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ARTICLE INFO ABSTRACT

Aru'cl}’ History: Addressing the silent pandemic of antimicrobial resistance (AMR) is a focus of the 2021 G7 meeting. A major
Received 6 May 2021 driver of AMR and poor clinical outcomes is suboptimal antimicrobial use. Current research in AMR is inequi-
Revised 27 May 2021

tably focused on new drug development. To achieve antimicrobial security we need to balance AMR research
efforts between development of new agents and strategies to preserve the efficacy and maximise effective-
ness of existing agents.

Combining a review of current evidence and multistage engagement with diverse international stakeholders
(including those in healthcare, public health, research, patient advocacy and policy) we identified research
priorities for optimising antimicrobial use in humans across four broad themes: policy and strategic plan-
ning; medicines management and prescribing systems; technology to optimise prescribing; and context, cul-
ture and behaviours. Sustainable progress depends on: developing economic and contextually appropriate
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interventions; facilitating better use of data and prescribing systems across healthcare settings; supporting
appropriate and scalable technological innovation. Implementing this strategy for AMR research on the opti-
misation of antimicrobial use in humans could contribute to equitable global health security.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Antimicrobial resistance (AMR) is one of the leading threats to
human health'* requiring multifaceted activity embedded within a
One Health agenda, that takes account of antimicrobial use in human
health, animal health, agriculture, and environment.>* In human
health, action is needed in many areas, including underpinning
efforts to prevent and reduce infectious diseases, for example
through improved access to water, sanitation and hygiene, and to
vaccination. Whilst the need for new antimicrobials through research
and development (R&D) is widely acknowledged, >~ it is critical that
AMR research should not be entirely dominated by the development
of new agents, as these alone will not solve this silent pandemic.>*
More equitable investment in all the aforementioned elements is
needed, as well as in research on optimising antimicrobial use,
including the investigation of how the efficacy of existing and new
antimicrobials can be maximised and how their effectiveness can be
preserved.® The remarkable success of therapeutic trials and vaccine
development in response to the COVID-19 pandemic shows what is
possible if similar strategies were mobilised for other problems,
including AMR.® While progress is being made in research initiatives
addressing AMR, important research gaps remain.*!°

Optimisation of antimicrobial use as a means to tackle AMR and
improve the treatment of infections, is a priority of the health agenda
of the June 2021 G7 meeting.!' Antimicrobial use, like much human
behaviour, is complex and dynamic and is influenced by sociocultural
contexts as well as changing population and individual characteris-
tics, such as the increasing prevalence of multimorbidity.'? Interven-
tions developed in one setting may not necessarily work in another
and interventions to optimise antimicrobial use need to extend
beyond a narrow concept of antimicrobial stewardship (AMS)'?, and
be based on a comprehensive and inclusive systems approach,
informed by a broad research base.

In this paper we set out a research strategy for optimising antimi-
crobial use in human populations, developed from a review of cur-
rent evidence and a multi-stage process of engagement with diverse
international stakeholders, drawn from academia, clinical medicine,
public health, patient advocacy, and non-governmental organisations
who, together with the authors, include all G7 nations. We have
taken a whole systems approach to the many issues that influence
the use of antimicrobials in human populations,'* arguing for a com-
prehensive research strategy that will allow us to understand the
complexities of technology and innovation adoption and human
behaviour and the many factors that influence them, within health
systems and beyond.!>~!7

2. Search strategy and Selection criteria

In March 2020, an interdisciplinary team of stakeholders was con-
vened, with extensive expertise in medicine (in general infectious
diseases, microbiology, tuberculosis and HIV), surgery, pharmacy,
clinical pharmacology, epidemiology, social science, economics, engi-
neering, public health, patient safety, healthcare management and
policy research, along with patient and public advocates and repre-
sentatives, to identify the current research priorities in optimising
antimicrobial use in human populations. Key stakeholders (32 mem-
bers from 15 countries) were purposively selected based on track-
record, expertise, and representation from all World Health Organi-
zation (WHO) Regions. Between March 2020 and November 2020,

via a series of virtual round-table discussions organised and analysed
by the core team, stakeholders contributed to the research process.
Additional individual input was sought from several stakeholders
who were not able to attend the round table discussions. There were
three phases.

Phase 1 Review of existing research and generation of key themes

To provide an overview of current research on optimised antimi-
crobial use in humans a core team (9 of the listed co-authors) gath-
ered evidence through a narrative review of published and selected
grey literature. References were identified through searches on

” o«

PubMed with the search terms “antimicrobial resistance”, “antibiotic
resistance”, “national action plans”, “antimicrobial stewardship”, and
“health services” from 1995 until 2020. Articles were also identified
through searches of the authors’ own files. Only papers published in
English were included. The global and national initiatives for funding
and research, capacity building and infrastructure development in
AMR were also reviewed using open resource material. Global poli-
cies, agreements and recommendations such as the Global Antimi-
crobial Resistance Surveillance System and national action plans
(NAPs) for AMR were reviewed.'® The gaps and opportunities for
optimising antimicrobial use in human populations were identified
in the narrative review and discussed in virtual round-table discus-
sions amongst the core team to identify the key emerging themes. A
thematic survey was developed based on these themes to identify
potential barriers and opportunities in advancing research, together
with open questions to capture broader concepts and ideas from local
and national settings. From amongst the stakeholders identified, an
expert panel of seven members was convened. The survey was dis-
seminated via email to the expert panel. The panel members were
requested to identify relevance to context, feasibility, urgency, and
importance of the priority areas for each theme.

Phase 2 Evidence analysis and identification of key priority areas

The feedback from the first-round table, together with feedback
from the expert panel, was used to refine the identified priority areas
and the survey themes and questions. A matrix of emerging research
priority areas and cross-cutting considerations was developed based
on the phase 1 findings. The matrix was then validated via 1) a survey
with open questions disseminated via email to the 32 stakeholders,
and 2) three roundtable, and one-to-one virtual discussions with
selected members of the full stakeholder team.

Phase 3 Validation of the roadmap

The stakeholder feedback elicited in phase two was used by the
core team iteratively to refine the concepts in the roadmap. The evi-
dence-base supporting the roadmap content was regularly updated
by the core team with any emerging evidence (up until 31 January
2021) deemed relevant discussed by the core team before being
included in the final matrix and roadmap. The final roadmap was dis-
cussed and validated with original seven stakeholders in a further
virtual round-table discussion.

3. Four research themes

Our initial review identified four key research themes: policy and
strategic planning, medicines management and prescribing systems,
technology for optimised antimicrobial prescribing, and context, cul-
ture and behaviours. Broadly, there is imbalance in funding with
emphasis on new drug R&D, and very limited funding for the identi-
fied themes (Figure 1). This creates inequalities in impact in terms of
populations who will benefit from the research. In technology and
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Figure 1. Current global funding bodies active in antimicrobial resistance research for humans and the broad themes under which funding is available

innovation there is a skew towards technology development rather
than evaluation.

Whilst many of the research opportunities have global eligibility
criteria, they are ultimately funded by high-income countries (HICs).
We need greater accountability and scrutiny of how funding bodies
apportion resources across the AMR agenda, particularly given the
need for capacity building and strengthening.'® It is imperative to
balance research funding and allocate resources for cost-effective ini-
tiatives across the identified themes to achieve equity between R&D
and optimisation in use of existing antimicrobials. The opportunities
and gaps across these themes are discussed as follows.

3.1. Policy and strategic planning

Strategies and tools to support national interventions include the
development and implementation of NAPs for AMR, based on best
available evidence. The 2015 G7 summit in Germany explicitly com-
mitted to this in its Leaders’ Declaration.’’ The process by which
NAPs are developed is shaped by political forces as much as the scien-
tific or technical evidence base.?! Given the societal impact of AMR
and the suite of interventions required to tackle the issue at individ-
ual, organisational and societal level, the research informing policy
and management strategies requires a multidisciplinary approach
that includes patient and public representation.

In 2011, the WHO initiated a situational analysis of country prog-
ress in addressing AMR against four objectives: (1) Improved

awareness and understanding of AMR through effective communica-
tion, education, and training; (2) Strengthened knowledge and evi-
dence base through surveillance and research; (3) Reduced incidence
of infection through effective sanitation, hygiene, and infection pre-
vention measures; and (4) Optimised use of antimicrobial medicines
in human and animal health.'® This has been important as an initial
framework but the detail and quality of analyses of national and local
strategies may benefit research that considers AMR as inextricably
linked to other public health and health system level processes and
outcomes.

