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1. Background

Antimicrobial resistance (AMR) is an urgent and devastating threat to healthcare systems and
economies across the globe and is now a leading cause of death worldwide, killing more people than
HIV and malaria combined [1]. Solutions to the AMR crisis are desperately needed and
microbiologists are at the forefront of developing innovative approaches to minimising the
devastating effects of AMR.

In recognition of this, the Microbiology Society has launched the ‘Knocking Out AMR’ project, an
ambitious, bold and extensive scheme of work aiming to promote feasible and effective solutions to
AMR over the next five years. Through this project, the Society aims to act as a conduit for cross-
disciplinary and multi-sector collaboration against AMR and to support a mandate for urgent policy
action. Knocking Out AMR is focusing on three broad priority solution areas/themes: therapeutics
and vaccines, diagnostics and surveillance, and policy engagement.

To kickstart the project, the Society hosted a series of solution-oriented, invite-only workshops to
improve our understanding of how current systems prevent the development and implementation
of solutions to AMR, and how those systems interact are transdisciplinary, acting across research
fields, disciplines and sectors.

1.1 Knocking Out AMR Workshop Series

Experts in the field were invited to a series of eight workshops throughout January 2024, with two
workshops dedicated to each of the following priority solution areas: diagnostics, surveillance,
therapeutics and vaccines. The workshop series was chaired by Dr Tina Joshi, University of Plymouth
and Dr Catrin Moore, City St George’s, University of London.

The workshops were attended by 135 expert stakeholders (see Appendix 1) from a range of sectors
including academia, industry, clinical and veterinary settings, regulatory bodies, funding bodies,
national and international policy agencies, not-for-profit organisations and knowledge exchange
networks. The expertise of attendees also covered the three ‘One Health’ settings (humans, animals
and the environment) and a wide range of microorganisms (bacteria, fungi, viruses and parasites).

1.2 Workshop structure

Each half-day workshop involved two breakout sessions in smaller groups, followed by a third
session in which the groups reported back on their breakout session and the floor was opened up for
further discussion.

In the first breakout session, attendees were asked to explore their solution area using a 'complex
systems mapping' approach [2]. Participants were asked to discuss:

1. Their vision of a world in which diagnostics, surveillance, therapeutics or vaccines were
being used effectively to combat AMR.

2. Interventions that are necessary in order to make this vision a reality.

3. Barriers that prevent implementation of these interventions.
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4. Interactions between all of the visions, interventions and barriers that were discussed in the
session.

The second breakout session involved a deeper dive into the participants’ specific areas of expertise.
This session also included a discussion of the roles that learned societies and policymakers can play
in removing barriers faced by the AMR community and implement key interventions.

2. Workshop series overview

While the outcomes of the workshops were not exhaustive, they highlighted some of the key issues
the AMR community faces and identified critical interventions necessary to drive forward the
solutions to AMR. The systems mapping approach revealed the profound complexity involved in
addressing AMR and highlighted how interconnected and multifaceted the AMR landscape is,
involving multiple sectors and disciplines, each facing common barriers.

These barriers can be broadly categorised into three distinct challenges:

e A failure to grasp the urgency of the AMR crisis. Political leaders worldwide fail to grasp the
urgency and scale of the crisis. Despite strong evidence of their potential to reduce the
burden of AMR, innovative diagnostics tests and surveillance systems together with
preventative tools, including vaccines, fail to be embedded in our health systems [3].

e A broken innovation pipeline. The current innovation pipeline is hindered by high upfront
costs of research and clinical trials, and a lack of understanding of the potential value of
diagnostics tools [4]. Challenges are compounded by current regulatory frameworks, which
are not fit-for-purpose and impede innovation [5]. Consequently, this broken pipeline has
led to a shortage of AMR experts across sectors, as disillusioned researchers exit the field,
exacerbating the challenge of tackling AMR effectively [6].

o A fragmented AMR landscape. The complexity of the AMR challenge calls for a cohesive
strategy that supports strong coordinated action. However, the current landscape is
fragmented, with academics, industry, healthcare professionals, regulators and policymakers
operating in siloes. This disconnect is fuelled by a lack of enabling environments, including a
lack of responsibility and accountability at both national and international levels, inadequate
financing and insufficient cohesion of data collection, storage and sharing. Without clear
leadership, curbing this urgent and potentially catastrophic threat will prove impossible.

Emerging themes for opportunities across the workshops included: 1) enhancing outward-facing
communication to underscore the urgency of addressing AMR and 2) galvanising essential funding
and political support by making an economic case for AMR. Just as the 1.5°C climate threshold
provides a clear and compelling narrative for climate change; workshop participants highlighted the
need to develop a similarly simple and effective talking point to communicate the urgency of the
AMR crisis. Discussions also centred around refining economic models to expedite the development
of new diagnostics and therapeutics, and advocating for investment in healthcare infrastructure and
workforce capacity. Additionally, participants emphasised the importance of comprehensive data-
sharing strategies to bolster global AMR surveillance and research efforts.

