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1. Executive Summary

The Australian Group for Antimicrobial Resistance (AGAR) has performed three Australia-wide
community surveys of antibiotic resistance in Staphylococcus aureus, in 2000, 2002 and 2004.
In each survey, participating laboratories in each state and territory in Australia collected up to
100 consecutive, non-duplicate isolates of S. aureus. In these surveys, isolates from non-
hospitalised patients, excluding day surgery, dialysis patients but including long-term care
facility patients, were collected. Infection control screening isolates were excluded. Isolates
were confirmed to be S. aureus by standard methods (slide and/or tube coagulase and DNAse
tests), and antibiotic susceptibility testing performed by CLSI agar dilution using a single
breakpoint for each antimicrobial.

In the 2004 survey, 2,651 isolates of S. aureus were collected by 27 institutions from each state
and territory in Australia. Overall, 15.3% of isolates were methicillin (oxacillin)-resistant
Staphylococcus aureus (MRSA). The proportion that were MRSA varied by region: NSW/ACT
19.8%, QId/NT 19.8%, WA 13.0%, Vic/Tas 10.7%, SA 10.3%.

For all MRSA, resistances to specific antimicrobials were: erythromycin 55.6%, ciprofloxacin
54.6%, trimethoprim 35.6%, tetracycline 33.6%, gentamicin 33.3%, clindamycin 21.7%, fusidic
acid 6.7%, rifampicin 3.2%, mupirocin 1.5%, chloramphenicol 0.2%. No resistance to
vancomycin, teicoplanin, quinupristin/dalfopristin or linezolid was detected.

258/405 MRSA isolates (63.7%) were non-multidrug resistant. The proportion of non-multidrug
resistant MRSA varied by region: WA 100% (52/52), QId/NT 81.7% (58/71 isolates), SA 78.0%
(32/41), ACT/NSW 55.9% (99/177) and Vic/Tas 26.6% (17/64).

For all methicillin-susceptible S. aureus (MSSA), resistances to specific antimicrobials were:
penicillin 82.1%, erythromycin 12.2%, tetracycline 3.8%, ciprofloxacin 2.9%, fusidic acid 3.4%,
trimethoprim 1.6%, chloramphenicol 0.9%, clindamycin 0.8%, gentamicin 0.8%, mupirocin 0.7%
and rifampicin 0.1%. No resistance to vancomycin, teicoplanin, quinupristin/dalfopristin or
linezolid was detected.

Comparing the years 2000, 2002 and 2004, oxacillin resistance in Australia increased from
11.7% to 15.3% (P=0.0002). QId/NT increased from 7.5% to 19.8% (P<0.0001), NSW/ACT
changed from 17.9% to 23.2% then fell to 19.8% for the three surveys [Not statistically
significant (NS)], Vic/Tas increased from 8.3% to 10.7% (NS), SA from 7.3% to 10.3% (NS),
and WA from 11.5% to 13.0% (NS).

Comparing trends in non-betalactam resistance in MRSA between the surveys from 2000, 2002
and 2004, ciprofloxacin resistance increased from 49.8% to 54.6% (NS), with the biggest
increase seen in Vic/Tas from 66.0% to 89.1% (P=0.004) and WA from 8.7% to 19.2% (NS).
Tetracycline resistance decreased from 42.9% to 33.6% (P=0.01) with a large decrease detected
in SA 45.5% to 14.6% (P=0.01). Erythromycin resistance decreased from 64.7% to 55.6%
(P=0.01), with a decrease seen in QId/NT of 53.3% to 33.8% (NS). Clindamycin resistance
decreased from 30.1% to 21.7% (P=0.01), with a decrease in Vic/Tas from 76.6% to 31.3% (P
<0.0001).



Fusidic acid resistance decreased from 9.0% to 6.7% (NS), with a decrease in Vic/Tas from
10.6% to 3.1% (NS) and SA from 18.2% to 9.8% (NS), with the rate in WA varying between
15.2%, 5.5% and 13.5% in the three surveys. Rifampicin resistance was stable at 3% in the three
surveys overall, with a decrease from 8.5% to 3.1% (NS) seen in Vic/Tas. Trimethoprim
resistance decreased from 44.6% to 35.6% (P=0.02), with regional changes mirroring those for
gentamicin resistance. Mupirocin resistance remained very low at 2% in each time period. In
QId/NT, there was a decrease from 6.7% to 0% (NS). Chloramphenicol resistance decreased
from 2.8% to 0.2% (P=0.005) with a decrease in Vic/Tas of 6.4% to 0% (NS).

In 2004, 123 MRSA strains (30.4% of MRSA) were only resistant to penicillin and methicillin,
and 32 (7.9%) were only resistant to penicillin, methicillin and erythromycin. These 155 strains
(38.3%) have phenotypes typical of community MRSA strains found in Australia. Community
MRSA strains are typically non-multiresistant but usually don’t exhibit the ST22-MRSA-1V (UK
EMRSA-15) antibiogram.

38 MRSA isolates (9.4%) were resistant to penicillin, methicillin and ciprofloxacin and 36
(8.9%) were resistant to penicillin, methicillin, ciprofloxacin and erythromycin, the two
phenotypes suggestive of ST22-MRSA-1V. A total of 74 strains (18.3%) of MRSA exhibited this
antibiogram in 2004, which is consistent with ST22-MRSA-1V being an established clone in
Australia.

