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This Journal feature begins with a case vignette highlighting a common clinical problem.  
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the author’s clinical recommendations. 
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A 37-year-old man presents for the evaluation of localized swelling and tenderness of 
the left leg just below the knee. He suspects this lesion developed after a spider bite, 
although he did not see a spider. Examination of the leg reveals an area of erythema 
and warmth measuring approximately 5 by 7 cm. At the center of the lesion is a fluctu-
ant area measuring approximately 2 by 2 cm, overlaid by a small area of necrotic skin. 
The man’s temperature is 38.3°C. The pulse rate is 115 beats per minute. The blood 
pressure is 116/78 mm Hg. How should this patient be evaluated and treated?

The Cl inic a l Problem

Methicillin-resistant Staphylococcus aureus (MRSA) refers to isolates that are resistant 
to all currently available β-lactam antibiotics, including penicillins and cephalo-
sporins.1 MRSA isolates were first recognized shortly after the introduction of 
methicillin into clinical practice in the early 1960s. Their prevalence slowly in-
creased during the next three decades,2 although they remained confined almost 
exclusively to patients who frequented health care facilities; other persons at risk 
for MRSA colonization or infection included those in contact with a person who 
had an MRSA infection or with a history of illicit drug use.

In the mid-1990s, MRSA infections began to be detected in the community in 
persons who did not have contact with the health care system.3 Molecular typing 
of isolates from these community-associated cases of MRSA infection has shown 
that they are largely caused by new MRSA strains.4

As compared with health care–associated MRSA isolates, community-associated 
MRSA isolates are usually susceptible to clindamycin, and they are less often multi-
ply resistant to other non–β-lactam antibiotics.5 Other distinguishing features of 
community-associated MRSA isolates include a high prevalence of genes encoding 
the two-component Panton–Valentine leukocidin6; this exotoxin is associated with 
necrosis of the skin, severe necrotizing pneumonia,7 and abscess formation, although 
its role in the pathogenesis of community-associated MRSA infections remains 
controversial.8,9 In addition, small DNA cassettes mediating methicillin resis-
tance4,10,11 have been detected in community-associated MRSA isolates of multiple 
genetic backgrounds, suggesting easy transfer. These cassettes differ from those in 
hospital-associated MRSA strains, which are larger and presumably less mobile. 
The classification of circulating community-associated MRSA strains according to 
pulsed-field electrophoretic patterns12 has revealed global, geographic variations. 
In most areas of the United States, a community-associated MRSA genotype called 
USA300 has emerged as the major circulating and nosocomial strain.13
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Numerous reports have suggested the easy 
transmission of these new community-associated 
MRSA isolates in settings where people are in 
close contact. These settings include households,14 
day-care centers,15,16 and military installations.17 
These isolates also may be spread among prison 
and jail detainees18 and athletes.19 Before the 
1990s, such evidence of contagion among other-
wise healthy members of the community was 
documented infrequently. Other groups reported 
to be at increased risk for community-associated 
MRSA infection include Native Americans20 and 
Pacific Islanders21 and men who have sex with 
men.22

There has been a dramatic increase in the 
occurrence of S. aureus infections in general and 
community-associated MRSA infections in par-
ticular. At Driscoll Children’s Hospital in Corpus 
Christi, Texas, the number of community-asso-
ciated MRSA infections increased from 9 in 1999 
to 459 in 200323; in 2003, these infections consti-
tuted 98% of S. aureus infections overall in that 
institution. In most, but not all, U.S. cities, com-
munity-associated MRSA is now the most com-
mon pathogen cultured from patients with skin 
and soft-tissue infections in emergency depart-
ments.24 Epidemic community-associated MRSA 
disease has also been reported from some rural 
areas, although epidemic disease has not yet 
spread to all regions of the United States.

Consistent with the occurrence of epidemic, 
symptomatic, community-associated MRSA dis-
ease in the United States are observations of the 
increasing prevalence of asymptomatic coloniza-
tion of MRSA among children25 and adults26 in 
the community. Recent data indicate that 9.2% of 
healthy children in Nashville have asymptomatic 
colonization23 (74% of these infections are com-
munity-associated MRSA [Creech CB: personal 
communication]), as compared with 0.8% in 2001, 
and 7.3% of adolescents and adults in Atlanta have 
asymptomatic colonization, including both hos-
pital- and community-acquired MRSA isolates.24

Skin and soft-tissue infections represent the 
majority of the community-associated MRSA dis-
ease burden27 and are the focus of this article. 
Examples of such infections are shown in Figures 
1 and 2. (Other examples are in the Supplemen-
tary Appendix, available with the full text of this 
article at www.nejm.org.) Necrotic skin lesions 
are a common presentation and are often incor-
rectly attributed to bites by brown recluse spiders 

(even in areas where these spiders do not live) or 
insect bites. In addition, necrotizing pneumo-
nia,28 pleural empyema, necrotizing fasciitis,29 
septic thrombophlebitis with pulmonary emboli-
zation,30 myositis,31 and severe sepsis with pur-
pura fulminans and the Waterhouse–Friderichsen 
syndrome32 have been described in association 
with community-associated MRSA.28,29,33

Figure 1. Anterior Abdominal-Wall Abscess in a 15-Year-
Old Boy.

There was a 3-day history of drainage from this abscess, 
which had increased in size to 1 cm in length and be-
come more painful. It was fluctuant and tender on 
examination. Incision and drainage were performed; 
about 2 ml of purulent material was obtained. A culture 
yielded MRSA that was susceptible to clindamycin. The 
results of the D-zone test were negative.

Figure 2. Swelling and a Small Amount of Drainage 
Involving the Left Naris in a 10-Year-Old Girl.

