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Multi-resistant organisms are resistant to multiple classes
of antimicrobial agents and this poses an increasing threat
to the provision of safe and effective healthcare. The cost
to healthcare systems includes the use of prolonged,
costlier and often more toxic treatments, extended hospital
admissions and increased morbidity and mortality.
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Carbapenemase-producing Enterobacterales
The loss of effective antimicrobials through increased antimicrobial resistance
compromises Australia’s ability to treat infections [1].
Carbapenems are a class of broad spectrum β-lactam antibiotics that are highly
effective against most Gram-negative bacteria and are used to treat serious infections
caused by these organisms.
Enterobacterales are the largest family of Gram-negative bacteria causing infection in
humans. Members of this family include Escherichia coli, Klebsiella pneumoniae,
Enterobacter cloacae and Proteus species. These organisms colonise the human
gastrointestinal tract and have the potential to cause significant infections.
Enterobacterales become resistant to carbapenems by the production of an enzyme
called a carbapenemase and are then referred to as Carbapenemase-producing
Enterobacterales (CPE). Carbapenemase enzymes commonly identified in clinical
isolates in Australia include IMP, NDM, VIM, KPC and OXA-48-like.
Patients with infections caused by CPE have poorer outcomes and CPE are known to
cause outbreaks in healthcare settings. The incidence of CPE in Australia is closely
monitored as early detection and strict adherence to infection prevention and control
(IP&C) measures is important to minimise their spread and impact.
The IMP-type carbapenemase (mainly IMP-4) is now endemic on the eastern seaboard
of Australia in several species of Enterobacterales, particularly E. cloacae. So far, other
carbapenemases are not established in Australia [1].
In Western Australia (WA), surveillance of CPE commenced in 2012. Both infection and
colonisation was gazetted as a notifiable condition in July 2016 under the Public Health
Act (2016).
Surveillance data is obtained from the reporting laboratory, the Gram-negative
Reference Laboratory at QEII PathWest Laboratory Medicine, electronic medical
review, hospital IP&C staff and from medical professionals involved in the care of the
patients. All patients identified with a CPE have an alert placed on the WA public health
patient admission system to ensure appropriate management if the patient is admitted.
Hospital admission screening for CPE is undertaken for all patients with a history of
hospitalisation outside of WA.

For the five-year reporting period 1 July 2014 to 30 June 2019
During the reporting period, 149 unique CPE were confirmed by the PathWest QEII
Gram-negative Reference Laboratory.
The total number of unique CPE isolates reported each year ranged from 21 (2015-16)
to 44 (2017-18). The majority of isolates were recovered from urine samples (52%,
n=77) and screening samples (26%, n=38) (Figure 1).

Summary
The incidence of CPE and the types of carbapenemases identified in WA has remained
relatively stable over the five-year reporting period. There is no evidence that non-IMP
CPE are endemic in WA.
Changes currently logged with WA Health Support Services to modify admission
screening questions in the patient administration system will allow for future reporting on
compliance with hospital admission screening protocols.
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CPE by site, 2014-15 to 2018-19

Escherichia spp., Klebsiella spp. and Enterobacter spp. account for 88% of the
organisms identified each year (Figure 2).
CPE by organism, 2014-15 to 2018-19

The number of IMP and non-IMP isolates has remained relatively stable over the five
years under review, with a peak in both IMP and non-IMP in 2017-18 (Figure 3).
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CPE isolates by IMP versus non-IMP, 2014-15 to 2018-19

Sixty-six (44.3%) of the 149 CPE unique isolates from 59 patients were confirmed to
carry one or more non-IMP carbapenemase genes (Figure 4).
Number of unique CPE isolates by type, 2014-15 to 2018-19

The majority (62%) of non-IMP type carbapenemases were from clinical specimens
(Figure 5).
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Proportion of unique, non-IMP CPE isolates by specimen group, 2014-15
to 2018-19

Travel and Hospitalisation History
The travel history of patients with non-IMP CPE are of interest as bacteria with these
genes are not endemic in Australia.
A travel history was obtained from 56 of the 59 patients with a non-IMP type
carbapenemase (Figure 6)
Of these:
- 49 had travelled overseas in the previous four years
- two had travelled overseas more than four years ago (5 years and 6 years)
- three had a direct household contact that had travelled in the previous 12 months
(family member, relative, carer)
- a link to overseas exposure was unable to be determined in two NDM-1 related
cases from 2014-15 and 2018-19. Both had a medical history of local WA
hospitalisation and exposure to invasive medical devices/procedures.
- of the 49 patients that were known to have travelled overseas, 37 (75.5%) also
had been hospitalised during their overseas stay.
Of the 54 cases that could be linked to a likely overseas source, travel was identified to
five geographical areas (Figure 7).
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Travel history for patients with non-IMP CPE, 2014-15 to 2018-19

