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Background: Carbapenemase-producing Enterobacterales (CPE) are increasingly seen in Australian hospitals.
Antimicrobial stewardship (AMS) interventions have been shown to reduce rates of carbapenem-resistant organ-
isms; data on their effect on CPE rates are limited.

Objectives: To explore the effect of a multi-site computer-supported AMS programme on the rates of CPE in an
Australian local health district.

Methods: All laboratory CPE isolates between 2008 and 2018 were identified. Microbiological and demographic
data, CPE risk factors and outcomes were collected. Monthly carbapenem use was expressed as DDD per 1000
occupied bed days (OBD). Hand hygiene compliance rates among healthcare workers were analysed. A
computer-supported AMS programme was implemented district-wide in 2012. Bivariate relationships were
examined using Pearson’s r and predictors of CPE isolates using time series linear regression.

Results: We identified 120 isolates from 110 patients. Numbers of CPE isolates and carbapenem use both
showed a strong downward trend during the study period; the decreases were strongly correlated (r"0.80,
P"0.006). The positive relationship between carbapenem use and CPE isolation was maintained while adjusting
for time (b"0.05, P , 0.001). Average yearly consumption of carbapenems fell by 20%, from 18.4 to 14.7 DDD/
1000 OBD following implementation of the AMS programme. Hand hygiene compliance rates remained high
throughout.

Conclusions: We demonstrated a reduction of CPE isolates in conjunction with reduced carbapenem use, longi-
tudinally consolidated by a formal AMS programme. Prospective studies are needed to validate the effect of AMS
on carbapenem resistance, especially in high-prevalence settings.

Introduction

Carbapenemase-producing Enterobacterales (CPE) are being in-
creasingly isolated in many countries worldwide.1–4 This is con-
cerning, since carbapenems are often ‘last-line’ antimicrobials for

infections caused by MDR Gram-negative bacteria. In Australia,
CPE are generally isolated during small outbreaks or from patients
with overseas healthcare contact.4 They have become endemic in
some ICUs.5–7 In 2017, CPE comprised 81% of all critical antimicro-
bial resistances (CARs) confirmed from blood culture specimens
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and reported to the national alert system for CARs (CARAlert).8

Despite this, overall CPE numbers in Australia remain low in com-
parison with other countries, including several in the Asia-Pacific
region.7 Between 1 October 2017 and 31 March 2018, there were
528 CPE isolates in Australia reported to the CARAlert system;9

however, data on the exact incidence nationwide are limited by in-
consistent reporting and a lack of uniform methods for detection.4

There is evidence of worse outcomes with CPE infections com-
pared with those caused by susceptible Enterobacterales,1,5,10,11

with reported mortality rates for CPE infections varying from
22.2% (attributable mortality)12 to 71.9% for bacteraemias.13

Risk factors for CPE acquisition include increasing age, reduced
functional status, living in a long-term care facility and invasive
procedures.3,4,14,15 Overseas travel and healthcare contact in en-
demic settings have been recognized as risk factors in Australia.5,16

Carbapenem use has been associated with a high prevalence of
carbapenem-resistant Pseudomonas aeruginosa and
Acinetobacter baumannii.1,17,18 Some evidence exists for the asso-
ciation of prior use of carbapenems1,3,18,19 and other broad-
spectrum antimicrobials with the isolation of carbapenem-
resistant Enterobacterales (CRE; including CPE).3,10,14,15

Conclusions are limited by differences in study methodologies and
the definition and mechanisms of carbapenem resistance.

Antimicrobial stewardship (AMS) programmes have been
shown to reduce rates of carbapenem-resistant P. aeruginosa and
A. baumannii.14,20 In Australia, AMS programmes are mandatory in
all hospitals in line with Standard 3 of the National Safety and
Quality Health Service (NSQHS) Standards developed by the
Australian Commission on Safety and Quality in Healthcare
(ACSQHC).21 The ACSQHC also established the Antimicrobial Use
and Resistance in Australia (AURA) surveillance system to provide
a nationally coordinated system for monitoring antimicrobial re-
sistance, including CPE, and antimicrobial use.8 As part of AURA,
CARAlert was established to collect data on priority organisms,
including CPE.9 A National Antimicrobial Utilisation Surveillance
Program (NAUSP) has also been established for monitoring and
benchmarking antimicrobial use in Australian hospitals.22

