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Abstract

We examined the patterns of antibiotic prescribing by medical and non-medical pre-
scribers (dentists, nurse practitioners, and midwives) in Australia. We explored trends
in the dispensed use of antibiotics (scripts and defined daily dose [DDD] per 1000
population/day) by Australian prescribers over the 12-year period, 2005-2016. We
obtained data on dispensed prescriptions of antibiotics from registered health profes-
sionals subsidized on the Pharmaceutical Benefits Scheme (PBS). There were 216.2
million medical and 7.1 million non-medical dispensed prescriptions for antibiotics
over 12years. The top four antibiotics for medical prescribers were doxycycline;
amoxicillin, amoxicillin plus clavulanic acid, and cefalexin, constituting 80% of top
10 use in 2005 and 2016; the top three for non-medical were amoxicillin, amoxicil-
lin plus clavulanic acid and metronidazole (84% of top 10 use in 2016). The propor-
tional increase in antibiotic use was higher for non-medical than medical prescribers.
While medical prescribers preferentially prescribed broad-spectrum and non-medical
prescribers moderate-spectrum antibiotics, there was a large increase in the use of
broad-spectrum antibiotics over time by all prescribers. One in four medical prescrip-
tions were repeats. Overprescribing of broad-spectrum antibiotics conflicts with na-
tional antimicrobial stewardship initiatives and guidelines. The proportional higher
increase in antibiotic use by non-medical prescribers is a concern. To reduce inappro-
priate use of antibiotics and antimicrobial resistance, educational strategies targeted
at all medical and non-medical prescribers are needed to align prescribing with cur-

rent best practice within the scope of practice of respective prescribers.
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1 | INTRODUCTION

Antibiotics are a finite resource. By 2050, it is estimated that more
deaths will be attributable to antimicrobial resistance than can-
cer.! Antimicrobial resistance (AMR) is an urgent public health con-
cern; and inappropriate antibiotic prescribing is linked to increased
AMR.2 As Australia's use of antibiotics is one of the highest in the
developed world,® the Australian Government released a National
Antimicrobial Resistance Strategy in 2015 to guide the response to
this threat from antibiotic misuse and resistance.* The main aim of
the strategy is to provide antimicrobial stewardship (AMS) to all sec-
tors of health care.

AMS is the coordinated set of actions designed to promote and
increase the appropriate use of antibiotics and is a key strategy to
conserve antibiotic effectiveness.* Judicious AMS strategies lead to
improved infection outcomes that range from reducing the quantum
and improving the appropriateness of antibiotic prescribing, to re-
ducing infection rates through immunization.® Successful AMS mod-
els improve the management of infections, and reduce institutional
resistance rates, morbidity, mortality, and health care costs.® Most
AMS strategies, have, however, been undertaken in hospitals rather
than in the community.®

There is an exponential rise in non-medical healthcare profes-
sionals prescribing worldwide and in Australia. Non-medical pre-
scribers in Australia include nurse practitioners (NP), midwives
(MW), dentists, and optometrists, with dentists comprising the larg-
est group within non-medical prescribers.7

Understanding the patterns of antibiotic prescribing, by health
discipline, is the first step in developing effective strategies to im-
prove the quality use of antibiotics in primary care. We aimed to
examine the patterns of antibiotic prescribing by non-medical and
medical prescribers in Australia by class of antibiotics, spectrum, and

prescription type, over time.

2 | METHODS

We purchased data from the Department of Human Services
Medicare® for each formulation of each systemic antibacterial dis-
pensed on the Pharmaceutical Benefits Scheme (PBS) by prescriber
type and prescription type (original, repeat) between January 2005
and September 2016. First introduced in 1948, the PBS is a national
formulary that subsidizes a comprehensive range of registered
medicines to Australian citizens. PBS medicines are mostly pre-
scribed in the community and are intended to be used by patients
at home. Hospital prescriptions eligible for subsidy are limited to
non-admitted patients and at hospital discharge.9 As such, certain
intravenous antibiotics prescribed for serious infections are unlikely
to be included in the dataset.