With respect to MSSA during the three time periods, penicillin resistance decreased from 84.6%
to 82.1% (P=0.03), with all regions reporting similar decreases. Ciprofloxacin resistance
increased from 1.4% to 2.9% (P<0.001) with all regions having similar increases. Tetracycline
resistance remained stable at 4% with all regions seeing similar magnitudes of resistance.
Erythromycin resistance was stable at 12%. There were small increases of 12.7% to 13.9% (NS)
in QId/NT and from 12.3% to 14.4% (NS) in Vic/Tas. Other regions were stable except WA
where resistance decreased from 11.6% to 8.3% (NS). Clindamycin resistance remained at <1%
during the three periods. Fusidic acid resistance also remained stable at 3% - 4% for each survey,
with similar trends in each region except QId/NT where resistance decreased from 4.9% to 2.4%
(NS). Trimethoprim resistance remained stable at 1% - 2% in all regions in all time periods.
Rifampicin, gentamicin, mupirocin, and chloramphenicol resistance was rare in all laboratories in
all surveys, and resistance to vancomycin, teicoplanin, quinupristin/dalfopristin and linezolid was
not detected.

In summary, antibiotic resistant appears dynamic in S. aureus in Australia. The proportion of
MRSA in the community surveys increased from 11.7% to 15.3%, with certain regions seeing
pronounced increases. In 2004, about half of the MRSA were community strains, and a further
one-fifth were the ST22-MRSA-IV clone phenotypically. In MRSA, resistance to ciprofloxacin
increased slightly, but resistance to erythromycin, clindamycin, fusidic acid, trimethoprim
decreased, and was stable for other compounds. In methicillin-susceptible S. aureus, resistance
was stable: 82.1% were resistant to penicillin; erythromycin resistance remained stable just over
12%; and other resistances were rare.



2. Background

S. aureus remains one of the most important bacterial pathogens in modern medicine, causing a
wide range of clinical phenomena from asymptomatic carriage to overwhelming sepsis and death
(1). S. aureus has two remarkable traits: its protean clinical manifestations, and its ability to
become resistant to anti-staphylococcal antimicrobials as they are developed, such as penicillin
(2), and methicillin (3). In Australia, methicillin-resistant S. aureus (MRSA) were first detected
in Sydney in the 1960s (4), but really became an endemic problem in hospitals, in the Eastern
states in particular, in the 1980s (5). Community MRSA strains, less resistant to antibiotics and
associated with skin and soft tissue sepsis, emerged in the 1990s, initially in Western Australia
(6, 7), then the Northern Territory (8), then in the Eastern states (9-11). Most recently a
hypervirulent community MRSA detected in Queensland (12), caused a significant epidemic in
rural NSW with 47% of skin infections being caused by MRSA (13). This clone is now detected
in most regions of Australia (14).

The Australian Group for Antimicrobial Resistance (AGAR) was established in 1986, initially to
monitor resistance in S. aureus throughout Australia (15). This surveillance role has become
more important with the multiple waves of MRSA that have occurred in Australia since the
1960s as described above. Results of previous S. aureus surveys have been presented previously
(16-18). Given the emergence of hypervirulent community MRSA strains, AGAR determined to
alter the annual surveys to alternate between hospital and community surveys. The surveys
performed in 2000, 2002 and 2004 were community surveys. The 2004 survey is the topic of this
report, and the results from 2004 are compared with the earlier surveys in 2000 and 2002 to
determine trends in resistance.

Note: This report should be read in conjunction with the SAP 2004 Epidemiology and Typing
Report. MRSA antimicrobial susceptibility profiles may be indicative of MRSA clone types.



3. Isolates

Up to 100 clinically significant consecutive isolates of S. aureus from different patients were
collected by each institution commencing November 1 2004. Isolates were collected from non-
hospital patients. Day surgery and dialysis patients were excluded. Isolates from Nursing
Homes, Long-term Care Facilities and Hospice patients were included.

This survey is designed to provide a “snapshot” of the antibiotic profile of S. aureus in patients
presenting at Australian hospitals. AGAR members participated in community surveys in 2000,

2002 and 2004.

2,651 S aureus were tested by 27 institutions in the SAP 2004. Each state and territory of
Australia was represented. Table 1 shows the number of labs per region and the number of

isolates tested in each region.

TABLE 1: S. aureus isolates tested in the SAP 2004.

] Number of

Region Institutions Isolates tested
New South Wales (NSW) 9 894
Australian Capital Territory (ACT)
Northern Territory (NT

tory (NT) 4 359
Queensland (Qld)
South Australia (SA) 4 399
Victoria (Vic

‘ctonia (Vic) 6 599

Tasmania (Tas)
Western Australia (WA) 4 400
Total 27 2651

4. Participating Laboratories
Australian Capital Territory (1)
The Canberra Hospital

New South Wales (8)

Concord Hospital

Douglass Hanley Moir

John Hunter Hospital
Nepean Hospital
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Royal North Shore Hospital

Royal Prince Alfred Hospital

South West Area Pathology Services
Westmead Hospital

Northern Territory (1)
Royal Darwin Hospital
Queensland (3)

Princess Alexandra Hospital
Royal Brisbane Hospital
Sullivan Nicolaides Pathology

South Australia (4)

Flinders Medical Centre

Gribbles Pathology

Institute of Medical Veterinary Science
Women’s and Children’s Hospital

Tasmania (1)

Royal Hobart Hospital

Victoria (5)

Alfred Hospital

Austin Health

Gribbles Pathology

Royal Children’s Hospital
St Vincent’s Hospital

Western Australia (4)
Fremantle Hospital
PathCentre

Royal Perth Hospital

Saint John of God Pathology
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5. Methods

5.1 ldentification
At least two of the following three tests for the identification of S. aureus were used:

1. Slide coagulase test
2. Tube coagulase test
3. Demonstration of deoxyribonuclease production

Additional tests such as nuc gene PCR, fermentation of mannitol or growth on mannitol-salt
agar may have been performed for confirmation.