AMS interventions have been shown to be more successful
when implemented alongside infection control measures, particu-
larly hand hygiene interventions, as a bundle of care.20 Data on
reduced CPE rates following AMS intervention are not longitudinal
and are limited to small studies in countries with high CPE preva-
lence.23–26

In this study we report a continuous reduction in the number of
CPE isolates in an Australian local health district, in particular fol-
lowing the introduction of a multi-site computer-supported AMS
programme, with an associated reduction in carbapenem use. We
also examined previously reported risk factors for CPE acquisition:
overseas travel, prior healthcare contact, exposure to ICU and resi-
dential aged-care facility (RACF) residence. The effect of longitu-
dinal hand hygiene compliance among healthcare workers was
also assessed.

Materials and methods
The Illawarra Shoalhaven Local Health District (ISLHD) in New South Wales
(NSW), Australia extends from the Royal National Park south of Sydney for
250 km down the coast and services a population approaching 400 000. It
comprises a tertiary referral hospital and two regional hospitals, as well as

five smaller hospitals primarily used for rehabilitation and aged care serv-
ices. All microbiological specimens from these hospitals are processed cen-
trally at the tertiary referral hospital in Wollongong. Records of CPE isolated
in the ISLHD began in 2008. In May/June 2012, an AMS programme sup-
ported by a computerized clinical decision support system (CDSS)
(GuidanceMSVR 17) was uniformly implemented across the district.
GuidanceMSVR 17 is an intranet browser-based CDSS with integrated anti-
microbial guidelines and antimicrobial restriction, which provides guidance
to prescribers and generates approvals for restricted antimicrobials.27 The
AMS programme also includes daily infectious diseases physician-led post-
prescription review of restricted antimicrobials flagged by GuidanceMSVR 17

(mainly third-generation cephalosporins, IV b-lactam/b-lactamase inhibi-
tors, carbapenems and fluoroquinolones) and a local 24 h AMS telephone
hotline for advice on antimicrobial use.27,28

All CPE isolated from clinical specimens and screening swabs over an
11 year period (between 1 January 2008 and 31 December 2018) were
identified by a search of the computerized laboratory information system
(Integrated Software Solutions ISS Omni-Lab v11.1.23VR ). Where the same
species was isolated from different specimens (e.g. blood and urine) from
the same patient during the same admission, only one specimen was
included. Data regarding the date of collection, geographical location of
collection, type of specimen, bacterial species isolated and the gene(s) con-
ferring carbapenem resistance (if available) were collected. Antimicrobial
susceptibility was determined by the Calibrated Dichotomous Susceptibility
(CDS) agar disc diffusion method.29 Expression of an MBL was confirmed by
demonstrating loss of enzymatic activity following the chelation of zinc
ions using an EDTA disc adjacent to a carbapenem disc (Bell CDS).29 From
2011 onwards, isolates resistant to carbapenems or suspected to be CPE
based on phenotypic testing with the CDS method were routinely referred
for confirmatory testing to identify the carbapenemase gene. This was per-
formed using an in-house multiplex PCR assay (with targets for blaIMP,
blaOXA-48, blaNDM, blaKPC and blaVIM) at the Molecular Microbiology/CDS
Reference Laboratory, NSW Health Pathology, St George Hospital, Kogarah,
NSW, Australia.

CPE screening across the health district was performed according to
local Infection Management and Control Service (IMACS) guidelines for con-
tacts of known CPE cases and patients with overseas healthcare contact
prior to admission.30 Where a patient was found to be positive for CPE, they
were isolated in a single room with a private bathroom, contact precautions
were instituted and environmental cleaning was performed in accordance
with ACSQHC recommendations for the control of CPE.4 Methods for anti-
microbial susceptibility testing, CPE detection and CPE screening policies
remained unchanged throughout the study period. There were no CPE out-
breaks during the study period.

