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ABSTRACT

Introduction: Antimicrobial resistance (AMR)
is a global public health challenge requiring a
global response to which Australia has issued a
National Antimicrobial Resistance Strategy. The
necessity for continued-development of new
effective antimicrobials is required to tackle this

immediate health threat is clear, but current
market conditions may undervalue antimicro-
bials. We aimed to estimate the health-eco-
nomic benefits of reducing AMR levels for drug-
resistant gram-negative pathogens in Australia,
to inform health policy decision-making.
Methods: A published and validated-dynamic
health economic model was adapted to the
Australian setting. Over a 10-year time horizon,
the model estimates the clinical and economic
outcomes associated with reducing current
AMR levels, by up to 95%, of three gram-nega-
tive pathogens in three hospital-acquired
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infections, from the perspective of healthcare
payers. A willingness-to-pay threshold of
AUD$15,000—$45,000 per quality-adjusted life-
year (QALY) gained and a 5% discount rate (for
costs and benefits) were applied.
Results: Over ten years, reducing AMR for
gram-negative pathogens in Australia is associ-
ated with up to 10,251 life-years and 8924
QALYs gained, 9041 bed-days saved and 6644
defined-daily doses of antibiotics avoided. The
resulting savings are estimated to be $10.5 mil-
lion in hospitalisation costs, and the monetary
benefit at up to $412.1 million.
Discussion: Our results demonstrate the clini-
cal and economic value of reducing AMR
impact in Australia. Of note, since our analysis
only considered a limited number of pathogens
in the hospital setting only and for a limited
number of infection types, the benefits of
counteracting AMR are likely to extend well
beyond the ones demonstrated here.
Conclusion: These estimates demonstrate the
consequences of failure to combat AMR in the
Australian context. The benefits in mortality
and health system costs justify consideration of
innovative reimbursement schemes to encour-
age the development and commercialisation of
new effective antimicrobials.

Keywords: Antimicrobial resistance; Hospital-
acquired infections; Gram-negative; Economic
evaluation; Decision making

Key Summary Points

Why carry out this study:

Antimicrobial resistance (AMR) is a global
public health challenge requiring a global
response, to which Australia has issued a
National Antimicrobial Resistance
Strategy.

The necessity for continued development
of new effective antimicrobials is required
to tackle this immediate health threat is
clear, but current market conditions may
undervalue antimicrobials.

This study aimed to assess the current
burden of gram-negative hospital-
acquired infections (HAIs) in Australia and
to estimate the clinical and economic
value of reducing AMR.

What was learned from the study:

Over 10 years, a theoretical reduction in
resistance by 95%, in the three modelled
pathogens, is associated with a monetary
benefit of $412.1 million to healthcare
providers in Australia.

Significant economic savings associated
with reductions in AMR support spending
in policy, such as novel reimbursement
incentives, aiming to address the threat of
AMR.

INTRODUCTION

Antimicrobial resistance (AMR) represents a sig-
nificant global public health crisis. The increas-
ingprevalenceofAMRandsubsequent scarcityof
treatments for bacterial infections means that
more than 700,000 people per year die from
antimicrobial-resistant bacterial infections
globally [1]. If current trends arenot slowed, 2016
estimates suggest that this figure could rise to 10
million lives per year by 2050 [1], with an asso-
ciated cumulative cost of 100 trillion US dollars
(USD). Data from model predictions estimate
that, in Australia, resistant bacterial infections
kill 290 people annually. This number is pre-
dicted to increase to 10,430 people by 2050, with
health care costs predicted to reach $521million
Australian dollars (AUD) (* $370millionUSD at
the time of submission) [2]. Such modelled pre-
dictions of the burden of AMR are important for
comparing countries, allocating resources and
developing interventions; however, they are
limited by uncertainty in the best approach to
measure burden, and the availability of appro-
priate national or local data [3]. Nevertheless,
these estimates are supported by a global study of
systematic literature reviews and hospital and
surveillance systems which highlighted that, in
2019, 1.27 million deaths were due to AMR [4].
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In 2015, the World Health Organisation
(WHO) published the Global Action Plan on
Antimicrobial Resistance, calling for a ‘‘one
health’’ response [5]. The Australian govern-
ment responded by publishing Australia’s First
National Antimicrobial Resistance Strategy
2015–2019 [6]. This was then reviewed and
replaced by Australia’s First National Antimicro-
bial Resistance Strategy 2020 and beyond [7]. The
2020 strategy approach broadly aligns with
those recommended by the WHO, including
the pivot to one health, focussing on education,
antimicrobial stewardship (AMS), AMR surveil-
lance, infection control, and governance [6, 7].