Regions identified in travel history by patients with non-IMP CPE and
likely overseas source, 2014-15 to 2018-19
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Clostridioides difficile
Clostridioides difficile (C. difficile), also referred to as Clostridium difficile, is a Grampositive, anaerobic, spore forming and potentially toxigenic bacterium that is the most
common infectious cause of healthcare associated diarrhoea.
Risk factors for C difficile infection (CDI) include antibiotic use, advanced age,
underlying morbidity, hospitalisation, exposure to other people with the infection, and
inflammatory bowel disease[2] .
The spectrum of disease associated with C. difficile is wide, ranging from asymptomatic
colonisation through to fulminant colitis.
Monitoring the rate of hospital-identified CDI (HI-CDI) is a requirement for both
national[3] and HISWA surveillance. HISWA definitions are those endorsed by the
Australian Commission on Safety and Quality in Health Care (ACSQHC)[4]
Definition of HI-CDI:
1. Positive C. difficile toxin test or detection of toxin-producing C. difficile in diarrhoeal
stool and
2. Patient is over two years of age at time of sampling and
3. Patient was attending any area of an acute care facility when the specimen was
obtained and
4. Specimen date is at least eight weeks after any previous HI-CDI case for that
patient.
Classification of HI-CDI cases is intended to be primarily derived from laboratory reports
and does not require detailed case review by surveillance personnel. If rates are seen to
increase, detailed review is indicated to detect underlying cause / preventability.

For the five-year reporting period 2014-15 to 2018-19
A total of 5,619 HI-CDIs were reported. The aggregate rate increased from 4.31 in 2014
-15 to 5.01 per 10,000 bed days in 2018-19 (Figure 8).

Summary
All hospital groups except metropolitan non-tertiary showed an increasing trend in the
HI-CDI rate over the five years (Figure 9). The largest increase was seen in the WA
Country Health Service (WACHS) hospital group and this merits closer investigation as
to whether these were community or health care acquired infections.
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Hospital-identified C. difficile 2014- 15 to 2018-19

Hospital-identified C. difficile rate by hospital group, 2014-15 to 2018-19
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Methicillin-resistant Staphylococcus aureus healthcareassociated infections
Staphylococcus aureus (S. aureus) is a Gram-positive bacterium found commonly on
the skin and mucous membranes of healthy people. S. aureus can result in infections
ranging from relatively minor to significant systemic and life-threatening.
S. aureus that have developed resistance to all beta-lactam class antibiotics are known
as methicillin-resistant S. aureus (MRSA). MRSA add to the infection burden and are
more expensive and difficult to treat.
There are several different clones of MRSA, with some clones being more prevalent in
the community (known as community-associated MRSA [CA-MRSA] and other clones
having an increased association with hospital transmission. In Western Australian
hospitals, an alert system (micro-alert) within the electronic patient admission system is
used to alert staff for the need to initiate IP&C practices for patient management.
In Western Australia (WA), MRSA surveillance commenced in 1982 and it was gazetted
as a notifiable condition (both infection and colonisation) in 1985. The notification
process is via laboratory notification to the Gram-positive Reference Laboratory at
PathWest Laboratory Medicine WA, Fiona Stanley Hospital site and to the Healthcare
Associated Infection Unit within the Communicable Disease Control Directorate at the
Department of Health. Surveillance of MRSA healthcare associated infection (HAI)
commenced in 2005.

For the five-year reporting period 2014-15 to 2018-19
A total of 935 MRSA healthcare associated infections were reported.
The MRSA HAI rate has remained relatively stable during this reporting period (5-year
average = 0.82 per 10,000 bed-days), ranging between 0.76 and 0.93 per 10,000 beddays, with the peak occurring in 2016-17 (Figure 10). This five-year average is in the
context of increasing prevalence of MRSA in the Western Australian community.
The majority (77%) of all MRSA HAIs during this period have been caused by clones of
MRSA that are prevalent in the community. The proportion of MRSA HAIs caused by
clones that are more often associated with healthcare acquisition, has remained
relatively stable (five-year average = 21%) and ranged from 17% to 26% during this
period with the peak of 26% occurring in 2016-17 (Figure 11).