There are two levels of PBS co-payments—one for general ben-
eficiaries (AU$38.30 in 2016)10 and a lower one for concessional
beneficiaries (those on social security) (AU$6.20 in 2016). Some
medicines are priced below the co-payment for general beneficiaries

(under co-payment, i.e., not PBS-subsidized) and dispensing data for
those are collected in a different way to PBS-subsidized data. The
data do not include non-subsidized use of medicines dispensed with
a private prescription (patient pays the full cost) but this is likely to
be negligible for these products. Before July 2012, PBS data did
not include dispensings for medicines that fell below the consumer
co-payment level. No medicines cost less than the concessional co-
payment, so all medicines dispensed to concessional beneficiaries
were captured. However, some dispensings to general beneficiaries
fell below the co-payment level and were excluded from data cap-
ture. From July 2012 onwards, information on all PBS dispensings
(including those that cost less than the consumer co-payment level)
is captured in the PBS database.!!

We calculated dispensed medicine use for medicines in
Anatomical Therapeutic Chemical (ATC) codes JO1A (antibacte-
rials for systemic use).’? These are broadly classified as: tetracy-
clines; amphenicols; beta-lactam antibacterials; sulfonamides and
trimethoprim; macrolides, lincosamides and streptogramins; ami-
noglycosides; quinolones and other antibacterials. We excluded
non-antibiotic antimicrobials in JO1XX such as hexamine hippurate,
as these are not generally used to treat new active infections. We
used the WHO standardized methodology of defined daily dose
(DDD, maintenance dose for the main indication in adults) per 1000
population per day between 2005 and 2016 (12years) to calculate
dispensed use.*?

We collated the classes of health professionals with prescrib-
ing rights in Australia into medical and non-medical. Medical prac-
titioners were defined as general practitioner (family doctor or
primary care physician), physician (medical specialists in internal
medicine) and surgeon (medical specialists in surgery), with non-
medical prescribers classified as dentist, nurse practitioner, midwife,
and optometrist. In Australia, dentists, nurse practitioners, mid-
wives, and optometrists are not considered medical prescribers, and
there are relatively few physician assistants.

Many medications on the PBS are subsidized for a specific pa-
tient group or indication. There are three restriction categories: (1)
Unrestricted benefits (no restrictions apply to their therapeutic use);
(2) Restricted benefits (can only be prescribed for specific therapeu-
tic uses); and (3) Authority required benefits (prescriber must gain
approval from Services Australia for the prescription to be valid).
We analyzed dispensed use of these systematic antibacterial agents
within this context.

We allocated all antibiotics to a spectrum and class, assessed use
by prescription type, and compared use of the ‘top 6’ antibiotics be-
tween medical and non-medical prescribers. There is a lack of con-
sensus to define antibiotic spectrum class (narrow, moderate, broad),
so we compared the spectrum category of individual antibiotics pre-
scribed in the community using three main sources: (1) the Australian
eTherapeutic Guidelines (eTG)'34, (2) the Australian Medicines
Handbook (AMH)'®; and (3) the Sanford Guide to Antimicrobial
Therapy16 supplemented by other sources.”¥?

The eTG contains comprehensive national guidelines for anti-
biotic prescribing in hospitals and general practice, and both eTG
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and AMH are accepted Australian national community resources
that primary care health professionals would have ready access to.
It was only where there was discordance between the resources
for a specific antibiotic that we sought expert opinion to establish
spectrum categories from a panel, consisting of a GP widely pub-
lished in the area of judicious antibiotic prescribing, a member of
the Cochrane Collaboration Respiratory Tract Infection subgroup,
an Antimicrobial Stewardship Pharmacist and an Infectious Diseases
medical microbiologist (Table 1). For example, amoxicillin and cef-
alexin were classified as moderate spectrum, with doxycycline and
amoxicillin plus clavulanic acid as broad spectrum.