Following global directives, 117 of 208 countries have govern-
ment-approved AMR NAPs that reflect the WHO Global Action Plan
objectives, but only 26 have identified funding sources.?? The remain-
ing 91 countries are still at the development stage. National situa-
tional analyses are underway in individual countries and as part of
learning networks (e.g., the Global Antibiotic Resistance Develop-
ment Partnership)®® but they employ different frameworks and
approaches that, whilst having local relevance, impede cross-country
or global comparisons or benchmarking. Few, if any, have employed
a strategic management framework!® critical for enabling agile
responses to macro-level environmental influences. Beyond review
and development of plans, there is potential to conduct dedicated
research to understand how disparate health systems within individ-
ual countries are equipped to adopt and implement NAPs. There is
also potential to consider this from a regional perspective. For exam-
ple, countries within the Southern and Eastern African Development
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Communities could align their political and economic resources to
harmonise strategies. Specific research needs for policy and strategic
planning for AMR are summarised in Box 1.

Box 1  Specific research needs in policy and strategic planning
and the suggested frameworks

Consideration of AMR as part of the wider policy agenda

While national efforts are critical, they are shaped by the
wider political and economic global agenda. Considering anti-
microbial resistance (AMR) as a global public health threat
requires commitment at an international level in determining
priorities and formulating policies. This international-level
focus and agenda setting has been initiated through the United
Nations General Assembly and the agreement on Sustainable
Development Goals, however greater advocacy and representa-
tion at the international level is required for there to be effec-
tive and lasting change in policies and strategy. A key area
where international policy can have impact is in legislation for
access to antimicrobials, this includes improving access to qual-
ity-assured antibiotics and restricting unregulated and under
the counter acces. The regulatory aspects of antimicrobials are
important for AMR as they influence access, quality, and equal-
ity in relation to antimicrobials.

Investigation of health
management

Health systems includes health and social care and the role
of non-governmental organisations and civil society. Existing
frameworks have facilitated the rapid appraisal of health inter-
ventinos at a health systems level. The Systematic Rapid Assess-
ment toolkit,”® for example has recently been applied to
examine the extent of integration across the health economy in
a review of the international literature.®’ There are also oppor-
tunities for learning from successful health system interventi-
nos, e.g. the largely integrated health and social care responses
to tuberculosis in the Eastern European settings.”®

Health system level governance and accountability

The complex nature of system governance is important for
AMR policy and has been analysed at the overall health system
level, and if and how governance at these levels is aligned or
divergent. Health system governance refers to processes, struc-
tures, and organisational traditions that determine how power
is exercised, how stakeholders have their say, how decisions
are taken, and how decision-makers are held to account.’”
Three main governance processes — setting priorities, monitor-
ing performance against these priorities, and accountability of
all actors within the system for their expected contribution® —
have been examined, providing case studies of effectiveness in
high-income countries.®*%> A systematic review of the litera-
ture®® provides a synthesis of frameworks for such analyses but
these have yet to be applied to the context of addressing AMR
in low-, and middle-income countries (LMICs).

Role of the private sector

The role of the wider private industry, including private
healthcare providers and insurance companies, and how these
sectors disrupt or align the goals for addressing AMR and anti-
microbial optimisation is not fully explored or understood, par-
ticularly in the LMICs setting. The role of big pharma should not
be ignored. Frameworks exist for assessing how significantly
(positively/negatively) this sector may interact at the global
and national level to initiate and sustain solutions to address
AMR, including classic policy analysis models (e.g. Kingdon’s
model®”98) as well as systematic stakeholder analyses.”®

Understanding pluralistic health systems

systems organisation and

The role of pluralistic health systems comprising public, private,
and non-governmental providers as well as the interactions
within them, particularly in LMICs settings, is important in
understanding whether the response to AMR is consistent
across these settings. This is particularly important when there
is open direct access to hospitals and other providers, resulting
in care-seeking behaviours of switching among and between
these domains of care.

3.2. Medicines management and prescribing systems

Medicines management refers to the processes, behaviours and
systems that determine the way that medicines are used in clinical
practice. How antimicrobials are made available in each country
partly depends on how these drugs are classified legally and partly
on the extent to which legislation is monitored and enforced. Non-
prescription access to selected antimicrobials is still prevalent world-
wide in both HICs as well as low-, and middle-income countries
(LMICs), including provision via community pharmacies, online phar-
macies and other retail vendors.?*?> This is partly due to the signifi-
cant lack of prescribers and the pressure of market forces. A balanced
approach that includes some level of control aligned with incentivisa-
tion, training, and monitoring of the non-prescription access path-
ways, is likely to provide a more sustainable mechanism for access to
effective antimicrobials. Mapping of the antimicrobial drug supply
chain for human use revealed gaps in practice at each point of the
R&D and supply chains (Figure 2), including poorly regulated
access,”®?” perverse economic incentives,?®~>° patient and public
illicit access, access to black market and falsified agents, and public
misbeliefs. There is, however, a need for balance between over-regu-
lation and under-regulation, especially in places where lack of access
to antimicrobials may result in increased morbidity and mortality.

The importance of timely access to antimicrobials is recognised
internationally through their inclusion in country-specific essential
medicines lists (EMLs); however, maintaining an up to date EML
remains a challenge due in part to the number of medicines that
though withdrawn from the market remain on EMLs.>" In 2017 the
WHO introduced the AWaRe (Access, Watch, Reserve) system in the
EML, categorising antibiotics based on their activity against multi-
drug resistant organisms.>> The AWaRe system adds value to point-
prevalence studies on antimicrobial consumption®* and is being used
to measure the change in proportion of AWaRe antimicrobials, with
data reporting rapid increases in consumption in the Watch category,
particularly in LMICs.'? The system has been used to compare pat-
terns of antimicrobial use between countries, advocating for more
use from the access category (up to 60% of total consumption) by
2023 as part of initiatives to help countries reach their health related
sustainable development goals.®** A key research gap is understand-
ing how different countries use and adapt the AWaRe system> and
to what extent it will influence the design, implementation, and sus-
tainability of strategies that balance timely access with reducing
inappropriate use. Furthermore, in many LMICs, protracted shortages
of Access antimicrobials result in use of broader spectrum agents; the
AWaRe system could be enhanced to monitor availability of antimi-
crobials in different regions, countries, and healthcare systems.>*>°

3.3. Technology for optimised antimicrobial prescribing

Effective medicines management requires data and technological
advances can support and provide this. The lack of robust data on
how to use antimicrobial agents correctly in different populations
and in the context of multimorbidity, hinders appropriate use and
drives AMR. For example, obesity, an increasing global health con-
cern, is a significant contributor to multimorbidity. Despite this, and
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Figure 2. The antimicrobial drug supply chain indicating gaps in current systems and opportunities for research, adapted from the WHO framework for development and steward-

ship to combat antimicrobial resistance (AMR)*°
R&D: research and development

despite complicated infection-related outcomes in obese patients, the
bioavailability and efficacy of different antimicrobials in obese popu-
lations remains inadequately studied,>’ resulting in inappropriate
dosing.®”>® Multimorbidity and its associated polypharmacy further
complicate antimicrobial dosing, increasing the risks of therapy fail-
ure and AMR.*® Robust clinical data on the use of different antimicro-
bial agents and antimicrobial dosing in specific populations would
facilitate their optimised use and reduce the risk of emergence of
AMR through inappropriate therapy. Generation of such data
requires strategic epidemiological trials in specific populations (e.g.,
in neonates and paediatrics, in pregnancy, in the obese, in multimor-
bidity). Decision support systems hold considerable potential and
may accelerate antimicrobial optimisation through standardising
mechanisms for large-scale clinical data curation and global data
sharing. Additionally, data linkage across sectors (primary and sec-
ondary) including linkage of clinical indications with antimicrobial
prescriptions is lacking. Enhanced decision support systems can facil-
itate data gathering and analysis at scale from different populations
to support surveillance mechanisms.>

Rapid diagnostic devices, clinical decision support systems, wear-
able devices, and biosensor technologies are some of the existing
technologies in use for infection-related clinical practice that can be
readily applied to optimise antimicrobial use.*® *? Artificial intelli-
gence provides another potential for significantly enhancing the abil-
ity to gather robust data for surveillance as well as facilitating
individualised real-time clinical decision-making.***** Despite tech-
nological advances, research supporting the integration and sharing
of information generated by individual technological solutions is
lacking. Historically, the development and acceleration of technology
has been concentrated in HICs, despite evidence of rapid adoption
and application of such technologies in LMICs; for example, the use
of drones for blood delivery to remote hospitals, and electronic sur-
veillance of childhood bacterial infections in Bangladesh.*>4¢

Infrastructure and systems limitations can block innovation
uptake. Limitations include the mismatch between available data and
expertise, data being distributed across different entities (without
being linked), and cultural and behavioural barriers to technology
adoption. Technology developed in one setting cannot be assumed to
be directly translatable to other settings. For example, in HICs, spe-
cific strategies focused on reducing antimicrobial prescribing may
have the greatest impact on reducing AMR; however, in LMICs, vac-
cine technology may have a greater impact on reducing lower-respi-
ratory tract infections and thus antimicrobial usage.'*” Frameworks
for the funding, development, and evaluation of technology must
take such differences into account to ensure that targeted interven-
tions are developed and implemented in an appropriate way.