While AMR arises whenever and wherever
antimicrobials are used, overuse of antimicro-
bials exerts additional selection pressure on
organisms to amplify AMR [8]. The use of
heterogeneous antimicrobial agents has been
widely documented to lower selection pressure,
thus reducing the rate of AMR [9, 10]. Therefore,
to tackle the AMR health crisis, there is a
requirement for the continued-development of
new antimicrobials to provide effective treat-
ment against resistant infections. However,
current market conditions have slowed. Despite
increasing global use of antibiotics, global rev-
enues have fallen by $13 billion (USD) since
2001, due to a shift towards the increased use of
generic antibiotics over branded antibiotics in
combination with lower costs for branded
antibiotics [11]. The loss of branded antibiotic
sales has reduced the spending power for phar-
maceutical companies to finance research and
development (R&D) of new antimicrobials,
resulting in a clinical pipeline that is inadequate
to address the increasing emergence and spread
of AMR, with multiple reports calculating fewer
than 50 antibiotics in all stages of clinical
development [12, 13]. Furthermore, as AMS
promotes the reduction of unnecessary antimi-
crobial use, effective treatments are often
reserved as a last resort for multi-resistant
organisms. This, combined with low prices,
high development costs and the short product
life of antimicrobials, results in limited eco-
nomic returns for manufacturers [12, 14]. Con-
sequently, pharmaceutical companies have
been abandoning the market or, in some cases,
forced into bankruptcy [15, 16]. Even when new

antimicrobial agents are introduced to the
market, low commercial viability has led to
delayed or withdrawn commercialisation, even
in high income countries [17].

It is important for policy and decision-mak-
ers to recognise the value of reducing AMR,
when allocating resources to address these
issues. The objective of this study was to quan-
tify the clinical and economic value of reducing
projected AMR levels for healthcare payers in
Australia, in the management of serious gram-
negative hospital-acquired infections (HAI).

METHODS

Overview

In this study, we have adapted the deterministic
treatment pathway component of a previously
published and validated dynamic model of
AMR [18] to an Australian setting. Health eco-
nomic outcomes were assessed as a function of
varying AMR projections of three gram-negative
pathogens (Escherichia coli, Klebsiella pneumo-
niae, and Pseudomonas aeruginosa) in treating
three of the most common HAIs: complicated
urinary tract infections (cUTIs), complicated
intra-abdominal infections (cIAIs), and hospi-
tal-acquired pneumonia including ventilator-
associated pneumonia (HAP/VAP). The patho-
gens and HAIs were selected as they account for
a significant proportion of deaths associated
with AMR globally [4]. Analyses were conducted
over a 10-year time horizon, from a healthcare
payer’s perspective. A time horizon of 10 years
was considered to appropriately demonstrate
the benefits of reduced AMR that continually
accrue over time, when balanced with the
uncertainty associated with estimating out-
comes over the long-term.
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Model Structure

