


pulsed-field gel electrophoresis (PFGE) to characterize
the genetic lineage of both healthcare-associated and
CA-MRSA strains in the U.S. The two pulsed-field types
(PFT) associated with community infections are USA300
and USA400, which are quite distinct from the health-
care associated USA100, 200, and 500 strains found in
the hospital setting.® Unlike healthcare-associated MRSA
isolates, which are generally PVL-negative, CA-MRSA
isolates are PVL-positive. Finally, healthcare-associated
MRSA carries the SCCmec 1, 11, and II genetic elements
compared with CA-MRSA, which carries the SCCmec IV
and V elements.

The MRSA strains can be divided into 5 major types of
staphylococcal chromosomal cassettes (SCCmec I-V) that
contain the mec chain responsible for MRSA resistance
(Figure 2). Types I, II, and III are associated with
health-care-associated MRSA genotypes; Types IV and V
are associated with community-acquired MRSA
genotypes. The SCCmec types IV and V are much
smaller than SCCmec types I through III, which may
explain their increased mobility.’

There has been much debate about the role of
Panton-Valentine Leukocidin (PVL), a R-pore-forming
toxin that causes lysis and apoptosis of leukocytes, in
the virulence of MRSA infections. The presence of the
PVL gene has been associated with the CA-MRSA
genotypes USA300 and USA400. More severe
infections have been reported in PVL-gene positive S.
aureus strains associated with furuncles, abscesses,
and necrotizing pneumonia."”” However, some
investigators have shown that PVL-positive and PVL-
negative CA-MRSA caused comparable skin disease in
a murine model."

CA-MRSA Clinical Manifestations
The majority of CA-MRSA cases are skin and soft
tissue infections such as abscesses, folliculitis,
cellulitis, furuncles, and carbuncles (Figure 3). In a
review of 1267 cases of CA-MRSA in Atlanta from
2001-2002, the disease manifested as skin and soft
tissue infections in 77% of patients.' Other clinical
manifestations
included wound
infection (11%),
pneumonia (2%),
urinary tract
infection (4%),
and sinusitis (5%).
More serious
invasive infections
included
bacteremia (2%),
meningitis (<1%),
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bursitis/arthritis
(2%).

Figure 2

Figure 3

The prevalence and epidemiologic characteristics of CA-
MRSA were evaluated in a prospective laboratory
surveillance study of 389 isolates from patients in Atlanta
with community onset skin and soft tissue infections in
2003-2004." In these patients, MRSA accounted for 72% of
all isolates, of which 87% were identified as CA-MRSA. The
vast majority of CA-MRSA isolates were from the PFT
USA300 clone (99%). These findings indicate that the
majority of skin and soft tissue infections are due to CA-
MRSA (versus methicillin-susceptible S. aureus [MSSA]), are
no longer limited to certain susceptible patient
populations, and are occurring with greater frequency
throughout the community.

Antimicrobial Susceptibility of CA-MRSA

Historically, community onset skin and soft tissue
infections were empirically treated with R-lactam
antibiotics. In their study of patients treated in 2003-
2004, King and colleagues found that empiric therapy
for community-associated S. aureus skin and soft
tissue infections was inadequate for 65% of CA-MRSA
USA300 isolates, 50% of other MRSA isolates, and 1%
of MSSA isolates (p<0.001 for CA-MRSA versus



MSSA)."” Based on new molecular and epidemiologic
data such as these, empiric therapy for patients with
serious skin and soft tissue infections should employ
antimicrobial agents active against CA-MRSA.

Antimicrobial susceptibility testing revealed that the
majority of CA-MRSA USA300 isolates were resistant
only to R-lactams and erythromycin; fewer isolates
were resistant to levofloxacin (10%), clindamycin
(3%), rifampin (1%), or gentamicin (1%)."” None of the
isolates showed resistance to vancomycin or TMP-
SMX. Healthcare-associated MRSA isolates
demonstrated resistance to other antibiotics in
addition to ®-lactams and erythromycin.

Antimicrobial susceptibility patterns to CA-MRSA
USA300 appear to have geographic differences.” For
example, CA-MRSA isolates in both Atlanta (n=159)
and San Francisco (n=181) are highly susceptible to
vancomycin (100%), TMP/SMX (100%), clindamycin
(88-97%), and tetracycline (75%-89%), and poorly
susceptible to 8-lactams (0%) and erythromycin (2%-
11%). In contrast, in vitro susceptibility to
fluoroquinolones was markedly higher in Atlanta
(91%) than in San Francisco (37%).