3.4. Context, culture and behaviours

AMR is a multifaceted issue and its drivers and consequences are
manifested socially.'”*#%° Recognising this, increasingly, social sci-
ence methods have been applied in the study of antimicrobial
use.”’®>! A qualitative study in Australia examined how hospital doc-
tors balance competing concerns around antimicrobial use and
AMR.>> With a focus on individual care versus broader public health
considerations, participants did not perceive AMR as central to clini-
cal decision-making and clinical risk was prioritised over population
risk. Under-prescribing was associated with legal and reputational
risk, while overprescribing carried minimal risk to themselves or the
patient. These findings demonstrate the inability of prescribers to
associate their own behaviours with the emergence of AMR, while
simultaneously tending towards over-prescription of antimicrobials
to treat the patient in their care.””

Professional hierarchies as key determinants of antimicrobial
decision-making in hospitals have been described using social sci-
ence research.*®>>>* Prescribing etiquette in hospitals means that
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hierarchy within and among professions can limit the involvement of
junior members of teams and pharmacists and nurses in key deci-
sion-making, leading to gaps in care and lack of direct responsibility
for actions.*® > Two studies emphasise how interprofessional rela-
tionships between non-infectious disease clinicians and infectious
diseases (ID)/clinical microbiology shape prescribing practices.!”>>
Competing hierarchies result in limited consultation with ID/clinical
microbiology, while negotiating clinical ownership and antimicrobial
decisions are influenced by multiple competing authoritative figures.
Antimicrobial decisions are caught between the tensions caused by
evidence-based recommendations by ID/clinical microbiology and
experiential-style learning — a skill passed on from senior doctors to
junior doctors.>®> Antimicrobial prescribing decisions in this context
are a balance between the specialists’ advice and the clinicians’
judgement.””

Little is also known regarding the impact and consequences of
social constructs (e.g., gender, ethnicity, race) on AMR or on infection
related behaviours of healthcare workers or the public. This gap in
knowledge is critical as we collectively experience the evolving
COVID-19 pandemic.”® Paradoxically, over 70% of the world’s health-
care providers and carers are female and are thus at greater risk of
acquiring illness themselves while working. Additionally, previous
epidemics have led to disastrous consequences for health and social
well-being of women, e.g. rising maternal mortality during the West
African Ebola outbreak, and increased domestic violence during the
Wuhan lock-down in China in response to COVID-19.” The majority
of the health workforce driving infection prevention and control
(IPC) in healthcare facilities are female nurses, with the pharmacy
workforce responsible for reviewing antibiotic prescriptions also pre-
dominantly female.”® The differences in gender and class of those
healthcare professionals who study medicine versus other healthcare
professions can influence the power dynamics, with behaviours,
roles, and opportunities based on different levels of power.>

Inequalities harm health and this is equally true for AMR. For
example, in HICs, poverty is associated with drug-resistant infec-
tions.®® In LMICs, a lack of formal education has been linked to resis-
tant Streptococcus pneumoniae and Escherichia coli infection.®' The
intersection of socioeconomic factors and AMR and how it puts indi-
viduals at greater risk of poor outcomes needs to be better under-
stood in order to bring about sustainable change for vulnerable
populations.

4. Cross-cutting systems level considerations

Beyond the four research themes, the engagement with wider
stakeholders and experts identified cross-cutting issues that need
addressing as part of efforts to tackle AMR in human populations:
engagement with the public and capacity building. It is also necessary
to consider the implications of the COVID-19 pandemic that are likely
to shape policies for years to come. These three cross-cutting themes
are discussed below.

4.1. Public engagement

Popular knowledge about antimicrobials is poor and the scale of
the threat of AMR is under appreciated.®>®® National and interna-
tional AMR responses fail to recognise the role of the public and
wider society in efforts to tackle AMR and implement effective IPC.5*
Reducing popular demand for antimicrobials must be a key goal of
any AMR strategy; however, research on how best to do this is lim-
ited.” Existing communication and engagement initiatives often leave
behind the most vulnerable and those at most risk of the negative
consequences of AMR. Within civil society and across systems there
needs to be a greater engagement with and awareness of the threat
of AMR to engender a culture of civil responsibility, activism and sus-
tained accountability. The climate movement is an example of

collective civil society and public engagement and activism to
address a global threat. There is much to learn from the approaches
applied by climate advocacy campaigns; including the provision of
information that is accessible by citizens and the public, how that
information is framed, and the efforts made to challenge the terms of
political debate. It has been argued that climate campaigns’ success
has been in creating a space for open dialogue and discussion that
emphasises values and focuses on grass-roots engagement.® Like-
wise, strategies for antimicrobial optimisation need to practice prag-
matic reasoning that considers the interests of all stakeholders.

The Wellcome Trust report ‘Reframing Resistance’ encourages
use of standard language for communication about AMR.°® However,
the language used must be consistent with local understanding of
terminology. Dialogue and active engagement with informal ven-
dors to drive local initiatives may help to address this gap. Research
on public engagement in AMR needs to consider health literacy.”%®
Enhancing health literacy across multiple generations and in differ-
ent contexts, has the potential to facilitate patient and public under-
standing of when to seek healthcare, how to self-care when
appropriate, and how to reduce inappropriate antimicrobial use.
This includes use of context-specific language and communication
styles alongside developing appropriate health literacy assessment
tools.

The role of the public as consumers of healthcare is also impor-
tant.°* Communication and information provision within healthcare
often fails to address the needs of the consumer and may be responsi-
ble for driving many misconceptions and the misuse of
antimicrobials.®*%%7° When technological solutions are co-designed
with end users there is better patient knowledge and understanding
of AMR.”! Early engagement is vital to explore concerns and support
development that will lead to adoption.”? Strategies for the evalua-
tion of the effectiveness of public health initiatives for AMR in rela-
tion to public perceptions, motivations, and behaviours around
antimicrobial use are also needed.”?~7°

4.2. Capacity building

Significant disparities and inequalities between the capabilities of
HICs and LMICs settings impede global collaboration and research in
AMR. Building capacity in AMR research needs to be much wider and
go beyond primary, secondary, and tertiary care settings across HICs
and LMICs. The strategic capacity to implement the existing NAPs
remains a major concern.”” Gaps in mechanisms for effective surveil-
lance of AMR and infections mean that in many LMICs the true scale
of the problem is not known. The capacity for data gathering, analy-
sis, and sharing needs to be developed to a minimum acceptable
standard across HICs-LMICs to enable the evaluation and benchmark-
ing of population and systems level data on AMR at a global scale.
Accurate, contextually relevant, and timely data are crucial to
enabling not only good science but also the public discourse and
activism needed to tackle AMR.

Current initiatives and practices to address antimicrobial optimi-
sation often leave many in the healthcare workforce behind.”® 2° The
nursing workforce can make important contributions in IPC, AMS,
and patient and public engagement.®®? The surgical specialty is
often overlooked in AMS initiatives, and this is despite the high bur-
den of infection in surgical populations, particularly in LMICs.5*%4
There must be much greater engagement with all healthcare profes-
sions, across specialties, with sustainable, agile training in AMS and
IPC strategies. The Child Health Research Foundation in Bangladesh
offers a model of capacity building to tackle AMR,*> working with
locally trained community healthcare workers who receive specific
training not only in epidemiological data collection but also in recog-
nition and referral of children with bacterial infectious diseases to
qualified healthcare workers for diagnosis and treatment.*®
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4.3. Impact of the COVID-19 pandemic

Finally, we cannot ignore the consequences of COVID-19. There
are concerns that the pandemic may have an adverse impact on AMR
as many patients with COVID-19 have, often inappropriately, been
treated with antibiotics. However, the situation is complex as whilst
the widespread use of antibiotics in severely ill hospitalised patients
may encourage AMR in acute care, the apparent reduction in infec-
tious diseases seen in the community and reductions in community
use of antibiotics may also have a significant impact.*®®” Further-
more, disruption to research programmes may adversely impact
AMR research. It will be important to harness the opportunities,
including important lessons in reducing transmission of infection.
The experience of the pandemic, and especially the nosocomial
spread of COVID-19, could encourage IPC practices to be revisited.
We need to rethink pandemic preparedness and response beyond
just global health security and look at strengthening multisectoral (e.
g., in One Health) and multilateral approaches (as has been done in
other areas such as HIV), using AMR as the proof of principle.