There was a 5-day history of drainage from the lesion. 
The child appeared well and did not have a fever. Inci-
sion and drainage yielded 0.5 ml of purulent material. 
A culture yielded MRSA that was susceptible to clinda-
mycin. The results of the D-zone test were negative.
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S tr ategies a nd E v idence

Evaluation

Suspicion that community-associated MRSA may 
be the cause of a skin and soft-tissue infection 
should be heightened by a history of previous 
MRSA infection in the patient or a household con-
tact. Table 1 lists other groups likely to be at risk 
for community-associated MRSA transmission. 
However, many patients with community-associ-
ated MRSA infection have none of these risk fac-
tors. Furthermore, no clinical features distinguish 
with certainty skin and soft-tissue infections caused 
by MRSA from those caused by methicillin-suscep-
tible S. aureus.38

Information on local antibiotic-resistance pat-
terns (e.g., from local hospitals) can help clinicians 
to assess the likelihood of community-associated 
MRSA infection and guide decisions regarding 
empirical treatment. Some have suggested that 
management strategies should be tailored to the 
possibility of community-associated MRSA infec-
tion on the basis of an arbitrary threshold of 10% 
or more methicillin resistance among S. aureus 
isolates.

Obtaining a specimen for culture and suscep-
tibility testing, which was considered to be un-
necessary when the prevalence of MRSA was low, 
is useful in guiding therapy. Specimens are most 
commonly obtained at the time of incision and 
drainage of purulent skin and soft-tissue lesions. 
In nonpurulent cellulitis that is not amenable 
to incision and drainage, a possible approach is 
a biopsy with culture of the material obtained. 
In practice, this procedure is infrequently per-
formed.39 Moreover, although many patients with 
MRSA bacteremia also have nasal colonization 
with the organism,40 it is not known whether 
screening for such colonization in a patient with 
a skin and soft-tissue infection has useful predic-
tive value. Such screening is not currently recom-
mended.

Treatment

The recommended treatment of community-
associated MRSA infection depends on an assess-
ment of the severity of the clinical presentation 
and the type of skin and soft-tissue infection. 
Purulent skin and soft-tissue infections without 
associated systemic signs, such as fever, tachycar-
dia, or hemodynamic instability, are generally 
managed with incision and drainage, with or 
without oral antimicrobial therapy; incision and 

drainage alone may suffice, particularly for ab-
scesses that are small. Lee et al.41 have defined 
small abscesses as those that are less than 5 cm 
in length, but this definition may not be appropri-
ate for skin and soft-tissue infections in infants 
and in certain areas of the body (e.g., the head 
and neck). In patients with larger abscesses, sys-
temic signs of infection, or both, antimicrobial 
therapy is generally recommended in addition to 
incision and drainage (for purulent lesions). The 
type and route of therapy should be guided by the 
severity of the clinical syndrome.

Outpatient Therapies
Topical antimicrobial therapy is sometimes used 
to treat superficial MRSA skin infections such as 
impetigo, although comparative outcome data are 
lacking. Bacitracin, alone or in combination with 
polymyxin and neomycin, mupirocin (Bactroban), 
and retapamulin (Altabax) are commercially avail-
able for this purpose. For bacitracin, in vitro sus-
ceptibility factors that predict the clinical outcome 
have not been defined.42 For mupirocin, isolates 
with low-level resistance and those with high-level 
resistance have been identified; the latter do pre-
dict clinical failure and may be increasing in prev-
alence among MRSA isolates.43,44 Retapamulin is 
newly licensed for children 9 months of age or 
older. It has good in vitro activity against MRSA 
infection, but mutants with decreased susceptibil-
ity can be selected in vitro.45 

For oral systemic treatment, β-lactam anti-
biotics can no longer be considered to be reliable 
as empirical therapy for community-acquired skin 
and soft-tissue infections. The optimal antibiotic 

Table 1. Persons at Risk for Skin and Soft-Tissue Infections 
Caused by Community-Associated MRSA.

Household contacts of a patient with proven community-
associated MRSA infection14

Children34

Day-care center contacts of hospitalized patients with 
MRSA infections15,16

Men who have sex with men22

Soldiers17,18

Incarcerated persons18

Athletes, particularly those involved in contact sports19

Native Americans20

Pacific Islanders21

Persons with a previous community-associated MRSA 
infection35,36

Intravenous drug users37
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therapy when community-associated MRSA infec-
tion is suspected is not clear. Results of suscep-
tibility testing and clinical experience provide 
support for a primary role of older antibiotics 
such as clindamycin, trimethoprim–sulfamethox
azole, and tetracyclines, although their effective-
ness for skin and soft-tissue infections due to 
community-associated MRSA has not been rigor-
ously evaluated or compared in clinical trials.

Table 2 lists oral agents that are useful in the 
outpatient management of community-associated 
MRSA infections. An observational study showed 
that clindamycin, a lincosamide antibiotic, was 
uniformly effective in 39 patients with clindamy-
cin-susceptible community-associated MRSA in-
fection who were mildly to moderately ill.46 The 
disadvantages of this medication include its asso
ciation with diarrhea caused by Clostridium difficile 
and increasing rates of clindamycin resistance in 
some regions of the world.11,47,48 Clindamycin 
resistance among community-associated MRSA 
isolates should be monitored locally, and some 
experts recommend avoiding empirical therapy 
with clindamycin when local rates of clindamy-
cin resistance exceed 10 to 15% among MRSA 
isolates causing skin and soft-tissue infections.

Moreover, the results of testing for clindamy-
cin susceptibility may be misleading; occasional 
treatment failures have been documented when 
the results of tests showed that an MRSA isolate 
was susceptible to clindamycin but resistant to 
erythromycin.46,49 In such cases, use of the D‑zone 
test (Fig. 3) is warranted to detect inducible clin
damycin resistance; positive results in 10 to 20% 
of tested isolates (with one notable outlier  49) have 
been reported, but these rates may be increasing. 
The Clinical and Laboratory Standards Institute 
suggests that isolates that are positive on the 
D‑zone test should be reported as being resistant 
to clindamycin despite a positive result of single-
agent susceptibility testing.50 The institute sug-
gests permissive language to accompany the result 
of the susceptibility testing: “The isolate is pre-
sumed to be resistant based on detection of induc-
ible clindamycin resistance. Clindamycin might 
still be effective in some patients.” In practice, 
when the results of the D-zone test become 
known, the use of clindamycin should be recon-
sidered on the basis of the clinical response.

