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INTRODUCTION 

Staphylococcus aureus is responsible for the majority of skin and soft tissue infections in humans. 
Methicillin-resistant Staphylococcus aureus (MRSA) continues to dominate the landscape of antibiotic
resistant pathogens in US hospitals. 1

-
3 The continuing evolution of Staphylococcus aureus towards a multi

drug resistant phenotype thwarts the medical community around the world. The history and evolution of 
Staphylococcus au reus and the latest development of a new collection of virulent, toxin-producing strains 
of community-acquired MRSA (CA-MRSA) will be reviewed. 

The concept of antibiotic-resistant bacteria made its first entrance shortly after the introduction of 
penicillin. The first recorded recipient of penicillin was an Oxfordshire constable by the name of Albert 
Alexander. Approximately one year later in 1942, Rammelkamp described the emergence of penicillin
resistant Staphylococcus aureus (PRSA). 4 In a pattern soon to become familiar, PRSA infections became 
increasingly common in hospitalized patients; then subsequently "spilled over" into the community, where 
they gradually predominated.5 By 1960, semi-synthetic penicillins had been developed to overcome PRSP. 
Unfortunately, again within one year, methicillin-resistant Staphylococcus aureus (MRSA) was reported -
initially in hospital settings; and later; among community dwellers. 5

·
6 In the 1980's, the prevalence of 

hospital-acquired Staphylococcus au reus (HA-MRSA) had already reached approximately 10% to 20%; 
more recently, CDC data from 2003 demonstrates that 60% of Staphylococcus aureus infections 
encountered in the intensive care unit setting are HA-MRSA. 2

.3 It is important to note that the initial 
reports of MRSA in the community were among individuals with a strong history of contact with 
hospitalized individuals; therefore, the infections may be seen as "escape" of hospital-acquired MRSA into 
the community·3

•
7 

More recently; beginning in the late 1990's, a much more dramatic incursion of MRSA into the 
community of non-hospitalized persons has occurred. This second wave of community-acquired MRSA 
infections has occurred in individuals with little to no contact with the health care system; and in 
individuals lacking the traditional risk factors for antimicrobial-resistant bacteria. These highly pathogenic, 
toxin-producing strains of closely-related Staphylococcus aureus isolates have been termed CA-MRSA. In 
the latter case, the distinction between simple "escape" strains of Staphylococci emanating originally from 
hospital and truly community-derived strains should be appreciated, as the two outbreaks have distinctive 
origins, clinical courses, antibiotic-resistance patterns and treatment options. 1 

Trends demonstrating increasing gram-positive antimicrobial resistance may be seen in the figure below: 8 

(Paladino JA. Am J Health Syst Pharm 2000;57 (suppl2):Sl 0-S 12.) 
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MOLECULAR MECHANISMS OF RESISTANCE IN STAPHYLOCOCCUS AUREUS 

Staphylococcus aureus antibiotic resistance genes may be found on a genomic island known as the 
Staphylococcal cassette chromosome or SCC. In fact, 1% to 2% of the Staphylococcal genome of 2.9 
million base pairs is comprised of antibiotic resistance elements. 9

"
11 The various mecA genes which reside 

on the chromosomal cassette are grouped into SCC mec types I through V, reflecting the specificity of their 
antibiotic resistance genes. SCCmec elements are mobile and acquire their characteristic resistance profiles 
via the insertion and integration of plasmids and transposons; therefore, their size varies considerably -
from 20kb to 68kb. 1

"
12 SCCmec elements may also be distinguished by their cassette chromosomal 

recombinase or ccr gene complexes. 12
•
13 The most commonly encountered Staphylococcus aureus strains 

harbor the typical ccr alleles cerA and ccrB; while a novel allele - ccrC- has been described in some 
Australian CA-MRSA strains. 12 

SCCmec types II and III are larger complexes and possess genetic determinants and transposable 
elements which code for non-~-lactam antibiotics, 10

"
11

"
12

"
14 such as trimethoprim-sulfamethoxazole (TMP

SMZ), clindamycin and the tetracycline class. Specifically, they may bear the Tn554 element, which 
determines the resistance profile to streptogramin B, macrolides and clindamycin; and I or the pT 181 
element, which determines the resistance profile to the tetracycline class. 1

•
5 On the other hand, SCCmec 

types I, IV and V lack these transposable elements and are much smaller; possessing primarily the 
regulatory and structural genes pertaining to ~-lactam (methicillin) resistance, as well as their recombinase 
genes. 1.12.15 
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Figure 1. Dragram shnwmg tire staphylococcal cassette chrornosv'llt-' 
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ol mecA 
1Deresinski S. Methicillin-Resistant Staphylococcus aureus: An Evolutionary, Epidemiologic and 
Therapeutic Odyssey. Clin Infectious Diseases 2003;40:562-73; (p.563) 

METHICILLIN RESISTANCE IN STAPHYLOCOCCUS AUREUS 

In 1981, Hartman et a! described the alteration of penicillin binding proteins as a major resistance 
mechanism of MRSA. 16 Designated penicillin binding protein 2a (PBP2a), this protein demonstrated a 
decreased affinity for ~-lactam antibiotics, including penicillin. PBP2a is characterized by an increased 
dissociation constant for ~-lactams, as well as a decreased propensity for acylation by ~-lactams. 1

•
17 

Nevertheless, PBP2a possesses functional transpeptidase activity 17
; allowing for continuous bacterial 

replication. 

The production of PBP2a depends on the integrated function of the various elements of the mecA gene 
complex: mecA, mecl and mecR. The genetic sequence for PBP2a resides on the mecA gene, while mecl 
and mecR act as regulatory genes. 1

•
9
-

11 MecRJ encodes a cytoplasmic membrane receptor, which, when 
bound to a ~-lactam antibiotic, induces a se~uence of proteolysis events culminating in the disengagement 
of the mecl repressor from the mecA gene. 1 

• 
1 

• 
19 

Phylogenetic studies indicate that coagulase-negative Staphylococci (especially Staphylococcus sciuri) 
are the probable donors of the particular mecA gene which was subsequently detected in PBP2a-expressing 
strains of MRSA 1.

20 In fact, more than five phylogenetically distinct lineages of MRSA have been 
described, indicating multiple historical transfer events. 10

·
21

'
22 Overall, phylogenetic analysis supports 

MSSA acquisition of the mecA gene on 20 or more individual occasions; with conversion into MRSA. 
10.21.22 

THE ANCESTRY OF MRSA 

Staphylococcus aureus strains are designated by their methicillin resistance profile and their sequence 
type or ST. In Europe, one of the ancestral strains known as ST8-MSSA underwent a chromosomal point 
mutation, yielding ST250-MSSA. 22 This strain then acquired a mec gene (SCCmec type I); creating the 
ancestral MRSA genotype known as ST250-MRSA in Denmark. 22 

In a similar fashion, SCCmec type IV has been acquired on multiple occasions by strains of MSSA. '·23 

The most clinically relevant of these strains is ST8-MSSA, which acquired the mec type IV resistance 
profile to ~-lactam antibiotics - thus becoming the highly successful USA300 strain in multiple CA-MRSA 
outbreaks. 21

"
2324 
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ESTABLISHMENT AND DISSEMINATION OF MAJOR CA-MRSA CLONES 

A debate continues over the question of whether or not CA-MRSA possesses enhanced bacterial fitness 
over hospital-acquired MRSA (HA-MRSA). In fact, the two types of MRSA may be distinguished on 
multiple grounds. The majority of HA-MRSA epidemics appear to arise from a limited number of globally 
distributed pandemic clones - approximately six. 15 Hospital-acquired strains of MRSA contain distinct 
SCCmec types, plasmids encoding resistance to multiple other antibiotics, and even heavy metal resistance 
elements; 25 whereas community-acquired strains generally do not. More significantly, hospital-acquired 
MRSA strains lack the virulence factors (toxin genes) which are highly characteristic of community
acquired MRSA. 25 

The origin of MRSA expressing SCCmec type IV resistance genes dates back to 1981; yet recent reports 
have documented an unprecedented period of rapid dissemination of the new clones in the recent past. 1 1

'
13 

In fact, SCCmec type IV is now present in double the number of strains possessing other mec types. 11 One 
leading hypothesis argues that MRSA strains possessing SCCmec type IV carry less bulky genomic 
resistance determinants and thus replicate more efficiently, with enhanced bacterial fitness. 11

'
15

'
23 This 

explanation seems plausible, since MSSA (lacking most SCCmec types) has been reported to replicate 
more efficiently than the resistance-gene-laden hospital-acquired MRSA strains.13

·
26 Moreover, CA-MRSA, 

possessing only the genomically small SCCmec type IV element, has been shown to outpace HA-MRSA in 
replication assays·23

'
26 

The current weight of evidence points to overall superior fitness of CA-MRSA (especially USA300 and 
USA400) as compared to HA-MRSA; partially explaining its rapid dissemination and even replacement of 
competing MRSA strains.27

•
28 In addition, recent reports suggest that relatively few clones of CA-MRSA 

predominate in certain geographic regions. McDougal et al performed pulsed field gel electrophoresis 
(PFGE) on 45 CA-MRSA isolates to determine their origin. Their analysis revealed eight genotypes in all; 
and a single genotype accounted for 55% of the total CA-MRSA isolates. This single genotype was similar 
to the USA300 strain from various CA-MRSA databases.19 

Role of Antibiotic Selection in MRSA 

Investigators have speculated on the role of antibiotic pressure on the development of CA-MRSA. HA
MRSA for example, has been associated broad-spectrum generation cephalosporins, especially cefepime, 
presumably owing to its eradication of susceptible gram-positive, gram-negative and even anaerobic flora, 
which facilitates MRSA superinfection. In a teaching hospital study of antibiotic usage and MRSA rates, 
total quinolone consumption was also associated with HA-MRSA; likely due to the same process. 30 

In contrast, no specific antibiotic usage pattern has clearly predicted the epidemiologic data on CA
MRSA, although antibiotic pressure is likely playing a role overall. Since quinolones are not in widespread 
use in the pediatrics, it is unlikely that this class of antibiotics played a role in the spread of CA-MRSA. In 
fact, CA-MRSA strains are susceptible to fluoroquinolones in approximately 80% of cases, and they have 
often been used to treat such infections. 27 The only antibiotic class which has been implicated in CA
MRSA is the ~-lactam class, since ~-lactams are often used to treat increasingly resistant cases of otitis 
media in children. In the original cases of CA-MRSA, for example, amoxicillin use was described. 31 In 
concordance with this hypothesis, the CA-MRSA SCCmec type IV resistance cassette carries resistance 
genes for ~-lactams only. 23 
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Population Dynamics of CA-MRSA 

Dramatic increases in the prevalence of CA-MRSA have been seen in specific geographic areas around 
the world. A great deal of the data emanates from Minnesota, where CA-MRSA isolates were initially 
recognized as a distinct clinical entity. Naimi et al with the Minnesota Department of Public Health 
investigated II 00 MRSA infections in the year 2000 and reported that 12% were community-acquired; of 
these, 75% consisted of skin or soft tissue infections.27 The isolates belonged to two clonal groups, 
possessed the typical CA-MRSA antimicrobial susceptibility profiles and elaborated the necrosing toxin 
Panton-Valentine Leukocidin (PVL). 27 Age distribution graphs of CA-MRSA and HA-MRSA cases, 
respectively, are shown below: 
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Relatedness of CA-MRSA clonal groups from the Minnesota study may be seen below:27 
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Naimi TS, LeDell KH, Como-Sabetti K, et al. "Comparison of community and health care-associated 
methicillin-resistant Staphylococcus aureus infection." JAMA, 2003; 290:2976-84. 

Individual cities are experiencing explosive outbreaks as well. In San Francisco, for example, CA
MRSA quadrupled between 1998 and 2002. Four molecular genotypes of CA-MRSA, all associated with 
SCCmec type IV, rapidly displaced SCCmec type II strains, consistent with a fitness advantage. 32 

An example of geographic clustering of relatively few strains of CA-MRSA has also been reported in 
New Orleans. Investigators at the Louisiana State University Health Sciences Center at New Orleans 
performed multilocus restriction fragment typing (MLRFT) of 100 local MRSA isolates; noting that the 
prevalence ofMRSA from clinical isolates at the Medical Center of Louisiana in New Orleans had reached 
70%.33 The MLRFT data revealed one predominant MRSA type, with two others present in New Orleans. 

