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Antimicrobial stewardship (AMS) in Australia is supported by a number of factors, including enabling national pol-
icies, sectoral clinical governance frameworks and surveillance programmes, clinician-led educational initiatives
and health services research. A One Health research programme undertaken by the National Centre for
Antimicrobial Stewardship (NCAS) in Australia has combined antimicrobial prescribing surveillance with qualita-
tive research focused on developing antimicrobial use-related situational analyses and scoping AMS implemen-
tation options across healthcare settings, including metropolitan hospitals, regional and rural hospitals, aged
care homes, general practice clinics and companion animal and agricultural veterinary practices. Qualitative re-
search involving clinicians across these diverse settings in Australia has contributed to improved understanding
of contextual factors that influence antimicrobial prescribing, and barriers and facilitators of AMS implementa-
tion. This body of research has been underpinned by a commitment to supplementing ‘big data’ on antimicrobial
prescribing practices, where available, with knowledge of the sociocultural, technical, environmental and other
factors that shape prescribing behaviours. NCAS provided a unique opportunity for exchange and cross-
pollination across the human and animal health programme domains. It has facilitated synergistic approaches
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to AMS research and education, and implementation of resources and stewardship activities. The NCAS pro-
gramme aimed to synergistically combine quantitative and qualitative approaches to AMS research. In this art-
icle, we describe the qualitative findings of the first 5 years.

Judicious use of antimicrobials in human and animal health is a
core objective and principle within all national action plans devel-
oped to address the global challenge of antimicrobial resistance
(AMR). However, there remain significant barriers to achieving this
goal, partly because of a paucity of information about how and
why antimicrobials are being used, which, if available, could inform
efforts to drive improvements. Effective implementation of pro-
grammes to improve the quality and safety of use of antimicro-
bials, i.e. antimicrobial stewardship (AMS), clearly requires both a
sociocultural and a technical approach (Figure 1).

The National Centre for Antimicrobial Stewardship (NCAS) is a
One Health research programme focused on monitoring the qual-
ity of antimicrobial use and the implementation of antimicrobial
stewardship activities to improve this. The centre has influenced
antimicrobial prescribing policy and practice across human and
animal health sectors in Australia; it has supported the implemen-
tation of Australia’s first ‘National Antimicrobial Resistance
Strategy (2015–19)’1 and will inform the recently released
‘Australia’s National Antimicrobial Resistance Strategy—2020 and
Beyond’.2 The programme has aimed to answer the following re-
search questions:

• How are antibiotics being used and what is the appropriateness
of use in different settings?

• What are the drivers (prescriber knowledge and attitudes) of
antibiotic prescribing?

• What interventions to improve antibiotic prescribing fit work-
flows and meet the needs of clinicians?
NCAS has facilitated a cross-disciplinary approach to AMS, with

experts and research fellows sharing learnings across human and
animal health sectors. NCAS researchers have undertaken qualita-
tive research on the knowledge, attitudes and practices of pre-
scribers, consumers and stakeholders in healthcare settings across
the One Health continuum. This article aims to provide context-
specific information about the challenges and opportunities for
AMS in diverse healthcare settings while highlighting setting-
specific barriers and facilitators of AMS implementation in
Australia as identified through the qualitative research conducted
by NCAS. We focus on AMS implementation—describing govern-
ance structures, processes and/or surveillance data where rele-
vant—across human and animal healthcare sectors in Australia
and highlight the findings of qualitative research undertaken in
these settings. The research described demonstrates the value of
applying qualitative methods to the study of AMS implementation
across the One Health continuum in Australia and of co-locating
researchers in one centre to effectively share learnings. Table 1
summarizes the qualitative research projects undertaken by NCAS
researchers and collaborators.