The insights from the workshop series helped to inform the Microbiology Society’s programme of
work to deliver the Knocking Out AMR project. A key takeaway from the workshops is the need to
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break down the siloed working systems within AMR, enabling truly collaborative, multi-disciplinary
working and knowledge sharing. Through delivery of the Knocking Out AMR project, the Society will
support this cross-disciplinary working and promote policy discourse to address the challenges
facing the AMR community, who are working to drive forward solutions to AMR. You can find out
more about the project’s activities in the Knocking Out AMR vision statement here.

3. Workshop overviews by solution area

A report was written for each workshop by attending members of the Knocking Out AMR Oversight
Group and the Microbiology Society’s Impact and Influence Committee. These individual reports
have been combined here to give an overview for each of the four priority areas. A complex systems
map for each priority area is also provided (see Appendix 2). It should be noted that this summary
report is not exhaustive.

The Microbiology Society would like to thank Dr Catrin Moore and Dr Tina Joshi for chairing the
workshop series and to the early career co-hosts who helped to facilitate the workshops. We
sincerely appreciate the time and valuable expert insights provided by workshop attendees. We
would also like to thank the report writers who concisely captured workshop outputs, all of whom
are named below.
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4. Diagnostics workshops report

Workshop dates: 11 and 12 January 2024
Total number of attendees: 26
Report writer: Dr Jody Winter (Nottingham Trent University, UK)

4.1 Inan ‘ideal world,” what does it look like to use diagnostics effectively as a solution
to AMR?

As a starting point for the discussion, workshop participants were asked to envision a world where
diagnostics are used effectively as a solution to AMR. They identified the following intended
outcomes:

e Every antimicrobial prescription is specific to the microorganism causing infection which is
validated by an easy-to-interpret diagnostic test.

e Diagnostics improve patient outcomes and reduce the burden on healthcare systems by
guiding timely and accurate treatments, help prevent the spread of infections and reduce
unnecessary antimicrobial use.

e Universal access to cheap, fast and precise diagnostics driven by real-world need across One
Health settings to promptly deliver useful data and actionable information that will help
reduce the selection and spread of AMR.

e Well-designed diagnostics, taking into consideration the whole life cycle of the product-
including sustainability, waste disposal and laboratory capacity requirements.

4.2 Challenges and opportunities in using diagnostics effectively as a solution to AMR

Workshop participants explored the challenges and opportunities in using diagnostics effectively as a
solution to AMR. They identified the necessary interventions for achieving an 'ideal world' scenario
and the barriers to implementing these interventions. The discussion covered the following points:

4.2.1 Diagnostic test development

e Fungi are often neglected in diagnostics and the broader AMR landscape. Diagnostic tools
should encompass the full breadth of microorganisms, including fungi, parasites and viruses.

e Current widely used diagnostic microbiology methods are incredibly slow. There is a need for
the development of faster diagnostics and more choice in simple, rapid diagnostics.

e The current funding model for diagnostics favours new technologies, potentially neglecting
funding needs of existing diagnostic technologies.

e There is a lack of ‘pull’ mechanisms, incentives for use of current as well as new diagnostic
technologies.

e Feasibility must be considered at every stage, including patient-centred considerations (such
as the patient’s experience and acceptance), alongside laboratory, logistical and clinical
training requirements.

e |nnovative scientists should collaborate with end users, including those in low-resource
settings, to ensure that each new test will perform well in the real world.
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4.2.2

423

A comprehensive biobank would be an instrumental resource in supporting new diagnostic
test development and standardised evidence generation, but its establishment and
maintenance would require substantial, sustainable investment.

To bring new diagnostics through to clinical use, existing clinical research networks should be
built on (like those used in the RECOVERY trial for COVID-19 treatments) in order to pool
resources as well as work more efficiently and collaboratively on clinical trials focussing on
diagnostic tests.

To support clinical decision-making in the future, the use of machine learning and artificial
intelligence (Al) tools should be investigated.

Healthcare infrastructure

New diagnostic tests must integrate into the existing healthcare system and the community.
There is a need to facilitate a pipeline in which researchers and developers can fill gaps for
specific needs in patient pathways.

Companies developing diagnostic tests face challenges with budget and logistics when
conducting randomised controlled trials and the validation required for clinical use.

In the UK, even after licensing, there are barriers to introducing a new diagnostic test into
NHS procurement and gaining clinician adoption. For example, there is a requirement to
prove test efficacy each time the test is introduced, which leads to slow and fragmented
adoption. There is a need for national pathways, supported by sufficient funding, to enable
wider adoption.

NHS laboratories often lack funding, workforce capacity and time for innovation because the
focus is on service delivery. Additional funding for research and development teams within
NHS laboratories is needed to support forward-looking, transformational work.

Viewing diagnostics as a service rather than a product could help to ensure continuous
improvement, patient-centred care, integration with other healthcare services, adaptability,
operational efficiency, and a focus on outcomes and accountability.

