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Glossary

Antimicrobial resistance area: research priorities are grouped into areas
relevant to antimicrobial resistance (AMR): water, sanitation and hygiene (WASH);
infection prevention and control (IPC); immunization; diagnosis and diagnostics;
antimicrobial  stewardship; antimicrobial use; antimicrobial medicines;
epidemiology, burden and drivers of antimicrobial resistance; awareness and
education; policies and regulations; prevention of drug-resistant tuberculosis
(TB): diagnosis of people with drug-resistant TB; and treatment and care of
people with drug-resistant TB.

Antimicrobial use: describes both medicines-level data on antimicrobial use
(elsewhere known as “antimicrobial consumption” data) that provide information
on the quantity and types of antimicrobials used and clinical-level data that can
link antimicrobial use patterns with patient characteristics, clinical indication and
treatment regimens, such as dose, route and duration.

Knowledge gap: a subject requiring further research as identified through a
scoping review and an expert survey.

Research Agenda Expert Group: a group of global experts with expertise
spanning research disciplines. Members were identified based on their peer-
reviewed publication records and through the WHO Steering Group and regional
advisers to attain gender balance, representation from low- and middle-income
countries and from underrepresented areas such as paediatrics, mycology, WASH
and policy and regulations related to AMR.

Research disciplines: field of research used to categorize expertise related
to AMR: pharmacology and clinical disciplines; health economics; governance,
regulations and legislation; epidemiology: and behavioural and social science.

Research domains: categories used to describe research topics. Four research
domains are typically used in the Child Health and Nutrition Research Initiative
to categorize research topics in a knowledge matrix: “descriptive” (characterizing
the burden and drivers of AMR), “delivery” (providing ways to deliver existing
interventions with betterquality), “development” (improving existinginterventions,
reducing their costs or optimizing their implementation) and “discovery” (new
interventions to prevent, treat and diagnose AMR).

Research priority: a subset of research topics with priorities set based on
scoring from the Research Agenda Expert Group.
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Research topic: a group of thematically related areas for further research
formulated from consolidated knowledge gaps.

Theme: thematically related research priorities are grouped into five themes:
prevention; diagnosis; treatment and care; a cross-cutting theme; and a focus
theme on drug-resistant Mycobacterium tuberculosis.

WHO bacterial priority pathogens: bacterial families included in Prioritization
of pathogens to guide discovery, research and development of new antibiotics
for drug-resistant bacterial infections, including tuberculosis published by WHO
in 2017.

WHO fungal priority pathogens: fungal pathogens that are critically important
for AMR based on the WHO fungal priority pathogens list to guide research,
development and public health action published in 2022.

WHO secretariat: staff members and consultants of the Antimicrobial Resistance
Division at WHO headquarters coordinating the development of the agenda.

WHO Steering Group: WHO staffmembersacross WHO divisions and departments
with technical expertise spanning the various AMR areas. The Steering Group
defined the objectives and scope of the agenda, guided the development of the
criteria for setting priorities, supported the consolidation of research topics and
the priority-setting process and contributed to writing area-specific sections of
the report.
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Executive summary

Antimicrobial resistance (AMR) poses a considerable threat to human health, with an
estimated 4.95 million deaths associated with bacterial AMR in 2019. A total of 410 000 new
cases of rifampicin- and multidrug-resistant tuberculosis were estimated globally in 2022.
Further, invasive fungal infections are increasing worldwide, and their management is
challenged by antifungal resistance and difficulties in diagnosis. Low- and middle-income
countries have disproportionately higher mortality from infections with resistant organisms
compared with high-income countries.

Although AMR is recognized among the top 10 global threats requiring urgent action,
over the past six years little progress has been made in improving awareness of AMR,
monitoring and optimizing antimicrobial use and implementing infection prevention and
control programmes. Efforts to address the inequitable impact of AMR across populations
have been limited, challenged by the lack of data, including data disaggregated by age, sex,
socioeconomic status and other factors.

The goal of this research agenda is to identify and give priority to the research topics with
the greatest impact on mitigating AMR in the human health sector. A priority research
agenda for AMR is critical in guiding policy-makers, researchers, funders, implementing
partners, industry and civil society in generating new evidence to inform AMR policies and
interventions. The research agenda is global in scope and focuses on AMR in the human
health sector, especially infections caused by the WHO bacterial priority pathogens,
including drug-resistant Mycobacterium tuberculosis and WHO fungal priority pathogens
that are critically important for AMR (such as Candida auris, Aspergillus fumigatus and
Cryptococcus neoformans). The research priorities apply to both adults and children.

The research agenda was developed through an adapted Child Health and Nutrition
Research Initiative method in close collaboration with a multidisciplinary Research
Agenda Expert Group on AMR. In the first phase, 2340 knowledge gaps were identified
through a systematic search of peer-reviewed and grey literature, from screening of 8409
documents published in the past 10 years. In the second phase, with technical input
from a multidisciplinary Research Agenda Expert Group and based on input from a global
consultation, these knowledge gaps were further consolidated into 175 research topics.