The impact of the Australian National
Antimicrobial Prescribing Survey (NAPS)

Initially developed by Thursky, Buising and James3 in a research
project, the NAPS has been adopted as a core instrument to sup-
port AMS programmes in hospitals and residential aged care
homes, and to provide data for the national antimicrobial use and
AMR surveillance programme (Antimicrobial Use and Resistance in
Australia [AURA]).4 Using a ‘plan, do, study and act’ (PDSA) im-
provement cycle,5 the platform has undergone continuous im-
provement since 2013, and now comprises four modules: the
Hospital NAPS,6–12 Surgical NAPS,13–15 Aged Care NAPS16–19 and
Quality Improvement NAPS. Despite the voluntary nature of the
survey activities (point-prevalence, cohorts or directed surveys),
participation has continued to increase across both public and pri-
vate institutions.6–12 Unique internationally, the NAPS platform has
demonstrated the feasibility and acceptability of measuring the
appropriateness of antimicrobials being used, rather than a limited
assessment of guideline compliance, and collecting data on all
antimicrobials rather than just a few nominated drugs.

Qualitative research has informed the expansion of the NAPS.
Recently, the need for a dedicated, detailed survey of hospital anti-
fungal use was identified.20 In 2020, Khanina et al.21 undertook an
international Delphi study with 82 experts in antifungal use from
17 different countries; participating experts achieved consensus
on 38 antifungal stewardship metrics, including antifungal con-
sumption, quality of antifungal prescribing and management of in-
vasive fungal infection, and clinical outcomes.21 Many of the

Collect patient or animal data
from clinical encounters or
antimicrobial prescriptions;

indications for use

Establish
effective
communication
and feedback to
drive
continuous
improvement

Evaluate outcomes of
AMS programmes, including
cost-effectiveness and
appropriateness of
prescribing

Aggregate and
analyse the data;
establish metrics

and benchmarking
of appropriateness

A Learning
Healthcare
System to
Support

Antimicrobial
Stewardship

Use this data to
inform practice
change through

guidelines,
decision support,
clinical pathways
and AMS toolkits

Figure 1. A ‘learning healthcare system’ approach to AMS.
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existing NAPS appropriateness metrics were deemed to have mod-
erate to high feasibility for routine collection, and this information
will guide the design of a dedicated module.21 Similarly, the
Hospital NAPS has been used in several international settings,
including Canada, New Zealand, the United Kingdom, Bhutan,
Malaysia22 and Fiji, and feedback from the clinical leaders at these
sites has been collected via surveys and key informant interviews
to iteratively improve the tool to meet needs.

Acute care (hospitals)

The introduction of AMS as a dedicated hospital accreditation
standard in Australia in 201123 (updated in 2015) was a major
driver for implementation of funded AMS programmes in hospitals.
The standard explicitly supports the need to provide access to na-
tional antimicrobial prescribing guidelines, to use antimicrobial re-
striction and approval processes, and to monitor consumption and
appropriateness of antimicrobial use.24 Australian researchers
have made major contributions to the AMS literature focused on
antimicrobial use in hospitals; these studies have described anti-
microbial use in intensive care,25–28 emergency departments29,30

and paediatrics;31,32 sepsis pathways;33,34 antimicrobial-allergy
de-labelling programs;35–37 and antifungal stewardship.38

Independent, expert-led antimicrobial prescribing guidelines,
‘Therapeutic Guidelines: Antibiotic’ (TG: A), have been available in
Australia since 1978, enabling standardization of evidence-based
prescribing and prescribing quality audits.24,39 NCAS researchers
made major contributions to providing an evidence base for com-
puterized clinical decision-support (CDS) systems, particularly anti-
microbial approval systems for AMS, with internal and external
peer-reviewed evaluations of tools developed by NCAS research-
ers.26,40–43 In the last 5 years, the implementation of electronic
medical records (EMRs) has increased in some Australian hospitals
and facilitated AMS programmes by enabling efficient antimicro-
bial usage auditing and linkages to computerized CDS
systems.26,27,41,44,45

