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Abstract

Staphylococcus aureus is a pathogen that has caused human disease for centuries, and despite efforts to control it via modern antibiotics, this organism has persisted and continues to cause major clinical problems throughout the world. A remarkably versatile pathogen, it has virulence mechanisms that enable it to cause a broad variety of serious infections in man, and it has the ability to acquire new exogenous genes, which make it possible for it to adapt to a variety of changing environmental conditions and to modulate its pathogenicity. It can establish a symptomatic carriage that permits widespread dissemination. It has shown a remarkable ability to develop resistance to the major antibiotics directed against it including the penicillins. The development of methicillin resistance in staphylococci has resulted in organisms that continue to plague patients in institutionalized settings and elsewhere. More recently, there has been a worldwide outbreak (currently most prominent in the United States) of infections due to community-associated methicillin-resistant staphylococci. The factors that have made it possible for this to occur are defined in this article.
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TARGET AUDIENCE

Infectious disease physicians, nurses, hospital epidemiologists, clinical microbiologists, pharmacists, public health authorities, practicing physicians, and other health care professionals interested in the treatment of serious infections due to methicillin-resistant Staphylococcus aureus (MRSA).
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LEARNING OBJECTIVE

Describe the epidemiology, pathogenesis, and clinical characteristics of MRSA infections in the adult population.
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PARTICIPATION IN THE LEARNING PROCESS

Credit is based on the approximate time it should take to read this publication and complete the assessment and evaluation. A minimum assessment score of 80% is required. Publication date is September 1, 2010. Requests for credit or contact hours must be postmarked no later than March 1, 2011, after which this material is no longer certified for credit.
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CONTINUING EDUCATION

Continuing Medical Education

The National Foundation for Infectious Diseases (NFID) is accredited by the Accreditation Council for Continuing Education to provide continuing medical education for physicians. The NFID designates this educational activity for a maximum of 0.5 AMA PRA Category 1 Credits™. Physicians should only claim credit commensurate with the extent of their participation in the activity.
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Continuing Nursing Education

The NFID is an approved provider of continuing nursing education by the Maryland Nurses Association, an accredited approver by the American Nurses Credentialing Center's Commission on Accreditation. This educational activity has been approved for a maximum of 0.5 contact hours.
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DISCLOSURE

The NFID must ensure balance, independence, objectivity, and scientific rigor in its educational activities. All individuals with control over content are required to disclose any relevant financial interest or other relationship with manufacturer(s) of any product or service discussed in an educational presentation and/or with the commercial supporters of this activity. Disclosure information is reviewed in advance to manage and resolve any conflict of interest, real or apparent, that may affect the balance and scientific integrity of an educational activity.
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CME INSTRUCTIONS

To receive credits after reading the publication, complete the self-assessment examination, the evaluation, and your contact information. Return the completed form via fax to 301-907-0878 or by mail to: NFID Office of CME, 4733 Bethesda Ave, Suite 750, Bethesda, MD 20814.

No fee is required. Please allow 4 to 6 weeks for processing. Inquiries may be directed by phone to 301-656-0003 ext 19 or by e-mail to info@nfid.org.
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INTRODUCTION

Outbreaks of the community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) USA300 clone across the United States in recent years suggest that we are in the midst of an almost unprecedented epidemic. These CA-MRSA infections, which are often serious and invasive, are becoming commonplace and have been reported in many states including California, Georgia, Texas, Pennsylvania, Mississippi, and Minnesota.1-3 A rise in CA-MRSA-related illnesses in both the community and the hospital setting over the last 10 years has prompted research efforts to better understand the unique nature of the organism and its impact in these settings.
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THE EVOLVING CA-MRSA ORGANISM AND GENOME

Staphylococcus aureus is a constantly evolving and incredibly versatile pathogen. It has virulence and quorum-sensing mechanisms that enable it to cause a broad variety of serious infections in man. The genetic diversity of the organism is remarkable. It has the ability to acquire new exogenous genes, which allow it to adapt to a variety of changing environmental conditions and to modulate its pathogenicity. It can establish asymptomatic carriage, which permits widespread dissemination among human hosts. It also has a remarkable propensity to acquire resistance to multiple antimicrobial agents, which causes therapeutic challenges for physicians.