In the final phase, the Research Agenda Expert Group was invited to assess each of the
175 research topics against five criteria: filling critical knowledge gaps; answerability and
feasibility by 2030; potential for translation into policy; impact on mitigating AMR; and
promoting health equity. A research priority score accounting for the opinion of all individual
experts was calculated to identify the top scored 40 research priorities: 33 pertaining to
AMR in bacteria and fungi and seven relating to drug-resistant Mycobacterium tuberculosis
(Fig. EN)

The research agenda aims to foster research by 2030 in accordance with the Sustainable
Development Goals timeline and to catalyse scientific interest and investment among the
scientific community and funders. The current list of research priorities should be further
translatedintotangible, concrete research proposals fundable by donors and implementable
also in settings with limited resources.

Fig. E1: The forty research priorities of the
WHO global research agenda for antimicrobial
resistance in human health (abbreviated)
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1. Introduction
1.1 Background

Antimicrobial resistance (AMR) poses a considerable threat to human health, with an
estimated 4.71 million deaths associated with bacterial AMR in 2021 (7). Globally, there were
an estimated 400 000 new cases of rifampicin- and multidrug-resistant tuberculosis (TB) in
2023 (2). Invasive fungal infections are increasing worldwide (3-5), and their management
is challenged by difficulties in diagnosis and antifungal resistance. Low- and middle-income
countries are disproportionately affected by AMR, with higher mortality rates caused by
infections with resistant organisms than in high-resource settings (7). In addition to its
impact on health, AMR is also associated with substantial costs to the global economy,
which may amount to USS 100 trillion until 2050 if no action is taken (6). Treating people with
resistant bacterial infections may reach USS 412 billion annually by 2035, with an additional
USS 443 billion per year in productivity losses (7).

Since the Global Action Plan on antimicrobial resistance was developed in 2015 (8,9), 178
countries published national action plans for AMR by the end of 2023 (70). In accordance with
the second objective of the Global Action Plan on Antimicrobial Resistance on strengthening
the knowledge and evidence base through surveillance and research, in 2017 WHO published
a bacterial pathogen priority list including 12 bacteria or bacterial groups classified into
critical, high and medium priority according to the need for novel antibiotics (Table 1) (77).
The list aims to catalyse research and guide funding for developing new antibiotics. This list
was updated in 2024 to include 24 pathogens from 15 families, including Mycobacterium
tuberculosis (12). Further, in 2022 WHO published a priority list for fungal pathogens, with
the goal of strengthening surveillance, increasing awareness on their importance to public
health and promoting research and development (4).

Substantial knowledge gaps on AMR persist and hamper an effective response, illustrated

by countries’ stagnant progress in implementing their national action plans on AMR.
For example, only 28% (49 of 177) countries reporting to the Tracking AMR Country Self-
assessment Survey are actively implementing and monitoring

AMR iS associated their national action pl_ans, (_)f which almo_st two thirds (31
] i of 49) are low- and middle-income countries (70). Over the
with an estimated 4.95  past six years, survey data show little progress on improving
million deaths due to awareness on AMR, monitoring and optimizing antimicrobial

. . . use and implementing infection prevention and control (IPC)
bacterlal mfectlons and programmes (70). In addition, investments in AMR research
substantial costs to the have been inconsistent to date. Between January 2017

. and September 2021, the Global AMR R&D Hub (https:/
g|Oba| economy which globalamrhub.org) reported USS 8.9 billion in investment across

may amou nt to USS 12 093 projects funded by 214 organizations worldwide in AMR.

100 trillion until 2050 If Although th|s is still I|m.|tec? compared with other disease areas,

. . 90% of the investment is directed to research and development

no action is taken for bacterial pathogens approximately with one third of the

investment in priority bacterial pathogens (approximately

o 4.3 billion United States of America dollars) allocated toward

Left: A laboratory technician  yo\ 0105 ment of new therapeutics. In comparison, only 12% was
processing bacterial cultures in ) ) 0 ) ] 0 .

a clinical laboratory in Khartoum, ~ designated for vaccines, 6% for diagnostics and 1% for policy

Sudan. © WHO / S Bertagnolio  research. Fungal research across all sectors attracted only 6%
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of all investments. Investment in research and development of novel diagnostics or vaccines
as well as policy research is lagging (73).

More research is needed in these areas and in optimizing the use of current tools for more
efficient use to support the implementation of evidence-informed policies and interventions
for AMR, especially in low- and middle-income countries.

Research agendas are critical in guiding policy-makers, researchers, funders, the private
sector and civil society in generating new evidence to inform policies and interventions and
have been developed in other public health areas such as newborn health (74), adolescents
living with HIV (75), dementia (76) and COVID-19 (77). Previous initiatives have attempted to
compile research gaps for resistant bacterial infections but have not adequately addressed
key research priorities for human health (78,79). Some have concentrated on specific aspects
of AMR (78,20-23) or solely on the One Health interface (24), and priorities specifically relevant
to limited-resource settings have been neglected. A multidisciplinary research agenda on
AMR with set priorities can play a critical role in directing investment by governments and
funders and the attention of policy-makers, researchers and the private sector towards crucial
knowledge gaps that require evidence, which in turn informs the effective implementation of
AMR policies and interventions.

This work is the first comprehensive effort to outline the top research priorities, focusing on
infections caused by drug-resistant bacteria and fungi using robust validated methods from a
list of systematically identified researchtopics. This projectis grounded in the Global Action Plan
on Antimicrobial Resistance, a resolution endorsed by the 68th World Health Assembly in 2015
(8,2.25), especially its second objective on strengthening knowledge and evidence through
surveillance and research. Moreover, the resolution mandated WHO to develop a global public
health research agenda for filling major gaps in knowledge on AMR, including methods to
assess the health and economic burdens of AMR, cost-effectiveness of actions, mechanisms
of development and spread of resistance and research to underpin the development of new
interventions, diagnostic tools and vaccines and to monitor and report on implementation of
the research agenda.