Patient electronic medical records were reviewed to identify: gender;
age at CPE isolation; healthcare contact within 90 days of admission (time-
frame extended to 12 months if none within 90 days); overseas travel with-
in 6 months of admission; RACF residence at the time of admission;
whether the patient had admission to an ICU, high dependency unit (HDU)
or neonatal unit (NNU) prior to CPE detection; and 30 day all-cause in-hos-
pital mortality. CPE acquisition was categorized by IMACS as community, in-
patient healthcare-associated, outpatient healthcare-associated or non-
ISLHD healthcare-associated (i.e. out of district) based on standardized def-
initions.31 Hand hygiene compliance data for medical and nursing staff
were available for the years 2010–18 from routine audits performed in ac-
cordance with Hand Hygiene Australia’s audit programme. This is based on
the WHO’s ‘5 moments for Hand Hygiene’ methodology.32 The audit pro-
gramme stipulates three audit cycles per year and data on 200–350 hand
hygiene moments per audit cycle per ward are collected (depending on fa-
cility size).33

Monthly antimicrobial use data for each carbapenem (ertapenem, imi-
penem/cilastatin and meropenem) across the study period were extracted
from data previously submitted to the NAUSP.22 Doripenem was not used
during the study period. Data on the use of other broad-spectrum
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antimicrobials targeted by the AMS programme (third- and fourth-
generation cephalosporins, glycopeptides, fluoroquinolones, aminogly-
cosides and extended-spectrum penicillin/b-lactamase inhibitor
combinations) were also available for the same time period.
Antimicrobial usage data were derived from iPharmacyVR dispensing
software and patient admission data and converted into DDD per 1000
occupied bed days (OBD) as per WHO Collaborating Centre for Drug
Statistics Methodology.34

The study was assessed by the joint University of Wollongong and
ISLHD human research and ethics committee and exempted from requiring
formal ethics review.

Statistical analysis
We plotted CPE isolate numbers, antimicrobial use and hand hygiene by
year blocks from 2008 to 2018. To examine bivariate relationships between
individual time series we computed Pearson’s r correlation coefficients.
Since positive autocorrelation and time trends of individual time series
could increase type I error rates35 we repeated the correlation analysis
using first-differenced data. By replacing the time series with the difference
between successive observations,36 both trend and autocorrelation could
be removed from the individual series. Carbapenem use was then exam-
ined as a predictor of CPE isolation by fitting a time series linear regression
with a first-order autoregressive process. All statistical tests were two-sided
and P values ,0.05 were considered statistically significant. The statistical
analyses were conducted using SAS 9.4.

Results

In total, 122 CPE isolates were identified between 1 January 2008
and 31 December 2018. After excluding two duplicate (identical,
same-day) samples, 120 isolates from 110 unique patients were
analysed. One hundred and thirteen (94%) isolates were from clin-
ical specimens and 7 isolates (6%) from CPE screening rectal
swabs. The majority of clinical isolates were from urine (69/113,
61%), followed by wound swabs (16/113, 14%) and blood (13/
113, 12%). The remaining 15 isolates were from sputum, bone/
other operative tissue, drain fluid, bile, a central venous catheter
tip and a vaginal swab. Eight patients had more than one (up to
three) different CPE species isolated.

Table 1 contains data on the number of CPE isolates per year,
carbapenem use, CPE acquisition type and hand hygiene compli-
ance. Carbapenem use in our district was principally meropenem
(96%), with ertapenem (2%) and imipenem/cilastatin (2%) to-
gether comprising a negligible percentage, which remained stable
throughout the study period. The median age of patients was
76 years (IQR 66–82) and 52% were male. The 30 day in-hospital
all-cause mortality rate was 5% (6/113 patients), with 3 patients
having septicaemia or infection listed as their cause of death.

Between 2008 and 2018, carbapenem use and numbers of CPE
isolates showed a strong downward trend (Figure 1). At the same
time, hand hygiene compliance showed a moderate upward trend

Table 1. Carbapenem use, CPE numbers, CPE acquisition type and hand hygiene compliance

Year

Meropenem, ertapenem and
imipenem/cilastatin
(DDD per 1000 OBD)

CPE isolates

Hand hygienea

total CPE
isolates (n)

no. isolates per
10 000 OBD

CPE acquisition type, n (%)b

healthcare
associatedc communityd compliance (%)

total moments
measured (n)

