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Abstract
The Australian Group for Antimicrobial Resistance 
conducted a survey of the prevalence of antimi-
crobial resistance in unique clinical isolates of 
Staphylococcus aureus from patients admitted 
to hospital for more than 48 hours. Thirty-two 
laboratories from all states and territories collected 
2,908 isolates from 1 May 2005, of which 31.9% 
were methicillin-resistant Staphylococcus aureus 
(MRSA). The regional prevalence of MRSA varied 
significantly (P<0.0001) from 22.5% in Western 
Australia to 43.4% in New South Wales/Australian 
Capital Territory. Prevalence of MRSA from indi-
vidual laboratories varied even more from 4% to 
58%. This variation was explained in part by dis-
tribution of age with the risk of MRSA significantly 
(P<0.0001) increasing with age. Other unmeas-
ured factors including hospital activity and infec-
tion control practices in the individual institution 
may have also contributed. Further investigation 
is warranted as reductions in prevalence would 
reduce morbidity, mortality and healthcare costs. 
Commun Dis Intell 2007;31:288�296.
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Introduction

Staphylococcus aureus remains a major bacterial 
pathogen and is associated with considerable mor-
bidity and mortality. Manifestations of S. aureus 
infection range from mild to moderate skin and soft 
tissue infections such as impetigo and furunculosis 
to invasive and often life threatening infections 
such as osteomyelitis, necrotising pneumonia and 
infective endocarditis. Bacteraemia is also common. 
In the pre-antibiotic era the mortality of staphylococcal 
bacteraemia was as high as 90%.1 With antibiotic treat-
ment, mortality has fallen but remains a major issue. 
With methicillin-sensitive S. aureus (MSSA) the 
median associated mortality is 25% (range 4%�52%) 
while with methicillin-resistant S. aureus (MRSA) 
the median is 35% (range 0%�83%).2 In Australia, 
as in most of the world, antimicrobial resistance in 

S. aureus is a major impediment to effective treat-
ment. Hospital strains are frequently resistant to
methicillin (and all other beta-lactams) and multi-
ple other antimicrobials.3

Methicillin-resistant S. aureus was first reported 
in Australia in 1968.4 This archaic strain of MRSA 
was not usually resistant to other non-beta-lactam 
antimicrobials and was not resistant to gentamicin. 
The emergence of MRSA resistant to gentamicin 
and other classes of antimicrobials was first noted 
in eastern Australia in 1976. Outbreaks of hospital 
infection due to multi-resistant MRSA (mMRSA) 
occurred in the state of Victoria in the late 1970s and 
early 1980s.5,6 mMRSA became endemic in hospitals 
in the eastern Australian states in the late 1980s 
and 1990s with some spread to hospitals in South 
Australia, the Northern Territory and Tasmania.3,7 
However, these strains did not become established in 
Western Australian hospitals due to active screening 
and infection control policies.3,8 Eastern Australian 
MRSA has now been shown to be one clone by 
multi-locus sequence typing � ST239-MRSA-III.9 
This is one of the most successful MRSA clones and 
is now found extensively in Europe, Asia, and South 
America. More recently, MRSA clones of overseas ori-
gin have also been found in Australia. Most notably 
the United Kingdom strain, EMRSA-15, has spread 
widely in Australia to become a major endemic cause 
of hospital sepsis.9

Vancomycin has been the mainstay of treatment for 
serious infections due to MRSA. However, there is 
evidence that vancomycin is less effective in the treat-
ment of methicillin-sensitive S. aureus than anti-sta-
phylococcal beta-lactams.10,11 Failure of vancomycin 
treatment of MRSA has been associated with the 
emergence of strains with MICs to vancomycin in 
the intermediate range (VISA).12,13 These strains have 
been described in many parts of the world includ-
ing Australia.14 Isolation of VISA follows failure of 
prolonged treatment with vancomycin. One recent 
study has suggested that treatment failure is related to 
slightly higher vancomycin MICs (1.0�2.0 mg/L ver-
sus 0.5 mg/L) in pre-treatment isolates of MRSA.15 
Few treatment options remain for multi-resistant 
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MRSA and resistance to linezolid, one of the few new 
anti-staphylococcal agents of recent years, is already 
being reported.16