Siloed working

Better collaboration and communication across and between academic researchers and
different sectors would lead to more useful biomarkers which could be incorporated into
marketable tests for clinical use. Further collaboration across One Health sectors is essential
to share insights, practices, and resources. Using diagnostics effectively as a solution to
minimise AMR requires trans disciplinarity and stakeholders must engage in outcome-driven
activities.

Academic researchers need to work closely with clinicians to ensure their perspectives on
what is needed from new diagnostic tools are considered, improving design and overcoming
barriers. Ideally, engaging in collaboration and communication across One Health sectors
would facilitate the development of national processes and pipelines for the efficient
development, testing and delivery of new diagnostic tests.
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4.2.4

4.2.5

4.2.6

42,7

Enhanced communication between the veterinary and human clinical sectors would be
beneficial: for example, there are potential learnings, direct translations of diagnostic use
from the veterinary sector to human clinical settings and vice versa.

Test developers need to work with governments and NGOs to ensure that the logistical
requirements (e.g. cold chain requirement, equipment, water, electricity, network and
consumables) necessary for new diagnostics do not prevent their implementation in low-
resource and field settings.

There is potential to create a virtual network across research organisations, diagnostic
developers, funders and policymakers to engage around the latest developments in
diagnostics.

A consortium could be created to combine resources for setting up clinical trials and clinical
studies for diagnostics designed with AMR outcomes. The Antibiotic Resistance Leadership
Group (ARLG), based in the US, was highlighted as a successful model of such a consortium.

Data

Identification of the pathogen and determination of its susceptibility to an antimicrobial is
crucial for antimicrobial stewardship, but not always possible. Where it is possible, it is not
always performed.

AMR is not currently reported as a cause of death in hospitals. Instead, AMR-related deaths
are recorded based on the type of infection the patient was described as having, resulting in
no specific record of AMR-related deaths.

Routine and timely updates, along with careful curation of AMR gene databases, are critical
to ensure that genotype-based predictions of AMR phenotypic resistance are as reliable as
possible.

Communication and education
Increased public awareness could improve diagnostic development by attracting funding and
generating political support.

The AMR community has not effectively communicated the importance and benefits of
diagnostics to policymakers. However, the recent emphasis on diagnostic testing in the
COVID-19 pandemic presents a unique opportunity to advocate for the health, economic and
societal value of diagnostics in the context of AMR, as the public have become familiar with
the use of rapid diagnostic tests.

Training

Behavioural change within the healthcare system is needed to introduce and then
implement widespread use of diagnostic tools. To achieve this, when approved tests with the
required sensitivity, specificity and speed become available, specific training should be
designed to give clinicians, including GPs and pharmacists, the confidence to test and treat
based on the results.

Economics

Cost is a barrier to reducing timescales for implementing diagnostics across many areas.
Antimicrobials alone are often cheaper than diagnostic testing together with antimicrobials,
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leading to a lack of impetus to develop and implement innovative technologies. Stronger
incentives are needed from governments and policymakers to use diagnostic tools. For
example, in the UK, the National Institute for Health and Care Excellence could evaluate the
diagnostic AMR pathways and integrate an ‘AMR value’, where test data means an antibiotic
is not incorrectly prescribed.

Cost-effectiveness should be one of the key performance criteria (along with other
parameters such as sensitivity, specificity and accuracy) to evaluate diagnostics.

To convince policymakers of the benefit of diagnostic tools, the AMR community must
emphasise the broader benefits of test results, such as correct treatment, reduced length of
hospital stay which reduces the possibility of succumbing to hospital acquired infections,
faster patient recovery and return to work, and the potential future costs of AMR due to
inappropriate treatments.

Some publicly traded diagnostic companies are financially unstable and are at risk of being
delisted due to high development costs, regulatory challenges and market competition.

Funding support for new businesses is often too low. Diagnostics test development through
the whole life cycle is expensive, which could be addressed through private and public
support.
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5. Surveillance workshops report

Workshop dates: 11 and 12 January 2024
Total number of attendees: 34

Report writer: Joseph Elikem Efui Acolatse (Cape Coast Teaching Hospital, Ghana)

5.1 Inan ‘ideal world,” what does it look like to use surveillance effectively as a solution
to AMR?

As a starting point for the discussion, workshop participants were asked to envision a world where
surveillance is used effectively as a solution to AMR. They identified the following intended
outcomes:

e Comparable datasets at local, national and international levels to produce accessible, live
surveillance data of antimicrobial sales, usage and resistance.

e Adaptable and high-capacity surveillance systems which allow for rapid identification of
emerging threats.

e Proactive surveillance across One Health settings to observe long-term trends and assess the
success of interventions aiming to minimise AMR.

e Surveillance data that generates an understanding of the key drivers of resistance emergence
and transmission.

