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ABSTRACT

Increasing antibiotic resistance is a threat to human health globally. Unnecessary use of
antibiotics needs to be reduced to preserve the effectiveness of current antibiotics. It is the
unnecessary prescribing of antibiotics which needs to be researched, to gain insights into
what factors drive it so the unnecessary prescribing can be reduced.

The aim of this study was to define and identify predictors of inappropriate prescribing of
systemic antibiotics for initial presentations of acute upper respiratory tract infection (URTI)
and urinary tract infection (UTI). The presenting condition groups of interest were acute,
uncomplicated URTI, including acute rhinosinusitis / non-specific URTI, acute pharyngitis
and / or tonsillitis, acute otitis media, and influenza / influenza-like illness, as well as UTI

limited to the condition of acute cystitis.

Large-scale, longitudinal datasets were obtained from general practice in the state of
Western Australia (WA). The reference point was the recommendations contained within the
Australian national therapeutic guidelines (the guidelines) for each condition. Mixed-effects
logistic regression models were used to elucidate patient- and practice-related factors
associated with inappropriate prescribing. Potential predictors of interest included patient
age, gender, socioeconomic status, comorbid conditions, as well as practice rurality /
remoteness. Aggregate trends over time in inappropriate antibiotic prescribing and overall

antibiotic prescribing were also examined.

Significant unnecessary antibiotic prescribing was identified for URTI conditions, and
second-line antibiotics featured minimally for URTI. For both URTI and UTI conditions, there
was substantial non-first-line antibiotic prescribing for initial presentations of infection. For
UTI, culture and sensitivity testing were performed infrequently for children and men despite
being recorded in the guidelines as mandatory for children and strongly recommended for

men.

Young children had the lowest probability of inappropriate prescribing for URTI, but were at
notably high probability of receiving non-first-line antibiotics for UTI. By URTI condition, the
chance of receiving likely unnecessary prescribing was highest for the URTI condition of

rhinosinusitis.
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For URTI, the outcomes of likely unnecessary prescribing in general practice, the choice of
antibiotic prescribed, and receiving prescriptions with repeats were all found to predict each
other. For URTI models of various levels of inappropriate prescribing, predictors also
included URTI condition, patient allergy label status, mental health condition status,
comorbid conditions status, government concession status, socioeconomic disadvantage
status and multiple URTI episode status. Non-patient-related predictors for URTI included
weekend consultation status, primary health network, prescribing reason recorded status

and practice size.

For UTI, antibiotic choice and receiving prescribing with repeats were also found to predict
each other. Other predictors of likely inappropriate prescribing in UTI models included
patient age, gender, comorbid condition status, repeat prescription status and urine dipstick
and culture testing, temperature recording status and multiple UTI episodes.

Trend analyses identified downward trends in likely unnecessary antibiotic prescribing for

URTI, however, increasing non-first-line prescribing was identified for both URTI and UTI.

The magnitude of likely inappropriate antibiotic prescribing occurring at several different
levels and definitions suggests reason for concern. Despite some small improvements in
prescribing practices found over time, more action is urgently needed. Among all models
developed for URTI and UTI, individual general practitioners (GPs) were responsible for
greater residual variation not explained by fixed effects than individual practices, indicating

that individual practitioners’ prescribing behaviour should be targeted in stewardship efforts.

This research presents multiple, new insights regarding predictors of likely inappropriate
prescribing in WA general practice, and identifies several areas for further research. This
research was supported with funding provided by the WA Primary Health Alliance. Expert
advice was also obtained from practising GPs to guide this project and aid in the

interpretation of results.
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GLOSSARY OF MODEL OUTCOMES AND VARIABLES
DEFINITIONS

This glossary provides a brief summary of outcomes and variables used in the statistical
models, and is designed only for reference during the analyses chapters after having read
the Methods chapter in detail. This glossary does NOT suffice for reading the Methods

chapter in full.

Allergy label — the recorded history of a patient’s sensitivity to a medication in the patient
record. In the analyses of this research, an allergy label refers to the antibiotic penicillin or
other antibiotics in the penicillin group. This is particularly relevant to the classification of

first-line antibiotics for UTI.

Appropriate decision * — likely appropriate decision (URTI only) : contains appropriate
non-prescribing and necessary prescribing combined together within the denominator of the

Inappropriate versus Appropriate Decision Model.

Appropriate non-prescribing * — likely appropriate non-prescribing (URTI only) — not
prescribing an antibiotic for the patient as an antibiotic is not clinically indicated or required

for the condition.

Choice of antibiotic prescribed model — ordinal, increasing level of recommendations for
specific antibiotics to be prescribed to treat an infection: starting at first-line, second-line,
third-line (where relevant), last resort, and not recommended antibiotics. Third-line and last
resort options are relevant to UTI only, and both options were combined into a single level
for modelling purposes. The denominator was all antibiotics prescribed for that condition
group (URTI or UTI).

First-line antibiotic — the recommended choice of antibiotic listed in the guidelines for the
relevant condition as the first option to try for the patient. This should be chosen to prescribe
at initial presentations of infection when prescribing an antibiotic. Note that patients with an
allergy label for penicillin specifically, or other penicillins, who were prescribed a suitable
penicillin sensitivity option for UTI according to the guidelines was also considered first-line
prescribing. First-line antibiotics were included in the denominator of the Choice of antibiotic

prescribed model and the Non-first-line antibiotic prescribing model for URTI and UTI.
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Inappropriate versus Appropriate Decision Model * (URTI only):

Inappropriate decision * — likely inappropriate decision (URTI only) — this includes
unnecessary prescribing. The inappropriate decision model examined inappropriate
decisions as the outcome versus appropriate decisions as the base / reference. As such,
the numerator was inappropriate decisions, which is the same as unnecessary prescriptions
in the Unnecessary versus Necessary antibiotic prescribing model but a different
denominator. The denominator was all diagnoses of URTI including influenza / influenza-

like illness for initial presentations.

Last resort antibiotic — the last choice in the list of ordered recommendations for what
antibiotic to prescribe for a patient (UTI only). Last resort options should ideally be tried at
the fourth consultation if the first- to third-line options have been tried in that order and not
been effective, and should have culture and sensitivity testing performed prior to prescribing
one. Last resort antibiotics were included in the denominator of the Choice of antibiotic

prescribed model and the Non-first-line antibiotic prescribing model for UTI.

