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ABSTRACT

Antimicrobial resistance (AMR) is a complex challenge that poses a critical threat to food and
water safety and security as well as to human, animal and environmental health. It is projected to
cost the global economy USSI00 trillion by 2050. Australia’s new Cooperative Research Centre
(CRC) for Solving Antimicrobial Resistance in Agribusiness, Food and Environments (SAAFE) is part
of Australia’s One Health approach to mitigating AMR. SAAFE’s 10-year, AS150-million industry-led
program will help protect Australia’s food and agribusiness industries, and the environments in
which they operate, from the growing threat of AMR. Through its research programs, CRC SAAFE
uses a partner-based approach to assist industries to monitor, analyse and mitigate AMR, with
projects spanning horticulture, viticulture, aquaculture, animal industries, water and waste.

Keywords: agriculture, antimicrobial resistance, environment, food, One Health, risk assessment,

solutions, stewardship.

Introduction

Australia’s Cooperative Research Centres (CRCs) program is an important part of the
national innovation and research agenda, helping to put science at the centre of industry
policy and strategy. The Program has been supported by successive Australian
Governments for over 30 years, funding medium to long-term industry-led collaborative
research initiatives to improve the competitiveness, productivity and sustainability of
Australian industries.

The CRC for Solving Antimicrobial Resistance in Agribusiness, Food and Environments
(SAAFE), funded under round 23 of the CRC program, is one of Australia’s newest CRCs.
Established in 2023, SAAFE is a not-for-profit, partner-based organisation, governed by
an independent board and is a key part of Australia’s effort to mitigate antimicrobial
resistance (AMR). SAAFE has been granted A$34.5 million from the CRC program to help
protect Australia’s food and agribusiness industries, and the environments in which they
operate, from the growing threat of AMR. This Commonwealth investment is in line with
Australia’s commitment to mitigate AMR, as documented in the National Antimicrobial
Resistance Strategy — 2020 and Beyond' and the One Health Master Action Plan for
Australia’s National Antimicrobial Resistance Strategy — 2020 and beyond.”> SAAFE will
help implement these policies by bringing together industry, research and government
agencies to tackle AMR using a coordinated and cross-sectoral approach. Working with
partner organisations from industries such as viticulture, aquaculture, horticulture,
water, organic waste, stockfeed and animal industries, SAAFE aims to tackle AMR across
a diverse and complex range of systems and environments. Over the next decade, SAAFE
will invest in end-user supported (co-funded) collaborative research to understand and
mitigate AMR, helping partners to develop, share and implement solutions, and adopt
best practice AMR stewardship.

Managing AMR as a multi-sectoral One Health issue

Antimicrobials are essential assets for a wide range of primary industries (Fig. 1), hence
the impacts of AMR are far-reaching. They range from treatment failure, morbidity,
mortality and production losses to regulatory pressure and trade impacts. Effective
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Antimicrobials are used in many different contexts, but the more we use them, the more we encourage the development

and spread of AMR. A ‘One Health’ approach to managing AMR recognises that populations, species, facilities, and industries co-exist
within environments, and are connected by the movement of people, animals, goods and materials. The drivers of AMR, as well as
the resistant organisms and their genes (all represented here by white dots), may likewise be connected across populations, species
and environments. CRC SAAFE is using systems-based approaches to identify AMR interconnections and dependencies, while
supporting partners with AMR risk assessment and management controls. Image ® SAAFE.

engagement and support across a multitude of different
industries and regulators is imperative to generate and
prioritise action, because AMR management is complicated
by pervasive uncertainties, the multi-sectoral nature of the
problem, and the complex interrelatedness of AMR risks and
drivers. Clear communication is needed to counter the pro-
pensity for AMR and its mitigation to be perceived as
abstruse, too costly or even just somebody else’s problem.
Collaboration is critical as we seek to support industries,
communities and government partners to tackle AMR,
because, just as no single industry is solely responsible for
AMR, no single industry can solve it alone. This is why
SAAFE is uniquely cross-sectoral in its partnerships, bring-
ing together stakeholders from broad range of industries
(Fig. 2). This networked approach to research and innova-
tion is key to addressing AMR because food and agribusiness
industries are linked by environmental systems and supply
chains, and interactions and interdependencies are thus
central to understanding the drivers and impacts of AMR.
SAAFE’s work is underpinned by a One Health approach,
which recognises the complex interconnections between
people, animals, plants and their shared environments.>
A One Health approach to managing AMR requires both
sector-specific and coordinated action across all sectors
where antimicrobials are used or are present. SAAFE places
the environmental dimensions of AMR at the heart of the
solution, in recognition of the key connecting role played by
environmental systems and matrices (i.e. water, wastewater,
organic waste, air, soil), and the vast richness and diversity

B

of environmental microbiomes, which are the original
source of many antimicrobials and part of the next genera-
tion of solutions.

