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Abstract Eight patients with invasive bacteremic
community-acquired methicillin-resistant Staphylococcus
aureus infection in southeast Queensland, Australia, are
reported. One patient died of septic shock. Haematoge-
nous seeding to lungs, bone, and other sites was common.
All isolates carried the virulence factor Panton-Valentine
leukocidin and were either the southwest Pacific clone or
the newly described Queensland clone. Clinicians should
consider community-acquired methicillin-resistant Staphy-
lococcus aureus infection in any patient presenting to hos-
pital with severe staphylococcal sepsis or pneumonia.

Introduction

Infections caused by methicillin-resistant Staphylococ-
cus aureus (MRSA) have occurred throughout the world,
primarily in healthcare settings [1]. Unfortunately, over
the last 10 years, there have been increasing reports of
community-acquired MRSA (CA-MRSA) infection [2–5].
The two common CA-MRSA strains in Australia are WA-
MRSA, first described in Aboriginal communities of West-
ern Australia [5], and the southwest Pacific strain, found
in Pacific Islanders along the eastern seaboard [3]. More
recently, CA-MRSA infections have emerged outside these
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defined risk groups, with a recent report of a new strain in
Caucasians (Queensland strain) [6].

The clinical spectrum of CA-MRSA infections resembles
those caused by methicillin-susceptible Staphylococcus au-
reus, with skin and soft tissue infections predominating.
More recently, the invasive nature of CA-MRSA infection
has been illustrated with increasing reports of necrotizing
pneumonia [7, 8] and death [4]. The presumed hypervir-
ulence of this organism has been linked to characteristic
virulence factors, particularly Panton-Valentine leukocidin
(pvl) which is encoded by the lukS-PV and lukF-PV genes.
These genes code for a two-component bacterial toxin that
leads to lysis of leukocytes and is thought to represent a
stable genetic marker of CA-MRSA isolates [9].

Until now, invasive bacteremic CA-MRSA infection has
been reported infrequently [2, 4, 6]. We have observed an
increasing incidence of this presentation and, following the
death of a young patient with septic shock, undertook this
study to assess the demographic, clinical and microbio-
logical features of life-threatening CA-MRSA infection in
southeast Queensland, Australia.

Materials and methods

We performed a retrospective chart review of all patients
who presented with bacteremic CA-MRSA infection to
three large hospitals in southeast Queensland: Royal Bris-
bane and Women’s Hospital (January 2003–December
2003), Royal Children’s Hospital, Brisbane (January 2003–
December 2003) and Ipswich Hospital (March 2000–
December 2003). Cases were identified from MRSA blood
culture isolates at each hospital’s microbiology depart-
ment. All isolates that were obtained within 48 h of hos-
pital admission [10] were followed up by consultation
with the patient’s clinician, from whom the mode of ac-
quisition was ascertained. Cases that were clearly hos-
pital acquired were excluded. Patients were classified as
having CA-MRSA infection with and without risk fac-
tors [11]. Risk factors included hospitalisation, outpatient
visits, nursing home admission and antibiotic exposure
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within the previous 12 months. Other risk factors included
chronic illness (diabetes mellitus, end-stage renal disease
and malignancy), intravenous drug use and close contact
with a person with furunculosis or risk factors for MRSA
acquisition.

Antimicrobial susceptibility testing was performed on
all isolates using the Vitek GPS-IX card (bioMérieux-
Vitek, Hazelwood, MO, USA) and was confirmed using
standard National Committee for Clinical Laboratory
Standards disk methodology [12, 13]. Detection of
mecA and lukF-PV genes was performed following
extraction of genomic DNA as described by Huygens
et al. [14]. The oligonucleotide primers for mecA detection
were as described by Oliveira et al. [15]. The primers
used for lukF-PV detection were designed according
to the published sequences of the pvl genes (GenBank
accession numbers X72700 and AB006796). The primer
sequences for the lukF-PV gene were as follows: PVL F1,
5′-TCACAAAATGCCAGTGTTATCCA-3′ and PVL R1,
5′-TTTTGCAGCGTTTTGTTTTCG-3′. Polymerase chain
reaction amplifications were performed as previously
described [14], except for the lukF-PV gene cycling
conditions, where an annealing temperature of 60◦C and
an extension time of only 30 s was used. Polymerase
chain reaction products were resolved by electrophoresis
and visualized with ethidium bromide. Pulsed-field gel
electrophoresis of chromosomal DNA was performed
according to standard methods [6].