5.2 Challenges and opportunities in using surveillance effectively as a solution to AMR

Workshop participants explored the challenges and opportunities in using surveillance effectively as
a solution to AMR. They identified the necessary interventions for achieving an 'ideal world' scenario
and the barriers to implementing these interventions. The discussion covered the following points:

5.2.1 Generating high-quality data for intervention

e Current challenges to generating high-quality data include the complexity of establishing
robust governance of data and finding and using data that has already been collected.

e Better sharing of information, especially linked surveillance data, will help to inform
prescribing decisions at the local level as well as support higher-level priority setting by
policymakers and funders.

e Translating surveillance data into actionable steps to address AMR will require generating
real-time, longitudinal data through both passive and active surveillance systems. In
addition, data must be interpretable, of sufficient quality, harmonised and applicable across
local, national and international levels. To achieve this, the data must have sufficient
granularity, which involves utilising high-resolution genomics, phenotypic resistance and the
understanding of resistomes. This detailed information is essential to accurately assess the
magnitude of the AMR problem and devise new interventions.

e A high number of surveillance samples are collected passively. They originate from clinical
settings and are used for diagnosing and treating patients. Robust data cleaning and
interpretation are needed to bridge the gap between the collected data and its end users.
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5.2.2

Without this translation, the data may not be translated into practical and effective
applications, which span across the One Health spectrum and therefore an array of end users
who may not be in clinical settings.

To develop clinical interventions in human health, surveillance should be patient-centric to
ensure proper care and treatment at local, national and international levels. Surveillance
methods should include appropriate sampling techniques, using robust epidemiological
methodology, and consider factors such as attitudes and interests that impact these
methods. Diagnostics (e.g., point-of-care testing) should be used to connect clinical testing
with surveillance systems.

Data that should be included in surveillance systems:
- Census and point prevalence data to understand how changes over time.

- Drivers and origins of resistance and the interactions across human, animal and health
sectors. These could help to build early warning system capacity and guide appropriate
interventions, while also serving as a mechanism for the evaluation of these
interventions.

- Linked antibiotic use data, especially in community settings and LMICs.

Modern tools, such as Al, should be incorporated into existing surveillance systems to
augment methods of data interpretation or analysis. This could help to establish a clearer
understanding of the influences of AMR residues in the environment and the transmission
dynamics amongst humans, animals and the environment.

Integrating surveillance systems

Developing a holistic, adaptable, harmonised and integrated surveillance system that links
data at local, national and international levels is a complex task. In the UK, for instance, AMR
data is collected from various sources, including hospitals, local health authorities and
national surveillance programmes across the four devolved nations. However, this data is not
consistently shared at a national level, hindering comprehensive analysis and coordinated
response efforts.

There is insufficient integration of social science and behaviour change strategies into
surveillance efforts, as well as inadequate consideration of cultural contexts and perceptions.
Public support alone may not be enough to alter behaviours and implement changes
recommended by surveillance efforts.

Accountability for interpreting and communicating surveillance results needs ownership at a
national level, although this is challenging, especially considering that misinterpretation
could diminish trust in those responsible.

National-level systemic deficiencies, such as weak supply chains in many countries globally,
impact surveillance efficiency.

Surveillance data could be routinely collected and shared at a higher level, for example, by
the UK Health Security Agency.
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5.23

5.2.4

Data sharing and collaboration

Surveillance alone has limitations in determining the overall AMR burden as not all data is
shared and the data that is shared may be biased.

Differences in priorities for surveillance systems exist between HICs (high-income countries
(HICs) and LMICs.

There is a need for increased collaboration among industry, academia and relevant
stakeholders to share knowledge and determine priorities around AMR and targets to
measure intervention effectiveness. This demands global data sharing across different
surveillance systems and collaboration across the One Health spectrum.

Developing well-established national standards and stratified benchmarking would promote
effective public reporting of data, thereby improving data collection and sharing for more
meaningful outputs.

Data should ideally be comparable among countries with different contexts including LMICs.
Standardising methodologies or protocols and developing standard surveillance reporting
criteria could play a pivotal role in harmonising data collection and reporting approaches to
achieve this level of comparability. Such standardisation can integrate AMR surveillance
systems into health systems, leveraging existing frameworks such as those for HIV, malaria,
and tuberculosis in LMICs, thereby reducing siloed efforts.

Equitable partnerships are needed to build trust among partners, especially with data
ownership and the benefits of research outcomes between collaborators in HICs and LMICs.
Building a culture of trust is vital for fostering larger collaborations, while respecting the
social contexts of different regions and countries to enhance the sampling, collection and
comparison of surveillance data.

Communication and education

The current definition of ‘AMR surveillance’ is complex and needs fine-tuning to
communicate its purpose and importance to all stakeholders. A proposed definition should
convey the importance of surveillance data in minimising AMR while also outlining the limits
of what surveillance alone can achieve. If the purpose and framing is clear, this will help to
ensure data collection across involved sectors is usable at both patient and local levels, for
either therapeutic purposes or to drive policy action nationally. In order to achieve this, an
agreement must be reached regarding the goals shared across One Health sectors.

