggga aacc 
// 
 
  



Annexure - I 
	

	 212	

LOCUS       MG757693                 679 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-48H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757693 
VERSION     MG757693.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 679) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..679 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-48H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>679 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gatgagtgct agtgttaggg ggtttccgcc ccttagtgct gcagctaacg cattaagcac 
       61 tccgcctggg gagtacgacc gcaaggttga aactcaaagg aattgacggg gacccgcaca 
      121 agcggtggag catgtggttt aattcgaagc aacgcgaaga accttaccaa atcttgacat 
      181 cctttgacaa ctctgagata gagccttccc cttcggggga caaagtgaca ggtggtgcat 
      241 ggttgtcgtc agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt 
      301 aagcttagtt gccatcatta agttgggcac tctaagttga ctgccggtga caaaccggag 
      361 gaaggtgggg atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac 
      421 aatggacaat acaaagggca gcgaaaccgc gaggtcaagc aaatcccata aagttgttct 
      481 cagttcggat tgtagtctgc aactcgacta catgaagctg gaatcgctag taatcgtaga 
      541 tcagcatgct acggtgaata cgttcccggg tcttgtacac accgcccgtc acaccacgag 
      601 agtttgtaac acccgaagcc ggtggagtaa ccatttggag ctagccgtcg aaggtgggac 
      661 aaatgattgg ggtgaagtc 
// 
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LOCUS       MG757694                 686 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-49H 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757694 
VERSION     MG757694.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 686) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..686 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-49H" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>686 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 gacacgatga gtgctagtgt tagggggttt ccgcccctta gtgctgcagc taacgcatta 
       61 agcactccgc ctggggagta cgaccgcaag gttgaaactc aaaggaattg acggggaccc 
      121 gcacaagcgg tggagcatgt ggtttaattc gaagcaacgc gaagaacctt accaaatctt 
      181 gacatccttt gacaactcta gagatagagc cttccccttc gggggacaaa gtgacaggtg 
      241 gtgcatggtt gtcgtcagct cgtgtcgtga gatgttgggt taagtcccgc aacgagcgca 
      301 acccttaagc ttagttgcca tcattaagtt gggcactcta agttgactgc cggtgacaaa 
      361 ccggaggaag gtggggatga cgtcaaatca tcatgcccct tatgatttgg gctacacacg 
      421 tgctacaatg gacaatacaa agggcagcga aaccgcgagg tcaagcaaat cccataaagt 
      481 tgttctcagt tcggattgta gtctgcaact cgactacatg aagctggaat cgctagtaat 
      541 cgtagatcag catgctacgg tgaatacgtt cccgggtctt gtacacaccg cccgtcacac 
      601 cacgagagtt tgtaacaccc gaagccggtg gagtaacctt ttaggagcta gccgtcgaag 
      661 gtgggacaaa tgattggggt gaagtc 
// 
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LOCUS       MG757695                 687 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-59C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757695 
VERSION     MG757695.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 687) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..687 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-59C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>687 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 tgagtgctaa gtgttagggg gtttccgccc cttagtgctg cagctaacgc attaagcact 
       61 ccgcctgggg agtacgaccg caaggttgaa actcaaagga attgacgggg acccgcacaa 
      121 gcggtggagc atgtggttta attcgaagca acgcgaagaa ccttaccaaa tcttgacatc 
      181 ctttgacaac tctagagata gagctttccc cttcggggga caaagtgaca ggtggtgcat 
      241 ggttgtcgtc agctcgtgtc gtgagatgtt gggttaagtc ccgcaacgag cgcaaccctt 
      301 aagcttagtt gccatcatta agttgggcac tctaagttga ctgccggtga caaaccggag 
      361 gaaggtgggg atgacgtcaa atcatcatgc cccttatgat ttgggctaca cacgtgctac 
      421 aatggacaat acaaagggca gcgaaaccgc gaggtcaagc aaatcccata aagttgttct 
      481 cagttcggat tgtagtctgc aactcgacta catgaagctg gaatcgctag taatcgtaga 
      541 tcagcatgct acggtgaata cgttcccggg tcttgtacac accgcccgtc acaccacgag 
      601 agttgtaaca cccgaagccg gtggagtaac cttttaggag ctagccgtcg aaggtgggac 
      661 aaatgattgg ggtgaagtct acaaggg 
// 
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LOCUS       MG757696                 705 bp    DNA     linear   BCT 12-JAN-2018 
 
