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ABSTRACT

Background. The health and economic burden of antimicrobial resistance (in Australia is significant.
Interventions that help guide and improve appropriate prescribing for acute respiratory tract
infections in the community represent an opportunity to slow the spread of resistant bacteria.
Clinicians who work in primary care are potentially the most influential health care professionals
to address the problem of antimicrobial resistance, because this is where most antibiotics are
prescribed. Methods. A cluster randomised trial was conducted comparing two parallel groups of
27 urban general practices in Queensland, Australia: 13 intervention and 14 control practices, with
56 and 54 general practitioners (GPs), respectively. This study evaluated an integrated, multifaceted
evidence-based package of interventions implemented over a 6-month period. The evaluation included
quantitative and qualitative components, and an economic analysis. Results. A multimodal package of
interventions resulted in a reduction of 3.8 prescriptions per GP per month. This equates to 1280.16
prescriptions for the 56 GPs in the intervention practices over the 6-month period. The cost per
prescription avoided was A$148. The qualitative feedback showed that the interventions were
well received by the GPs and did not impact on consultation time. Providing GPs with a choice of
tools might enhance their uptake and support for antimicrobial stewardship in the community.
Conclusions. A multimodal package of interventions to enhance rational prescribing of antibiotics is
effective, feasible and acceptable in general practice. Investment in antimicrobial stewardship strategies
in primary care may ultimately provide the important returns for public health into the future.

Keywords: antibiotics, anti-infectives, antimicrobial stewardship, antimicrobials, community, cost
effective, general practitioners, prescribing, qualitative feedback.

Introduction

Antimicrobial resistance (AMR) is undeniably an urgent global health threat, with rates of
resistance increasing faster than the capacity of industry to develop new drugs. The Global
Action Plan on AMR was adopted in 2015 by all countries through decisions endorsed in the
World Health Assembly, the Food and Agriculture Organization Governing Conference and
the World Organisation for Animal Health. Optimising the use of antimicrobial agents is a
key component of this action plan (WHO 2015).

High levels of antibiotic prescribing drive AMR (Bell et al. 2014), and despite a broad
range of initiatives within the past 10 years in Australia, reductions have been modest
and insufficient to address AMR. Gains have been made in hospital settings, but optimising
antibiotic prescribing in the community remains a challenge, with nearly 40% of general
practitioners (GPs) admitting to prescribing antibiotics to meet patient expectations, and
one in five patients expecting antibiotics for acute respiratory tract infections (ARIs;
Hardy-Holbrook et al. 2013). ARIs are predominantly self-limiting and/or caused by viruses,
and clinical guidelines generally do not recommend treatment with antibiotics (Therapeutic
Guidelines 2019). It is estimated that 40% of the Australian population had at least one
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antibiotic dispensed in 2019, which is much higher than in
most European countries and Canada (Australian Commission
on Safety and Quality in Health Care 2021), and the majority
of these antibiotics are prescribed by GPs (McKenzie et al.
2013). Inappropriate use of antibiotics is the most important
driver of resistance, and primary care has an important part to
play in optimising the appropriate use of these agents (van
Driel et al. 2022). The Australian National Antimicrobial
Resistance Strategy aligns Australia to the World Health
Organization’s Global action plan on antimicrobial resistance,
and provides the foundation for Australia’s national
antimicrobial stewardship (AMS) strategy (van Driel et al.
2022). Improving outpatient antibiotic prescribing at the
point of care requires two complementary strategies:
(1) changing clinician behaviour to alleviate concerns related
to diagnostic uncertainties, and (2) educating patients and
families about the role of antibiotics in medical care and
their own wellbeing (Tamma and Cosgrove 2016). There
are a number of strategies to improve antibiotic prescribing
at the point of care. The best evidence supports use of
specific educational interventions, point-of-care tests and
clinical decision support tools (McDonagh et al. 2018).

Strategies that have employed a combination of these
interventions have been shown to be the most effective
(Cals et al. 2013; Little et al. 2013; Gulliford et al. 2019).
The evaluation of costs of proven effective interventions to
reduce antibiotic prescribing are limited (Cals et al. 2011;
Coulter et al. 2015; Dekker et al. 2019). Further research is
required in real-world settings to determine whether they
can be implemented and prove to be effective across a
range of contexts (Gerber 2016).

