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Staphylococcus aureus is an important pe-
diatric pathogen causing community-ac-
quired and nosocomial infections. Methi-
cillin-resistant S. aureus (MRSA) isolates
were long recognized as health care-asso-
ciated pathogens (HA-MRSA) found in
patients frequenting hospitals and long
term care facilities. However, the recent
recognition of MRSA infections in
healthy children with no risk factors for
MRSA signaled that MRSA epidemiol-
ogy has undergone an important change.1

New community-associated MRSA (CA-
MRSA) strains have been responsible for
well-recognized S. aureus infectious syn-
dromes such as skin and soft tissue infec-
tions and “new” syndromes such as necro-
tizing pneumonia, necrotizing fasciitis,
septic thrombophlebitis and severe sep-
sis.2 In the first reports describing CA-
MRSA isolates, it was recognized that
they were less resistant to non-�-lactam
antibiotics than HA-MRSA. Further, CA-
MRSA clinical syndromes differed from
those caused by HA-MRSA and more
often resembled community-acquired
methicillin-susceptible S. aureus (CA-
MSSA) disease.3

What does the term CA-MRSA
mean? Definitions have varied. The Cen-

ters for Disease Control and Prevention
has defined CA-MRSA as an isolate ob-
tained from a patient in the outpatient
setting or in the first 48 hours of hospital-
ization in the absence of identified risk
factors for MRSA acquisition. Others
have relied on the antibiotic resistance
profile, usually referring to clindamycin
susceptibility to define CA-MRSA iso-
lates. A molecular definition exploits cer-
tain genetic polymorphisms present
among MRSA strains.

MOLECULAR
CHARACTERISTICS OF MRSA

The mecA gene confers methicillin
resistance by encoding penicillin-binding
protein 2a (PBP2a), an enzyme with de-
creased affinity for �-lactam antimicrobi-
als. PBP2a and native PBP2 work in con-
cert to allow cell wall synthesis despite the
presence of �-lactam antibiotics, thus ef-
fectively conferring resistance to penicil-
lins, cephalosporins and carbapenems.
The mecA gene is contained within a mo-
bile genetic element called the staphylo-
coccal chromosome cassette mec, or SC-
Cmec. This element integrates into the S.
aureus genome at a site-specific location
adjacent to a gene called orfX. SCCmec
elements contain a mec complex and a ccr
complex. The former consists of the mecA
structural gene and its variably present
regulatory elements mecI and mecR1. The
ccr complex contains ccr genes that me-
diate insertion and excision of SCCmec
from the bacterial genome. Genetic poly-
morphisms in the ccr and mec complexes
allow the classification of SCCmec ele-
ments into 5 allotypes, designated SCC-
mec types I–V.

In the original description of SCC-
mec elements,4 HA-MRSA strains were
found to contain SCCmec types I, II and
III; type II is now the most prevalent of
these in U.S. HA-MRSA strains.5 The
sequence of a type II SCCmec element
revealed transposons and integrated plas-
mids that mediate resistance to non-�-
lactam antibiotics, explaining in part the
phenotype of multidrug resistance among
HA-MRSA strains.

In contrast, CA-MRSA strains
were found to contain SCCmec element
types IV and V.6–8 Both elements lack
antibiotic resistance genes other than
mecA, thereby explaining the tendency
toward resistance to only �-lactams in
CA-MRSA strains.

The variable presence of genes en-
coding resistance to macrolides, lincos-
amides and streptogramins has provided
the basis for use of clindamycin suscep-
tibility as a marker for CA-MRSA
strains. Transposon 554 (Tn554) found
in SCCmec type II elements contains the
erm gene that confers erythromycin re-
sistance. erm also confers constitutive or
inducible resistance to lincosamides
such as clindamycin and streptogramin
B. Isolates containing erm express the
so-called MLSB resistance phenotype.
Thus HA-MRSA strains containing
SCCmec type II are typically resistant to
�-lactams as well as erythromycin and
clindamycin (and streptogramin B).
Antibiotic pressure in the hospital has
selected for strains that have acquired
resistance to other non-�-lactam antimi-
crobials; the genes responsible for these
resistance determinants may be present
within the SCCmec element, on plas-
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mids or elsewhere in the bacterial ge-
nome.