The model utilised the deterministic treatment
pathway component of a previously developed
AMR cost-effectiveness model to evaluate
input–output relationships [18]. The determin-
istic treatment pathway (Fig. 1) evaluates the
clinical and economic impact of a specified
treatment strategy, whereby all infected
patients are treated according to a pre-deter-
mined treatment sequence. Patients are either
cured (successfully treated or the infection nat-
urally resolves), die from infection or remain
infected. Patients who are unsuccessfully trea-
ted remain infected and progress onto the sec-
ond-line antimicrobial in the treatment
pathway. Patients who remain infected and
have exhausted all available treatment options,
and fail to clear the infection naturally, are
assumed to die 3 days after their last treatment
as a result of their infection. The probability of
successful treatment is determined by the effi-
cacy of the antimicrobial treatment received
and the susceptibility of the pathogen. The
duration of unsuccessful treatment is assumed
to be 2 days for all pathogens and indications.
After this time, it is likely that the efficacy of a
treatment in an individual patient will be
known, and patients not responding to treat-
ment would discontinue to a subsequent treat-
ment line if available. The model considered a
simplified treatment strategy with
piperacillin/tazobactam used as the first-line
treatment and meropenem as the second-line

treatment; this was considered to most closely
represent the current treatment approach for
the modelled HAIs and pathogens in Australia
[19]. All treatments were considered to have
equivalent efficacy against susceptible patho-
gens, and resistant infections may only resolve
naturally or result in unsuccessful treatment.

Australian-specific inputs were applied to
estimate the clinical and economic value [hos-
pital length of stay (LOS), defined-daily dose
(DDD) of antibiotics, quality-adjusted life-years
(QALYs)], life-years (LY), hospitalisation costs
and monetary benefit] associated with reducing
AMR levels, from the perspective of healthcare
payers in Australia. LYs and QALYs were asses-
sed over the lifetime of the infected patient
population, based on the infections gained-
during the 10-year model time horizon. The life
expectancy of the modelled population after
successful treatment is based on an average age
of 67 years among those with HAIs, estimated
using life tables for general population in Aus-
tralia [20, 21]. Monetary benefit was estimated
according to the following equation:

Monetary benefit

¼ QALY gain X willingness� to� pay thresholdð Þ
þ hospitalisation costs saved

Model Settings

Pathogen-specific resistance levels for each
treatment in Australia, presented in Table 1,
were estimated using the data from the 2021

Fig. 1 Model deterministic treatment pathway. Source: Gordon et al. [18]
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Antimicrobial Use and Resistance in Australia
(AURA) Surveillance System report of antimi-
crobial use and resistance [22].

The total annual number of hospital-ac-
quired cUTI, cIAI and HAP/VAP infections and
the distribution of E. coli, K. pneumoniae and P.
aeruginosa HAIs are presented in Table 1. As no
national surveillance of HAIs has been con-
ducted in Australia [23], the annual number of
infections was estimated through published
literature. A systematic literature review in 2017
suggested that the overall incidence of HAIs
may be close to 165,000 per year [23]. The dis-
tribution of cUTI, cIAI and HAP/VAP infections
and the frequency of pathogens (E. coli, Kleb-
siella spp. and P. aeruginosa) responsible for each
indication were estimated from a point preva-
lence investigation of the prevalence of HAIs in
Australia [20] and a study of microorganisms
found in cIAIs in Australia [24]. These estimates
were applied to the annual number of HAIs in
Australia to estimate the annual infection inci-
dence of hospital-acquired cUTI, cIAIs and HAP/
VAP. Further details on the calculations of the
annual number of infections can be found in
Supplementary Table 1.

Where possible, Australian-specific sources
were used for key model inputs; inputs and
sources are presented in Table 2. Indication-
specific model inputs for on-treatment utility,
mortality and hospitalisation costs are pre-
sented in Supplementary Table 2. Local clinical
experts provided assumptions based on their
clinical experience in Australia for inputs relat-
ing to clinical practice and where no appropri-
ate published-data could be sourced.