Summary
MRSA infection rates are stable.
Current control measures should continue.
The proportion of patients with known MRSA colonisation prior to the onset of their
infection ranged from 25% in 2014-15 to 41% in 2018-19 and is reflective of increasing
prevalence of MRSA in the community. This data does identify a group where
interventions such as decolonisation prior to invasive procedures or surgeries could be
implemented to further reduce the likelihood of the patient developing an MRSA HAI.
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MRSA HAI rate and number of infections by place of acquisition, 201415 to 2018-19

MRSA HAIs by MRSA classified as healthcare-associated (HA-) and
community-associated (CA-) MRSA, 2014-15 to 2018-19

12

The MRSA intensive care unit (ICU) infection rate has trended downwards from 1.72 in
2014-15 to 1.47 per 10,000 bed-days in 2018-19 with a peak of 1.98 per 10,000 beddays in 2016-17. The MRSA non-ICU infection rate has been relatively stable (Figure
12).
MRSA HAI by place of acquisition, 2014-15 to 2018-19

The majority of all MRSA HAIs were reported from surgical wounds, followed by nonsurgical wounds e.g. decubitis ulcers, eye, infected burns, and device site infections
(Figure 13). HA-MRSA bloodstream infections represented between 12% (2017-18) and
17% (2018-19) of all MRSA HAIs reported (Figure 14).
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MRSA HAI by specimen type, 2014- 15 to 2018-19

MRSA HAI by specimen type, 2014-15 to 2018-19
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Vancomycin-resistant enterococci sterile-site infections
Enterococci are Gram-positive bacteria, that are part of the normal flora of the
gastrointestinal tract and are inherently resistant to many antibiotics. These bacteria can
be significant pathogens in immunocompromised patients.
Enterococci resistant to the key antibiotic vancomycin are known as vancomycinresistant enterococci (VRE). Two genotypes – van-A and van-B are of concern to
humans[5].
Increased risk factors for patient VRE acquisition include long hospital stays especially
when near other VRE colonised patients, surgery, invasive devices and treatment with
broad spectrum antibiotics. The majority of patient VRE acquisitions result in
colonisation rather than infection. Risk factors for developing infection with VRE include
admission to an intensive care unit (ICU) and high dependency admission, organ and
bone marrow transplants, oncology and haematology admissions.
In Australia, data from national antimicrobial surveillance programs have shown a rapid
increase in the number of clinical VRE isolates occurring in the eastern states since
2008.
Sterile site VRE infections i.e. infections in blood stream, peritoneum, bone / joint or
other sterile sites, are associated with increased morbidity and mortality in vulnerable
patient groups.
In WA, VRE was gazetted as a notifiable condition (both infection and colonisation)
under the Public Health Act in 2016. The notification process is via laboratory
notification to the Gram-positive Reference Laboratory at PathWest Laboratory
Medicine, Fiona Stanley Hospital site and to the Healthcare Associated Infection Unit
within the Communicable Disease Control Directorate at the Department of Health. The
HISWA program monitors infections identified from sterile body sites and both
community-associated infections (CAI) and HAIs.

For the five-year reporting period 2014-15 to 2018-19
A total of 111 VRE sterile site infections have been reported in the five-year reporting
period, of which a total of 96 (86.5%) infections have been classified as healthcare
associated infections (Figure 15).
All isolates for this five-year reporting period were identified as E. faecium. Although the
majority (52%) of isolates during the five-year reporting period were genotype van-B,
there has been an increase in the proportion of isolates carrying the genotype van-A. In
2014-15 they represented 19% of all isolates and in 2018-19, this was 50% of all
isolates, with a peak of 63% in 2017-18 (Figure 16).
Bloodstream infections represented 49% of all VRE CAI and HAI sterile site infections.