While it is well known that S. aureus is a major cause 
of severe sepsis, few population based estimates of 
its incidence or prevalence are available. A recent 
Australian survey of S. aureus bacteraemia from 1999 
to 2002 documented 3,129 episodes.2 Approximately 
51% of bacteraemic episodes had their onset in 
hospitals. MRSA caused 40% of hospital-onset and 
12% of community-onset episodes. The authors 
estimated that approximately 6,900 episodes of 
S. aureus bacteraemia occur in Australia annually.
This equates to 35 episodes per 100,000 popula-
tion. Meta-analysis of the outcomes of S. aureus
bacteraemia has shown that the relative risk of death
due to MRSA bacteraemia is approximately twice
that due to MSSA.17,18 It is widely acknowledged that
nosocomial MRSA infection represents an additional
burden of disease not just replacement of MSSA
infection.19 The cost of these additional infections is
substantial for hospitals, patients and society. While
costs vary from country to country, annual additional
hospital costs due to MRSA in the United States of
America are estimated at between US$1.5 billion
and US$4.2 billion.19 In Australia, the additional
hospital costs associated with nosocomial S. aureus
bacteraemia alone are estimated at approximately
$150 million.2 Effective infection control measures
have been shown to reduce nosocomial infection
significantly and to result in substantial savings.19

The objective of this study was to determine the 
prevalence of antimicrobial resistance in clinical 
isolates of S. aureus throughout Australia in hospital 
inpatients admitted for 48 hours or more.

Methods

Thirty-two laboratories from all six states, the 
Australian Capital Territory and the Northern Terri-
tory participated in the S. aureus Australian Group 
for Antimicrobial Resistance (AGAR) survey. From 
1 May 2005, each laboratory collected up to 100 con-
secutive significant clinical isolates from hospital 
inpatients (hospital stay >48 hours at the time of 
specimen collection). Only one isolate per patient 
was tested and no isolates from screening swabs were 
included. If S. aureus was isolated from more than one 
site, then the isolate from the most significant clinical 
site was tested. Specimens received for the purpose of 
gathering surveillance data were excluded.

Species identification

S. aureus was identified by morphology and positive
results of at least two of three tests: slide coagulase
test, tube coagulase test, and demonstration of

deoxyribonuclease production.20 Additional tests 
such as fermentation of mannitol or growth on 
mannitol-salt agar may have been performed for 
confirmation.

Susceptibility testing methodology

Participating laboratories performed antimicrobial 
susceptibility tests using the Vitek2® AST-P545 card 
(BioMerieux, Durham, NC). Antimicrobials tested 
were benzylpenicillin, oxacillin, cefazolin, vancomycin, 
rifampicin, fusidic acid, gentamicin, erythromycin, 
clindamycin, tetracycline, trimethoprim/sulphameth-
oxazole (cotrimoxazole), ciprofloxacin, quinupristin/
dalfopristin (Synercid®), teicoplanin, linezolid, imi-
penem, and nitrofurantoin. Results were interpreted for 
non-susceptibility according to CLSI breakpoints.22,23 
Penicillin susceptible strains were tested for ß-lacta-
mase production using nitrocefin. A cefoxitin disc dif-
fusion test was used to confirm methicillin-resistance. 
Mupirocin and cefoxitin were tested by disc diffusion 
using the CLSI or CDS methods.21�23 The minimum 
inhibitory concentration (MIC) of mupirocin resistant 
isolates was determined by Etest® (AB Biodisk, Solna, 
Sweden). The macro Etest® method was used to 
determine hetero-resistance to vancomycin.

Statistical analysis

The proportions and 95% confidence intervals 
(CI) were calculated for MRSA by laboratory, state
or territory, age, source, invasiveness of infection
(blood, sterile site or cerebrospinal fluid isolates)
and antibiogram. Odds ratio for the association of
age and MRSA was examined after age of patient
was categorised into one of five age groups. All
descriptive and inferential statistics were calculated
using Epi Info version 6.0.4 (Centers for Disease
Control and Prevention, Atlanta, Ga, USA) with
the alpha level set at the 5% level for two-sided tests
for significance.

Results

Participating laboratories (27 public and 5 private) 
were located in New South Wales (8), the Australian 
Capital Territory (1), Queensland (6), Victoria (6), 
Tasmania (2), the Northern Territory (1), South 
Australia (4) and Western Australia (4). To ensure 
institutional anonymity data were combined for 
New South Wales and the Australian Capital 
Territory; Tasmania and Victoria; and Queensland 
and the Northern Territory (Table 1). There were 
2,908 isolates included in the survey with the 
majority (76.1%) of isolates contributed by New 
South Wales/Australian Capital Territory (28.4%), 
Victoria/Tasmania (24.9%) and Queensland/ 
Northern Territory (22.8%).
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Specimen source
The majority of S. aureus isolates (67.6%) were from 
skin and soft tissue infections (Table 2). Respiratory 
specimens were the second most common source 
(17.4%) followed by blood culture isolates, 6.7%, with 
significantly (P<0.0001) more isolates causing non-
invasive (91.2%) than invasive (8.7%) infections.