1.2 Purpose and scope of the research agenda

The purpose of this research agenda is to expand and enhance global knowledge on AMR in
the human health sector. Its goal is to identify and give priority to the research topics with the
greatest potential impact on mitigating AMR in the human health sector. The research agenda
also aims to foster research by 2030, in accordance with the Sustainable Development Goals
timeline and to catalyse scientific interest and investment among the scientific community
and funders on the epidemiology and burden of resistant infections, on strategies to prevent
infections and the emergence of resistance, on how to optimize and best deliver these in low-
and middle-income countries and on optimized diagnostics and antimicrobial medicines. The
current list of research priorities should be further translated into tangible, concrete research
proposals fundable by donors and implementable also in settings with limited resources.

The research agenda is global in scope and focuses on AMR in the human health sector,
especially infections caused by WHO bacterial priority pathogens (77), WHO fungal priority
pathogens that are critically important for AMR (4) and drug-resistant M. tuberculosis. The
research agenda pertains to all income contexts and aims to serve both adults and children.
Important research topics relevant to animal health, agriculture and the environment are
out of scope and are addressed by the WHO One Health Priority Research Agenda for AMR,
complementary to this work (24). Detailed methods are described in Annex 1.
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Table 1: Pathogens within the scope of the research agenda

BACTERIAL PRIORITY PATHOGENS

PRIORITY 1: CRITICAL

Acinetobacter baumannii, carbapenem-resistant
Pseudomonas aeruginosa, carbapenem-resistant
Enterobacterales, carbapenem-resistant, extended-spectrum beta-lactamase-producing

PRIORITY 2: HIGH

Enterococcus faecium, vancomycin-resistant

Staphylocaccus aureus, methicillin-resistant, vancomycin-intermediate and resistant
Helicobacter pylori, clarithromycin-resistant

Campylobacter spp., fluoroquinolone-resistant

Salmonella spp., fluoroquinolone-resistant

Neisseria gonorrhoeae, cephalosporin-resistant, fluoroquinolone-resistant

PRIORITY 3: MEDIUM

Streptococcus pneumoniae, penicillin non-susceptible
Haemophilus influenzae, ampicillin-resistant
Shigella spp., fluoroquinolone-resistant

DRUG-RESISTANT MYCOBACTERIUM TUBERCULOSIS

FUNGAL PRIORITY PATHOGENS P

Candida spp.
Aspergillus fumigatus
Cryptococcus neoformans

OTHER

Mycoplasma genitalium®

a: Source: Prioritization of pathogens to guide discovery, research and
development of new antibiotics for drug-resistant bacterial infections,
including tuberculosis (77).

b: Source: adapted from the WHO fungal priority pathogens list to guide
research, development and public health action (4).

€ An emerging cause of difficult-to-treat sexually transmitted infections.

1.3 Intended audience

The research agenda is cross-cutting and intended for a multidisciplinary audience
including researchers, academia, public health professionals, funding agencies and donors,
policy makers, the private sector and civil society across the world. Researchers working
in all disciplines and undertaking different types of research, including basic science
research, clinical research and implementation research are encouraged to use the agenda
when drafting research questions, protocols and funding proposals. Research funders are
encouraged to adopt priorities under this agenda when outlining AMR funding calls.
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2. Global research priorities for
AMR in human health

The WHO global research agenda for AMR in human health consists of 40 research priorities:
33 for bacterial and fungal infections and seven focused on drug-resistant TB (Table 2).

2.1 0verview

Including one or more priorities from all the AMR areas, the research agenda reflects the
multidisciplinary and multifaceted diversity of AMR topics (Fig. 1). The research priorities
are composite in nature, encompassing a variety of aspects related to the topic and likely
requiring studies of different types to address. Nevertheless, each priority represents a
discrete topic for holistic implementation.

Beyond the summary of research priorities outlined below, each priority is explored in detail
in Section 2.2, aiming to illustrate the public health importance of the priority, showcase
known advancements and areas lacking information, offer more detailed context for various
aspects, propose specific research enquiries and suggest potential approaches to tackle
the topic. They do not, however, provide comprehensive overviews of the subject.

Fig. 1: Number of research priorities by AMR area
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The 33 research priorities for bacterial and fungal infections are grouped into four themes:
prevention (four priorities), diagnosis (six priorities), treatment and care (11 priorities) and a
cross-cutting theme (12 priorities). Further subgrouping by AMR area occurs for the themes
of prevention (water, sanitation and hygiene (WASH), IPC and immunization), treatment
and care (antimicrobial stewardship, antimicrobial use and antimicrobial medicines) and
for the cross-cutting theme (AMR epidemiology., burden and drivers, AMR awareness and
education, and policies and regulations related to AMR).

The seven research priorities for drug-resistant TB priorities are grouped into prevention
(one priority), diagnosis (two priorities) and treatment and care (four priorities). The order in
which the priorities are presented does not imply that priorities have been set within the
list, and research priorities are numbered for ease of referencing.

