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Introduction

MRSA (methicillin-resistant S. aureus) first appeared in the UK in 1961 but 
not until 1968 in the US.1,10 Recent surveys suggest that up to 50% of strains 
of S. aureus in the United States are methicillin-resistant, with the prevalence in 
hospitals and intensive care units often exceeding 60%.7 Given the migration of 
penicillinase-producing S. aureus from the hospital to the community, the emer-
gence of MRSA in the community was not unexpected. The majority of these 
community MRSA strains were presumably acquired in healthcare settings.

MRSA infection has traditionally occurred among patients exposed to health-
care settings such as hospitals, dialysis centers, and long-term care facilities, 
whereas the risk factors for MRSA among patients residing in the community 
have been injection drug use and diabetes.18 The 1999 report of four children 
from rural North Dakota and Minnesota who died of MRSA despite having no 
contact with the healthcare system or other risk factors signifies the dramatic 
beginning of a new chapter in the saga of S. aureus: community-acquired MRSA 
(CA-MRSA).3 Outbreaks among football players 12, Native Americans 9, and 
military recruits 32 have been reported. The rise in prevalence of CA-MRSA has 
been dramatic. In a recent study of patients presenting to the emergency depart-
ment with skin and soft tissue infections, 59% were caused by CA-MRSA, 97% 
of which were phenotype USA300.20 In some parts of the US, 60-75% of all 
community-acquired isolates of MRSA are methicillin-resistant.19

CA-MRSA is genetically distinct from hospital-acquired strains of S. aureus and 
thus likely represents resistance arising in a community isolate. It has success-
fully replaced nosocomial strains of S. aureus in some centers, consistent with 
the suggestion that CA-MRSA may be more fit than hospital-acquired strains 
(HA-MRSA). Possible explanations for increased fitness of CA-MRSA include 
its smaller staphylococcal cassette chromosome (see below) and also a faster rate 
of replication.5

Mechanism of resistance 

Resistance to methicillin is predominantly conferred by the mecA gene, a 
78-kDa protein that encodes a penicillin-binding protein with retained trans-
peptidase activity but reduced affinity for all ß-lactam antibiotics. The origin of 
mecA is not known, although S. sciuri (a coagulase-negative Staphylococcus) has 
been implicated as the donor.30 MecA is part of a mobile chromosomal element 
known as SCCmec (staphylococcal cassette chromosome mec). Five main types 
of SCCmec ranging in size from about 21 kb to 67 kb have been identified.6 In 
general, HA-MRSA carries SCCmec type I, II, or III, which are large enough 
to harbor mecA as well as additional genes for encoding resistance to various 
non-ß-lactam antibiotics. CA-MRSA carries SCCmec type IV or V, which are 
smaller in comparison, explaining the wider range of antibiotic susceptibility 
characteristic of community-acquired isolates.

by Doug Black, Pharm.D.

the d–zone
New & Noteworthy

—Is it time to abandon 
vancomycin for MRSA? Mohr  
and Murray suggest how we might 
prolong the usefulness of this 
venerable antibiotic. 

Mohr JF, Murray BE. Point: Vancomycin 

is not obsolete for the treatment of  

infection caused by methicillin-resistant 

Staphylococcus aureus.  
Clin Infect Dis 44 (12): 1536-42, 2007.

—S. aureus has improved itself, 
but vancomycin hasn’t kept 
pace. Deresinski asks us to be 
realistic about the future. 

Deresinski S. Counterpoint: Vancomycin 

and Staphylococcus aureus—an 

antibiotic enters obsolescence.  

Clin Infect Dis 44 (12): 1543-8, 2007.

Quote of the Month

“�Health nuts are going to feel 
stupid someday, lying in hospitals 
dying of nothing.”

 —Redd Foxx

Clinical Practice: The Story of Community-Acquired MRSA



Vo l .  3 6  •   S u pp.  1   •   t h e d -zo n eS�

Infections associated with CA-MRSA

CA-MRSA most commonly causes skin and soft-tissue 
infections such as abscesses and furunculosis. It has also been 
associated with serious necrotizing pneumonia and necrotizing 
fasciitis. In contrast, HA-MRSA tends to cause a broader range 
of infection including bacteremia, pneumonia, endocarditis, 
cellulitis, and infection of bones and joints. 

Molecular typing

Molecular typing techniques useful for studying the dissemi-
nation and epidemiology of MRSA include pulsed-field gel 
electrophoresis (PGFE), multilocus sequence typing (MLST), 
SCCmec typing, and S. aureus protein A (spa) typing.6 
McDougal et al. performed SmaI PGFE on 957 isolates of S. 
aureus submitted to the Center for Disease Control (CDC) 
from 1995-2000 and identified eight lineages, designated 
as pulsed-field types (PFTs) USA100 through USA800.17 
USA300 and USA400 isolates were predominantly from 
community-acquired infections.