2008 25.8 16 1.29 10 (63)e 1 (6) — —

2009 23.2 16 1.08 14 (88) 2 (13) — —

2010 14.3 9 0.48 8 (89) 1 (11) 86 982

2011 15.2 14 0.63 9 (64) 5 (36) 77 17 418

2012f 13.3 10 0.45 7 (70) 2 (20) 77 20 250

2013 19.1 14 0.65 11 (79) 3 (21) 81 36 063

2014 16.6 11 0.51 6 (55) 4 (36) 84 37 658

2015 13.6 10 0.43 7 (70) 2 (20) 83 36 043

2016 11.7 9 0.38 5 (56) 4 (44) 85 35 690

2017 15.1 6 0.26 4 (67) 2 (33) 87 42 583

2018 12.3 5 0.28 2 (40) 3 (60) 87 28 654

aComposite hand hygiene compliance data for medical and nursing staff across ISLHD.
bCPE acquisition categorized as per local IMACS guidelines, which are based on standardized CDC definitions.
cHealthcare associated, composite of inpatient healthcare associated and outpatient healthcare associated; inpatient healthcare associated, CPE
identified in a sample collected more than 48 h after ISLHD admission or within 48 h of discharge from an ISLHD facility; outpatient healthcare associ-
ated, CPE identified in a sample that relates to infection in an indwelling device inserted within an ISLHD facility or procedure undertaken within an
ISLHD facility outside the 48 h window.
dCPE identified but no known contact with an ISLHD facility. Three patients had non-ISLHD healthcare-associated acquisition, i.e. CPE identified in a
patient transferred to ISLHD from a non-ISLHD facility and sample collected within 48 h of ISLHD admission. This is not shown in the table.
eIn 2008 there were five patients where the CPE acquisition type was unable to be categorized. These are not shown in the table.
fAn AMS programme was implemented uniformly across the district in May/June 2012. Average yearly consumption of carbapenems in the period
prior to AMS implementation was 18.4 DDD/1000 OBD. Average yearly consumption of carbapenems in the period following AMS implementation fell
to 14.7 DDD/1000 OBD.
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between 2010 and 2018 and remained at a high level throughout
the study period. The decrease in the number of CPE isolates was
strongly correlated with the decrease in carbapenem use (r"0.94,
P , 0.001). Numbers of CPE isolates were negatively correlated
with hand hygiene compliance rates (r"#0.70, P"0.038)
(Figure 1). Using first-differenced data, the number of CPE isolates
was still correlated with carbapenem use (r"0.80, P"0.006), but
no longer related to hand hygiene compliance (r"#0.33,
P" 0.426). Carbapenem use and hand hygiene were not corre-
lated using either the original data (r"#0.24, P"0.541) or first-
differenced data (r"0.15, P"0.725). The time series regression
analysis showed that the positive relationship between CPE isola-
tion and carbapenem use was maintained while adjusting for time
(b"0.05, P , 0.001).

The average yearly consumption of carbapenems fell from
18.4 DDD/1000 OBD in the years prior to implementation of the
AMS programme to 14.7 DDD/1000 OBD in the years following AMS

introduction (Table 1). In addition to carbapenems, usage of other
broad-spectrum antimicrobials (glycopeptides, fluoroquinolones,
aminoglycosides and extended-spectrum penicillin/b-lactamase
inhibitor combinations) across the district between January 2008
and February 2018 also showed a statistically significant down-
ward trend, with the exception of third- and fourth-generation
cephalosporins (Figure S1, available as Supplementary data at
JAC-AMR Online).

CPE were primarily categorized as ‘hospital acquired’ across the
study period (Table 1). The distribution of resistance genes did not
change significantly across the study period and consisted of
blaIMP in the vast majority of samples (Figure 2). One patient had
two different CPE species, one carrying blaNDM and the other
blaOXA-48; this patient had overseas healthcare contact in India.
Two patients who had had healthcare contact in other hospitals in
Australia also had non-IMP CPE genes isolated: one blaNDM and one
blaVIM. There were no isolates carrying blaKPC.

From the available data on other factors previously described
as being associated with CPE acquisition, 26/93 (28%) patients had
a preceding ICU, HDU or NNU admission. Nine out of 94 (10%)
patients were residents of an RACF at the time of admission, with 2
having community acquisition of their CPE. Only 3/93 patients
(3%) had documented overseas travel within the preceding
6 months, including 1 patient to the Indian subcontinent who had
two different CPE species isolated with two different CPE genes.
More than two-thirds (70/101, 69%) of patients had documented
healthcare contact within 90 days prior to admission, rising to 79%
(80/101) when the time frame was extended to 12 months.