Necessary prescribing * — likely necessary prescribing (URTI only) — prescribing an
antibiotic in accordance with the recommendations in the guidelines for the particular URTI
condition diagnosed. Necessary prescribing was included in the denominator of the
Unnecessary versus Necessary antibiotic prescribing model for URTI excluding influenza /
ILI.

Not recommended antibiotic — the prescribing of an antibiotic not listed anywhere in the
guidelines of suggested antibiotics to prescribe for that condition. Not recommended
antibiotics were included in the denominator of the Choice of antibiotic prescribed model
and the Non-first-line antibiotic prescribing model for URTI excluding influenza / ILI as well
as for UTI.

Non-first-line prescribing model:

Non-first-line prescribing — prescribing of an antibiotic other than the first-line
recommended choice of antibiotic listed in the guidelines for the relevant condition. The
model examined non-first-line antibiotics versus first-line antibiotics within the condition
group (URTI excluding influenza / ILI or UTI). The denominator was all antibiotics prescribed
for that condition group (URTI excluding influenza / ILI or UTI).
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Repeat negative prescribing — repeat negative antibiotic prescribing — prescriptions issued
without repeats on the prescription. Repeat negative prescriptions were included in the
denominator of the Repeat prescribing model for URTI excluding influenza / ILI as well as
for UTI.

Repeat prescribing model:

Repeat (positive) prescribing — repeat positive antibiotic prescribing — prescriptions issued
with one or more repeats present on the prescription, prescriptions positive for repeats on
the prescription. The numerator in this model was repeat positive prescriptions for the
condition group (URTI excluding influenza / ILI or UTI). The denominator was all antibiotics

prescribed for that condition group (URTI including excluding influenza / ILI or UTI).

Second-line antibiotic — the second choice in the list of ordered recommendations for what
antibiotic to prescribe for a patient. This should ideally be tried at the second consultation if
the first-line option antibiotic has been tried initially but was not effective. Second-line
antibiotics were included in the denominator of the Choice of antibiotic prescribed model
and the Non-first-line antibiotic prescribing model for URTI excluding influenza / ILI and UTI.

Third-line antibiotic— the third choice in the list of ordered recommendations for what
antibiotic to prescribe for a patient (UTI only). Third-line options should ideally be tried at the
third consultation if the first- and second-line options have been tried in that order and have
not been effective. Third-line antibiotics were included in the denominator of the Choice of

antibiotic prescribed model and the Non-first-line antibiotic prescribing model for UTI.

Unnecessary versus Necessary antibiotic prescribing model * (URTI only):

Unnecessary prescribing * — likely unnecessary prescribing (URTI only) — the prescribing
of an antibiotic which was unlikely to have been required for the URTI condition. The
numerator in this model was unnecessary prescribing for URTI excluding influenza / ILI.
Note that unnecessary prescribing constitutes the numerator in both this model and the
Inappropriate versus Appropriate Decision Model but has a different denominator. The
denominator in this Unnecessary versus Necessary antibiotic prescribing model was all

antibiotics prescribed for initial presentations of URTI excluding influenza / ILI.

* Note: this variable / outcome is considered to have “likely” as a prefix, as the guidelines cannot
cover every situation and there are situations in which it may be appropriate or necessary to
prescribe an antibiotic which may not be possible to identify from the data available
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GLOSSARY OF MULTILEVEL MIXED-EFFECTS MODELING
TERMINOLOGY

This glossary provides a brief description of statistical terms utilised in the mixed-effects
models, and is designed for reference in conjunction with Methods chapter, and the analyses
chapters. It does NOT suffice for reading the Methods chapter in full. This glossary provides
only the briefest summary of each term, and | refer you to the references for further
information. This glossary borrows frequently from STATA’s Multilevel Mixed-effects
Reference Manual (Release 17) Glossary (1).

Average Marginal Effects (AMEs) — a method of interpretation of a parametric model, and
the simplest method of estimating effect of each variable in the model. This method is easy
to both interpret and summarise in order to convey to others, however, the method can be
deceptive as it, by definition, averages out the effect of each variable rather than provide the
exact effect for each variable at its full range of values (1-4). It does not allow for the fact
that effects of a variable on the outcome can in fact vary by other characteristics of the
individual member of a level in the model (for example, at the patient, GP / provider or
practice level) (1-4). An AME is the average change in the outcome variable for each one

point change in the values of other independent variables in the model.

Adjusted Predictions at the Means — a method of interpretation of a parametric model,
which calculates the effect of a variable in the model on the predicted value of the outcome
when all other variables are held constant at sample means (1-4). This method does not
show the full extent of how the effects of a variable in the model may change depending
upon other characteristics of the individual observation or other characteristics of the
individual member of a level in the model (for example, at the patient, GP / provider or
practice level). This is the predicted value of the outcome variable at the average values of

the explanatory variables in the model.

Fixed-effects model —a model which considers all variables to be constant (i.e. fixed)
across all individual members within each level of a model: either not changing over time,
or changing at a constant rate over time (1,5,6). (Note that many, seemingly constant,
variables may in fact change over time, or even potentially change at a constant rate over
time.) A fixed-effects model considers any random variables (and random-effects) to be fixed

or non-random, and does not control for change over time (1,5,6). While one might
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potentially consider using dummy variables to compensate for this issue within a fixed-
effects model, the addition of numerous dummy variables can also negatively impact upon

a model’s accuracy (5,6).

Generalised linear mixed-effects model — a extended version of the generalised linear

model allowing for the inclusion of random (and therefore mixed) effects.

Marginal effects (margins) — partial (i.e. marginal) derivatives of the regression equation
for each variable in the model and each unit in the data (1,2). They measure the impact
(incremental change) that an instantaneous change, in the unit of one variable in the model,
has on the independent / outcome variable, while all other variables are held constant. This
can also involve calculating the impact a unit change in one variable in the model has on
the independent / outcome variable, as well as how the effect on the outcome variables
changes across different values of a second variable in the model (1,2). There are many
types of marginal effects, the most relevant of which include: average marginal effects,
adjusted predictions at the means, and margins at representative values (1,5,6). Margins is
an abbreviation for marginal effects, and is the term commonly used for the function in

statistical packages which provides the marginal effects for a regression equation.