Virulence of CA-MRSA

CA-MRSA commonly harbors a number of virulence genes 
not usually found in hospital-acquired strains. One such gene 
encodes the Panton-Valentine leukocidin (PVL) toxin, 
first described in 1932.22 PVL is a pore-forming 
exotoxin with potent cytolytic and inflammatory 
properties that requires the assembly of two 
polypeptides encoded by lukF and lukS. It is 
sufficient to cause necrotizing pneumonia in 
mice and also to cause up-regulation of certain 
genes of S. aureus, enhancing virulence.13 PVL 
is associated with necrotic skin lesions and 
necrotizing pneumonia in humans.

In vitro susceptibility

As previously mentioned, CA-MRSA tends to be susceptible 
to a much wider range of non-ß-lactam antibiotics than HA-
MRSA. LaPlante et al. performed susceptibility testing on 102 
isolates of CA-MRSA and 115 isolates of HA-MRSA collected 
from patients treated at Detroit Receiving Hospital and 
University Health Center.14 CA-MRSA isolates met the CDC 
definition for community-acquired infection and also contained 
SCCmec type IV. According to Clinical and Laboratory 
Standards Institute (CLSI) breakpoints, all CA-MRSA isolates 
tested were susceptible to daptomycin, linezolid, and vancomy-
cin; 99% were susceptible to Trimethoprim/sulfamethoxazole 
(TMP/SMX), 96% were susceptible to clindamycin, 85% 
were susceptible to doxycycline, and 76% were susceptible to 
ciprofloxacin. Only 14% were susceptible to erythromycin. 
MIC50, MIC90, and MIC range for the tested antibiotics are 
found in table 1. Susceptibility to rifampin was not determined 
in this study, but 96% of CA-MRSA were susceptible to 
rifampin in an earlier investigation.21

Treatment

The majority of infections due to CA-MRSA are amenable to 
outpatient management. This discussion will therefore focus 
on options for oral treatment. Treatment of seriously ill patients 
requiring hospital admission and parenteral drugs, including 
vancomycin, daptomycin, quinupristin/dalfopristin, linezolid, 
and tigecycline, will not be discussed further. 

There are few prospective randomized trials of antibiotics for 
infection caused by CA-MRSA. In a recent study of patients 
hospitalized for S. aureus infection, clinical and epidemiologic 
risk factors did not reliably distinguish CA-MRSA from 
methicillin-susceptible strains (MSSA); other data suggest that 
nasal colonization may not precede CA-MRSA.18,19 These 
observations, coupled with evidence of increased morbidity and 
mortality associated with MRSA relative to MSSA,2,4 suggest 
that empiric treatment of community-dwelling patients with S. 
aureus should include antibiotics active against CA-MRSA. 

Trimethoprim/sulfamethoxazole (TMP/SMX)

Rapid bactericidal activity of TMP/SMX against CA-MRSA in 
vitro has been demonstrated,11 and limited clinical data further 
suggest a role for TMP/SMX in the management of CA-MRSA 

infection. Markowitz et al. randomized injection drug 
users with presumed S. aureus infection to receive 

vancomycin 1 gram IV q12h or TMP/SMX 320 
mg/1600 mg (equivalent to two double-strength 
tablets) IV q12h. In 101 patients with con-
firmed S. aureus infection, cure was achieved 
in 98% of patients treated with vancomycin vs. 
86% of patients treated with TMP/SMX (p < 
0.02). However, TMP/SMX failure occurred 

only in patients with MSSA infection.16 Stein et 
al. treated 39 patients with orthopedic implants 

infected with multidrug-resistant staphylococci (24 of 
which were MRSA) with 6-9 months of oral TMP/SMX 

(20 mg/kg/day based on the TMP component) along with 
appropriate surgical intervention. Twenty-six of 39 patients 
(66.7%) were successfully cured, including 16 of the 24 patients 
(66.7%) with MRSA.27 Finally, Szumowski et al. retrospec-
tively evaluated 399 cases of culture-confirmed S. aureus skin 
and soft-tissue infections, including 227 cases of MRSA, seen 
at an ambulatory clinic in Boston from 1998 to 2005. In the 
study, 48.2% of the isolates were resistant to clindamycin. At 
the start of the study period most patients received a ß-lactam 
antibiotic empirically, but by 2005 76% of patients received 
TMP/SMX (1-2 tablets PO bid). In parallel with the increased 
use of TMP/SMX, the percentage of MRSA isolates susceptible 
to the empiric antibiotic choice increased from 0% in 1998 to 
77% in 2005, and a significantly higher percentage of patients 
with MRSA resolved on the empiric antibiotic by 2005. No 
information regarding combination use of TMP/SMX plus 
rifampin is provided.29
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Combination therapy with TMP/SMX and rifampin is used by 
some clinicians, although there is little evidence of enhanced 
outcome. If a patient requires empiric treatment for both S. 
pyogenes and CA-MRSA it is important to remember that the 
activity of TMP/SMX is not reliable for S. pyogenes.