Neither trimethoprim–sulfamethoxazole nor 
tetracyclines are generally recommended as sole 
empirical therapy for a nonpurulent cellulitis of 
unknown cause because of concerns regarding the 

resistance of group A streptococci to these agents. 
Such resistance is well documented for tetracy-
clines, although it is less clear for trimethoprim–
sulfamethoxazole.39 However, these agents are 
reasonable choices in cases in which community-
associated MRSA infection is confirmed or strong-
ly suggested by the presence of purulent material. 
Some clinicians suggest the addition of a β-lac-
tam antibiotic, that is active against streptococci 
if trimethoprim–sulfamethoxazole or a tetracy-
cline is used for a nonpurulent cellulitis of uncer-
tain cause.

Testing of nearly all community-associated 
MRSA isolates shows susceptibility to trimetho
prim–sulfamethoxazole, but data on the out-
comes of treatment are limited. In a study at an 
outpatient clinic in Boston where almost half of 
community-associated MRSA isolates were clinda-
mycin-resistant and where trimethoprim–sulfa-
methoxazole became the most frequently used 
antimicrobial agent for skin and soft-tissue in-
fections caused by community-associated MRSA,47 
the percentage of patients with clinical resolution 
of the MRSA infection increased in parallel with 
trimethoprim–sulfamethoxazole use during the 
study period (1998 to 2005). In another study, 
however, treatment failure occurred in 6 of 12 
adults who received double-strength trimetho
prim–sulfamethoxazole.51 Few data are available 
to provide support for the efficacy of doxycycline 
or minocycline. In one retrospective review of 
skin and soft-tissue infections caused by commu
nity-associated MRSA, the cure rate was 83%.52

Linezolid, a newer antimicrobial agent in the 
oxazolidinone family, is active against almost all 
community-associated MRSA isolates and group 
A streptococci. The disadvantages of this agent 
include its high cost, the lack of routine avail-
ability, hematologic side effects, and the potential 
for resistance among S. aureus strains, possibly by 
multiple mechanisms. Prolonged linezolid admin-
istration increases the likelihood of resistance, 
probably through the accumulation of mutations 
in multiple copies of the 23S ribosomal RNA  
S. aureus gene.53

Rifampin is highly active against susceptible 
community-associated MRSA isolates, but a high 
frequency of mutations to rifampin resistance 
is a contraindication for the use of rifampin 
alone.54 Thus, a combination of trimethoprim–
sulfamethoxazole or doxycycline with rifampin 
is sometimes used for the treatment of skin and 
soft-tissue infections caused by community-asso-
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ciated MRSA,51 although data are lacking to pro-
vide support for this approach.

Fluoroquinolones should not be used to treat 
skin and soft-tissue infections caused by commu-
nity-associated MRSA. Resistance to them de-
velops readily in S. aureus and is already widely 
prevalent.24

Inpatient Therapies
Some patients with community-associated MRSA 
infection will require more aggressive treatment 
than incision and drainage with or without oral 
antimicrobial therapy on an outpatient basis. A de-
cision to hospitalize a patient for parenteral ther-
apy (Table 3) depends on several factors, including 
clinical judgment regarding the severity of the ill-
ness. The presence of a large abscess, fever, other 
signs of systemic infection, or high-risk charac-
teristics such as an age younger than 6 months, 
diabetes, or immunodeficiency should prompt 
consideration of hospitalization. The detailed man
agement of invasive disease due to community-
associated MRSA is beyond the scope of this 
review.

Vancomycin is still considered the first-line 
treatment for hospitalized patients with invasive 
S. aureus infection. However, this drug should be 
switched if susceptibility testing indicates that a 
more rapidly bactericidal β-lactam agent such 
as oxacillin would be appropriate. Microbiologic 
treatment failure may occur with vancomycin 
even if there is no increase in the minimal inhib
itory concentration (MIC) on susceptibility test-
ing.55,56 S. aureus isolates with low-level (so-called 
intermediate) resistance to vancomycin (MIC, 
>2 μg per milliliter) as well as those with high-
level resistance (MIC, >16 μg per milliliter) have 
been described, and they may not be identified by 
means of routine techniques for susceptibility test
ing.57 Although resistant isolates are believed to 
be infrequent, global decreased susceptibility 
(so-called MIC creep) among S. aureus isolates 
has been documented in several locations in the 
United States,58-60 and this decreased susceptibility 
may limit the continued effectiveness of vanco-
mycin. Some experts have proposed that the use 
of a higher dose and maintenance of high serum 
levels of vancomycin may be beneficial, but the 
efficacy of these strategies has not been proved.

Parenteral clindamycin may be useful in re-
gions where the likelihood of a resistant organ-
ism is low. It should not be used as sole therapy 
when the patient is moderately to severely ill.

Intravenous trimethoprim–sulfamethoxazole 
has undergone minimal evaluation for invasive 
S. aureus infection. A study of intravenous drug 
abusers with serious S. aureus infections antedated 
the epidemic of community-associated MRSA in-
fection, and it indicated that intravenous trimeth
oprim–sulfamethoxazole was significantly less ef-
fective than vancomycin.61

Parenteral linezolid lacks bactericidal activity, 
which some experts believe is important in treat-
ing intravascular infection, a common feature of 
invasive disease. Moreover, reports of a case of 
endocarditis caused by a susceptible organism 
during linezolid therapy and of clinical failure in 
patients treated with linezolid for endocarditis 
have raised concerns about its use alone for se-
vere, invasive S. aureus infections62,63 (an exception 
is health care–associated MRSA pneumonia, for 
which linezolid has proved efficacious64).