DEFINITION  Staphylococcus aureus strain ZS-64C 16S ribosomal RNA gene, partial 
            sequence. 
ACCESSION   MG757696 
VERSION     MG757696.1 
KEYWORDS    . 
SOURCE      Staphylococcus aureus 
  ORGANISM  Staphylococcus aureus 
            Bacteria; Firmicutes; Bacilli; Bacillales; Staphylococcaceae; 
            Staphylococcus. 
REFERENCE   1  (bases 1 to 705) 
  AUTHORS   Sohail,M. and Latif,Z. 
  TITLE     Direct Submission 
  JOURNAL   Submitted (07-JAN-2018) Microbiology and Molecular Genetics, 
            University of The Punjab, Lahore, Allama Iqbal Tow, Lahore, Pujab 
            54000, Pakistan 
COMMENT     ##Assembly-Data-START## 
            Sequencing Technology :: Sanger dideoxy sequencing 
            ##Assembly-Data-END## 
FEATURES             Location/Qualifiers 
     source          1..705 
                     /organism="Staphylococcus aureus" 
                     /mol_type="genomic DNA" 
                     /strain="ZS-64C" 
                     /db_xref="taxon:1280" 
     rRNA            <1..>705 
                     /product="16S ribosomal RNA" 
ORIGIN       
        1 acaatgagtg ctagtgttag ggggtttccg ccccttagtg ctgcagctaa cgcattaagc 
       61 actccgcctg gggagtacga ccgcaaggtt gaaactcaaa ggaattgacg gggacccgca 
      121 caagcggtgg agcatgtggt ttaattcgaa gcaacgcgaa gaaccttacc aaatcttgac 
      181 atcctttgac aactctagag atagagcttt ccccttcggg ggacaaagtg acaggtggtg 
      241 catggttgtc gtcagctcgt gtcgtgagat gttgggttaa gtcccgcaac gagcgcaacc 
      301 cttaagctta gttgccatca ttaagttggg cactctaagt tgactgccgg tgacaaaccg 
      361 gaggaaggtg gggatgacgt caaatcatca tgccccttat gatttgggct acacacgtgc 
      421 tacaatggac aatacaaagg gcagcgaaac cgcgaggtca agcaaatccc ataaagttgt 
      481 tctcagttcg gattgtagtc tgcaactcga ctacatgaag ctggaatcgc tagtaatcgt 
      541 agatcagcat gctacggtga atacgttccc gggtcttgta cacaccgccc gtcacaccac 
      601 gagagtttgt aacacccgaa gccggtggag taacctttta ggagctagcc gtcgaaggtg 
      661 ggacaaatga ttggggtgaa gtcgtacagg gggaaaccca ataaa 
// 
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Abstract
Introduction: With the advancement of medicine and surgery, various types of medical devices have become part of treatment 
strategies. Methods: Identification and antimicrobial sensitivity testing were done according to CLSI guidelines following 
standard microbiological practices. Results: Urinary catheter infections (31%) were most frequent followed by central venous 
catheter (18%) and orthopedic implants (15%). Methicillin resistant Staphylococcus aureus (MRSA) was a major cause of 
device-related infection after Escherichia coli (21%); other pathogens were Klebsiella pneumoniae (14%), Pseudomonas spp. 
(10%), Acinetobacter spp. (8%) and Candida species (7%). None of MRSA was resistant to vancomycin (MIC ≥16µg/mL). 
Resistance rates were 98% and 97% for ofloxacin and ciprofloxacin, respectively. Conclusions: Escherichia coli and MRSA are 
major pathogens of medical device-related infections. 

Keywords: Prosthetic devices. MRSA. Escherichia coli. Vancomycin. Antibiogram.

Healthcare-associated infection is a major problem of 
modern health care management; it is suggested that 60% of 
these infections are related to prosthetic devices. Advancements 
in medicine, surgery and bioengineering have paved the way 
for the use of prosthetic and medical devices in healthcare. This 
marvelous achievement proved a turning point in medicine that 
led to better treatment options. Patients with prosthetic devices, 
catheters or implants are more vulnerable to infections. Device-
related infections are caused by Staphylococcus aureus and 
Staphylococcus epidermidis that have the potential for biofilm 
formation. This makes them difficult to eradicate even after 
removal of the prosthetic device and leads to chronic infection.  
Central venous catheters (CVCs) are essential devices used for 
medication and nutrition to critically ill patients. Infection of 
CVCs dramatically increases the morbidity (35%), hospital 
stay and cost to the health care setting along with medical 
complications. Bacteremia is an outcome of CVC infections 
in newborn infants and the risk increases with the duration 
of hospital stay. CVC infections are the most (90%) common 
cause of catheter-related infections and increase the mortality by 
2.27 folds1. Infection of catheters depends on multiple factors, 
including retention time, the procedure of catheterization, 