7 



Pulsed field gel electrophoresis analysis (PFGE) confirmed these results. In fact, the majority of the isolates 
originated within one focal area of New Orleans.33 

Comparisons of data from distinct geographic areas help shed light on the problem: Fridkin et al recently 
published a review of population-based and hospital laboratory-based rates of MRSA in Baltimore, Atlanta 
and Minnesota. This study documented 1,647 cases ofMRSA occurring in 2001-2002, and, of these cases, 
8% to 20% constituted CA-MRSA. 77% of CA-MRSA cases involved skin or soft tissue infections, and 
6% were described as invasive, with a 23% hospitalization rate. The investigators calculated a rate of 
clinically significant CA-MRSA disease at 18 to 25.7 per I 00,000, depending on the city. 34 

To date, it is unclear whether a few isolates or even a single CA-MRSA isolate will persist m a 
geographic region or develop into hybrid CA-MRSA I HA-MRSA strains. 

VIRULENCE DETERMINANTS IN CA-MRSA 

The remaining aspect of the enhanced bacterial fitness associated with CA-MRSA relates to the 
expression of multiple types of virulence factors I toxin proteins which are over-represented in the now 
widespread strains of CA-MRSA. Included in this list are Staphylococcal enterotoxins B and C, Toxic 
Shock Syndrome Toxin-! (TSST -1) and arguably the most significant, Panton-Valentine Leukocidin 
(PVL). 26 Several of these protein products are designated as "superantigens"; which refers to their 
propensity to over-activate subsets of CD4+ lymphocytes, induce massive proinflammatory cytokine 
production in macrophages and T cells, and initiate the sepsis cascade· 1.2

6
•
35 Superantigens function by co

ligating major histocompatibility complex (MHC) class II molecules on antigen-presenting cells with the 
variable portion of the ~-chain of the T cell receptor. 36

· 
37 

Panton-Valentine Leukocidin (PVL) 

In 1932, Drs. P.N. Panton and F.C.O. Valentine performed quantitative and qualitative investigations of 
the "hemolytic, leukocidal, necrosing and lethal" properties of various toxin products isolated from 22 
patients with severe Staphylococcus aureus infections.35 They categorized one collection of strains of 
Staphylococcus au reus based on the presence of a strong leukocidin and a weak hemolysin - described as 
Group I. The investigators noted that all of the patient-derived strains in Group I arose from severe lesions, 
including all four of the bacteremic strains and two of the three fatal infections. Panton and Valentine 
concluded that "The association of this class of toxin and virulent disease in man is remarkably constant". 
35 Of note, multiple other leukocidins have been described in addition to PVL; for example Pasturella 
haemolytica leukotoxin, Actinobacillus leukotoxin, Listeria monocytogenes listeriolysin, E. coli haemolysin 
and Fusobacterium necrophorum leukotoxin. 36 

PVL is a synergistic-membrane-tropic, or synergohymenotropic, two-component toxin. Two of the other 
members of the synergohymenotropic family are y-hemolysin and LukE-LukD leukocidin. 3839 PVL is the 
product of the lukSW-PVand lukF-PV genes. The contiguous genes reside on a temperate phage known as 
0 PVL; when co-transcribed, the 33kDa & 34kDA gene products form hetero-oligomers. 40

.4
3 The two 

protein elements are secreted individually and then recombine to create the active toxin.40
.4

1
.4

4 Once 
assembled, the protein induces gore formation in the cell membranes of monocytes, macrophages and 
polymorphonuclear neutrophils. 0.4l The result is cytolysis of the affected cells, resulting in leukopenia and 
even absolute neutropenia. 36

.4°.4
1 PVL adherence to neutrophils also triggers release of interleukin 8 (IL-8) 

and leukotriene 84, as well as additional cytokines and inflammatory mediators. 45 The pathogenesis of 
PVL associated CA-MRSA infections is dependent on neutrophil chemotaxis, cytokine induction and 
karyorrhexis; these features appear to promote abscess formation and tissue necrosis, which are cardinal 
features of CA-MRSA infections. 45 Exposure to PVL appears to induce humoral immunity, since 
commercially available intravenous immunoglobulin (IVIG) may inhibit the cytotoxic effect of PVL on 

h'l 46 neutrop 1 s. 

Historically, PVL has been detected in only 2 to 3% of MSSA strains; but it has now become common in 
CA-MRSA infections. 23

'
29

.4°.4
1
.4

7
.4

8 Lina et al investigated 178 clinical isolates of Staphylococcus aureus 
submitted to a reference in lab in France through 1998. 49 PVL was detected in 93% of strains from 
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individuals with Staphylococcal furunculosis and in 85% of cases of Staphylococcal community-acquired 
pneumonia. In this review, 61% of the pneumonia cases were fatal; autopsies revealed necrotic, 
hemorrhagic pneumonia.49 

The current concept of enhanced virulence of CA-MRSA involves insertion of the mobile Staphylococcal 
cassette chromosome SCCmec type IV into a PVL + strain of MSSA- converting the strain to CA-MRSA. 
The presence of drug resistance genes in addition to virulence factors (especially PVL) is purported to give 
CA-MRSA a selective advantage over traditional Staphylococcus aureus strains. As noted above, CA
MRSA strains with SCCmec type IV plus PVL are believed to have increased replicative capacity; thus 
enhancing bacterial fitness. 23 

Additional Virulence Factors in Staphylococcus aureus (and the Associated Genes)40
.4

1 

Toxic Shock Syndrome Toxin (tst) 
Leukocidin (LukD-LukE) 
Enterotoxins A through 0 (sea, seb, sec, sed, see, seg, seh, sei, sej, sen, sem, sea) 
Exfoliative Toxin A & 8 (eta,etb) 

It appears that overall toxin production in Staphylococcus aureus may be on the increase. In 
Minneapolis, Kravitz et a! described five patients with severe Staphylococcus aw-eus infections associated 
with fever, pursuit skin lesions, disseminated intravascular coagulation (DIC) and toxic shock. 37 The 
clinical syndrome of purpura fulminans is traditionally associated with severe meningococcemia; yet blood 
and sputum cultures from these five patients all yielded toxin-producing strains of Staphylococcus aureus; 
in one case CA-MRSA. Three of the five patients were found to have Staphylococcus aureus strains 
elaborating PVL and Staphylococcal enterotoxin C (SEC); one patient had Staphylococcal enterotoxin 8 
(SE8) and a fifth patient had TSST -I. Three patients expired despite aggressive care and two patients 
underwent bilateral below-the-knee amputations; consistent with either hypotension with pressor-induced 
ischemia versus toxin-mediated vascular compromise. In this report, the 21 year old individual with fatal 
CA-MRSA infection presented with necrotizing pneumonia- which is now a well-recognized manifestation 
of PVL-positive Staphylococcal infection - as well as purpura over his entire body. The authors conclude 
that purpura fulminans and toxic shock syndrome are being recognized with greater frequency in 
association with toxin-producing strains of Staphylococcus aureus, including CA-MRSA. They speculate 
that drotrecogin (activated protein C) might act as an immunomodulatory agent in the treatment of such 
patients, and that intravenous immunoglobulin (IVIG) might be helpful in neutralizing Staphylococcal 
toxins. 37 Patients with Staphylococcal purpura fulminans and toxic shock syndrome are seen below: the 
lower extremities of a patient with PVL and SEC are seen in the photograph on the left; the photograph on 
the right shows the extremities of a patient with TSST -1. 37 

PVL+/SEC+ TSST-1 + 

From: Kravitz GR, Dries OJ, Peterson ML abd Schlievert. Purpura fulminans due to Staphylococcus 
aureus. Clinical Infectious Diseases 2005;40:p.944 and 945 
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CLINICAL SYNDROMES ASSOCIATED WITH CA-MRSA 

SKIN AND SOFT TISSUE INFECTIONS 

Risk of Nasal Colonization with CA-MRSA 

It has become apparent that colonization with CA-MRSA poses a risk for invasive disease, especially 
skin and soft tissue infections. In a prospective study of 812 US Army soldiers, Ellis et al found a 3% 
baseline rate of CA-MRSA colonization versus a 28% rate of colonization with MSSA.48 During the 
follow-up period, 38% of those with CA-MRSA colonization developed invasive CA-MRSA abscesses 
requiring debridement, antimicrobial therapy, or both; and five were hospitalized. All cultured strains of 
CA-MRSA were PVL-positive; while only 3% of MSSA-colonized patients developed clinically significant 
skin or soft-tissue infections. This rate constituted a I 0 fold increased risk for invasive disease in 
individuals colonized with CA-MRSA. This report lends credibility to the concept that CA-MRSA is 
associated with increased morbidity, and that colonization itself may not be as benign as previously 
suspected. 48 

Association of PVL-Producing CA-MRSA with Furunculosis 

Furuncles are defined as acute, often necrotic Staphylococcal infections of hair follicles. 50 The presence 
or absence of PVL in a skin infection appears to influence the clinical presentation of cutaneous CA
MRSA. In a study by Yamasaki, et al, investigators compared the clinical manifestations of PVL-positive 
strains of Staphylococcus au reus with those of PVL-negative strains. 50 They discovered that PVL positivity 
is significantly associated with the clinical syndrome of Staphylococcal furunculosis. Moreover, PVL
positive strains of Staphylococcus aureus led to a greater number of furuncles and a larger zone of 
erythema; thus the clinical appearance of such lesions may trigger suspicion for toxin-producing strains of 
Staphylococcus aureus. In the Yamasaki study, patients with PVL-positive strains tended to be children or 
younger adults without co-morbidities; raising the intriguing question of whether humoral immunity to 
PVL toxin is more often present in older individuals. Finally, the authors suggest that PVL contributes to 
transmissibility of the Staphylococcal strain and note that in animal studies, PVL induces cutaneous 
necrosis, leukocytoclasis and vascular necrosis - all of which may be features seen in PVL-positive CA
MRSA infections. 50

"
51 

The rate of PVL-positivity in furuncles appears to be even higher in other countries. As discussed above, 
the rate ofPVL gene detection in patients with Staphylococcal furunculosis in France was reported to be as 
high as 93%; while PVL was detected in 55% of cases of cellulitis and in 36%-50% of cases of 
subcutaneous abscesses. 49 

NECROTIZING FASCIITIS 

Investigators in Los Angeles identified fourteen cases of necrotizing fasciitis and I or necrotJzmg 
myositis associated with CA-MRSA occurring at their institution in 2003-2004.52 They identified risk 
factors for CA-MRSA necrotizing fascijtis, including injection drug use, previous MRSA, diabetes, 
hepatitis C, malignancy and HIV infection. Of note, 29% of patients had no perceived risk factors. 40% of 
patients had CA-MRSA bacteremia, and 86% grew CA-MRSA as the sole pathogen on cultures. All 
individuals with CA-MRSA necrotizing fasciitis were found to have multilocus sequence type (ST) 8, and 
all strains matched USA300, suggesting a clonal outbreak. All patient strains carried the SCCmec type V 
resistance gene; and all were positive for both PVL and leukocidin LukE-LukD. Although there were no 
fatalities reported in this outbreak, 7 I% of patients had prolonged ICU stays and 79% suffered 
complications requiring radical debridement; some with reconstructive surgery.52 