Susceptibility results

Nationally, 31.9% of S. aureus isolates were MRSA 
(Table 3) with the proportion varying significantly 
between states and territories (X2 = 110.54, 
P<0.0001). The proportion of MRSA in New 
South Wales/Australian Capital Territory hospitals 
(43.4%) was significantly higher (P<0.001) than 
the Australian average of 31.9%. There was no 
significant difference in the proportion of MRSA 
isolates that caused invasive infections (20.0% to 
41.2% respectively, P=0.267) while the proportion 
of non-invasive infections ranged from 22.8% in 
Western Australia to 43.7% in New South Wales/
Australian Capital Territory (P<0.0001). There was 
a wide range in the proportions of MRSA isolated 

by institutions with 31.0%�58.0% in New South 
Wales/Australian Capital Territory, 19.0%�36.0% 
in Queensland/Northern Territory, 15.0%�29.0% in 
South Australia, 4.0%�53.5% in Victoria/Tasmania 
and 14.5%�29.2% in Western Australia (Table 4).

Resistance in MRSA to non-beta-lactam antimicro-
bials varied significantly between states with the 
exception of mupirocin (Table 5). Resistance with 
the widest range was identified for gentamicin 
(5.0% to 79.5%, P<0.0001), tetracycline (6.3% to 
83.0%, P<0.0001), cotrimoxazole (7.5% to 80.8%, 
P<0.0001) and clindamycin (8.3% to 68.7%, 
P<0.0001). Resistance to ciprofloxacin was also 
common ranging from 42.5%�89.4% (P<0.0001). 
Resistance to fusidic acid across the states varied 
significantly (P=0.0023) with the highest propor-
tion in South Australia (11.9%). There was no 
significant difference (P=0.713) in the low levels 
of mupirocin resistance. One isolate from Victoria/
Tasmania had a quinupristin/dalfopristin MIC 

Table 1. Isolates by region

Region Number of 
institutions

Total %
95%CI

New South Wales/
Australian Capital 
Territory

9 825 28.4
(26.7�30.0)

Queensland/
Northern Territory

7 664 22.8
(21.3�24.4)

South Australia 4 340 11.7
(10.5�12.9)

Victoria/Tasmania 8 724 24.9
(23.3�26.5)

Western Australia 4 355 12.2
(11.0�13.4)

Total 32 2,908 100

Table 2. Source of isolates

Specimen source n %

Skin and soft tissue 1,967 67.6

Respiratory 506 17.4

Blood 194 6.7

Urine 92 3.2

Eye 62 2.1

Sterile site 50 1.7

Ear 13 0.4

Cerebrospinal  uid 8 0.3

Other 11 0.4

Unknown 5 0.2

Total 2,908

Invasive 252 8.7

Non-invasive 2,651 91.2

Not speci ed 5 0.2

Table 3. Proportion of methicillin-resistant  for all isolates, invasive 
isolates and non-invasive isolates, by region

All Isolates Invasive Non-invasive

n % n % n %

NSW/ACT 358/825 43.4 35/85 41.2 323/739 43.7

Qld/NT 177/664 26.7 13/36 36.1 164/628 26.1

SA 84/340 24.7 10/34 29.4 73/304 24.0

Vic/Tas 229/724 31.6 23/59 39.0 206/664 31.0

WA 80/355 22.5 6/30 20.0 74/325 22.8

Aus 928/2,908 31.9 87/244 35.7 840/2,660 31.6

Difference across regions 2 81.01 5.20 78.81

P value <0.0001 0.267 <0.0001
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of >2 mg/L by broth micro-dilution and an Etest 
MIC of 6 mg/L. In addition, one result for quinu-
pristin/dalfospristin was missing. One isolate from 
New South Wales/Australian Capital Territory had 
Vitek MIC results of 4 mg/L for vancomycin and 
teicoplanin (non-susceptible). The broth dilution 
MIC of both agents was 2 mg/L and the isolate was 
confirmed as a hetero-vancomycin intermediate 
S. aureus (hVISA) by the macro Etest method.

MSSA were generally susceptible to most non-beta-
lactam antimicrobials with no significant difference 
in proportion across all regions with the exception 
of the level of resistance in tetracycline (P=0.0005) 

with New South Wales/Australian Capital Territory 
having the highest level at 3.6%, and gentamicin 
(P=0.0047) with Victoria/Tasmania having the 
highest level at 3.2% (Table 6).

