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ABSTRACT 
 
 

     The sharp increase in community-acquired methicillin-resistant Staphylococcus aureus 

(MRSA) infections on Vancouver Island may have been facilitated by the spread of the mobile 

genetic element SCCmec, which carries a gene responsible for methicillin-resistance.   The 

proliferation in this multidrug resistant pathogen has spurred many investigations to discover the 

source of the SCCmec element in the community.   Earlier research at Malaspina has shown a 

low recovery of MRSA from the environment, in contrast 70% of coagulase-negative 

Staphylococcus (CoNS) isolates were methicillin-resistant.   These results led to the hypothesis, 

that if the two groups of staphylococci share the same types of the SCCmec genetic element, then 

perhaps they are exchanging genetic material horizontally.  If so, the origin of community-

acquired outbreaks could be susceptible S. aureus clones obtaining resistance from the more 

resilient and numerous methicillin-resistant coagulase-negative staphylococci.   In order to test 

this hypothesis, the multiplex PCR technique designed by Zhang et al (2005), was utilized to 

characterize the mobile genetic element, SCCmec, in environmental and clinical isolates.   This 

technique successfully allowed the typing of the majority of MRSA, 95%, but it was only able to 

type 25% of the methicillin-resistant coagulase-negative staphylococci.   In addition, it was 

observed that since 2004 SCCmec subtype IVa has become predominant among MRSA on 

Southern Vancouver Island.   The multiplex PCR technique did not allow us to type enough 

CoNS isolates; therefore an insufficient sample size was obtained and no clear conclusions can 

be drawn on the distribution of the SCCmec types.  Consequently, no definitive trends were 

observed dealing with the comparative distribution of SCCmec types between MRSA and CoNS.   
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INTRODUCTION 
 

 
    Hospital-acquired infections, with the additional treatment time and the resulting higher 

costs, are detrimental to the healthcare system (Hiramatsu et al., 2001).   A common agent of 

nosocomial infections is Staphylococcus aureus.   This organism, along with other members of 

the Staphylococcus genus are considered opportunistic pathogens that can cause many diseases 

such as: impetigo, boils, scalded skin syndrome, toxic shock syndrome, wound and implant 

infections, endocarditis, and sepsis to name a few (Salyers and Whitt, 2002).    There are 31 

species in the genus Staphylococcus, and roughly half are indigenous to humans (Ieven et al., 

1995).   These bacteria are Gram-positive, nonmotile cocci, which grow in grape-like clusters 

(Salyers and Whitt, 2002). S. aureus can be differentiated from other staphylococcal groups by 

the golden appearance of their colonies and by the coagulase test.   The coagulase test identifies 

the enzyme coagulase, which is a bacterial surface protein that causes blood to form clumps.   

Staphylococci that produce coagulase, such as S. aureus, are classified as coagulase-positive, 

while species that do not produce coagulase are referred to as coagulase-negative staphylococci 

(CoNS) (Salyers and Whitt, 2002; Wijaya et al., 2006).  Members of the genus Staphylococcus 

normally live as commensals on the skin and upper respiratory tract of humans and animals, but 

can also survive long periods in the environment.   Both of these factors lead to the increased 

acquisition of these potentially pathogenic bacteria in hospital settings (Salyers and Whitt, 2002; 

Enright et al., 2007).   

Initially, staphylococcal infections were easily controlled by the use of antibiotics such as 

vancomycin, teicoplanin, fluoroquinolones, trimethoprim-sulfamethoxazole, rifampin, and 

aminoglycosides, and by members of the β-lactam family of antibiotics (Chambers, 1997).   The 

later type, which includes penicillin and its semi-synthetic variant methicillin, had been the most 
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effective and widely used antibiotics in the treatment of staphylococcal infections.  However, 

over the years methicillin-resistant S. aureus (MRSA) has emerged as one of the most difficult 

pathogens to treat (Ala’Aldeen and Grundmann, 2001; Hiramatsu et al., 2001).  