Marginal Predicted Mean — a method of interpretation of a parametric model, which
calculates the average of the predicted value of the outcome, when other independent
variables are held at specified different values or levels (1-4). This method does not show
the full extent of how the effects of a variable in the model may change the outcome
depending upon other characteristics of the individual observation or other characteristics
of the individual member of a level in the model (for example, at the patient, GP / provider
or practice level). This method predicts the average probability of the outcome occurring at

each of the specified values / levels of the explanatory variables in the model.

Margins at Representative Values (MERs) — a method of interpretation of a parametric
model, which demonstrates how the value of the dependent/outcome variable changes in
response to changes in the values of the independent variables in the model. Itis considered
a superior method of interpretation, particularly in complex models with interaction effects
or hierarchical models where the coefficients themselves can be difficult to interpret. MERs
are interpreted as the difference in the outcome (versus the comparator) at the defined range
of values of the explanatory variables.

XXiv



© 00 N o Uu B~ W N R

W W W N N N N NN NNDNNNRPR P P P R R R R R p
N P O VW 00 N O U1 B W N P O W ©® N O 11 M W N R O

Mixed-effects model — a model including both fixed and random effects (1,5,6).

Random coefficient — in a mixed-effects model, a random intercept can be considered to
be equivalent to the slope in a fixed-effects equation (1). It can therefore be regarded as a

randomly varying slope at the relevant level with the multilevel model.

Random intercept — in a mixed-effects model, a random intercept can be considered to be
equivalent to the intercept in a fixed-effects equation (1). It can therefore be regarded as a

randomly-varying intercept at the relevant level within the multilevel model.

Random-effects model — a model which allows for unobserved heterogeneity, thereby also
controlling for variables which are either: non-constant across individuals or members of any
level, or which change over time (1,5,6). Random effects are effects which can vary between

members of any level within the multilevel model.

Residual variance —a term used in this research project to represent the remaining
variance unexplained by the fixed-effects in a mixed-effects model. Calculating the intra-
class correlation between the second and third levels in a three-level model provides the

value of the residual variance for each of the two, higher levels.

Unobserved heterogeneity —where there may be unmeasured differences between
members in the level of a model, in the form of an unmeasured / unobserved (but relevant)
variable (1). This can occur when there is an unmeasured/unobserved variable, which is in
fact related to the measured / observed variables within the study. For example, an
unobserved/unmeasured variable might be correlated with an observed / measured
(independent and / or dependent) variable. Statistical inferences may not be valid or correct
if unobserved heterogeneity is present but not allowed for in a model. One way of ensuring
that statistical inferences are valid and correct,in the presence of unobserved

heterogeneity, is to use multilevel models with mixed effects.
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CHAPTER 1 INTRODUCTION

1.1 The problem

Antimicrobial resistance (AMR) has been described as one of the most concerning
threats to humanity (5-7), with global deaths from antibiotic resistant bacteria being
estimated at 700,000 annually in 2016, and predicted to rise to 10 million in 2050 (8).
Antibiotic use promotes the evolutionary process of bacteria developing antibiotic

resistance (9-11).

Systemic antibiotic use is high in Australia when compared to other first-world countries
(12-14). 1t is also known to be high in the Australian community setting (12,14-18). In
2014, 46% of the Australian population was dispensed one or more systemic
antimicrobial in the community, and general practitioners (GPs) were responsible for
prescribing 88% of these (12). By 2019, dispensing in the community had dropped to
40%, however, of these 50% were issued with at least one repeat on the prescription
(18). While the majority of antibiotics are prescribed in community settings, rather than
hospitals, antibiotic stewardship and surveillance of antibiotic prescribing and
dispensing in Australia still predominantly focuses on hospital settings (19-21).

Antibiotic prescribing is termed ‘inappropriate’ when it is not in accordance with local
prescribing guidelines (22-27). This is internationally accepted terminology and sets the
benchmark against which prescribing is assessed (22-25,28). Guidelines are developed
to minimise antibiotic resistance and side effects from antibiotics by recommending
effective yet conservative use to preserve their efficacy (29). Australia’s national
guidelines for antibiotic prescribing are titled the Therapeutic Guidelines: Antibiotic and
will be referred to as the guidelines (29). These define the circumstances in which it is

appropriate to prescribe a specific antibiotic for a particular condition or diagnosis (29).

Inappropriate antibiotic prescribing likely occurs in all Australian health settings
(15,20,29-32). However, there are also notable difficulties with obtaining reliable, large-
scale electronic patient data from Australian general practice (33), by which to
investigate this. It is possible though, to collect data on antibiotic prescriptions yielding

data about volumes and trends of antibiotic use.
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However, importantly there is currently no substantial body of quantitative research
about factors associated with inappropriate antibiotic prescribing for upper respiratory
tract infection (URTI) and urinary tract infection (UTI) using patient data from Australian
general practice, nor from the state of Western Australia (WA). Research in this field,
such as this study, will contribute to the growing knowledge base internationally, and

frame any issues for clinicians, system managers and policymakers.

The current body of research regarding the predictors of inappropriate antibiotic
prescribing in general practice is limited, particularly in Australia. This is distinct to
research regarding predictors of antibiotic prescribing generally. A deeper
understanding of the drivers of the inappropriate prescribing of systemic antibiotics is

vital to inform antimicrobial stewardship policy and practice in Australian primary care.

1.2 Hypothesis

The hypothesis was that there is substantial inappropriate antibiotic prescribing
occurring for these conditions within WA general practice. It also included the
proposition that there were likely to be patient, consultation, provider and practice-
related predictors of inappropriate antibiotic prescribing. It is possible that patients with
comorbid conditions, living in areas with varying measures of rurality or remoteness and
accessibility to health care, with different SES, and of different ages, may be
predisposed to receiving inappropriate antibiotic prescriptions when they technically
should not. This might feasibly occur in response to concerns their treating GPs had

about these patients’ welfare and/or access to healthcare.

An Australian, national report from 2015 had found that antibiotic dispensing rates in the
community were the highest in areas with the lowest SES, and dispensing rates
decreased with increasing status (15). Another national report published in 2016 (12)
had found that patients in major cities had the highest rates of prescribing of systemic
antibiotics compared to those living in other areas (34,35). This publication (12) also
found that patients living in the second-most socioeconomically disadvantaged quintile
areas had the lowest antibiotic prescribing rates (36,37). One study of patients with sore
throat presenting to general practice had found that chronically unwell patients were
more likely to receive antibiotics (38), while another study of patients with bronchitis
found that patient comorbid condition status may be linked to the choice of specific

antibiotic patients were prescribed (39). A national survey of prescribing in hospitals had
28
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also found that patients with comorbid conditions including chronic obstructive
pulmonary disease (COPD) and asthma were more likely to receive antibiotic
prescriptions (12,40). Subsequent to the commencement of this research, Bernardo et
al. (41) had queried whether patient SES or comorbid conditions might affect antibiotic
or antiviral prescribing for influenza-like illness (ILI) in general practice, on the basis of

existing literature.