In 2015-2016 we implemented and evaluated an
integrated, multimodal package of interventions to reduce
antibiotic prescribing for suspected ARIs in general practice
through the General Practice Antimicrobial Program for
Stewardship (GAPS) trial (Avent et al. 2016). Given the
pressures currently experienced by GPs, the continued lack
of national action on community-based interventions for
antimicrobial stewardship and the changes of the National
Prescribing Service in Australia, we have re-examined and
reflected on learnings from this work. In this paper, we
present key findings on the feasibility, uptake and potential
costs of implementing the integrated package of interven-
tions in the GAPS trial.

Methods

Trial design

This was a cluster randomised trial comparing two parallel
groups of general practices. The intervention period ran from
1 September 2015 to 29 February 2016. Data on the GPs’
prescribing were available from 1 June 2012, which provided
data for a 39-month pre-intervention period, followed by a
6-month intervention period, but no post-intervention

observations. The evaluation included both quantitative
and qualitative components, as well as an economic analysis.

Participants and settings

Twenty-eight urban general practices in Brisbane and the
Gold Coast in Southeast Queensland, Australia, were purposively
recruited. All GPs working in these practices were eligible to
participate in the trial, provided they consented to the study
team obtaining data from Medicare (Australia’s universal
health insurance scheme) on their patient encounters and
pharmaceutical prescriptions filled. GPs were provided with
Continuing Professional Development points for completing
the education activities associated with the study. The GP
practices were provided with an incentive payment of
A$100 per practice.

Interventions

This study evaluated an integrated, multimodal package of
interventions shown to be effective at reducing antibiotic
use for ARIs in previously published studies (Box 1; Avent
et al. 2016).

The package of interventions was implemented in interven-
tion practices following a 1-month engagement period (1-30
June 2015) by research co-ordinators trained in how the
interventions should be used. In the study period, the research
co-ordinators regularly visited the intervention practices to
support the uptake of the interventions and provide any
supplementary training. GPs were able to choose from the
range of interventions offered (see Box 1) depending on their
consultation preferences and the patient’s characteristics —
supporting the concept that ‘a one-size does not fit all’. The GPs
in the control practices continued their normal clinical practice
and were offered the package after completion of the trial.

Available data

GPs provided consent for the release of data from Medicare
Benefits Schedule (MBS) and the Pharmaceutical Benefits
Scheme (PBS) on the number of patient encounters and
prescriptions filled. The MBS data were for all patients seen
by the GP when working at the study practice; the PBS data
covered all filled prescriptions provided by the GP wherever
they were working (i.e. not only at a study practice).

GPs were identified only by identification (ID) numbers.
There was no patient identification. Data were available for
39 months before the trial (1 June 2012 to 31 August 2015)
and during the 6-month trial period (1 September 2015 to 29
February 2016).

Sample size calculation

The original sample size calculation was based on the antibiotic
prescription rate defined as the number of original prescriptions
for antibiotic medications coded J01 according to the
Anatomical Therapeutic Chemical Classification divided by
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Box |. Evidence-based interventions.

Intervention

Reference

Poster on practice prescribing policy.

Meeker et al. (2014)

GP practices displayed a poster in their waiting room and/or examination room, emphasising their commitment to following
national prescribing guidelines. GPs were encouraged to include their photographs as an endorsement of the policy

Patient information leaflet

NPS MedicineWise (2016)

A leaflet provided information to the patient about inappropriate use of antibiotics for ARI, and potential harmful effects of

antibiotics

Online communication training package

van Driel et al. (2016)

This training package was targeted at GPs rather than patients. It was adapted for the Australian context. Content included
(1) exploring patient concerns and expectations, (2) providing information on symptoms, natural course of disease,
treatments, (3) agreement on a management plan, (4) summing up, and (5) providing guidance on when to re-consult.

Delayed antibiotic prescribing

Spurling et al. (2013)

GPs were given the option to provide a patient with a prescription to be filled after a few days if symptoms do not settle

or become more severe. Stickers were provided to place on prescriptions.

Patient decision aids

van Driel et al. (2016)

Graphical laminated summary of evidence for GPs was provided as an aid for shared decision-making with patients during a
consultation. Decision aids were provided for sore throat, acute rhinosinusitis, acute otitis media and acute bronchitis.