 Methicillin, as well as other β-lactam antibiotics, kills bacteria by inactivating essential 

enzymes called transpeptidases or penicillin-binding proteins (PBPs).   These proteins catalyze 

the cross-links that give structural integrity to the peptidoglycan component of the bacterial cell 

wall.    The four-sided β-lactam ring of methicillin, and other members of the penicillin family, 

covalently binds to the active site of the PBPs and prevents them from functioning (Chambers, 

1997; Salyers and Whitt, 2002; Hanssen and Ericson Sollid, 2006).  Without the peptidoglycan 

cross-linking, the cell wall degrades, killing the bacteria through cell lysis (Salyers and Whitt, 

2002).  However, some penicillin-resistant bacteria produce the enzyme β-lactamase which 

cleaves the β-lactam ring, “disarming” the antibiotic and preventing cell lysis (Salyers and Whitt, 

2002).  In fact, methicillin, a semisynthetic antibiotic, was first developed to combat bacteria that 

were becoming resistant to other (Zhang et al., 2005).  

 Methicillin was distributed to the public in 1959, as a chemically modified β-lactam 

antibiotic to prevent cleavage by β-lactamases (Zhang et al., 2005).   But, by 1961, the first 

MRSA was identified; it developed resistance by modifying the target of methicillin, the 

penicillin-binding proteins (PBPs) (Wijaya et al., 2006).    When the native PBPs are inactivated 

by binding to methicillin, the bacterium produces a mutant PBP replacement, PBP2’.   This 

backup enzyme has a low affinity for β-lactam antibiotics, and can continue peptidoglycan cross-

linking even in the presence of methicillin (Chambers, 1997; Salyers and Whitt, 2002).     The 

modified PBP2’ is encoded by the gene mecA and is carried in a genetic element termed 

Staphylococcal Cassette Chromosome mec or SCCmec (Zhang et al., 2005).    
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 SCCmec is a 21 to 67-kb long DNA element that is found widely disseminated in the 

Staphylococcus genus, although its exact origin is unknown (Zhang et al., 2005; Hanssen and 

Ericson Sollid, 2006).   SCCmec is also called a genomic island, due to its ability to capture 

foreign DNA, such as additional antibiotic resistance genes.    This allows the bacteria to survive 

in harsher environments (Zhang et al., 2005).  The entire nucleotide sequence of SCCmec has 

been extensively characterized.   It is divided into three regions, the mec gene complex, the ccr 

gene complex, and extra sections termed junkyard regions.   The mec gene complex is comprised 

of the gene mecA, the genes for its regulatory proteins, mecR1 and mecI, and the insertion 

sequence IS431.   The ccr gene complex encodes for the two homologous recombinases, ccrA 

and ccrB.   Finally, the junkyard regions are divided into three parts: J1, J2, and J3 (Enright et 

al., 2007).   The J regions usually contain various psuedogenes, but sometimes these regions 

carry resistance genes for antibiotics and heavy metals (Zhang et al., 2005). 

      There are currently six known types of SCCmec elements in MRSA, and each type is 

made up of various combinations of the mec and ccr gene complexes.   So far, scientists have 

identified four classes of mec and five types of ccr and have also recognized numerous variations 

in the J region, which characterizes the SCCmec subtypes (Enright et al., 2007).   The novel, 

smaller SCCmec types IV and V can carry methicillin-resistance without additional antibiotic 

resistance genes, making these elements more easily transferable between staphylococci (Zhang 

et al., 2005).   In 2006, Oliveira et al. identified the newest SCCmec element in MRSA, type VI.  

There are many international epidemiological studies on the types of SCCmec in MRSA, 

however there is very little knowledge of the types of SCCmec found in CoNS.   Scientists have 

found ten SCCmec types in S. epidermidis, and have found that SCCmec type V is widely 

distributed among CoNS (Hanssen and Ericson Sollid, 2006). Apart from these few studies, there 
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is very little information on the distribution of SCCmec in methicillin-resistant coagulase-

negative staphylococci compared to the plethora of information on MRSA (Hanssen and Ericson 

Sollid, 2006).   This lack of research is linked to the fact that there are no molecular techniques 

designed to specifically type methicillin-resistant CoNS.    Conversely, MRSA has been 

extensively studied and even the mechanism of genetic transfer of the SCCmec element has been 

investigated. 

Several researchers (Zhang et al., 2005; Hanssen and Ericson Sollid, 2006; Enright et al., 

2007) have proposed that staphylococci can transfer this element by the action of two site-

specific cassette chromosome recombinases (ccrA and ccrB).   These recombinases recognize 

direct and inverted repeats on both ends of the SCCmec cassette, and then excise the element and 

transfer it to the recipient chromosome through an unknown mechanism (Zhang et al., 2005; 

Enright et al., 2007).   Thus, this would make SCCmec of great importance to epidemiologists 

because it can aid the spread antibiotic resistance genes between Staphylococcus species. From 

the epidemiological point of view, understanding how these genetic elements are distributed in 

the environment assists in the detection, tracking, and prevention of the spread of methicillin 

resistant staphylococci (Zhang et al., 2005).    