1.3 Objectives

The aim of this study was to define and identify, predictors of, guideline non-conforming

antibiotic prescribing for initial presentations of acute URTI and UTI.

This research had included the following objectives:

1. to define and quantify the levels of inappropriate prescribing of systemic
antibiotics for initial presentations of common infections to WA general practice
using large-scale, routinely collected electronic patient data

2. to use quantitative methods to ascertain predictors of inappropriate prescribing
of systemic antibiotics in WA general practice, including patient-, provider-,
consultation- and practice-related factors associated with such prescribing

3. to determine trends in inappropriate antibiotic prescribing and in overall antibiotic
prescribing by WA GPs over time.

The presenting condition groups of interest were acute, uncomplicated URTI, including
acute rhinosinusitis / non-specific URTI, acute pharyngitis and / or tonsillitis, acute otitis
media (AOM), and influenza / ILI, as well as UTI limited to the condition of acute cystitis
(29).

Large-scale, longitudinal datasets were obtained from general practice in WA. A list of
conditions of interest was developed from the data received. The reference point was
the recommendations contained within the guidelines for each condition, the treatment
(29), from which algorithms were developed to identify inappropriate prescribing. Data
from patient records of initial consultations were utilised to assess the indication for
prescribing and the appropriateness of antibiotic choice or selection when an antibiotic

was prescribed.
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The outcomes were then analysed using quantitative methods, specifically, mixed-
effects logistic regression to elucidate patient- and practice-related factors associated
with inappropriate prescribing. Relating back to the hypothesis, potential predictors of
interest included patient age, gender, SES, comorbid conditions, as well as practice
rurality / remoteness. Aggregate trends over time in inappropriate antibiotic prescribing

and overall antibiotic prescribing were also examined.

This research was supported with funding provided by the WA Primary Health Alliance
(WAPHA), which is the government-funded commissioning body with the responsibility
for delivering all three primary health networks (PHNSs) across the state (42). Expert
advice was also obtained from GPs currently practising in WA to help guide this project

and aid in the interpretation of results.

1.4 Significance

Antibiotic resistance is a growing global concern of critical importance (16,43,44). There
is currently very limited empirical information regarding antibiotic prescribing in
Australian general practice, particularly with respect to drivers of inappropriate
prescribing. This thesis fills this important gap in the knowledge base. While there is
research regarding drivers of prescribing generally, there is very limited research of
such for inappropriate prescribing, which must be reduced to extend the effectiveness

of current antibiotics (15).

This thesis supports antimicrobial stewardship programs in primary care, and adds to
the work of the Antimicrobial Use and Resistance Australia (AURA) project, the national
body doing work on antibiotic prescribing using large-scale data from community care
(12,14,17,18). AURA reports provide quantities of inappropriate prescriptions for various
conditions, however, they state that all prescribing for likely viral, respiratory conditions
is inappropriate and do not differentiate appropriate from inappropriate prescribing for
these conditions (12,14,17,18). Furthermore, these publications do not differentiate
initial from non-initial consultations, to ascertain the quality of antibiotic prescribing and
clinical management occurring at initial consultations (12,14,17,18). This thesis defines
inappropriate and appropriate prescribing using more data than the diagnostic condition
alone and limits the diagnoses included to initial consultations only, thereby facilitating

enhanced analysis.
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Research in this field is an urgent necessity borne from increasing antibiotic resistance
globally (5-7). This project creates the potential for new knowledge regarding antibiotic
prescribing in the community and primary care, with potential impact both nationally and
internationally. The findings will inform policy and practice, and lead to further research
on antibiotic prescribing in primary care. Its applications include informing the
development of evidence-based interventions to reduce inappropriate antibiotic
prescribing to stem the emergence of resistance.

To the best of my knowledge, at the time of writing, this is the first Australian research
using quantitative methods and large-scale empirical data to identify predictors of
inappropriate prescribing in general practice for UTI and URTI, using more clinical
information than the condition diagnosed to differentiate inappropriate from appropriate
prescribing. Furthermore, this is believed to be the first such analysis in Australia to
allow for unobserved heterogeneity and also to limit analyses to initial presentations of

infection.

15 Thesis structure

The overarching structure and focus of the thesis are outlined below.

The next section of this thesis, Chapter 2, outlines the problem of antibiotic resistance
and how inappropriate antibiotic prescribing in primary care unnecessarily promotes the
development of antibiotic resistance. It explains the resulting need for research to help
identify what is driving inappropriate antibiotic prescribing in primary care and outlines
the project objectives. It covers the development of antibiotic resistance, the use of
antibiotics in human health, and the need for the preservation of antibiotic effectiveness
by limiting any unnecessary antibiotic usage. The chapter also provides a summary of
URTI and UTI conditions, and details some of the complexities regarding antibiotic
prescribing for these conditions. The guidelines for treatment of URTI and UTI
conditions are also discussed (29). Antibiotic stewardship and the surveillance of
antibiotic use are briefly summarised for the Australian setting, including what is known
about inappropriate antibiotic prescribing for URTI and UTI in Australian general
practice. An overview of the published literature on predictors of inappropriate antibiotic
prescribing identified using quantitative methods is presented. Brief summaries of
gualitative research and interventions designed to improve prescribing practices are

also provided.
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Chapter 3 outlines the data source, methodological approaches, data cleaning and
preparation. It explains how the guidelines were used to define multiple levels, or

aspects, of inappropriate antibiotic prescribing for both URTI and UTI conditions (29).

Chapter 4 contains the results of the analyses of predictors of inappropriate antibiotic
prescribing for URTI. Descriptive results for the various definitions of inappropriate
antibiotic prescribing for the multiple URTI conditions: acute rhinosinusitis, acute
pharyngitis and or tonsillitis, AOM, and influenza / ILI, are presented, followed by the
regression results for the mixed-effects logistic models (generalised linear mixed
modelling with random effects). The majority of prescriptions were found to be
unnecessary, and over 50% of antibiotics prescribed were non-first-line when first-line

antibiotics should have been used for these initial presentations of URTI.