The barriers that the global health community is facing in tackling
the COVID-19 pandemic can be used as learning. Key areas to focus
research on are the state of public health infrastructure at the local
level (beyond national centres of excellence), public trust in govern-
ment, long-term funding trends for public health (beyond recent or
specialised budgets), and relative political autonomy of public health
systems.

5. Moving forward: a roadmap

In developing this analysis of current evidence and expert consen-
sus on optimising the use of antimicrobials in humans we have iden-
tified global research priorities. However, these now must be
adapted to the situation in each country, as priorities for research are
likely to differ as will the applicability of findings given the differing
contexts. In Figure 3 we set out a possible roadmap, based on the four

Two years

identified priority themes for research policy and implementation
and with a timeline that we believe will be feasible.

Within countries, the focus should be on: developing economic
and contextually appropriate AMR-specific policy interventions;
facilitating better use of data and prescribing systems across health-
care settings; supporting appropriate and scalable technological
innovation and data linkage and evaluation; and better understand-
ing and accounting for sociocultural and behavioural factors. Follow-
ing this research roadmap, within two years, countries should have
achieved a detailed understanding of the challenges they face and be
able to develop context appropriate policies and interventions appro-
priate to address these challenges. Within five years they should be
implementing them, refining their approach where necessary, and
incorporating emerging developments. By ten years they should be
moving to a sustainable model, incorporating a sustainable system of
research and evaluation.

Action is also needed at regional and global levels, building on
existing structures. From a research policy perspective there are
three broad roles to consider. The first is technical. While some coun-
tries will be able to implement necessary measures using their own
resources, others will need assistance, either because they are small
or because they have limited public health and research capacity. The
public health role is traditionally undertaken by the WHO, and espe-
cially its regional offices. Increasingly, other regional organisations
are entering this space, a process that is accelerating following the
COVID-19 pandemic, exemplified by proposals for a European Health
Union. While much less advanced, other regional groupings, such as
the Association of Southeast Asian Nations (ASEAN) and the African
Union, are developing a health role.®® These regional groupings also
have a role to play in harmonising legislation and policies, recognis-
ing that free trade facilitates movement of not only goods but also
micro-organisms. The development of international norms and
standards has traditionally rested with WHO, this time with its Head-
quarters, the Food and Agriculture Organisation (FAO), working
together in certain areas such as through the Codex Alimentarius in

Five years Ten years

Analyse country-level content of national action

Identify the role of stakeholders, including

Evaluate NAPs (through independent inquiry)

plans (NAPs) to consider the pace of p p

and implementation plans.

Policy and strategic
planning

Align policy interventions with acceptable,
feasible, contextual, economic and sensitive
recommendations.

effective combinations of to balance
timely access with reducing inappropriate antimicrobial use.

Understand effects of acute limited/reduced healthcare access on
Medicines management antimicrobial use and potential knock-on effects on patient safety.
i Engage patients, public and citizens in antimicrobial resistance
and prescribin tem: 8a8¢ P P
d prescribing systems (AMR) research.

Coordinate across NAPs targeting public health.

Identify mechanisms to manage demand generation.

Address public misconceptions and realign public health
campaign messages with up-to-date cvidence.
Incorporate social scicnce to develop effective communication
strategies.

Investigate the role of ‘nudges’ ¢.g. on drug package redesign,
and prescribing architecture to change behaviour.

Understand unintended consequences of reduced travel
and socialisation (from external shocks such as a pandemic)

in strategy and policy.

and accelerate the learning.

Enhance methods to increase population health
literacy.

Establish economic evaluation of interventions.

Develop and enhance antimicrobial usage data
capture, linkage and analysis for monitoring
AMS.

Develop and enhance systematic drug monitoring
across primary, secondary and social care sectors
(c.g. therapeutic drug monitoring, efficacy and
adverse drug events).

Investigate impact of pandemic on antimicrobial usc and
stewardship (AMS).
effects of deprioritisi demic rescarch on

P
infection-related medication safety and wider medicines optimisation.

on antimicrobial demand and supply.

Address the data gaps in Watch and Reserve
category antimicrobials which impede
optimisation.

Accelerate safe and appropriate access of
important new antimicrobials in high burden LMICs.

Identify what patient populations would benefit most from

Technological
innovation

Build upon the momentum of mHealth and other clectronic
technologies being readily adopted in low- and middle-income
countries (LMICs) for the purpose of imicrobi

Investigate how new technologies for targeted and optimised
antibiotic use can be implemented with least disruption to
existing patient pathways.

Investigate the scaleup and adoption of
technology across high income countries (HICs) and
LMICs.

Develop and repurpose contextually appropriate,
economical innovation and technology to

optimisation in parallel to the wider adoption of technology.

Define appropriate, standardised outcome measures
for the assessment of success of technological interventions.

Investigate power dynamics in the context of AMR
and infection, to generate the knowledge to promote

Identify
with non-communicable healthcare problems and chronic
infections (such as TB and HIV) that can complicate acute
infection management.

Identify contextually and culturally sensitive and responsive
interventions that account for inequalities to effectively optimise

for the linkage of technology optimise disease management.

Assess the mechanisms for scale-up through
analysis of strategic and cultural contexts,
improvements in the health and welfare of
people in HICs and LMICs.

Take affirmative action in including individuals

inclusivity, enable greater participation in health and health-s

facilitate capacity.

Context, culture and Develop a better understanding of the extent to

Ki health
g and p

Apply pathway approach to rescarch promoting better understanding
of individual, tcams, organisational, national and global infection

from minority groups in decision and policy
making, as well as disaggregation of key
health indicator data by cthnicity.

which these factors intersect with one another in
high, low- and middle-income countries.

behavioural research =
solutions.

and antibiotic

and potential

Create structural change in the framework of global health

Characterise the ways in which relative power and
hierarchies across social constructs (e.g. race,
gender and class) determine health-secking and
health-provision behaviours.

organisations to ensurc agency and representation for populations
vulnerable to be being excluded.

Understand and account for variation in health

seeking and health providing behaviours to guide community,

public, patient and citizen cngagement in AMR.

Figure 3. The proposed timeline for the identified research priorities in optimising antimicrobial use in human
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relation to foodborne infections. However, given increasing under-
standing of role of agriculture and aquaculture in AMR, there is a case
for stronger and closer alignment between all agencies with a direct
interest in One Health, including WHO, FAO, the World Organisation
for Animal Health (OIE) and the UN Environment Programme.°

The second role is financial. Again, many countries can implement
a roadmap with domestic financial resources, but others cannot. For
LMICs, Multilateral Development Banks and Development Finance
Institutions can play a crucial role if they develop greater expertise in
the investments needed to tackle AMR. Other international financial
institutions, such as the International Monetary Fund, can play a role,
adding progress in reducing the risk of AMR to their monitoring of
environmental, social, and governance indicators that feature in their
discussions with governments. However, many of the measures
needed to combat AMR can be considered as global public goods, in
that investments benefit the entire world.

A third role is foresight. The Intergovernmental Panel on Climate
Change has done much to draw attention to the threats from global
warning, convening leading scientists who can assemble the neces-
sary evidence. As AMR also poses an existential threat to humanity,
there seems a strong case for a similar organisation, such as an Inter-
governmental Panel on Health Threats, that would include AMR in a
broader portfolio of work that would include development and moni-
toring of appropriate indicators of the risks from AMR. We recognise
that the challenges of achieving concerted international action are
considerable. However, the experience in developing a response to
the global financial crisis does suggest that progress is possible when
there is political will and a structure to make things happen. The
Financial Stability Board, established after the 2009 G20 summit,
offers a model for what might be achieved in the health arena.

From a research perspective, population and geographical inequi-
ties among and within HICs and LMICs remain critical barriers to
progress in sustainable research to tackle AMR. To address the gaps
in AMR research in human populations and achieve antimicrobial
security, it is essential to invest in capacity to conduct and apply
research in all HICs and LMICs. Funding and research on AMR remains
heavily skewed towards HICs while current priorities do not capture
the full spectrum of issues relevant to AMR. Most funding is dedi-
cated to surveillance and technology, and while this is necessary —
especially in LMICs where availability of data is limited by underin-
vestment in digital laboratory and prescribing systems — little con-
sideration has been given to building capacity for technology
evaluation, implementation and management science, behavioural
research, and understanding the influence of context on outcomes
and sustainability of interventions. There is also a need for enhanced
mechanisms to enable engagement with policymakers.

Responses to the threat posed by AMR have often been fragmen-
tary, failing to recognise that the solution demands a systems
approach that recognises the complexity unique to AMR which is
influenced not only by the interactions of many different actors, but
also the added complexity of evolution of microorganisms capable of
undergoing rapid unpredictable change. These characteristics call for
a dynamic response based on continuous learning, with close links
between research and policy. We believe that our roadmap creates a
means to achieve this.