There are several PCR methods published on the typing of the SCCmec element in 

MRSA (Okuma et al., 2002; Hisata et al., 2005; Zhang et al., 2005; Chongtrakool et al., 2006).  

Some of these methods use many primers sets and numerous PCR reactions to type the ccr and 

mec gene complexes separately (Okuma et al., 2002; Hisata et al., 2005; Chongtrakool et al., 

2006).   Recently, Kuyan Zhang and co-workers (2005) developed a new multiplex PCR method 

for typing MRSA isolates that is faster and involves less labor than traditional PCR.  The primers 

and conditions for this multiplex PCR method were designed so that all the primer sets for the 
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SCCmec types could be added to a single PCR reaction mixture. Only the correct primer set will 

anneal to the target DNA, and the SCCmec type can be discerned by the size of the 

corresponding amplicon on an electrophoresis gel.   Although this technique has not been used to 

type methicillin-resistant CoNS, its accuracy in typing MRSA has been demonstrated in many 

epidemiological studies (Bratu et al., 2006; Chen et al., 2006; Xander et al., 2006).   These, and 

other molecular characterization methods, have revealed that MRSA strains can have two 

origins, one in the hospital and another in the community.   

Many of the earlier MRSA outbreaks were of nosocomial origin  

(Jevons, 1961; Stewart and Holt, 1963; Benner and Kayser, 1968), but through genetic analysis, 

researchers have discovered that MRSA infections are increasingly being acquired in the 

community (Ieven et al., 1995; Zhang et al., 2005).    These trends have also been seen in the 

Nanaimo area.  The Vancouver Island Health Authority (VIHA) reported an increase in the 

amount of community-acquired MRSA infections between 2006 and 2007 (Kibsey et al., 2007).   

These bacteria are frequently found in homeless shelters, schools, correctional facilities, and 

gyms, where they can spread to susceptible individuals (Wijaya et al., 2006).  In fact, MRSA is 

the most commonly isolated antibiotic-resistant pathogen in most countries (Wijaya et al., 2006).   

A concern to researchers and medical personnel is that these multi-drug resistant S. aureus 

strains will spread, and be the cause of a massive, untreatable epidemic around the world 

(Ala’Aldeen and Grundmann, 2001).    One of the ways to address this potential problem could 

include surveillance studies designed to identify the sources of MRSA strains in the community. 

Studies completed by previous students at Malaspina have attempted to address these 

concerns about community-acquired MRSA infections.  They attempted to collect MRSA from 

surfaces in various public places in the southern Vancouver Island area between 2004 and 2006, 
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but found that the recovery of MRSA was negligible (Basi, 2004; Gilles, 2004; Beerens, 2005; 

Fernandes, 2006).   In contrast, the recovery rate of methicillin-resistant CoNS was very high, 

approximately 70% overall (Fernandes, 2006).   These results may be explained by the intrinsic 

resilience of CoNS, which are more resilient than Staphylococcus aureus, and can survive better 

in the environment (Salyers and Whitt, 2002).   Other studies have also encountered this 

phenomenon (Archer et al., 1994; Wisplinghoff et al., 2003), recovering a higher proportion of 

methicillin-resistant CoNS than MRSA from the environment.   These observations leave many 

questions unanswered.   If MRSA do not survive well in the environment, and have a lower 

recovery rate than their methicillin-resistant CoNS counterparts, then where are people acquiring 

their MRSA infections?   Are S. aureus strains, susceptible to methicillin, acquiring resistance 

through genetic exchange with methicillin-resistant CoNS?   Are coagulase-negative 

staphylococci acting as a reservoir for methicillin-resistance in the environment?  