5.2 Antimicrobial Susceptibility Testing

Agar dilution methodology was used as described in 'Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria that Grow Aerobically - Fifth Edition', Approved Standard,
National Committee for Clinical Laboratory Standards, Wayne, PA (NCCLS Document M7-
A5, VOL 20 No.2, January, 2000). Refer to Appendix 3.

The break points selected to determine resistance are described in 'Performance Standards for

Antimicrobial Susceptibility Testing; Supplemental Tables, (NCCLS Document M100-S13
(MT7), January 2003), Table 2C, MIC Interpretive Standards (ug/ml) for Staphylococcus spp.

12



6.

The following antimicrobial concentrations were employed:

Antimicrobials and concentrations:

Antimicrobial

Concentration (ma/L)

Penicillin

Cefoxitin

Oxacillin

Vancomycin

Vancomycin — Brain Heart Infusion Agar
Rifampicin

Fusidic acid

Gentamicin

Chloramphenicol

Erythromycin

Clindamycin

Tetracycline

Trimethoprim

Ciprofloxacin

Mupirocin

Quinupristin/dalfopristin (Synercid®)
Teicoplanin

Linezolid

Isolates that failed to grow on the penicillin plate were tested for the production of 3-

lactamase by the nitrocefin method.

Data Analysis

0.125

oo
ANPFRPPRPPORMNTUODIORRPREFRPRONDNA

Data from each institution was entered on a standard excel worksheet. Data was analysed using

Microsoft Office Access 2003. P values were determined using Fisher’s exact test (two-tailed).

13



7. SAP 2004 Results

7.1 Antimicrobial Resistance in S. aureus.

Oxacillin

Australia-wide 15.3% (n= 405) of S. aureus were oxacillin resistant, ranging from 10.3% in
SA t0 19.8% in NSW/ACT and QId/NT.

Oxacillin
resistant
S. aureus

2004

Penicillin
Australia-wide 84.9% (n=2,250) of S. aureus were penicillin resistant ranging from 83.8% in
WA to 88.0% in QId/NT.

Penicillin

resistant AUS
S. aureus 84.9%
2004

14



Ciprofloxacin

Australia-wide 10.8% (n =286) of S. aureus were ciprofloxacin resistant, ranging from 4.0%
in WA to 15.4% in NSW/ACT.

Ciprofloxacin
resistant
S. aureus
2004

AUS
10.8%

Tetracycline

Australia-wide 8.4% (n =222) of S. aureus were tetracycline resistant, ranging from 2.0% in
WA to 12.0% in NSW/ACT.

Tetracycline

resistant AUS
S. aureus 8.4%
2004

15



Erythromycin

Australia-wide 18.8% (n = 498) of S. aureus were erythromycin resistant, ranging from

13.5% in WA to 21.6% in NSW/ACT.

Erythromycin
resistant
S. aureus
2004

AUS
18.8%

Clindamycin

Australia-wide 4.0% (n = 107) of S. aureus were clindamycin resistant ranging from 1.5% in

WA 10 6.8% in NSW/ACT.

Clindamycin
resistant
S. aureus

2004

AUS
4.0%
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Fusidic acid

Australia-wide 3.9% (n = 104) of S. aureus were fusidic acid resistant, ranging from 3.2% in

Vic/Tas to 5.0% in WA.

Fusidic acid
resistant
S. aureus

2004

AUS
3.9%

Rifampicin

Australia-wide 0.6% (n = 16) of S. aureus were rifampicin resistant, ranging from 0.3% in
Vic/Tas to 1.3% in NSW/ACT. Rifampicin resistance was not detected in WA or SA.

Rifampicin
resistant
S. aureus

2004

AUS
0.6%

17



Gentamicin

Australia-wide 5.8% (n =154) of S. aureus were gentamicin resistant, ranging from 1.0% in

WA t0 8.9% in NSW/ACT.

Gentamicin
resistant
S. aureus

2004

AUS
5.8%

Trimethoprim

Australia-wide 6.8% (n = 181) of S. aureus were trimethoprim resistant, ranging from 1.5% in

WA to 10.4% in Vic/Tas.

Trimethoprim
resistant
S. aureus
2004

AUS
6.8%

18



Mupirocin

Australia-wide 0.8% (n = 21) of S. aureus were mupirocin resistant, ranging from 0.5% in SA

to 1.2% in NSW/ACT. Mupirocin resistance was not detected in QId/NT.

Mupirocin
resistant

S. aureus
2004

AUS
0.8%

Chloramphenicol

Australia-wide 0.8% (n = 21) of S. aureus were chloramphenicol resistant ranging from 0.6%

in QId/NT to 1.3% in SA. Chloramphenicol resistance was not detected in WA.

Chloramphenicol
resistant
S. aureus
2004

AUS
0.8%
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Vancomycin and Teicoplanin

Vancomycin 2mg/L and teicoplanin 2mg/L were included in the SAP 2004 for screening of S.
aureus with increased glycopeptide MICs (eg hetero VISA and VISA). In 2004 no S. aureus
isolates grew on the vancomycin plate. Therefore no vancomycin resistant strains were
identified. Two isolates (one MRSA and one MSSA) grew on the teicoplanin plate. Both had
a MIC of 4mg/L and were therefore reported as teicoplanin susceptible.