SCCmec types IV and V, found in
most CA-MRSA strains, do not contain
Tn554 or erm and, thus, many are suscep-
tible to erythromycin and clindamycin.
However, erm may be present on a plas-
mid or elsewhere in the genome. It is also
possible that msrA9 or other genes confer-
ring resistance to macrolides may be
present in a CA-MRSA strain. MsrA en-
codes an efflux pump specific to macro-
lide antimicrobials. When erythromycin
resistance is mediated by msrA, inducible
resistance to clindamycin does not occur.

Performance of the “D test” by mi-
crobiology laboratories is necessary to de-
tect inducible resistance to clindamycin in
MRSA isolates that test resistant to eryth-
romycin but susceptible to clindamycin. In
this test a D-shaped zone of inhibition
appears around the clindamycin disk when
the erythromycin disk is placed nearby if
erythromycin-induced clindamycin resis-
tance is elicited. A positive D test signals
that treatment failure may result if clinda-
mycin is used.

SPREAD OF CA-MRSA
The differing size of the SCCmec

element types probably plays a role in
their mobility. Although the mechanism
of cell to cell transfer of the SCCmec
elements has not been elucidated, types
I–III are believed to be too large for
frequent transfer between strains. How-
ever, the smaller and presumably more
mobile SCCmec IV and V elements are
believed to be more easily translocatable
between strains.2 This observation is
supported by molecular techniques such
as pulsed field gel electrophoresis or
multilocus sequence typing that indicate
that SCCmec types IV and V are present
in multiple S. aureus genetic back-
grounds. Translocation of SCCmec IV
and V is believed to be frequent with the
resultant MRSA clones surviving on the
basis of ecologic and pathogenic fitness.

CA-MRSA DISEASE
The similarity in disease presenta-

tion of CA-MRSA and CA-MSSA com-
pared with HA-MRSA may reflect the
expression of different toxin genes. A
comparison of CA-MRSA and HA-
MRSA strains revealed that 7 exotoxin
genes were more likely to be found in
CA-MRSA strains.10 These included
lukS-PV, lukF-PV, sea, seb, sec, seh and
sek. It is not known which, if any, of the
toxins mediate clinical disease, although
considerable attention has been focused
on Panton-Valentine leukocidin (PVL).

Infections caused by CA-MRSA
are often characterized by tissue necro-
sis. More than 90% of CA-MRSA dis-
ease-causing strains bear the genes en-
coding PVL, a pore-forming cytolytic
toxin shown to have specificity for leu-
kocytes.11 PVL is encoded by 2 genes,
lukS-PV and lukF-PV, that can be trans-
ferred between strains by bacteriophage.
Lysis of polymorphonuclear leukocytes
by PVL can initiate the release of in-
flammatory mediators. Although PVL
was present in �5% of unselected S.
aureus strains, it is present in most
MSSA strains responsible for furuncu-
losis and necrotizing pneumonia and in
nearly all CA-MRSA isolates.12,13 Few
HA-MRSA strains produce PVL.

SCCmec types IV or V together
with PVL are commonly regarded as
molecular markers of CA-MRSA. Their
presence is thought to confer a fitness
advantage to CA-MRSA strains that al-
lows them to survive and disseminate.

BURDEN OF CA-MRSA DISEASE
Outbreaks of CA-MRSA infections

in sports teams, prisons and military units,
as well as increasing numbers of emer-
gency room visits and hospital admissions
because of CA-MRSA infection point to
the need for further control measures,
prevention and treatment strategies. At
Driscoll Children’s Hospital in Corpus
Christi, the incidence of infections caused
by CA-MRSA increased from 9 in 1999 to

459 in 2003.14 Other centers are experi-
encing the same trend. Although the fre-
quency of CA-MRSA asymptomatic col-
onization and infection still varies by
geographic location, all practitioners must
be aware of the increasing burden of dis-
ease due to CA-MRSA.

The distinction between HA-
MRSA and CA-MRSA strains will be-
come more difficult as HA-MRSA strains
move into the community and CA-MRSA
strains move into the hospital. The occur-
rence of bacteremia and septic shock due
to CA-MRSA-type strains in a neonatal
intensive care unit highlighted the fact that
a community organism can become a se-
rious nosocomial pathogen.15

Clinical decision making relies on
recognition of staphylococcal syn-
dromes, appropriate culturing and treat-
ment based on clinical syndrome and
antibiotic susceptibility.
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