To begin to answer these questions, it is necessary to determine if methicillin-resistant S. 

aureus and methicillin-resistant CoNS share common genetic elements, specifically the SCCmec 

mobile genetic island.  To complete this objective we will first determine if Zhang’s multiplex 

PCR technique (2005) can be used to successfully characterize the SCCmec types found in 

staphylococcal isolates recovered from Southern Vancouver Island.   We will then compare the 

types found in methicillin-resistant isolates from environmental and clinical origins.   If the 

SCCmec types of MRSA isolated from infected patients match the SCCmec types found in 

methicillin-resistant CoNS collected from the same region, perhaps they are acting as a reservoir 

for the SCCmec element in the environment. 
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MATERIALS AND METHODS 
 
 
Sample Collection and Identification 

 
Environmental Isolates 

 
The majority of staphylococcal isolates analyzed in this project were collected from 

various locations on Southern Vancouver Island.   The Nanaimo area was sampled by Brette 

Gilles (Gilles, 2004) and Harjeet Basi in 2004 (Basi, 2004), by Amanda Beerens in 2005 

(Beerens, 2005), and by Fatima Kabaar, Jaspreet Randhawa, and Jennifer O’Donnell in 2007.  

Antonio Fernandes sampled the Victoria area in 2005 (Fernandes, 2006), while Jennifer 

O’Donnell sampled the Campbell River Area in 2007.   The actual sample collection procedure 

was based on the technique used by previous researchers (Basi, 2004; Gilles, 2004; Beerens, 

2005).   In brief, sterile saline swabs were used to collect bacterial samples from different 

surfaces and objects.   The samples were grown on a selective media, Mannitol Salt agar 

(Difco™, Sparks, MD), and presumptive staphylococcal colonies were selected.   Further 

identification of the samples was carried out by Gram stain, catalase, and the coagulase test 

(Leboffe and Pierce, 2005).   Once the isolate was identified as a member of the genus 

Staphylococcus, an antibiotic resistance profile was performed using the Kirby-Bauer test.   This 

was carried out following the specifications stated by the Performance Standards for 

Antimicrobial Testing 7th Ed. (Wikler et al., 2007). 
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Clinical Isolates 

 The Vancouver Island Heath Authority (VIHA) has kindly provided MRSA samples 

from Nanaimo area patients, collected between 2004 and 2007.   The isolates were supplied as 

frozen cultures and antibiotic profiles were also provided by VIHA. 

Multiplex PCR Control Strains 

MRSA control strains for each SCCmec type and subtype were graciously provided by 

Dr. K. Zhang from the Centre for Antimicrobial Resistance, in Calgary, Alberta, and by Drs. T. 

Ito and K. Hiramatsu from the Department of Bacteriology at Juntendo University, in Tokyo, 

Japan.    Permission was kindly given by Dr. R. Daum from the Department of Pediatrics at 

Chicago University in Chicago, USA for the use of the strains CA05 and 8/6-3P, and permission 

was given by Dr. T. Ito for the use of the strains JCSC4744, JCSC2172, JCSC3624, JCSC4469, 

MR108, 85/2082, N315, and NCTC10442. 

 

DNA Extraction 

Isolates were grown in Nutrient or Mueller-Hinton Broth (Difco™, Sparks, MD) 

overnight at 37˚C and DNA was extracted using the GenElute™ Bacterial Genomic Kit (Sigma, 

St. Louis, MO).  The GenElute DNA extraction protocol was modified as follows.  First, the 

lysis step of the protocol was supplemented, as recommended by the manufacturer, with 200 

units/mL of Lysostaphin (Sigma, St. Louis, MO) to break the extra thick peptidoglycan cell wall 

of staphylococci.  Second, the elution step was modified so that the elution solution was passed 

through twice with a five-minute incubation time to increase the DNA yield.   Extracted DNA 

was stored at 4˚C or at –70˚C. 
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Multiplex PCR Assay 

The multiplex PCR assay parameters were based on the technique developed by Zhang et 

al. (2005).    The assay contained 9 pairs of primers, including the primers for the mecA gene, 

and for the SCCmec types and subtypes I, II, III, IVa, IVb, IVc, IVd, and V (Sigma, St. Louis, 

MO).   The primers, their concentrations, and respective amplicons size are listed in Table 1.   

All PCR assays were performed directly using the bacterial DNA extracted with the GenElute 

Bacterial Genomic Kit (Sigma) as a template.   An aliquot of 2μL of suspended genomic DNA 

(approx. 0.08g/L) was added to a 23μL PCR mixture containing 10mM KCl, 20 mM Tris-HCl, 

2.5 mM MgCl2, 0.2 mM of each deoxynucleoside triphosphate (dATP, dUTP, dGTP, and dCTP), 

various concentrations of the respective primers (Table 1), and 1.0 unit of Platinum® Taq DNA 

Polymerase (Invitrogen, Foster City, CA). 