TOXIC SHOCK-LIKE SYNDROME 

In 2003, four cases of clinically diagnosed toxic shock-like syndrome, or septic shock, were diagnosed in 
children at the University of Chicago.53 Clinical presentations included severe hypotension, DIC and 
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pneumonia in all patients; with erythrode1ma, subsequent desquamation and myositis in some. Two of the 
four patients were found to have CA-MRSA; both carried SCCmec type IV resistance genes and PVL. All 
isolates (both MSSA and MRSA) were closely related to the reference virulent CA-MRSA strain MW2 
(isolated from one of the original N.D. fatal CA-MRSA cases in 1998), and all carried genes for 
Staphylococcal enterotoxins A (sea), H (seh) and a mutated variant of Staphylococcal enterotoxin 0 (seo '). 
Although the gene for toxic shock syndrome toxin-! (tst) was absent in these cases, Staphylococcal 
enterotoxin H can induce toxic shock syndrome, as can SEB (in the MSSA cases) and SEC (in the CA
MRSA cases). Therefore, all patients had at least two genes specifically associated with toxic shock 
syndrome.53 

NECROTIZING COMMUNITY -ACQUIRED PNEUMONIA 

In 1999, the MMWR detailed the investigations into the deaths of four previously health children in 
Minnesota and North Dakota. Of note, these children had no history of contact with nosocomially 
transmitted Staphylococcus aureus, and they were otherwise healthy individuals. 31 There was a history of 
previous P-lactam use (amoxicillin), however, for otitis media. The cases were characterized by severe CA
MRSA pneumonia, with hemorrhagic necrosis (including fatal pulmonary hemorrhage) and multi-organ 
failure. All MRSA isolates were P-lactam resistant but susceptible to trimethoprim-sulfamethoxazole 
(TMP-SMZ), tetracyclines, fluoroquinolones, macrolides, clindamycin and vancomycin. All four isolates 
produced Staphylococcal enterotoxins 8 or C, which are not generally seen in HA-MRSA isolates. In two 
cases, there was a history of an antecedent skin infection in either the patient or a family member, 
suggesting a role for prior cutaneous colonization with toxin-producing community-acquired strains of 
MRSA. The severity and fatal outcomes in these four patients alerted public health officials to both the 
increasing incidence of CAMRSA and the unusual morbidity and mortality associated with these 
infections. 31 

TABLE 1. Cases of community-acquired methicillin-resistant Staphylococcus aureus, 
by selected characteristics- Minnesota and North Dakota, 1997-1999 

Characteristic 

Age 

Syndrome 

Antimicrobial 
susceptibility* 

Toxin testt 

Case 1 

7 years 

septic arthritis, 
sepsis, 
pneumonia/ 
empyema 

t/s, tet, cip, gent, 
ery, clind, vane 

SEC positive 

Case 2 

16 months 

severe sepsis 

t/s, tet, cip, gent, 
ery, clind, vane 

SEC positive 

Case 3 

13 years 

necrotizing 
pneumonia, 
severe sepsis 

t/s, cep, cip, gent, 
ery, clind, vane 

SEB positive 

Case 4 

12 months 

necrotizing 
pneumonia, 
severe sepsis 

t/s, tet, cip, gent, 
ery, clind, vane 

SEB positive 

*t/s=trimethoprim-sulfamethoxazole, tet=tetracycline, cip=ciprofloxacin, gent=gentamicin, 
ery=erythromicin, clind=clindamycin, and vanc=vancomycin. 

t SEB=staphylococcal enterotoxin 8; SEC=staphylococcal enterotoxin C. 

Centers for Disease Control and Prevention. "Four pediatric deaths from community-acquired 
methicillin-resistant Staphylococcus aureus-Minnesota and North Dakota, 1997-1999." MMWR 
Morb Mortal Wkly Rep, 1999; 48:707-10. 

Around the same time period, Gillet eta! were collecting prospective and retrospective data on 16 cases 
of "highly lethal necrotizing pneumonia" associated with toxin-producing, PVL-positive strains of 
Staphylococcus aureus, including CA-MRSA. Their results were published in Lancet in 2002. 36 

Investigators compared 8 retrospective and 8 prospective cases of PVL-positive S. au reus pneumonia with 
36 cases of PVL-negative S. aureus pneumonia and found that PVL-positive patients were younger, with a 
median age 14.8 years versus 70.1 years for PVL-negative pneumonia patients. Moreover, the PVL-
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positive patients were more ill at presentation - with hypotension, hemoptysis and high fever. Patients with 
toxin-producing strains of S. aureus pneumonia also had marked leukopenia and often absolute 
neutropenia during their illness. Finally, PVL-positive patients demonstrated a higher mortality as 
compared to PVL-negative patients. In fact, survival 48 hours after admission was only 63% in PVL
positive patients versus 94% in PVL-negative patients; P= 0.007. The majority ofPVL-positive pneumonia 
patients had experienced an antecedent influenza-like illness, which in retrospect was a helpful clinical clue 
that these individuals might be at risk for a severe, necrotizing post-viral bacterial pneumonia. 36 This 
finding was highly statistically significant; P < 0.000 I. Autopsies of patients in this study revealed 
"extensive necrotic ulcerations of the tracheal and bronchial mucosa and massive hemorrhagic necrosis of 
interalveolar septa". 36 Tracheal and pulmonary parenchymal necrosis and hemorrhage in autopsied 
individuals with PVL-positive Staphylococcal pneumonia may be seen in the images below: 

Lunc 

CA-MRSA Necrotizing Pneumonia 

Gillet Y, et a!. Association between Staphylococcus aureus strains carrying the gene for PVL and highly 
lethal necrotizing pneumonia in young, immunocompetent patients. Lancet 2002; 359:753-59. 

UNITED STATES REPORTS OF NECROTIZING CA-MRSA PNEUMONIA 

Francis and Bartlett drew attention to a similar phenomenon of highly morbid, toxin-producing CA
MRSA pneumonia in four patients seen in Baltimore over a two month period during the winter of 2003-
2004. 44 All four patients were described as previously healthy, although two of the four were smokers, and 
two had the risk factor of recent viral infection - in these cases documented influenza A. As expected, these 
individuals failed empiric outpatient antibiotics (azithromycin and amoxicillin), since MRSA was not 
initially suspected. Three of the four patients were < 34 years of age; the oldest was only 55; distinguishing 
these individuals from the typical post-influenza bacterial pneumonias seen in older patients. All four 
patients presented in clinical shock with cavitary lung lesions, and three had hemoptysis. All four required 
mechanical ventilation, and one patient expired. The leukocyte nadirs of these patients were remarkable: 
380, 800, and 1020 cells/mm3

; one patient had a normal leukocyte count (instead of the leukocytosis 
expected with other types of community-acquired bacterial pneumonia). Patients received multiple agents 
expected to have activity against CA-MRSA, including vancomycin, linezolid, fluoroquinolones and 
rifampin.44 
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Table 1. Clinical characteristics of patients with severe community-onset methicillin-resistant Staphylococcus 
aureus pneumonia. 

Peak Duratron of Nadir WBC 

Age. temperature. Cavrtary hosprtalrzation. count. 
Patrent years oc Hemoptysrs Shock lesrons days cells/rnm' Influenza A trter'' 

I 31 39 7 + + + 41 7400 <110to180 

2 52 41 0 + + + 2" 1020 NO 

3 20 39 9 + + 108 380 132to1512 

4 33 40 2 + + + 102 800 1\JD 

NOTE. NO not determrned. +. present -. aosenr 

' Semrquantrtattve detectron of antrbodres to mfluenza A vrrus m acute-phase lfrrst ltterl and convalescent-phase rsecond trterJ serum 
samples. determmed by hemagglutmatron rnhrbrtron 

h Patrent dred on day 2 of hosptlaltzatton 

Francis JS, Bartlett JG, et al. Clin Infec Dis 2005; 40 (l):l00-107;(p.l02). 

The most remarkable feature of these case reports was the findings of digital ischemia leading to two 
patients undergoing lower extremity amputations. It is unclear whether digital ischemia resulted from 
hypotension with pressor therapy versus toxin-mediated vascular compromise. The clinical syndrome 
resembles meningococcal sepsis, however, and has been reported with other cases of toxin-producing 
Staphylococcus aureus infections. 37 

Analysis of the strains of MRSA revealed PVL-positive USA300 isolates; each expressing the SCCmec 
type IV resistance element; with typical associated antimicrobial susceptibility to TMP-SMZ and 
clindamycin. 44 The investigators concluded that the presentation of severe community-acquired pneumonia 
with shock, hemoptysis, leukopenia and antecedent influenza-like illness should be treated for possible CA
MRSA infection, even in the absence of traditional risk factors for MRSA. Bartlett et a! note the 
inadequacy of published community-acquired pneumonia guidelines to anticipate these cases, and 
recommend early administration of one or more of the following agents : vancomycin, linezolid, TMP
SMZ, or clindamycin; perhaps in combination with rifampin.44 
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Figure 2. PCR detection of overlap reg:on of Panton·Valent:ne leukocidin iPVL) genes in community-onset methicillin-resistant Staphyfococcusaureus 
isolates Lane 1. 100-bp molecular weight marker (middle bright band. 600-bp); fane 2. PVL·negative American Type Culture Collection (ATCC) strain 
43300; fane 3. PVL-posit:ve ATCC stra;n 49775; fane 4. isolate recovered from patient 2: fane 5. isolate recovered from patient 1. fane 6. isolate 
recovered from pat:ent 3. fane 1. 1solate recovered frorn patient 4; fane B. no genomic DNA (template negative control). PilL-positive control and 
patient isolates all show the pred1cted 433-bp amplicon from the overlap region of the PVL genes Internal control to confirm the quality of each DNA 
e~tract revealed that the PilL-negative control and all samples with genomic DNA show the predicted 341-bp amplicon from 16S rONA 

Francis JS, Bartlett JG, et al. Clin /nfec Dis 2005; 40 (1 ): 100-1 07;(p.l04). 

The unique association of PVL-positive CA-MRSA and necrotizing, hemorrhagic pneumonia has been 
investigated by de Bentzmann et al. Their group noted that Staphylococcus aureus possesses at least three 
functional categories of virulence factors. The first group includes factors which facilitate adherence to the 
extracellular matrix components in tissue. Collectively, these factors are known as "microbial surface 
components recognizing adhesive matrix molecules", or MSCRAMMS. Ligands of MSCRAMMS consist 
of fibrinogen, fibronectin, collagen, bone sialoprotein, laminin and elastin.54 The second group includes 
factors which promote bacterial dissemination and tissue damage, such as hemolysins and leukocidins. 
Lastly are capsular polysaccharides and toxins which function a superantigens - aiding in immune system 
evasion.54 Investigators compared the ability of PVL-positive strains of Staphylococcus aureus to PVL
negative strains for their ability to adhere to extracellular matrix proteins and damaged airway epithelium in 
tissue explants. 

PVL-positive strains demonstrated a marked affinity for damaged airway epithelium. In fact, 87% of 
PVL-positive strains expressed the MSCRAMM gene cna, which conferred potent binding activity to type I 
and IV collagens in denuded basement membrane. In their experiments, PVL itself did not directly damage 
airway epithelium, but strains bearing PVL possessed the cna gene which facilitated microbial binding and 
tissue destruction once the airway epithelial was disrupted. 54 

In other words, viral infections and other processes which lead to desquamation of bronchial ciliated 
cells pave the way for subsequent invasion by PVL-positive strains of Staphylococcus aureus. In fact, 
preceding viral respiratory infections may be a necessary first step in the sequence of pathogenic events 
leading to necrotizing Staphylococcal pneumonia.54 de Bentzmann et al hypothesize that the propensity of 
PVL-positive, cna-expressing strains of S. aureus to bind to type I and IV collagens and laminins in 
necrotizing pneumonia allows an increased burden of bacteria to adhere to previously damaged respiratory 
epithelium; these bacteria then trigger the accessory gene regulator agr (through the quorum-sensing 
mechanism), which itself stimulates toxin production. PVL then promotes additional tissue damage and 
lyses neutrophils, impeding an effective immune response. 54 
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PVL+ PVL-
Fig. 2. PVL-positive (A) and PVL-negative Staphylococcus aureus strains, tested ex vivo for their 
interaction with damaged human airway tissue. From: de Bentzmann S, et al. Staphylococcus aureus 
isolates associated with necrotizing pneumonia bind to basement membrane type I and IV collagens and 
laminin. J Infec Dis 2004; 190: 1506-15p.l5ll) 

In support of the hypothesis that viral infections facilitate subsequent invasion of respiratory epithelial 
cells by virulent Staphylococci, Podewils et al reported this month that Staphy lococcus aureus was the 
most frequently identified bacterial isolate in adults and children with post-influenza complications in the 
2003 season. Of these isolates, MRSA constituted 53% of pediatric isolates and 77% of adult isolates. 55 

POPULATIONS AT RISK FOR CA-MRSA 

Diverse populations have been found to be at increased risk for CA-MRSA infections. Some of the early 
reports and clinical syndromes associated with these reports are seen below. Skin and soft tissue infections, 
pneumonia and bone and joint infections account for the overwhelming majority of cases. 