Discussion

We observed a strong correlation between reduction in carbapenem
use and the number of CPE isolates in hospital patients within an
Australian local health district. CPE rates fell from 1.29/10 000 OBD in
2008 to only 0.28/10 000 OBD in 2018, which contrasts with the
overall increasing incidence in Australia.5,6 At the same time, the
average yearly consumption of carbapenems fell from 18.4 DDD/
1000 OBD in the 4 years prior to implementation of the AMS pro-
gramme to 14.7 DDD/1000 OBD in the 6 years following AMS intro-
duction and showed a steady downward trend. Hand hygiene
compliance remained consistently high throughout the study (from
86% in 2010 to 87% in 2018). Of note, methods of screening and la-
boratory detection of CPE remained unchanged during the study.

Reductions in some CPE organisms, in association with reduced
carbapenem use, have been sporadically reported in different
countries.23–26 Those studies, performed with different methodol-
ogies in different hospital settings, examined the effect over a
short period of time (between 12 months and 4 years). To our
knowledge, this is the first study showing a sustained longitudinal
reduction in CPE rates, consolidated after the implementation of a
multi-site computer-supported AMS programme where carbape-
nem use was targeted and consistently and significantly reduced.
Of note, use of several other broad-spectrum antimicrobials also
reduced during the study period across the district. This highlights
the effect of the local AMS programme; however, it may interfere
with the interpretation of the effect of carbapenem usage alone
on the reduction in CPE isolates, given that other broad-spectrum
antimicrobials have been associated with CPE isolation in other
settings.3,10,14,15
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CPE acquisition type was predominantly ‘healthcare’ over the
study period. CPE gene type was almost exclusively blaIMP, unless a
patient had overseas healthcare contact or contact with another
health facility elsewhere in Australia. This is consistent with the lit-
erature, with blaIMP (particularly blaIMP-4) being the most prevalent
carbapenemase gene found in NSW, Australia.8 Given that only
four patients in the study had confirmed overseas healthcare con-
tact, this may explain why there was not more heterogeneity in
the CPE gene types as higher-prevalence countries have a greater
variety of carbapenemase genes (blaNDM, blaOXA-48, blaKPC etc.).7

Our retrospective study has several other limitations. The study
was conducted in Australia, which is a low-prevalence setting for
CPE.5–7,9 As such, we do not know whether similar results would be
seen in an endemic setting. Current evidence suggests that CPE
are harder to eradicate once established as endemic.37

Hand hygiene compliance data were only available from 2010
onwards, thus limiting our ability to analyse its full effect on CPE re-
duction. The auditing methodology of hand hygiene compliance
was in line with Hand Hygiene Australia’s guidelines and has been
shown to be a valid and reliable outcome measure for assessing
the effectiveness of a hand hygiene programme.32 Hand hygiene
compliance is the only measurable component of the infection
control activities in our health district and thus was used as a proxy
measure for the infection control bundle of care. As a result, the
present study does not allow examination of the potential effect
over time of other infection prevention and control actions.

Targeted, rather than universal, CPE screening was performed
in our district; higher CPE rates may be expected with universal
screening and the influence of an AMS programme in such settings
remains unknown. The number of CPE from screening specimens
in this study is low. This may be due to the fact that Australia is a
low-prevalence setting or that contacts of known CPE cases did
not acquire CPE; however, the possibility of missed screening
opportunities cannot be excluded as we do not have data available

on CPE screening policy compliance within our health district or the
total number of patients screened.

We examined the effect on CPE isolation rates longitudinally for
6 years after the implementation of an AMS programme. Despite
this relatively long time frame, the implications in the longer term
remain unknown, as well as the potential influence of other factors
that could be associated with CPE acquisition.

Carbapenem use was high at the start of the study and started
declining prior to the implementation of the AMS programme. The
first cases of CPE in our district were noted in 2008. This led to ac-
tive monitoring by IMACS and provided impetus to commence tar-
geted carbapenem restriction as well as educational interventions
by microbiologists and infectious diseases physicians. This
occurred prior to formal computer-supported AMS implementa-
tion in 2012. Following AMS implementation, carbapenem use
showed a continuous downward trend, with the lowest rates seen
consistently since 2015.