sterilization status of the healthcare setting, immunocompetence 
status of the patient, and nutritional status. Urinary tract 
infections (UTIs) are very common, and 80% of UTIs are due 
to urinary catheterization, which makes patients vulnerable to 
uropathogens. Catheterization is a common procedure (15-20%) 
among hospitalized patients worldwide. Bacterial translocation 
is the main source of infection due to endotracheal intubation. 
The endotracheal tube (ETT) is an independent risk factor for 
developing ventilator-associated pneumonia (VAP); which 
is reported in 15-20% of mechanically ventilated patients. 
Catheter-related infection is the major complication and 
drawback of peritoneal dialysis, which is associated with a 
3.5-10% mortality rate2. For the management of hydrocephalus, 
ventriculoperitoneal (VP) shunt is preferred to ventriculoatrial 
(VA) shunt because it is associated with fewer complications and 
is a relatively straightforward surgery. VA/VP shunt infections 
were reported as 4.2% to 11.3%, which is very high for a 
complicated medical condition. The control of prosthetic and 
healthcare-associated infection is a challenge today, and there 
is an urgent need to take precautionary measures against it.

This study aimed to determine the prevalence and 
identification of bacteria causing indwelling device-related 
infections and to evaluate the antimicrobial sensitivity pattern 
of methicillin resistant Staphylococcus aureus (MRSA). Six 
major catheter or indwelling devices including CVCs, urinary 
catheters, ETT, peritoneal dialysis catheter, and VA/VP shunts 
were included in this study. 

This study was conducted in the Department of Microbiology 
and Molecular Genetics, University of the Punjab, Lahore, 
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FIGURE 1 - Prevalence of pathogens in device-related infections. VP/VA: ventriculoperitoneal/ventriculoatrial; MRSA: methicillin resistant Staphylococcus 
aureus; MSSA: methicillin-sensitive Staphylococcus aureus; CONS: coagulase negative Staphylococcus.

Pakistan from March 2012 to March 2016. During this period, 
samples were taken from outpatients and in-patients with 
prosthetic device-related infection. The specimens included the 
prosthetic devices themselves, part of the prosthetic device, or 
the pus and urine from the infection site. 

All the specimens were processed aseptically according 
to standard microbiological protocols.  Pus specimens were 
inoculated on sheep blood agar, MacConkey and chocolate 
agar plates, whereas urine samples were inoculated on cystine 
lactose electrolyte deficient (CLED) agar plates. All inoculated 
plates were incubated overnight aerobically at 37C°. Prosthetic 
devices and catheters were incubated in brain heart infusion 
for two hours and then inoculated on agar plates to maximize 
the recovery of pathogens. The guidelines of the Clinical and 
Laboratory Standards Institute (CLSI) were followed to declare 
infection especially urine catheter and ETT infections.

Following the CLSI guidelines, antimicrobial activity of the 
isolates were determined by the disk diffusion method3. MRSA 
was confirmed by the cefoxitin interpretation criteria per the 
CLSI recommendations: S. aureus having an inhibition zone 
≥22mm was confirmed as MRSA. The minimum inhibitory 
concentration (MIC) of vancomycin was determined by the 
E-test strip (Etest® bioMérieux, USA) method by following 
the procedure of the manufacturer and interpretation criteria 
of the CLSI3. 

Statistical analysis was conducted using Statistical Package 
for the Social Sciences (SPSS) version 20 (IBM Corp., Armonk, 
NY, USA). Chi square (χ2) test was performed to analyze the 

difference among proportions of resistance in different years 
among samples with isolated MRSA. 