Quinupristin / dalfopristin (Synercid®)

All isolates were sensitive to quinupristin / dalfopristin.

Linezolid

All isolates were sensitive to linezolid.

20



7.2 Antimicrobial Resistance in MRSA

Ciprofloxacin

Australia-wide 54.6% (n = 221) of MRSA were ciprofloxacin resistant, ranging from 19.2%

in WA to 89.1% in Vic/Tas.

Ciprofloxacin
resistant
MRSA

2004

AUS
54.6%

Tetracycline

Australia-wide 33.6% (n = 136) of MRSA were tetracycline resistant, ranging from 14.6% in

SA t0 68.8% in Vic/Tas. Tetracycline resistance was not detected in WA.

Tetracycline
resistant
MRSA

2004

AUS
33.6%

21



Erythromycin

Australia-wide 55.6% (n = 225) of MRSA were erythromycin resistant, ranging from 33.8%
in QId/NT to 81.3% in Vic/Tas.

Erythromycin
resistant AUS
MRSA 55.6%
2004

Clindamycin

Australia-wide 21.7% (n = 88) of MRSA were clindamycin resistant, ranging from 5.8% in
WA to 31.3% in Vic/Tas.

Clindamycin
resistant AUS
MRSA 21.7%

2004




Fusidic acid

Australia-wide 6.7% (n = 27) of MRSA were fusidic acid resistant, ranging from 3.1% in
Vic/Tas to 13.5% in WA.

Fusidic acid
resistant AUS
MRSA 6.7%
2004

Rifampicin

Australia-wide 3.2% (n = 13) of MRSA were rifampicin resistant, ranging from 2.8% in
QId/NT to 5.1% in NSW/ACT. Rifampicin resistance was not detected in WA or SA.

Rifampicin
resistant AUS
MRSA 3.20%

2004




Gentamicin

Australia-wide 33.3% (n = 135) of MRSA were gentamicin resistant, ranging from 16.9% in

WA to 67.2% in Vic/Tas. Gentamicin resistance was not detected in WA.

Gentamicin
resistant
MRSA

2004

AUS
33.3%

Trimethoprim

Australia-wide 35.6% (n = 144) of MRSA were trimethoprim resistant, ranging from 18.3%
in QId/NT to 73.4% in Vic/Tas. Trimethoprim resistance was not detected in WA.

Trimethoprim
resistant
MRSA

2004

AUS
35.6%
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Mupirocin

Australia-wide 1.5% (n = 6) of MRSA were mupirocin resistant, ranging from 1.6% in
Vic/Tas to 2.4% in SA. Mupirocin resistance was not detected in WA or QId/NT.

Mupirocin
resistant
MRSA

2004

AUS
1.5%

Chloramphenicol

Australia-wide 0.2% (n = 1) of MRSA were chloramphenicol resistant. In SA resistance was

2.4%. Resistance was not detected in other regions.

Chloramphenicol
resistant
MRSA

2004

AUS
0.2%

25



Vancomycin and Teicoplanin

Vancomycin 2mg/L and teicoplanin 2mg/L were included in the SAP 2004 for screening of S.
aureus with increased glycopeptide MICs (eg hetero VISA and VISA). In 2004 no S. aureus
isolates grew on the vancomycin plate. Therefore no vancomycin resistant strains were
identified. One MRSA with a MIC of 4mg/L grew on the teicoplanin plate and was therefore
reported as teicoplanin susceptible.

Quinupristin / dalfopristin (Synercid®)

All isolates were sensitive to quinupristin / dalfopristin.

Linezolid

All isolates were sensitive to linezolid.

26



7.3 Multiresistant vs Non-Multiresistant MRSA By Region, SAP 2004

Strains resistant to >3 non-betalactam antibiotics are multiresistant MRSA and strains

100%

90% 1

80% 1

70%

60% |

50% 1

40%

30%

20% |

10% 1

0%

resistant to <2 non-betalactam antibiotics are non-multiresistant MRSA.
Aus WA

QId/NT NSW/ACT Vic/Tas SA

ONon-Multiresistant MRSA B Multiresistant




7.4 Antimicrobial Resistance in MSSA

Penicillin

Australia-wide 82.1% (n=1,845) of MSSA were penicillin resistant ranging from 80.1% in
NSW/ACT to 85.1% in QId/NT.

Penicillin
resistant AUS
MSSA 82.1%
2004

Ciprofloxacin

Australia-wide 2.9% (n = 65) of MSSA were ciprofloxacin resistant, ranging from 1.7% in
WA to 3.5% in QId/NT.

Ciprofloxacin

resistant AUS
MSSA 2.9%
2004

Adelaide |




Tetracycline

Australia-wide 3.8% (n = 86) of MSSA were tetracycline resistant, ranging from 2.1% in

QId/NT to 4.9% in Vic/Tas.

Tetracycline
resistant
MSSA

2004

AUS
3.8%

Erythromycin

Australia-wide 12.2% (n =273) of MSSA were erythromycin resistant, ranging from 8.3% in

WA to 14.4% in Vic/Tas.

Erythromycin
resistant
MSSA

2004

AUS
12.2%
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Clindamycin

Australia-wide 0.8% (n = 19) of MSSA were clindamycin resistant ranging from 0.3% in
QId/NT to 1.1% in SA.