Table - Clinical features of community-acquired MRSA infections 

Study Number of cases 
Location period in children (%)* Diagnosis Mortality Reference 

Chicago: children 's 1993- 1995 22 (100) 82% skin/soft tissue, NA Herold6 

hospital 13.5% pneumonia 

Hawaii: army hospital 1992- 1996 14 (43) 93% skin/soft tissue, 0% Gorak25 

7% pneumonia 

Minnesota: American 1997 42 (NA) 89% skin/soft tissue 0% Groom9 

Indian reservation 

Minnesota: multiple 1996- 1998 354 (>50) 84% skin/soft tissue, 0.6% Naimi10 

laboratory facilities 4% otitis, 3% bursitis, 
3% pneumonia, 
3% osteomyelitis 

Alaska: Eskimo village 1999 - 2000 109 (NA) 100% skin/soft tissue 0% Baggett27 

Texas: children's hospital 2000 63 (1 DO) 89% skin/soft tissue, NA Sattler23 

3% pneumonia, 
3% osteomyelitis 

Minnesota: multiple 2000 131 (43) 75% skin/soft tissue, NA Naimi24 

laboratory facilities 7% otitis, 
6% pneumonia 

France: multiple cities 1999- 2001 14 (57) 79% skin/soft tissue, 14% Dufour26 

14% pneumonia 

·Age < 1 B years. 

NA. not available. 
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Johnson LB and Saravolatz LD. Community-acquired MRSA: Current Epidemiology and management 
issues. Infections in Med 2005;22: 16-20. 

PEDIATRIC OUTBREAKS 

In Houston, Texas, a CA-MRSA rate as high as 74% has been reported in children with skin and soft 
tissue infections since 200 I. 56 Day care centers bave also been reported to be sources of pediatric CA
MRSA outbreaks.57 In fact, as far back as 1989, two child care centers in Dallas were investigated for 
MRSA outbreaks, and up to 24% of contacts were found to be colonjzed.58 Newborn nurserie are also at 
risk for CA-MRSA: recurrent outbreaks in 2003-2004 occurred and were resolved with aggressive infection 
control & hand washing; in fact, a policy of washing newborns with chlorhexidine baths prevented new 
cases. 59

'
60 Healy et al performed a retrospective case series on cases of Staphylococcus aureus bacteremia 

in a neonatal ICU. 4 7% of the bacteremic infants had MRSA and 75% of those patients had SCCmec type 
IV CA-MRSA. The majority of infants presented in septic shock, and all fatalities were in the CA-MRSA 
mec type IV group in this small study.61 

CA-MRSA: THE DALLAS EXPERIENCE 

R. Doug Hardy, MC Lee, D Cavuoti, GH McCracken and colleagues at UT Southwestern have 
investigated the prevalence and clinical outcomes among children with CA-MRSA infections in a 
prospective, observational study.62A rapid increase in CA-MRSA in Dallas was documented between 2001 
and 2002; with an overwhelming majority of children presenting with skin and soft tissue infections. In 
analyzing clinical outcomes from 2002-2003, investigators deterrllined that for cutaneous abscesses< 5 em, 
incision and drainage constituted effective therapy, even when patients received antibiotics to which the 
isolate was not susceptible. 62 

65% 

Dallas Staph aureus Isolates 
2001 -2002 

- MSSA 

- MRSA Total=604 Total=840 

35% 48% 
~, 

. ~01 

2001 2002 

Soun:e: Domilick Cavuoli MicmbioloJ:.'Y LDborulory. ( hildren·s Ml!dico.l Cenh!rofDallos 

NATIVE AMERICAN RESERVATION OUTBREAK (13) 

52% 

Groom et al collected data from 1987 on MRSA rates in a busy, outpatient clinic in a rural area. 63 In a 
Native American population, investigators noted that MRSA accounted for 55% of skin infections. Of 
these, 74% were CA-MRSA, and 89% of the CA-MRSA strains were clonally related; deriving from a 
single source. 63 More recently, a 70% MRSA rate was described in a Native American community, and all 
of the isolates were characterized as community-acquired. In this report, all but one isolate were closely 
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related by PFGE; and all but one strain produced superantigens; in this case Staphylococcal exotoxins B & 
c. 64 

MILITARY RECRUITS 

A large CA-MRSA outbreak occurred at a military training facility in the southeastern U.S. in 2002; with 
232 cases described over a five month period. 65 The majority of skin and soft tissue infections occmTed on 
exposed portions of the upper and lower extremities after combat training, life-saving exercises and team 
skill-building exercises. Ineffective antibiotics such as dicloxacillin were often prescribed first-line; but 
adjusted to effective agents after culture results became available. Recruits who had experienced CA
MRSA infections underwent attempted decolonization with the following regimen, all done for I 0 to 14 
days: nasal mupirocin bid, Hibiclens washes, oral rifampin and minocycline (or TMP-SMZ). In addition to 
treatment and decolonization, other measures were instituted to control the outbreak, including the use of 
hand sanitizers and antibacterial soaps, increased hand washing, daily showers and cessation of towel or 
razor sharing. The outbreak was quickly terminated after the institution of the above measures. 65 

OUTBREAKS IN ATHLETIC FACILITIES 

In 2003, CDC investigators described CA-MRSA outbreaks occurring in athletic facilities. An outbreak 
in a Colorado fencing team resulted in one patient being hospitalized for CA-MRSA pyomyositis and 
bacteremia. A common source for this outbreak my have been sensor wires worn under the protective gear 
of fencers to determine when they have been struck - these sensor wires were not cleaned between use. 
Showering, increased hand hygiene, covering abrasions, laundering clothes and equipment and cleaning 
sensor wires terminated this outbreak. 66 Similar outbreaks in high-school and college football and wrestling 
teams were simultaneously reported in Pennsylvania, Indiana and California. Risk factors included sharing 
of razors, bath towels and skin balms, as well as failure to properly cover skin abrasions, or "turfburns". 66 

BOX. Measures for preventing staphylococcal skin infections 
among sports participants 

• Cover all wounds. If a wound cannot be covered 
adequately, consider excl uding players with potentially 
infectious skin lesions from practice or competitions 
until the lesions are healed or can be covered adequately. 

• Encourage good hygiene, including showering and wash
ing with soap after all practices and competitions. 

• Ensure availability of adequate soap and hot water. 
• Discourage sharing of towels and personal items (e.g., 

clothing or equipment). 
• Establish routine cleaning schedules for shared equip

ment. 
• Train athletes and coaches in first aid for wounds and 

recognition of wounds that are potentially infected. 
• Encourage athletes to report skin lesions to coaches and 

encourage coaches to assess athletes regularly for skin 
lesions. 

From: Centers for Disease Control and Prevention. "Methicillin-resistant Staphylococcus aureus infections among competitive sports 
participants-Colorado, Indiana, Pennsylvania, & Los Angeles County, 2000-2003." MMWR Morb Mortlll Wkly Rep, 2003;52:793-5. 

A detailed outbreak investigation was performed on a Connecticut college football team outbreak. Results 
demonstrated that the relative risk (RR) for CA-MRSA infections increased depending on the player's 
position: a RR of 17.5 for cornerbacks and a RR of 11.7 for wide receivers- players who undergo frequent 
contact during drills and scrimmage.67 In addition, investigators found a RR of 7.2 for CA-MRSA infection 
if players had "turf bums" or open skin abrasions; and a RR of 6.1 for players who practiced body shaving. 
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Another high RR for CA-MRSA was described for sharing the whirlpool with other players (RR of 12.2), 
since Staphylococci can survive even in chlorinated tanks.67 All strains carried both PVL and the SCCmec 
type IV genes, and matched the USA300 type ofCA-MRSA. 

A recent outbreak of CA-MRSA in athletics was reported in the 2005 NEJM Kazakova et a! described 
eight serious MRSA infections requiring surgical intervention. 68 All CA-MRSA infections occurred at turf 
abrasion sites and in lineman or linebackers - again, players at high risk for person-to-person transmission 
of CA-MRSA. The PFGE profiles of all patients were similar, and the clonal isolate detected was identical 
to that seen in other competing professional teams as well, suggesting that a clonal outbreak may have 
occurred in multiple professional football teams. 68 

CORRECTIONAL FACILITIES: EPIDEMIC CA-MRSA INFECTIONS & "SPIDER BITES" 

Approximately 12,000 cases of CA-MRSA have been reported in Georgia, California and Texas. 69 In 
California correctional facilities , for example, the prevalence of MRSA increased from 29% to 74% during 
the five year period between 1997 and 2002; 91% of MRSA isolates were community-acquired, carrying 
SCCmec type TV.70 The most remarkable of these outbreaks occurred in the LA County jail during 2002 
and 2003. In 2002, 928 inmates were diagnosed with CA-MRSA infections. After a policy of routine 
culture of all skin lesions was instituted in 2003, an additional 776 cases were recognized, for total of I ,697 
CA-MRSA infections identified over an eighteen month period. Most inmates presented with so-called 
"spider bite" skin and soft tissue infections; but progression to bacteremia, endocarditis and osteomyelitis 
was also noted in some individuals. The PGFE profiles of the CA-MRSA isolates were identical. 
Interestingly, the jail was initially fumigated for insect infestation to no avail; it was subsequently 
recognized that lesions resembling spider bites were actually necrotic CA-MRSA infections. Interventions 
included MRSA surveillance, frequent showering, chlorhexidine body scrubs and hygiene education for 
inmates, along with increased laundering frequency and environmental cleaning. Empiric treatment for skin 
infections was changed to non-~-lactam therapy. Combination therapy was often instituted with TMP-SMZ 
or clindamycin plus rifampin.69

•
71 

CA-MRSA IN TEXAS CORRECTIONAL FACILITIES 
At least 10,942 cases ofCA-MRSA have been reported in Texas correctional facilities during the period 

from 1996 through 2002, along with three related deaths. During roughly the same period, the proportion of 
CA-MRSA in skin infection isolates increased from 24% in 1998 to 66% in 2002.69 Researchers at UTMB 
examined 299,179 Texas inmates from 1/99 through 12/01, and reported a CA-MRSA rate of 12 
cases/ 1000 person-years. In their analysis, females had twice the rate of male inmates. In addition, the rate 
of CA-MRSA infection was doubled for inmates with cirrhosis, inmates on dialysis, or those with HIV 
infection. Investigators also reported that older inmates appeared to be at less risk than younger ( <30 years 
old) inmates. 72 Guidelines for the prevention and treatment of MRSA infections were revised in 2003 to 
include skin infection screening at the time of incarceration. 69 

MEN WHO HAVE SEX WITH MEN (MSM) 
In November 2002, the Los Angeles County Department of Health Services (LACDHS) was notified of 

approximately 30 CA-MRSA infections among HIV + MSM.71 Investigators ~erformed a matched case
control study of 35 case patients with CA-MRSA infections versus 76 controls. 3 Results showed that most 
of the CA-MRSA infections occurred on the upper and lower extremities and buttocks. Interestingly, the 
use of TMP-SMZ was protective (i.e. prophylactic) against CA-MRSA infections, and only one of the case 
patients' isolates demonstrated intermediate resistance to TMP-SMZ. 73 The use of sildenafil, 
methamphetamine, nitrates or "poppers" was significantly higher in case patients than controls. Moreover, 
case patients were significantly more likely to have had multiple sex partners, and to have met these 
partners via the Internet, or in a bathhouse or sex club. 73 As in other outbreaks, the CA-MRSA isolates 
matched the USA300 strain, with PVL production and SCCmec type IV resistance profile. 