Tigecycline, a parenteral glycylcycline–mino-
cycline derivative, was also recently approved by 
the Food and Drug Administration (FDA) for the 

Figure 3. The D-Zone Test for Erythromycin-Resistant, 
Clindamycin-Susceptible Isolates.

The Clinical and Laboratory Standards Institute advises 
clinical microbiology laboratories to perform a D-zone 
test on erythromycin-resistant, clindamycin-susceptible 
isolates. This test detects inducible clindamycin resis-
tance; blunting of the clindamycin zone of inhibition 
(arrow) suggests the presence of an erm gene in the test 
isolate that is inducible by erythromycin. The erm gene 
can confer the macrolide–lincosamide–streptogramin B 
phenotype to an isolate with cross-resistance to mac-
rolide antibiotics such as erythromycin, lincosamide 
antibiotics such as clindamycin, and streptogramin B 
antibiotics. E denotes erythromycin, and CC clindamy-
cin concentration.
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treatment of skin and soft-tissue infections caused 
by MRSA.65 This approval was granted on the basis 
of data showing microbiologic eradication in 25 of 
32 adults (78%) with complicated skin and soft-
tissue infections.

A fixed combination of the streptogramins 
quinupristin and dalfopristin (Synercid) was li-
censed by the FDA for the treatment of skin and 
soft-tissue infections caused by methicillin-sus-
ceptible S. aureus. Its use has been limited by the 
potential for drug–drug interactions and by side 
effects (including arthralgias, myalgias, and gas-
trointestinal toxic effects).

Daptomycin, a cyclic lipodepsipeptide, has been 

approved by the FDA for use in patients with 
skin and soft-tissue infections. The success rate 
with the use of daptomycin for these infections 
is 75% — similar to that of vancomycin. It is also 
approved for MRSA bacteremia,55 including that 
associated with right-sided endocarditis, but it 
should not be used for pneumonia, for which its 
efficacy has been limited by its propensity for 
binding surfactant.66

A r e a s of Uncerta in t y

The optimal oral antimicrobial regimen for the 
treatment of skin and soft-tissue infections is not 

Table 3. Parenteral Agents for the Treatment of Putative Community-Associated MRSA Infections.

Medication Usual Dose*
Main Side Effects  

and Contraindications Comments

Adults Children

Vancomycin 
(Vancocin)

2–4 g/day, in two 
to four divided 
doses

40 mg/kg/day, in 
three to four 
divided doses

The red-man syndrome (a hista-
mine-release syndrome usu-
ally manifested as flushing)

Slowing the rate of administration is usually 
sufficient management for the red-man 
syndrome, but accompanying hypotension 
may require discontinuation of the drug or 
additional intervention in rare cases

Excretion is slowed in patients with renal failure, 
and serum levels should be monitored in 
such patients to avoid drug accumulation; 
whether such monitoring is routinely neces-
sary in patients with normal renal function 
is not clear, but it should be performed 
when multiple nephrotoxic drugs are ad-
ministered simultaneously

Clindamycin 
(Cleocin)

300 mg thrice  
daily

30 mg/kg/day, in 
three divided 
doses

Diarrhea caused by C. difficile

Daptomycin 
(Cubicin)

4–6 mg/kg/day,  
in four divided 
doses

Unknown Potential muscle toxicity Resistance was documented in 6 of 120 patients 
receiving this therapy†

Excretion is slowed in patients with renal failure, 
and dosage adjustment is recommended

Tigecycline 
(Tygacil)

100 mg loading 
dose, then 50 
mg every 12 hr

Unknown Nausea, vomiting, photosensitivi-
ty, deposition in teeth and 
bones

Contraindicated in children 
younger than 9 years of age 
because of potential deposi-
tion in teeth and bones

Linezolid  
(Zyvox)

600 mg/day, in  
two divided 
doses

30 mg/kg/day, in 
two to three 
divided doses

Myelosuppression (usually 
thrombocytopenia, but also 
anemia or neutropenia), 
mostly with pro-longed use

The cost is relatively high

Quinupristin  
and dalfopris-
tin (Synercid)

7.5 mg/kg, every 
8–12 hr

7.5 mg/kg, every 
8–12 hr

Hyperbilirubinemia, arthralgias 
and myalgias, phlebitis, drug–
drug interactions (especially 
with cytochrome P450 3A4 
substrates)

Dosage adjustment may be necessary in pa-
tients with hepatic impairment

*	Optimal doses have not been established for all drugs listed.
†	Data are from Fowler et al.55
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known. A trial addressing this question, sponsored 
by the National Institutes of Health, is expected 
to be initiated this year.

The optimal management of recurrent com-
munity-associated MRSA disease is also uncer-
tain. Although not well studied, the recurrence 
rate is believed to be 10% or higher. It is not 
clear whether recurrences represent autoinocula-
tion or a new MRSA infection. At present, recur-
rent episodes are generally treated in the same 
way as the initial episode. In addition, “decoloni-
zation” strategies are frequently recommended 
in such cases, although neither the indications for 
their use nor their effectiveness in reducing the 
risk of recurrences is clear. One such strategy is 
the use of intranasal mupirocin to reduce nasal 
carriage of MRSA; however, eradication of nasal 
colonization appears to be transient, and the use 
of this agent remains controversial. Moreover, 
the recent identification of a mupirocin-resistance 
gene in USA300 isolates (which accounted for 
97% of isolates in a recent study24) and of mupi-
rocin resistance among 11 community-associated 
MRSA isolates in Boston raises serious concern 
about exposing populations of staphylococci to 
this agent.67 Some experts have also proposed 
adjunctive attempts at skin decolonization. Topi-
cal chlorhexidine gluconate or 1 tsp (3.4 g) of 
bleach diluted in 1 gallon (3.8 liters) of bath 
water is commonly suggested, although these ap-
proaches have not been rigorously evaluated. The 
optimal strength of the chlorhexidine solution is 
not known, nor is it clear whether it is more ef-

fective if the solution is permitted to remain on 
the skin before rinsing.