Clindamycin
resistant AUS
MSSA 0.8%
2004

Fusidic acid

Australia-wide 3.4% (n = 77) of MSSA were fusidic acid resistant, ranging from 2.4% in
QId/NT to 4.0% in NSW/ACT.

Fusidic acid
resistant AUS
MSSA 3.4%

2004




Rifampicin

Australia-wide 0.1% (n = 3) of S. aureus were rifampicin resistant. In NSW/ACT resistance

was 0.4%. Resistance was not detected in other regions.

Rifampicin
resistant
MSSA

2004

AUS
0.1%

Gentamicin

Australia-wide 0.8% (n = 19) of MSSA were gentamicin resistant, ranging from 1.0% in
NSW/ACT to 1.5% in Vic/Tas. Resistance was not detected in QId/NT or SA.

Gentamicin
resistant
MSSA

2004

AUS
0.8%
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Trimethoprim

Australia-wide 1.6% (n = 37) of MSSA were trimethoprim resistant, ranging from 0.7% in

QId/NT to 2.8% in Vic/Tas.

Trimethoprim
resistant
MSSA

2004

AUS
1.6%

Mupirocin

Australia-wide 0.7% (n = 15) of MSSA were mupirocin resistant, ranging from 0.3% in SA to

1.0% in NSW/ACT. Resistance was not detected in QId/NT.

Mupirocin
resistant
MSSA

2004

AUS
0.7%
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Chloramphenicol

Australia-wide 0.9% (n = 20) of MSSA were chloramphenicol resistant ranging from 0.7% in
QId/NT to 1.1% in NSW/ACT, Vic/Tas and SA. Resistance was not detected in WA.

Chloramphenicol

resistant AUS
MSSA 0.9%
2004

Vancomycin and Teicoplanin

Vancomycin 2mg/L and teicoplanin 2mg/L were included in the SAP 2004 for screening of S.
aureus with increased glycopeptide MICs (eg hetero VISA and VISA). In 2004 no S. aureus
isolates grew on the vancomycin plate. Therefore no vancomycin resistant strains were
identified. One MSSA with a MIC of 4mg/L grew on the teicoplanin plate and was therefore
reported as teicoplanin susceptible.

Quinupristin / dalfopristin (Synercid®)

All isolates were sensitive to quinupristin / dalfopristin.

Linezolid

All isolates were sensitive to linezolid.
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8. Significant Trends in Community Surveys 2000, 2002 and 2004
8.1 Antimicrobial Resistance in S. aureus

Oxacillin
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8.2 Antimicrobial Resistance in MRSA
Ciprofloxacin
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Erythromycin
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Gentamicin
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Chloramphenicol
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8.3 Antimicrobial Resistance in MSSA
Penicillin
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9. Discussion

In 2004 the AGAR Staphylococcus Awareness Programme (SAP) examined community isolates
of S. aureus. Up to 100 consecutive, non-duplicate isolates of S. aureus were collected by
participating laboratories commencing 1/11/2004. Isolates from non-hospitalised patients,
excluding day surgery, dialysis patients but including long-term care facility patients.
Community surveys were conducted in 2000, 2002 and this one in 2004.

2,651 isolates of S. aureus were tested by 27 institutions from each state and territory in
Australia. Overall, 15.3% of isolates were MRSA. The proportion identified as MRSA varied by
region: NSW/ACT 19.8%, QId/NT 19.8%, WA 13.0%, Vic/Tas 10.7%, SA 10.3%.

In the community survey years 2000, 2002 and 2004, oxacillin resistance in Australia increased
from 11.7% to 15.3% (P=0.0002), as shown in Figure 1. QId/NT increased from 7.5% to 19.8%
(P<0.0001), NSW/ACT changed from 17.9% to 23.2% and fell to 19.8% (NS) for the three
surveys, Vic/Tas increased from 8.3% to 10.7% (NS), SA from 7.3% to 10.3% (NS), and WA
from 11.5% to 13.0% (NS).

Figure 1. Percentage of S. aureus resistant to methicillin in the community SAPs
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For all S. aureus (methicillin-susceptible and -resistant), resistance to specific antimicrobials
were: penicillin 84.9%, erythromycin 18.8%, ciprofloxacin 10.8%, tetracycline 8.4%,
trimethoprim 6.8%, gentamicin 5.8%, clindamycin 4.0%, fusidic acid 3.9%, mupirocin 0.8%,
chloramphenicol 0.8%, rifampicin 0.6%. No resistance to vancomycin, teicoplanin,
quinupristin/dalfopristin or linezolid resistance was detected.

For MRSA, resistance to specific antimicrobials were: erythromycin 55.6%, ciprofloxacin 54.6%,
trimethoprim 35.6%, tetracycline 33.6%, gentamicin 33.3%, clindamycin 21.7%, fusidic acid
6.7%, rifampicin 3.2%, mupirocin 1.5%, chloramphenicol 0.2%. No resistance to vancomycin,
teicoplanin, quinupristin/dalfopristin or linezolid was detected.

258/405 MRSA isolates (63.7%) of MRSA isolates were non-multidrug resistant. The proportion
of non-multidrug resistant MRSA varied by region: WA 100% (52/52), QId/NT 81.7% (58/71
isolates), SA 78.0% (32/41), ACT/NSW 55.9% (99/177) and Vic/Tas 26.6% (17/64).