Challenges in regional and rural Australia

Regional and rural hospitals in Australia have context-specific
needs and challenges relating to AMS,46 and there are disparities
in AMS implementation, reflecting broader differences in health-
care delivery between metropolitan and regional and rural set-
tings.47 Analysis of data from the Hospital NAPS suggests that
compared with major-city hospitals, regional and rural (‘rural’)
hospitals have higher levels of inappropriate antimicrobial pre-
scribing for particular antimicrobials (e.g. ceftriaxone) and com-
mon infections (e.g. cellulitis and sepsis).48 Two qualitative studies
by NCAS researchers Bishop et al.49,50 explored challenges and
opportunities for AMS in rural health services. The first study
included focus groups with health professionals involved in AMS
programmes in their health service.49 Broadly, barriers to the im-
plementation of AMS programmes in rural settings include com-
peting demands for resources; difficulty in recruiting staff; lack of
training and education; limited resources for information technol-
ogy; limited pharmacy resources; distance (resulting in isolation
from the larger centres); and lack of support from some medical
professionals.49 These findings build on other Australian work in
rural settings.46,51–54 Unique contextual barriers include a culture

of independence and self-reliance by local clinicians; intercon-
nected work-life relationships; geographical isolation of the hos-
pital influencing antimicrobial choice; lack of understanding of the
local context (e.g. local AMR patterns); an inability to meaningfully
benchmark performance with similar hospitals; and lack of profes-
sionals with infectious diseases training.49 Interviews with key
opinion leaders and innovators in rural AMS helped identify that
the most prominent factors for sustainable AMS programmes in
rural hospitals include hospital executive support, dedicated AMS
resources, network or area-wide arrangements, passionate AMS
champions and adaptability.50 These findings generated key rec-
ommendations to boost the sustainability of rural hospital AMS
programmes: using accreditation as a mechanism to drive direct
resource allocation; defining AMS staffing recommendations for
rural health services; supporting more AMS network arrangements
involving rural health services; and integrating rural AMS pro-
grammes across acute, aged and primary care.50 This qualitative
work, combined with the analysis of the NAPS data, led to the con-
ceptualization of a cellulitis management quality improvement
study.55 Bishop et al.55 developed a bundle of care (operationalized
into a cellulitis management plan) aimed at increasing the appro-
priateness of antibiotic therapy for cellulitis. Drawing on findings
about the value of networks in achieving AMS outcomes, this pro-
ject involved collaboration among three regional and rural health
services and was evaluated using the RE-AIM framework.56

Qualitative research has highlighted that rural hospitals have
developed strategies to augment AMS implementation in the face
of existing challenges and resource gaps.50 These strategies in-
clude: use of centralized (‘hub and spoke’) models, where tertiary
or principal referral hospitals provide network-wide AMS support
and access to infectious diseases expertise;41,57 use of computer-
ized decision-support systems for AMS across networks of regional
hospitals;41,58 visits by infectious diseases specialists to smaller
hospitals; and use of telehealth.57,59,60 AMS programmes that are
led by non-infectious diseases doctors, pharmacists, infection con-
trol practitioners and nurses are now common in Australian rural
hospitals.49,50,61,62 Support for these staff is being bolstered
through AMS network arrangements. There are opportunities for
new partnerships to be created, particularly with primary care and
aged care, given their interconnectedness with acute hospital care
in rural settings.63

An example of an AMS challenge in acute care: surgical
antimicrobial prophylaxis (SAP)

SAP is the most common indication for antibiotic use in Australian
hospitals, with high rates of inappropriate prescribing.6–12 Activities
are being developed and promoted to improve SAP,64,65 including
widespread participation in the Surgical NAPS.13–15 The Surgical
NAPS data reveal variation in the quality of SAP prescribing practi-
ces in Australia66,67—in both peri-operative (timing, choice) and
post-operative prescribing (duration)—across all surgical special-
ties, with poor overall appropriateness of antibiotic use (48.7%).67

AMS interventions will need to be tailored to specific specialties,
addressing systemic, behavioural and environmental factors in
each.68 In Australia, there is no standardized and/or national ap-
proach for routine monitoring of surgical site infections to facilitate
benchmarking and quality improvement. Additionally, there are
no current efforts to link administrative and surveillance datasets
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to monitor the impact of improvement programmes. Qualitative
research suggests these elements may collectively serve as a sig-
nificant driver for prescriber behaviour change.69