Near patient testing using C-reactive protein (CRP) measurement

Little et al. (2013)

Practices had access to a CRP machine for 3 months, with 50 CRP tests per practice provided free of charge. GPs and

practice staff received training in the use and interpretation of these tests.

the number of patient encounters per general practice for the
same period. The mean change in antibiotic prescription rates
in practices in the intervention group (before — during the
intervention) was to be compared with the mean change in
practices in the control group over the same period. A differ-
ence in the mean change in rates in the range 0.20-0.25 was
considered clinically significant and plausible, if the standard
deviation in rates was 0.20. With equal numbers of practices
in the intervention and control groups, power of 80%,
significance level of 5% for a two-tailed test, for a difference
of 0.24, 12 practices per group would be needed. As little was
known about the numbers of GPs per practice or the extent of
clustering within practices, it was planned to recruit 14
practices per group.

Randomisation

A block randomisation list for eight general practices per
block was generated using an internet-based system (Sealed
Envelope, London, UK). One block used was for practices
located on the Gold Coast and other blocks for those in the
Brisbane area. The list of recruited practices was prepared
by the project manager, MLA. Simple random assignment of
practices to the intervention or control groups was performed
by the statistician (AJD).

Effectiveness measures — quantitative analysis

The pre-specified primary outcome measure described in the
protocol (Avent et al. 2016) was the antibiotic prescription

rate, However, there were large discrepancies between the
MBS and PBS data, mainly caused by GPs working simulta-
neously in practices participating in the study and other
practices; this occurred both before and during the period
of the trial. Thus, the MBS data did not provide a suitable
measure of GP activity directly related to this study. Instead,
the total number of original prescriptions for any medication
by the same GP was used as a measure of activity; this was
obtained from the PBS dataset. Therefore, the primary outcome
for analysis in this analysis is the number of original prescrip-
tions for JO1 medications prescribed by the GP over a specified
period, adjusted for the number of original prescriptions by the
same GP for any medication for the same period.

For the analysis, only the first or original prescriptions (not
repeats) for medications, excluding those supplied as doctor’s
bag items, were included.

Statistical methods

Crude mean numbers of antibiotic prescriptions (original JO1
prescriptions) per GP per month were compared between GPs
in the intervention practices, and the control practices before
and during the period of the trial. Adjusted numbers of
antibiotic prescriptions per GP per month were estimated
using mixed effects negative binomial regression. In this
model, the number of original antibiotic prescriptions was the
response variable, the total number of original prescriptions
was the offset variable, the GPs and practices were treated as
random effects (to account for clustering of patients within
GPs and GPs within practices), and there were fixed effects
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defined by indicator variables for the intervention and control
groups, the periods before and during the trial, month (to
account for seasonal effects), and the interaction between
periods and groups. From this model, mean numbers of antibiotic
prescriptions per GP per month were estimated, as well as
differences between intervention and control groups before
and during the intervention period, using marginal predicted
means. All analyses were conducted using Stata version 14
(StataCorp LP, College Station, TX, USA).

Uptake and trial feasibility measures - qualitative
data collection and analysis

At the end of the intervention period, semi-structured
interviews were conducted with the GPs who participated
in the intervention arm. A single researcher (LD) conducted
the interviews. All interviews were transcribed and analysed
using concurrent thematic analysis (Braun and Clarke 2006).
The interview guide ensured important dimensions of the
interventions were explored, and allowed the participants to
discuss and raise further issues or concerns (Kelly 2010). In
general, interview questions examined which elements of the
intervention were found useful and why, which elements GPs
thought had changed practice, and which parts of the
intervention could be improved.

Economic methods

Costs were estimated in 2015 Australian dollars (A$) from the
perspective of the public health system. Costing worksheets
were developed following interviews with study and practice
staff. A review of project management and financial records
was conducted to collect data on the resources required to
implement the integrated package. The time horizon for the
valuation was the study period of the trial. Centralised staffing
costs were valued based on employee salaries, including
superannuation, whereas practice staff time was valued
according to professional salary rates, as reported in national
surveys (Cheng et al. 2010). Consumable items were valued
based on expenditure detailed in project accounting records,
or (where items had been provided free of charge) quotes
from industry suppliers. The total cost of each antibiotic
(government and patient contributions) was obtained from
the PBS website on 1 April 2016. The mean cost for all
original-prescription antibiotics in the dataset was A$13.55
(standard deviation A$2.61).

