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Data Notes
Carbapenem-resistant Enterobacterales (CRE) was made a notifiable condition in Western
Australia (WA) on 20 September 2017 with the following case definition for Notifiable Infectious
Diseases documents:
Reporting: Only confirmed cases identified from clinical and screening specimens, i.e. infection
and colonisation will be notified.
Confirmed case: A confirmed case requires laboratory definitive evidence.
Laboratory definitive evidence: Isolation of Enterobacterales with carbapenem resistance from
any site, OR molecular confirmation of carbapenemase enzyme production.

Data quality statement
Data contained in this report are based on information obtained from the referring laboratories,
the PathWest Gram-negative Reference Laboratory, and surveillance data collected by the
Healthcare Associated Infection Unit, Communicable Disease Control Directorate. Data may be
subject to change in future reports.

Report definitions
CRE: Enterobacterales with a meropenem MIC of 4mg/L or greater, according to the Clinical &
Laboratory Standards Institute (CLSI) Guidelines criteria.
CPE: Enterobacterales that have a positive result from any of the CPE specific PCR assays
utilised by the reference laboratory. Current panel of CPE specific PCR assays includes the
most common carbapenemase gene types (NDM, KPC, VIM, IMP, and OXA-48-like).
Unique isolate: One record per patient with the same species / ctx-m / carbapenemase type
recovered from the same patient within one year.
Screening sample: Any sample collected and marked as a rectal swab, perianal swab, or stool
specimen.

Laboratory methodology
Commercial ESBL media is used by PathWest laboratories as the selective screening agar
medium for CRE/CPE. At PathWest susceptibility testing occurs on any Enterobacterales that
grow on ESBL screening media or primary isolation media from clinical specimens. If growth
occurs in media containing a meropenem concentration of 0.25mg/L the isolate is considered a
possible carbapenem-resistant Enterobacterales (CRE). Formal meropenem MIC testing is
performed together with CarbaNP testing and CPE PCR.
Susceptibility testing is performed by one of several methods by non-PathWest laboratories in
WA. For referred isolates from non-PathWest laboratories where meropenem MIC testing has
already been conducted these samples undergo CarbaNP and CPE PCR testing. Therefore
Enterobacterales may be classified as either CPE (carbapenemase detected by the CPE PCR
but meropenem MIC may be <4mg/L or ≥4 mg/L according to CLSI criteria), CRE (meropenem
MIC >4 mg/L according to CLSI criteria in the absence of a carbapenemase detected by the
CPE PCR), or non CRE (carbapenemase not detected by the CPE PCR and meropenem MIC
<4mg/L according to CLSI criteria), referred isolates (see Figure 1 below).

1. Commentary
This quarter, the proportion of referrals confirmed to be CPE was considerably fewer than
reported in Qtr 2, 2020-21. Since 2015-16, the overall proportion of all isolates referred that are
CPE PCR positive has remained constant although this quarter is the lowest reported (Figure
1). To calculate the proportion of CPE detections the total number of Enterobacterales isolates
undergoing CPE PCR was used as the denominator.
The low meropenem MICs for OXA-48 isolates is well-described[1] but the IMP-4 isolate with
meropenem MIC >16 mg/L is not common; the IMP-4 isolates in the database have a wide MIC
range from 0.25 mg/L to several isolates with MICs >16 mg/L. Although Figure 2 and Figure 3
use aggregated meropenem MIC values from differing laboratory testing methods, the overall
results continue to confirm the rationale for using 0.25 mg/L as the meropenem screening cut
off, below which isolates will not have a PCR detectable CPE. The laboratory is yet to confirm a
CPE with a meropenem MIC < 0.25 mg/L by any testing method.
Over the last five years there has been a reduction in the proportion of Enterobacterales with
meropenem MIC 0.25-4 mg/L but without CPE (Figure 3). The suite of carbapenemase PCR
tests includes the most common carbapenemase genes found in Australia and the world but it is
not possible to detect every carbapenemase gene. Also, lower level resistance can be
mediated by other intrinsic mechanisms such as reduced drug entry due to altered cell
membrane porin channels, reduced drug activity due to target site mutation and increased drug
removal due to efflux pumps. It is important to detect CPE despite low meropenem MIC’s in the
parent strain as the carbapenemase genes are carried on mobile genetic elements and pose a
significant threat if transferred to other strains and species where the meropenem MIC may be
significantly raised due to either increased expression or the presence of other intrinsic
resistance mechanisms.
There were 163 unique, CPE isolates identified between 1st April 2016 to 31st March 2021, of
which public pathology referrals account for the majority (52.8%, n=86) (Table 1 & Figure 4).
IMP-4 is the most commonly recovered carbapenemase enzyme type, closely followed by NDM
then OXA-48. Last quarter one of each of IMP-4, NDM-1 and OXA-48 were recovered (Figure
5).
IMP-4 (n=87) is more likely to be detected from Enterobacter cloacae (34.5%, n=30), and
Klebsiella pneumoniae (13.8%, n=12) or K. oxytoca (12.6%, n=11) than Escherichia coli
(11.5%, n=10) which accounts for 70.6% (n=36) of NDM detections (n=51), (Figure 6).
The majority (69.3%, n=113) of CPE isolates were from clinical specimens (Figure 7 and Figure
8), especially for IMP-4. This is to be expected as IMP-4 would be less likely to be detected in
overseas screen specimens given its restricted endemicity to Australia[2] (Figure 9).
From the 113 CPE positive, unique, clinical isolates, 8.7% (n=10) were from sterile sites (five
blood cultures, two sterile fluid samples, two sterile tissue sample and one bone). From the five
cases with bacteraemia, two isolated K. pneumoniae (2 IMP-4), one isolated E. cloacae (IMP-4)
and one isolated E. coli (NDM) (Table 2).
There were only three confirmed CPE isolates this quarter. The case details for the CPE
detected for the period 01 January to 31 March 2021 (Table 3) were consistent with the CPE
types identified for overseas and local exposure.