6. Contributors

AH, EC, and RA conceived the project and gained funding. EC, RA,
MMoc, BDF, TMR, NZ, and AH coordinated the data collection. EC, RA,
MMCc, BDF, TMR, NZ, CB, and OM analysed findings from review and
surveys. MM, M Mpundu, MB, AJML, CT, WH, and SS validated the
survey tool and provided input into the key themes identified. EC,
RA, M McK and MMc wrote the first draft, all co-authors contributed
to subsequent versions and approved the final draft. AH had the final
responsibility for the decision to submit for publication.

Data sharing

The data used to inform this policy paper can be made able, upon
reasonable request from Esmita Charani, e.charani@imperial.ac.uk.

Declaration of interests

We declare no competing interests.

Acknowledgements

We thank the following expert panel group members for their
valuable input: Adrian Brink (South Africa), Peter Borriello (UK), Peter
Childs (UK), Nick Feasey (UK), Grant Hill-Cawthorne (UK), Steven ]
Hoffman (Canada), Izhar Hussain (Pakistan), Fran Husson (UK), Claas
Kirchhelle (UK), Nathan Peiffer-Smadja (France), Mathieu Poirier
(Canada), Michael Sharland (UK), Julia E Szymczak (USA), Karin Thur-
sky (Australia), Paul Tambyah (Singapore), Charles Vincent (UK),
Thomas G Weiser (USA), Yazdan Yazdanpanah (France), Shahidul
Islam (Bnagladesh) and Samir Saha (Bangladesh).

This work was supported by the Wellcome Trust. RA, CB, EC, AH,
MM, SS, OM, and NZ acknowledge funding from the Economic and
Social Research Council (ESRC) and the National Institute for Health
Research ASPIRES project (Antibiotic use across Surgical Pathways:
Investigating, Redesigning and Evaluating Systems) (https://www.
imperial.ac.uk/arc/aspires/). ASPIRES aims to address antimicrobial
resistance and improve clinical outcomes optimising antibiotic usage
along surgical pathways. The support of ESRC as part of the Antimicro-
bial Cross Council initiative supported by the seven UK research coun-
cils, and also the support of the Global Challenges Research Fund, is
gratefully acknowledged. The funders had no role in the design and
conduct of the study; collection, management, analysis, review, or
approval of the manuscript; and decision to submit the manuscript
for publication. RA, EC, AH, TMR and NZ acknowledge funding from
the National Institute for Health Research, UK Department of Health
[HPRU-2012-10047] in partnership with Public Health England. BDF
and MMc acknowledge the NIHR Imperial Patient Safety Translational
Research Centre. MMc is also supported by the ESRC. The views
expressed are those of the authors and not necessarily those of the
NHS, the NIHR, PHE or the Department of Health and Social Care.

References

[1] Jonas OB, Irwin A, Berthe FCJ, Le Gall FG, Marquez P, Nikolic I, et al. Drug-resistant
infections: a threat to our economic future. Washington, DC: World Bank Group;
2017 http://documents.worldbank.org/curated/en/323311493396993758/final-
report. Accessed March 19, 2021.

[2] Antimicrobial resistance: tackling a crisis for the health and wealth of nations. The
Review on Antimicrobial Resistance chaired by Jim O’Neill. Wellcome Collection.
2014 https://wellcomecollection.org/works/rdpck35v. Accessed March 19, 2021.

[3] Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, et al. Bad bugs,
no drugs: no eskape! An update from the Infectious Diseases Society of America.
Clin Infect Dis 2009;48(1):1-12.

[4] Marston HD, Dixon DM, Knisely JM, Palmore TN, Fauci AS. Antimicrobial resis-
tance. JAMA 2016;316(11):1193.

[5] World Health Organization. Fact sheets on sustainable development goals: health tar-
gets. Antimicrobial Resistance. Copenhagen, Denmark: World Health Organization
Regional Office for Europe; 2017 https://www.euro.who.int/_data/assets/pdf_file/
0005/348224/Fact-sheet-SDG-AMR-FINAL-07-09-2017.pdf. Accessed March 19, 2021.

[6] Essack SY, Desta AT, Abotsi RE, Agoba EE. Antimicrobial resistance in the WHO
African region: current status and roadmap for action. ] Public Health 2016;39
(1):8-13.

[7] Ardal C, Outterson K, Hoffman SJ, Ghafur A, Sharland M, Ranganathan N, et al.
International cooperation to improve access to and sustain effectiveness of anti-
microbials. The Lancet 2016;387(10015):296-307.

[8] Murphy A, Mbau L, McKee M, Hanson K, Torreele E. Can we do for other essential
medicines what we are doing for the COVID-19 vaccine? BMJ Glob Health 2021;6
(2):e005158.

[9] Hsia Y, Lee BR, Versporten A, Yang Y, Bielicki J, Jackson C, et al. Use of the WHO
Access, Watch, and Reserve classification to define patterns of hospital antibiotic
use (Aware): an analysis of paediatric survey data from 56 countries. Lancet Glob
Health 2019;7(7):e861-71.

Please cite this article as: E. Charani et al., Optimising antimicrobial use in humans — review of current evidence and an interdisciplinary
consensus on key priorities for research, The Lancet Regional Health - Europe (2021), https://doi.org/10.1016/j.lanepe.2021.100161



https://www.imperial.ac.uk/arc/aspires/
https://www.imperial.ac.uk/arc/aspires/
http://documents.worldbank.org/curated/en/323311493396993758/final-report
http://documents.worldbank.org/curated/en/323311493396993758/final-report
https://wellcomecollection.org/works/rdpck35v
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0003
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0003
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0003
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0004
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0004
https://www.euro.who.int/__data/assets/pdf_file/0005/348224/Fact-sheet-SDG-AMR-FINAL-07-09-2017.pdf
https://www.euro.who.int/__data/assets/pdf_file/0005/348224/Fact-sheet-SDG-AMR-FINAL-07-09-2017.pdf
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0006
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0006
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0006
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0007
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0007
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0007
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0008
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0008
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0008
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0009
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0009
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0009
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0009
https://doi.org/10.1016/j.lanepe.2021.100161

ARTICLE IN PRESS

JID: LANEPE

[m5G;June 29, 2021;5:04]

E. Charani et al. / The Lancet Regional Health - Europe 00 (2021) 100161 9

[10] Buchy P, Ascioglu S, Buisson Y, Datta S, Nissen M, Tambyah PA, et al. Impact of
vaccines on antimicrobial resistance. Int J Infect Dis 2020;90:188-96.

[11] Jenner A, Bhagwandin N, Kowalski S. Antimicrobial resistance (AMR) and multi-
drug resistance (MDR): overview of current approaches, consortia and intellec-
tual property issues. 2017 https://www.wipo.int/publications/en/details.jsp?
id=4210. Accessed March 19, 2021.

[12] Government of the United Kingdom. Reinvigorating our system for international
health. 2021 (Jan, 26) https://www.gov.uk/government/speeches/reinvigorating-
our-system-for-international-health. Accessed March 19, 2021.

[13] Klein EY, Milkowska-Shibata M, Tseng KK, Sharland M, Gandra S, Pulcini C, et al.
Assessment of WHO antibiotic consumption and access targets in 76 countries,
2000-15: an analysis of pharmaceutical sales data. Lancet Infect Dis 2021;21
(1):107-15.

[14] Holmes AH, Moore LSP, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, et al.
Understanding the mechanisms and drivers of antimicrobial resistance. Lancet
2016;387(10014):176-87.

[15] Ahmad R, Zhu NJ, Leather AJM, Holmes A, Ferlie E. Strengthening strategic man-
agement approaches to address antimicrobial resistance in global human health:
a scoping review. BMJ Glob Health 2019;4(5):e001730.

[16] Chandler CR. Antimicrobial resistance & anthropology. 2016 https://www.seman-
ticscholar.org/paper/Antimicrobial-Resistance-%26-Anthropology-Chandler/
d4f8f077581153727479f0904045fc3197da8796. Accessed March 19, 2021.

[17] Charani E, Smith I, Skodvin B, Perozziello A, Lucet ]-C, Lescure F-X, et al. Investi-
gating the cultural and contextual determinants of antimicrobial stewardship
programmes across low-, middle- and high-income countries—a qualitative
study. PLoS ONE 2019;14(1):e0209847.

[18] G & Germany. Leaders’ Declaration - G7 Summit. (June, 7—8) https://reliefweb.
int/report/world/leaders-declaration-g7-summit-7-8-june-2015. Accessed March
19,2021.

[19] Rajan D. Situation analysis of the health sector. In: Schmets G, Rajan D,
Kadandale S, editors. Strategizing national health in the 21st century: a hand-
book. Geneva, Switzerland: World Health Organization; 2016. p. 103-57.