We compared the cost of implementation of the trial and
the cost savings from reduced prescribing to estimate the
total net cost of the intervention. To allow comparison with
other prescribing interventions described in the literature,
we calculated the cost per practice, the cost per prescription
avoided and the total net monetary cost of implementing the
integrated package. A number of scenario analyses were used
to explore assumptions made in the model: (1) placing no
value of practice staff time (akin to considering only study

financial expenditure), (2) including cost savings from avoiding
repeat prescriptions (based on the observation that 21% of the
JO1 prescriptions in our dataset were repeats), (3) including
cost savings from avoiding antibiotic-related adverse events
(comprised of diarrhoea, candidiasis and rash based on a
meta-analysis (Gillies et al. 2015), (4) we included the cost
savings from avoided cases of antibiotic associated Clostridium
difficile (based on epidemiological data (Vardakas et al. 2016).
Our final model included the additional cost savings from
avoided repeat prescriptions, avoided adverse incidents and
avoided cases of C. difficile to give an overall estimate of the
efficiency of the study.

Ethics approval and trial registration

Ethical approval was obtained from the University of
Queensland (ref: 2015000988). In addition, an administrative
review was obtained from Bond University and Queensland
University of Technology ethics committees. The Department
of Human Services granted approval for consent to be
obtained from the GPs to access their MBS and PBS data
(ref: MI4140). The GAPS trial is registered under the
Australian New Zealand Clinical Trials Register (ANZCTR),
reference number: ACTRN12615001128583.

Results

The numbers of participating GPs and practices for each phase
of the study, together with observation periods (GP-months)
and numbers of original antibiotic prescriptions and total
original prescriptions filled are shown in Fig. 1.

The characteristics of the participating general practices
are described in Table 1. In total, 56 (intervention) and 54
(control) GPs took part in the trial, with 46% and 44%, respec-
tively, being women. The GPs in each group had a median of
eight sessions per week (either a morning or afternoon session).

Quantitative analysis

Table 2 shows the crude and fully adjusted mean numbers of
antibiotic prescriptions per GP per month. In the crude analysis,
fewer antibiotics were prescribed during the intervention
period than before the trial in both groups. This was largely
because the intervention period was during the southern
hemisphere summer, when the rate of antibiotic prescribing
was lower than in winter. When month was included in the
model, the season effect was reduced.

In the adjusted model, the mean numbers of antibiotic
prescriptions were similar in the intervention and control
groups before the intervention (55.62 vs 54.79, difference
0.84, 95% confidence interval (CI) —7.66, 9.34). However,
during the intervention period, the mean number of antibiotic
prescriptions in the intervention group declined from 55.62 to
52.53 (difference —3.10, 95% CI —4.82, —1.37). In contrast,
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GP practices purposively recruited then randomised

N = 28 practices

|

J

Intervention group

13 GP practices *
56 GPs

J

Control group

14 GP practices
54 GPs

\%

( Before trial: June 2012 - August 2015 1

2042 GP-months
106 443 antibiotic original prescriptions

548 661 total original prescriptions

2067 GP-months
110 425 antibiotic original prescriptions

553 748 total original prescriptions

|

‘ [During trial: September 2015 - February 2016]

331 GP-months
14 435 antibiotic original prescriptions

81 377 total original prescriptions

Fig. 1.

324 GP-months
14 470 antibiotic original prescriptions

75 038 total original prescriptions

Randomisation of GP practices. * Two of the selected practices, both randomised to the intervention group,

were subsequently found to be run by the same organisation with the same GPs working at both locations, so they

were treated as the same practice.

there was little change in the control group, from 54.79 before
the intervention to 55.49 during the intervention period
(difference 0.71, 95% CI —1.05, 2.47). This resulted in a small
reduction of —3.81 prescriptions per GP per month (95% CI
—6.18, —1.44) in the intervention group compared with the
control group in the intervention period; compared with
the pre-intervention period. This would equate to 1280.16
prescriptions for the 56 GPs in the intervention practices
over the 6-month period.