The predominant CA-MRSA clone in the US community is now USA300 rather than USA400. In a rat model of necrotizing pneumonia, USA300 isolates were shown to be more lethal than USA400 isolates in terms of more severe pneumonia and higher bacterial density in the lung.4 Greater expression of regulatory genes (ie, agr, saeRS, sarA, hla, and pvl) associated with the virulence factors Panton-Valentine leukocidin (PVL) and α-hemolysin occurred with USA300 versus USA400 isolates.4,5

The USA300 MRSA strain has several characteristics that give it selective advantages over other MRSA clones. First, most USA300 strains have the type IV SCCmec chromosomal cassette, which is smaller than types I to III found in hospital-acquired MRSA. Smaller cassettes may offer an advantage in terms of speed of replicating DNA. Second, CA-MRSA-including USA300-carries fewer antibiotic resistant genes than hospital-acquired MRSA. Third, the doubling time of USA300 is shorter than standard strains, by approximately 1.25-fold. Fourth, the linkage of arginine catabolic element with SCCmec type IV in USA300 confers increased fitness and/or pathogenicity. Arginine catabolic mobile element (ACME), which is a putative pathogenicity island, is genetically linked to SCCmec in USA300, suggesting interconnection between antibiotic resistance and pathogenicity. In a rabbit model of bacteremia, Diep et al6 showed that the deletion of SCCmec did not affect competitive fitness of the organism. In contrast, the deletion of ACME reduced pathogenicity of the USA300 MRSA strain, indicating a significant role of ACME in the ability of USA300 to cause serious infections.

The DNA sequencing of the MRSA genome in 2001 provided some interesting insights into the organism.7 Whole-genome sequences of 2 related S. aureus strains were determined: N315 (MRSA; isolated in 1982) and Mu50 (vancomycin intermediate S. aureus, isolated in 1997). The organism has approximately 2600 genes (open reading frames). Remarkably, a significant number of these genes are not staphylococcal genes. They have been acquired from other organisms. The genome contained 11 genes with encoded resistance to more than 9 classes of antibiotics. Most of these were on plasmids or mobile genetic elements. Three classes of new "pathogenicity islands"-or collections of genes-were identified: a toxic shock syndrome toxin family of islands, exotoxin islands, and enterotoxin islands. Seventy candidate genes for new virulence factors were also discovered.

Although most CA-MRSA strains in the United States, including USA300, have the PVL genes, the presence of PVL genes alone is probably not a factor in the predominance and virulence of the organism in the community. Zhang et al8 identified the coexistence of 2 USA400 sibling strains with and without the PVL genes in a large Canadian health care region. The strains shared identical genotypic and phenotypic properties and similar clinical characteristics. These data suggest that the presence of PVL genes alone does not explain the predominance of the CA-MRSA organism.

The genome sequence of the MW2 strain of CA-MRSA, which caused fatal bacteremia in a 16-month-old female Native American from North Dakota in 1998, was ascertained.9 It was determined that the methicillin resistance gene (mecA) was carried on the type IVa cassette (SCCmec IVa). The SCCmec IVa did not contain multiple resistance genes (as does type II SCCmec from N315 and Mu50). However, 19 additional genes were found in the MW2 genome, all but two of which were found in 4 of the 7 genomic islands of MW2. Eighteen of these were toxins (including PVL) not found in the N315, Mu50, or COL strains. In contrast to N315 and Mu50, MW2 has almost no transposons or insertion sequences. Chongtrakool and colleagues10 diagrammed the various staphylococcal chromosome cassettes that are associated with methicillin resistance. The CA-MRSA SCCmec type IV cassettes are considerably smaller than the hospital-associated strains.
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HISTORY OF MRSA OUTBREAKS

From a historical perspective, S. aureus resistance to penicillin occurred very rapidly with the clinical use of that drug, which made it quickly obsolete for treatment of S. aureus infections. Although methicillin has been used for many years (since 1959), it took only 2 years from the first clinical use of that agent for the emergence of the first strains of methicillin-resistant staphylococci. In other countries outside the United States, MRSA organisms were primarily seen in hospitals and chronic care facilities. The first report of 2 cases of MRSA nosocomial infections in the United States was in 1967. The first reports of larger numbers of cases of MRSA in the United States occurred between 1975 and 1980 in large tertiary-care hospitals, especially burn units and intensive care units. By 1980, there was an increase in MRSA prevalence in US nursing homes and in the community setting.11-13 By 2004, more than 60% of S. aureus in most US hospitals were methicillin-resistant (Fig. 1) (Table 1).14