Contagion among the close household con-
tacts of patients, as well as correctional facility, 
school, and sports-team contacts, is well recog-
nized. Although the risk of transmission has not 
been well quantified, anecdotal evidence suggests 
that more than 60% of households of children 
hospitalized with community-associated MRSA 
infections have one or more members with a his-
tory of a putative MRSA infection in the previous 
6 months. If this estimate proves to be correct, 
it will lend support to the empirical treatment of 
an entire household (perhaps even including pets) 
if an effort to eradicate community-associated 
MRSA colonization in a patient is undertaken. 
The efficacy of such an approach has not been 
studied.

The role of fomites needs to be clarified. 
Hospital-acquired MRSA isolates can survive on 
a variety of inanimate surfaces, sometimes for 
weeks. It is unclear whether this is also true for 
community-associated MRSA isolates; if it is, 
their presence on such items as clothing, towels, 
and athletic equipment might contribute to out-
breaks. Pets (including dogs and cats), livestock, 
and birds have been identified as MRSA carriers; 
their role in MRSA transmission to humans re-
quires further evaluation.68 Local hygiene mea-
sures recommended by an expert panel from the 
Centers for Disease Control and Prevention (CDC) 
are shown in Table 4.

No vaccine is currently available for S. aureus. 
Many experts believe that it is unlikely that a 
single-antigen approach will prove to be effective.

Guidel ines

The CDC has issued guidelines for the prevention 
and management of community-associated MRSA 
infections.69 The recommendations in this article 
are largely concordant with this review.

conclusions a nd 
R ecommendations

With the increasing prevalence of community-
associated MRSA infection, the management of 
skin and soft-tissue infections requires knowl-
edge of local rates of MRSA infection. Many experts 
suggest an arbitrary threshold of more than 10% 
methicillin resistance among S. aureus isolates 

Table 4. Recommended Measures to Limit the Spread  
of Community-Associated MRSA Isolates.*

Cover draining wounds with clean bandages.

Wash hands, especially after contact with a contaminated 
wound.

Launder clothing after contact with a contaminated area 
on the skin.

Bathe regularly with use of soap.

Avoid sharing items (e.g., towels, bedding, clothing, ra-
zors, or athletic equipment) that may become contami-
nated by contact with wounds or skin flora.

Clean sports equipment with agents that are effective 
against staphylococci (e.g., a detergent or disinfec-
tant registered by the Environmental Protection 
Agency, such as quaternary ammonium compounds  
or a solution of dilute bleach).

*	Information is modified from Gorwitz et al.69
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causing skin and soft-tissue infections acquired 
in the community and recommend inclusion of 
antimicrobial therapy against community-asso-
ciated MRSA when managing a putative S. aureus 
infection.

In a patient such as the man described in the 
vignette, presenting with an abscess or a purulent 
and necrotic skin lesion, incision and drainage 
are the cornerstones of therapy; purulent material 
should be cultured. In many patients, particularly 
those with small lesions (<5 cm in length), inci-
sion and drainage alone will be adequate therapy. 
If the skin lesions are large or accompanied by 
systemic signs of infection or if there is evidence 
of an increased risk of complicated community-
associated MRSA disease, antimicrobial thera-
py that is active against community-associated 
MRSA is also recommended. Therapy ultimately 
should be guided by the results of susceptibility 
testing of cultures obtained before the initiation 
of therapy.

Although data directly comparing antimicro-
bial agents for the treatment of community-asso
ciated MRSA infection are lacking, clindamycin, 
trimethoprim–sulfamethoxazole, or a long-acting 
tetracycline such as doxycycline is a reasonable 
initial choice; linezolid is another possibility. 
Follow-up is essential, since relapse or recurrence 
may occur.

Supported by grants from the National Institute of Allergy 
and Infectious Diseases (RO1AI40481 and 5RO1AI067584), the 
Centers for Disease Control and Prevention (RO1CCR 523379, 
RO1CI000373, and U01-CI000384), and the Grant HealthCare 
Foundation.

Dr. Daum reports serving on paid advisory boards for Clorox, 
Sanofi Pasteur, GlaxoSmithKline, Pfizer, and the MRSA National 
Faculty Meeting (sponsored by Astellas and Theravance); re-
ceiving lecture fees from Nabi Biopharmaceuticals and Pfizer; 
and receiving grant support from Clorox, Pfizer, Sage Products, 
and Sanofi Pasteur. No other potential conflict of interest rele-
vant to this article was reported.

I thank Michael David, M.D., Daniel Glikman, M.D., Stephen 
Weber, M.D., Loren Miller, M.D., and Sharmeen Younus, Pharm.D., 
for helpful critical comments and Mark A. Hostetler, M.D., of 
the Department of Pediatrics, University of Chicago, for the pho-
tographs of patients.

References

Crawford SE, Boyle-Vavra S, Daum RS. 
Community associated methicillin-resis-
tant Staphylococcus aureus. In: Hooper D, 
Scheld M, eds. Emerging infections. Vol. 7. 
Washington, DC: ASM Press, 2007:153-79.

Chambers HF. The changing epidemi-
ology of Staphylococcus aureus? Emerg Infect 
Dis 2001;7:178-82.

Herold BC, Immergluck LC, Maranan 
MC, et al. Community-acquired methicil-
lin-resistant Staphylococcus aureus in chil-
dren with no predisposing risk. JAMA 
1998;279:593-8.

Daum RS, Ito T, Hiramatsu K, et al. 
A novel methicillin-resistance cassette in 
community-acquired methicillin-resistant 
Staphylococcus aureus isolates of diverse ge-
netic backgrounds. J Infect Dis 2002;186: 
1344-7.