Qualitative analysis

In total, 46 GPs from 11 practices were interviewed. The mean
duration of the interview was 11 min (s.d. 3.32). On average,
participants had been working as GPs for 14 years (s.d. 11.45),
with 44% (20/46) being women. Seventy percent (32/46) of
the GPs were trained in Australia, 13% (6/46) in the UK and
17% (8/46) in other countries. The GPs used the interventions
that suited their own preferences, their opinions on the
specific tools were quite diverse, with each intervention
eliciting both positive and negative reactions.

Major findings from the interview are summarised in Table 3
under the following themes:

1. Perception of over-prescription
2. Reception of the interventions
3. Impact on practice

Economic analysis

Implementation costs per practice are presented in Table 4.
The total cost was A$206 508, that is just under A$16 000
($206 508/13 = $15 885) per practice for the study period.
The opportunity cost of practice staff time represented 10% of
this total ($19 913/$206 508), with the remainder repre-
senting financial expenditure. The largest component of costs
was staffing, with the study program manager accounting for
nearly 40% of total costs, and the facilitators a further 30%.

Total net cost under a variety of scenarios is presented in
Table 5. Under baseline assumptions (considering only cost
savings from avoided primary prescriptions), the total cost
of the study is just under A$210 000, which represents a
cost of A$148 per prescription avoided. If only the financial
expenditure is included in cost estimates, the net cost drops
to A$190 000 (A$132 per prescription avoided).

Scenario analyses considered additional benefits that may
accrue from reduced prescribing. It was estimated that 269
repeat prescriptions would be averted, and the following

5


www.publish.csiro.au/py

M. L. Avent et al.

Australian Journal of Primary Health 30 (2024) PY23024

Table I. General practice characteristics.
Intervention  Control
(n=13) (n=14)

Practice structure (%) (%)
Sole owner 2 (15) 8 (57)
Associateship 2 (15) 0 (0)
Partnership 431 5 (36)
Corporate owned 5(38) 0 (0)
Other 0 (0) 1(7)
Percentage bulk billing®: median 70 (30, 100) 78 (26, 100)
(min, max)
Number of participating GPs 56 54

Practice staff median (min, max) (FTE)® (FTE)®
Admin/reception staff 4.5 (1,8) 3(0,8)
Practice manager 1(0,2) 1 (O0,1)
Nursing 1.7 (0, 4) 1.6 (0, 4.5)
Allied health 0.65 (0, 8) 1.25 (0.3,7)
Medical GPs 5(2, 10) 5(2.5,95)

Patient appointments
Standard appointment is 10 min 6 (46) 4 (31)
Standard appointment is |5 min 7 (54) 9 (69)
Patient fee for a standard appointment 70 (62,75) 68 (25, 85)

(AUD)

ABulk billing is when the GP bills Medicare directly and accepts the Medicare
benefit as full payment for their service.
BFTE (full-time equivalent) is 38 h per week.

Table 2. Crude and adjusted mean numbers of antibiotic prescription
per GP per month, with 95% confidence intervals.

Intervention Control Intervention —
control
Crude analysis
Antibiotics/GP-months
Before 52.13 53.42 —1.30
(51.81,52.44)  (53.11,53.74)  (—1.74, —0.85)
During 43.61 44.66 —1.05
(42.90, 44.33)  (43.94,45.39)  (-2.07, —0.03)
During — before —8.52 —-8.76 0.25
(=929, -7.74)  (-9.56, —-7.97) (—0.86, 1.36)
Adjusted analysis®
Antibiotics/GP-months
Before 55.62 54.79 0.84
(49.49, 61.76)  (48.64, 60.93) (~7.66, 9.34)
During 52.53 55.49 —2.97
(46.57, 58.49)  (49.09, 61.90) (=11.53,5.59)
During — before -3.10 0.71 -3.8l
(—4.82,-1.37) (-1.05,2.47) (—6.18, —1.44)

AAdijusted for month (to account for seasonal effects) and clustering of patients
within GP and GPs within practices.

antibiotic associated adverse events would be avoided: 127
cases of antibiotic associated diarrhoea, 21 cases of candidi-
asis, 17 rashes and 16 cases of C. difficile (See Supplementary
Appendix 1). These accrue further cost savings of A$77 551,
meaning the net cost of implementing the package would
drop to approximately A$130 000, representing a cost of
approximately A$100 per prescription avoided.