[image: Figure 1]FIGURE 1. Methicillin (oxacillin)-resistant S. aureus among intensive care unit patients, 1995 to 2004.
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Until recently, most MRSA outbreaks were considered nosocomial infections as a result of clonal spread in the hospital or in nursing homes in the community. Community-acquired MRSA infections have become more commonplace and have been reported not only in the United States, but also around the world in countries such as the United Kingdom, Australia, New Zealand, France, Finland, Canada, and Samoa. These CA-MRSA organisms are fully virulent, and many of them have caused fatal infections, especially in children.15-17

Outbreaks of CA-MRSA in the United States began among Native American children in Minnesota, Nebraska, and North Dakota. Subsequent outbreaks from 2000 to 2005 occurred in the populations listed in Table 2.

[image: Table 2]TABLE 2. Outbreaks/Populations at Risk for CA-MRSA Infections (United States 2000-2005)



The incidence of serious infections owing to CA-MRSA is increasing. New syndromes associated with CA-MRSA have included necrotizing skin infections ("spider bites"), necrotizing fasciitis, septic thrombophlebitis of the extremities, pelvic syndrome (septic arthritis of the hips, pelvic osteomyelitis, pelvic abscesses, and septic thrombophlebitis), Waterhouse-Friderichsen syndrome, and rapidly progressive necrotizing pneumonia. Pelvic syndrome occurs most commonly in children. The CA-MRSA organism is quite virulent in these settings, particularly in children.18
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RAPID SPREAD OF CA-MRSA

The prevalence of CA-MRSA is rapidly increasing in the United States. The incidence of CA-MRSA increased at Texas Children's Hospital in Houston from 71.5% in 2001 to 76.4% in 2004. The rate of increase was greater for MRSA versus methicillin-sensitive S. aureus isolates.19 At Emory University Hospital in Atlanta, Ga, MRSA accounted for 72% of community-acquired S. aureus episodes; 63% of S. aureus isolates were identified as CA-MRSA organisms.20 In August 2004, MRSA was the most commonly identifiable cause of skin and soft-tissue infections reported from 11 university-affiliated emergency departments in the United States.21 The overall prevalence of MRSA was 59% (ranging from 15% to 74%). The USA300 clone is the predominant MRSA isolate in the United States.

Rapid dissemination of new CA-MRSA clones has occurred in the United States and in other countries. In a study of multiple CA-MRSA strains that carried SCCmec type IV from the United States and from Australia, researchers determined that the CA-MRSA strains multiplied much faster than health care-associated MRSA and were resistant to fewer non-β-lactam antibiotics. The doubling time of CA-MRSA was shorter (28 minutes) than that for health care-associated MRSA (39 minutes).22
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EMERGENCE OF CA-MRSA IN THE HOSPITAL SETTING

From the outset of the CA-MRSA epidemic over the past decade, there has been widespread dissemination of this organism in the outpatient setting. Furthermore, the rapid introduction of the organism into the hospital setting has blurred the distinction between CA-MRSA and hospital-associated MRSA. It is possible that the USA300 strain may become the dominant strain in hospitals as well as in the community because of its unique characteristics (Table 3).

[image: Table 3]TABLE 3. Characteristics of USA300 That May Give It Selective Advantage Over Other Clones



The prevalence of CA-MRSA and subsequent mortality owing to MRSA-related illnesses are increasing in US hospitals. Many strains of S. aureus in the hospital setting now seem to be community-associated strains. Numerous hospitals throughout the country document that the prevalence of CA-MRSA is increasing among hospitalized patients.