NCAS researchers Ierano et al.69 undertook qualitative work to
examine decision-making processes related to SAP prescribing and
guideline compliance. Their study involved focus groups and inter-
views with key stakeholders across the peri-operative pathway:
surgeons, anaesthetists, peri-operative nurses and clinical
pharmacists, with analysis guided by the theoretical domains
framework (TDF)70 and the capabilities, opportunities, motivators-
behaviour (COM-B) model.71,72 Six key themes relating to clinicians’
perceptions about decision-making for antimicrobial use across
the surgical setting were identified: SAP prescribing skills are con-
sidered a low priority; prescriber autonomy takes precedence over
guideline compliance; the social codes of prescribing reinforce
established practices; there is a need for improved communica-
tion, documentation and collection of data for action; fears and
perceptions about risk hinder appropriate SAP prescribing; and
there is a lack of clarity regarding roles and accountability for SAP
prescribing.69 This research generated recommendations for SAP
improvement. To facilitate appropriate SAP prescribing, there is a
need to support prescribing quality data benchmarking, and to de-
velop the ability to link appropriateness of SAP use to patient out-
comes (such as surgical site infections, readmission, mortality,
sepsis and Clostridioides difficile infection). Opportunities to capital-
ize on existing workflows, such as the ‘time-out’ process73 and the
enhanced recovery after surgery (ERAS) protocol,74 to support SAP
prescribing were identified. Cultural barriers to AMS for SAP pre-
scribing, such as the influence of professional hierarchy, and fears
and risk perception, can be addressed through leadership engage-
ment and evidence-based reinforcement of information on pa-
tient safety and quality of care.

Primary care

Primary care is where most of the antibiotic prescribing for humans
occurs in Australia, and data do suggest that there is likely to be an
opportunity for AMS in this sector. The Australian community uses
nearly twice the average volume of antibiotics per capita of
Organisation for Economic Co-operation and Development (OECD)
countries.75,76 The frequency of antibiotic prescribing per patient
presentation in general practice varies between 5% and 15%.77

The types of antibiotics being prescribed by Australian general
practitioners (GPs) appear to be of broader spectrum than those
prescribed by their peers in other countries,4 with amoxicillin/clav-
ulanic acid and cefalexin among the most commonly prescribed
antibiotics.4 The patterns of antibiotic use do not appear to align
well with national guidelines, especially for several respiratory tract
indications (including bronchitis, pharyngitis and otitis media).78–80

NCAS researchers Hawes et al.81 conducted a literature review
to identify a possible framework for AMS in general practice, which
identified six key components: governance; monitoring of antibiot-
ic prescribing and AMR with feedback to GPs; education of the pub-
lic and health professionals about AMR and AMS; consultation
support; pharmacy- and nursing-based approaches; and research.
They interviewed key Australian stakeholders to determine the
feasibility and validity of the framework.82 These stakeholders
identified that there was no clear leadership for AMS in Australian
general practice, and that a focus on prescribing appropriateness

and patient outcomes in antibiotic prescribing audit and feedback
strategies would be useful.82 Stakeholders agreed that community
education (targeting the general public) was necessary to support
general practice AMS, and that while community pharmacists may
require support to be involved, having access to non-dispensing
pharmacists (also referred to as clinical pharmacists or practice
pharmacists) in general practice may be useful.82 Electronic
decision-support for GPs was also strongly supported.82

Biezen et al.83 undertook qualitative research on GPs’ use of
both prescribing guidelines and EMRs for clinical decision-making
when prescribing antibiotics in Australian primary care clinics. This
research highlighted both structural factors (such as a lack of inte-
gration between prescribing guidelines and EMRs) and sociocul-
tural factors (such as clinician preference and practice culture
relating to guideline use and evidence-based prescribing, and pa-
tient expectations for antibiotic prescribing) that influence guide-
line uptake and conformity.83 Previous research by Biezen et al.84

indicated a dissonance between GPs’ perceptions about patient
demands for antibiotic prescribing for upper respiratory tract infec-
tions in children and patients’ self-reported expectations.