Simple and concise narratives that demonstrate the urgency of the AMR crisis should be
developed for the public and non-scientific audiences. Such narratives could be tied into
other key healthcare areas where AMR could have catastrophic effects and result in higher
mortality rates (e.g., surgical procedures and chemotherapy). Highlighting the link to
infection, resistance and death could also help drive home the importance of AMR
surveillance to these key audiences.

There is potential for a paradigm shift when talking about AMR surveillance, from the
economic impact to health welfare and the wellbeing of a nation.
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5.2.5 Policy

e Strong political will, national legislation and international commitments to enshrine
surveillance priorities would cushion against shocks from changing government priorities.

e Strong incentives for sharing data in both clinical and industrial settings would foster
collaborations at national levels.

5.2.6 Funding
e There are significant costs involved in developing and maintaining active, real-time
surveillance systems in settings where it is lacking, in part due to a lack of microbiology
capacity. There is a need for adequate and sustainable funding for long-term surveillance
efforts to devise appropriate interventions together with sufficient buy-in from policymakers
to guarantee adequate funding.

e LMICs are dependent on official development assistance, which may not be sustainable.

e Investment in surveillance infrastructure is essential, including investment in laboratories,
training for local staff and building capacity to prevent attrition. Investment in surveillance
infrastructure is particularly important in LMICs, both in settings where surveillance is
already established as well as in those where it is unavailable.
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6. Therapeutics workshops report

Workshop dates: 19 and 26 January 2024
Total number of attendees: 34

Report writers: Dr David Clarke (University College Cork, Ireland) and Professor Chloe James
(University of Salford, UK)

6.1 In an ‘ideal world,” what does it look like to use therapeutics effectively as a solution
to AMR?

As a starting point for the discussion, workshop participants were asked to envision a world where
therapeutics are used effectively as a solution to AMR. They identified the following intended
outcomes:

e Highly selective treatment prescription: right drug, right dose, right time.
e Optimised use of antimicrobials.
e No treatment failure due to AMR.
e A functioning economic market for therapeutics.
e Ultimately reaching a point where antimicrobials are not needed.
6.2 Challenges and opportunities in using therapeutics effectively as a solution to AMR

Workshop participants explored the challenges and opportunities in using therapeutics effectively as
a solution to AMR. They identified the necessary interventions for achieving an 'ideal world' scenario
and the barriers to implementing these interventions. The discussion covered the following points:

6.2.1 One Health, collaboration and siloed working
e The problem of AMR is not restricted to humans and the importance of a One Health
approach was reaffirmed. In terms of One Health, the animal and ecosystem dimensions are
currently underserved.

e AMR research focuses on bacteria, often neglecting other infections (e.g. fungal, viral and
parasitic), which must be addressed. It is important to recognise that resistance to anti-viral,
anti-fungal and anti-parasitic drugs are different problems, requiring different solutions. As a
result, solutions to AMR require an interdisciplinary and multi-organisational approach,
which is dependent on close collaboration between industry, academia and end users.

e All stakeholders should work on a common agenda. This collaborative approach may risk
problems with Intellectual Property (IP) and current business models, in which case
alternatives such as the Open-Source Pharma model could be explored.

e \Veterinary clinicians and microbiologists, as well as medical clinicians and microbiologists,
need to collaborate more, to foster the development of new therapeutic tools.

6.2.2 Scientific research and clinical trials

o There are a dwindling number of clinical trials testing combinations of antimicrobials and
novel therapeutics. Furthermore, the trials that do proceed are typically small and yield
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6.2.3

limited information about the particular pathogen and microbiome response to the
treatment and prophylaxis.

Immunocompromised people and those with co-morbidities, who need to take additional
drug combinations, are usually excluded from trial cohorts, but these are the people most
affected by AMR. As a result, there is little information about the action of the antimicrobial
treatments and drug-drug interactions in the patients that rely on them most.

Due to the risk-averse nature of regulators and current regulatory barriers worldwide, it is
difficult to run certain trials (e.g., effective phage therapy trials, as they are highly specific
and different combinations may be needed for each individual taking part).

There is a disconnect between researchers and whether their research translates to industry
or answers a global need. Effective research requires target product profiles to ensure that
whatever is being developed fits the urgent need of clinicians and patients.

Antimicrobial testing and development in pre-clinical mouse models (with acute infections)
does not reflect the appropriate clinical conditions in human patients. Therefore, in order to
prevent inappropriate dosing that would accelerate the emergence of resistance, a better
understanding of the pharmacokinetics and pharmacodynamics (PK/PD) of antibiotics in
human patients is needed.

Standards and guidelines should be established to help research and clinical trials generate
AMR outcomes.

Closer post-marketing surveillance of newly approved antimicrobials is needed to help track
the emergence and spread of AMR.

The development of more meaningful clinical trials in the UK could be achieved by
introducing broad licenses for collections of phages to be assessed in trials, in addition to
fostering closer collaborations between academics, trial units, regulators and the NHS on
trial design and the data collected.