Chapter 5 details the results of the analyses of predictors for inappropriate antibiotic
prescribing for initial presentations of the condition of acute cystitis / UTI, with a focus
on patient groups (women, men, children). The findings include substantial proportions
of non-first-line antibiotics being prescribed to patients with initial presentations of UTI,
most notably for children.

Chapter 6 provides a brief summary of the dataset from the perspective of analysis over
time. Chapter 7 contains the results of the analyses of trends in prescribing for URTI
over time. These were undertaken to identify any significant trends in prescribing over
time, utilizing the same outcomes and variables defined and used in Chapter 4. There
were significant downward trends in unnecessary prescribing over time for rhinosinusitis
and pharyngitis but not AOM. While there was a significant decreasing trend in non-first-
line prescribing over time for pharyngitis, upward trends were found for rhinosinusitis
and AOM.

Chapter 8 presents the results of analyses for trends in prescribing for UTI, using
response variables detailed in Chapter 5. This includes the presentation of trends in
outcomes over time for all patients with UTI altogether, then for women, men and
children separately. The results summarised also include trends in overall antibiotic
prescribing over time for each patient group. There were upward trends in non-first-line
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prescribing identified for adult patient groups but there was a downward trend for

children.

The Discussion chapter follows in Chapter 9, summarising the most pertinent findings
from the four analysis chapters. The results are further explained, and the findings are
compared with those of the broader literature. This provides context regarding what the
findings mean for WA general practice, as well from the broader perspective. It provides
an overview regarding the substantial inappropriate antibiotic prescribing found for initial
presentations of URTI and UTI. It summarises the most important predictors of
inappropriate prescribing identified, as well as the trends over time in inappropriate
prescribing. This is followed by discussion of the context and implications of these
results for general practice policy and practice. In the Australian setting, although
evidence of some progress is noted, the overall situation appears concerning. Priority
areas for antibiotic stewardship and opportunities for improvement are identified, and
potential areas for further research are raised. The limitations of the research are also
discussed. It raises questions regarding the need for more proactive steps on this

important topic and opportunities for future research.

Chapter 10 provides a brief overview of the pertinent findings and implications for
Australian general practice in the context of inappropriate prescribing for URTI and UTI.
It notes the limited progress identified on inappropriate prescribing in Australian general
practice appears insufficient to have notable impact on curbing antibiotic resistance. It
also highlights the value and significance of this research and what it contributes to the
knowledge base both at the national and international levels.
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CHAPTER 2 BACKGROUND

2.1 Introduction

2.1.1 The problem: growing, global antibiotic resistance

Antibiotic resistance is becoming an increasing problem globally, raising concerns about
future capacity to control infections with antibiotics (6,16,44). Antibiotic resistance is
encouraged by the frequent use of antibiotics in human health care, veterinary medicine,
as well as agriculture, and exposure to antibiotics in the environment can also facilitate
resistance (9,11). There is a strong association between antibiotic use and antibiotic
resistance in individuals (45,46). An apt description of the situation is a rapidly

progressing yet “silent pandemic” (47).

2.1.2 The problem locally: inappropriate antibiotic prescribing in Australian
primary care

Australia’s First National Antimicrobial Resistance Strategy 2015-2019 (6,16) aims to
develop and implement strategies to prevent and minimise growing AMR, whilst
ensuring continuing effectiveness and availability of treatments for infectious diseases
(6,16). Inappropriate antibiotic prescribing is thought to occur in all Australian health
settings (15,20,26-28,30-32,48). It is believed to occur frequently in the community, of
which general practice constitutes the majority of the patient interactions (15,20,26-
28,30-32,48). Despite the existing quantitative research on antibiotic prescribing,
resistance and its current surveillance within the Australian health system (14,17), there
is limited surveillance or empirical information regarding how much of the prescribing in
primary care is inappropriate for various conditions (49-51). Furthermore, there is no
substantial body of quantitative research analysing large general practice data sets to
identify factors associated with inappropriate antibiotic prescribing. There is qualitative
research on inappropriate prescribing, and although not the focus of this research, a
summary of qualitative studies is provided in Section 2.6.2 for reference.

This thesis focuses on the state of WA, which poses unique challenges for health
services due to its very large geographical area and small population density by area

(52). It is also characterised by a proportionally high number of Aboriginal and Torres
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Strait Islander peoples living in remote communities (52,53). People living in these rural
and remote communities have high rates of infectious disease incidence, chronic
disease prevalence, and poor health outcomes (52-58), as well as high rates of bacterial

disease that should be treated by antibiotics.

2.2 Antibiotics, the development of antibiotic resistance and other side
effects from taking antibiotics

221 Antibiotics and antimicrobials

Medically important microorganisms include bacteria, fungi, viruses and parasites,
which are treated with antimicrobial agents: antibiotic, antifungal, antiviral and
antiparasitic medications, respectively (59). Antibiotics typically treat bacterial
infections, although there is some antibiotic use to treat non-bacterial pathogens (59).
Antibiotic agents are ineffective against viruses. This is relevant to diagnosing
respiratory tract infections (RTIs) with multiple aetiologies. Viruses are commonly
cleared by the human body without specific antiviral treatment. Antibiotics have either
systemic or topical mode of delivery. This research addresses systemic antibiotic

prescribing.

Antibiotic use is distinct to prescribing, as many prescriptions written are not dispensed
(60-64). However, prescribing is a necessary precursor to dispensing. Quantities of
antibiotics dispensed are often reported as a proxy for prescribing. Antibiotic use can
be classified into multiple different types. The most common antibiotic use is empirical
prescribing, which is immediate treatment of a patient presenting with signs and
symptoms of existing infection, if antibiotic use is indicated (65-67). There are also
prophylactic uses for antibiotics, which prevent infection in the first place (66,67).
Prophylaxis is common and recommended for chronic or recurrent infections or for
patients with compromised immune systems (66,67). Definitive / directed therapy refers
to antibiotic treatment following laboratory diagnosis of the causative pathogen, guiding
the choice of an effective antibiotic (66,67). Delayed prescribing is a dispensing
minimization strategy, where the patient is given a prescription but told to hold off filling
it, and to wait and only fill the script several days later if the condition does not improve
(68,69).
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This research addresses the clinical decision whether to prescribe at initial
presentations and what empirical prescribing occurs in these situations. A distinct
weakness of empirical therapy is the absence of laboratory pathology results which
guide effective antibiotic choice. The time (typically several days), for a pathology test
to be performed and for the result to be available to the clinician, often requires that the
clinician consider empirical prescribing initially without pathology results, if an antibiotic
is indicated. With the development of rapid testing techniques, quicker access to

pathology results is foreseeable in the future (70,71).