In collaboration with the University of Melbourne’s Department
of General Practice, NCAS researchers developed a CDS tool that
incorporated evidence-based guidelines (TG: A) into the EMR. This
was tested with GPs in simulated consultations and assessed
qualitatively.85 In addition to a pilot audit and feedback pro-
gramme, the General Practice NAPS, which provided feedback to
GPs in the form of a report and educational webinar, a quality im-
provement programme called Guidance GP was developed
through this programme of work. The latter programme consisted
of an embedded audit tool that extracted data when an antibiotic
was prescribed and prompted GPs to enter an indication for pre-
scribing if not recorded in the EMR; a written feedback report con-
taining information on prescribing volume, compliance with
guidelines and appropriateness; and educational webinars and in-
practice quality improvement support. The researchers piloted and
evaluated the programme qualitatively in several clinics and found
that the quality improvement activities were acceptable to GPs
and fitted into their decision-making process and workflow.85

GPs’ perceptions about AMS have been assessed by Saha
et al.86 through a nationwide survey. Of 389 GP respondents,
68.9% were familiar with AMS; 83.2% referred to TG: A and 72.2%
used delayed prescribing as an AMS strategy.86 However, only
18.4% used point-of-care tests, 20.2% used patient information
leaflets and 9.8% used audit and feedback strategies.86 The partic-
ipating GPs were receptive to AMS training, integration of guide-
lines with EMR and policies limiting the prescribing of selected
antimicrobials.86 GPs’ perceptions about the potential for commu-
nity pharmacists to contribute to AMS were mixed: 50.5% and 63%
were receptive to community pharmacists’ recommendations on
antimicrobial choice and dose, respectively, and 60% supported
fostering greater GP–community pharmacist collaboration.86 A na-
tionwide survey of community pharmacists by Saha et al.,87 with
613 participants, found that 73% were familiar with AMS and that
76.5% felt that they would require specialized training.
Community pharmacists reported that they counselled patients
(97%) and reviewed drug interactions or allergies (93.8%) often
but less commonly referred to prescribing guidelines (45.5%) or
assessed the guideline-compliance of prescribed antimicrobials
(37.9%).87 The participants perceived that GPs were not receptive
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to interventions about antimicrobial choice (82.6%) and dosage
(68.6%).87 Our work has scoped the potential for collaborative AMS
initiatives in primary care that may capitalize on the convergence
of GPs’ and community pharmacists’ perceptions about AMS
opportunities and facilitators.88–92 Though there were differences
in GPs’ and community pharmacists’ receptiveness to participation
in collaborative GP–community pharmacist group meetings
(54.9% versus 82.5%) and antimicrobial audits (46.1% versus
86.5%), opportunities to improve interprofessional trust, techno-
logical capabilities and organizational and environmental factors
were identified.90

Interventions in primary care by other Australian research
groups, ranging from public education to more specific prescriber
training and education,93,94 have been trialled in Australia, but
much more needs to be done.95

Aged care

One in seven Australians is over 65 years of age,96 and the demand
for aged care homes (ACHs) and in-home care continues to in-
crease.97 AMS programmes have not been widely implemented in
ACHs but will be driven by accreditation standards that were intro-
duced in 2019.98 Importantly, consecutive annual Aged Care NAPS
surveys have highlighted several targets for action.16–19 For ex-
ample, the 2019 report showed that the proportion of residents
who had signs and/or symptoms of at least one suspected infec-
tion on the survey day was 3.1%, whereas the proportion of resi-
dents prescribed at least one antimicrobial was 8.2%.19 Prolonged
antibiotic use for urinary tract infection (UTI) prophylaxis was wide-
spread, as was the use of topical antimicrobials. Furthermore,
24.5% of prescriptions did not have a documented indication for
prescribing, and 35.3% did not have either a review date or a stop
date.19

Management of infections requiring antimicrobial therapy may
be difficult in ACHs due to atypical clinical presentations in older
people, the inability of residents to communicate symptoms due
to cognitive impairment and poor availability of diagnostic tests.99

