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SCCmec : Diversity and Evolution

Basic structure of SCCmec
Staphylococcal cassette chromosome mecs (SCCmecs) are mobile genetic elements that 
encode methicillin resistance. Although SCCmec elements are highly diverse in their structural 

organization and genetic content, the elements share several characteristics in common: (1) 

carriage of mecA in a mec gene complex, (2) carriage of ccr gene(s) (ccrAB or ccrC) in a ccr 

gene complex, (3) integration at a specific site in the staphylococcal chromosome, referred 

to as the integration site sequence for SCC (ISS), which serves as a target for ccr-mediated 

recombination, and (4) the presence of flanking direct repeat sequences containing the ISS. 

Increasing structural diversity of SCCmec 
To date, five classes (A-E) of mec gene complex and eight types of ccr gene complex have 

been reported. SCCmecs carried by S. aureus have been classified into XI types based on the 

combination of mec gene complex and ccr gene complex (Table 1). These SCCmec types are 

classified further by the differences at the J (Joining) regions, the regions other than mec gene 

complex and ccr gene complex. In the case of type IV SCCmecs, the element can be classified 

based on the difference of J1 regions from IVa to IVk. This J1 region based subtyping is useful 

in the epidemiological study especially in the case of types, II and IV SCCmecs. The guidelines 

for classification of SCCmec elements was published, and the latest information would be 

available at the website (1, 2).   

SCCmec elements carried by MRSA strains isolated from community
MRSA has long been regarded as a nosocomial pathogen.  However, it became increasingly 

associated with community infections worldwide in the last decade. More recently, the 

emergence of MRSA strains among persons in close contact with animals, such as pigs, has 

become a problem.  We have investigated SCCmec elements carried by ST398 strains isolated 
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from healthy person and found that the most of tested strains carried SCCmecs that were not 

identified from MRSA strains isolated from human, e.g.,V(5C2&5) that shared distinct J1 

region, novel types, IX and X (3).  Among isolates from Juntendo University Hospital (both 

from outpatient and inpatient), we have identified another novel SCCmec type with a novel 

combination of class C2 mec gene complex and type 2 ccr gene complex. 

Table 1

Evolution of SCCmec
The structure of the genes other than insertion sequence(s) in mec gene complex is well 

conserved among the diverse types of SCCmec. Recently, the chromosomal region with 99% 
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nucleotide identity to the genes in the mec gene complex was found in S. fleurettii, suggesting 

that the region was origin of mec gene complex (4).  The S. fleurettii chromosomal region did 

not have ccr gene complex or mobile genetic elements such as IS431, IS1272 or Tn554 which 

are frequently found in SCC mec . In addition, SCC-like elements without ccr genes, designated 

ΨSCC elements, are often found in and around SCCmec. Thus, in contrast to the well-conserved 

mecA and its flanking region, the ccr gene complex and J regions are extremely diverse. How 

and where the mec gene complex was linked to ccr gene complex to form SCCmec are the next 

questions to be answered. 
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Treatment Options for MRSA Infections

In this talk I will discuss two separate issues:
1)   Optimal antimicrobial therapy of CA-MRSA infections (with clear bias to the present  

approach in the USA)
2)  Potential effectiveness of newer antimicrobial agents for infections due to GISA and hGISA.
The majority of infections caused by CA-MRSA are skin and soft tissue infections which 
respond to oral antibiotics including trimethoprim/sulfamethoxazole, doxycycline, minocycline, 
clindamycin, linezolid and fusidic acid.  Except for linezolid, there are no adequate clinical trials 
demonstrating the superiority of any of these agents for ABSSTI.  The newly published IDSA 
Guidelines address these issues and will be discussed.

Heteroresistance to the glycopeptides has become an increasing problem.  Agents which clearly 
have activity against these organisms include the anti-MRSA cephalosporins (ceftobiprole and 
ceftaroline), and a number of newer antibiotics such as tigecycline, quinupristin/dalfopristin, 
linezolid and iclaprim.  Of the new glycopeptides, it appears that, based on limited data, 
telavancin does have in vitro and in vivo activity against heteroresistant strains and the same is 
likely to be true of oritavancin.  Unfortunately, clinical data to support the in vitro and in vivo 
observations for these agents are limited to date.
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