Relationship of age to methicillin-resistant 
 prevalence

Patients with MRSA ranged in age from less than 
one year to 100 years, with a mean of 54.3 years. 
The distribution of age was skewed towards the 
elderly with the 25th percentile at 35 years, the 
50th at 61 years and the 75th at 77 years. MSSA 
was significantly (P<0.0001) more common than 
MRSA in all five age groups; neonatal (<1�1 year), 
paediatric (2�16 years), adult (17�40 years), mid-
dle-age (41�61 years) and the older (62�100 years) 
(Table 7).

When the relationship between mean age and 
proportion of MRSA in institutions was examined, 
a significant (P two tailed = 0.02), but weak linear 
trend (r = 0.4195), was identified (Figure 1). The 
sample sizes contributed by the member hospitals 
were small with a wide dispersion of the mean 
age (Figure 2) across the 32 facilities. However, 
when age was categorised into five ranges for the 
aggregated data from all hospitals and odds ratio 
of MRSA cases for each age group was examined 
against the youngest, MRSA was significantly 
more likely to occur in patients in successively 
older age groups compared with MSSA (Table 8). 
Advancing age is a strongly significant risk factor 
for acquisition with patients aged between 62 years 
and 100 years being 10.33 (P<0.0001) times more 
likely to have MRSA (not MSSA) compared with 
babies.

Table 4. Proportion of methicillin-resistant 
, by institution

Region Laboratory code % MRSA

NSW/ACT 1 31.0

2 50.0

3 31.3

4 47.0

5 58.0

6 51.0

7 38.5

8 46.0

9 34.0

Qld/NT 10 30.0

11 19.0

12 20.0

13 29.9

28 23.2

29 28.8

30 36.0

SA 14 29.0

15 29.0

16 15.0

17 27.5

Vic/Tas 18 4.0

19 45.0

20 23.1

21 10.0

22 43.0

23 53.5

31 35.0

32 33.0

WA 24 14.5

25 25.0

26 22.0

27 29.2

Australia 31.9

Figure 1. Relationship of mean age and 
proportion of methicillin-resistant 

 for 32 institutions

y = 0.3412x + 13.09
R2 = 0.1759
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for comparison of results over a prolonged period. 
The advent of community strains of MRSA during 
the 1990s25,26 however, led to interest in studying 
the prevalence of MRSA in outpatient infections 
alone. AGAR responded by conducting biennial 
outpatient surveys from 2000 onwards.9,27 Since 
then evidence has emerged that strains that initially 
were acquired almost exclusively in the community 
were now being acquired in the health care setting 
with increasing frequency.28 Therefore, in 2005 a 
survey of hospital-acquired S. aureus infection was 
undertaken. The results provide us with the first 
accurate estimates at a national level of the propor-
tion of hospital-acquired S. aureus infection that are 
due to MRSA.

In this survey 2,908 isolates were collected in 32 labor-
atories covering all states and territories. Overall, 
31.9% of isolates were MRSA. While there was a 
significant difference in the proportion of MRSA 
between regions (from 22.5% in Western Australia to 
43.4% in New South Wales), this may have been due 
in part to different age distributions. The overall pro-
portion of MRSA in invasive (mainly bacteraemia) 
isolates was similar to that of non-invasive isolates 
(35.7% and 31.6% respectively, P=0.195. The high 
proportion of MRSA in invasive isolates is of concern 
as MRSA bacteraemia is associated with increased 
mortality compared with MSSA.17,18,31 Direct com-
parison with prevalence in other countries is difficult 
due to methodological differences. For example, the 

Discussion

Surveys conducted by AGAR from 1986 to 1999 
included all consecutive clinical isolates of S. aureus 
during the survey period regardless of acquisi-
tion.3,7,24 Participating laboratories did not need to 
acquire any additional information to distinguish 
between inpatients and outpatients and so an 
overall MRSA prevalence was derived. Compliance 
with methodology was a potential issue particularly 
in the early days of the surveys but this simple data 
collection was reliably achieved. It also allowed 