2.2.2 Antibiotic resistance concepts and side effects

Antibiotic resistance is encouraged by the frequent use of antibiotics in human health
care (72,73). There is increasing risk of bacterial resistance with increasing duration and
course number of antibiotics (45). In addition to promoting antibiotic resistance at the
community (72,74) and individual level (45,46), taking antibiotics can lead to other
serious side effects for individual patients (75-81). Antibiotic stewardship is the
promotion of both awareness regarding growing antibiotic resistance and the careful
use of antibiotics (82,83).

Clinicians must know the local epidemiology of infectious diseases, common pathogens,
as well as their susceptibilities to available antibiotics, as well as local resistance
patterns to make an informed decision including selecting an appropriate antibiotic
(29,67,84). Any decision to prescribe an antibiotic must consider individual patient
benefit against the potential harms of prescribing including side effects, antibiotic

resistance, and the potentially serious sequelae of not prescribing (29,67).

2.3 Conditions commonly suspected of receiving inappropriate antibiotic
prescribing

In Australia, epidemiological data on infection incidence, treatment efficacy and local
resistance patterns are used by experts to develop therapeutic guidelines and treatment
benchmarks to help guide clinicians. Despite this, antibiotic prescribing for URTI
conditions occurs more often than the epidemiological data and benchmarks suggest it
is required (12,14,17). There are also large quantities of non-first-line agents prescribed
for both URTI and UTI conditions when the majority of patient interactions are believed

to be initial presentations (12,14,17).
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In different healthcare settings, there may be more than one set of guidelines available
to guide clinicians. For example, in the hospital setting, there may be specialist
paediatric guidelines which may address the multitude of factors influencing prescribing

and therefore appropriateness.

The standard for assessment in this thesis was version 15 of Australia’s Therapeutic
Guidelines: Antibiotic (the guidelines), published in 2014, to reflect the timeframe of the
data analysed (29). Narrow-spectrum antibiotics are recommended as the initial, first-
line choice for treatment, as they are less predisposed to promoting antibiotic resistance
than non-first-line agents (29). Resistance should be confirmed using sensitivity and
susceptibility testing prior to using non-first-line antibiotics (29), however, note this takes
several days. A brief description including an outline of the guidelines for each condition
follows below. Please see the Methods chapter for details of how the guidelines were
applied for each condition (29). For a summary of the prescribing guidelines published

directly before and after the version used for analysis (85,86), please see Appendix A.1.

Note that prescribing can be appropriate despite not meeting guideline compliance, as
there are many factors influencing antibiotic use, which cannot cover all scenarios. For
example, patients living in remote areas may not have regular access to healthcare,

such that issuing a prescription at an initial consultation may be reasonable.

2.3.1 Upper respiratory tract infection

URTI is the term given to a group of conditions affecting the upper regions of the
respiratory tract, and these are most commonly viral in origin (29,87). This thesis defines
URTI to include rhinosinusitis / common colds, influenza and ILI, pharyngitis and / or
tonsillitis and AOM. GPs in all countries commonly see patients presenting with URTIs
(88-90), which are difficult to diagnose correctly due to the multitude of possible
aetiologies, despite most still being viral (91,92). URTI was the reason for 26% of GP
presentations by Australian children (29) and the most frequent reason for presentation
in infants (93). Most URTIs, regardless of aetiology, are self-limiting and full recovery is
usual without treatment (29).
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2.3.1.1 Acute rhinosinusitis / non-specific URTI

Acute rhinosinusitis is marked by inflamed paranasal sinuses and nasal passages
(94,95). It is almost always a viral infection, although it can be bacterial (94,96).
Approximately 20% of bacterial rhinosinusitis which does not resolve within two weeks
may require antibiotic treatment (29). The common cold and non-specific URTI have
been included in this condition. The guidelines used for analysis in this study suggest
symptomatic treatment and recommend against the routine use of antibiotics for
rhinosinusitis. Antibiotics can be considered in patients with symptoms over seven days,
high fever in excess of three days from symptom onset, or double-sickening - a term

describing symptoms which worsen after several days of initial, milder illness (29,97).

2.3.1.2 Acute pharynaqitis / tonsillitis

Pharyngitis and / or tonsillitis are infections characterised by sore throat, and the strong
majority of presentations are viral (98,99). The only indication for antibiotic treatment of
pharyngitis / tonsillitis is Group A Streptococcus bacterial infection (29,57). This is an
absolute indication for antibiotic treatment due to potentially fatal complications,
including acute rheumatic fever (ARF) (57). Group A Streptococcus causes between
20-30% of paediatric, and 5-15% of adult, cases of pharyngitis (100-102). Australia has
a very high rate of ARF and rheumatic heart disease (RHD) in remote, Indigenous
communities in central and northern Australia (56,57,103). Patients 2-25 years of age
in communities with high incidence of ARF, and / or any patient with current RHD or

scarlet fever are high-risk patients requiring antibiotics (29,57).

2.3.1.3 Acute otitis media

AOM is inflammation of the middle ear, caused by viral or bacterial infection (29). It often
presents in young children with ear pain and fever, and complications include tympanic
membrane perforation and consequent conductive deafness (104,105). As there is high
incidence among Aboriginal and Torres Strait Islander children, these children are
considered high risk (29,106,107). The guidelines used for analysis in this study state
that prescribing is appropriate for children with systemic features including vomiting,
lethargy or high fever (29). Symptomatic treatment without antibiotics is recommended
initially for children aged six months or more without systemic features. For children
under six months without systemic features, antibiotic prescribing may be appropriate,
however, symptomatic treatment may be sufficient initially but review of the patient is

recommended after 24 hours.
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2.3.1.4 Influenza and influenza-like illness

Influenza is infection with one of several influenza viruses which are typically seasonal
(41,108,109). The infection is most often moderate in severity but can be fatal in young
children, the elderly and people with chronic diseases (108,110). Estimated deaths from
annual influenza epidemics exceed 500,000 people per year globally (108,111). ILIl is a
diagnosis based on a set of symptoms including fever, lethargy and cough (109,110).
ILI can be caused by influenza viruses, as well as parainfluenza viruses, adenoviruses,
respiratory syncytial virus (109). These viruses can also cause lower respiratory tract
infection, which is out of scope for this thesis. The guidelines used for analysis
recommend symptomatic treatment for influenza / ILI, as these are always viral in
aetiology (112), and antibiotics are not recommended unless secondary bacterial

complications are noted (108,113).