The above research complies with the current laws of
Australia.

Results

A total of 53 patients had an episode of MRSA bacteremia
during the study period. Of these, 8 (15%) were identi-
fied as having CA-MRSA infection (Table 1). The median
age was 18.5 years, and all patients were unrelated and

Australian born. Four patients had no risk factors for acquir-
ing MRSA. The remaining four patients had CA-MRSA
with risk factors that included recent antibiotic exposure
(case 2), monthly outpatient intravenous immunoglobulin
for common variable immunodeficiency (case 3), diabetes
mellitus (case 4) and intravenous drug use (case 6). No pa-
tients were hospitalised in the 12 months prior to admission.

All isolates were positive for the mecA and lukF-PV
genes and were susceptible in vitro to all non-β-lactam
antibiotics tested (erythromycin, clindamycin, gentamicin,
ciprofloxacin, tetracycline, vancomycin, rifampicin and
fusidic acid). Typing by pulsed-field gel electrophoresis
showed two distinct clones of CA-MRSA (Fig. 1). The
first was the southwest Pacific clone (cases 1, 2, 3 and 7),
most commonly found in Pacific Islanders. One of the pa-
tients with this clone was of Pacific Island origin, two were
Caucasian and one was Aboriginal. The second clone was
the “R” pulsotype or Queensland clone (cases 4, 5, 6 and
8), identified in four patients (3 Aboriginal, 1 Caucasian).
This is a new clone, recently reported in Queensland [6].
As previously published, the multilocus sequence types of
the southwest Pacific and the Queensland clones are ST30
and ST93, respectively [9, 14]. Epidemiological links were
observed in two patients (cases 7 and 8), both living in the
same community.

The source of bacteremia was clinically evident in seven
patients, all being skin. One patient, case 5, had no identi-
fiable source. Hematogenous seeding of peripheral sites
was common (Table 1). This included: septic arthritis
of the right knee requiring multiple surgical washouts
(case 1); osteomyelitis involving a third metatarsal
(case 2) and a left tibia (case 7), both requiring debridement;
a deep pelvic collection (case 3); right-sided pyelonephritis
with an upper pole collection (case 4); and deep soft tissue
collections, including a left psoas and iliacus abscess (case
6) and a left sacral paraspinal abscess (case 8), both requir-
ing surgical drainage. All patients had echocardiograms
without evidence of endocarditis. Two patients had severe,

Table 1 Demographics, risk factors, and clinical features of patients with life-threatening infection due to community-acquired methicillin-
resistant Staphylococcus aureus. All patients had clinical evidence of septicemia

Case
no.

Age
(yrs.)

Sex Ethnicity Source of bacteremia
(date of onset)

Bacteremic
complications

Appropriate
antibiotics in
first 48 h

Surgical
drainage
required (no.)

Length of
hospital
stay (days)

Typing
result by
PFGE

1 9 M Pacific
Islander

Skin (12/9/00) Septic arthritis No Yes (2) 28 SWP

2 16 M Caucasian Skin (15/3/00) Osteomyelitis Yes Yes (2) 19 SWP
3 38 M Caucasian Skin (12/2/01) Pelvic abscess Yes No 26 SWP
4 45 F Aboriginal Skin (25/7/03) Pyelonephritis No No 49 Qld
5 21 M Aboriginal Unknown (22/8/03) Necrotizing pneumonia;

septic shock
No No 2a Qld

6 34 F Caucasian Skin (1/11/03) Necrotizing pneumonia;
psoas abscess

No Yes (1) 46 Qld

7 4 F Aboriginal Skin (4/11/03) Osteomyelitis Yes Yes (8) 82 SWP
8 12 M Aboriginal Skin (2/12/03) Paraspinal abscess No Yes (3) 39 Qld