[20] World Health Organization. Food and Agriculture Organization of the United
Nations and World Organisation for Animal Health. Monitoring global progress
on addressing antimicrobial resistance (AMR). 2018 http://www.who.int/antimi-
crobial-resistance/publications/Analysis-report-of-AMR-country-se/en/. Accessed
March 19, 2021.

[21] World Health Organization. Food and Agriculture Organization of the United
Nations and World Organisation for Animal Health. Global database for the tripar-
tite antimicrobial resistance (AMR) country self-assessment survey (TrACSS).
2018 http://amrcountryprogress.org/. Accessed March 19, 2021.

[22] Piddock LJV. The global antibiotic research and development partnership
(GARDP): researching and developing new antibiotics to meet global public
health needs. Med Chem Commun 2019;10(8):1227-30.

[23] World Health Organization, Food and Agriculture Organization of the United
Nations and World Organisation for Animal Health. Monitoring and evaluation of
the global action plan on antimicrobial resistance: framework and recommended
indicators. Geneva: World Health Organization. https://apps.who.int/iris/handle/
10665/325006 (Accessed 19 March 2021).

[24] Boyd SE, Moore LSP, Gilchrist M, Costelloe C, Castro-Sanchez E, Franklin BD, et al.
Obtaining antibiotics online from within the UK: a cross-sectional study. ] Antimi-
crob Chemother 2017;72(5):1521-8.

[25] Morgan D], Okeke IN, Laxminarayan R, Perencevich EN, Weisenberg S. Non-pre-
scription antimicrobial use worldwide: a systematic review. Lancet Infect Dis
2011;11(9):692-701.

[26] Auta A, Hadi MA, Oga E, Adewuyi EO, Abdu-Aguye SN, Adeloye D, et al. Global
access to antibiotics without prescription in community pharmacies: A system-
atic review and meta-analysis. ] Infect 2019;78(1):8-18.

[27] Sakeena MHF, Bennett AA, McLachlan AJ. Non-prescription sales of antimicrobial
agents at community pharmacies in developing countries: a systematic review.
Int ] Antimicrob Agents 2018;52(6):771-82.

[28] Cui D, Liu X, Hawkey P, Li H, Wang Q, Mao Z, et al. Use of and microbial resistance
to antibiotics in China: a path to reducing antimicrobial resistance. ] Int Med Res
2017;45(6):1768-78.

[29] Dik J-WH, Sinha B. Challenges for a sustainable financial foundation for antimi-
crobial stewardship. Infect Dis Rep 2017;9(1):6851.

[30] Morel CM, Edwards SE, Harbarth S. Preserving the ‘commons’: addressing the sus-
tainable use of antibiotics through an economic lens. Clin Miccrob Infect 2017;23
(10):718-22.

[31] Charles O, Onakpoya I, Benipal S, Woods H, Bali A, Aronson JK, et al. Withdrawn
medicines included in the essential medicines lists of 136 countries. PLoS ONE
2019;14(12):e0225429.

[32] World Health Organization. WHO releases the 2019 aware classification antibiot-
ics. 2019 http://www.who.int/medicines/news/2019/WHO_releases2019AWaR-
e_classification_antibiotics/en/. Accessed March 19, 2021.

[33] Islam MS, Charani E, Holmes AH. The AWaRe point prevalence study index: sim-
plifying surveillance of antibiotic use in paediatrics. Lancet Glob Health 2019;7
(7):e811-2.

[34] Hsia Y, Sharland M, Jackson C, Wong ICK, Magrini N, Bielicki JA. Consumption of
oral antibiotic formulations for young children according to the WHO Access,
Watch, Reserve (Aware) antibiotic groups: an analysis of sales data from 70 mid-
dle-income and high-income countries. Lancet Infect Dis 2019;19(1):67-75.

[35] Budd E, Cramp E, Sharland M, Hand K, Howard P, Wilson P, et al. Adaptation of the
WHO essential medicines list for national antibiotic stewardship policy in Eng-
land: being aware. ] Antimicrob Chermother 2019;74(11):3384-9.

[36] Kotwani A, Holloway K. Access to antibiotics in New Delhi, India: implications for
antibiotic policy. ] Pharm Policy Pract 2013;6(1):6.

[37] Boyd SE, Charani E, Lyons T, Frost G, Holmes AH. Information provision for anti-
bacterial dosing in the obese patient: a sizeable absence? ] Antimicrob Chemother
2016;71(12):3588-92.

[38] Charani E, Gharbi M, Frost G, Drumright L, Holmes A. Antimicrobial therapy in
obesity: a multicentre cross-sectional study. ] Antimicrob Chemother 2015;70
(10):2906-12.

[39] Curtis CE, Al Bahar F, Marriott JF. The effectiveness of computerised decision sup-
port on antibiotic use in hospitals: A systematic review. PLoS ONE 2017;12(8):
e0183062.

[40] Ming D, Rawson T, Sangkaew S, Rodriguez-Manzano ], Georgiou P, Holmes A.
Connectivity of rapid-testing diagnostics and surveillance of infectious diseases.
Bull World Health Organ 2019;97(3):242-4.

[41] Rawson TM, Moore LSP, Tivey AM, Tsao A, Gilchrist M, Charani E, et al. Behaviour
change interventions to influence antimicrobial prescribing: a cross-sectional
analysis of reports from UK state-of-the-art scientific conferences. Antimicrob
Resist Infect Control 2017;6(1):11.

[42] Rawson TM, Moore LSP, Hernandez B, Charani E, Castro-Sanchez E, Herrero P,
et al. A systematic review of clinical decision support systems for antimicrobial
management: are we failing to investigate these interventions appropriately?
Clin Microb Infect 2017;23(8):524-32.

[43] Rawson TM, Ahmad R, Toumazou C, Georgiou P, Holmes AH. Artificial intelligence
can improve decision-making in infection management. Nat Hum Behav 2019;3
(6):543-5.

[44] Peiffer-Smadja N, Rawson TM, Ahmad R, Buchard A, Georgiou P, Lescure F-X, et al.
Machine learning for clinical decision support in infectious diseases: a narrative
review of current applications. Clin Microb Infect 2020;26(5):584-95.

[45] Ling G, Draghic N. Aerial drones for blood delivery. Transfusion 2019;59(S2):1608-
11.

[46] Saha SK, Schrag SJ, El Arifeen S, Mullany LC, Shahidul Islam M, Shang N, et al.
Causes and incidence of community-acquired serious infections among young
children in south Asia (Anisa): an observational cohort study. Lancet 2018;392
(10142):145-59.

[47] Baker SJ, Payne DJ, Rappuoli R, De Gregorio E. Technologies to address antimicro-
bial resistance. Proc Natl Acad Sci USA 2018;115(51):12887-95.

[48] Rawson TM, Castro-Sanchez E, Charani E, Husson F, Moore LSP, Holmes AH, et al.
Involving citizens in priority setting for public health research: Implementation
in infection research. Health Expect 2018;21(1):222-9.

[49] Rawson TM, Moore LSP, Hernandez B, Castro-Sanchez E, Charani E, Georgiou P,
et al. Patient engagement with infection management in secondary care: a quali-
tative investigation of current experiences. BMJ Open 2016;6(10):e011040.

[50] Micallef C, Kildonaviciute K, Castro-Sanchez E, Scibor-Stepien A, Santos R, Aliyu
SH, et al. Patient and public understanding and knowledge of antimicrobial resis-
tance and stewardship in a UK hospital: should public campaigns change focus? ]
Antimicrob Chemother 2017;72(1):311-4.

[51] Hughes G, O'Toole E, Talento AF, O’Leary A, Bergin C. Evaluating patient attitudes
to increased patient engagement with antimicrobial stewardship: a quantitative
survey. JAC Antimicrob Resist 2020;2(3):dlaa046.

[52] Rawson TM, Moore LSP, Castro-Sanchez E, Charani E, Hernandez B, Alividza V, et al.
Development of a patient-centred intervention to improve knowledge and understand-
ing of antibiotic therapy in secondary care. Antimicrob Resist Infect Control 2018;7
(1):43.

[53] Rawson TM, Ming D, Gowers SA, Freeman DM, Herrero P, Georgiou P, et al. Public
acceptability of computer-controlled antibiotic management: An exploration of auto-
mated dosing and opportunities for implementation. J Infect 2019;78(1):75-86.

[54] Charani E, Castro-Sanchez E, Sevdalis N, Kyratsis Y, Drumright L, Shah N, et al.
Understanding the determinants of antimicrobial prescribing within hospitals:
the role of “prescribing etiquette. Clin Infect Dis 2013;57(2):188-96.

[55] Charani E, Castro-Sanchez E, Holmes A. The role of behavior change in antimicro-
bial stewardship. Infect Dis Clin North Am 2014;28(2):169-75.