Thirty-day in-hospital mortality in our study was 5%, which is
lower than previously reported.12,13 Of note, the majority of our
isolates (61%) were urinary, whereas other studies have focused
on mortality from CPE bacteraemia.13 Bacteraemias accounted for
13/113 (12%) of the clinical isolates in our study but, importantly,
3/13 (23%) bacteraemic patients died. Among the six patients
who died from any reason while in hospital, half had CPE bacter-
aemia. The effect of carbapenem resistance on mortality can be
confounded by the fact that CPE isolation is associated with poor
host status (i.e. increased frailty, prolonged or frequent
hospitalization).3,4

In conclusion, we demonstrated a reduction in CPE isolates in
conjunction with reduced carbapenem use in an Australian setting,
longitudinally consolidated by a comprehensive district-wide AMS
programme. Prospective studies are needed to confirm the influ-
ence of the AMS-driven carbapenem use reduction on carbapene-
mase prevalence, as well as the effect in high-prevalence settings.

0

2

4

6

8

10

12

14

16

18

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

N
um

be
r o

f C
PE

 is
ol

at
es

Year

Gene not tested (MBL by phenotypic methods)

blaVIM

blaOXA-48

blaNDM

blaIMP

Figure 2. Distribution of CPE genes over time.

CPE reduction and antimicrobial stewardship JAR

5 of 7



Acknowledgements
We thank the NAUSP team for assistance in extracting monthly anti-
microbial use data for each carbapenem (ertapenem, imipenem/cilasta-
tin and meropenem) for the purposes of this study.

The IMACS team are acknowledged for their role in case acquisition
attribution, CPE contact tracing and screening and associated record-
keeping and their lead role in the implementation of the hand hygiene
auditing programme within the organization.

Funding
This study was carried out as part of our routine work.

Transparency declarations
None to declare.

Supplementary data
Figure S1 and Reviewer report 1 are available as Supplementary data at
JAC-AMR Online.

References
1 Righi E, Peri AM, Harris PNA et al. Global prevalence of carbapenem resist-
ance in neutropenic patients and association with mortality and carbapenem
use: systematic review and meta-analysis. J Antimicrob Chemother 2017; 72:
668–77.

2 Australian Commission on Safety and Quality in Healthcare.
Recommendations for the control of multi-drug resistant Gram-negatives:
carbapenem resistant Enterobacteriaceae. 2013. https://www.safetyandqual
ity.gov.au/wp-content/uploads/2013/12/MRGN-Guide-Enterobacteriaceae-
PDF-1.89MB.pdf.

3 Van Loon K, Voor In ’t holt AF, Vos MC. A systematic review and meta-
analyses of the clinical epidemiology of carbapenem-resistant
Enterobacteriaceae. Antimicrob Agents Chemother 2017; 62: e01730–17.

4 Australian Commission on Safety and Quality in Healthcare.
Recommendations for the control of carbapenemase-producing
Enterobacteriaceae (CPE): a guide for acute care facilities. 2017. https://www.
safetyandquality.gov.au/sites/default/files/migrated/Recommendations-for-
the-control-of-Carbapenemase-producing-Enterobacteriaceae.pdf.

5 Harris P, Paterson D, Rogers B. Facing the challenge of multidrug-resistant
gram-negative bacilli in Australia. Med J Aust 2015; 202: 243–7.

6 Turnidge J, Gottlieb T, Mitchell D et al. The Australian Group on
Antimicrobial Resistance. Gram negative survey: 2011 antimicrobial suscepti-
bility report. 2012. http://agargroup.org.au/agar-surveys#Gram-Negative-
Bacteria.

7 Logan L, Weinstein R. The epidemiology of carbapenem-resistant
Enterobacteriaceae: the impact and evolution of a global menace. J Infect Dis
2017; 215: S28–36.

8 Australian Commission on Safety and Quality in Health Care (ACSQHC).
AURA 2019: Third Australian Report on Antimicrobial Use and Resistance in
Human Health. Chapter 5: National Alert for Critical Antimicrobial Resistances
(CARAlert). https://www.safetyandquality.gov.au/sites/default/files/2019-06/
AURA-2019-Report.pdf.

9 Australian Commission on Safety and Quality in Health Care. CARAlert
Summary Report 1 October 2017–31 March 2018. 2018. https://www.safe
tyandquality.gov.au/sites/default/files/migrated/CARAlert-Summary-Report-
Oct17-Mar18.pdf.