2.1.1 Bacterial and fungal infections

The prevention theme comprises research priorities focusing on preventing infections
with antimicrobial-resistant organisms. These include a research priority highlighting
the need for investigating the impact, effectiveness and implementation strategies of
WASH-related interventions within community and health-care settings, with the goals
of reducing the burden and transmission of resistant organisms and reducing the use of
antimicrobial medicines. A further research priority focused on the need for identifying
optimal multimodal IPC strategies and the relative effect of their components for reducing
health care-associated infections from antimicrobial-resistant pathogens. This theme
also includes a research priority on vaccines and their role in preventing colonization and
infection with resistant organisms and reducing antimicrobial use, health-care encounters
and costs.

The diagnosis theme focuses on the need to improve diagnostics for bacterial and fungal
infections (26). Research priorities for diagnosis include point-of-care tests and diagnostic
algorithms that can also be used in low- and middle-income countries for discriminating
between bacterial and viral infections to aid treatment decisions. Other research priorities
focus on methods for rapid pathogen detection and antimicrobial susceptibility testing
directly from blood cultures, on the use of (near-) point-of-care and affordable molecular
tests (including multiplexed and panel-based tests) for pathogen identification and
resistance testing and for tests for detecting drug-resistant fungal infections. Another
research priority addresses the need for investigating and evaluating tests for phenotypic
antifungal susceptibility testing. Finally, one research priority focuses on novel point-of-care
molecular and non-molecular tests and screening strategies for Neisseria gonorrhoeae,
including detecting resistance.

The treatment and care theme includes research priorities on antimicrobial stewardship
both within health-care settings and in community pharmacies. They cover the need for
investigating stewardship interventions (such as implementing the WHO AwaRe antibiotic
book) and adapting them to context; the need for improving pharmacists’ dispensing
practices within community pharmacies while accounting for regulatory frameworks and
incentive mechanisms; and the need for optimizing empirical antimicrobial therapy for the
main infectious syndromes. The research priorities on antimicrobial use include the need to
identify the methods and metrics for measuring use and of targets for monitoring progress
towards reducing inappropriate use; the need for determining the levels, patterns, trends
and drivers of inappropriate use; and for determining the use of facility- and national-
level data on antibiotic use as well as AMR surveillance data for informing stewardship
programmes and treatment guidelines. The research priorities in this theme also cover
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investigating treatment regimens for extended-spectrum beta-lactamase-producing and
carbapenem-resistant Enterobacterales; the need for investigating safe and efficacious
treatment options for drug-resistant typhoid and non-typhoidal salmonellae, fungal
priority pathogens and drug-resistant STIs and the need for investigating optimal empirical
treatment regimens for bloodstream infections among newborns and young children.

The cross-cutting theme focuses on three broad areas covering the epidemiology.
burden and drivers of AMR: surveillance; AMR awareness and education; and policies and
regulations related to AMR. Specifically, the area on AMR burden and drivers addresses
the need for investigating the burden of community-acquired and health care-associated
infections that are caused by resistant WHO priority bacterial and fungal pathogens; the
impact of structural and health system factors on colonization and infection with resistant
organisms; optimal surveillance methods for generating accurate and reliable data; the
AMR impact of using antimicrobials within mass drug administration campaigns; and the
benefits and effects of syndromic management for STls. One research priority addresses
the need for determining the optimal behaviour change interventions for mitigating AMR
emergence and transmission, including among the public. Finally, five research priorities
cover policies and regulations, including the need for identifying effective strategies for
mitigating AMR and improving antimicrobial use, approaches for implementation, their
integration within broader health and health financing structures and assessing how
regulatory frameworks and marketing incentives affect the development of and access to
new antimicrobial medicines.

2.1.2 Drug-resistant TB

The drug-resistant TB theme includes key priorities covering the development of new
vaccines, improving diagnostic tests and testing strategies, and investigating better
tolerated, effective and shorter treatment regimens for improving TB treatment outcomes.
More specifically, one research priority addresses prevention using vaccines that meet the
WHQO target product profile characteristics and can affect preventing infection, disease and
recurrence. Two research priorities focus on TB diagnostics: one on molecular assays for
detecting resistance from non-respiratory samples and one on diagnostic and treatment
delivery models for improving access and impact. Four research priorities address the
treatment of people with drug-resistant TB: on investigating better-tolerated, shorter
regimens; on optimal TB preventive therapy for contacts of people with drug-resistant TB:;
on strategies forimproving outcomes among those at higherrisk of unfavourable outcomes;
and on the programmatic effectiveness (including drivers of treatment failure) of the new
WHO-recommended treatment regimens.
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Research priorities by
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for antimicrobial resistance in
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Water, sanitation, and hygiene (WASH)
1 Investigate the impact, contribution, utility, effectiveness and cost-
effectiveness of interventions to ensure safely managed WASH (including a
hand hygiene) and waste management practices in the community setting & &5 &5 8 8 3
on reducing the burden and drivers of AMR, such as unnecessary antibiotic < < < < < <
use for diarrhoeal diseases in low- and middle-income countries.
2 Investigate implementation strategies of WASH-related interventions
in health-care settings (including ensuring access to safely managed
water and sanitation, safe hand hygiene, safe management of waste and -
environmental cleaning), and assess their impact, acceptability, equity I B Y BS
and cost-effectiveness on the burden and transmission of resistant health © © o o o o
care-associated infections and antimicrobial medicine prescribing across
socioeconomic settings.
Infection prevention and control
3 Identify the most effective, cost-effective, acceptable and feasible
multimodal IPC strategies (such as hand hygiene, contact precautions and o
patient isolation) and the relative effect of their components in reducing & &5 & & & &
different types of health care-associated infections caused by multidrug- e @ @ <9 <@ <
resistant pathogens across geographical and socioeconomic settings.
Immunization
4 Assess the impact of vaccines on preventing colonization and infection by
resistant pathogens (whether specifically targeted by the vaccine or not) o
and on reducing the overall use of antimicrobial medicines, health-care S &5 2 & &
encounters and health system costs among adults and children and across e 2@ o 9 <9 -
socioeconomic settings.
continued...