Discussion

The GAPS trial has demonstrated that offering a multimodal
package of interventions to GP practices was acceptable and
feasible, and reduced antibiotic prescribing by 3.81 prescrip-
tions per GP per month (during the summer season) at a cost
of A$148 per prescription avoided. Although the reduction
may seem small, it can have important implications for
antimicrobial stewardship at a national level and into the
future. Interventions that help guide and improve appropriate
prescribing for ARIs in the community represent an opportunity
to slow the spread of AMR, as well as minimising the associated
economic burden (Wozniak et al. 2022). However, implementa-
tion and uptake of these strategies has been slow (van Driel et al.
2022) and there is a need for sustained programs (Glasziou
et al. 2022).

Our study was conducted prior to the COVID-19 pandemic
when a trend of steady decline in antibiotic prescribing in the
community was being observed (Australian Commission on
Safety and Quality in Health Care 2021). Although promising,
the antibiotic prescribing rates in Australia remain high at
twice the OECD average and more than twice that of low
prescribing countries such as Denmark and The Netherlands.
Analysis of data during the first year of the COVID-19
pandemic shows a significant reduction in prescribing for
respiratory infections, but this can be attributed to the low
incidence of respiratory infections during extended lockdowns
(Gillies et al. 2022), and more recent data suggest a rebound
when lockdown restrictions were lifted (Imai et al. 2022).
Therefore, the learnings from the GAPS trial remain relevant.

A number of studies have evaluated the effectiveness of
single interventions and demonstrated a decrease in antibiotic
usage (Spurling et al. 2017; McDonagh et al. 2018). The GAPS
study was not designed to evaluate the effect of each of the
components in this multimodal package of interventions but
instead evaluated the feasibility and effectiveness of providing
the intervention as a bundle. This is more realistic of a real
world setting where practitioners choose to use what best
suits them and their patients. In addition, multimodal interven-
tions such as ours have been shown to be most effective in
primary care in reducing antibiotic prescribing (Bjerrum et al.
2011; Cals et al. 2013; Gonzales et al. 2013; Little et al. 2013;
Dekker et al. 2019; Gulliford et al. 2019).

A strength of our study is that we conducted a compre-
hensive evaluation, including the experiences of participating
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Table 3.

Summary of interview findings.

Themes

Summary statements

Quotes

Perceptions of
over-prescribing

Reception
of the
interventions

Impact on
practice

o GPs agreed that too many antibiotics are prescribed.

e The patients’ misconceptions about antibiotics.

e Reimbursement structure i.e. fee-for-services system in contrast to a
bundled (service is grouped together into one payment) or
capitation (number of conditions per person) payment system

® Prescribing by other doctors or out-of-hours services

o Fear of litigation

o Education of patients is important, and should target certain
populations specifically, older people, who may have been prescribed
antibiotics for the same symptoms in previous consultations.

® Parents of young children often demand antibiotics as a result of the
child-care centre regulations.

® Several barriers to patient-education (e.g. short consultation time,
busy practice),

e Overall, the intervention was well received, and GPs welcomed the
tools that they thought helped convince, reassure and educate the
patients about the use of/need for antibiotics.

The patients’ reaction to the intervention was perceived to be
positive. GPs mentioned that patients really appreciate the extra
explanation and the fact that inappropriate prescribing may affect
them personally, rather than it being ‘just’ a global problem.

Some GPs mentioned that the intervention was probably better
suited for younger doctors, and in this respect, many doctors also
stated that reducing the prescribing of antibiotics was already high
on their agenda — ‘you’re preaching to the converted’ (GP0I6, male,
20 years experience) — and thus the intervention may not have had
an effect on their prescribing behaviour. Nevertheless, the GPs often
mentioned that the intervention was reinforcing and nice to have
several tools to choose from to help convince the patient.

Barriers for the use of the resources included that GPs were not
used to the tools, and that it takes time to change their habits and to
integrate these tools in their practice.

GPs felt that this study, but also other campaigns in general, focus
too much on not prescribing antibiotics rather than appropriate
indications for prescribing.

The availability of several tools to choose from was perceived as a
positive aspect of the interventions

The interventions influenced the GPs' behaviour, such as making
them think twice about prescribing antibiotics.

The tools were helpful in communicating with patients. They assisted
with convincing, reassuring and educating patients about the use of/
need for antibiotics.