Analysis

Clinical and economic outcomes were evalu-
ated over a 10-year time horizon based on cur-
rent antimicrobial resistance levels in Australia
as well as under four alternative scenarios where
resistance levels were reduced by 10%, 20%,
50% and 95%. These scenarios were selected to
reflect achievable reductions in AMR (10–50%)
and a perfect-world scenario where all resistance
is removed; clinical experts suggested 95%
rather than 100% as resistance is inherent and
cannot be completely eradicated. The pooled
resistance of modelled treatments to organisms
of interest under the alternative AMR scenarios

Table 1 Annual infection incidence and pathogen distribution of modelled population

Model input Value Source

Average annual infection incidence 9653 Russo et al. [20], Mitchell et al. [23], Tan et al. [24]

Resistance levels (%)

Piperacillin/tazobactam 5.98%a AURA [22]

Meropenem 1.16%a AURA [22]

Indication breakdown (%)b

cUTI 11.98% Russo et al. [20]

cIAI 27.13%

HAP/VAP 60.89%

cIAI complicated intra-abdominal infection; cUTI complicated urinary tract infection; HAP hospital-acquired pneumonia;
Pip/Taz piperacillin/tazobactam; VAP ventilator-associated pneumonia
aWeighted across pathogen-specific resistance levels and number of specimens reported in AURA for 2019
bIndication breakdown (proportion of overall infection incidence caused by each modelled indication) derived by digiti-
sation of the distribution of healthcare-associated infection type from Russo et al.[20], where it is assumed that cUTIs
account for 20% of UTIs, gastrointestinal system infections are assumed to correspond to cIAI and pneumonia is assumed
to correspond to HAP/VAP

Infect Dis Ther (2023) 12:1875–1889 1879



is presented in Supplementary Table 3. Analyses
were evaluated with a willingness-to-pay (WTP)
threshold of $15,000—$45,000 per QALY
gained and a 5% discount rate, in line with
thresholds and discounting used in Australia
[25, 26]. Absolute outcomes were assessed for
each resistance level scenario, and incremental
costs are presented for the alternative scenarios
versus current AMR levels. Costs are expressed
as AUD (2021).

Sensitivity Analysis

One-way sensitivity analyses (OWSA) were
conducted on key model input parameters, lis-
ted in Table 2. Each input was adjusted
by ± 20% to assess the impact on monetary

benefit (according to a WTP threshold of
$45,000), in the scenario where current AMR
levels were reduced by 50%. Two further sce-
narios were explored. One applied a 1.5% dis-
count rate, anticipating potential changes to
the HTA guidance in Australia. The second
adjusted the probability of infections naturally
resolving (up to 30%), to assess the uncertainty
of this assumption informed by clinical experts.
A range up to 30% was selected based on pub-
lished literature [27, 28].

Ethics Approval

The analysis in this article is based on publicly
available data and does not involve any new

Table 2 Key model inputs

Model input Description Value Source

Life expectancy post

treatment success

The life expectancy of a successfully treated

patient

19.73 yearsa Australian Bureau of

Statistics—Life Tables,

2017–2019 [21]

Mortality rate (given

successful treatment)

The daily rate of mortality associated with

successful treatment

0.0000257a Australian Bureau of

Statistics—Life Tables,

2017–2019 [21]

Treatment duration given

a successful treatment

The length of stay (per therapy line) of a patient

when a line of treatment is successful (days)

5 daysb Piperacillin/Tazobactam

product information [46]

Treatment duration given

an unsuccessful

treatment

The length of stay (per therapy line) of a patient

when a line of treatment is unsuccessful (days)

2 days Assumptionc

Additional length of stay

for mortality

An additional length of stay associated with

patients who die in hospital (days)

3 days Assumptionc

Utility (not infected) Health state utility for patients whose infection

has been resolved

0.87a McCaffrey et al. [47]

Treatment efficacy (given

no resistance)

The probability of treatment success in patients

with no resistance to treatment

90% Assumptionc

Probability of naturally

resolving infection

The probability of treatment success in patients

with resistance to treatment

3.0% Assumptionc

aBased on an average 67-year-old in Australia; Russo et al. [20] reports an average age of 67 years among those with HAIs
bBased on the minimum treatment duration from Australian product information for piperacillin/tazobactam
cAssumptions were made with input from clinical experts
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studies of human or animal subjects performed
by any of the authors.