10 Wong D, Spellberg B. Leveraging antimicrobial stewardship into improv-
ing rates of carbapenem-resistant Enterobacteriaceae. Virulence 2017; 8:
383–90.

11 Villegas MV, Pallares CJ, Escandón-Vargas K et al. Characterization and
clinical impact of bloodstream infection caused by carbapenemase-
producing Enterobacteriaceae in seven Latin American countries. PLoS One
2016; 11: e0154092.

12 Souli M, Galani I, Antoniadou A et al. An outbreak of infection due to beta-
lactamase Klebsiella pneumoniae carbapenemase 2-producing K. pneumo-
niae in a Greek University Hospital: molecular characterization, epidemiology
and outcomes. Clin Infect Dis 2010; 50: 364–73.

13 Borer A, Saidel-Odes L, Riesenberg K et al. Attributable mortality rate for
carbapenem-resistant Klebsiella pneumoniae bacteremia. Infect Control
Hosp Epidemiol 2009; 30: 972–6.

14 Gupta N, Limbago BM, Patel JB et al. Carbapenem-resistant
Enterobacteriaceae: epidemiology and prevention. Clin Infect Dis 2011; 53:
60–7.

15 Marchaim D, Chopra T, Bhargava A et al. Recent exposure to antimicro-
bials and carbapenem-resistant Enterobacteriaceae: the role of antimicrobial
stewardship. Infect Control Hosp Epidemiol 2012; 33: 817–30.

16 Chang LWK, Buising KL, Jeremiah CJ et al. Managing a nosocomial out-
break of carbapenem-resistant Klebsiella pneumoniae: an early Australian
hospital experience. Intern Med J 2015; 45: 1037–43.

17 Bogan C, Marchaim D. The role of antimicrobial stewardship in curbing
carbapenem resistance. Future Microbiol 2013; 8: 979–91.

18 Meyer E, Schwab F, Schroeren-Boersch B et al. Dramatic increase of third-
generation cephalosporin-resistant E. coli in German intensive care units:
secular trends in antibiotic drug use and bacterial resistance, 2001 to 2008.
Crit Care 2010; 14: R113.

19 Mariappan S, Sekar U, Kamalanathan A. Carbapenemase-producing
Enterobacteriaceae: risk factors for infection and impact of resistance on out-
comes. Int J Appl Basic Med Res 2017; 7: 32–9.

20 Baur D, Gladstone BP, Burkert F et al. Effect of antibiotic stewardship on
the incidence of infection and colonisation with antibiotic-resistant bacteria
and Clostridium difficile infection: a systematic review and meta-analysis.
Lancet Infect Dis 2017; 17: 990–1001.

21 Australian Commission on Safety and Quality in Healthcare. Antimicrobial
Stewardship in Australian Health Care. 2018. https://www.safetyandquality.
gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf.

22 South Australia Health. National Antimicrobial Utilisation Surveillance
Program (NAUSP). 2019. https://www.sahealth.sa.gov.au/wps/wcm/con
nect/public!content/sa!health!internet/clinical!resources/clinical!prog
rams!and!practice!guidelines/infection!and!injury!management/anti
microbial!stewardship/national!antimicrobial!utilisation!surveillance!
program!nausp.

23 Marra A, de Almeida SM, Correa L et al. The effect of limiting antimicrobial
therapy duration on antimicrobial resistance in the critical care setting. Am J
Infect Control 2009; 37: 204–9.

24 Viale P, Giannella M, Bartoletti M et al. Considerations about antimicrobial
stewardship in settings with epidemic extended-spectrum b-lactamase-pro-
ducing or carbapenem-resistant Enterobacteriaceae. Infect Dis Ther 2015; 4:
65–83.

25 Giacobbe DR, Del Bono V, Mikulska M et al. Impact of a mixed educational
and semi-restrictive antimicrobial stewardship project in a large teaching
hospital in Northern Italy. Infection 2017; 45: 849–56.

26 Ghafur A, Nagvekar V, Chandra K et al. “Save Antibiotics, Save lives”: an
Indian success story of infection control through persuasive diplomacy.
Antimicrob Resist Infect Control 2012; 1: 29.

27 Bond S, Chubaty AJ, Adhikari S et al. Outcomes of a multisite antimicrobial
stewardship programme implementation with a shared clinical decision sup-
port system. J Antimicrob Chemother 2017; 72: 2110–8.