Existing and new therapies

While existing antibiotics still work, empirical therapy needs to be rethought as the right
drug needs to be used on the right patient with the right dose at the right time.

The World Health Organisation (WHO) priority pathogen list has encouraged academics to
pursue a more targeted line of therapy development, which in some instances has become
too targeted.

The development of new antibiotics is not necessarily the only solution. There is a lack of
funding for this work and, even if developed, new antibiotics are often not used. In order to
reduce the spread of resistance, newly available antibiotics should be used selectively in
people who have infectious syndromes with AMR.

Personalised medicine offers a promising pathway for therapeutic development, although
workshop participants expressed concerns about the numerous uncertainties involved.

As a solution to AMR, prevention is preferred over cure. Vaccines and other preventative
strategies (e.g. colonisation resistance) should play a key role for the control of some
infectious diseases.
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6.2.4

6.2.5

Bacteriophages have been suggested as a potential 'magic bullet' to fight AMR in the short-
term. Workshop attendees were largely supportive of bacteriophage therapy while
acknowledging that the method is still in the early stages of the technology cycle. There are
many questions around phage therapy (e.g. efficacy, acquisition of resistance and immune
responses). Notably, the potential risks associated with phage therapy have not yet been
fully examined through appropriate clinical trials. Phage use has so far been restricted to
compassionate clinical intervention in cases where antibiotics have failed or are beginning to
fail. Widespread application of phage therapy, in humans at least, is far from being realised.
In fact, significant funding for fundamental research into phage modes of action and the
construction of facilities is needed to produce large enough quantities of (appropriate
quality) phage required for clinical trials and/or clinical applications.

Polymicrobial infections, co-morbidities and climate change

It is increasingly recognised that infections are often polymicrobial, involving complex
interactions between several co-infecting microbes, the inhabitant microbiome and the
host’s immune system. These intricate dynamics significantly complicate the drug
development process.

Infections commonly involve biofilms, which protect microorganisms from antimicrobials and
promote further development of resistance. However, standard antimicrobial susceptibility
testing methods do not reflect these conditions.

An ageing population and the growing number of immunocompromised people means that
infections are also increasingly compounded by co-morbidities such as cancer and kidney
disease.

Climate change is creating more humid conditions which promote the increased emergence
of fungal pathogens that are resistant to antifungal drugs.

A better fundamental understanding of how these various aforementioned conditions affect
antimicrobial action is needed.

Investment in basic research would help to develop sustainable in vivo infection models that
better reflect complex infections and bridge the gap between in vitro antimicrobial
susceptibility testing and clinical trials. This would inform smarter design and follow-up of
clinical trials.

Data
There is a lack of microbiology data and that will be hard to overcome as plants, animals, the
environment and humans are complex systems.

Although the emergence and spread of AMR in some pathogenic microbial species is well
researched, the acquisition and sharing of new data is vital for the discovery of solutions to
AMR. Data on the different interactions between antibiotics and microbial communities (e.g.,
the gut microbiome) is particularly important. Such experiments are complex, although they
use widely available tools. Ultimately, there is a call for this work to move beyond the
observational to facilitate the discovery of new therapies.
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6.2.6

6.2.7

6.2.8

Al algorithms could potentially use available patient metadata and assist clinicians to predict
drugs for treatment, although this practice would need to address concerns regarding
efficacy and security.

Effective stakeholder collaboration would require developing new ways of sharing data and
other critical resources.

AMR-related deaths should be recorded as such on death certificates.

Longitudinal datasets for specific infectious diseases and bacteria are needed in order to
develop standards and guidelines to generate AMR-related outcomes in research and clinical
trials.

Communication and education

Public and patient engagement is critical to raise awareness of AMR and the responsible use
of antibiotics and to share stories of those who have been affected by AMR.

More research is needed to understand what influences the societal mindset on
antimicrobials.

Supplying information packs and employing a storytelling approach could help to boost
awareness, drive investment and broaden reach.

Increased open access to information should be an opportunity to change public perceptions
about antimicrobial treatment through the use of common language.

Work shadowing schemes between early career clinicians and researchers would boost
meaningful knowledge exchange and awareness.

Trusted public engagement toolkits on AMR could empower educators, researchers and
science communicators as ambassadors to raise awareness across different audiences.

Simple interventions can be effective (e.g., an initiative that provided GPs with mouse mats
outlining good practice for prescribing antibiotics has changed behaviour in Ireland).

Training

There is a bottleneck in the talent pipeline and a global shortage of specialised clinicians,
clinical microbiologists and veterinary microbiologists.

Crisis and conflict

During times of crisis and conflict, there is often a breakdown in infrastructure and increased
barriers to access antimicrobials and trained personnel, which can drive the spread of AMR.
Research is needed to define and better understand these effects, drawing lessons from the
COVID-19 pandemic, and from health professionals and researchers in resource-poor
settings. This deeper understanding of the effects of crises and conflict on healthcare will
help develop guidance and policies on how to act in such situations to best protect the
efficacy of treatment.