POST-OPERATIVE WOUNDS 
Investigators at the wound clinic at San Francisco General Hospital evaluated 452 outpatients with 306 

surgical procedures and found culture results for Ill patients; 87% grew S. aureus with a 60% rate of CA
MRSA. 74 
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Summary Comparison of Nosocomial versus Community-Acquired MRSA 

NOSOCOMIAL COMMUNITY-
MRSA ACQUIRED MRSA 

Initial Reports 1970's 1990's 

Type of Infection Multiple; IV lines Skin & soft tissue, 
pneumonia 

Transmission Route Person to Person Person to Person 

~- Lactam sec mec 1-111 SCC mec IV 
Resistance 
Non-~-Lactam Abx Multiply Resistant Often Active 

Virulence Factor N/A PVL+/- SEC, 
SEH,TSST 

Clones Multiple 2 Major 

Chambers HF. Emerging InfDis2001;7: 178-182; CDC.MMWR 1999;48:707-lO;Naimi TS, et al. JAMA 
2003; 290:2976-84. 

THERAPEUTIC OPTIONS FOR CA-MRSA 

CA-MRSA: PRIMARY ROLE OF SURGICAL MANAGEMENT 

Clinical experience to date has demonstrated that aggressive and timely incision and drainage procedures 
are the most critical elements in gaining control of a CA-MRSA infection.75 In fact, in the pediatric setting, 
incision and drainage procedures have been reported to constitute sufficient therapy for small (<Scm) 
abscesses; even when the patients were given an incorrect antibiotic to which the CA-MRSA isolate was 
resistant. 62 The importance of surgical over medical therapy for CA-MRSA infections has been 
demonstrated multiple times. In medically underserved patients, Young et al report that for severe skin and 
soft tissue infections requiring hospitalization, a~r,essive surgi.cal drainage resolved the infections 
regardless of the in vitro activity of the antibiotic. Similarly, Fridkin et al reported in April 2005 on 
patients undergoing incision and drainage for CA-MRSA infections.77 Surprisingly, the patients who 
underwent surgical drainage and received an "inappropriate" antibiotic actually did better than those who 
received a "correct" antibiotic 7 based on a reduced number of follow-up visits and the absence of 
additional antibiotic prescriptions. 77 

Despite these reports, adjunct antimicrobial therapy is often employed, especially in moderate to severe 
infections. With the advent of the epidemic of CA-MRSA, newer antimicrobial strategies have been 
developed utilizing alternative, non-~-lactam antibiotics. Some of the recently FDA-approved agents, such 
as linezolid and daptomycin, have been formally evaluated in FDA registration trials and found to be 
equivalent (and sometimes superior) to vancomycin therapy - currently the standard of care for MRSA 
infections. Unfortunately, for alternative therapies utilizing older agents such as TMP-SMZ, tetracyclines, 
rifampin, clindamycin and fluoroquinolones, there is little data available from randomized, controlled trials 
performed in the era of CA-MRSA; thus local clinical experience dominates therapeutic practice patterns 
around the U.S. 
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OUTPATIENT THERAPY FOR SKIN AND SOFT TISSUE INFECTIONS OF MILD TO 
MODERATE SEVERITY 

TRIMETHOPRIM-SULFAMETHOXAZOLE (TMP-SMZ, TMP-SMX) 

One of the most frequently utilized antibiotic combinations for CA-MRSA infections is the trimethoprim
sulfamethoxazole. Despite the popularity of TMP-SMZ, data are scare regarding its efficacy in toxin
producing strains of MRSA. In a rabbit model of Staphylococcus aureus endocarditis, TMP-SMZ was no 
better than placebo (no antibiotics) for MSSA. However, for MRSA, TMP-SMZ performed better than no 
antibiotics, but did not approach the efficacy of vancomycin. The authors concluded that cloxacillin and 
vancomycin were superior to TMP-SMX for strains of MSSA and MRSA respectively, and that the data 
"do not support the use of TMP-SMZ in treatment of endocarditis and other severe Staphylococcal 
infections with high bacterial counts".78 Similarly, Scheid et al studied TMP-SMZ versus nafcillin in a 
rabbit model of Staphylococcus aureus meningitis (MSSA). They reported that nafcillin was more rapidly 
cidal in vivo than TMP-SMZ; but they did not specifically study MRSA. 79 

The pivotal human study of TMP-SMZ versus vancomycin in MRSA was published in 1992 by 
Markowitz et a!. Investigators performed a randomized, double-blinded comparison of TMP-SMZ vs. 
vancomycin for Staphylococcus aureus infections in i~ection drug users (IDU). 47% of patients had 
MRSA, and cure rates were statistically superior when vancomycin was used instead of TMP-SMZ 
(P<0.02). 80 Despite these disappointing results, Adra and Lawrence concluded in their literature review that 
TMP-SMZ might constitute sufficient therapy for low bacterial burden infections with Staphylococcus 
aureus. 81 

An additional caveat to TMP-SMZ therapy for CA-MRSA may be emerging resistance trends noted in 
parts of Europe. In a report presented at the 141

h European Congress of Clinical Microbiology and 
Infectious Diseases, Fokas et a! reported an approximately 30% TMP-SMZ resistance rate in CA-MRSA 
strains surveyed. Therefore, although clinical experience to date with TMP-SMZ for mild to moderate skin 
and soft tissue infections has been good, ongoing surveillance for TMP-SMZ resistance is warranted. 80

·
82

·
83 

TETRACYCLINES 

CA-MRSA, appears to be most susceptible in vitro to minocycline; then to doxycycline, perhaps due to 
unique resistance characteristics of CA-MRSA. 84

·
85

'
86 Staphylococcus aureus may become resistant to 

tetracyclines via two distinct mechanisms: first, through the acquisition of active efflux pumps encoded by 
the plasmid-mediated genes tetK and tetL; secondly, by ribosomal mutations arising from the transposon or 
chromosomally-mediated tetM or tetO gene products. 87 Isolates bearing only the tetK gene are often 
resistant to tetracycline but susceptible to minocycline; however, most strains of MRSA bear the tetM or 
the tetKM genotype, and tend to be resistant to all members of this class, including minocycline. 87 A double 
disc diffusion test (D-test) may be performed to identify inducible resistance to minocycline. In this test, a 
30mcg disc of minocycline is placed on an agar plate between a 30 meg tetracycline disc and a 5 meg 
tetracycline disc. If the zone of inhibition around the minocycline disc is oval in appearance, the test is read 
as presumptive for the presence of the tetM pan-resistance gene and positive for inducible resistance to all 
members of the class. If the zone of inhibition is circular, these results are consistent with the tetK 
genotype, and inducible minocycline resistance should not be present. 87 Of note, MRSA strains harboring 
tetracycline resistance were uniformly resistant to doxycycline. 

Before the mid-1990's, pan-tetracycline class resistance was frequently encountered in England and 
Wales. However, since that time, microbiologists have noted the "epidemic spread" of tetracycline
susceptible strains. 88 This time period overlaps with the dissemination of CA-MRSA throughout Europe, 
and would be consistent with the hypothesis that, in general, CA-MRSA infections are often susceptible to 
minocycline and doxycycline. 

With regard to efficacy, minocycline 6 mg/kg tid was equivalent to vancomycin 50 mg/kg tid in a rabbit 
MRSA endocarditis model. 89 It was noted that minocycline penetration into valvular tissue was twice that 
of vancomycin, but overall response rate were similar. 89 In May 2005, Rube et al published a retrospective 
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chart review of 24 patients in Arkansas with tetracycline-susceptible MRSA infections: 79% had CA
MRSA isolated; 67% had skin and skin structure infections.84 Long-acting doxycycline or minocycline was 
given for a median of 19 days. The clinical success rate was 83%, with two patients stopping therapy due to 
nausea and vomiting; and two patients failing therapy for osteomyelitis or septic arthritis (in both cases the 
minocycline was given with rifampin to enhance bone penetration, but this combination therapy was 
unsuccessful).84 Another prospective review of minocyc\ine plus rifampin demonstrated a 76% overall cure 
rate, with some failures for osteomyelitis, endocarditis and other serious infections.90 

CLINDAMYCIN 

Clindamycin remains a popular choice for the treatment of CA-MRSA infections, especially in the 
pediatric setting.91

•
92 However, multiple investigators report that the incidence of inducible clindamycin 

resistance may be 20% or higher, potentially leading to therapeutic failures - especially when clindamycin 
is used as monotherapy.92

.
95 The phenomenon of inducible clindamycin resistance is not readily detectable 

utilizing standard broth microdilution testing. 96
•
97 Nor do the automated susceptibility testing devices, 

standard disk diffusion tests or Etest identify potentially resistant isolates.96
·
97 Unless the microbiology 

laboratory is utilizing the specialized double disk diffusion test (also known as the D-test), inducible 
clindamycin resistance may be missed, and the determination of clindamycin susceptibility made 
incorrectly. 

RESISTANCE TO MACROLIDES, LINCOSAMIDES (CLINDAMYCIN), AND GROUP B 
STREPTOGRAMINS ("MLSB" ANTIBIOTICS) 

Macrolide antibiotic resistance is mediated through two distinct mechanisms in Staphylococcus aureus. 
The msr(A) gene encodes an energy-dependent specialized macrolide efflux pump that prevents macrolide 
binding to ribosomal targets. This type of resistance is s~ecific for macrolides and group B streptogramins, 
but does not apply to lincosamides such as clindamycin. 6

•
97 

A more broadly applicable resistance mechanism is found in the erm(C) or erm(A) genes, which encode 
an enzyme responsible for methylation of the 23S rRNA binding site. This particular binding site is 
required for activity of macrolides, lincosamides and group B streptogramins; therefore, this mechanism is 
referred to as "MLSB" resistance. The MLSB phenotypes are divided into the constitutively produced 
variety (MLSBc) or the inducible type (MLSBi).9 

·
97 

For inducible clindamycin resistance, macrolide binding to an upstream translational attenuator sequence 
on the erm gene is required, which alters the secondary structure of mRNA, revealing a ribosomal binding 
site - with subsequent translation of the erm methylase. 96

'
97 If mutations such as deletions or duplications 

are present in the 5' upstream region of the erm gene, then erm methylase is expressed constitutively, and 
MLSB resistance can be easily identified by standard resistance testing.96

·
97 

The clinical problem represented by inducible clindamycin resistance arises when traditional 
susceptibility testing of a CA-MRSA isolate reveals resistance to erythromycin, clarithromycin, 
dirithromycin and azithromycin (14 and 15-member macrolides); yet susceptibility to lincosamides 
(clindamycin), josamycin, spiramycin and group B streptogramins. If the CA-MRSA possesses the MLSBi 
phenotype, then exposure to an inducer antibiotic such as erythromycin simply turns on expression of full 
MLSB resistance. There is also another potential risk - that during clindamycin therapy, spontaneous 
mutations could occur which convert MLSB inducible strains to MLSB constitutive strains, even in the 
absence of an inducer. Ifthis sequence of events occurred, clinical treatment failures could result.96

'
97 

Examples of clinical failures may be found as far back in the literature as 1969, when McGehee et al 
reported on cases of erythromycin-resistant Staphylococcus aureus infections which were initially 
susceptible to lincosamides, but rapidly became resistant during therapy, resulting in clinical failures. 98 

More recently, in 2000, Rao et a! reported on patients with MLSB inducible Staphylococcal infections 
which relapsed shortly after completion of therapy, indicating failure to eradicate the microbe.99 Of note, 
Rao also describes the conversion of the MLSB inducible phenotype into the MLSB constitutive phenotype 
at the time of relapse, demonstrating that this concern is not just a theoretical issue.99 
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In the pediatric setting, two reports of CA-MRSA inducible MLSB resistance and clinical failures I 
relapses may be found in 2002 and 2003 - well into the current CA-MRSA epidemic. Both reports 
document the spontaneous mutation of MLSBi MRSA into MLSBc Staphylococcus aureus during 
clindamycin therapy, with associated resistance and progression of a scalp cellulitis into osteomyelitis in 
one case. 93