[56] Tarrant C, Colman AM, Chattoe-Brown E, Jenkins DR, Mehtar S, Perera N, et al.
Optimizing antibiotic prescribing: collective approaches to managing a common-
pool resource. Clin Microb Infect 2019;25(11):1356-63.

[57] Colman AM, Krockow EM, Chattoe-Brown E, Tarrant C. Medical prescribing and
antibiotic resistance: A game-theoretic analysis of a potentially catastrophic
social dilemma Zhang B, editor PLoS ONE 2019;14(4):e0215480.

[58] Broom J, Broom A, Kirby E, Gibson AF, Post ]J. Individual care versus broader pub-
lic health: A qualitative study of hospital doctors’ antibiotic decisions. Infect Dis
Health 2017;22(3):97-104.

[59] Broom ], Broom A, Kirby E, Gibson AF, Post JJ. How do hospital respiratory
clinicians perceive antimicrobial stewardship (Ams)? A qualitative study
highlighting barriers to AMS in respiratory medicine. ] Hosp Infect 2017;96
(4):316-22.

[60] Mattick K, Kelly N, Rees C. A window into the lives of junior doctors: narrative
interviews exploring antimicrobial prescribing experiences. ] Antimicrob Chemo-
ther 2014;69(8):2274-83.

[61] Broom ], Broom A, Plage S, Adams K, Post ]J. Barriers to uptake of antimicrobial
advice in a UK hospital: a qualitative study. ] Hosp Infect 2016;93(4):418-22.

[62] Hankissky O, Kapilashrami A. Beyond sex and gender analysis: An intersectional
view of the COVID-19 pandemic outbreak and response. 2020 https://nccdh.ca/
resources/entry/beyond-sex-and-gender-analysis-an-intersectional-view-of-the-
covid-19-. Accessed March 19, 2021.

[63] Papp S, Hersh M. A gender lens for COVID-19. 2020 https://womendeliver.org/
press/a-gender-lens-for-covid-19/. Accessed March 19, 2021.



http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0010
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0010
https://www.wipo.int/publications/en/details.jsp?id=4210
https://www.wipo.int/publications/en/details.jsp?id=4210
https://www.gov.uk/government/speeches/reinvigorating-our-system-for-international-health
https://www.gov.uk/government/speeches/reinvigorating-our-system-for-international-health
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0013
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0013
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0013
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0013
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0013
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0014
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0014
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0014
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0015
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0015
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0015
https://www.semanticscholar.org/paper/Antimicrobial-Resistance-%26-Anthropology-Chandler/d4f8f077581153727479f0904045fc3197da8796
https://www.semanticscholar.org/paper/Antimicrobial-Resistance-%26-Anthropology-Chandler/d4f8f077581153727479f0904045fc3197da8796
https://www.semanticscholar.org/paper/Antimicrobial-Resistance-%26-Anthropology-Chandler/d4f8f077581153727479f0904045fc3197da8796
https://www.semanticscholar.org/paper/Antimicrobial-Resistance-%26-Anthropology-Chandler/d4f8f077581153727479f0904045fc3197da8796
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0017
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0017
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0017
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0017
https://reliefweb.int/report/world/leaders-declaration-g7-summit-7-8-june-2015
https://reliefweb.int/report/world/leaders-declaration-g7-summit-7-8-june-2015
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0019
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0019
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0019
http://www.who.int/antimicrobial-resistance/publications/Analysis-report-of-AMR-country-se/en/
http://www.who.int/antimicrobial-resistance/publications/Analysis-report-of-AMR-country-se/en/
http://amrcountryprogress.org/
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0022
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0022
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0022
https://apps.who.int/iris/handle/10665/325006
https://apps.who.int/iris/handle/10665/325006
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0024
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0024
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0024
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0024
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0025
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0025
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0025
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0026
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0026
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0026
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0027
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0027
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0027
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0028
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0028
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0028
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0029
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0029
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0030
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0030
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0030
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0031
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0031
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0031
http://www.who.int/medicines/news/2019/WHO_releases2019AWaRe_classification_antibiotics/en/
http://www.who.int/medicines/news/2019/WHO_releases2019AWaRe_classification_antibiotics/en/
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0033
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0033
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0033
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0034
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0034
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0034
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0034
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0035
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0035
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0035
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0036
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0036
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0037
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0037
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0037
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0038
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0038
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0038
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0039
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0039
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0039
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0040
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0040
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0040
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0041
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0041
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0041
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0041
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0042
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0042
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0042
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0042
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0043
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0043
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0043
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0044
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0044
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0044
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0045
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0045
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0046
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0046
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0046
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0046
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0047
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0047
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0048
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0048
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0048
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0048
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0049
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0049
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0049
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0050
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0050
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0050
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0050
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0050
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0051
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0051
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0051
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0052
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0052
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0052
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0052
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0053
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0053
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0053
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0054
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0054
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0054
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0055
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0055
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0055
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0056
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0056
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0056
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0057
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0057
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0057
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0058
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0058
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0058
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0059
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0059
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0059
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0059
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0060
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0060
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0060
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0061
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0061
https://nccdh.ca/resources/entry/beyond-sex-and-gender-analysis-an-intersectional-view-of-the-covid-19-
https://nccdh.ca/resources/entry/beyond-sex-and-gender-analysis-an-intersectional-view-of-the-covid-19-
https://nccdh.ca/resources/entry/beyond-sex-and-gender-analysis-an-intersectional-view-of-the-covid-19-
https://womendeliver.org/press/a-gender-lens-for-covid-19/
https://womendeliver.org/press/a-gender-lens-for-covid-19/
https://doi.org/10.1016/j.lanepe.2021.100161

ARTICLE IN PRESS

JID: LANEPE

[m5G;June 29, 2021;5:04]

10 E. Charani et al. / The Lancet Regional Health - Europe 00 (2021) 100161

[64] Boniol M, Mclsaac M, Xu L, Wuliji T, Diallo K, Campbell J. Gender equity in the
health workforce: analysis of 104 countries. Geneva: World Health Organization;
2019 https://apps.who.int/iris/handle/10665/311314. Accessed March 19, 2021.

[65] Manandhar M, Hawkes S, Buse K, Nosrati E, Magar V. Gender, health and the 2030
agenda for sustainable development. Bull World Health Organ 2018;96(9):644-
53.

[66] Poulton TE, Moonesinghe R, Raine R, Martin P, Anderson ID, Bassett MG, et al. Socio-
economic deprivation and mortality after emergency laparotomy: an observational
epidemiological study. British Journal of Anaesthesia 2020 Jan;124(1):73-83.

[67] Alividza V, Mariano V, Ahmad R, Charani E, Rawson TM, Holmes AH, et al. Investi-
gating the impact of poverty on colonization and infection with drug-resistant
organisms in humans: a systematic review. Infect Dis Poverty 2018;7(1):76.

[68] Huttner B, Saam M, Moja L, Mah K, Sprenger M, Harbarth S, et al. How to improve
antibiotic awareness campaigns: findings of a WHO global survey. BMJ Glob
Health 2019;4(3):e001239.

[69] Wellcome. Reframing resistance. 2019 https://wellcome.org/reports/reframing-
antimicrobial-resistance-antibiotic-resistance. Accessed March 19, 2021.

[70] Holdo M. Sincerity as strategy: green movements and the problem of reconciling
deliberative and instrumental action. Env Polit 2019;28(4):595-614.

[71] Castro-Sanchez E, Chang PWS, Vila-Candel R, Escobedo AA, Holmes AH. Health liter-
acy and infectious diseases: why does it matter? Int ] Infect Dis 2016;43:103-10.

[72] Salm F, Ernsting C, Kuhlmey A, Kanzler M, Gastmeier P, Gellert P. Antibiotic use,
knowledge and health literacy among the general population in Berlin, Germany
and its surrounding rural areas. PLoS ONE 2018;13(2):e0193336.

[73] Karapinar-Carkit F, Bemt PMLA, Sadik M, Soest B, Knol W, Hunsel F, et al. Oppor-
tunities for changes in the drug product design to enhance medication safety in
older people: Evaluation of a national public portal for medication incidents. Br ]
Clin Pharmacol 2020;86(10):1946-57.

[74] Estock JL, Murray AW, Mizah MT, Mangione MP, Goode ]S, Eibling DE. Label
design affects medication safety in an operating room crisis: a controlled simula-
tion study. ] Patient Saf 2018;14(2):101-6.

[75] William Soller R, Lightwood JM. Comparison of the packaging and labeling of Tar-
get ClearRx with conventional prescription drug packaging and labeling. ] Am
Pharm Assoc 2007;47(4):484-90.