SWP, Southwest Pacific clone of CA-MRSA; Qld, Queensland clone of CA-MRSA
aFatal outcome
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Fig. 1 Pulsed-field gel electrophoresis analysis of bacterial strains
isolated from patients with life-threatening infection due to
community-acquired methicillin-resistant Staphylococcus aureus
(CA-MRSA). Lane 1 Gene Path control strain, Staphylococcus au-
reus 8325 (BioRad, Hercules, CA, USA); lane 2 size marker; lanes
3–5 and lane 9 cases 1–3 and 7, Southwest Pacific pulsotype of
CA-MRSA; lanes 6–8 and lane 10 cases 4–6 and 8, R pulsotype
(Queensland clone) of CA-MRSA

necrotizing pneumonia requiring intubation and mechani-
cal ventilation. One of these patients (case 5), a previously
well 21-year-old Aboriginal male, presented in septic shock
and died within 48 h of hospital admission [16]. He had a
1-week history of a progressive respiratory illness, includ-
ing a productive cough, hemoptysis, dyspnoea and fevers.
Initial examination revealed marked hypoxia (oxygen satu-
ration of 79% breathing room air), a systolic blood pressure
of 80 mm Hg, a temperature of 38.7◦C and diffuse coarse
crepitations. Chest radiograph revealed bilateral, multilo-
bar consolidation with cavitation. Despite empirical antibi-
otic treatment (ceftriaxone, erythromycin, gentamicin and
rifampicin) and maximal resuscitative efforts, the patient
died. Sputum and blood cultures revealed Staphylococcus
aureus, but susceptibility data were not available until after
death. The second patient (case 6), a 34-year-old female
with a history of IVDU, presented with fevers, left hip pain
and a right forearm cutaneous abscess. Blood cultures were
taken, and a computed tomography scan revealed a left
psoas abscess. Within 48 h the patient developed tachyp-
noea, hypoxia and widespread inspiratory crepitations. This
led to intubation and mechanical ventilation. A chest com-

puted tomography scan revealed a cavitatory, necrotizing
pneumonia. The patient made a slow recovery.

Five patients were treated with β-lactam antibiotics alone
in the first 48 h. After the diagnosis of MRSA bacteremia
was made, all patients apart from the patient who died
were changed to intravenous vancomycin for a minimum
of 4 weeks (2 patients with concurrent oral rifampicin).
This was followed with oral clindamycin or combination
therapy with rifampicin and fusidic acid for at least 2 weeks.
Excluding the patient with the rapidly fatal outcome, all
patients had prolonged hospital admissions with a median
of 39 days (range, 19–82 days).

Discussion

CA-MRSA has emerged as a serious threat with important
public health and clinical consequences. First, CA-MRSA
is resistant to β-lactam antibiotics, the usual empiric ther-
apy for suspected staphylococcal sepsis. As most infec-
tions with CA-MRSA involve skin and soft tissue and of-
ten respond to drainage alone, the impact of inappropriate
empiric antibiotics has been low [6]. With the emergence
of invasive life-threatening disease, antibiotic therapy has
a more critical role. Our study illustrates the importance
of recognizing previously described risk factors for CA-
MRSA infection (intravenous drug use, Pacific Islander
ethnicity) as well as new risk groups that have not been well
described previously (patients of Aboriginal origin from
southeast Queensland). Clinicians should be aware of the
local prevalence of CA-MRSA so that demographic groups
with increased risk receive appropriate empiric therapy on
presentation with suspected staphylococcal septicemia or
severe pneumonia.

Secondly, many strains of CA-MRSA have increased
pathogenicity mediated by several virulence factors, par-
ticularly Panton-Valentine leukocidin, which was found in
all of our isolates. Hematogenous seeding to joints, bone,
lungs and deep soft tissue was common in our patients,
with most requiring multiple surgical interventions and
prolonged hospital admissions. Although necrotizing pneu-
monia in association with Panton-Valentine leukocidin has
been reported for other strains of CA-MRSA [4, 7, 8],
this is the first time it has been reported for the Queens-
land clone. Moreover, bacteremic CA-MRSA infection in
patients of Aboriginal origin has not been well reported,
possibly because most CA-MRSA infections in Australian
Aboriginals are caused by WA-MRSA strains, which lack
Panton-Valentine leukocidin and are hence less virulent
than the Queensland clone [17].

This is the first observational series of bacteremic CA-
MRSA infection in Queensland, Australia. CA-MRSA in-
fections can cause significant morbidity and mortality in
previously healthy young people, and rates of complicated
bacteremia with hematogenous seeding of other sites is
high. Clinicians should consider the possibility of CA-
MRSA infection in any patient presenting to hospital with
severe staphylococcal sepsis or pneumonia, particularly in
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geographic locations where CA-MRSA has been reported
and in ethnic groups with increased risk.
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