40



For MSSA, antimicrobial resistance included: penicillin 82.1%, erythromycin 12.2%, tetracycline
3.8%, ciprofloxacin 2.9%, fusidic acid 3.4%, trimethoprim 1.6%, chloramphenicol 0.9%,
clindamycin 0.8%, gentamicin 0.8%, mupirocin 0.7% and rifampicin 0.1%. No resistance to
vancomycin, teicoplanin, quinupristin/dalfopristin or linezolid was detected.

Comparing the years 2000, 2002 and 2004, gentamicin sensitive MRSA, which strongly
correlates with non-multidrug resistance, increased from 59.2% to 66.7% (P=0.05). Region by
region, QId/NT varied from 83.3% to 62.1% to 83.1% (NS), NSW/ACT 52.1% to 44.8% to
58.8% (NS), Vic/Tas 23.4% to 32.8% (NS), SA 68.2% to 82.9% (NS), and WA 97.8% to 100%
(NS).

Comparing trends in non-betalactam resistance in MRSA between the surveys from 2000, 2002
and 2004, ciprofloxacin resistance increased from 49.8% to 54.6% (NS), with the biggest
increases seen in Vic/Tas from 66.0% to 89.1% (P=0.004) and WA from 8.7% to 19.2% (NS).
Tetracycline resistance decreased from 42.9% to 33.6% (P=0.01) with a large decrease detected
in SA of 45.5% to 14.6% (P=0.01). Erythromycin resistance decreased from 64.7% to 55.6%
(P=0.01), with a decrease seen in QId/NT of 53.3% to 33.8% (NS). Clindamycin resistance
decreased from 30.1% to 21.7% overall (P=0.01) with a decrease in Vic/Tas from 76.6% to
31.3% (NS). Fusidic acid resistance decreased from 9.0% to 6.7% (NS), with a decrease in
Vic/Tas from 10.6% to 3.1% (NS) and SA from 18.2% to 9.8% (NS), with the rate in WA
varying between 15.2%, 5.5% and 13.5% (NS) in the three surveys. Rifampicin resistance was
stable at 3% in the three surveys overall, with a decrease from 8.5% to 3.1% seen in Vic/Tas
(NS). Trimethoprim resistance decreased from 44.6% to 35.6% (P=0.02), with regional changes
mirroring those for gentamicin resistance. Mupirocin resistance in Australia remained low at 2%
in each time period. In QId/NT, there was a decrease from 6.7% to 0% (NS). Chloramphenicol
resistance decreased from 2.8% to 0.2% overall (P=0.005) with a decrease in Vic/Tas of 6.4% to
0% (NS).

In general, gentamicin susceptible MRSA were non-multidrug resistant (resistant to <2 non-
betalactams), and gentamicin-resistant MRSA isolates were multidrug resistant (resistant to >2
non-betalactams). In Australia, multidrug resistant MRSA is virtually one lineage, ST239-
MRSA-IIT (AUS-2 and AUS-3 MRSA), whereas non-multidrug resistant MRSA consists of
ST22-MRSA-IV (UK EMRSA-15) plus various community MRSA strains. Virtually all ST239-
MRSA-III are multidrug resistant, and most have a typical antibiogram (penicillin/methicillin,
erythromycin, tetracyclines, and trimethoprim resistant). Most are also resistant to gentamicin
and ciprofloxacin but retain susceptibility to other antimicrobials.

38 MRSA (9.4%) were resistant to penicillin, methicillin and ciprofloxacin and 36 (8.9%) were
resistant to penicillin, methicillin, ciprofloxacin and erythromycin. ST22-MRSA-IV is usually
resistant to penicillin, methicillin and ciprofloxacin, 2/3 are resistant to erythromycin, and are
susceptible to all other non-betalactams. 74 strains (18.3%) of MRSA exhibiting this antibiogram
in 2004 is consistent with ST22-MRSA-IV being an established clone in Australia.

Amongst MRSA strains, 123 strains (30.4% of MRSA) were only resistant to penicillin and
methicillin, and 32 (7.9%) were only resistant to penicillin, methicillin and erythromycin. These
155 strains (38.3%) represent some of the community MRSA strains. Community MRSA strains
are typically non-multiresistant but usually don’t exhibit the ST22-MRSA-IV antibiogram.

With respect to MSSA during the three time periods, penicillin resistance decreased from 84.6%
to 82.1% (P=0.03), ciprofloxacin resistance increased from 1.4% to 2.9% (P=<0.001) with all
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regions having similar increases. Tetracycline resistance remained stable at 4% with all regions
seeing similar magnitudes of resistance. Erythromycin resistance was stable at 12%. There were
small increases of 12.7% to 13.9% (NS) in QId/NT and 12.3% to 14.4% (NS) in Vic/Tas. In
WA resistance decreased from 11.6% to 8.3% (NS). Clindamycin resistance remained <1%
during the three periods. Fusidic acid resistance also remained stable at 3% - 4% for each survey,
with similar trends in each region. Trimethoprim resistance remained stable at 1% - 2% in all
regions. Rifampicin, gentamicin, mupirocin, and chloramphenicol resistance was rare in all
institutions participating in the surveys, and resistance to vancomycin, teicoplanin,
quinupristin/dalfopristin and linezolid was not detected.