From presence to risk attribution to management

A burgeoning literature provides evidence of the presence of
antimicrobial resistant organisms and genes in various
environments and products, but it is important to recognise
that not all resistance is of equal concern, and that AMR
presence is not synonymous with risk.* AMR is a wicked
problem that challenges current risk assessment approaches,
so this is an area where SAAFE’s foundational projects are
heavily focused. When considering reports about the detec-
tion of antimicrobial residues and AMR-containing micro-
organisms and genes, industry and regulators need to be
able to answer the questions, ‘so what does it mean’ and
‘what concentrations are important’. Currently, updates on
international antibiotic residue limits are occurring,”® but it
is still unclear how these limits may be used in food or feed
trade for Australia, let alone how to interpret pathogen
or antimicrobial resistance gene detections other than by
using some recent generic principles.’ The list of key AMR
pathogens is also expanding from largely a focus on bacte-
ria'® to recent inclusion of fungi.'®'" SAAFE’s Monitoring,
Analytics & Solutions Programs (Box 1) will develop
improved understanding of the interconnectivities across
the environment—food-health nexus and associated risks,
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CRC SAAFE brings together partners and stakeholders across a broad range of sectors, helping support One Health

understanding, while enabling them to share both the benefits and cost of AMR solutions. Image © SAAFE.

and provide information on the financial implications of
different management options and decisions. As a major
issue for plant industries, antifungal resistance research is
firmly in scope for SAAFE, with initial projects including
Wine Australia’s antifungal resistance program (with the
South Australian Research and Development Institute and
Curtin University) and the Western Australian Department
of Primary Industries and Regional Development’s fungicide
resistance in apple scab project.

Staying on top of emerging risks

To support proactive action on AMR, progress needs to be
made understanding and predicting emerging risks related to
pathogen evolution, propagation and cross-sectoral transmis-
sion. Attempts for cross-sectoral AMR surveillance have been
shrouded by uncertainties on indicator pathogens and orga-
nisms, surveillance design (e.g. sampling frames, sample
matrices and laboratory methods) and sustainability con-
cerns. One organism proposed for cross-sectoral AMR
surveillance is extended-spectrum beta-lactamase Escherichia
coli.'*'3 E. coli is posited as a useful model organism for One
Health surveillance as it demonstrates the complexity of One
Health AMR."? Displaying vast genetic versatility with more
than 9000 sequence types residing within eight major
phylogenetic groups, E. coli serovars are broadly classified
as commensals or pathogens. Pathogenic E. coli serovars are
implicated in a wide array of diseases, both intestinal and
extraintestinal, and are classified into 14 pathotypes.'*
Among these, extraintestinal pathogenic E. coli (EXPEC) is
a colonising opportunistic pathogen residing quietly in the
gut,’® until certain, often poorly understood, conditions

precipitate disease. E. coli transitions from different body
temperatures including humans and other warm-blooded ver-
tebrates (37°C), birds (42°C) and reptiles (variable) and
diverse host epithelial surfaces, into waste, wastewater,
aquatic and soil environments where it is exposed to complex
selection pressures including antimicrobial (antibiotics, bio-
cides, metals), chemical (chlorine, ozone) and mutational
(UV) stressors. E. coli is resident in the faecal microbiota of
mammals, birds, reptiles and insects; however, the description
of naturalised environmental strains of E. coli has challenged
the prevailing dogma that E. coli is strictly faecally derived.'®
In humans, E. coli is shed at 10’~10° colony forming units per
gram of faeces,'” and similar levels are found in the faeces of
pigs, poultry and wildlife. Global annual pig production is
estimated at ~1 billion pigs while at any one time there are an
estimated 26 billion poultry inhabiting the planet.'® As such,
vast numbers of E. coli are present in municipal sewage,
animal waste lagoons and other environments, including on
artificial surfaces such as roofs, roads, pavements and the
plastisphere. Air-borne carriage of E. coli occurs,'? and man-
uring practices and extreme weather events can redistribute
E. coli onto agricultural lands, and into waterways and
groundwater.”’ The complexity of E. coli ecology highlights
the importance of genomic surveillance to understand One
Health AMR connections and risks.'*

As we strive to understand the relevance of environmen-
tal AMR and its connections to human and animal disease
risks, we must also look further into microbial networks and
ecology. For example, drinking water generally has a disin-
fectant residual to minimise microbial growth and limit
infectious enteric pathogen concentrations in the water
distributed to customers. However, the interaction of disin-
fectant residuals with distribution pipe materials and pipe

C
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Box 1. CRC SAAFE’s collaborative research program is industry-led and solutions-driven. It comprises
three cross-cutting and integrated programs.