Table notes:

a. Weighted as 10% for “feasibility” and “health equity” and 27% for
“critical gaps”, “impact” and “policy translation.”

b: Research priority score fell within the top 20th percentile when
considering all experts’ responses

c: Research priority score fell within the top 20th percentile when
considering only the responses of experts scoring with a low- and
middle-income setting perspective.

Each of the 40 research priorities, grouped by theme and area, is
explored in detail in Section 2.2.
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Research
priority score @

Equity

Feasibility

Gaps

Impact

Policy

DIAGNOSIS OF BACTERIAL AND FUNGAL INFECTIONS

Diagnosis and diagnostics

10

Investigate and evaluate rapid point-of-care diagnostic tests (including
biomarker-based tests) and diagnostic algorithms to discriminate
between bacterial and viral infections and non-infectious syndromes
that are feasible for use in limited-resource settings and among different
subpopulations (including children and newborns), and how using these
tests affects clinical outputs and outcomes.

Investigate and evaluate diagnostic tests for isolating and identifying
antimicrobial susceptibility testing and/or detecting resistance of bacterial
pathogens (including multiplex panel-based tests and tests using novel
technologies) that are rapid, (near) point of care, affordable, feasible for
use in limited-resource settings and among different subpopulations and
from a variety of specimen types, and how using these tests affects clinical
outputs and outcomes.

Investigate and evaluate phenotypic and genotypic methods of rapid
antimicrobial susceptibility testing and resistance detection directly from
positive blood culture bottles, especially for use in low- and middle-income
countries, and how using these tests affects clinical outputs and outcomes.

Investigate and evaluate rapid, (near) point-of-care diagnostic tests
(including antigen and multiplex panel-based tests) for detecting WHO
fungal priority pathogens that are critically important for AMR (such
as Candida auris, Aspergillus fumigatus and Cryptococcus neoformans)
and feasible for use in limited-resource settings and among different
subpopulations, and how using these tests affects clinical outputs and
outcomes.

Investigate and evaluate the clinical utility and diagnostic accuracy of
phenotypic antifungal susceptibility testing, including determining minimal
inhibitory concentration breakpoints and testing for in vitro and in vivo
synergy between antifungal medicines

Investigate, assess the performance and evaluate the implementation of
novel rapid point-of-care molecular and non-molecular assays and optimal
testing and screening approaches (including self-testing) for Neisseria
gonorrhoeae and AMR detection to reduce inappropriate antibiotic
prescribing and emergence of AMR.

0.89b

091b

0.89P

0.89P

0.94c¢

090k

0.72
0.93
0.88
0.94
0.90

0.85
0.78
0.96
0.97
0.87

0.82
0.90
0.92
0.91
0.85

0.86
0.80
0.92
0.92
0.88

079

0.81
0.87
0.93
0.93
0.90

0.98
0.93

0.93
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®©
L
[=]
=8 2
> =
s > =2 c >
85 £ % 8 3 =2
s O &£ S E &
TREATMENT AND CARE OF BACTERIAL AND FUNGAL INFECTIONS
Antimicrobial stewardship
11 Investigate antimicrobial stewardship interventions (such as implementing
the WHO AWaRe antibiotic book, guidelines, clinical algorithms, education
and training,laludit aqd feedbaclk), alone or ir? combination, thatl are . ‘é N QR Qo
context specific, feasible, sustainable, effective and cost-effective to avoid = = =2 & 2 Z
antimicrobial misuse in outpatient and inpatient settings, especially where
diagnostic capacity may be limited.
12 Identify feasible, effective and scalable pharmacist dispensing practices
for antimicrobial medicines in community pharmacies, along with related R, - -
regulatory frameworks (such as incentives and disincentives) to improve @ X § o § =
antimicrobial stewardship in the community, especially in low- and middle-
income countries.
13 Investigate criteria and strategies to optimize empirical antimicrobial
therapy (such as antimicrobial spectrum, dose, timing of initiation, de-
escalation and stopping), weighting the benefits (such as improving o
outcomes and reducing costs) versus potential harm (such as clinical N NN
failure, infection relapse, resistance emergence and adverse events) for O ©O o o o o
main community and health care-associated infectious syndromes among
adults and children, especially in settings with limited access to medicine,
diagnostics and health-care services.
Antimicrobial use
14 Determine optimal (feasible, accurate and cost-effective) methods and o
metrics to monitor antimicrobial use in the community and health- ©® O ~ o o <
care settings and appropriate targets to monitor progress in reducing 8 =3 3 23
inappropriate antimicrobial use.
15 Determine the levels, patterns, trends and drivers of appropriate and
inappropriate prescribing and use of access, watch and reserve antibiotics
across countries and community and health-care settings, with data ,‘;__’ ® N9 o o
disaggregated by sex, age, socioeconomic status and subpopulations, SO ©o o o o o
including those experiencing vulnerability and with comorbidities (such as
people living with HIV, people with TB and people with malaria).
16 Investigate optimal approaches to effectively use facility- and/or a
national-level data on antimicrobial use and AMR surveillance to inform 5 R &8 &5 & 5
(en) o o o o (en)

antimicrobial stewardship programmes and treatment guidelines.