Increased Prevalence of CA-MRSA as a Cause of
Skin and Soft Tissue Infections

The genetic characteristics of MSSA appear to be
evolving with the increased prevalence of MRSA. The
prevalence of MRSA was 59% overall in purulent skin
and soft tissue infections treated in August 2004 in 11
emergency departments across the U.S (range: 15%-
74%; Figure 4)."” Of these MRSA isolates, 97% were
PFT USA300 and 98% had both the SCCmec type IV
genetic element and PVL toxin genes. Interestingly,
of the isolates that were identified as MSSA (17%),
31% of those sent to the CDC for testing were
identified as the PFT USA300. The PVL toxin gene
was detected in 42% of MSSA isolates and 100% of
MSSA USA300 isolates.

Figure 4
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A high percentage of patients admitted to hospitals
have MRSA nasal colonization. Nares cultures were
obtained from 726 hospital admissions in a case
control study conducted at Grady Memorial Hospital
in Atlanta in July 2003.” The prevalence of MRSA and
MSSA colonization at the time of admission was 7%
and 16%, respectively. Of the MRSA-positive nasal
cultures, 13% were admitted with or developed a
laboratory-confirmed MRSA infection during
hospitalization. Approximately one-third of MRSA
isolates (30%) belonged to the USA300 CA-MRSA
genotype, 94% of which carried the SCCmecIV and
PVL genes. Overall, 2% of patients admitted to the
hospital were colonized with CA-MRSA genotypes.
Risk factors associated with MRSA colonization
included the presence of a skin or soft tissue
infection at admission (OR, 3.40; 95% CI, 1.46=7.90),
hospitalization within the past 12 months,
antimicrobial use within three months of admission,
and HIV seropositivity.

Increased Prevalence of CA-MRSA in the
Healthcare Setting

MRSA strains of community origin are being
increasingly reported as a cause of healthcare-
associated disease. The distinction between the two
strains of MRSA is becoming less clear. Out of 9,147
cases of invasive MRSA infection reported by the CDC
from 2004 to 2006, 28% of infections were healthcare
associated, 59% of infections had healthcare-
associated risk factors but a community origin, and
14% of infections were community-associated.” The
CA-MRSA USA300 genotype accounted for 28% of
healthcare-associated infections and 14% of infections
with healthcare-associated risk factors and community
origin. Conversely, 26% of community-acquired
isolates were considered to be of healthcare origin.

Patients are more frequently acquiring infections with
the CA-MRSA genotypes in healthcare-associated
settings. Saiman, et al., reported an outbreak of the
Midwestern CA-MRSA USA400 strain (MW2) in August
2002.% Eight post-partum women developed mastitis
(n=4), postoperative wound infection (n=1), cellulitis
(n=1), or pustulosis (n=2) after delivery (mean=23
days). All isolates contained SCCmeclIV and carried
the PVL toxin genes.

An outbreak of prosthetic joint infections due to CA-MRSA
occurred at Grady Memorial Hospital in Atlanta in 2003-
2004.” Nine patients (9.5% of patients undergoing joint
surgery) developed prosthetic joint infections. One
infection was culture negative, five infections were caused
by MRSA, and three infections were caused by MSSA. All
five CA-MRSA infections had the USA300 genotype. Risk
factors for prosthetic joint infections were identified as
total knee arthroplasty (OR 8.1; 95% CI, 1.3-48.1) and
surgery time over 180 minutes (OR 7.4; 1.4-39.0).

More recently, CA-MRSA USA300 genotype has been
cited as a major cause of healthcare-associated and
nosocomial bacteremia.”* Out of 116 MRSA isolates



collected from patients with bloodstream infections
over a 7-month period in 2004 at Grady Memorial
Hospital, 34% had the USA300 genotype. Twenty-eight
percent (28%) of healthcare-associated bacteremias
and 20% of nosocomial bacteremias, defined as
cultures obtained more than 48 hours after admission,
had the CA-MRSA USA300 genotype. Risk factors
associated with MRSA USA300 bacteremia included
concurrent skin and soft tissue infection and injection
drug use. Patients who were less likely to have the
MRSA USA300 genotype included patients who had
used antimicrobials or who had resided in a long-
term care facility in the prior 12 months.