In order to have more complete capture of all antibiotics, we
analyzed data from concessional beneficiaries (all medicines priced
above the concessional co-payment).?® We obtained the mid-year
Australian resident population values from the Department of Social
Services annual reports.21

We analyzed the data using descriptive statistics (Stata Statistical
Software: Release 14. College Station, TX: StataCorp LP). This was a

retrospective analysis of routinely-collected aggregated data where

TABLE 1 Categorization of antibiotics

Spectrum
and class by spectrum. - “

Narrow

Moderate

Broad

A 30f10
NOPET (6 s 220

no individual could be identified, hence no ethical approval was

necessary.
3 | RESULTS
3.1 | Top six antibiotics

There were 216226713 antibiotic prescriptions dispensed that
were written by medical prescribers (96.8%) and 7085882 pre-
scriptions by non-medical prescribers (3.2%) over the study pe-
riod (2005-2016). Of these prescriptions, 89.5% originated from
general practitioners, 4.8% from physicians, 2.5% from surgeons,
3.1% from dentists, and less than 0.1% from the remaining non-
medical prescribers (nurse practitioners, midwives (after 2011),
and optometrists).

The antibiotics prescribed by medical prescribers differed from
non-medical prescribers. The top four antibiotics for medical pre-

scribers were doxycycline; amoxicillin, amoxicillin plus clavulanic

Antibiotics

Benzathine penicillin, Benzylpenicillin

Phenoxymethypenicillin, Procaine
penicillin

Dicloxacillin, Flucloxacillin

Clindamycin, Lincomycin

Sodium fusidate

Gentamicin, Tobramycin

Vancomycin

Hexamine Hippurate

Amoxicillin, Ampicillin

Cefalexin, Cefaclor, Cefalothin,
Cefazolin, Cefuroxime

Amoxicillin+ Clavulanic acid
Cefepime

Cefoxitin

Cefotaxime, Ceftriaxone
Chloramphenicol

Ciprofloxacin, Gatifloxacin, Moxifloxacin,
Norfloxacin

Doxycycline, Minocycline, Tetracycline

Azithromycin, Clarithromycin
Erythromycin, Roxithromycin

Metronidazole, Tinidazole
Imipenem, Meropenem
Nitrofurantoin

Piperacillin + Tazobactam,
Ticarcillin+ Clavulanate

Trimethoprim,

Trimethoprim + Sulfamethoxazole

Antibacterial class

Penicillin-narrow

Anti-Staphylococcal penicillin
Lincosamide

Other—Narrow
Aminoglycoside
Glycopeptide

Other—Narrow
Aminopenicillin

1st generation Cefalosporin

Aminopenicillin—extended
4th generation Cefalosporin
2nd generation Cefalosporin
3rd generation Cefalosporin
Other

Quinolone

Tetracycline

Macrolide

Nitroimidazole
Carbapenem
Nitrofuran

Ureidopenicillin

Other
Other+ Sulfonamide
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acid, and cefalexin, constituting 80% of top 10 use in both 2005 and
2016 (Figure 1).

The top six antibiotics accounted for 89% of top 10 use in 2016.
The use of the top four antibiotics increased substantially between
2005 and 2016 (Figure 2). Amoxicillin plus clavulanic acid increased
277% (to 5.636 DDD/1000/day) and cefalexin increased 186% (to
3.698 DDD/1000/day) in 2016 (Figure 1). These two antibiotics ac-
counted for 78% of top 10 use in 2016.

Non-medical prescribers preferentially prescribed amoxicillin,
amoxicillin plus clavulanic acid and metronidazole, constituting 84%
of top 10 use in 2005 and 87% in 2016 (Figure 2). The use of the top
three antibiotics increased by 207%, 561% and 371%, respectively,
between 2005 and 2016.

