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competitive fitness of the organism.® In contrast,

the deletion of ACME reduced pathogenicity of the
USA300 MRSA strain, indicating a significant role
of ACME in the ability of USA300 to cause serious

infections.

The DNA sequencing of the MRSA genome in
2001 provided some interesting insights into

the organism.” Whole genome sequences of two
related S. aureus strains were determined: N315
(MRSA; isolated in 1982) and Mu50 (vancomycin
intermediate S. aureus [VISA]; isolated in 1997).
The organism has approximately 2600 genes (open
reading frames). Remarkably, a significant number
of these genes are not staphylococcal genes. They
have been acquired from other organisms. The
genome contained 11 genes with encoded resistance
to more than nine classes of antibiotics. Most of
these were on plasmids or mobile genetic elements.
Three classes of new ‘pathogenicity islands’— or
collections of genes— were identified: a toxic shock
syndrome toxin family of islands, exotoxin islands,
and enterotoxin islands. Seventy candidate genes
for new virulence factors were also discovered.

Although the majority of the CA-MRSA strains in
the U.S., including USA300, have the PVL genes,
the presence of PVL genes alone is probably not

a factor in the predominance and virulence of the
organism in the community. Zhang, et al. identified
the coexistence of two USA400 sibling strains with
and without the PVL genes in a large Canadian
healthcare region.® The strains shared identical
genotypic and phenotypic properties and similar
clinical characteristics. These data suggest that the
presence of PVL genes alone does not explain the

predominance of the CA-MRSA organism.

The genome sequence of the MW2 strain of
CA-MRSA, which caused fatal bacteremia in

a 16-month old female Native American from
North Dakota in 1998, was ascertained.’ It

was determined that the methicillin resistance
gene (mecA) was carried on the type IVa cassette
(SCCmec IVa). The SCCmec IVa did not contain
multiple resistance genes (as does Type II SCCmec
from N315 and Mu50). However, 19 additional
genes were found in the MW2 genome, all but
two of which were found in four of the seven
genomic islands of MW2. Eighteen of these were
toxins (including PVL) not found in the N315,
Mu50, or COL strains. In contrast to N315

and Mu50, MW?2 has almost no transposons or
insertion sequences. Chongtrakool and colleagues
(2006) diagrammed the various staphylococcal

chromosome cassettes that are associated with
methicillin resistance.'® The CA-MRSA SCCmec
Type IV cassettes are considerably smaller than the
hospital associated strains.

History of MRSA Outbreaks
Table 1.

Methicillin-Resistant S. aureus
Historical Aspects
1959 First clinical use of methicillin
1961 First description of MRSA
1967 First report ofnosocomial infection in the US (2 cases)
1968 Increase in MRSA in the UK

1968-1979 Rise and subsequent wane of prevalence of MRSA (especially
nosocomial infections) in Europe, Australia and elsewhere (except US)

1975-1980 First reports of problems with MRSA in the US; most occurred irarge
tertiary care hospitals (especially burn units and ICUs)

1980 MR SA increase in prevalence in US nursing homes; community-
acquired MR SA infections in the US
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From a historical perspective, S. aureus resistance
to penicillin occurred very rapidly with the clinical
use of that drug, which made it quickly obsolete
for treatment of S. aureus infections. Although
methicillin has been used for many years (since
1959), it took only two years from the first clinical
use of that agent for the emergence of the first
strains of methicillin-resistant staphylococci. In
other countries outside the U.S., MRSA organisms
were primarily seen in hospitals and chronic care
facilities. The first report of two cases of MRSA
nosocomial infections in the U.S. was in 1967. The
first reports of larger numbers of cases of MRSA in
the U.S. occurred between 1975 and 1980 in large
tertiary care hospitals, especially burn units and
intensive care units. By 1980, there was an increase
in MRSA prevalence in U.S. nursing homes and in
the community setting.'""> By 2004, over 60% of
S. aureus in most U.S. hospitals were methicillin-
resistant (Figure 1).'4


