1. The monitoring program

Measuring AMR so it can be managed

SAAFE’s Monitoring Program, led by Assoc. Prof. Aaron Jex, is building the expertise, platforms and protocols needed to underpin research
and surveillance of AMR genes, drivers and organisms’ distribution, dynamics, and concentrations in Australia’s wastewater, organic wastes
and water supplies, and other relevant food and agri-industry matrices and products. This will support AMR risk assessment and risk
reduction strategies and interventions, and provide core resources, including new diagnostic tools, Standard Operating Procedures, method
decision matrices and other documentation, and expertise.

2. The analytics program

Integrating data to empower better decision making

AMR data-driven insights and reporting are needed to protect Australia’s reputation as a premium, safe food producer and to secure and
grow international market access. SAAFE's Analytics Program, led by Prof. Ricardo Soares Magalhaes, focuses on secure data integration
across agriculture, food and water value chains to mitigate AMR risks to businesses and consumers, and provide industry-specific AMR
intelligence allowing better decision-making in food production, processing and regulation. SAAFE is working with partners to develop
standards for data governance and management, and develop and test integrated IT systems allowing partners to track, manage and
mitigate AMR, while supporting interoperability with other national initiatives and systems. The IT systems developed will feed into modern
risk-assessment modelling pipelines to identify where management actions are best placed, and to understand the cost ramifications of
different management strategies. SAAFE will be using a ‘Living Labs’ approach led by Prof. Nicholas Ashbolt that supports coordinated risk
assessments and technology demonstrations and testing in the ‘real world".

3. The solutions program

Stopping the evolution and spread of AMR

The Solutions Program, led by Prof. Andrew Barnes, is focused on developing, testing and improving interventions that mitigate AMR in
agribusiness, food, water and waste systems. This includes developing new targeted AMR treatments and alternatives, ranging from
vaccines and optimised feeds, to engineering solutions to improve water quality and waste treatment, reduce infection and disease, and
decrease AMR loads to receiving environments and in value chains. Drawing from the outputs and innovations from the Monitoring and
Analytics program, SAAFE’s Solutions Program activities will also include best practice guideline development for industry self-regulation
and antimicrobial stewardship, and end-user front-end digital technology for improved management of AMR risks.

21-23

biofilms is complex, and premise plumbing gives rise to
the largest waterborne health burden in developed countries
today (principally in healthcare settings),**> due to the
growth of opportunistic pathogens, such as Legionella pneu-
mophila and Pseudomonas aeruginosa, in association with
pipe biofilms and free-living amoebae.?® With increasing
AMR in these environmentally sourced, opportunistic path-
ogens,?’ % the role of free-living amoebae in facilitating
horizontal gene transfer in biofilms is of growing inter-
est.>'-*> SAAFE research is exploring quantitative microbial
risk assessment approaches®® using novel AMR-pathogen
dose-response models,>* to better understand these kinds
of risks, which are also relevant across the broader One
Health AMR spectrum.

Education, training and extension

manage AMR. The SAAFE Foundation Postdoctoral Fellows
and the Scholars (Higher Degree by Research, HDR)
program, form an industry-focused education and training
program to build capability and capacity in AMR monitoring,
analytics and solutions. The Scholars program features
opportunities for individualised and cohort-based training
and development experiences to support timely completion,
develop One Health AMR literacy, and amplify industry
readiness. Project selection for the first PhD cohort is in
progress, with ~20 PhD candidates anticipated to com-
mence by mid-2025. A range of other HDR and academic
training opportunities will be offered including internships
and summer scholarships, as well as vocational training,
short courses and bespoke workshops.

Looking forward

Through an extensive program of training and education,
SAAFE will equip the next generation of practitioners and
professionals with the tools, technology and know-how to

D

Currently, Australian food and agriculture products have a
global reputation for premium quality, safety and sustain-
ability. Coordinated, evidence-based guidance facilitating
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best practice AMR stewardship in the agribusiness, food and
environmental sectors will help ensure this reputation into
the future. SAAFE is supporting partners to develop and
commercialise the tools needed to tackle AMR across value
chains, to de-risk circular economies, and increase produc-
tion and quality-based competitiveness. Action against AMR
will ensure that partners are better positioned to secure,
expand, and diversify export markets, strengthen biosecurity
and outbreak response, and reach productivity targets. It will
also protect human and environmental health.

After 1 year of establishment, recruitment and planning,
2024 sees SAAFE commencing its first tranche of foundation
projects, while fostering collaboration between projects,
sectors and other AMR initiatives. For more information,
follow SAAFE on LinkedIn, register for upcoming newslet-
ters, or, from June 2024, visit SAAFE’s new website or tune
in to the ‘AMR Conversations with SAAFE’ webinar series
and podcast. SAAFE’s second annual AMR Solutions Summit
will be held at the National Wine Centre in Adelaide over
17-18 September 2024.
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