Hospitalizations related to MRSA in the United States more than doubled from 1999 to 2005, partially owing to the introduction of CA-MRSA into the hospital setting.23 Among patients with health care-related risk factors, 18% to 28% were infected with CA-MRSA USA300. In Chicago hospitals, CA-MRSA caused an increase in the percentage of hospital onset bacteremias from 24% in 2000 to 49% in 2006.24 A recent study of 9 San Francisco medical centers from 2004 to 2005 showed an annual increase of CA-MRSA disease that has now surpassed hospital-associated disease, with USA300 ranking as the predominant clone. The USA300 clone constituted almost 80% of CA-MRSA and 43% of hospital-associated MRSA in San Francisco.25

Mathematical models can predict the rapidity of dissemination of CA-MRSA in hospitals and suggest possible control measures. D'Agata and colleagues26 developed a deterministic mathematical model that characterized the factors contributing to the replacement of hospital-associated MRSA with CA-MRSA and quantified interventions for control in the hospital. The model strongly suggests that CA-MRSA will become the dominant strain in hospitals as a result of documented expanding community reservoirs and a larger in-hospital population of carriers (Table 4).

[image: Table 4]TABLE 4. Growing Predominance of CA-MRSA in US Hospitals



Because the CA-MRSA organism causes serious disease, patients may require a longer duration of hospitalization, and the impact of the disease may be greater on the typically older, more debilitated inpatient population. Strategies toward reducing the spread of MRSA infections such as hand hygiene and screening for MRSA carriers are effective strategies; however, hand hygiene is emphasized as the key to reducing the spread of MRSA infections in the health care setting.
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SUMMARY

In conclusion, more than 70 years after the discovery of the first effective antistaphylococcal agents, S. aureus has not been subdued. Staphylococcus aureus continues to pose unique problems for researchers and clinicians. The CA-MRSA USA300 clone has unique characteristics that make it a versatile and lethal pathogen. Dissemination of CA-MRSA is widespread throughout the community. The distinction between community-associated and hospital-associated MRSA is rapidly blurring in the United States. The increased prevalence of the MRSA USA300 clone in hospitals has prompted researchers to create mathematical models in an attempt to predict and slow the spread of this virulent organism in health care settings.
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  Self Assessment Examination

  A minimum assessment score of 80% is required.

  
  

  Which of the following characteristics give the USA300 CA-MRSA strain selective advantages over other MRSA clones?

    Type II SCCmec chromosomal cassette

    More antibiotic resistance genes than hospital-acquired MRSA

    Doubling time is shorter than standard strains, by approximately 1.25-fold

    The linkage of arginine catabolic element with SCCmec type IV in USA300 confers increased pathogenicity.

    C and D only

  
  

  Syndromes associated with CA-MRSA include all but which of the following?

    Septic thrombophlebitis

    Pelvic syndrome in children

    Waterhouse-Friderichsen syndrome

    All of the above

    B and C only

  
  

  Which of the following statements regarding MRSA are true?

    A significant number of genes in the MRSA genome are not staphylococcal genes.

    The presence of PVL genes in MRSA strains is probably a factor in the predominance and virulence of the organism in the community.

    Mathematical models suggest that CA-MRSA will become the dominant S. aureus strain in hospitals.

    All of the above

    A and C only

  
  

  The predominant community CA-MRSA strain responsible for outbreaks reported in recent years has been identified by pulsed-field gel electrophoresis as

    USA100

    USA200

    USA300

    USA400

    none of the above

  
  

  Which of the following statements regarding CA-MRSA is false?

    The USA400 MRSA strain is associated with greater regulatory expression of PVL and α-hemolysin than the USA-300 strain.

    The MRSA organism has approximately 2600 genes.

    The methicillin resistance gene (mecA) is carried on the type IVa cassette (SCCmec IVa).

    All of the above

    B and C only
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  EVALUATION

  Your input is important to us in improving this publication and identifying areas of need for other educational activities. Please circle the choice that best answers the following:

  
  

  
  

  1. The format was appropriate for the subject matter.

    Agree Neutral Disagree

  
  

  2. This activity supported achievement of the learning objectives.

    Agree Neutral Disagree

  
  

  3. The material was organized clearly for learning to occur.

    Agree Neutral Disagree

  
  

  4. I acquired a new strategy to use in my clinical practice.

    Agree Neutral Disagree

  
  

  5. The activity was objective and free of commercial bias. (Please provide detail in additional comments below.)

    Agree Neutral Disagree

  
  

  6. I would recommend this activity to my colleagues.

    Agree Neutral Disagree

  
  

  7. I spent ____ minutes participating in this activity.

  Suggested CE topics that would be of value to you or additional comments:

  __________________________________________________

  __________________________________________________



Keywords: Staphylococcus aureus; methicillin resistance; pathogenicity; USA300
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