2.3.2 Urinary tract infection

2.3.2.1 Acute cystitis

Acute cystitis is a bacterial infection of the lower urinary tract, and it is a common
presentation in primary care (114). Acute cystitis is common among women, particularly
women of reproductive age (29,115). It is uncommon in men, usually presenting in older
males with functional abnormality (29,116,117). Acute cystitis is a common infection of
childhood (29,115). The condition can be painful, and serious side effects include potentially

fatal urosepsis, which is uncommon but can happen in neonates (115,118).

Patients frequently receive non-first-line antibiotics for presumed, initial presentations of
UTI, when first-line options are recommended (15,17,29,48,119). These patients also
receive overly long durations of antibiotic therapy (119-122). Patients diagnosed with
recurrent / chronic UTI have different implications for treatment (123).

Patient age, gender and anatomical differences are used to classify the infection into
uncomplicated and complicated (123). The guidelines used for analysis in this study
vary by patient age and gender, and include routine empirical prescribing for adult patients
with this condition (29). Empirical prescribing is recommended for symptomatic children who
are positive for nitrites or leukocyte esterase, or if bacteriuria is identified by microscopy.
For patients under one month old, hospitalisation and intravenous antibiotics are

required, and this is not covered in the guidelines.
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2.3.3 Repeats issued on antibiotic prescriptions

Repeats issued on prescriptions for antibiotics can be considered another form, or level,
of inappropriate prescribing. However, there are some medications for which a repeat
is required in order for a patient to receive a guideline-concordant course of antibiotics.
This relates to the pack size produced by the manufacturer. Some prescriptions for
cefalexin fall within this category. However, for the majority of formulations for antibiotics
repeats are not required for a single course of treatment. This is especially likely to be

the case for initial presentations of an infection in urban areas.

Notable quantities of antibiotics are dispensed from repeat prescriptions in Australia
(14,124) The dispensing of repeats often occurs a substantial time (months) after the
original prescription (12,14,124), and therefore unlikely to be used for the same episode
of infection (12). However, the default option in many medical practice software
packages included repeats on the prescription (14), requiring prescribers to amend the
prescription to remove. The aligning of manufacturing pack size with local guidelines
has been raised as a stewardship opportunity (125,126).

A national report published in 2019 by the Australian Commission for Safety and Quality
in Health Care (the Commission) found that 50% of antibiotic prescriptions were issued
with one or more repeats on the prescription (14). Potential solutions presented included
amending either the default options in software or the amount dispensed at the
pharmacy level to align with course recommendations for antibiotics with substantial
course to pack size discrepancies (14,75). In 2017, Del Mar et al. (49) had raised the
need for change on unnecessary, repeat antibiotic prescriptions (75). Effective April
2020, the Pharmaceutical Benefits Advisory Committee (PBAC) proceeded to limit
prescribing authority for repeats on the following antibiotics: amoxicillin, amoxicillin with

clavulanate, cefalexin, doxycycline and roxithromycin (127,128).

2.4 Antibiotic stewardship and the surveillance of antibiotic use

2.4.1 What is antibiotic stewardship?

Antibiotic stewardship promotes the prudent use of antibiotics, including both the
prescribing by health professionals and the administration by patients (129-131). This
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involves developing and implementing strategies to prevent and minimise the
development of antibiotic resistance, whilst ensuring continuing effective and available

treatments for patients with infectious diseases (6,16,129,130).

Antibiotic stewardship includes promoting awareness regarding antibiotic resistance
among prescribers and the public (129,130,132). This includes implementing tools to
improve antibiotic prescribing practices to prescribe only when required, and
encouraging compliance with local prescribing guidelines (129,130,132). Stewardship
also includes the monitoring and measurement of antibiotic use, for continuing
improvement (129,130,132). Governance is also an important part of stewardship at the
organizational level (130).

In the out of hospital setting, important aspects of antibiotic stewardship include
commitment and policy, strategies for practice, monitoring and reporting of antibiotic
use, and education tools and resources (132). Examples of suitable proactive activities
include providing prescribing feedback to prescribers, the distribution of educational
resources to patients, ongoing prescriber education and promotion of guidelines, and

facilitating access to expertise in antibiotic stewardship for prescribers (132).

2.4.2 What is surveillance and its role in antibiotic stewardship

The surveillance of antibiotic use involves the collection and analysis of data on
antibiotic prescribing, dispensing or consumption, in order establish patterns and
provide population health information, as well as reducing harm from antibiotic misuse
(16,133). This is a notable level above the monitoring and reporting typically required of
routine antibiotic stewardship, which does not involve analysis, for example. The
surveillance of antibiotic use also facilitates detailed evaluation of antibiotic stewardship
strategies (16,134).

The World Health Organization (WHO) is leading the international collaboration on
surveillance of both antibiotic use and resistance and to promote antibiotic stewardship
(6,47). Antibiotic stewardship and surveillance go hand in hand and inform each other.
While the surveillance of antibiotic use is a focus of this research, the surveillance of
antibiotic resistance is outside its scope. Nevertheless, a summary of surveillance

programs for antibiotic resistance within Australia in Section 2.4.4 below.
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2.4.3 Stewardship and surveillance of antibiotic use in Australian primary
care

2.4.3.1 Government surveillance, stewardship and other initiatives

In Australia the government subsidises the costs of many pharmaceuticals including
antibiotics under the Pharmaceutical Benefits Scheme (PBS) and the Repatriation
Pharmaceutical Benefits Scheme (RPBS) (17). Antibiotic prescriptions dispensed under
the PBS and RPBS are collated in the Department of Human Services’ Medicare
pharmacy claims database (17). This includes dispensing claims for antibiotic
prescriptions written by GPs, specialists, dentists, nurse practitioners, hospital
discharge, public hospital outpatients, and private hospital inpatients (17). Antibiotics
prescribed and dispensed in some remote Aboriginal Health Services, (and relevant to
WA), fall outside the PBS and affect the accuracy of its reported prescribing rates in
these remote communities (12). The PBAC makes decisions regarding which antibiotics
and other medicines are included on the PBS / RPBS (135). In the case of antibiotics,
the PBAC is currently advised by the Expert Advisory Group on Antimicrobial
Resistance (135).