Clindamycin

A role for oral clindamycin in the management of CA-MRSA 
is suggested by its generally favorable susceptibility. Advantages 
of clindamycin include its widespread tissue penetration (except 
the central nervous system), reliable activity against S. pyogenes, 
and possible beneficial effects on toxin synthesis. No prospective 
studies of clindamycin for CA-MRSA have yet been conducted.

An interesting situation is presented by strains of CA-MRSA 
that are clindamycin-susceptible but erythromycin-resistant. 
Drug efflux is one possible resistance mechanism consistent 
with this phenotype. A strain of CA-MRSA harboring the msrA 
gene contains an energy-dependent pump capable of extruding 
macrolides and type B streptogramins, but not lincosamides 
(clindamycin), from the bacterial cell. Clindamycin may be 
used for infection caused by such a strain. A second possible 
mechanism of resistance is ribosomal methylation (MLSB 
resistance) in which a member of the erm gene family encodes 
an inducible methylase capable of modifying the 23S subunit 
of the bacterial ribosome, rendering the strain resistant to all 
macrolides, lincosamides, and type B streptogramins. If this 
methylase is present, the strain will exhibit the aforementioned 
phenotype because erythromycin (but not clindamycin) is a 

Antibiotic MIC50 
(mg/mL)

MIC90 
(mg/mL)

Range 
(mg/mL)

Ciprofloxacin
CA 0.25 16 0.06-16

HA 64 128 0.25-128

Clindamycin
CA 0.125 0.25 0.06-64

HA 64 64 0.06-64

Daptomycin
CA 0.25 0.5 0.06-1

HA 0.25 1 0.125-1

Erythromycin
CA 32 64 0.125-128

HA 128 512 0.06-512

Doxycycline
CA 0.25 8 0.06-8

HA 0.5 4 0.06-32

Linezolid
CA 2 4 0.5-4

HA 2 4 1-4

TMP
CA 0.0625 0.5 0.0625-2

HA 0.125 2 0.125-16

SMX
CA 1.25 10 1.25-40

HA 2.5 40 2.5-320

Vancomycin
CA 1 2 0.25-2

HA 1 2 0.5-2

CA-MRSA (n=102; HA-MRSA (n=115)

Table 1.  In vitro susceptibility of CA-MRSA and HA-MRSA
strong inducer of enzyme expression. However, treatment with 
clindamycin may result in failure by selecting for mutants that 
express the methylase constitutively.25 It is thus important to 
determine which mechanism is present.

The so-called D-zone test is a simple way to distinguish between 
drug efflux and inducible methylase production. An erythro-
mycin-containing disk is placed in close proximity to a clinda-
mycin-containing disk on an agar plate growing the organism. 
If an inducible methylase is present in the strain, erythromycin 
diffusing from the disk will induce enzyme expression in the 
area between the two disks, blunting the otherwise wide zone 
of inhibition around the clindamycin disk and creating the ap-
pearance of a “D” on the plate. Clindamycin should not be used 
for treatment. If no blunting of the zone of inhibition around 
the clindamycin disk is observed, the mechanism of resistance is 
efflux and clindamycin may be safely used.8,15

Long-acting tetracyclines 

Doxycycline and minocycline are more potent against 
S. aureus than tetracycline.26 They are well absorbed by the 
gastrointestinal tract, distribute into tissues well, and have 
prolonged half-lives (16-18 hours). Ruhe et al. reviewed the 
records of 24 patients with MRSA infection (mostly skin and 
skin-structure) who were treated with doxycycline or mino-
cycline (both dosed at 100 mg PO bid). Thirteen patients 
received doxycycline and 11 patients received minocycline; 
4 of the minocycline-treated patients also received rifampin. 
Median duration of antibiotic treatment was 19 days. Twenty 
of 24 patients (83%) were cured.24

Linezolid

Linezolid is an expensive oxazolidinone antibiotic with broad  
in vitro activity against many resistant Gram-positive patho-
gens (including MRSA) and is generally well tolerated, at least 
in patients treated for < 28 days. Optic neuropathy has recently 
been reported in patients receiving treatment for > 5 months.23

No prospective studies investigating the effectiveness of line-
zolid specifically for CA-MRSA have been conducted. However, 
Stevens et al. compared linezolid to vancomycin in a random-
ized, open-label study of hospitalized patients with known or 
suspected MRSA, most commonly of skin and soft tissue. The 
drugs were found to have equivalent microbiologic and clinical 
effectiveness. Rates of adverse events were similar.28

Fluoroquinolones

CA-MRSA exhibits variable susceptibility to fluoroquinolones, 
with moxifloxacin tending to have the lowest MICs.31 The 
use of fluoroquinolones for CA-MRSA infection cannot 
be recommended until published evidence of effectiveness 
is available.

Clinical Practice: The Story of CA-MRSA (continued)
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