'
100 

OVERCOMING MLSB INDUCIBLE RESISTANCE IN CA-MRSA: THE D-TEST 

Under standard susceptibility testing conditions, inducible MLSB resistance will not be detected; 
therefore, additional testing is indicated. In order to visualize the induction of MLSB resistance, the double 
disk diffusion or D-test may be performed. In this procedure, a 15 meg erythromycin susceptibility disk is 
placed adjacent to a 2 meg clindamycin susceptibility disk in an agar plate. The normally circular zone of 
inhibition around the clindamycin disk assumes a flattened border on the side adjacent to the erythromycin 
disk, creating a "D" shaped zone of inhibition.96 Organisms that show a typically circular zone of inhibition 
around the clindamycin disk are recorded as clindamycin-susceptible (a negative D-test); while organisms 
which induce a D-shaped zone of inhibition around the clindamycin disk are recorded as clindamycin
resistant and positive for inducible MLSB resistance.96 US data suggests that inducible clindamycin 
resistance may be detected in 26% of aureus isolates. 101 

~ ~·.~~~--·~~~ 

Figure I. Example of a pos1tive O-zone test result for detection of inducible clindamycin resistance_ The organism shown is Staphylococcus aureus 
ATCC BAA 977 that contains erm{Cj and demonstrates the 1nduced macrolide. lincosamide. and group B streptogramlll resistance IMLSBil phenotype 

ANTIMICROBIAL RESISTANCE • CID 2005:40 (IS lanuary) • 2H.l 

On certain occasions, clindamycin has been added to other anti-Staphylococcal agents specifically for the 
purpose of toxin inhibition, since lincosamides are protein synthesis inhibitors and the current CA-MRSA 
isolates are characterized by virulence mechanisms involving toxin production.96

'
102 Unfortunately, once 

constitutive MLSB resistance has occurred, both inhibition of toxin production is unlikely, and it is 
doubtful the clindamycin would enhance the clinical efficacy of such a combination of antibiotics. 102 

Current reviews support the use of clindamycin for CA-MRSA. However, if inducible MLB resistance is 
encountered, the drug is not appropriate for severe infections, large abscesses, endocarditis or osteomyelitis 
-infections associated with a large bacterial burden.93

'
96

•
99

•
10° For milder infections such as uncomplicated 

cellulites, the clinical impact of inducible MLSB resistance is unclear at this time, and patients should be 
valuated frequently for clinical failures or relapse. Finally, if the D-test is reported as negative, and 
organisms are fully susceptible to clindamycin with no evidence of inducible or constitutive MLSB 
resistance, clindamycin should be an appropriate option, especially if the bacterial burden is not too great. 
93,96.99, tOO 
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RIFAMPIN 

Rifamycins have been used successfully as primary or especially adjunct anti-Staphylococcal agents . 
However, rifampin monotherapy may promote the development of resistance, since the frequency of 
selection of rifampin-resistant mutants in MSSA or MRSA occurs at a rate of I o-6 to I o-8 

.
103 Therefore, 

rifampin may be used for susceptible strains of CA-MRSA either in combination with other active agents, 
or as monotherapy for milder infections. 1

·
103 

FLUOROQUINOLONES 

Although not normally the drugs of choice for CA-MRSA infections, fluoroquinolones have been used 
successfully as well, especially in patients who are intolerant to other anti-Staphylococcal agents . It is 
important to note that while fluoroquinolones have been associated with selection for HA-MRSA in the 
nosocomial setting, 104

'
105 their use has no reported association with CA-MRSA; and, in fact, CA-MRSA 

infections are generally fluoroquinolone-susceptible. 1
•
27

•
34 

Fluoroquinolones have been evaluated for treatment of MRSA in specific circumstances; for example, in 
combination with rifampin for osteomyelitis and endocarditis. 106

-
110 In selecting fluoroquinolones to treat 

MRSA, the most effective are so-called "respiratory" fluoroquinolones, which have enhanced potency 
against gram-positive Streptococcal pathogens. Examples include levofloxacin 750 mg q day (skin and soft 
tissue infection dose), gatifloxacin 400 mg q day and moxifloxacin 400 mg q day. Ciprofloxacin has the 
highest MIC to Streptococcal I gram-positive pathogens and would not be recommended. 111 

Susceptibility rates of CA-MRSA isolates to top-tier (FDA-approved) and second tier (not evaluated or not 
FDA-approved for MRSA) antimicrobial agents are shown below for one major metropolitan area: 27 

Table 5. An timicrobial Susceptibility Profiles of Community-Associated and Health 
Care-Associated Methicillin-Resistant Staphylococcus aureus Isolates 

No. (%)Susceptible' 

Community-Associated Health Care-Associated 
Type of Antibiotic (n = 1 06) (n = 211) 

Oxacillin (methicillin) 0 0 

C::iprofloxacin 84 (79) 33 (16) 

Clindamycin 88 (83) 44 (21) 

Erythromycin 47 (44) 18 (9) 

Gentamicin 100 (94) 168 (80) 

Rifampin 102 (96) 199 (94) 

Tetracycline 98 (92) 194 (92) 

T rimethoprim-sulfamethoxazole 101 (95) 189 (90) 

Vancomycin 106 (100) 211 (100) 

Abbreviat1on: NA. not applicable 

P Valuet 

NA 

< .001 

< .001 

<. .001 

.001 

.64 

.95 

. 13 

NA 

•Tested at the Minnesota Department of Public Health Labo1a!ory by broth m1crod11u!Jon us1ng Na!1onal Comm11tee for 
Clinical Laboratory Standards break points 

tReters to the stat1stical probability that the percentage susceptible among commun1ty-assoc,ated 1sol8tes d1ffered 
from the pefcentage susceptible among health care-associated isolates (<> = 05) 

Naimi TS, LeDell KH, Como-Sabetti K, et al. "Comparison of community and health care-associated 
methicillin-resistant Staphylococcus aureus infection." JAMA, 1003; 290:2976-84. 
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THERAPY FOR MODERATE TO SEVERE CA-MRSA INFECTIONS 

VANCOMYCIN 

Vancomycin, approved in 1956, has been the drug of choice for MRSA virtually since the description of 
methicillin resistance in 1961.5 However, vancomycin is not considered to be as effective an agent for 
Staphylococcus aureus as are the ~-lactams. For example, in MSSA infections, ~-Jactams are associated 
with a more rapid clinical response than vancomycin. 112

'
113 Similarly, ~-lactams have been shown to clear 

bacteremia more quickly than vancomycin. 112
'
113 Unexplained clinical failures on vancomycin have also 

been reported even when the organism were well within the susceptibility ranges. 114 One of the problems 
associated with determining the likelihood of Staphylococcus aureus susceptibility to antimicrobial agents 
has been the phenomenon of heteroresistance, which refers to pre-existing variants within a pool of 
Staphylococcus aureus organisms which are primed to demonstrate resistance upon selection pressure. 
Heteroresistance is not easily identified with standard laboratory methods and may cause clinical failures 
during vancomycin therapy. 115

'
116 

The gravest concern with vancomycin therapy in the recent past has been the development of MRSA 
strains with intermediate- and high-level vancomycin resistance; termed VISA and VRSA, respectively. 
Some investigators elect to refer to this phenomenon as glycopeptide resistance, and thus refer to 
vancomycin-resistant strains ofMRSA as GISA (glycopeptide intermediate-level resistant isolates). 117 

MRSA RESISTANT TO VANCOMYCIN: VISA AND VRSA 

The initial case reports of individuals with VISA infections were notable for the occurrence of these 
infections in MRSA-colonized patients who underwent long course of vancomycin; in the setting of 
undrained abscesses or MRSA-colonized indwelling devices - so-called "hardware" infections.118 Failure 
to adhere to good clinical practice, including removal of infected devices and drainage of collections, 
combined with repeated exposures to months of vancomycin, led to the development of MRSA strains with 
vancomycin MIC's of 8 to 16 mcg/mL (VISA).118 

Two US cases of VRSA occurred in Michigan and Pennsylvania; each in association with prolonged 
MRSA infection, non-healing wounds and prior VRE colonization. 117

'
11 8 Fortunately, in the reported cases 

of VISA and VRSA, no documented transmission to either health care workers or to family members of 
patients has been documented. 117

•
118 

MECHANISMS OF RESISTANCE IN VISA AND VRSA 

Interestingly, VISA and VRSA appear to represent two independent resistance phenomena. In the case of 
VISA, bacterial isolates have double the cell wall thickness of vancomycin-susceptible MRSA. The 
organism has an increased rate of cell wall synthesis and turnover; laying down multiple additional 
peptidoglycan layers to which vancomycin binds; thus failing to reach the target cell membrane. 118 In fact, 
the first VISA isolate investigated (termed mu50), had 7.3 fold more murein monomer than susceptible 
isolates. 119 

In the cases of true VRSA, bacterial strains were shown to have acquired the vanA gene, almost certainly 
transferred from the individuals' own strain of VRE, since both patients had been colonized. 117

•
118 The 

presence of the vanA gene created definitive, high-level vancomycin resistance at 32 mcg/mL or 
more.117

•
118 Therefore, it is probable that distinct risk factors are associated with the acquisition or induction 

of VISA and VRSA, and that the variant of vancomycin-resistant MRSA more likely to be preventable by 
application of good clinical practice standards will be VISA. 
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It is important to note that both VISA and VRSA infections were treatable with currently available 
antimicrobial agents. All of the reported isolates were susceptible to TMP-SMZ, and most received this 
antibiotic. Linezolid was also successfully employed, alone or in combination with other antibiotics, to treat 
VISA and VRSA infections in US patients. Finally, all of the isolates tested demonstrated susceptibility to 
quinupristin-dalfopristin and daptomycin as well. 117

·
118 Investigators cautioned that rifampin monotherapy 

would not be appropriate in the therapy of VISA or VRSA infections due to resistance concems. 118 

LINEZOLID 

Linezolid, the first oxazolidinone antibiotic, was approved in 2000 for use against MRSA and 
vancomycin-resistant Enterococcus (VRE) infections in both children and adults. It is currently indicated 
for skin and soft tissue infections, pneumonia (whether community-acquired or hospital-acquired) and 
diabetic foot infections. Unlike vancomycin, linezolid is almost 100% bioavailable and may be given at the 
same dose orally or intravenously. 120 Linezolid is classified as a static agent against MRSA; yet in a rabbit 
model of bacterial endocarditis, the microbial eradication curves observed were similar to those seen with 
cidal antibiotics; suggesting in vivo activity which may not be apparent on in vitro testing. 12

1.
122

•
123 

In hospitalized patients with MRSA infections at multiple sites, linezolid has demonstrated equivalence 
with vancomycin. 120 However, a recent publication has demonstrated superiority to vancomycin in the 
treatment of post-surgical wound infections. Weigelt et a! performed an open-label, randomized 
multinational study in hospitalized patients with post-op MRSA infections. Patients received linezolid 600 
mg bid vs. vancomycin 1 gm IV q 12 hours for 7-21 days. Seven days after the completion of 
antimicrobial therapy, patients were assessed at the "test of cure" (TOC) visit. Patients with MRSA post
surgical wound infections were microbiologically cured more often on linezolid (87%) vs. vancomycin 
(48%); P=0.0022. 124 

LINEZOLID IN MRSA PNEUMONIA 

Linezolid has also demonstrated superiority to vancomycin in the therapy of MRSA pneumonia - both 
nosocomial (HAP) and ventilator-associated (V AP). Retrospective subset analysis has been performed on 
two prospective, randomized clinical trials comparing linezolid to vancomycin in hospital-acquired 
pneumonia. Wunderink et a! reported a 59% clinical cure rate with linezolid versus 39% with 
vancomycin. 125 In patients with ventilator-associated pneumonia due to MRSA, Kollef et al reported a 62% 
clinical cure rate on linezolid, compared to 21% with vancomycin. 126 

Speculation has arisen as to the mechanism of superiority of linezolid in these reports. Insight into the 
therapeutic challenge in patients with MRSA pneumonia may be gained by pharmacokinetic analysis of the 
two agents. 