In the 1990s and early 2000s, following quinolones being registered in Australia, the
PBAC restricted their use in human and food production, with specific indications
requirements to limit their prescription (135). This was an early but important step (136).
Another initiative was the then Australia’s Chief Medical Officer sending peer-
comparison letters to GPs with high rates of antibiotic prescribing in 2017 (137). This
initiative’s three forms of peer-comparison letters led to an overall nine percent reduction

in antibiotic prescriptions from these GPs for a period of twelve months thereafter (138).

Australia’s First National Antimicrobial Resistance Strategy 2015-2019 was published
in 2015 by the Commission, to address AMR in humans, animals, agriculture, food
production and the environment (16). This was followed by an updated strategy,
endorsed in 2020, entitled Australia’s National Antimicrobial Resistance Strategy — 2020
and Beyond (the 2020 Strategy) (139). While the majority of antibiotics are prescribed
in community settings, rather than hospitals, at this time in Australia, stewardship on

antibiotic prescribing predominantly focuses on hospital settings (19-21).
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Using hospital data, the National Antimicrobial Prescribing Survey (NAPS) is a
standardised tool for auditing the quantity and quality of antimicrobial prescribing, is
coordinated by the National Centre for Antimicrobial Stewardship (NCAS) (140). NAPS
includes surveys, such as, the Surgical NAPS, Hospital NAPS, and Aged Care NAPS,
however, there is no survey specific to general practice (141). NCAS is developing
stewardship in primary care through a current research project (142). In 2018, there
were 324 participants from both public and private hospital involved in the Hospital
NAPS (143,144). The 2019 Surgical NAPS involved 144 public and private facilities
participating across Australia (18,143,144). NAPS also has a collaborative partnership
with the Commission and the Department of Health. Furthermore, the National
Antimicrobial Utilisation Surveillance Program (NAUSP) monitors antimicrobial
consumption in participating private and public hospitals (145). In 2019, there were 219
acute-care hospitals participating in NAUSP (144,145), including 170 public and 49
private hospitals, with 100% involvement by principal referral hospitals. Both NAPS and
NAUSP programs are involved in the AURA project (144), which is detailed in Section
2.4.3.4 below.

The Commission has antibiotic stewardship initiatives (130), as does the WA
Department of Health (146). The Antimicrobial Stewardship Clinical Care Standard
(147,148) was developed to guide optimal practice across all human health sectors. It
was published in 2014 (147) and updated in 2020 (148) and provides quality
requirements for how to document the clinical indication for prescribing antimicrobials
and outlines adherence to current guidelines. Having an antimicrobial stewardship
program in place, and monitoring both antibiotic use and resistance are also
accreditation requirements of hospitals and day procedure services in Australia
(130,149). These requirements are contained within the National Safety and Quality
Health Service Standards (Second Edition) (150,151), as specific requirements of the
Preventing and Controlling Infections Standard of 2021 (152), replacing the 2017
Preventing and Controlling Healthcare-Associated Infection Standard. Government-
funded stewardship and surveillance initiatives, past and present, which incorporate

Australian primary care, are covered below in Sections 2.4.3.2 - 2.4.3.5.

2.4.3.2 Bettering the Evaluation and Care of Health survey

The Bettering the Evaluation and Care of Health (BEACH) survey of general practice

was an annual report produced by the Faculty of Medicine and Health at the University
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of Sydney (89,153,154). From 1998 until it lost funding in 2016, the voluntary BEACH
survey reported the proportion of GP visits for URTIs for which antibiotics were
prescribed (89,153,154). Its data from 2015-16 demonstrates that URTI and UTI were
in the top 5 most frequently managed new problems (155). Over the decade 2006—-07
and 2015-16, URTI as a newly managed problem declined from 4.4 to 4.2 per 100
encounters, whereas UTI decreased from 1.3 to 1.1 per 100 encounters (156). There
was no meaningful change in the URTI management rate between 2006—07 and 2015—
16 (156). Over the decade 2006—07 and 2015-16, the frequency of prescriptions for
amoxicillin reduced from 2.2 to 1.8 per 100 problems managed (156). Roxithromycin
prescriptions also declined over the decade, from 0.9 to 0.5 per 100 problems managed
(156). There was, however, no significant change in the prescriptions of cefalexin,

amoxicillin with clavulanate, or doxycycline over the same period (156).

2.4.3.3 NPS MedicineWise
Evolving from the National Prescribing Service (NPS), NPS MedicineWise was a

leading authority on the quality use and prescribing of medicines (157,158). It focused
on educating the public and primary health providers regarding responsible antibiotic
prescribing from 1999 to 2022 but lost funding and ceased to continue (159,160). Its’
early campaigns on viral URTI were believed to have decreased antibiotic dispensing
(159,161). Activities for GPs typically included clinical auditing, visiting educational
activities on appropriate prescribing, and academic detailing with peer-comparison
prescribing feedback (159,162,163). NPS was known for its antibiotic stewardship
campaigns targeting both health professionals and the public (159,164-167). Its
‘Choosing Wisely’ campaign consisting of written, educational publications, and the
‘Resistance Fighter’ was a multi-media consumer awareness campaign to support the
fight against antibiotic resistance (159,164-167). NPS MedicineWise undertook
surveillance of systemic antibiotic prescribing by participating GPs in Australia
(157,158). Its program, called Medicinelnsight (162,168,169), collected de-identified
data from participating general practices, and was the data source for this research, and

was utilised in AURA, as detailed below.

2.4.3.4 The Antibiotic Use and Resistance in Australia project

The Antibiotic Use and Resistance in Australia (AURA) project was established by the
Commission, as part of the National Antimicrobial Resistance Strategy 2015-2019 (16).

AURA also uses PBS and Medicinelnsight data to examine antibiotic prescribing in
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general practice. NAUSP provides hospital data to AURA (145), while NAPS provides
hospital and surgical data, as well as data from the aged care setting (141,143,144).
The first AURA report (12), published in 2016, found that non-first line antibiotics were
prescribed in 68% of sinusitis presenting in primary care in 2014. The second AURA
report found that in 2015 patients presenting primary care in major cities had increased
antibiotic prescribing rates than patients in other areas (17). The third AURA report