3.2 | Antibiotics by spectrum

The profile of antibiotic use by spectrum differed between medi-
cal and non-medical prescribers. For medical prescribers, broad-
spectrum antibiotics increased from 22% in 2005 to 63% in 2016.
Overall, broad- and moderate-spectrum agents accounted for

92% of all antibiotic use in 2016 (Figure 3). Use of broad-spectrum

2016

hexamine hippurate
roxithromycin
cefalexin

2005

amoxicillin + clavulanic acid
amoxicillin
doxycycline

antibiotics increased by 111% between the two time periods (with
157% for moderate spectrum).

For non-medical prescribers, moderate-spectrum antibiotics
were the most commonly prescribed (72% in 2005, 65% in 2016,
Figure 4). Together, broad- and moderate-spectrum antibiot-
ics constituted 94% in both years. The rate of non-medical pre-
scribing increased across all spectrum classes between 2005 and
2016: broad by 362%; moderate by 211%; and narrow by 300%
(Figure 4).

3.3 | Use by prescription type

During the study period, medical prescribers were permitted
to issue repeat prescriptions for antibiotics. Between 2005 and
2011, 24% of all dispensed prescriptions were repeats (Figure 5).
Although the absolute number of prescriptions rose markedly
after 2011 to a peak of 27.484 million prescriptions per year in
2015, the proportion of repeat prescriptions fell to 20% of the
total in 2016 (Figure 3). NP and midwives were permitted to write
repeat prescriptions, dependent on the antibiotic and dose.”

While dentists were not (routinely) approved to prescribe repeat

roxithromycin

hexamine hippurate
cefalexin

amoxicillin + clavulanic acid
amoxicillin

doxycycline

o
[any
N

3 4

Dispensed (DDD/1000 consession beneficiaries/day)

2016

cefalexin
phenoxymethylpenicillin
erythromycin

amoxicillin + clavulanic acid

2005

metronidazole
amoxicillin

clindamycin
phenoxymethylpenicillin
cefalexin

metronidazole

amoxicillin + clavulanic acid
amoxicillin

FIGURE 1 Top six antibiotics by
dispensed use (DDD/1000 concession

0 005 01 015 0.2 025 03 0.35 04 045 05
Dispensed (DDD/1000 consession beneficiaries/day)

beneficiaries/day) for medical prescribers
(upper panel) and non-medical prescribers
(lower panel) for 2005 and 2016.
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FIGURE 2 Top six antibiotics—
proportion of top 10 (as measured by
dispensed use DDD/1000 concession
beneficiaries/day) for medical prescribers
(upper panel) and non-medical prescribers
(lower panel) for 2005 and 2016.
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prescriptions during the study period, we identified 2700 repeat

prescriptions dispensed over this period.

4 | DISCUSSION

Antibiotic use increased markedly over time, with a large increase in
the use of broad-spectrum antibiotics over time by all prescribers.
Some 24% of medical prescriptions were repeats. For medical pre-
scribers, the most dispensed antibiotics were doxycycline, amoxi-
cillin, and amoxicillin plus clavulanic acid, while for non-medical
prescribers, amoxicillin and amoxicillin +clavulanic acid were most
common. In contrast to countries such as the United Kingdom??%®
and the USA,?* broad spectrum macrolide antibiotics such as rox-
ithromycin and azithromycin did not feature in the Australian list of
top ranked antibiotics dispensed.

Australian national guidelines for antibiotic prescribing in gen-
eral practice and hospitals'* consistently place macrolides as a lower
rank choice for many indications and there are national restrictions
placed on azithromycin prescribing through the PBS. These stew-
ardship strategies have contributed to reducing the use of this anti-
biotic class. As early as 2006, Jarvinen and colleagues commented in
a letter to the editor on the “PBS - limitations on macrolides” in the

o

10 20 30 40 50 60 70
Proportion (%)

Medical Journal of Australia.?> They stated that widespread use of
newer macrolides in the community is not advisable because of the
propensity of macrolides to induce antibiotic resistance, and their
greater cost. They also referred to the restrictions placed on spe-
cifically azithromycin prescribing through the PBS having important
implications for the effective and safe management of pertussis in
Australia.