continued...
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Research
priority score @

Equity

Feasibility

Gaps

Impact

Policy

Antimicrobial medicines

17

18

19

20

21

Investigate efficacious and safe antibiotic treatment regimens based
on old and new agents and combinations for infections, especially for

extended-spectrum beta-lactamase-producing and/or carbapenem-resistant

Enterobacterales, with minimum selection and transmission risk for
AMR, especially among children and other subpopulations experiencing
vulnerability.

Investigate efficacious and safe antibiotic treatment regimens for infections

by drug-resistant typhoid and non-typhoidal salmonellae (including for
pathogens resistant to cephalosporins and fluoroquinolones) across
socioeconomic settings.

Investigate efficacious and safe empirical antibiotic treatment (drug choice,

drug combination, route, dose and duration) for gram-negative bacteria
causing bloodstream infections or sepsis among newborns and young
children, especially in settings with high AMR prevalence and limited
diagnostic capacity and antimicrobial medicine availability.

Investigate antifungal regimens optimized for efficacy, cost, safety and
duration for the treatment of infections caused by WHO fungal priority
pathogens that are critically important for AMR (such as Candida auris,
Aspergillus fumigatus and Cryptococcus neoformans) in settings with
increasing or high prevalence of antifungal resistance.

Investigate efficacious and safe regimens based on new or existing
antimicrobial medicines for urogenital and extragenital STIs (such as
resistant N. gonorrhoeae and resistant Mycoplasma genitalium) in the
context of increasing AMR levels, including in populations experiencing
vulnerability (such as people living with HIV, pregnant women and
adolescents)

090Pb 093¢ 090Pb

0.89b

0.89b

0.82
0.91
0.93
0.88
0.90

0.90
0.90
0.92
0.97
0.93

0.88
0.94
0.90
0.88
0.91

0.72
0.90
0.92
0.86
0.93

0.82
0.90
0.92
0.89
0.90




Introduction 1"

©

@

]

Q >

= =

> —

s 2 =2 S >
Q= = o v «© O
2 2 8 8 E 5
S
n:n.n.uu.ugn.

Antimicrobial resistance epidemiology, burden and drivers
22 Investigate the prevalence, incidence, mortality, morbidity and
socioeconomic impact of community-acquired infections (respiratory
tract infections, urinary tract infections and bloodstream infections) and
health care-associated infections (bloodstream infections, urinary tract
infections, surgical site infections and respiratory tract infections) caused =) — © o © o
by resistant WHO bacterial priority pathogens, with data disaggregated by 2 2z 222
sex, age, socioeconomic status and subpopulations (such as populations
experiencing vulnerability or with comorbidities, including people
living with HIV, people with TB and people with malaria) and across
socioeconomic settings, especially in low- and middle-income countries.
23 Investigate the prevalence, incidence, morbidity, mortality and
socioeconomic impact and identify and quantify the routes and dynamic o
of infections by resistant WHO fungal priority pathogens that are critically S 8 2 3 & 3
important for AMR (such as C. auris, A. fumigatus and C. neoformans) across © © © S S ©
geographical and socioeconomic settings and in populations experiencing
vulnerability.
24 Investigate the association, contribution and impact of structural
and health system factors (such as hospital microbiome, sanitation
infrastructure, waste management, health expenditure, governance,
distribution of resources, population displacement, conflict and disruptions =
in the care continuum) on colonization (selection, persistence and S 8 & & 5 B
spread or loss of bacterial populations) and infection by WHO bacterial e e & 8 @
and fungal priority pathogens in subpopulations, including those
experiencing vulnerability (such as migrants and refugees) and people with
comorbidities, across socioeconomic settings.
25 Identify optimal (efficient, effective and cost-effective) surveillance
methods to generate accurate and reliable data on the epidemiology and
burden of AMR among WHO bacterial and fungal priority pathogens a
(including determining the molecular mechanisms of resistance) in S 8 &5 & a8 3
community and health-care settings and disaggregated by sex, age and e 2 e @ <@
subpopulations that are relevant and actionable at the local and national
levels, especially in low- and middle-income countries.
26 Assess how the programmatic use of antimicrobial medicines in mass =
administration affects AMR in the short and long term, focusing on S & 5 8 B &
subpopulations experiencing vulnerability in low-income settings. S © 6 o o o
27 Evaluate the public health benefits, cost, impact on unnecessary or
inappropriate antibiotic prescribing and potential AMR consequences of o
currently recommended syndromic STI management and treatment of R 83 K 3 K
people with asymptomatic STls (including N. gonorrhoeae) in settings with e @ 2o o <o <
variable diagnostic capacity.

continued...
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Research
priority score @

Equity

Feasibility

Gaps

Impact

Policy

Antimicrobial resistance awareness and education

28

Determine the most (cost-)effective behavioural change interventions to
mitigate the emergence and spread of AMR by targeting and engaging the
general public, young people, mass media, health-care workers and policy-
makers across socioeconomic settings.