Cipko et al.

6 of 7

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaa041#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaa041#supplementary-data
https://www.safetyandquality.gov.au/wp-content/uploads/2013/12/MRGN-Guide-Enterobacteriaceae-PDF-1.89MB.pdf
https://www.safetyandquality.gov.au/wp-content/uploads/2013/12/MRGN-Guide-Enterobacteriaceae-PDF-1.89MB.pdf
https://www.safetyandquality.gov.au/wp-content/uploads/2013/12/MRGN-Guide-Enterobacteriaceae-PDF-1.89MB.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/Recommendations-for-the-control-of-Carbapenemase-producing-Enterobacteriaceae.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/Recommendations-for-the-control-of-Carbapenemase-producing-Enterobacteriaceae.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/Recommendations-for-the-control-of-Carbapenemase-producing-Enterobacteriaceae.pdf
http://agargroup.org.au/agar-surveys#Gram-Negative-Bacteria
http://agargroup.org.au/agar-surveys#Gram-Negative-Bacteria
https://www.safetyandquality.gov.au/sites/default/files/2019-06/AURA-2019-Report.pdf
https://www.safetyandquality.gov.au/sites/default/files/2019-06/AURA-2019-Report.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/CARAlert-Summary-Report-Oct17-Mar18.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/CARAlert-Summary-Report-Oct17-Mar18.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/CARAlert-Summary-Report-Oct17-Mar18.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/AMSAH-Book-WEB-COMPLETE.pdf
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp
https://www.sahealth.sa.gov.au/wps/wcm/connect/public&hx002B;content/sa&hx002B;health&hx002B;internet/clinical&hx002B;resources/clinical&hx002B;programs&hx002B;and&hx002B;practice&hx002B;guidelines/infection&hx002B;and&hx002B;injury&hx002B;management/antimicrobial&hx002B;stewardship/national&hx002B;antimicrobial&hx002B;utilisation&hx002B;surveillance&hx002B;program&hx002B;nausp


28 Bond SE, Boutlis CS, Yeo WW et al. The burden of healthcare-associated
Clostridium difficile infection in a non-metropolitan setting. J Hosp Infect
2017; 95: 387–93.

29 Bell SM, Pham JN, Rafferty DL et al. Antibiotic susceptibility testing by the
CDS method. A manual for medical and veterinary laboratories, 9th edn.
2018. http://cdstest.net/manual.

30 NSW Health (Australia), Illawarra Shoalhaven Local Health
District, Infection Control and Management Service. Multi-resistant
organism and Clostridium difficile infection prevention and control
[Document No. ISLHD CLIN PD 99]. NSW Health, Illawarra Shoalhaven
Local Health District. 2017.

31 Garner JS, Jarvis WR, Emori TG et al. CDC definitions for nosocomial infec-
tions, 1988. Am J Infect Control 1988; 16: 128–40.

32 Hand Hygiene Australia. Audit Recommendations. https://www.hha.org.
au/audits/audit-recommendations.

33 NSW Health (Australia), Illawarra Shoalhaven Local Health District,
Infection Control and Management Service. Hand hygiene and hand care
[Document No. ISLHD CLIN PROC 56]. NSW Health, Illawarra Shoalhaven
Local Health District, 2017.

34 WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD
Index. 2019. https://www.whocc.no/atc_ddd_index.

35 Pyper BJ, Peterman RM, Lapointe MF et al. Patterns of covariation in
length and age at maturity of British Columbia and Alaska sockeye salmon
(Oncorhynchus nerka) stocks. Can J Fish Aquat Sci 1999; 56: 1046–57.

36 Fleming SW, Clarke GKC. Autoregressive noise, deserialization and trend
detection and quantification in annual river discharge time series. Can Water
Resour J 2002; 27: 335–54.

37 Schwaber MJ, Lev B, Israeli A et al. Containment of a country-wide out-
break of carbapenem-resistant Klebsiella pneumoniae in Israeli hospitals via
a nationally implemented intervention. Clin Infect Dis 2011; 52: 848–55.

CPE reduction and antimicrobial stewardship JAR

7 of 7

http://cdstest.net/manual
https://www.hha.org.au/audits/audit-recommendations
https://www.hha.org.au/audits/audit-recommendations
https://www.whocc.no/atc_ddd_index

	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5
	tblfn6