NCAS researchers identified that these challenges, coupled with
the desire to treat suspected infections ‘just in case’ residents get
sicker (often to avoid hospital transfer), and possibly perceptions of
the increased risk posed by drug-resistant infections, can lead to
over-prescribing.100,101 Additionally, some antibiotic prescriptions
may be commenced empirically but not reviewed in a timely man-
ner; thus, prolonged courses of therapy are, reportedly, com-
mon.102,103 It was reported that poor interpretation of
microbiology results could also potentially lead to over-treatment
of colonizing bacteria, such as in the treatment of asymptomatic
bacteriuria, non-infected skin ulcers, or colonizing bacteria in spu-
tum samples.104 Strategies to improve AMS in ACHs, including the
development of simple clinical pathways and guidelines for the
diagnosis and management of urinary sepsis, respiratory tract in-
fection and skin and soft tissue infection, have been suggested.
The qualitative findings also suggest that strategies to ensure ap-
propriate documentation of indications and plans for antibiotics
(including undertaking timely review at 48–72 h) and to limit anti-
biotic duration are needed, as are more precise criteria to help gov-
ern when to send samples for microbiological testing and
assistance with interpreting the significance of any bacteria

isolated from such specimens. This will inform next steps in aged
care AMS.

Residents in the final month of life are increasingly likely to be
prescribed an antimicrobial, commonly without having signs and
symptoms of infection. Dowson et al.105,106 described the perspec-
tives of health professionals on antimicrobial use near the end of
life (EoL) in ACHs and investigated the potential opportunities for
AMS activities. Interviews were conducted with nurses, GPs and
pharmacists with a diversity of years of experience in providing
routine care to residents of ACHs in Victoria in different facility loca-
tions (metropolitan and rural) and types (public and private).
Reported workflow-based challenges in ACHs included limited on-
site staff resources and the use of multiple off-site care pro-
viders.106 Opportunities for ACH nurses to undertake AMS activities
near the EoL in the provision of routine care were identified.
Support for ACH nurses to make decisions substantiated by
evidence-based clinical teaching and through improved care co-
ordination relating to infection management was highlighted as a
potential facilitator of AMS involvement. The importance of AMS
activities near the EoL also addressing family confidence about
resident wellbeing was identified. Prior discussion about the role of
antimicrobial use in EoL care was thought to be relevant,105 as was
discussion about the role of non-pharmacological therapies.

Veterinary care

Use of antimicrobials in veterinary medicine is essential to ensuring
animal health and welfare, and the security and safety of food.
However, there is ample scope for the introduction of AMS across
all areas of veterinary medicine to optimize appropriate antimicro-
bial usage in Australia. In Australia, there are publicly available
data on the volumes of antimicrobials sold in the animal health
sectors, but detailed species-level data and surveillance of end use
and appropriateness of use are lacking. These gaps in our under-
standing have been partially addressed by recent studies in some
areas of veterinary practice.107–112

Use of antimicrobials in food-producing animals is strictly regu-
lated in Australia. Most veterinary antimicrobials are available only
by prescription and their use by veterinarians is regulated by state
legislation and labelling restraints. Antimicrobial use is monitored
through chemical residue testing of food of animal origin. The
Australian Pesticides and Veterinary Medicines Authority (APVMA)
periodically reports on the total quantity of antimicrobial products
imported (in tonnes of active constituents) for animal use in
Australia. The most recent data showed that 98% of veterinary
antimicrobials sold in 2005–10 were used for food animals.113

Over half of the antimicrobials were coccidiostats, most of which
are used to prevent coccidiosis in chickens. These antimicrobials
are not used in humans and are thus not considered to pose a risk
in terms of development of AMR of concern to human health.
Macrolides and tetracyclines were the antibiotic classes used in
the greatest volumes, according to the APVMA data. In a survey
conducted by Crabb et al.,110 Australian poultry veterinarians also
reported using amoxicillin for some common diseases.

Antimicrobials administered to production animals are mainly
regarded to be of low importance in the Australian rating system,
and antimicrobials of high human medical importance have very
limited use in animal production in Australia; only one late-
generation cephalosporin and one streptogramin antibiotic are
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registered for food-producing animals: ceftiofur, for use in the
treatment of respiratory tract infections in cattle, and virginiamy-
cin. In contrast to many other countries, the use of fluoroquino-
lones has never been permitted in food production animals in
Australia. However, there is room for improvement. NCAS research
has identified suboptimal antimicrobial dosing and inappropriate
timing to be common in SAP in cattle,112 horses,111 dogs and
cats,107 just as in humans.