RESULTS

Absolute outcomes based on the current AMR
levels in Australia are presented in Table 3. It is
estimated that, under current AMR conditions,
the burden of the infected patient population is
associated with the utilisation of 510,520 hos-
pital bed-days, equating to $594.4 million in
hospitalisation costs, and 28,223 LYs lost due to
infection, corresponding to 24,860 QALYs lost,
over 10 years.

Clinical and economic outcomes in scenar-
ios where current resistance levels are reduced
by 10%, 20%, 50% and 95% are presented in
Table 3. Over a 10-year period, reducing AMR
levels by 95% is estimated to save up to 9041
hospital bed-days, corresponding to $10.5 mil-
lion in hospitalisation costs (Fig. 2). This is
associated with up to 10,251 LYs and 8924
QALYs gained over a lifetime (based on the
number of infections per year over a 10-year
period) (Fig. 3). The associated monetary benefit
achieved over a lifetime (by reducing current
AMR levels by 10–95%) ranged from $15.9
million to $412.1 million based on a WTP

threshold ranging from $15,000 to $45,000 per
QALY gained (Fig. 4).

Sensitivity Analysis

In the OWSA, variation in estimates for treat-
ment efficacy (i.e. the probability of successful
treatment to non-antimicrobial resistant infec-
tions) had the greatest impact on health eco-
nomic outcomes, with the monetary benefit
varying from $94.7 million to $372.2 million, in
response to a ± 20% change in efficacy. Other
key drivers include the probability of naturally
resolving infection, annual infected population
size and utility (not infected); results of the
OWSA are presented in Fig. 5.

DISCUSSION

To the authors’ knowledge, this is the first study
of its kind to assess the economic and clinical
value of reducing the impact of AMR in Aus-
tralia. Our results indicate that reducing AMR in
Australia can provide considerable clinical and
economic benefits from a healthcare system
perspective. A theoretical reduction in AMR of
95% would translate into monetary benefits of
$412.1 million over a 10-year period; a poten-
tially achievable reduction of 10–50% would

Fig. 2 Bed-days and hospitalisation costs saved based on alternative antimicrobial resistance levels; 10–95% reductions
compared with current resistance levels. AMR antimicrobial resistance

1882 Infect Dis Ther (2023) 12:1875–1889



still lead to a monetary benefit between $15.9
million and $222.2 million. This estimation was
based on a WTP threshold of $45,000 and rep-
resents the maximum investment it is worth the
health system making to support decision-
making on AMR strategies. Our results are con-
servative when compared to a 2022 analysis of
the health economic burden of AMR in Aus-
tralian hospitals, which estimated that AMR
infections result in 27,705 QALYs being lost and
in $72 million in hospitalisation costs, over a
1-year period [29]. Our conservative estimate

can be explained by two key differences in
approach. Firstly, our model only considers an
annual incidence of 9653 compared to 21,663,
due to the 2022 analysis including a broader
range of infections, and alternative approaches
in estimating national level incidence. Sec-
ondly, and more importantly, the 2022 analysis
assumed an alternative scenario in which all
AMR infections were replaced by no infection,
whereas we assumed that infections would still
occur but only the infection resistance status
changed [29]. Based on the results presented

Fig. 3 Life-years and QALYs gained based on alternative antimicrobial resistance levels; 10–95% reductions compared with
current resistance levels.AMR antimicrobial resistance; QALYs quality-adjusted life-years

Fig. 4 Monetary benefit based on alternative antimicrobial resistance levels; 10–95% reductions compared with current
resistance levels.AMR antimicrobial resistance; WTP willingness-to-pay

Infect Dis Ther (2023) 12:1875–1889 1883



here, Australia could gain substantially from
contributing to the global efforts against AMR;
in addition, the COVID-19 pandemic has
highlighted the broader economic impact of
infectious diseases beyond healthcare systems,
including considerable societal costs. This
analysis can be used to support decision-makers
in Australia investigating alternative approa-
ches to encourage the commercialisation of new
antibiotics, such as novel reimbursement
schemes that aim to capture the full value of
antimicrobials in the Australian market.