Healthcare-associated CA-MRSA infections have also
occurred in other sites around the U.S. In a
retrospective study conducted in Birmingham,
Alabama in 2004-2005, 31% of 391 surgical site
infections were due to MRSA.” Out of 46 isolates
available for typing, 57% had the CA-MRSA USA300
genotype. The Centers for Disease Control and
Prevention (CDC) reported that in 2005 the incidence
of invasive MRSA infection among dialysis patients in
the U.S. was 45.2 cases per 1000 individuals
compared with the general population, in which rates
of invasive MRSA infections range from 0.2 to 0.4
infections per 1000 individuals.*® In this population of
dialysis patients, 14% of infections were due to CA-
MRSA. The USA300 genotype accounted for 89% of
community strains and nearly 13% of all dialysis
isolates. In a 600-bed urban hospital in Michigan, an
increased proportion of CA-MRSA infections was
reported in dialysis patients with end stage renal
disease in 2005 compared with dialysis patients in
2000.” Out of 32 dialysis patients with MRSA
infections in 2005, 8 (25%) had the CA-MRSA

USA300 genotype.

There have been a number of reports of infections
due to CA-MRSA USA300 in neonatal intensive care
units. The first appearance of the CA-MRSA USA300
genotype in the neonatal intensive care unit at Grady
Memorial Hospital in Atlanta was in 1998.% A
significant increase in community-acquired strains,
particularly USA300, was noted from 1997 to 2005.
The presence of PVL in CA-MRSA USA300 isolates
occurred in 2001. The number of USA300 isolates
with the PVL gene significantly increased from 2001
to 2005 (p=0.004).

The unanswered clinical questions regarding CA-MRSA
that need to be addressed in future studies include
the following:

1) Is CA-MRSA (USA300) a more virulent pathogen
than the traditional healthcare-associated MRSA
(i.e., USA100, 200, and 500)?

2) Are some cases of nosocomial pneumonia due to
PVL-positive USA300? Although there are no data
to support this theory, there are many concerns
about this topic owing to the devastating illness
this disease causes in the community setting.

3) At what level of MRSA infection is a change in
surgical prophylaxis warranted?

4) What is the best option for empiric antibiotic
therapy when CA-MRSA is suspected?

5) Is there an antibiotic that can turn off protein
synthesis and reduce toxin activity in
serious infections?

6) Should clinicians be using IV immunoglobulin,
which contains antibodies against PVL, for severe
and invasive infections?

In conclusion, CA-MRSA USA300 genotype has
emerged as a significant cause of healthcare-
associated infections. CA-MRSA USA300 has been
introduced from the community and transmitted into
healthcare settings. There have been reports of
surgical site infections, blood stream infections,
dialysis-related infections, infections in both adults
and children, and in the neonatal intensive care unit.
The rapid appearance of CA-MRSA USA300 into
healthcare settings has presented unique challenges to
infection control programs in medical centers.
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Self Assessment Examination
A minimum assessment score of 80% is required.

1) CA- MRSA infections are always resistant to
which of the following drugs?

a. clindamycin

b. linezolid

¢. RB-lactams

d. trimethoprim-sulfamethoxazole (TMP/SMX)

Answer:

2) Risk factors for health-care associated MRSA
infections include all of the following except:

a. dialysis

b. obesity

c. surgery

d. presence of an indwelling device or catheter
Answer:

3) The CA-MRSA USA 300 genotype:

a. has recently been recognized as a cause of
nosocomial bacteremia.

often expresses PVL

usually carries the SCCmecIV element

all of the above

oo o

Answer:

Volume XII, Issue 1

4) The most common type of infection due to CA-

MRSA is:

a. endocarditis

b. skin and soft tissue infection
Cc. sinusitis

d. urinary tract infection

Answer:

5) From a case control study at Grady Memorial Hospital

in 2003:

a. two percent of patients in the hospital were colonized
with CA-MRSA .

b. the prevalence of MRSA colonization at the time of
admission was 16%.

¢ 31% of patients with MRSA nasal
colonization developed a MRSA infection during

hospitalization.

d. one-half of nosocomial MRSA infections among were
due to the USA300 genotype.

Answer:
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