In summary, antibiotic resistance appears dynamic in S. aureus in Australia. The proportion of
MRSA in the community surveys increased from 11.7% to 15.3%, with certain regions having
pronounced increases. In 2004, about half of the MRSA were community strains, and a further
one-fifth were phenotypically the ST22-MRSA-IV clone. In MRSA, resistance to ciprofloxacin
increased slightly, but resistance to erythromycin, clindamycin, fusidic acid, trimethoprim
decreased, and was stable for other compounds. In MSSA, resistance was stable: 82.1% were
resistant to penicillin, erythromycin resistance remained stable just over 12% and other
resistances were rare.
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Appendix 1: SAP 2004 Data by Region



Appendix 1A: SAP 2004, Antimicrobial Resistance in Staphylococcus aureus (MRSA and MSSA)

Oxacillin Penicillin Ciprofloxacin Tetracycline
Region Number Number Number Number
Resistant (%6) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 177 (19.8%) 6% - 28% 751 (84.0%) 75% - 91% 138 (15.4%) 8% - 30% 107 (12.0%) 3% - 19%
QId/NT 71 (19.8%) 9% - 30% 316 (88.0%) 86% - 90% 34 (9.5%) 8% - 11% 18 (5.0%) 2% - 8%
SA 41 (10.3%) 6% - 14% 342 (85.7%) 80% - 92% 26 (6.5%) 0% - 11% 19 (4.8%) 3% - 8%
Vic/Tas 64 (10.7%) 2% - 23% 506 (84.5%) 80% - 89% 72 (12.0%) 0% - 29% 70 (11.7%) 2% - 22%
WA 52 (13.0%) 6% - 19% 335 (83.8%) 78% - 88% 16 (4.0%) 1% - 7% 8 (2.0%) 0% - 4%
Total 405 (15.3%) 2% - 30% 2,250 (84.9%) | 75% - 92% 286 (10.8%0) 0% - 30% 222 (8.4%) 0% - 22%
Erythromycin Clindamycin Fusidic Acid Rifampicin
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 193 (21.6%) | 11% - 37% 61 (6.8%) 0% - 16% 38 (4.3%) 2% - 6% 12 (1.3%) 0% - 3%
QId/NT 64 (17.8%) 12% - 22% 9 (2.5%) 0% - 5% 12 (3.3%) 0% - 6% 2 (0.6%) 0% - 2%
SA 58 (14.5%) 12% - 18% 7 (1.8%) 1% -3% 15 (3.8%) 3% - 5% 0 (0%) 0% - 0%
Vic/Tas 129 (21.5%) | 12% - 38% 24 (4.0%) 0% - 13% 19 (3.2%) 2% - 5% 2 (0.3%) 0% - 1%
WA 54 (13.5%) 9% - 18% 6 (1.5%) 0% - 4% 20 (5.0%) 3% - 7% 0 (0%) 0% - 0%
Total 498 (18.8%) | 9% - 38% 107 (4.0%) 0% - 16% 104 (3.9%) 0% - 7% 16 (0.6%) 0% - 3%




Appendix 1A: SAP 2004, Antimicrobial Resistance in Staphylococcus aureus (MRSA and MSSA) continued....

Gentamicin Trimethoprim Mupirocin Chloramphenicol
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 80 (8.9%) 0% - 18% 87 (9.7%) 2% - 18% 11 (1.2%) 0% - 5% 8 (0.9%) 0% - 3%
QId/NT 12 (3.3%) 1% - 7% 15 (4.2%) 2% - 8% 0 (0%) 0% - 0% 2 (0.6%) 0% - 2%
SA 7 (1.8%) 0% - 4% 11 (2.8%) 1% - 4% 2 (0.5%) 0% - 1% 5 (1.3%) 0% - 3%
Vic/Tas 51 (8.5%) 0% - 19% 62 (10.4%) 1% - 26% 5 (0.8%) 0% - 1% 6 (1.0%) 0% - 2%
WA 4 (1.0%) 1% - 1% 6 (1.5%) 1% - 3% 3 (0.8%) 0% - 3% 0 (0%) 0% - 0%
Total 154 (5.8%) 0% - 19% 181 (6.8%) 1% - 26% 21 (0.8%) 0% - 5% 21 (0.8%) 0% - 3%




Appendix 1B: SAP 2004, Antimicrobial Resistance in MRSA

Oxacillin Penicillin Ciprofloxacin Tetracycline
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 177 (100%) | 100% - 100% | 177 (100%) | 100% - 100% | 114 (64.4%) 39% - 85% 74 (41.8%) 10% - 57%
QId/NT 71 (100%) 100% - 100% 71 (100%) 100% - 100% | 24 (33.8%) 23% - 56% 12 (16.9%) 11% - 24%
SA 41 (100%) 100% - 100% 41 (100%) 100% - 100% | 16 (39.0%) 0% - 60% 6 (14.6%) 0% - 21%
Vic/Tas 64 (100%) 100% - 100% 64 (100%) 100% - 100% | 57 (89.1%) 0% - 100% 44 (68.8%) 0% - 78%
WA 52 (100%) 100% - 100% 52 (100%) 100% - 100% | 10 (19.2%) 9% - 31% 0 (0%) 0% - 0%
Total 405 (100%) | 100% - 100% | 405 (100%) | 100% - 100% | 221 (54.6%) | 0% - 100% | 136 (33.6%) 0% - 78%
Erythromycin Clindamycin Fusidic Acid Rifampicin
Region Number Number Number Number
Resistant (%) Range Resistant (%6) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 107 (60.5%) 29% - 90% 54 (30.5%) 0% - 56% 9 (5.1%) 0% - 15% 9 (5.1%) 0% - 15%
QId/NT 24 (33.8%) 23% - 56% 8 (11.3%) 0% - 18% 5 (7.0%) 0% - 13% 2 (2.8%) 0% - 7%
SA 17 (41.5%) 9% - 70% 3 (7.3%) 0% -33% 4 (9.8%) 0% - 18% 0 (0%) 0% - 0%
Vic/Tas 52 (81.3%) 20% - 100% 20 (31.3%) 0% - 48% 2 (3.1%) 0% -33% 2 (3.1%) 0% - 33%
WA 25 (48.1%) 37% - 62% 3 (5.8%) 0% -33% 7 (13.5%) 5% - 33% 0 (0%) 0% - 0%
Total 225 (55.6%) | 9% - 100% 88 (21.7%) 0% - 33% 27 (6.7%) 0% - 33% 13 (3.2%) 0% - 33%