Naimi TS, LeDell KH, Como-Sabetti 
K, et al. Comparison of community- and 
health care-associated methicillin-resis-
tant Staphylococcus aureus infection. JAMA 
2003;290:2976-84.

Vandenesch F, Naimi T, Enright MC, 
et al. Community-acquired methicillin-
resistant Staphylococcus aureus carrying Pan-
ton-Valentine leukocidin genes: worldwide 
emergence. Emerg Infect Dis 2003;9:978-
84.

Gillet Y, Issartel B, Vanhems P, et al. 
Association between Staphylococcus aureus 
strains carrying gene for Panton-Valentine 
leukocidin and highly lethal necrotising 
pneumonia in young immunocompetent 
patients. Lancet 2002;359:753-9.

Voyich JM, Otto M, Mathema B, et al. 
Is Panton-Valentine leukocidin the ma-
jor virulence determinant in community-
associated methicillin-resistant Staphylo­

1.

2.

3.

4.

5.

6.

7.

8.

coccus aureus disease? J Infect Dis 2006;194: 
1761-70.

Labandeira-Rey M, Couzon F, Boisset 
S, et al. Staphylococcus aureus Panton Valen-
tine leukocidin causes necrotizing pneu-
monia. Science 2007;315:1130-3.

Ito T, Ma XX, Takeuchi F, Okuma K, 
Yuzawa H, Hiramatsu K. Novel type V 
staphylococcal cassette chromosome mec 
driven by a novel cassette chromosome 
recombinase, ccrC. Antimicrob Agents Che-
mother 2004;48:2637-51.

Boyle-Vavra S, Ereshefsky B, Wang CC, 
Daum RS. Successful multiresistant com-
munity-associated methicillin-resistant 
Staphylococcus aureus lineage from Taipei, 
Taiwan, that carries either the novel staphy
lococcal chromosome cassette mec (SCCmec) 
type VT or SCCmec type IV. J Clin Microbiol 
2005;43:4719-30. [Erratum, J Clin Micro-
biol 2005;43:6223.]

McDougal LK, Steward CD, Killgore 
GE, Chaitram JM, McAllister SK, Tenover 
FC. Pulsed-field gel electrophoresis typing 
of oxacillin-resistant Staphylococcus aureus 
isolates from the United States: establish-
ing a national database. J Clin Microbiol 
2003;41:5113-20.

Maree CL, Daum RS, Boyle-Vavra S, 
Matayoshi K, Miller LG. Community-asso-
ciated methicillin-resistant Staphylococcus 
aureus isolates causing healthcare-associ-
ated infections. Emerg Infect Dis 2007;13: 
236-42.

Dietrich DW, Auld DB, Mermel LA. 
Community-acquired methicillin-resistant 
Staphylococcus aureus in southern New En
gland children. Pediatrics 2004;113(4):
e347-e352.

Adcock PM, Pastor P, Medley F, Patter-

9.

10.

11.

12.

13.

14.

15.

son JE, Murphy TV. Methicillin-resistant 
Staphylococcus aureus in two child care cen-
ters. J Infect Dis 1998;178:577-80.

Shahin R, Johnson IL, Jamieson F, 
McGreer A, Tolkin J, Ford-Jones EL. Methi-
cillin-resistant Staphylococcus aureus carriage 
in a child care center following a case of 
disease. Arch Pediatr Adolesc Med 1999; 
153:864-8.

Ellis MW, Hospenthal DR, Dooley DP, 
Gray PJ, Murray CK. Natural history of 
community-acquired methicillin-resistant 
Staphylococcus aureus colonization and infec-
tion in soldiers. Clin Infect Dis 2004;39: 
971-9.

Aiello AE, Lowy FD, Wright LN, Lar-
son EL. Meticillin-resistant Staphylococcus 
aureus among US prisoners and military 
personnel: review and recommendations 
for future studies. Lancet Infect Dis 2006; 
6:335-41.

Kazakova SV, Hageman JC, Matava M, 
et al. A clone of methicillin-resistant Staphy­
lococcus aureus among professional football 
players. N Engl J Med 2005;352:468-75.

Groom AV, Wolsey DH, Naimi TS, et al. 
Community-acquired methicillin-resistant 
Staphylococcus aureus in a rural American 
Indian community. JAMA 2001;286:1201-
5.

Castrodale LJ, Beller M, Gessner BD. 
Over-representation of Samoan/Pacific Is-
landers with methicillin-resistant Staphy­
lococcus aureus (MRSA) infections at a large 
family practice clinic in Anchorage, Alas-
ka, 1996-2000. Alaska Med 2004;46: 
88-91.

Lee NE, Taylor MM, Bancroft E, et al. 
Risk factors for community-associated 
methicillin-resistant Staphylococcus aureus 

16.

17.

18.

19.

20.

21.

22.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by HELIO A. BACHA MD on July 26, 2007 . 



clinical pr actice

n engl j med 357;4  www.nejm.org  july 26, 2007 389

skin infections among HIV-positive men 
who have sex with men. Clin Infect Dis 
2005;40:1529-34. [Erratum, Clin Infect Dis 
2005;41:135.]

Purcell K, Fergie J. Epidemic of com-
munity-acquired methicillin-resistant Staph­
ylococcus aureus infections: a 14-year study 
at Driscoll Children’s Hospital. Arch Pe-
diatr Adolesc Med 2005;159:980-5.

Moran GJ, Krishnadasan A, Gorwitz 
RJ, et al. Methicillin-resistant S. aureus in-
fections among patients in the emergency 
department. N Engl J Med 2006;355:666-
74.

Creech CB II, Kernodle DS, Alsentzer 
A, Wilson C, Edwards KM. Increasing rates 
of nasal carriage of methicillin-resistant 
Staphylococcus aureus in healthy children. 
Pediatr Infect Dis J 2005;24:617-21.