Solutions could include training in AMR for those that work at the coal face during crises and
conflict, such as military personnel and community leaders; development of disaster-
response plans; and surveillance at key hotspots and travel hubs.
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6.2.9

6.2.10

Economics

The market and ecosystem for therapeutic development are broken. For example, many
SMEs (small and medium-sized enterprises) developing new antibiotics in the USA have gone
bankrupt. There is a need to ensure all parties receive a return on their investment, which
could be achieved through subscription-style models, such as the Netflix model launched by
the NHS in the UK.

Funding
A significant increase in investment is required if new therapies are to be identified and
developed for clinical use in a useful timeframe.

To ensure the sustainability of funding, there is a need to determine what funders are
influenced by and potentially re-educate them on the long-term benefits and impacts of
their investments.

There should be an established funding pathway for all stages of developing new antibiotics.
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7. Vaccines workshops report

Workshop dates: 19 and 26 January 2024
Total number of attendees: 31

Report writers: Prof Joan Geoghegan (University of Birmingham, UK) and Dr Tadhg O Crdinin
(University College Dublin, Ireland)

7.1 Inan ‘ideal world,” what does it look like to use vaccines effectively as a solution to
AMR?

As a starting point for the discussion, workshop participants were asked to envision a world where
vaccines are used effectively as a solution to AMR. They identified the following intended outcomes:

e Availability of vaccines against resistant pathogens that prevent the burden and spread of
AMR infections.

e Viral vaccines are used to prevent inappropriate antibiotic usage for viral infections.
e Vaccines are affordable, accessible and effectively deployed globally.

e Development of vaccines that combat AMR is financially viable.

e All countries have access to vaccine testing and manufacturing infrastructure.

e Vaccines are tested in appropriate models, preferably live models (e.g., animals, human
challenge models).

e Vaccines are publicly accepted.
e Vaccines prevent AMR infections in livestock.
7.2 Challenges and opportunities in using vaccines effectively as a solution to AMR

Workshop participants explored the challenges and opportunities in using vaccines effectively as a
solution to AMR. They identified the necessary interventions for achieving an 'ideal world' scenario
and the barriers to implementing these interventions. The discussion covered the following points:

7.2.1 Vaccination strategy

e Asvaccine development is a complex process, there should be a focus on the WHO priority
pathogens list.

e Realism was an overarching point in the workshops, in regard to the timescale and money
involved in vaccine development. There is a need for political understanding of the vaccine
landscape.

e Effective multivalent combined vaccines that can target several AMR pathogens are ideal, but
the current model necessitates developing an impractically large number of vaccines, posing
logistical and individual challenges. While developing an all-encompassing vaccine remains a
significant challenge, the focus should be on enhancing efficacy through validation,
improvement and exploring combination vaccine strategies.

e Vaccines specific to bacterial pathogens are important for direct prevention of AMR
infections. However, vaccines to many viral pathogens could also have an indirect but vital
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7.2.2

7.2.3

7.2.4

role in controlling AMR, by reducing the load viral infections and thereby reducing the
inappropriate use of antibiotics, as well as through prevention of secondary bacterial
infections caused by AMR organisms. To implement vaccines to combat AMR, it will be
crucial to establish a convincing evidence base demonstrating the value to health and the
economy.

There should be a multimodal approach to vaccines, education, antimicrobial stewardship
and diagnostics to increase the effectiveness of vaccine use.

One Health
The veterinary field is underserved in terms of vaccine availability and usage.

The importance of a One Health approach was reaffirmed, emphasising the need to address
both animal and human health for vaccines to be an effective tool against AMR, especially
considering that animal immune systems are not well characterised.

Scientific research and clinical trials

Supporting vaccine research is essential. This could be achieved by creating dedicated
funding, enhancing support for cross-disciplinary collaborations or consortia, improving
infrastructure and the communication around vaccines.

Developing a better understanding of what defines protective immunity against pathogens is
crucial. This knowledge would inform better pre-clinical models for assessing vaccines
efficacy in humans, thereby accelerating vaccine development.

Other critical areas requiring urgent progress include enhancing current adjuvants and
developing new vaccine platforms, advancing understanding of targets and protective
antigens linked to specific pathogens, identifying populations that would benefit from
targeted vaccination, investigating zoonotic microorganisms with potential economic
impacts, and validating and improving existing vaccines while developing novel ones.

Research is needed to understand how vaccines can help to tackle AMR, as well as the cost.
The workshops highlighted the WHO’s development of a value attribution framework to
estimate the value of vaccines in reducing AMR, which could bring about equity and social
justice.

Collaboration

A systemic approach is required to develop vaccines to combat AMR, which necessitates
collaboration across a diverse range of fields and agencies. A consistent analogy which
emerged was that of building bridges between experts in different fields, from academia to
industry to regulators and policymakers, to ensure a collaborative global approach is taken to
develop and employ vaccination strategies to combat AMR.