Appendix 1B: SAP 2004, Antimicrobial Resistance in MRSA continued...

Gentamicin Trimethoprim Mupirocin Chloramphenicol
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 73 (41.2%) 0% - 63% 76 (42.9%) 10% - 63% 4 (2.3%) 0% - 11% 0 (0%) 0% - 0%
QId/NT 12 (16.9%) 11% - 24% 13 (18.3%) 11% - 29% 0 (0%) 0% - 0% 0 (0%) 0% - 0%
SA 7 (17.1%) 0% - 33% 8 (19.5%) 0% - 33% 1 (2.4%) 0% - 10% 1 (2.4%) 0% - 10%
Vic/Tas 43 (67.2%) 0% - 87% 47 (73.4%) 0% - 91% 1(1.6%) 0% - 4% 0 (0%) 0% - 0%
WA 0 (0%) 0% - 0% 0 (0%) 0% - 0% 0 (0%) 0% - 0% 0 (0%) 0% - 0%
Total 135 (33.3%) 0% - 87% 144 (35.6%0) 0% - 91% 6 (1.5%) 0% - 11% 1(0.2%) 0% - 10%




Appendix 1C: SAP 2004, Antimicrobial Resistance in MSSA

Oxacillin Penicillin Ciprofloxacin Tetracycline
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 0 (0%) 0% - 0% 574 (80.1%) 65% - 88% 24 (3.3%) 0% - 11% 33 (4.6%) 1% - 8%
QId/NT 0 (0%) 0% - 0% 245 (85.1%) 81% - 86% 10 (3.5%) 0% - 5% 6 (2.1%) 1% - 3%
SA 0 (0%) 0% - 0% 301 (84.1%) 79% - 91% 10 (2.8%) 2% - 5% 13 (3.6%) 2% - 6%
Vic/Tas 0 (0%) 0% - 0% 442 (82.6%) 75% - 89% 15 (2.8%) 0% - 9% 26 (4.9%) 2% - 8%
WA 0 (0%) 0% - 0% 283 (81.3%) 74% - 87% 6 (1.7%) 0% - 3% 8 (2.3%) 0% - 5%
Total 0 (0%) 0% - 0% 1,845 (82.1%) | 65% - 91% 65 (2.9%0) 0% - 11% 86 (3.8%0) 0% - 8%
Erythromycin Clindamycin Fusidic Acid Rifampicin
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 86 (12.0%) 6% - 25% 7 (1.0%) 0% - 6% 29 (4.0%) 2% - 8% 3 (0.4%) 0% - 3%
QId/NT 40 (13.9%) 8% - 20% 1 (0.3%) 0% - 1% 7 (2.4%) 0% - 5% 0 (0%) 0% - 0%
SA 41 (11.5%) 8% - 17% 4 (1.1%) 1% - 1% 11 (3.1%) 1% - 5% 0 (0%) 0% - 0%
Vic/Tas 77 (14.4%) 8% - 19% 4 (0.7%) 0% - 3% 17 (3.2%) 2% - 5% 0 (0%) 0% - 0%
WA 29 (8.3%) 6% - 10% 3(0.9%) 0% - 2% 13 (3.7%) 1% - 6% 0 (0%) 0% - 0%
Total 273 (12.2%) 6% - 25% 19 (0.8%) 0% - 6% 77 (3.4%) 0% - 8% 3 (0.1%) 0% - 3%




Appendix 1C: SAP 2004, Antimicrobial Resistance in MSSA continued...

Gentamicin Trimethoprim Mupirocin Chloramphenicol
Region Number Number Number Number
Resistant (%) Range Resistant (%) Range Resistant (%) Range Resistant (%) Range
NSW/ACT 7 (1.0%) 0% - 3% 11 (1.5%) 0% - 4% 7 (1.0%) 0% - 3% 8 (1.1%) 0% - 4%
QId/NT 0 (0%) 0% - 0% 2 (0.7%) 0% - 1% 0 (0%) 0% - 0% 2 (0.7%) 0% - 2%
SA 0 (0%) 0% - 0% 3 (0.8%) 0% - 1% 1 (0.3%) 0% - 1% 4 (1.1%) 0% - 2%
Vic/Tas 8 (1.5%) 0% - 5% 15 (2.8%) 0% - 6% 4 (0.7%) 0% - 3% 6 (1.1%) 0% - 3%
WA 4 (1.1%) 1% - 1% 6 (1.7%) 1% - 4% 3 (0.9%) 0% - 4% 0 (0%) 0% - 0%
Total 19 (0.8%) 0% - 5% 37 (1.6%0) 0% - 6% 15 (0.7%) 0% - 4% 20 (0.9%) 0% - 4%




Appendix 2: SAP 2004 Data by Institution