Hidron AI, Kourbatova EV, Halvosa JS, 
et al. Risk factors for colonization with 
methicillin-resistant Staphylococcus aureus 
(MRSA) in patients admitted to an urban 
hospital: emergence of community-associ-
ated MRSA nasal carriage. Clin Infect Dis 
2005;41:159-66.

Kaplan SL, Hulten KG, Gonzalez BE, 
et al. Three-year surveillance of commu-
nity-acquired Staphylococcus aureus infections 
in children. Clin Infect Dis 2005;40:1785-
91.

Mongkolrattanothai K, Boyle S, Ka-
hana MD, Daum RS. Severe Staphylococcus 
aureus infections caused by clonally related 
community-acquired methicillin-suscep-
tible and methicillin-resistant isolates. 
Clin Infect Dis 2003;37:1050-8.

Miller LG, Perdreau-Remington F, Rieg 
G, et al. Necrotizing fasciitis caused by 
community-associated methicillin-resis-
tant Staphylococcus aureus in Los Angeles. 
N Engl J Med 2005;352:1445-53.

Gonzalez BE, Teruya J, Mahoney DH Jr, 
et al. Venous thrombosis associated with 
staphylococcal osteomyelitis in children. 
Pediatrics 2006;117:1673-9.

Pannaraj PS, Hulten KG, Gonzalez BE, 
Mason EO Jr, Kaplan SL. Infective pyomyo-
sitis and myositis in children in the era of 
community-acquired, methicillin-resistant 
Staphylococcus aureus infection. Clin Infect 
Dis 2006;43:953-60.

Adem PV, Montgomery CP, Husain 
AN, et al. Staphylococcus aureus sepsis and 
the Waterhouse–Friderichsen syndrome in 
children. N Engl J Med 2005;353:1245-
51.

Kravitz GR, Dries DJ, Peterson ML, 
Schlievert PM. Purpura fulminans due to 
Staphylococcus aureus. Clin Infect Dis 2005; 
40:941-7.

Fridkin SK, Hageman JC, Morrison M, 
et al. Methicillin-resistant Staphylococcus 
aureus disease in three communities. N Engl 
J Med 2005;352:1436-44.

Szumowski JD, Cohen DE, Kanaya F, 
Mayer KH. Treatment and outcomes of 
infections by methicillin-resistant Staphy­
lococcus aureus at an ambulatory clinic. Anti-
microb Agents Chemother 2007;51:423-8.

Skiest DJ, Brown K, Cooper TW, Hoff-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

man-Roberts H, Mussa HR, Elliott AC. 
Prospective comparison of methicillin-
susceptible and methicillin-resistant com-
munity-associated Staphylococcus aureus in-
fections in hospitalized patients. J Infect 
2007;54:427-34.

Young DM, Harris HW, Charlebois ED, 
et al. An epidemic of methicillin-resistant 
Staphylococcus aureus soft tissue infections 
among medically underserved patients. 
Arch Surg 2004;139:947-53.

Miller LG, Perdreau-Remington F, 
Bayer AS, et al. Clinical and epidemiologic 
characteristics cannot distinguish commu
nity-associated methicillin-resistant Staph­
ylococcus aureus infection from methicillin-
susceptible S. aureus infection: a prospective 
investigation. Clin Infect Dis 2007;44:471-
82.

Swartz MN. Cellulitis. N Engl J Med 
2004;350:904-12.

von Eiff C, Becker K, Machka K, Stam-
mer H, Peters G. Nasal carriage as a source 
of Staphylococcus aureus bacteremia. N Engl 
J Med 2001;344:11-6.

Lee MC, Rios AM, Aten MF, et al. 
Management and outcome of children 
with skin and soft tissue abscesses caused 
by community-acquired methicillin-resis-
tant Staphylococcus aureus. Pediatr Infect 
Dis J 2004;23:123-7.

Jones RN, Li Q, Kohut B, Biedenbach 
DJ, Bell J, Turnidge JD. Contemporary anti-
microbial activity of triple antibiotic oint-
ment: a multiphased study of recent 
clinical isolates in the United States and 
Australia. Diagn Microbiol Infect Dis 2006; 
54:63-71.

Han LL, McDougal LK, Gorwitz RJ, 
et al. High frequencies of clindamycin and 
tetracycline resistance in methicillin-resis-
tant Staphylococcus aureus pulsed-field type 
USA300 isolates collected at a Boston am-
bulatory health center. J Clin Microbiol 
2007;45:1350-2.

Diep BA, Gill SR, Chang RF, et al. 
Complete genome sequence of USA300, 
an epidemic clone of community-acquired 
meticillin-resistant Staphylococcus aureus. 
Lancet 2006;367:731-9.

Gentry DR, Rittenhouse SF, McCloskey 
L, Holmes DJ. Stepwise exposure of Staphy­
lococcus aureus to pleuromutilins is associat
ed with stepwise acquisition of mutations 
in rplC and mimimally affects susceptibil-
ity to retapamulin. Antimicrob Agents 
Chemother 2007;51:2048-52.

Martinez-Aguilar G, Hammerman WA, 
Mason EO Jr, Kaplan SL. Clindamycin 
treatment of invasive infections caused by 
community-acquired methicillin-resistant 
and methicillin-susceptible Staphylococcus 
aureus in children. Pediatr Infect Dis J 2003; 
22:593-8.

Szumowski JD, Cohen DE, Kanaya F, 
Mayer KH. Treatment and outcomes of 
infections by methicillin-resistant Staphy­
lococcus aureus at an ambulatory clinic. Anti-
microb Agents Chemother 2007;51:423-8.

Kaplan SL, Hulten KG, Gonzalez BE, 
et al. Three-year surveillance of communi-

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

ty-acquired Staphylococcus aureus infections 
in children. Clin Infect Dis 2005;40: 
1785-91.

Frank AL, Marcinak JF, Mangat PD, et 
al. Clindamycin treatment of methicillin-
resistant Staphylococcus aureus infections 
in children. Pediatr Infect Dis J 2002;21: 
530-4.