The AMR community must engage with policymakers and employ a truly global approach
(i.e., considering the distinct challenges that would be faced in different international
regions).

There is a need to engage with regulators, as a global approach will require harmonisation of
regulation across different jurisdictions.
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7.2.5

7.2.6

7.2.7

AMR is a global challenge and therefore must be tackled on a global scale. Vaccines should
undergo testing and manufacturing in regions bearing the heaviest AMR burden, where their
benefits will be most significant. This will require substantial investment in infrastructure. All
stakeholders (regulators, policymakers, industry, funders, clinicians and researchers) have a
significant role to play. A collaborative approach is key to ensuring that progress can be
made.

There is a need to appreciate population differences. Different pressures exist in LMICs and
HICs; consequently, their respective needs and ability to deploy vaccines are markedly
different.

There are inadequate mechanisms for sharing data, samples and strains. As a solution,
biobanks containing samples of different strains could be established to provide access to
relevant strains and clinical data and thereby facilitate the development of effective vaccines.

Prioritising a particular vaccine platform or strategy should be avoided. Instead, by building
partnerships between different stakeholders and promoting a vaccine-based strategy to
combat AMR, a significant impact could be made through multiple complementary
approaches.

Data

The impact of vaccines should be measured to establish how the increased use of vaccines
leads to less antimicrobial usage. However, it is uncertain whether the appropriate data to
monitor this is even available or achievable. This data and the evidence it provides is needed
to fully realise the potential of vaccines as a solution to AMR.

There is a wealth of high-quality grey literature which is currently not being used, which Al
could potentially help process. Grey literature encompasses materials and research produced
by organisations outside of the traditional academic or commercial publishing systems.

Communication and education

Vaccines are crucial in combating AMR, yet effectively communicating this information to the
public and various stakeholders remains challenging. Using education and vaccines
promotion to address public vaccine hesitancy and to underscore to industry and
policymakers that vaccination is a critical tool in combatting the rising tide of AMR are pivotal
for success. This requires intensified efforts to highlight the economic and health benefits of
vaccines, both for individuals and the broader public health.

The framing around vaccines must acknowledge that unlike antibiotics, it is less evident to
the individual recipient when vaccines work.

Personal narratives and a storytelling approach could be used to increase public
understanding of the benefits of vaccines as a solution to AMR.

The scope of vaccines, as a definition, should be broadened to include the use of monoclonal
antibodies and trained immunity.

Training
There is a lack of training for academic scientists, particularly concerning regulatory issues
around vaccines.
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7.2.8

7.2.9

7.2.10

Regulation

Regulatory protocols are individualised according to industry. Moving forward, regulatory
protocols should be unified under one particular voice.

Economics

Some diseases, despite their impact on public health, lack a sufficient market to justify
vaccine development.

Cost-efficiency is a critical factor for vaccine development, partly because it is industry-driven
rather than research-driven. Understanding cost-effectiveness necessitates a deep
understanding of the long-term dynamics of vaccine systems.

Funding

Investors are hesitant to support vaccine development due to the high development costs,
the lack of perceived need and the lack of financial incentives to support vaccine
development by SMEs and within academia. Balancing return on investment with the need
for affordable vaccines remains a challenge.

There is an urgent need to increase funding for testing vaccines in livestock and advancing
veterinary vaccinology.

Research funders should mandate early engagement with industry and regulators during
vaccine development to leverage expert guidance effectively.

Regulatory protocols are individualised according to industry. Moving forward, regulatory
protocols should be unified under one voice.
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Appendix 2. Systems maps

Systems maps guide

For all the following systems maps, pink boxes represent the ‘ideal world’ scenario/intended
outcomes. Orange boxes represent the interventions needed to achieve these outcomes, green
boxes represent challenges or barriers that need to be addressed. Individual sub-maps were
developed in the breakout rooms on Microsoft Whiteboard by identifying the ideal outcomes,
necessary interventions, barriers, and pathways linking them. The guiding star statement (shown in
the dark green box) represents the desired system behaviour. For each theme (diagnostics,
surveillance, therapeutics and vaccines), the sub-maps (eight in total) were combined into a map
shown here by pulling out and combining key themes. Arrows illustrate interactions. Box sizes do not
reflect scale or significance, and no prioritisation was attempted.

List of abbreviations for the systems maps
e Al Artificial intelligence
e AMR: antimicrobial resistance
e AMU: antimicrobial use
e CARE: collective benefit, authority to control, responsibility, ethics
e CRP: c-reactive protein
e DIVA: differentiating infected from vaccinated animals
e FAIR: findable, accessible, interoperable, reusable
e |V:intravenous
e LIMS: laboratory information management systems
e LMICs: low- or middle-income countries
e ML: machine learning
e PKPD: pharmacokinetic/pharmacodynamic
e POC: point-of-care
e RCT: randomised controlled trial
e SMEs: small- and medium-sized enterprises

e WHO: World Health Organization
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