While non-medical prescribers accounted for only 3.2% of total
antibiotic prescriptions, this group showed the greatest proportional
increase over time. Medical prescribers preferentially prescribed
broad-spectrum antibiotics, whereas non-medical prescribers pre-
ferred moderate-spectrum antibiotics.

This is the first study to examine medical and non-medical pre-
scribing of antibiotics in Australia. We acknowledge some limita-
tions. We could only analyze use in concession beneficiaries prior to
July 2012, but this constitutes 92% of dispensed use (by volume)
on the PBS.% It is unlikely that patterns of prescribing would differ
markedly between general and concessional beneficiaries. We cate-
gorized antibiotics by spectrum using published sources and expert
opinion, but we acknowledge that using other sources may result in
slightly different classifications.

Our study reaffirms that general medical practitioners (GPs)
remain the dominant medical antibiotic prescribers in Australia.?”
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FIGURE 3 Antibiotic dispensed use
(DDD/1000 concession beneficiaries/
day) by spectrum (narrow, moderate and
broad) for medical prescribers (upper
panel) and non-medical prescribers (lower
panel) for 2005 and 2016.
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They were responsible for nine in 10 dispensed prescriptions
over the 12-year study period, which is well above the compa-
rable figure of 65% for GPs in Denmark in 2015 and 2016.2% Del
Mar and colleagues highlighted that the antibiotic crisis is not di-
rectly obvious to GPs working in the community. They advocated
for improved surveillance for monitoring community antibiotic
resistance rates by indication, together with regulatory inter-
ventions such as changing the default in electronic prescribing
to ‘no repeats’, changing packaging to facilitate tailored amounts
for the specified indications, and restricting access to particular
antibiotics.?’

Prescriptions from dentists constituted only 3.1% of all antibi-
otics dispensed; almost 7 million prescriptions over 12years. Based
on official data from the Australian Health Practitioner Regulation
Agency, there were 21 838 general dentists and 1804 dental special-
ists registered in Australia in September 2020. This gives an average
of 24 prescriptions per year per dental registrant. By comparison,
the medical workforce is five times larger (43710 general medical
practitioners and 71 167 medical specialists), and accounted for over
216 million prescriptions over 12years, at an average of 157 pre-
scriptions per year per registrant. Of concern, amoxicillin was the

20,30

most commonly prescribed antibiotic by dentists, which does

not align with the Therapeutic Guidelines for dental indications for

treating infections, or with best practice for antimicrobial steward-
ship (AMS).

Outside of dentists, other non-medical prescribing in Australia
(i.e., nurse practitioners and midwives) is in its infancy. A comparable
descriptive study of national data on antibiotic prescriptions from
Scottish nurse prescribers over 2007-2013 showed considerable
variability in prescribing patterns and the volume of antibiotics pre-
scribed. Non-medical prescribing could become an increasing con-
tributor to antibiotic prescribing in primary care settings.31

To reduce AMR, non-medical prescribing should be aligned to
the national AMR strategy, both for treatment of infections and for
antibiotic prophylaxis (including post-surgical prophylaxis).*3? The
present data show similar issues to those identified from the 2013
National Antimicrobial Prescribing Survey,® with unnecessary use
of broad spectrum antibiotics. The current regulations for permitted
repeat prescriptions focus more on the discipline than recognizing
chronicity or severity of infection. We need to better address the
issue of repeat prescriptions and requisite focus of future monitor-
ing of antibiotic use. This reinforces the need for further initiatives in
best practice prescribing principles to conserve antibiotics as a valu-
able resource, targeted to the rapidly expanding non-medical pre-
scriber cohort and in settings where that are identified challenges
to implement AMS.
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FIGURE 4 Antibiotic dispensed use
(proportion as measured by dispensed
use DDD/1000 concession beneficiaries/
day) by spectrum (narrow, moderate and
broad) for medical prescribers (upper
panel) and non-medical prescribers (lower
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Around 28% of the Australian population (7 million people) live
in rural and remote areas. This poses unique challenges due to their
geographic location, and they often have poorer health outcomes
than people living in metropolitan areas. People living in rural and
remote areas have higher rates of hospitalizations, deaths, and