 Table 1. Primers used in this multiplex PCR assay (Zhang et al., 2005). 
Primer Oligonucleotide sequence (5’-3’) Concn Amplicon 

(μM) size (bp) 

Type I-F GCTTTAAAGAGTGTCGTTACAGG 0.048 613 
Type I-R GTTCTCTCATAGTATGACGTCC   
Type II-F CGTTGAAGATGATGAAGCG 0.032 398 
Type II-R CGAAATCAATGGTTAATGGACC   
Type III-F CCATATTGTGTACGATGCG 0.04 280 
Type III-R CCTTAGTTGTCGTAACAGATCG   
Type IVa-F GCCTTATTCGAAGAAACCG 0.104 776 
Type IVa-R CTACTCTTCTGAAAAGCGTCG   
Type IVb-F TCTGGAATTACTTCAGCTGC 0.092 493 
Type IVb-R AAACAATATTGCTCTCCCTC   
Type IVc-F ACAATATTTGTATTATCGGAGAGC 0.078 200 
Type IVc-R TTGGTATGAGGTATTGCTGG   
Type IVd-F CTCAAAATACGGACCCCAATACA 0.28 881 
Type IVd-R TGCTCCAGTAATTGCTAAAG   
Type V-F GAACATTGTTACTTAAATGAGCG 0.06 325 
Type V-R TGAAAGTTGTACCCTTGACACC   
MecA147-F GTG AAG ATA TAC CAA GTG ATT 0.046 147 
MecA147-R ATG CGC TAT AGA TTG AAA GGA T     
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The amplification was performed in a Techne© TC-412 Thermal Cycler (Barloworld 

Scientific, Duxford, Cambridge, UK), beginning with an initial denaturation step at 94˚C for 

5min followed by 10 cycles of 94˚C for 45 seconds, 65˚C for 45 seconds, and 72˚C for 1.5min 

and another 30 cycles of 94˚C for 45 seconds, 55˚C for 45 seconds, and 72˚C for 1.5 min, ending 

with a final extension step at 72˚C for 10min and followed by a hold at 4˚C.   All PCR assay runs 

incorporated a reagent control (without template DNA).   The PCR amplicons were visualized 

using a UV light box after size separation by electrophoresis in a 2% Tris-Acetate-EDTA (TAE) 

agarose gel (Zhang et al., 2005) containing 0.5μg/mL ethidium bromide.  
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RESULTS 

 
Multiplex PCR was utilized to determine if the same SCCmec types were found in 

MRSA and methicillin-resistant CoNS, the results are summarized in Table 2. Using the 

multiplex PCR technique designed by Zhang et al., a large number, 38 out of the total of 40 

MRSA isolates were typable, while a small proportion, 13 of the total 51 methicillin-resistant 

CoNS were typable.   These are typing rates of 95% and 25% respectively.  An internal positive 

control was used in the multiplex PCR reaction to confirm methicillin resistance by detecting the 

specific gene, MecA that is responsible for methicillin-resistance via the mutant enzyme PBP2’.   

The amplicon was seen in 38(95%) of the MRSA, however two isolates were negative for MecA.   

Of the methicillin-resistant coagulase-negative staphylococci, 13(31%) showed the amplicon, 

and a large number, 36, did not show MecA amplicon. 

 
Table 2. The multiplex PCR SCCmec types of methicillin resistant 
S. aureus and coagulase-negative staphylococci (CoNS). 

       

SCCmec  Type MRSA CoNS
I 0 4
II 2 2
III 8 1

IVa 23 1
IVb 1 0
IVc 0 1
IVd 4 0
V 0 4

Non-Typable 2 38
Total 40 51
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According to Table 2, of the typable MRSA isolates, 5% were SCCmec type II, and 21% 

were SCCmec type III.   Additional subtyping was performed on SCCmec type IV: 60% were 

SCCmec subtype IVa, 3% were SCCmec subtype IVb, and there were 11% subtype IVd.   Of the 

methicillin-resistant coagulase-negative staphylococci that were typable, 31% were SCCmec 

type I, 15% were SCCmec type II, 8% were SCCmec type III, 8% were SCCmec subtype IVa, 

8% were SCCmec subtype IVa, and 30% were SCCmec type V.   Statistically, through chi-

squared contingency table analysis, the sample data indicates that the distributions of SCCmec 

types in MRSA and CoNS are independent (χ2=3.30, df=1, P=0.0691). 