Data Summary
For the period 01 April 2016 to 31 March 2021
•
•
•

A total of 800 isolates (726 unique isolates) were submitted to the PathWest QEII Gramnegative Reference Laboratory for confirmatory testing.
176 (22.0%) of the total referred isolates or 163 (22.4%) of the unique isolates were CPE
that carried one or more carbapenemase encoding gene.
76 unique CPE isolates (46.6%) have been confirmed to carry one or more non-IMP
carbapenemase genes.

For the quarter 01 January 2021 to 31 March 2021
•

•

A total of 51 isolates (48 unique isolates) were submitted to the PathWest QEII Gramnegative Reference Laboratory for confirmatory testing between 1st January and 31st
March 2021. Three (5.9%) of the 51 referred patient isolates were confirmed CPE (6.2%
of unique cases; n=48). These data are lower than those reported in the previous Qtr.
Of this quarter’s three confirmed CPE isolates, one was IMP-4, one was NDM and one
was OXA-48. (Figure 5).

2. Laboratory findings
Number of unique referred isolates identified as CPE and PCR percentage positivity,
01 April 2016 to 31 March 2021

Aggregated meropenem minimum inhibitory concentration (MIC) distributions by CPE
gene type, 01 April 2016 to 31 March 20211,2

12

1

Graph includes only Enterobacterales isolates and excludes any isolates that had a meropenem MIC listed as sensitive, unknown, not
performed, N/A (excludes 11 isolates). Mero MIC ≤/<0.25 listed at 0.25, ≥/>16 listed at 16, >2 listed as 2, >/≥32 listed at 32, and >4 listed at 4.
2
Meropenem MICs aggregated from e-test and VITEK 2 result.

Aggregated meropenem minimum inhibitory concentration (MIC) distributions by CPE
gene type, and year, 01 April 2016 to 31 March 2021

Table 1 Number of CPE by referring health service, 01 April 2016 to 31 March 2021

Proportion of CPE by referring health service 01 April 2016 to 31 March 2021

Number of unique CPE isolates by type, 01 April 2016 to 31 March 2021

Number of isolates by key organisms and CPE type (includes PCR percentage
positivity of all isolates referred), 01 April 2016 to 31 March 2021

All other Enterobacterales include: Citrobacter amalonaticus (1), Citrobacter Braakii (2), Citrobacter farmeri (1), Enterobacter aerogenes (1),
Enterobacter asburiae (1), Morganella morganii (1), Proteus miabilis (1), Providencia stuartii (1), Serratia marcescens (1)

3. Clinical and screening isolates
Proportion of unique CPE clinical and screening isolates, 01 April 2016 to 31 March
2021

Number of unique CPE clinical and screening isolates, 01 April 2016 to 31 March 2021

Number of unique clinical and screening isolates by CPE type, 01 April 2016 to 31
March 2021

Table 2 Number of clinical CPE isolates by specimen type and key organisms3, 01 April 2016 to 31 March 2021

3

Includes new patient episodes of sterile site infections with the same CPE organism > 14 days after the initial infection (duplicates)

Table 3 CPE case details for reporting period 01 January 2021 to 31 March 2021
Case number

1

2

3

Gender

M

F

M

Age (years)

27

29

64

Resides

WA

WA

WA

Country of birth

New Zealand

India

Not stated

O/S travel <4yrs

No

Yes

Yes

Hospital outside
WA <12 months

No

No

Yes

RCF last 12 months

No

No

No

Swab, abdominal wound

Urine

Rectal swab

27/02/2021

03/03/2021

11/03/2021

Organism

Enterobacter cloacae
complex

Klebsiella pneumoniae spp
pneumoniae

Proteus mirabilis

CPE type

IMP-4

OXA-48

NDM-1

Mero MIC

>=16

>=16

1

Infection

Infection

Colonisation

Hospital admission

Geraldton Regional
Hospital
27/02/2021 – 01/03/2021

King Edward Memorial
Hospital
01/03/2021 – 14/03/2021

Fiona Stanley Hospital
11/03/2021 – 24/03/2021

Presentation,
Diagnosis,
Procedures/Surgery

Emergency
appendectomy on
05/02/2021. Represented
to Geraldton ED with
abdominal pain and slight
haemoserous ooze from
previous abdominal
wound drain- admitted
with intra-abdominal
collection. Antibiotics
changed once CPE
isolated from wound.
Discharged on antibiotics
with GP follow up.

Admitted to KEMH after
presenting to MFAU at
23+5/40 complaining of
severe abdominal pain on
a background of urology
surgery in 2020 and
previous UTI requiring
admission for IVABs to
Midland Hospital. Dx iron
deficiency anaemia and
also Tx with IVABs through
PICC. D/C with oral Abx
and outpatient follow up.

Involved in an
MVA on 29/1/21 whilst
holidaying in Sri Lanka.
Admitted to hospital in Sri
Lanka and found to have
multiple spinal injuries on
MRI findings. Medivac flight
to FSH ICU and was
transferred via Air
Ambulance to Royal
Brisbane Hospital for further
management.

0 contacts

1 contact

0 contacts

No

No

No

Specimen
Collection date

Infection/Colonisation

Other information
e.g.# contacts,
notifications
Deceased
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