injury, and also poorer access to, and use of, primary health care
services, than people living in major cities.>* The National Centre
for Antimicrobial Stewardship in Australia reported on regional and
rural hospitals in Australia having context-specific needs and chal-
lenges relating to antimicrobial stewardship (AMS). Moreover, there
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are disparities in AMS implementation, reflecting broader differ-
ences in healthcare delivery between metropolitan and regional and
rural settings.s’s'37 The Hospital National Antimicrobial Prescribing
Survey (NAPS) suggests that, compared with major-city hospitals,
regional and rural hospitals have higher levels of inappropriate anti-
microbial prescribing for particular antimicrobials (e.g., ceftriaxone)

and common infections (e.g., cellulitis and sepsis).35

Two qualitative
studies by Bishop et al.3®%7 found that barriers to the implementa-
tion of AMS programs in rural settings include competing demands
for resources; difficulty in recruiting staff; lack of training and educa-
tion; limited resources for information technology; limited pharmacy
resources; distance (resulting in isolation from the larger centres);
and lack of support from some medical professionals. These findings
build on other Australian work in rural settings.3640-42

Healthcare professionals in rural and regional areas would bene-
fit greatly from AMS training, resources, service support, and educa-
tion. Such areas often have limited resources, and less or no access
to expert AMS advice. It is easier to influence new behaviors in nov-
ice prescribers than change established prescribing practices.*>44

Education and lifelong learning in relation to antibiotic prescrib-
ing is a critical strategy in the global fight against AMR.*® There
is a need to improve prescribers' awareness of AMS principles, to
address gaps in education, including inconsistent teaching on the
management of infectious diseases in clinical curricula, and im-
prove skills in prescribing antibiotics.*® It is vital to have consistency
among health professions in applying AMS principles. What, how,
and where healthcare professionals are taught shapes the readiness
and resilience of a health system.*® We need to develop effective
interdisciplinary programs on best practice in prescribing.47 All
prescribers (medical and non-medical) need core competencies in
prescribing medicines.*® This is particularly so for some professions
(e.g., midwives and nurse practitioners) who can have quite wide
scopes of practice.49 Nurse practitioners have been able to pre-
scribe from the PBS since 2010; they are often asked to prescribe
antibiotics in primary care and hospital emergency departments.*°
Midwives were given prescribing rights in 2010; and two in five are
endorsed.*’ Midwives can prescribe antibiotics in the prenatal, in-
trapartum and post-natal stages of pregnancy.51

Our finding of a strong preference for broad spectrum antibiotics
by dental prescribers did not align with the guidelines for antibiotic
treatments.?>® Such issues could be addressed in three main ways:
(a) education within the curriculum for current students; (b) continu-
ing professional development (CPD) for current practitioners; and
(c) policy changes such as accreditation of dental practices placing
greater stress on medication safety and prescribing patterns.

Overall, non-medical prescribing of antibiotics is small com-
pared to medical prescribing, but nevertheless it is important
for AMS. Antibiotic choices should align with the most recent
Therapeutic Guidelines.** There is a growing group of prescribers,
including NPs and midwives, with expanding scope. AMS efforts
need to take into account the growing number of non-medical
prescribers, and work with the respective professions to promote
AMS and eliminate the excessive use of antibiotics.*> The impact

of changes to curricula and from CPD programs on AMS needs to
be assessed, so that preparedness for safe and optimal prescribing
practices is enhanced.*¢
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