There was no clear preference for a specific tool in the intervention
package among participants. GPs rarely used all the tools provided
to them. Instead, they selectively used tools that fitted their own
communication style or the needs of the patient (e.g. CRP test and
patient decision aids were often used for difficult patients only as a
tool for convincing them). The ‘one size fits all’ does not seem
applicable in this context and the diversity of tools in the
intervention package was seen as an important strength of the study:
The majority of GPs said that their consultation time remained the
same with the use of the tools. Some GPs mentioned that the
interventions helped to speed up the consultation.

GPOI6, male, 20 years of experience: ‘it’s a sort of balance between
what the patient is expecting and demanding versus what we think they
need, plus we have the issue of running as a business, if the patients are
dissatisfied with what they get at the end of a consultation, they are
likely to just go to another practice and try again until they get what
they want’ GP002, male, 8 years experience: ‘it's about changing general
perceptions and then the rest becomes easier later on.’

GP036, male 32 years experience: ‘certainly amongst the younger
population they are more educated about antibiotic usage, whereas the
older population they just have expected that over the years if they
don’t get one they think there is something wrong, so you know it’s the
patient group’

GP023, female, 8 years experience: ‘parents will bring this you know
green snotty nose, you know germ-factory in and they'll say ‘day-cares
says they can go back in if they are on antibiotics’ and you look at them
and you know it’s clearly like a rhinovirus, it doesn’t need antibiotics it
needs to be kept away from the other children’ GP004, female, 22 years
of experience: ‘so for the future, we can try and re-educate and re-train
the patient’s way of thinking. It takes a long time, it takes more than
standard consultation, longer than a standard consultation to educate a
patient and try to convince them away from the inappropriate use of
antibiotics’

GPO13, female, 14 years experience: ‘I've actually really enjoyed it
[being part of the study]. Like I'm so big on the appropriate antibiotic
prescribing and it really annoys me how many antibiotics are given out
inappropriately’

GPO10, female, 7 years experience: ‘| think most patients were pretty
positive about it [i.e. the use of the tools] and they found some of the
statistics about the number needed to treat and the number needed to
harm very helpful, | think it helped them to know that you are not just
avoiding antibiotics for you know some global process, but that it
actually you know — overall was better for them’

GPO13, female, 14 years experience: ‘| didn’t find a big difference
between what | am trying to do every day and being part of the study,
it was just that | had these little aids to use, which | found useful’
GP025, male, 2 years experience: ‘it seemed that a lot of the focus of
the study was on how to not give antibiotics and it seems like not
giving antibiotics is like a win but | guess that’s not always the case.
The thing | would have appreciated is some discussion about
appropriate settings to give antibiotics’

GP030, female, |3 years experience: ‘because | had all this material at my
fingers | could persuade them that they didn’t need it [antibiotics]’
GPO10, female, 7 years experience: ‘I thought that it was helpful in terms
of having a few extra tools to help remind patients that antibiotics aren’t
always beneficial and that they don’t always help, that they can do more
harm than good, and also just having some of the prompts to help sort of
drive the point home was quite helpful’

GPOI3, female, 14 years experience: ‘| think that patients appreciate the
explanation, so | think if you can give them the information and especially
if you can show them something visually like the smiley faces and things
like that | think it actually does get through, | think they actually
appreciate the explanation.’

GP0O0I, female, 8 years experience: ‘| think the strength of the project is
that they gave us a suite of tools and you can pick and choose which you
liked, so it is not one size fits all ... whereas if it would only have been
the decision tool then | would have probably zoned out fairly quickly’
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Table 4. Cost of implementing General Practice Antimicrobial
Program for Stewardship trial in 13 intervention practices (I-month
engagement and the 6-month study period).