Improving the delivery of antibiotics to production animals is an
important focus of AMS globally. The vast majority of antimicro-
bials used in production animals are provided in feed or drinking
water in intensive livestock industries (e.g. pigs, chickens and feed-
lot cattle) as it is the only practicable way to treat a large number
of individuals simultaneously. However, the effectiveness of in-
water delivery had not been investigated previously.114 Little
et al.115 undertook a mixed-methods study with pig farm manag-
ers, which demonstrated a great deal of variation in the way that
antimicrobial regimens are calculated, prepared and delivered in
drinking water, leading to major differences in dosing and wast-
age. Farm managers lacked a full appreciation of the complexities
involved in ensuring each animal receives an appropriate anti-
microbial dose for an appropriate period. This study identified im-
portant opportunities for optimizing antimicrobial use in pig
farming, by providing farm managers with guidelines for in-water
medication and technical training on in-water antimicrobial use,
as well as implementing on-farm monitoring of antimicrobial use.

Australia has one of the highest levels of pet ownership in the
world. Companion animals, including horses, receive more inten-
sive veterinary care (and hence are more likely to be treated with a
wider range of antimicrobial drugs) than animals in agricultural
production. Companion animal veterinarians predominately use b-
lactam antibiotics in both medical108 and surgical scenarios,107,111

although use of third-generation cephalosporins and fluoroquino-
lones is common in some medical scenarios in dogs and cats.108

Under-dosing,116,117 inappropriate timing of administration in
relation to surgical incision and excessive durations of therapy in
dogs, cats and horses are common issues.107,111 Problems with
labelling legislation, resulting in the persistence of historical and in-
correct dosing regimens on the labels of older antimicrobials, ap-
pear to be contributing to under-dosing in some instances.111,118

The use of novel data sources such as medication records in insur-
ance databases and techniques such as natural language process-
ing by NCAS researchers has enabled insights into population-level
patterns of antimicrobial use in companion animals in
Australia.109,119

Understanding local AMR patterns and trends is an important
cornerstone of AMS efforts. Unfortunately, pooled AMR data are
not widely available for animals in Australia. However, our recent
research shows that companion animal urinary pathogens in
Australia remain reassuringly susceptible to low-importance anti-
microbials such as trimethoprim/sulfonamides and amoxicillin,120

and these antimicrobials are recommended in prescribing guide-
lines. Despite this, Australian veterinarians are much more likely to
treat UTIs with medium-importance amoxicillin/clavulanic acid or
high-importance cefovecin.109 The veterinary team of NCAS is
undertaking in-depth qualitative research to explore the complex
reasons behind such guideline non-compliance and excessive-
spectrum antimicrobial use by companion animal veterinarians.
This work will build on previous qualitative research by Hardefeldt

et al.121 with companion animal, equine and bovine veterinarians,
which found that major barriers to AMS implementation include
the high cost of veterinary microbiological testing, client expecta-
tions about antibiotics, poor access to continuing veterinary educa-
tion and training and a lack of industry-independent veterinary
guidelines for antimicrobial use.

This work also showed that Australian veterinarians are con-
cerned about the animal and human health consequences of their
prescribing, take pride in providing high-quality veterinary services
and are willing to change practice.121 Our group has since devel-
oped and validated independent and transparent antimicrobial
prescribing guidelines for veterinarians.122,123 The cost of diagnos-
tic microbiology continues to inhibit the widespread use of culture
and susceptibility testing in veterinary practices in Australia. This
probably contributes to overuse of antimicrobials, as veterinarians
treat suspected infections ‘just in case’ the animal deteriorates.124

Cheaper and more rapid diagnostic tests are urgently needed.
Development of a national dataset of veterinary antimicrobial

consumption is another key aim, although there are many barriers
to achieving this. A limitation of the APVMA data is that each anti-
microbial is recorded against the animal species in which its use is
registered, rather than the species in which it is ultimately used.
Off-label prescribing rights allow the use of a medicine to treat an
animal in a way that is not described on the registered label where
that use is not specifically prohibited by the label. Off-label use of
antibiotics in food animals may occur, but it is largely limited by
restrictions on the maximum permitted residue levels in food prod-
ucts. Greater clarity about the actual end usage of antimicrobials
in production animals would be of considerable assistance in
developing strategies to optimize antimicrobial use and directing
efforts to identify alternative animal health strategies.