  An increased occurrence of SCCmec subtype IVa was also observed in the later samples 

of MRSA.   Only 20% possessed this element in 2004, and this slightly increased to 38% in 

2005.   These are compared to three times those numbers in 2006 and 2007, with 90% of isolates 

possessing SCCmec subtype IVa.    However within the methicillin-resistant CoNS only one 

SCCmec subtype IVa was identified; this isolate was recovered in 2007.  
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DISCUSSION 

 

To determine if coagulase-negative staphylococci are acting as a reservoir for methicillin-

resistance in the environment, clinical MRSA and environmental methicillin-resistant coagulase-

negative staphylococci (CoNS) were typed by the novel multiplex PCR assay developed by 

Zhang et al. (2005). The first objective of this study was to determine if this multiplex PCR 

protocol could be used to determine the SCCmec types in methicillin-resistant CoNS.   This 

assay was very successful in the typing of MRSA, with 95% of isolates typable.   Unfortunately, 

the PCR protocol could only detect the SCCmec type in 13 of the 51(25%) coagulase-negative 

staphylococcal isolates (Table 2).   This is a very small proportion when compared to the success 

rate in typing MRSA.    This discrepancy could be because of two reasons: perhaps the 

methicillin-resistant CoNS are not easily typed by this technique, or possibly the genomes of the 

CoNS are more variable than that of S. aureus, and there are simply many more SCCmec types 

found in methicillin-resistant CoNS than in MRSA.    Ito et al. (2004), by analyzing unpublished 

data, proposed that this high variability may be caused by the high frequencies of recombination 

and complex genetic rearrangements that are typical in CoNS.   These modifications 

continuously create numerous new SCCmec types, but only a small fraction are horizontally 

transferred to S. aureus (Ito et al., 2004).   Zhang’s technique can successfully identify the 

SCCmec types of isolates as long as they are very similar to the ones found in MRSA.    

However, the high number of variants generated in CoNS might preclude the primers used in the 

multiplex PCR assay from recognizing the key sequences used to characterize the SCCmec 

elements.  
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This multiplex PCR protocol also detected the gene MecA as an internal positive control 

for methicillin-resistance.   There was a high success rate of 95% in MRSA, while MecA was 

detected in only 31% of CoNS isolates.   Additionally, some isolates were positive for an 

SCCmec type but negative for MecA.   Perhaps the CoNS are difficult to type because MecA may 

also be another highly variable genetic element found in these staphylococci, and the primers 

designed in the multiplex PCR protocol were too specific for detection of the MecA gene in 

MRSA alone.   Alternatively, the non-typable CoNS may be resistant through an unknown 

mechanism other than the action of PBP2’ production, the product of MecA.    Suzuki et al., have 

identified 4 isolates that were resistant to methicillin, through minimum inhibitory concentration 

techniques, but were negative for MecA by PCR and showed an absence of PBP2’ production 

(Suzuki et al., 1992).   The difficulty in typing the SCCmec element and the MecA gene in CoNS 

by the multiplex PCR method suggests that a step-wise method of identification may be needed.   

First, methicillin-resistance in putative methicillin-resistant CoNS could be confirmed by a 

simple PCR with primers specifically designed from a highly conserved region in MecA, perhaps 

the active site of the enzyme.  Secondly, multiplex PCR SCCmec typing may be performed to 

quickly detect the types known to be in MRSA.   Finally, the non-typable isolates could be 

sequenced or detected by separate PCR reactions to characterize variants in the mec and ccr gene 

complexes, in order to distinguish any novel types arising in the environment.   

The second objective of this experiment was to determine if there are common SCCmec 

elements found in methicillin-resistant CoNS and MRSA isolates from Southern Vancouver 

Island.    There were three SCCmec types identified in both MRSA and methicillin-resistant 

CoNS: types II, III, and subtype IVa (Table 2).    Through chi-squared contingency table 

analysis, the sample data revealed that the distributions of the SCCmec element were not the 
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same in the populations (χ2=3.30, df=1, P=0.0691).   Perhaps, the low amount of methicillin 

resistant CoNS isolates with identifiable types, 13, drastically reduced the size of the population, 

affecting the statistical results.   Additionally, elements with lower prevalence in the population 

might have been missed because of sampling error, skewing the results even more.   A previous 

study of the SCCmec types found in S. epidermidis also identified, by PCR, types II(34%), 

III(28%), and IV(36%), however they also detected SCCmec type I at very low prevalence of 2% 

(Wisplinghoff et al., 2003).   This element may not have been detected in the methicillin-

resistant CoNS in this study possibly a result of the low sample size as mentioned above. 