Among 6,242 prosthetic device-related infection samples, 
79% (4,902) were positive for bacterial growth.  Among the 
infected patients 65% (3,186) were male and 35% (1,716) were 
female. The age of the participants ranged from 10 days to 80 
years, with 44 being the median age for males and 33 years 
for females. Urinary catheter infections (31%) were prominent 
among the device-related infections, followed by CVCs (18%) 
and orthopedic implants (15%). The χ2 analysis revealed that the 
number of patients with prosthetic device infection increased 
significantly with time [χ2 (2N=4,902)] = 18, p=0.04). Overall, 
Escherichia coli (21%) was most common cause of device-related 
infections followed by MRSA (15%), Klebsiella pneumoniae 
(14%), coagulase negative Staphylococcus (CONS) (11%), 
Pseudomonas spp. (10%), MSSA (10%), Acinetobacter spp. (8%), 
Candida spp. (7%), and Streptococcus species (4%) (Figure 1).

MRSA was most common pathogen after E. coli, isolated 
from patients with indwelling device-related infection. MRSA 
was isolated from 30% of orthopedic implants followed by 
CVCs (27%), peritoneal dialysis catheters (14%), VP/VA 
shunts (8%), ETTs (7%) and urinary catheters (5%). Age-
wise prevalence of MRSA was determined among patients 
with prosthetic device-related infection. The most affected 
age group was 31-40 years (29.9%), followed by 41-50 
years (23.3%) and 21-30 years (19.7%). The present study 
showed that prosthetic device infection was less (4.5%) 
prevalent among individuals younger than 10 years of age.
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FIGURE 2 - Antibiotic resistance patterns of MRSA against different antibiotics isolated from different device-related infections. MRSA: methicillin resistant 
Staphylococcus aureus.

Drugs Sensitive resistance

number percentage (%) number percentage (%)

Fusidic Acid 709 78 635 22

Doxycycline 494 55 411 45

Amikacin 300 33 605 67

Gentamicin 120 13 785 87

Tobramycin 70 8 835 92

Azithromycine 111 12 795 88

Erythromycine 111 12 795 88

Ciprofloxacin 30 3 875 97

Ofloxacin 20 2 885 98

Trime/Sulphamethoxazole 250 28 655 72

Clindamycin 270 30 196 70

TABLE 1
Antibiogram of MRSA isolated from prosthetic device related infections. 

MRSA: methicillin resistant Staphylococcus aureus.

The antibiogram of MRSA was determined with 14 
antibiotics recommended by the CLSI3. Most of the MRSA 
isolated from prosthetic devices were resistant to ofloxacin 
(98%), ciprofloxacin (97%), followed by tobramycin (92%), 
macrolides (88%), and gentamycin (87%); as shown in  
Table 1. Linezolid (1.1% resistance) and vancomycin were the 
most effective against MRSA isolated from the patients with 

prosthetic device-related infections. The resistance pattern of 
MRSA isolated from the patients with prosthetic device-related 
infection is shown in Figure 2. 

None of the MRSA was fully resistant to vancomycin (MIC 
≥16µg/mL); 5.75% isolates had intermediate resistance (MIC, 
4-8µg/mL). A total of 31.5 % of MRSA were inhibited by  
1µg/mL of vancomycin and 25% by 0.5µg/mL (Figure 2). 
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In this study, the prevalence of bacterial pathogens causing 
device-related infection was determined and the recent trend in the 
antibiogram of MRSA was evaluated. The prevalence of prosthetic 
device-related infection was 76% which was in accordance with 
a study conducted in Turkey. The pathogens identified from 
prosthetic device-related infections were similar to many studies 
conducted in the past. E. coli (21%) was the commonest cause 
of catheter-related infections, followed by MRSA (14.5%) and  
K. pneumoniae (14.3%). E. coli and Pseudomonas spp. were 
dominant in Europe while Streptococcus spp. and Candida spp. 
were the dominant causes of device-related infections in the USA, 
depending on the health care facility. The prevalent pathogens 
infecting CVCs were K. pneumoniae and Candida spp. (10% 
each) followed by Streptococcus spp. (9%), Pseudomonas spp. 
(7%), E. coli (5%) and Acinetobacter spp. (4%); these prevalence 
rates are in accordance with the results reported in a study 
conducted from 2011 to 20134. Our study also supported the 
retrospective survey conducted in Italy except for CONS which 
was reported at 34% and the result of our study showed 16%; 
that retrospective study was conducted on oncological patients 
which were more prone to CONS infections5. 