The key contributor to limiting antimicrobial use in veterinary
medicine in Australia has been our long and largely successful his-
tory of national biosecurity, which has ensured our freedom from
many major infectious diseases and has also limited pathways for
introduction of multidrug-resistant organisms from other coun-
tries. This has been complemented by the implementation of
farm-level biosecurity measures, with farm biosecurity plans in-
creasingly becoming a component of farm quality assurance pro-
grammes. In the poultry industries, the development and
introduction of comprehensive vaccination programmes has con-
trolled much of the burden of infectious disease, but the limited
availability of effective vaccines for a number of major bacterial
diseases of pigs necessitates continued antimicrobial therapy.

Implementation of AMS programmes in veterinary practices in
Australia is in its infancy.109 Many of the building blocks for AMS—
such as methods for monitoring antimicrobial use at a local level
and for auditing and reviewing antimicrobial prescribing, and pro-
tocols and templates for antimicrobial stewardship policies—have
not yet been adopted widely in veterinary practice, and a lack of fi-
nancial incentives for veterinarians working in private businesses
to undertake the significant work of AMS is a major challenge.
Education of veterinarians about AMS and assistance in developing
AMS programmes are critical.121,124 A joint project between the
Australian veterinary schools and the Commonwealth govern-
ment to develop a training programme for veterinarians working
in clinical practice may help to address this.125 Qualitative projects
are also underway in NCAS to understand non-clinical influences
on Australian companion animal veterinarians’ prescribing
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decisions, and the lessons learned from an implementation trial of
an AMS programme across 135 companion animal veterinary
practices. An international veterinary Delphi study is being under-
taken to reach consensus on the role of highest-priority critically
important antimicrobials in veterinary medicine.

These studies highlight the importance of understanding struc-
tural, cultural, behavioural and technological barriers that affect
implementation of AMS programmes. A striking outcome has been
the ability for researchers in different sectors to share learnings
and leverage observations. The next step is to employ a ‘learning
health systems’ approach, utilizing health services research and
implementation science methodologies (Figure 1) to act on these
findings.

There is an imperative to build research workforce awareness
and capacity in qualitative research to address AMR. A consensus
paper from the Joint Programming Initiative on Antimicrobial
Resistance (JPIAMR) Working Group on behavioural approaches to
implementing AMS programmes outlined key research priority
areas.126 The authors provide guidance for developing research
proposals that incorporate metrics, outcomes of AMS intervention
studies, the use of the StaRI framework for implementation stud-
ies,127 and behaviour change interventions based on theoretical
frameworks.128 A more recent review of current evidence and
international engagement with stakeholders from healthcare,
public health, research, patient advocacy and policy reinforced the
importance of context, culture and behaviours as a major research
priority.129

Conclusions

Implementation of AMS programmes still constitutes a major
challenge in regional and rural hospitals, primary care, aged care
and animal health in Australia, despite the high quality of our
healthcare systems. Recognition of accreditation programmes as
a driver for AMS and the availability of the comprehensive NAPS
programme have facilitated AMS efforts in some areas, with re-
search providing unique insights into key targets for action. The
qualitative research performed by the NCAS team has contributed
to substantive gains in information required to guide AMS interven-
tions, and the key learnings are presented in Table 2. Importantly,
cohesion in the research approach should help promote coordin-
ation of interventions and help realize the One Health approach to
AMS in Australia. Building on and embedding health services re-
search using implementation science frameworks should be a pri-
ority as this will support effective, sustainable and scalable
implementation of AMS programmes.
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and animal health.

7. In livestock production, Australia has very limited usage of antimicrobials of high importance. However, we still do not have a clear idea of
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