An interesting trend in the MRSA isolates was the massive increase in the frequency of 

SCCmec IVa.   This element was found in only 20% and 38% of isolates in 2004 and 2005, 

however the number of isolates with this subtype jumped to 90% in 2006 and 2007.    These 

results reflect the observations by the British Columbia Center for Disease Control (BCCDC), 

that saw the prevalence of SCCmec types IV and V on Vancouver Island rise from rare before 

2000, to being the major cause of MRSA infections since 2003/2004 (Rockwell et al., 2005).   

BCCDC also reports that there is a particular increase in the SCCmec subtype IVa (Chambers, 

2006), which was mirrored in the results of this study.    In the neighboring province of Alberta, 

the clone responsible for numerous MRSA outbreaks in North America, USA300, was 

genetically analyzed and it was found that 100% of the USA300 isolates in the study were 

SCCmec subtype IVa (Gilbert et al., 2006). 

This increased spread of SCCmec type IV may be explained by its small size and by its 

presumed reduced fitness cost.    Type IV is the smallest of the known SCCmec elements, 

because it does not carry any extra antibiotic or heavy metal resistance genes, and scientists have 

speculated that its small size increases the efficiency of DNA transfer between staphylococci 
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(Robinson and Enright, 2003; Rockwell et al., 2005).    They have also suggested that its spread 

is promoted by a lowered fitness cost resulting from only having to maintain the genes essential 

for methicillin-resistance (Robinson and Enright, 2003).   These conclusions are also supported 

by the fact that there are many subtypes of SCCmec type IV, and this implies that this type is 

highly transmissible (Martins and Cunha, 2007).   Despite the prevalence of type IV, particularly 

subtype IVa, only one of the methicillin-resistant CoNS isolates from 2007 was found to have 

subtype IVa. 

The low occurrence of SCCmec subtype IVa in methicillin-resistant CoNS could be the 

result of this particular element being rare on Vancouver Island until recently, as observed by the 

BCCDC (Rockwell et al., 2005).    It is plausible that subtype IVa has been recently brought to 

Vancouver Island, and has not had enough time to disseminate from MRSA to CoNS in the 

environment.   Given that this element has been found in CoNS in other studies (Ito et al., 2004; 

Hisata et al., 2005; Miragaia et al., 2005), this apparent inconsistency between the two groups of 

staphylococci may be an artifact of sampling error, as the typable number of CoNS was so low.    

However, these studies took place in vastly different geographic areas, for example as far as 

Japan, so the distributions of SCCmec types cannot be easily extrapolated to the Vancouver 

Island region. 

In conclusion, the question, are coagulase-negative staphylococci acting as a reservoir for 

methicillin-resistance, cannot be answered at this point.   And secondly, the characterization of 

the SCCmec types and MecA in CoNS may have been greatly hampered by the massive genetic 

variation inherent in staphylococci.    Future research could involve additional genetic analysis of 

the non-typable CoNS, in hopes of discovering new SCCmec types.    It could also investigate 

the possible mechanisms of horizontal gene transfer of the SCCmec element between MRSA and 
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CoNS.    The differentiation of clones within the collection of isolates by pulse-field gel 

electrophoresis may prove highly useful.   And finally, to analyze the sequences of many CoNS 

derived MecA gene sequences, in the hopes of developing primer sets that enhance identification 

of MecA in staphylococcal species other than MRSA. 
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APPENDICES 
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Figure A1. Example 2% TAE electrophoresis gel of 2007 MRSA isolates. Type II, lane 4 (strain 
M22198); Type IVa, lanes 1, 2, 3 and 5 (strains M21934, M22709, M23111, and M23011, 
respectively); lane 6, negative control; and lanes M, molecular size markers, 100-bp DNA ladder 
(New England Biolabs). All strains are positive for the methicillin resistance gene (MecA) as 
indicated by black arrow. Refer to Table A1 for details of amplicon sizes. 
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Figure A2. Example 2% TAE electrophoresis gel of 2007 methicillin resistant CoNS isolates. 
Type I, lane 2 (strain 32); Type III, lane 4 (strain 35); non-typable, lanes 1, 3, and 5 (strains 31, 
33, and 36, respectively); Only lane 5 (strain 36) was positive for the methicillin resistance 
gene (MecA) as indicated by black arrow; and lanes M, molecular size markers, 100-bp DNA 
ladder (New England Biolabs); negative control was run on different gel. Refer to Table A2 for 
details of amplicon sizes.
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               Table A1. The multiplex PCR results of SCCmec types found in methicillin  
resistant S. aureus 