[76] Shiyanbola OO, Smith PD, Huang Y-M, Mansukhani SG. Pharmacists and patients
feedback on empirically designed prescription warning labels: a qualitative study.
Int J Clin Pharm 2017;39(1):187-95.

[77] Mpundu M. Moving from paper to action - the status of national AMR action plans in
African countries. https://revive.gardp.org/moving-from-paper-to-action-the-status-
of-national-amr-action-plans-in-african-countries/ (Accessed 19 March 2021).

[78] Charani E, Castro-Sanchéz E, Bradley S, Nathwani D, Holmes AH, Davey P. Imple-
mentation of antibiotic stewardship in different settings - results of an interna-
tional survey. Antimicrob Resist Infect Control 2019;8(1):34.

[79] Charani E, Holmes AH. Antimicrobial stewardship programmes: the need for
wider engagement. BM] Qual Saf 2013;22(11):885-7.

[80] Skodvin B, Aase K, Brekken AL, Charani E, Lindemann PC, Smith I. Addressing the
key communication barriers between microbiology laboratories and clinical
units: a qualitative study. ] Antimicrob Chemother 2017;72(9):2666-72.

[81] Castro-Sanchez E, Gilchrist M, Ahmad R, Courtenay M, Bosanquet J, Holmes AH.
Nurse roles in antimicrobial stewardship: lessons from public sectors models of
acute care service delivery in the United Kingdom. Antimicrob Resist Infect Con-
trol 2019;8(1):162.

[82] Wilcock M, Powell N, Underwood F. Antimicrobial stewardship and the hospital
nurse and midwife: how do they perceive their role? Eur ] Hosp Pharm 2017;26
(2):89-92.

[83] Singh S, Mendelson M, Surendran S, Bonaconsa C, Mbamalu O, Nampoothiri V,
et al. Investigating infection management and antimicrobial stewardship in sur-
gery: a qualitative study from India and South Africa. Clin Microb Infect 2021
$1198743X20307734.

[84] Bonaconsa C, Mbamalu O, Mendelson M, Boutall A, Warden C, Rayamajhi S, et al.
Visual mapping of team dynamics and communication patterns on surgical ward
rounds: an ethnographic study. BMJ Qual Saf 2021 bmjqs-2020-012372.

[85] WHO IB-VPD and Rotavirus Surveillance Bulletin - November 2016. https://tech-
net-21.org/en/network/technet-blog/who-ib-vpd-and-rotavirus-surveillance-
bulletin-november-2016?format=amp (accessed Mar 19, 2021).

[86] Rawson TM, Ming D, Ahmad R, Moore L S P, Holmes A H. Antimicrobial use, drug-
resistant infections and COVID-19. Nat. Rev. Microbiol. 2020;18:409-10.

[87] Zhu N, Aylin P, Rawson T, Gilchrist M, Majeed A, Holmes A. Investigating the
impact of COVID-19 on primary care antibiotic prescribing in North West London
across two epidemic waves. Clin Microb Inf 2020 In press.

[88] Vassall A, Sweeney S, Barasa E, Prinja S, Keogh-Brown MR, Tarp Jensen H, et al.
Integrating economic and health evidence to inform Covid-19 policy in low- and
middle- income countries. Wellcome Open Res 2020;5:272.

[89] African Union. Treaty for the establishment of the African Medicines Agency.
2019 https://au.int/en/treaties/treaty-establishment-african-medicines-agency.
Accessed March 19, 2021.

[90] World Health Organization, Food and Agriculture Organization of the United
Nations and World Organisation for Animal Health. Global framework for devel-
opment & stewardship to combat antimicrobial resistance: draft roadmap. Swit-
zerland: World Health Organization; 2017 https://www.who.int/publications/m/
item/global-framework-for-development-stewardship-to-combat-antimicrobial-
resistance-draft-roadmap. Accessed March 19, 2021.

[91] Atun RA, Lennox-Chhugani N, Drobniewski F, Samyshkin YA, Coker RJ. A frame-
work and toolkit for capturing the communicable disease programmes within
health systems: tuberculosis control as an illustrative example. Eur ] Public Health
2004;14(3):267-73.

[92] McLeod M, Ahmad R, Shebl NA, Micallef C, Sim F, Holmes A. A whole-health-
—economy approach to antimicrobial stewardship: analysis of current models
and future direction. PLoS Med 2019;16(3):e1002774.

[93] Clarke D. Law, regulation and strategizing for health. In: Schmets G, Rajan D,
Kadandale S, editors. Strategizing national health in the 21st century: a hand-
book. Geneva, Switzerland: World Health Organization; 2016 https://apps.who.
int/iris/handle/10665/250221. Accessed March 19, 2021.

[94] Smith PC, Anell A, Busse R, Crivelli L, Healy ], Lindahl AK, et al. Leadership and gov-
ernance in seven developed health systems. Health Policy 2012;106(1):37-49.

[95] Birgand G, Castro-Sanchez E, Hansen S, Gastmeier P, Lucet ]-C, Ferlie E, et al. Com-
parison of governance approaches for the control of antimicrobial resistance:
analysis of three European countries. Antimicrob Resist Infect Control 2018;7
(1):28.

[96] Mizuno S, Iwami M, Kunisawa S, Naylor N, Yamashita K, Kyratsis Y, et al. Compari-
son of national strategies to reduce methicillin-resistant Staphylococcus aureus
infections in Japan and Enlgand. ] Hosp Inf; 100(3):280-298.

[97] Anderson M, Schulze K, Cassini A, Plachouras D, Mossialos E. A governance frame-
work for development and assessment of national action plans on antimicrobial
resistance. Lancet Infect Dis 2019;19(11):e371-84.

[98] Kingdon JW. Agendas, alternatives, and public policies. 2nd ed. New York: Long-
man; 1995.

[99] Kodate N. Events, politics and patterns of policy-making: impact of major inci-
dents on health sector regulatory reforms in the UK and Japan. Soc Policy Adm
2012;46(3):280-301.



https://apps.who.int/iris/handle/10665/311314
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0065
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0065
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0065
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0066
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0066
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0066
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0067
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0067
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0067
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0068
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0068
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0068
https://wellcome.org/reports/reframing-antimicrobial-resistance-antibiotic-resistance
https://wellcome.org/reports/reframing-antimicrobial-resistance-antibiotic-resistance
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0070
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0070
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0071
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0071
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0071
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0072
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0072
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0072
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0073
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0073
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0073
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0073
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0073
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0074
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0074
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0074
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0075
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0075
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0075
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0076
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0076
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0076
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0078
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0078
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0078
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0078
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0079
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0079
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0080
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0080
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0080
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0081
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0081
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0081
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0081
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0081
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0082
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0082
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0082
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0083
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0083
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0083
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0083
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0084
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0084
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0084
https://technet-21.org/en/network/technet-blog/who-ib-vpd-and-rotavirus-surveillance-bulletin-november-2016?format=amp
https://technet-21.org/en/network/technet-blog/who-ib-vpd-and-rotavirus-surveillance-bulletin-november-2016?format=amp
https://technet-21.org/en/network/technet-blog/who-ib-vpd-and-rotavirus-surveillance-bulletin-november-2016?format=amp
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0086
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0086
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0087
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0087
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0087
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0088
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0088
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0088
https://au.int/en/treaties/treaty-establishment-african-medicines-agency
https://www.who.int/publications/m/item/global-framework-for-development-stewardship-to-combat-antimicrobial-resistance-draft-roadmap
https://www.who.int/publications/m/item/global-framework-for-development-stewardship-to-combat-antimicrobial-resistance-draft-roadmap
https://www.who.int/publications/m/item/global-framework-for-development-stewardship-to-combat-antimicrobial-resistance-draft-roadmap
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0092
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0092
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0092
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0092
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0093
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0093
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0093
https://apps.who.int/iris/handle/10665/250221
https://apps.who.int/iris/handle/10665/250221
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0095
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0095
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0096
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0096
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0096
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0096
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0096
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0098
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0098
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0098
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0099
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0099
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0100
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0100
http://refhub.elsevier.com/S2666-7762(21)00138-1/sbref0100
https://doi.org/10.1016/j.lanepe.2021.100161

	Optimising antimicrobial use in humans - review of current evidence and an interdisciplinary consensus on key priorities for research
	1. Introduction
	2. Search strategy and Selection criteria
	3. Four research themes
	3.1. Policy and strategic planning
	3.2. Medicines management and prescribing systems
	3.3. Technology for optimised antimicrobial prescribing
	3.4. Context, culture and behaviours

	4. Cross-cutting systems level considerations
	4.1. Public engagement
	4.2. Capacity building
	4.3. Impact of the COVID-19 pandemic

	5. Moving forward: a roadmap
	6. Contributors
	Data sharing
	Declaration of interests
	Acknowledgements
	References