Table 7. Age by methicillin susceptibility of 

Age Total MRSA MSSA Difference in isolates by 
age category (row)

n % 95% CI n Row 
%

Column 
%

n Row 
%

Column 
%

2 P

0�1 264 9.1 8.1�10.2 17 6.4 1.8 247 93.6 12.5 400.76 <0.0001

2�16 132 4.5 3.8�5.4 29 22.0 3.1 103 78.0 5.2 82.97 <0.0001

17�40 426 14.7 13.4�16.0 113 26.5 12.2 313 73.5 15.8 187.79 <0.0001

41�61 642 22.1 20.6�23.6 207 32.2 22.3 435 67.8 22.0 161.94 <0.0001

62�100 1,443 49.6 47.8�51.5 562 38.9 60.6 881 61.1 44.5 1142.81 <0.0001

Total 2,907 100 � 928 31.9 100 1,979 68.1 100 103.96 <0.0001

Table 8. Risk of methicillin-resistant , by age groups

Age Unadjusted 
Odds Ratio

95% CI P Adjusted Odds 
Ratio*

95%CI P

0�1 1 (referent group) � � 1 (referent group) � �

2�16 4.09 2.06 � 8.16 <0.0001 4.25 2.22 � 8.11 <0.0001

17�40 5.25 2.99 � 9.32 <0.0001 5.72 3.22 � 9.85 <0.0001

41�61 6.91 4.02 � 12.04 <0.0001 7.37 4.36 � 12.46 <0.0001

62�100 9.27 5.49 � 15.86 <0.0001 10.33 6.21 � 17.10 <0.0001

P<0.0001, 2 for linearity = 119.729 * Adjusted for state and territories

Figure 2. Mean age compared with proportion 
of methicillin-resistant 
in participating institutions
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European surveillance system reports the proportion 
of MRSA in bacteraemia isolates in both inpatients 
and outpatients in 23 countries.32 Even so, the overall 
proportion in Europe in 2005 varied from 1.7% in 
Denmark to 55% in Malta. The Netherlands and the 
Scandinavian countries have been consistently able 
to keep MRSA at very low levels in their hospitals 
over long periods.

Resistance to non-beta-lactams in MRSA was com-
mon for erythromycin, clindamycin, tetracycline, 
cotrimoxazole, ciprofloxacin and gentamicin and 
varied considerably from region to region. This 
regional variability is due to the differential dis-
tribution of MRSA clones in the major cities. For 
example, ST239-MRSA-III (AUS-2 and AUS-3 
strains), which is resistant to multiple non-beta-
lactams including gentamicin, erythromycin and 
tetracycline, is endemic in the eastern states but 
is less common in Western Australia and South 
Australia. ST22-MRSA-IV (UK EMRSA-15), which 
is resistant to ciprofloxacin and often erythromycin 
but susceptible to all other non-beta-lactams, is 
more common in Western Australia as are other 
non-multi-resistant strains.9,27 Resistance of MSSA 
to non-beta-lactam antimicrobials was uncommon 
except for erythromycin. There was little variability 
between regions in the low levels of resistance to 
other agents, with the exception of tetracycline and 
gentamicin. Once again this may be due to regional 
variations in the prevalence of strains of MSSA car-
rying different combinations of resistance genes.

The prevalence of MRSA isolates varied from 
4.0% to 58.0% between institutions. The high 
levels in some institutions are a cause for concern 
given the increased mortality, morbidity and cost 
associated with MRSA infection.19,33 While it is 
generally accepted that the prevalence of MRSA in 
an institution reflects the effectiveness of infection 
control practice,34 it is also true that age is a risk fac-
tor or proxy for MRSA infection.35 Analysis of the 
2005 survey data confirmed that risk of MRSA did 
increase significantly with age (P<0.0001). There 
was also a weak association between mean age and 
proportion of MRSA in institutions. The weakness 
of the association was due in part to the low sample 
size resulting in variability in the mean age. Equally, 
other factors such as variability in activity, acuity and 
infection control practice may also have contributed. 
Given the marked variability in prevalence between 
institutions it seems unlikely that mean age alone 
could explain the difference. Until other risk factors 
have been accurately identified, the elderly should 
be considered to be at highest risk when developing 
strategies for the control of MRSA. The possibility 
of controlling MRSA in the health care setting was 
demonstrated quite early in Australia.8 There is 
now ample and consistent evidence that infection 
control strategies based on screening, isolation and 

decolonisation are successful and highly cost effect-
ive.19 The reasons for significant variability between 
regional and institutional prevalence of MRSA is 
worthy of further study. Reduction of MRSA infec-
tion in high prevalence institutions is likely to result 
in lower levels of morbidity and mortality and in 
lower health care costs.

A full detailed report of this study may be found 
under �AMR surveillance� on the Australian Group 
on Antimicrobial Resistance website: http://www.
antimicrobial-resistance.com/
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