Performance standards for antimicro-
bial susceptibility testing: seventeenth in-
formational supplement. M100-S17. Wayne, 
PA: Clinical and Laboratory Standards In-
stitute, 2007:52.

Iyer S, Jones DH. Community-acquired 
methicillin-resistant Staphylococcus aureus 
skin infection: a retrospective analysis of 
clinical presentation and treatment of a 
local outbreak. J Am Acad Dermatol 2004; 
50:854-8.

Ruhe JJ, Monson T, Bradsher RW, Me-
non A. Use of long-acting tetracyclines for 
methicillin-resistant Staphylococcus aureus 
infections: case series and review of the 
literature. Clin Infect Dis 2005;40:1429-34.

Peeters MJ, Sarria JC. Clinical char-
acteristics of linezolid-resistant Staphylo­
coccus aureus infections. Am J Med Sci 2005; 
330:102-4.

Strausbaugh LJ, Jacobson C, Sewell DL, 
Potter S, Ward TT. Antimicrobial therapy 
for methicillin-resistant Staphylococcus au­
reus colonization in residents and staff of a 
Veterans Affairs nursing home care unit. 
Infect Control Hosp Epidemiol 1992;13: 
151-9.

Fowler VG Jr, Boucher HW, Corey GR, 
et al. Daptomycin versus standard therapy 
for bacteremia and endocarditis caused by 
Staphylococcus aureus. N Engl J Med 2006; 
355:653-65.

Moore MR, Perdreau-Remington F, 
Chambers HF. Vancomycin treatment fail-
ure associated with heterogeneous vanco-
mycin-intermediate Staphylococcus aureus in 
a patient with endocarditis and in the 
rabbit model of endocarditis. Antimicrob 
Agents Chemother 2003;47:1262-6.

Centers for Disease Control and Pre-
vention. VISA/VRSA: vancomycin-inter-
mediate/resistant Staphylococcus aureus. (Ac-
cessed July 2, 2007, at http://www.cdc.
gov/ncidod/dhqp/ar_visavrsa.html.)

Wang G, Hindler JF, Ward KW, Bruck-
ner DA. Increased vancomycin MICs for 
Staphylococcus aureus clinical isolates from a 
university hospital during a 5-year period. J 
Clin Microbiol 2006;44:3883-6.

 Kapadia M, Coyle E, Prince R, et al. 
Declining in vitro activity of vancomycin 
against Staphylococcus aureus isolates from 
cancer patients. In: Programs and abstracts 
of the 45th Interscience Conference on 
Antimicrobial Agents and Chemotherapy, 
Washington, DC, December 16–19, 2005. 
Washington, DC: American Society for 
Microbiology, 2005. abstract.

Golan Y, Baiez-Giangreco C, O’Sullivan 
C, Snydman DR. Trends in vancomycin 
susceptibility among consecutive MRSA 
bacteremic isolates. In: Proceedings of the 
44th Annual Meeting of the Infectious Dis-

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by HELIO A. BACHA MD on July 26, 2007 . 



n engl j med 357;4  www.nejm.org  july 26, 2007390

clinical pr actice

eases Society of America, Toronto, October 
12–15, 2006. Arlington, VA: Infectious 
Diseases Society of America, 2006:LB11. 
abstract.

Markowitz N, Quinn EL, Saravolatz 
LD. Trimethoprim-sulfamethoxazole com-
pared with vancomycin for the treatment 
of Staphylococcus aureus infection. Ann In-
tern Med 1992;117:390-8.

Ben Mansour EH, Jacob E, Monchi M, 
et al. Occurrence of MRSA endocarditis 
during linezolid treatment. Eur J Clin Mi-
crobiol Infect Dis 2003;22:372-3.

Corne P, Marchandin H, Macia JC, 
Jonquet O. Treatment failure of methicil-
lin-resistant Staphylococcus aureus endocar-

61.

62.

63.

ditis with linezolid. Scand J Infect Dis 
2005;37:946-9.

Wunderink RG, Rello J, Cammarata 
SK, Croos-Dabrera RV, Kollef MH. Linezo
lid vs vancomycin: analysis of two double-
blind studies of patients with methicillin-
resistant Staphylococcus aureus nosocomial 
pneumonia. Chest 2003;124:1789-97.

Stein GE, Craig WA. Tigecycline: a criti-
cal analysis. Clin Infect Dis 2006;43:518-24.

Silverman JA, Mortin LI, Vanpraagh 
AD, Li T, Alder J. Inhibition of daptomy-
cin by pulmonary surfactant: in vitro mod-
eling and clinical impact. J Infect Dis 
2005;191:2149-52.

Diep BA, Gill SR, Chang RF, et al. 

64.

65.

66.

67.

Complete genome sequence of USA300, 
an epidemic clone of community-acquired 
meticillin-resistant Staphylococcus aureus. 
Lancet 2006;367:731-9.

Leonard FC, Meticillin-resistant BKM. 
Staphylococcus aureus in animals: a review. 
Vet J (in press).

Gorwitz RJ, Jernigan DB, Powers JH, 
Jernigan JA. Strategies for clinical manage-
ment of MRSA in the community: sum-
mary of an experts’ meeting convened by 
the Centers for Disease Control and Pre-
vention. March 2006. (Accessed July 2, 
2007, at http://www.cdc.gov/ncidod/dhqp/
pdf/ar/CAMRSA_ExpMtgStrategies.pdf.)
Copyright © 2007 Massachusetts Medical Society.

68.

69.

collections of articles on the journal’s web site

The Journal’s Web site (www.nejm.org) sorts published articles into  
more than 50 distinct clinical collections, which can be used as convenient  

entry points to clinical content. In each collection, articles are cited in reverse 
chronologic order, with the most recent first. 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by HELIO A. BACHA MD on July 26, 2007 . 