Costs Total cost Cost/practice
(AUD) (AUD)
Centralised staff
Project manager 81 032 6233
Facilitators 69 247 5327
Subtotal 150 279 11 560
Consumables
Staff travel 3646 280
Website, laptops and mobile phones 9850 758
Practice consumables (catering, leaflets, 1559 120
posters etc.)
Software licensing and update 5000 385
CRP machine (6 month rental includes 16 259 1251
training and warranty)
Subtotal 36314 2794
Practice staff time commitment
Staff time implementation activities 6778 521
GP time — individual setup 3417 263
GP time — communication training 2164 166
Staff time — CRP training and operation 4963 382
Staff time — ongoing project activities 2591 199
Subtotal 19913 1531
Total costs 206 506 15831

GPs and an economic evaluation. Our package proved
relatively low-cost to roll out from a public health system
perspective. The largest costs were associated with the project
staff who facilitated the implementation and education
components of the intervention package. In other cost-
effectiveness studies of antibiotic interventions targeting GPs
(Cals et al. 2013; Dekker et al. 2019) the cost of the project
staff was not included in the analysis. It is important to note
that uptake of antimicrobial stewardship interventions does
not happen spontaneously, rather an active implementation

approach over the long term is required and these costs
need to be factored into the cost analysis (Grimshaw et al.
2004). The implementation costs maybe important barrier
to rolling out such interventions on a large scale. However,
the costs of not acting; that is, letting antibiotic prescribing
run its course and antimicrobial resistance grow, are far
greater (Wozniak et al. 2022).

Overall, the intervention package was well received by the
participants. It was considered adaptable to individual
practices, and provided GPs with the opportunity to reflect
on their management of patients with ARIs. The package
was practical and complemented the consultation process
and GPs welcomed the interventions, which helped them to
reassure and educate the patients about the use of or need
for antibiotics. An important advantage of the intervention
package was that the ‘one size fits all’ principle was not
applied, and that the GP was able to choose from a range of
interventions depending on his/her consultation preferences
and the patient at hand. Strategies that have utilised
multifaceted interventions have shown to be the most
effective (Cals et al. 2013; Gonzales et al. 2013; Little et al.
2013; Deckx et al. 2018; Gulliford et al. 2019). Working in the
primary care setting is challenging, with many competing
financial and time constraints, particularly in a post-COVID-19
world (Kippen et al. 2020). No single intervention strategy is
sufficient, and programs should ideally be sustained over the
long term. The selection of intervention combinations should
be based on known barriers and enablers to changing
behaviours (Glasziou et al. 2022). In addition, further research
is warranted to determine which interventions would be most
effective in reducing antibiotic use and can also be imple-
mented into practice.

Our study had some limitations. Due to contractual arrange-
ments, the study had to be completed in 12 months, starting on
1 July 2015. This meant we were limited to a short intervention
period, over summer months when ARIs are less common. This
may have limited the uptake and the impact of some of the
interventions. Also, GPs are conservative adaptors, and it takes
time for them adopt and implement new strategies (Huddy
et al. 2016). Nevertheless, we were able to demonstrate a

Table 5. Results of the economic evaluation of General Practice Antimicrobial Program for Stewardship trial (costs in A$).
Scenario Cost of Prescription Other cost Total Net cost per practice Net cost per
study cost savings savings net cost per 6 months prescription avoided
Baseline 206 508 17 346 - 189 162 14 551 148
Financial expenditure only (no value 186 595 17 346 - 169 249 13019 132
practice staff time)
Additional benefits
Avoiding repeat prescriptions 206 508 20 989 - 185519 14 271 145
Avoided adverse events 206 508 17 346 6155 183 007 14 077 143
Avoided cases Clostridoides difficile 206 508 17 346 50 407 138 755 10 673 108
All avoided events 206 508 20 989 56 562 128 957 9920 101
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reduction in antibiotic prescribing in the intervention
compared with the control practices. Although this study was
conducted in urban areas, the interventions are relatively
simple and easy to use; therefore, the package would be
adaptable on a larger scale in a variety of geographical
settings. For this study, the GP practice was not required to
contribute to the data collection process, as the analysis was
based on the PBS data on and the number of prescriptions
filled. This facilitated the recruitment process, as the study
was perceived as having minimal impact on the GP practice
workflow. It meant, however, that we were not able to
obtain individual patient prescribing data or determine the
appropriateness of antibiotic therapy.

In conclusion, a multimodal package of interventions to
enhance rational prescribing of antibiotics is effective,
feasible and acceptable in general practice. Providing GPs
with a choice of tools might enhance uptake and support
antimicrobial stewardship in the community. The costs of
rolling out such a program needs to be offset against the cost
of AMR (Wozniak et al. 2022). Investment in primary care
antimicrobial stewardship may ultimately provide valuable
returns for public health into the future.

Supplementary material

Supplementary material is available online.
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