INADEQUACY OF STANDARD VANCOMYCIN DOSING IN MRSA PNEUMONIA 

Vancomycin penetration into the epithelial lining fluid (ELF) of the lung is relatively poor at 11-17% of 
serum concentrations; reportedly because vancomycin is highly polar and has a high molecular weight. 127 

In fact, at the standard dose of 1,000 mg IV q 12 hours, a vancomycin concentration of 4 mcg/rnL in the 
epithelial lining of the lung (ELF) cannot be achieved in individuals with normal renal function. 128 With 
only 11% to 1 7% reaching the target ELF, it has been calculated that at least 40% of patients treated with 
standard dosing of vancomycin do not achieve inhibitory concentrations in the ELF, leading to clinical 
failures. 128 Recognition of the pharmacokinetic and pharmacodynamic limitations of vancomycin have led 
some institutions to revise their guidelines for vancomycin troughs; aiming for serum troughs of 15-20 
mg/dL, which should correlate with an ELF concentrations of 3 to 4 mg/dL. 129 

In contrast, linezolid penetration into the ELF is quite high at 450% of serum concentrations. 128
•
130 

Theoretically, this pharmacokinetic difference might be sufficient to explain the disparate results favoring 
linezolid over vancomycin; however, another mechanism may be operative. This second mechanism 
involves the inhibition of toxin production by linezolid. 
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EFFECTS OF OXAZOLIDINONES ON CA-MRSA TOXIN PRODUCTION 

In 2002, Gemme! et al noted that Staphylococcus aureus strains, especially CA-MRSA, elaborate 
enterotoxins, exotoxins, epidermolytic (ET) toxins, PVL and TSST-1 and 2. 131 These toxins function as 
superantigens; initiating cytokine cascades and the onset of sepsis syndrome. In their assays, Iinezolid 
demonstrated inhibition of virulence factor expression, with a decrease in toxin production by 
Staphylococcus aureus and Streptococcus pyogenes. In fact, sub-MIC concentrations of Iinezolid inhibited 
virulence factors inS. aureus and S. pyogenes isolates; sub-MIC concentrations also increased opsonization 
in both S. aureus and S. pyogenes. Investigators concluded that Iinezolid appears to inhibit bacterial 
virulence factor expression in vitro, contributing to its effect in the treatment of toxin-producing gram 
positive infections. 131 

This mechanism was discussed earlier in relation to the use of clindamycin for toxin inhibition in strains 
of CA-MRSA. 102 Therefore, at least two antimicrobial agents currently in use for the treatment of CA
MRSA possess the theoretical potential to improve clinical outcomes through toxin inhibition, although 
clinical data are lacking at this time. 

Linezolid may be associated with reversible bone marrow suppression, especially thrombocytopenia, if 
used or greater than fourteen days. However, investigators found that the thrombocytopenia could be 
treated and usually reversed by adding pyridoxine 50 mg po q day. 132 In vitro studies revealed that 
linezolid, like isoniazid, inhibits pyridoxal phosphatase. These investigators recommend vitamin B6 50 
mg/day for patients who have cytopenias at baseline, patients who are malnourished and patients who will 
be taking Iinezolid for longer than two weeks. 132 

Linezolid is a weak, reversible, non-selective monoamine oxidase inhibitor and may be associated with 
increases in systolic blood pressure when taken with phenylpropanolamine (PP A- now removed from the 
market) or > l 00 mg of dietary tyramine I day. 133 Linezolid carries a low risk for serotonin syndrome if 
used in conjunction with serotonin re-uptake inhibitors; however, this complication was not seen in FDA 
registration trials; 134 nor has it been observed in our clinic when Iinezolid was given to patients on 
citalopram, escitalopram, fluoxitine or sertraline. One recent reviewer recommended monitoring patients on 
SSRJ s and li:nezolid for mental status changes and /or autonomic instability. If these effects are noted, 
immediate disconti11uation of linezolid is recommended. 135 Alternatively, SSRI's may be held during 
linezolid therapy, although for this approach to be optimal, they would need to held up to 14 days prior to 
starting linezolid.135 

Although Iinezolid was the first available antibiotic of this class, additional oxazolidinones are under 
investigation, including ranbezolid and eperezolid. I37-IJ9 

DAPTOMYCIN 

Also the first in a novel class of cidal antibiotics, the lipopeptides, daptomycin achieved FDA approval 
in 2003 for skin and soft tissue infections, including those due to MRSA. 140

'
141 Daptomycin is inserted into 

gram-positive cell membranes, resulting in a loss of membrane potential. 14° FDA registration trials have 
shown daptomycin to be equivalent to vancomycin in the treatment of skin and skin structure (SSTI) 
infections. 141 ln a trial comparing 534 patients treated with daptomycin to 558 patients treated with 
vancomycin, oxaciUin or nafcillin for SSTI's, intent-to-treat analysis showed a 62% response rate for 
daptomycin and a 61% response rate for vancomycin, oxacillin or nafcillin. 142 In the clinically evaluable 
patients, a 76% response rate was seen for both agents. 142 Daptomycin should not be used for pneumonia, 
as there is a notable absence of daptomycin concentTations in pulmonary compartments (epithelial lining 
fluid levels are at 1% to 2% of serum levels). 141

'
142 Daptomycin is reportedly inactivated by pulmonary 

surfactant, and elevated mortality rates were noted in patients treated with daptomycin for MRSA 
pneumonia. 141

'
142 

Daptomycin has been proposed as a potential agent for the therapy of MRSA endocarditis. Using an 
animal model, Sakoulas and Eliopoulos et al found that daptomycin given with or without rifampin 
compared favorably with vancomycin with or without rifampin. 143 

Daptomycin was investigated in the early 1990's at twice the current FDA-approved dose (4 mg/kg q 12 
hours instead of 4 mg/kg q 24 hours). Unacceptable toxicity in the form of "adverse skeletal muscle 
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effects" was noted, and drug development was discontinued for several years . At the current dose, however, 
daptomycin appears to be safe, although the package insert recommends following creatine phosphokinase 
levels periodically in patients on daptomycin. 142 

Newer compounds in the lipopeptide class are under development, including N-acylated ornithine 
analogues of daptomycin. 144 

QUINUPRISTIN-DALFOPRISTIN 

Streptogramins such as quinupristin-dalfopristin have been developed to treat resistant gram-posttlve 
bacteria. Approved in 1999, quinupristin-dalfopristin is indicated for skin and skin structure infections, and 
was the first potent antibiotic indicated for VREfaecium (it is ineffective against VREfaecalis, however) . 
It is only FDA-approved for MSSA skin infections, although it has been utilized for MRSA in cases of 
intolerance to other drugs. Unfortunately, quinupristin-dalfopristin must be given through a central line, as 
it is associated with local venous irritation in I 0 to 70% of patients. 145 In addition, patients may experience 
arthralgias or arthralgias and myalgias in up to 20% of cases. Individuals undergoing therapy with 
quinupristin-dalfopristin require periodic monitoring of their liver function tests, as it carries a 2% risk of 
drug-induced hepatotoxicity. 145 

Agent FDA Indication Dose Adverse Events 
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TREATMENT ALGORITHMS IN PEDIATRIC CA-MRSA 

One example of an algorithm for evaluation and therapy of pediatric CA-MRSA infections is presented 
below; note that it is not intended to apply to adults, in whom incision and drainage alone may not be 
adequate. 146 

IJIIi lai ou!pat;ent management of suspected CA·MRSA skin and soft hssue infections Is S1:hematically Jllustrated a 
assumss CA-MRSA strams are prevalent in a communitJ. 

• MII...D 
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Previously healthy 

• • I & D afone :_] 
be a:dequato 

_! ·-
• t&D 

• Oral antibiotic Rx 
-+ TMP/SXT' 
-+ Cl1ndamycin+ .... 

~ -+ Doxycycline 
(ir ""a years) 

• Close fDIIow-up 

PRESENTAT10N 
roSitculitis/pustular lesions. 

Furunc!-e/l~::trbunc!e, absce!;S. 
"insec!lsoicier bile." celflilitis 

• FIRST STEP 

• trn;:ision & draln~ge (as 
indicatEJd) 

• Obtain specimen for culture 
and susceptibility testing 

• Nt;.XTSTEP 
Classify s.everity 

• .. • MODERATE SEVERE CRITICALLY 
Feorile. ill but Toxic-appearance ILL 

previously healthy OR 
lmmunocompromise 

OR 
limb-1hreateniog 

infection 

~ , 
• Hospitalize • Hospitalize 

• Empiric • Emplrlc 

:> vancomycin (if vancomycin 
a.. ciindamycln PLUS Mfcmin ± .. - resistance high) gentamicin 

OR Clindamycin 
unlit cull ute 
re10u1ts known 

:> If oxt.IR!II•e •rea or lrwotvement clinicltll}l 
con~ming sr•tomic !J'imJ>I().m•. or c:ompliance 
and foUow...,p c.are Uflcertain 
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Baker CJ and Frenck RW. Change in management of skin I soft tissue infections needed. American 
Academy of Pediatrics News 2004;25(3 ):p.l 05-11 . 
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INVESTIGATIONAL AGENTS FOR CA-MRSA 

Semi-Synthetic Glycopeptide Derivatives: Oritavancin: Oritavancin is a glycopeptide derivative of 
vancomycin which has bactericidal activity against resistant gram positive organisms such as MRSA and 
VRE. It has non-renal elimination and a remarkably long half -life of approximately 150 hours. 147

-
150 This 

feature allows for sustained concentrations of the antibiotic after only a few doses. In clinical trials, 
oritavancin has been found to be comparable to vancomycin in the treatment and complicated skin and skin 
structure infections.147

-
1500ritavancin is 86-90% protein-bound and available IV only. 

Semi-Synthetic Glycopeptide Derivatives: Dalbavancin: Like oritavancin, dalbavancin has an extremely 
long half-life, in this case from nine to twelve days. It has been given q seven days x two doses total for 
SSTI, with a reported response rate of 94%, versus a 76% response rate in patients given comparator 
antibiotics. 151 A 2005 study comparing two doses of dalbavancin given one week apart to standard 
vancomycin therapy in catheter-related infections demonstrated a higher success rate with dalbavancin. 152 

Semi-Synthetic Glycopeptide Derivatives: Telavancin: Telavancin is a semi-synthetic glycopeptide with 
a half-life of 7 to 11 hours, depending on the patient's age. It has been shown to be effective in MRSA 
infections in humans as well as in an animal model of neutropenia. 153

-
156 

Glycylglycines: Tigecycline: Tigecycline is a derivative of tetracycline which has been designed to 
overcome efflux pump mutations; thus demonstrating restored activity against Staphylococcus aureus 
(including some MRSA), Enterococcus species (including VRE), atypical organisms, anaerobes and E.coli. 
147

•
157

•
158 At a 50 mg daily dose, tigecycline was associated with a clinical response rate of 74% in patients 

with complicated skin and skin structure infections. 159 Tigecycline is available IV only, and may be 
associated with some gastrointestinal adverse effects, as well as dizziness and vertigo. 