Strain # VIHA # Band sizes (approx) MecA (147) SCCmec Type 
04 1 M16729 800 Y IVa 
04 2 M16575 500 Y IVb 
04 3 M15198 900 Y IVd 
04 4 M15796 830 Y IVd 
04 5 M16088 290 -- III 
04 6 M16637 830 Y IVd 
04 7 M16529 290 Y III 
04 8 M16436 290 Y III 
04 9 M16185 830 Y IVd 

04 10 M17593 800 (500,290*) Y IVa (V?) 
05 1 M76 -- Y -- 
05 2 M3785 290 Y III 
05 3 M1206 400 Y II 
05 4 M100 290 Y III 
05 5 M2695 790 Y IVa 
05 6 M533 790 Y IVa 
05 7 M605 -- -- -- 
05 8 M1861 290 Y III 
05 9 MR1 790 Y IVa 

05 10 BC760 290 Y III 
06 1 M38680 290 Y III 
06 2 M38924 790 Y IVa 
06 3 M38325 790 Y IVa 
06 4 M39497 790 Y IVa 
06 5 M39157 790 Y IVa 
06 6 M40129 790 Y IVa 
06 7 M39225 790 Y IVa 
06 8 M38776 790 Y IVa 
06 9 M39442 790 Y IVa 

06 10 M38813 790 Y IVa 
07 1 M22083 790 Y IVa 
07 2 M21980 790 Y IVa 
07 3 M22149 790 Y IVa 
07 4 M22089 790 Y IVa 
07 5 M22584 790 Y IVa 
07 6 M21934 790 Y IVa 
07 7 M22709 790 Y IVa 
07 8 M23111 790 Y IVa 
07 9 M22198 410 Y II 

07 10 M23011 790 Y IVa 
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Table A2. The multiplex PCR results of SCCmec types found in methicillin resistant 
coagulase-negative staphylococci. 

Strain # Year Band sizes (approx) MecA (147) SCCmec Type
31 2007    
32 2007 650  I 
33 2007    
35 2007 290  III 
36 2007 150(650) Y IVc 

CR1 2007 faint750  IVa 
CR2 2007    
CR3 2007    
CR4 2007 650  I 
CR5 2007 faint1650  - 
CR6 2007    
CR7 2007    
CR8 2007    
CR9 2007    

CR10 2007    
CR11 2007 faint 600 Y I 
CR12 2007  Y  
CR13 2007  Y  
CR14 2007  Y  
CR15 2007  Y  

VWF56 2005    
AC4 2005    

AIDSVI1 2005    
SAES-3FL8b 2005 350,450  V 

SUMREHAB-26 2005    
URS 3 2005    
SMH8 2005    
STLK4 2005  Y  
URS4 2005    
URS6 2005    
URS8 2005    
SMH9 2005  Y  
STLK7 2005 330 Y V 

AC6 2005    
SUMREHAB-1 1WRS 2005 330 Y V 

VWFS1 2005    
SAES-2FL5 2005    
ACOYES1 2005    
AIDSV13 2005  Y  
AIDSVI6 2005    

SUMREHAB-1 4A 2005 400  II 
SUMREHAB-29 2005  Y  

SAES-2FL1 2005  Y  
SUMREHAB-15 2005 400  II 
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SAES-3FL66 2005 *650 Y I 
SAES-3FL9 2005    

VWFS4 2005 650 Y I 
URS2 2005    

SUMREHAB-11 2005    
SAES-3FL13A 2005    

SMH 10 2005 320 Y V 
SAES-3FL10 2005       

 

 

Table A3. The multiplex PCR results of SCCmec types found in MRSA for each year. 

Year I II III IVa IVb IVc IVd V Total
2004 0 0 3 2 1 0 4 0 10
2005 0 1 4 3 0 0 0 0 8
2006 0 0 1 9 0 0 0 0 10
2007 0 1 0 9 0 0 0 0 10

SCCmec Types