It is worth highlighting that, if reducing
AMR levels is linked to substantial benefit, AMR
increase according to current trends would
translate into substantial economic cost. In an
exploratory scenario where AMR rates of
Indonesia (39.5% in 2015) [2] were used in the
Australian setting, an additional monetary bur-
den of $8.8 billion (at a WTP threshold of
$45,000/QALY) over 10 years, was estimated,
compared to the current burden.

Our conclusions must be interpreted in the
context of the study limitations. Recent surveys
show that, in Australia, appropriateness of

prescribing in hospitals is approximately 70%,
indicating that there is still room for improve-
ment [22]. However, the dire consequences of
antimicrobial failure means that situations such
as sepsis require initial and immediate use of
broad spectrum antibiotics [30]. Due to this
complexity, it is not possible to estimate the
exact contribution of AMS strategies. In addi-
tion, while this analysis is intended to demon-
strate the value in reducing the risk of antibiotic
failure due to AMR, it does not consider the
additional costs, associated with both human
and health resources, of implementing approa-
ches such as AMS to achieve this. Furthermore,
future health costs associated with improved
survival are not included, and the feasibility of
achieving the reductions in AMR analysed have
not been validated. Additional caveats to the
study include that inputs for the number of
annual infections had to be calculated using
data from the literature and expert opinion, due
to the limited available data on the indications
and organisms of interest in Australia (Supple-
mentary Table 1). Two other model assump-
tions, both informed by expert clinical opinion,

Fig. 5 One-way sensitivity analysis assessing the impact of adjusting key model inputs ± 20% on monetary benefit in the
alternative scenario presenting a 50% reduction in antimicrobial resistance. LOS length of stay
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include the use of an average treatment efficacy
for all treatments and indications, and an
assumption that patients who are unsuccess-
fully treated and have exhausted all available
treatments die after 3 days. Resistance does not
confer increased mortality, although it may be a
mechanism for increased virulence and there-
fore mortality, but some case–control trials have
shown no direct impact from antimicrobial
susceptibility [31, 32]. As with all modelling
studies, such assumptions should be taken into
consideration when interpreting model esti-
mates. In the current model, such assumptions
may introduce uncertainty in the absolute out-
comes; however, incremental outcomes com-
paring scenarios of alternative AMR will remain
broadly consistent. The sensitivity of the model
to key inputs was tested in sensitivity analyses.
The model only considered a limited number of
HAIs and pathogens; thus, it is likely that the
analysis underestimates the true benefit of
reducing AMR in the Australian system. How-
ever, due to limited availability of data, esti-
mating the broader impact of AMR reduction
would have required substantial assumptions
and increased model complexity, that could
hinder the robustness of our estimation. Mod-
elling AMR is complex, this analysis takes a
deterministic approach and does not capture
the transmission dynamics of infectious dis-
eases; changes to resistance and incidence of
infection rates are likely to change throughout
the modelled time horizon. For this reason, the
time horizon was not extended beyond 10 years
as the uncertainty associated with these
assumptions may impact the suitability of the
analysis to support decision-making; however,
analysis over 10 years is appropriate to inform
medium- to long-term policy decisions. A two-
line treatment strategy was used as a simplifying
assumption, although in practice there may be
additional treatment options available, such as
cephalosporins. Including a third-line treat-
ment with similar resistance levels to current
options to the model would alter the absolute
outcomes, causing an increase in hospital
resource use and costs, but reducing deaths;
however, the incremental outcomes comparing
alternative AMR scenarios are more robust to
this change. Average daily hospitalisation costs

specific to each indication were applied to
patient LOS; however, patients experience one-
off costs at the start of their treatment, includ-
ing diagnostic tests. Therefore, hospitalisation
costs for patients in the model with shorter LOS
may be conservative, as these up-front costs are
spread over the average LOS and not fully
accounted for. Finally, assumptions around
benefits of treatment are difficult, as they are
heavily influenced by both host and pathogen
factors [33]; due to data constraints, the model
could not account for variations in treatment
efficacy in different treatment lines.