Cephalosporins: Newly designed cephalosporins have been shown to have activity against MRSA. These 
agents possess a high affinity to PBP2a and are stable in the presence of ~-lactamases. 160 Some of these 
compounds, for example BMS-24743, are reported to be cidal against MRSA at double the rate of 
vancomycin. 161 

BAL 9141, a prodrug of BAL5788, is an example of a novel, fourth-generation pyrrolidinone 
cephalosporin which has a very high affinity for PBP2a; with MIC's to MRSA of 0.25 to 2.0 mcg/mL. In 
addition, the compound forms a very stable acyl-enzyme complex, which prevents the final steps in cell 
wall synthesis from taking place. It retains activity against multiple gram-negative pathogens, as well, 
making it a very broad-spectrum antibiotic. 162 

Carbapenems: Also with extremely high affinities for PBP2a are novel carbapenems: the C2-modified 
carbapenem ME1036 and the methyl-carbapenems SM-197426, SM-232721 and SM-232724. 163

•
164 These 

compounds are active in vitro against MRSA, with MIC 90's as low as 2.0 mcg/mL. 163 

Novel Fluoroquinolones: Multiple fluoroquinolones are in development which have been modified to 
select for resistant variants at lower frequencies than the currently available agents_ In vitro activity against 
MRSA has been demonstrated for the naphthyridone DW286, as well as for ABT492. 165

•
166

•
167 

Oligosaccharides: Complex sugar molecules have been designed which possess novel antimicrobial 
mechanisms. Two examples include evemimicin and avilamycin- which has already been used to promote 

h . h . . 168 169 170 growt m t e vetennary settmg. · · 

Rifamycins: Rifalazil- overcomes rifampin resistance in gram positive bacteria. 171 

Dihydrofolate Reductase (DHFR) Inhibitors: Epiroprim - overcomes TMP-SMZ resistance in some 
Staphylococcus aureus isolates; enhanced efficacy in combination with dapsone; 172 lclaprim - also 
possesses efficacy against MRSA. 136 
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Cationic Proteins: Lysostaphin is a naturally occurring cationic protein with activity against MRSA. In 
1998, Climo et al reported efficacy of lysostaphin in an animal model of aortic valve endocarditis. 173 

Bacteriophages: In another animal model, administration of specific bacteriophage was effective in mice 
challenged with a lethal dose of Staphylococcus aureus. 174

•
175 

Protein Synthesis (Toxin) Inhibitors: In addition to the actions of protein synthesis inhibitors such as 
clindamycin and linezolid discussed above, a number of investigational compounds have been proposed as 
specific therapy for the virulence factor expression associated with strains of CA-MRSA. 

In Staphylococcus aureus, the accessory gene regulator agr functions in quorum-sensing as a virulence 
mechanism. 176 The quorum-sensing function can be perturbed by specifically designed peptides such as 
RNAIII-inhibiting peptide and thiolactone peptide. 176

·
177

·
178 

Intravenous Immune Globulin (IVIG) and Hyperimmune Globulin as Toxin Inhibitors 

Multiple Staphylococcal superantigen toxins (including PVL) may be neutralized by administration of 
IVIG.46

•
179

•
180 Hyperimmune, human polyclonal IVIG has also been isolated from the plasma of individuals 

immunized with a Staphylococcus aureus conjugate polysaccharide vaccine. Staphylococcus aureus 
hyperimmune globulin is under evaluation in patients with bacteremia and persistent fever. 181 

IMMUNIZATION AGAINST STAPHYLOCOCCUS AUREUS 

Hemodialysis patients are at high risk for Staphylococcus aureus bacteremia, and thus have been enrolled 
into clinical trials evaluating the safety and efficacy of a bivalent conjugate Staphylococcus au reus capsular 
polysaccharide vaccine which is bound to non-toxic, recombinant Pseudomonas exoprotein A In the New 
England Journal of Medicine, Shinefield et al reported in 2002 on a double-blind trial comparing the 
vaccine to saline injections in dialysis patients. The investigators noted that 75% to 80% of patients 
developed protective levels of antibodies to capsular polysaccharides types 8 and 5, respectively. A 57% 
reduction in the incidence of Staphylococcus aureus bacteremia was noted in immunized patients (P=0.02). 
Immunity waned, unfortunately, after 40 weeks as antibody levels declined; but the study serves as a 
successful proof-of-concept demonstration of vaccination strategies. 181 

DECOLONIZA TION OF CA-MRSA 

Various protocols are in use to attempt eradication of CA-MRSA for colonized individuals. Two 
elements of decolonization protocols appear to be paramount: topical anti-Staphylococcal antibiotics 
applied to the nasal mucosa (usually mupirocin); and chlorhexidine body scrubs to decolonize the skin. In 
addition, various oral antibiotics may be included during the period of nasal and cutaneous decolonization 
therapy. Although CA-MRSA is harbored in the axillae, navel and groin, research thus far suggests that 
eradication of nasal carriage is the key to successful decolonization. 183 

One local protocol utilizes the following: topical mupirocin to the nares bid; chlorhexidine body scrubs q 
day plus TMP-SMZ one double strength tablet bid and rifampin 600 mg q day; all done for five days total. 
A more aggressive approach was recently reported, which included attempts at gut decolonization with 
Peridex mouthwashes and oral vancomycin - in addition to the nasal mupirocin and the chlorhexidine 
scrubs, with a reported efficacy rate of 75%. 184 Most investigators, however, do not feel that 
gastrointestinal de-colonization attempts are necessary. 

Another example of topical plus systemic therapy was recently reported for the eradication of nosocomial 
MRSA colonization. Phillips et al performed a prospective, randomized trial of the following seven day 
regimen: mupirocin ointment 2% to the nares bid + rifampin 300 mg bid + doxycycline I 00 mg bid + 4% 
chlorhexidine baths. Investigators then obtained follow-up cultures from the anterior nares, perineum, skin 
ulcerations and catheter exit sites for up to eight months. Results demonstrated that 0% of the control 
patients were MRSA-free; while 67% of the treated patients had cleared their HA-MRSA by the three
month time point. 185 
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Despite these and other studies, no firm conclusions on the ideal protocol can be made at this time. In 
fact, a Cochrane Database review from 2003 analyzed six randomized, controlled trials involving 384 
participants to determine the efficacy of eradication protocols; investigators could not document any 
regimens that demonstrated superior efficacy compared to placebo. In addition, authors noted that adverse 
events to antimicrobial agents occurred approximately 20% of the time, and that all of the trials reported 
resistance to one or more of the agents tested by the end of the study period. 186 Clearly, further research 
into a more effective, less resistance-inducing decolonization method is urgently needed. 

Studies suggest that mupirocin efficacy may be as high as 90% - at least initially; however, CA-MRSA 
recurs in 50% of cleared patients within in 6 to 12 months after successful decolonization. 183 More 
concerning are recent reports of mupirocin resistance occurring in up to II% of pts after one round of 
therapy. 183 In fact, mupirocin resistance may be detected at frequencies of 10·7 to 10·8 in vitro. 103

·
187 

OVER-THE-COUNTER PRODUCTS TO REDUCE CUTANEOUS MRSA COLONIZATION 

Individuals and families have also resorted to "antibacterial" hand washes and soaps in an attempt to 
delay or avoid colonization with CA-MRSA and other household bacteria. Unfortunately, shortly after the 
introduction of triclosan (the active agent in antibacterial soaps), triclosan-resistant bacteria were 
described. 188

'
189 

Despite the emergence of antimicrobial resistance to compounds such as triclosan, the advent of alcohol
based hand sanitizers may offer a less resistance-prone alternative. In 2004, Sandora et al reported that 
regular use of an alcohol-based hand sanitizer in the home decreased secondary transmission of certain 
types of infections to family members by 59%. The investigators noted that while alcohol-based hand 
sanitizers decrease superficial bacterial skin colonization, the products do not induce resistance, since they 
are not antibiotics in the traditional sense. 190 

THE FUTURE OF CA-MRSA 

The Potential Impact of Conjugate Pneumococcal Vaccine on CA-MRSA Carriage 

One of the most alarming aspects of the epidemic of CA-MRSA is its increasing prevalence in young 
children. Several studies now suggest that public health interventions targeted at other diseases may 
potentially accelerate the rate of acquisition of CA-MRSA. In 2002, Regev-Yochay et al analyzed 790 
children under 40 months of age to determine rates of Streptococcus pneumoniae and Staphylococcus 
aureus carriage. 191 The children in this study did not receive Pneumococcal vaccine. In univariate analysis, 
the investigators reported that the likelihood of being a Staphylococcus au reus carrier was inversely related 
to the likelihood of being a Streptococcus pneumoniae carrier. In fact, Strep. pneuma carriage was 
"protective" against Staph. aureus nasopharyngeal colonization with an odds ratio (OR) of0.51 (95% CI, 
0.29-0.89). Of note, the types of Strep. pneuma carriage that interfered with Staph. aureus carriage were the 
vaccine-associated types. In the multivariate analysis, colonization with Strep. pneuma while attending day 
care was inversely related to Staph. aureus carriage, again suggesting protection (OR of 0.27; 95% CI, 
0.10-0. 72). The authors hypothesize that bacterial interference is taking place in children with 
Pneumococcal colonization, which leads to inhibition of Staph. aureus - perhaps mediated by hydrogen 
peroxide elaboration. Furthermore, they postulate that the Pneumococcal conjugate vaccine, which reduces 
nasopharyngeal carriage of vaccine-type Strep. pneuma, may shift carriage rates towards Staph. au reus; 
specifically CA-MRSA. 190 

This phenomenon of vaccine-induced shifting flora has already been reported by Veerhoven et a! in 
Lancet 2003. Children randomized to undergo immunization with the conjugate Pneumococcal vaccine 
developed increased rates of Staphylococcus aureus ear infections as compared to non-vaccinated 
controls. 192 These reports support the concept that Staphylococcal and Streptococcal nasal carriage are 
inversely related, and that reducing or eliminating one element may lead to predominance of the other- a 
worrying prospect. 19

1.
192 In an article entitled, "Nature abhors a vacuum, but public health is loving it," Jay 

Butler at the National Center for Infectious Diseases, CDC, emphasizes the need to "monitor the effect of 
vaccination on non-targeted pathogens." 193 
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Nosocomial Outbreaks of CA-MRSA 

Reports dating back to the mid 1990's highlight the potential for CA-MRSA to expand beyond its 
community boundaries and enter the nosocomial arerLa. O'Brien et al report that a CA-MRSA strain from a 
remote area in Western Australia was introduced into a Perth teaching hospital by a single patient, leading 
to rapid dissemination and typical Staphylococcal syndromes. 194 In the U.S., an outbreak of nosocomially 
transmitted CA-MRSA was described in eight post-partum women with severe mastitis and breast 
abscesses. Strajns from all patients demonstrated the presence of SCCmec t~e IV and production of PVL, 
SEC and SEH; and all matched the prototypical CA-MRSA strain MW2. 19 These reports may herald an 
alarming future in which CA-MRSA strains transfer toxin genes to nosocomial strains; and HA-MRSA 
exchanges other SCCmec types with community strains. These concerns were voiced at an infectious 
disease meeting in 2004 as follows: 196 

Daum RS and Jernigan JA. MRSA in the community: infection control strategies. Presented at the 44'h lnterscience 
Conference on Antimicrobial Agents and Chemotherapy. Oct.30-Nov.2, 2004, Washington, D.C. 

CONCLUSION 

Current evidence from the U.S. and around the world suggests that a major epidemic of community
acquired MRSA is ongoing. The culprit strains, including USA300 and USA 400 are SCCmec type IY
expressing; thus a long tradition of treating skin and soft tissue infections with anti-Staphylococcal 
antibiotics such as dicloxacillin, cephalexin and amoxicillin-clavulanate has come to an end in many 
geographic regions. More importantly, CA-MRSA infections appear to represent a distinct clinical entity 
characterized by increased rates of furunculosis, with multiple lesions, greater erythema and increased 
transmissibility, even after minor abrasions. In addition, CA-MRSA strains often elaborate PVL, SEC, SEH 
and other toxins which undoubtedly increase the risk for invasive infections, necrotizing fasciitis, digital 
ischemia, toxic shock and post-viral necrotizing Staphylococcal pneumonia. Early recognition of these 
syndromes, with aggressive debridement and appropriate antimicrobial therapy is paramount to prevent 
unnecessary morbidity and mortality. A newer strategy of toxin inhibition (with clindamycin, linezolid or 
IVIG) in combination with standard therapy may be on the horizon, and clinical trials are awaited. 
Eradication of the pathogen with decolonization protocols may be effective in increasing disease-free 
intervals in some patients, but re-colonization is frequent. Education of the public and increased hand 
washing and other sanitizing measures are more important than ever. Finally, public health measures aimed 
at decreasing other types of childhood morbi.dity may be facilitating establishment of CA-MRSA in the 
pediatric population- more research is urgently required. 
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