Summary
VRE infection rates are not increasing in WA and current control measures should
continue.
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VRE HAI and CAI sterile site infections, 2014-19

VRE HAI and CAI sterile site infections, by organism and genotype,
2014-15 to 2018-19

The aggregate VRE sterile-site HAI rate decreased from 0.10 per 10,000 bed days
reported in 2014-15, to 0.03 in 2018-19 (Figure 17).
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VRE HAI only, sterile site infections by specimen site, 2014-15
to 2018-19

Of the 96 VRE HAI sterile site infections, 44 (45.8%) occurred in patients who were
known to have VRE colonisation prior to the onset of their infection.
33 (70%) of the VRE BSIs occurred in patients from higher-risk patient groups, with
34% from haematology, 23% from oncology, 9% from ICU and 4% from organ
transplant (Figure 18).
VRE healthcare-associated bloodstream infections by speciality,
2014-19
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Appendix - Data notes
Hospital Participation Changes
 Fremantle Hospital:
o 01/04/2015 - status changed from tertiary to non-tertiary hospital
 Fiona Stanley Hospital commenced reporting 01/10/2014
 Kalamunda independent reporting 01/12/2015 (previously combined with Swan
Districts Hospital)
 Perth Children’s Hospital: 01/07/2018 - commenced data submission
 Princess Margaret: 30/06/2018 - ceased data submission
 St John of God Midland: 01/01/2015 - commenced data submission
 Swan District Hospital: 01/12/2015 - ceased data submission.

Carbapenem-resistant Enterobacteriaceae
 CRE (infection and colonisation) is a notifiable condition in WA under the Public
Health Act 2016 via laboratory reporting
 48 hospitals (14 private, 34 public) submit data to HISWA
 Data collection commenced in October 2012 with the establishment of the Gramnegative Reference Laboratory at PathWest Laboratory Medicine QEII site
 The HAIU collates all CRE data submitted to the Reference Laboratory in
collaboration with nursing, medical and laboratory staff
 Data collection is performed by laboratory surveillance, survey of medical
professionals involved in the care of patients and patient review
 The five most important carbapenemases globally are: Carbapenemase Klebsiella
pneumoniae carbapenemase (KPC), New Delhi metals-β-lactamase (NDM), Verona
integron-encoded metallo-β-lactamase (VIM), Oxacillinases (OXA), Imipenemase
(IMP)
 Sterile site specimens include indwelling urinary catheter drain (IUCD), drain fluid
and bone.

Clostridioides difficile
 The definition changed in January 2015 to exclude children under 2 years of age.
This change was applied retrospectively to HISWA data
 49 hospitals (14 private, 35 public) submit data to HISWA
 Data collection is in accordance with the Australian national definition
 The purpose of this indicator is to describe the burden of disease presenting at
hospitals and includes both community and healthcare-associated infection.
 These data are not suitable for use as a performance measure or for benchmarking
 The metropolitan non-tertiary group includes North Metropolitan Mental Health
Service data since July 2014 and Fremantle Hospital since January 2015.

Methicillin-resistant Staphylococcus aureus
 MRSA (infection and colonisation) is a notifiable condition in WA under the Public
Health Act 2016 via laboratory reporting
 48 hospitals (14 private, 34 public) submit data to HISWA
 New data collection variable modified in October 2013, to stratify ‘wound’ focus of
infection by ‘wound surgical’ and ‘wound other’
 Data is risk adjusted by ICU / non-ICU and inpatient/ non-inpatient
 Since 1 July 2014 there have been three MRSA strain reporting groups in WA:
o Micro-alert B PVL negative (strain not characterised)
o Micro-alert B PVL positive (strain characterised)
o Micro-alert C (strain characterised).
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Vancomycin-resistant enterococci
 VRE (infection and colonisation) is a notifiable condition in WA under the Public
Health Act 2016 via laboratory reporting
 48 hospitals (14 private, 34 public) submit data to HISWA
 The HAIU receives VRE data from:
o HISWA Surveillance – VRE sterile site infections submitted by ICPs
o Notification of all VRE clinical isolates referred to the PathWest Gram-positive
Reference Laboratory.
Categories for sterile site specimens:
o Blood
o Peritoneal: fluid and tissue from peritoneal space / peritoneum (includes
abdominal fluid and ascites)
o Bone and joint: bone biopsy, synovial fluid, joint tissue, aseptic tissue
o Other internal sites: specimens from body sites that are normally sterile where a
specimen has been obtained surgically or by aspirate e.g. deep soft tissue
(muscle and fascia), pleura, liver, pancreas, kidney, spleen, vascular tissue,
heart, brain, lymph node, ovarian tissue
o Pleural: Pleural fluid
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