0.94b

0.93
0.93
0.93
0.95
0.95

Policies and regulations related to antimicrobial resistance

29

30

31

32

33

Evaluate the implementation of AMR-related policies and regulations at the
national level and how effective they are in mitigating AMR and improving
health outcomes in the community and health-care settings across
socioeconomic contexts.

Investigate strategies for the sustainable and (cost-)effective
implementation of national policies, legislation and regulations (including
sustainable financing and optimal governance structures) to improve
infection prevention and patient care practices and the use of antimicrobial
medicines in the community and health-care settings across socioeconomic
contexts.

Identify the most (cost-)effective interventions to mitigate AMR in the
human health sector, globally and within countries or regions, and
determine the rationale, costs, benefits, feasibility, sustainability and
potential returns on investment to achieve the greatest benefit.

Investigate strategies to integrate AMR interventions into broader health,
health financing, development, welfare structures and national policies
and evaluate their impact on mitigating AMR, enhancing health system
efficiency, reducing people’s out-of-pocket expenses and improving
equitable access to and use of diagnostics and antimicrobial medicines.

Investigate how existing regulatory frameworks, marketing incentives (or
their absence) and sustainable financing models affect the development
and availabhility of new antimicrobial medicines and identify effective
strategies to adapt these approaches to low-income settings to improve
availability for adults and children.

0.96P 0.89P 0.89P 093¢

0.96°¢

0.95
0.79
0.97
0.96
0.92

0.90
0.86
0.84
0.91
0.94

0.88
0.80
0.89
0.92
0.91

0.96
0.90
0.95

0.96
0.89
0.96

0.96

0.92
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Research
priority score @

Equity

Feasibility

Gaps

Impact

Policy

DRUG-RESISTANT TUBERCULOSIS

Prevention

34

Investigate effective preventive TB vaccines that meet WHO preferred
product characteristics criteria and demonstrate impact on preventing
infection, disease and recurrence (relapse or reinfection), thereby
preventing or reducing the incidence of drug-resistant TB.

0.89b

0.87
0.56
0.94
0.94
0.92

Diagnosis

35

36

Investigate how the diagnostic performance of molecular assays can be
improved to detect drug resistance among people with extrapulmonary and
pulmonary TB, from non-respiratory specimens, including among children
and adolescents.

Determine optimal diagnostic and treatment delivery models to improve
the access, effectiveness, cost-effectiveness, feasibility and acceptability of
drug-resistant TB testing and treatment across settings and subpopulations
(such as people living with HIV, prisoners and children and adolescents)
and evaluate their impact on reducing drug-resistant TB at the population
level.

0.94¢

0.90b

0.96
0.96
0.89
0.96
0.94

0.91
0.89
0.84
0.92
0.93

Treatment and care

37

38

39

40

Investigate better tolerated, optimally dosed, more effective and shorter
combination regimens, using a stratified risk approach, for treating people
with all forms of drug-resistant TB, including in populations experiencing
vulnerability (such as children, pregnant and breastfeeding women and
people living with HIV).

Determine the optimal, (cost-)effective, shortest duration and safest
TB preventive treatment for the contacts of people with drug-resistant
TB, especially among people at high risk of TB infection and disease,
as identified in WHO guidance, and eligible populations experiencing
vulnerability (such as children, adolescents, people living with HIV and
pregnant women).

Investigate strategies for improving treatment outcomes among people
with drug-resistant TB who have known risk factors and co-occurring
conditions (such as HIV, undernutrition, diabetes mellitus, tobacco

use, alcohol and other substance use and mental health disorders) and
populations experiencing vulnerability (such as pregnant and breastfeeding
women, children, adolescents and prisoners) in various geographical and
socioeconomic settings.

Investigate the programmatic effectiveness, safety and tolerability of
currently used WHO-recommended treatment regimens for drug-resistant
TB (including combinations with bedaquiline, delamanid and/or pretomanid)
on patient outcomes and drug-resistant TB emergence across populations
and settings and identify the drivers of treatment failure.

0.92b

091b

0.97¢

0.95b

0.94
0.83
0.92
0.91
0.95

0.92
0.86
0.91
0.89
0.94

0.98
0.94
0.94
0.96

0.81
0.91
0.88
0.87
0.92
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Left: Microbiology laboratory staff
member in Dushanbe, Tajikistan.
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2.2.1 Prevention of bacterial and fungal
infections

Water, sanitation and hygiene

Access to WASH can reduce the burden of infections and prevent the emergence and
transmission of resistant pathogens within communities and overall reduce antimicrobial
use. Sustainable Development Goal 6 aims to “ensure availability and sustainable
management of water and sanitation for all” (27). Despite improvements in access to safe
water and sanitation over the past decade, an estimated 2.2 billion people were still lacking
access to safe drinking-water in 2022, 3.5 billion lack sanitation systems that adequately
collect and treat excreta and 2 billion lack basic handwashing services with soap and water
in their household (28). A recent modelling study estimated that ensuring access to high-
quality WASH in LMIC could to prevent 247 800 AMR-associated deaths annually (29).