Successful initial antibiotic treatment, as
opposed to no effective treatment in the first
36 h, yielded a 16% survival benefit in compa-
rable real-world studies of British hospitalised
pneumonia [34], and antimicrobial resistance is
thought to approximately double infection
mortality overall [1]. Complete antibiotic fail-
ure in severe sepsis has long been recognised as
resulting in very high mortality in controlled
models [35], as well as in human look-back
studies of patients presenting to US and Cana-
dian hospitals [36]. Sepsis causes up to half of all
in-hospital deaths, and the three pathogens are
the agent of sepsis in 58.8% of Australian bac-
teraemias [37]. The value of antibiotics is
equally hard to define, and antimicrobials are
still being considered based on traditional cri-
teria which may not capture their full value to
healthcare payers. A framework has been pro-
posed to capture the unique value elements
associated with antimicrobials, described with
the acronym STEDI (spectrum, transmission,
enablement, diversity, and insurance). How-
ever, the attributes of new and narrow spectrum
antibiotics and how these impact on future
transmission, resistance development (diver-
sity) and outbreak readiness (insurance), and
how these impact the enablement of other
medical procedures, such as chemotherapy and
surgery, are not considered in the current HTA
process in Australia. Therefore value beyond
QALYs are not captured and does not ade-
quately inform funding decisions [38]. Further-
more, current reimbursement schemes fail to
consider that the use of antimicrobials needs to
be restricted through stewardship strategies to
preserve their effectiveness, thus leading to
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inadequate return on investment for most
pharmaceutical companies. It is important to
note that the research presented here does not
attempt to estimate the value of a new antimi-
crobial, so the STEDI framework is not fully
applicable; however, we could have considered
the impact of reducing AMR on enablement
value. There have been previous efforts to esti-
mate the value of antimicrobials taking into
consideration transmission and diversity value,
and future research efforts are required to esti-
mate the enablement, spectrum and insurance
value [18, 39, 40]. This highlights the need to
explore alternative reimbursement frameworks
that could encourage their commercialisation,
once approved within Australia. ‘‘Push’’ and
‘‘pull’’ incentives are being considered to
encourage R&D efforts from the pharmaceutical
industry. ‘‘Push’’ incentives directly fund
research into the development of new antibi-
otics, whilst reward-based ‘‘pull’’ incentives are
associated with providing revenue-generating
benefits to companies for successfully intro-
ducing a new drug to the market.

Novel reimbursement mechanisms aim to
act as ‘‘pull’’ incentives by ensuring revenue for
the new treatment by de-linking revenue from
the volume of sales, thus reducing the risk to
returns from AMS that protects a valuable new
antimicrobial. Subscription-based reimburse-
ment mechanisms have been explored in the
NICE and NHS England in the UK [16, 41, 42],
and in the PASTEUR act introduced to Congress
in the USA [43]. It is estimated globally that
subscription-based-de-linked ‘‘pull’’ incentives
should be valued between $2.2 and $4.8 billion
(USD) over 10 years to sufficiently incentivise
R&D [44, 45]. The development of a ‘‘pull’’
incentive, similar to that trialled in the UK and
the PASTEUR act in the US, would help to re-
incentivise R&D of novel antimicrobials, while
promoting the appropriate use of new antimi-
crobials, giving clinicians the ability to prescribe
the most appropriate treatment. Such a reim-
bursement scheme would require a collabora-
tive approach between both Federal and State
health systems to address current barriers.
Action would position Australia as one of the
leading nations in addressing the burgeoning

AMR crisis, just as coordinated global efforts are
required to limit carbon dioxide emissions.

CONCLUSION

This analysis demonstrates the substantial clin-
ical and economic benefits of reducing AMR in
Australia, as well as the dangers of not address-
ing the issue, which can be used by policy and
decision-makers to develop novel methods to
incentivise R&D efforts and commercialisation,
alongside the Australian National AMR strategy,
in Australia.
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