For catheter-related UTI, our results were similar to a 
retrospective study conducted in India except for E.coli, 
Klebsiella and Pseudomonas spp; our results were 71%, 8% 
and 3% as compared to 35%, 21% and 17%, respectively6. 
This study was in agreement with the results of a study in 
Saudi Arabia in 2010 except for E. coli (71% vs 40%). This 
difference was due to the varying demographic and health care 
settings. Different studies reported different prevalence rates 
of uropathogens, Candida spp. (28.2%); K. pneumoniae (44%) 
and E. coli (70%); depending on the nature of sample, immune 
status and the underlying disease of the patient. E. coli was not 
only most common cause of urinary catheter-related infection, 
but most device related-infections were due to E. coli as claimed 
in the present study. 

The prevalence of pathogens in ETT infection was not in 
agreement with a study published in the United States except 
for Klebsiella spp. because only VAP was included in the study7. 
Yagmurdur reported the prevalence of Acinetobacter spp. (51%) 
and Pseudomonas spp. (17%); the prevalence of Acinetobacter 
spp. was greater because it was a major cause of VAP8 which 
was the theme of that study. K. pneumoniae (30%) was the 
major cause of ETT infection followed by Acinetobacter spp. 
(25%), followed by Pseudomonas spp. (22%), Candida spp. 
and MRSA (7% each), MSSA (4%), E. coli and Streptococcus 
spp. (2% each), and CONS (1%).  The prevalence of pathogens 
isolated from ETTs was the same as that reported in a study 
conducted in Poland in 2014. 

A study conducted in Iran demonstrated same the prevalence 
of pathogens especially MRSA. Orthopedic implant-related 
infections were worse and it is difficult to eradicate the causative 
pathogen because of low drug penetration in bone tissues. 
Staphylococcus spp. are notorious for causing bone and joint 
infections and form a biofilm on implants. Half (45-55%) of bone 
and joint infections were due to S. aureus especially related to 
orthopedic implants. MRSA was the most common (30%) cause 

of infected orthopedic implants, followed by CONS (20%), MSSA 
and K. pneumoniae (15% each), and Candida spp., Pseudomonas 
spp., Acinetobacter spp. and E. coli (5% each). A previous study 
showed an increase in Acinetobacter spp. (16%) isolated in 
orthopedic infections, while the prevalence of other pathogens 
was the same9. 

Staphylococcus spp. (28%) and Pseudomonas spp. (8%) 
were the major causes of peritoneal dialysis catheter infection; 
similar results were obtained in Senegal and Sudan10. The results 
of this study strongly agreed with the results of a retrospective 
study conducted internationally. Shunt infections are caused 
by CONS (22%), followed by Pseudomonas spp. (15%) and 
E. coli (12%). Similar results were obtained in a retrospective 
study conducted in Switzerland and Canada, whereas some other 
studies related to pediatric CSF reported Staphylococcus spp. 
as the most common cause of infection (75%)11.

MRSA isolated from prosthetic devices showed a 67% 
resistance to amikacin and 87% resistance to gentamycin; these 
results disagreed with those of a previous study. The antibiogram 
of azithromycin (88%), erythromycin (88%), ciprofloxacin 
(97%), trimethoprim/sulphamethoxazole (71%) was quite 
similar to that reported in a study conducted in Nepal12; similar 
results were also reported in Iran except for fusidic acid13. Some 
studies reported a high prevalence of resistance to fusidic acid 
(60%) and clindamycin (71%) which strongly agreed with 
the results of the present study14. The resistance of MRSA to 
aminoglycosides was very high compared to a study conducted 
in Germany, which reported a 23% resistance to amikacin and 
24% to gentamycin15. The susceptibility of vancomycin was 
almost 100% which strongly agreed with studies conducted 
in Spain, India, China, and Nepal. This study showed an MIC 
of <16ug/ml for  vancomycin but some studies reported MIC 
an greater than 16ug/ml as well16. In the present study the 
difference in the antibiogram was due to MRSA isolated from 
six different types of prosthetic device-related infection. Other 
studies considered one or two types of device-related infection. 
There was a gradual increase in the acquisition of resistance by 
MRSA as shown in Figure 2, but this difference in resistance 
was not statistically significant (p> 0.05). 

Prosthetic device-related infections are a major concern 
today; due to advancements in medicine and surgery, prosthetic 
devices are used frequently for better health care facilities. 
This study demonstrated the prevalence of pathogens from six 
different types of prosthetic devices and catheters. This revealed 
the recent trend of antibiogram of MRSA which is emerging 
as a superbug of device related infections. This data will help 
clinicians to manage device-related infections effectively. 
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