Improving WASH in communities can have direct and indirect effects on AMR. More
specifically, better WASH can directly prevent infections with resistant organisms while
reducing overall infections, thereby decreasing antimicrobial use and selective pressure for
resistance development. Safe drinking-water services can reduce exposure, and improved
access to sanitation facilities and wastewater management can substantially decrease
the load of resistant bacteria and AMR determinants released into the environment from
humans and manufacturing sites (30). A substantial body of evidence shows that simple
interventions such as hand hygiene can reduce infections and potentially decrease
antimicrobial use. WASH interventions decrease the risk of diarrhoea (37.32), which is often
inappropriately treated with antibiotics and remains one of the leading global causes of
child mortality, with much of this burden occurring in low- and middle-income countries
(33,34). Improvements in WASH services would therefore directly reduce the burden of AMR
by averting resistant infections, which is vital given the considerable mortality associated
with AMR that results from pathogens spread through insufficient WASH (7).
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However, for interventions to be most effective, they need to be tailored to the context
where they are implemented. Although there are numerous studies on a wide array of
WASH interventions, few evaluate and compare them. Also, it is unclear whether single
interventions or multimodal programmes can be more effective in reducing infection
burden, AMR and the drivers of AMR, including antimicrobial use. In high-income settings,
improvements in water and sanitation infrastructure have resulted in important reductions
in the burden of infectious diseases in the past century. However, the impact of improving
WASH systems and services on antibiotic use and emergence and transmission of AMR
within communities and on at-risk populations (such as women and girls who often bear
the responsibility of fetching water (35)) needs to be evaluated further. In particular, it is
necessary to delineate the effects of reduced antibiotic prescriptions for diarrhoeal disease
and the potential reduction in the rise of AMR in low- and middle-income countries.

T
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This research priority highlights the need for studies exploring the impact of inadequate
access to WASH and of improved water and sanitation infrastructure in complex urban
environments (such as informal settlements) on driving the spread and burden of AMR and
antibiotic use (36). Studies investigating the cost-effectiveness of WASH interventions are
also needed to ensure optimal resource allocation and investment (23,37).

© WHO / Etinosa Yvonne

Above: Dr Oladele, a resident in clinical microbiology,
rinses off excess Gram stain from a sample slide at the
microbiology laboratory in the Department of Medical
Microbiology and Parasitology at the Obafemi Awolowo
University Teaching Hospitals, Nigeria.
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The quality of WASH services in health-care facilities is defined by the availability of water,
sanitation, waste management, environmental cleaning and the ability to perform hand
hygiene at the point of care. An estimated 22% of health-care facilities globally in 2021
have limited or no basic water services, one in 10 is lacking sanitation services and half
do not have adequate access to hand hygiene facilities at the point of care (38). The lack
of adequate facilities and staff shortages in busy clinics result in suboptimal compliance
with hand hygiene practices, especially in limited-resource settings. Suboptimal hand
hygiene facilitates pathogen transmission within health-care facilities and increases the
risks of infections. Further, improper management of health-care waste puts personnel
and patients at risk of infections and may lead to environmental contamination. Pathogens
causing hospital-acquired infections have high levels of antibiotic resistance (39).
Additionally, in settings where health-care infections are common and WASH services
inadequate, clinicians may resort to prescribing antibiotics to pre-empt infections, thus
increasing the selection of resistant organisms.

Several WASH-related interventions can lead to reductions in the risk of health care-
associated infections; however, their impact, cost-effectiveness, implementation and
acceptability and equity need to be evaluated across settings and patient populations.
More research is required to identify strategies to improve the implementation of WASH
interventions in health-care facilities and to assess their impact on AMR. How improved
WASH reduces the incidence of hospital-acquired infections and thereby affects the
practice of pre-emptive antibiotic prescribing requires further study.
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Infection prevention and control

An estimated one in 10 patients admitted to hospital will develop a health care-associated infection,
with critically ill patients being at highest risk (40). According to recent estimates, 136 million cases
of health care-associated antibiotic-resistant infections occur worldwide every year (47), and IPC
programmes could avoid an estimated 337 000 AMR-associated deaths in LMIC annually (29).
Health care-associated infections result in prolonged hospitalization, increased costs and excess
deaths. Data from 2015 from the European Union and European Economic Area members indicated
that 63% of cases of infections with antibiotic-resistant bacteria were associated with health care,
resulting in 72% of deaths attributable to antibiotic resistance (42). IPC programmes play a key role
in preventing health care-associated infections and transmitting resistant pathogens in health-
care facilities. WHO has developed recommendations on the core components for IPC, including
having IPC programmes with dedicated personnel, the development of evidence-informed
guidelines, education and training for all health and care workers, surveillance of hospital-acquired
infections to detect their burden as well as outbreaks, multimodal improvement strategies for IPC
interventions, monitoring, audit and feedback of IPC practices, ensuring that staff levels are sufficient
and bed occupancy is not exceeded and that patient care is provided in suitable environments with
sufficient WASH infrastructure and appropriate levels of materials needed for IPC (43). Multimodal
improvement strategies comprise several elements implemented together to achieve practice and
improvements and are considered the most effective way to implement IPC interventions (44).
Critical elements of multimodal improvement strategies include system change, education, raising
awareness, use of care bundles and checklists, monitoring and feedback, engaging leadership and
positive reinforcement (4.3).

Several studies have demonstrated the effectiveness of multimodal improvement strategies for
IPC, especially for improving hand hygiene in health care and for reducing central-line associated
bloodstream infections (4.3). Stronger data are needed for other types of health care-associated
infections, and research on the relative effectiveness of different elements on determining
improvement in practices and reducing health care-associated infections, especially those
caused by multidrug-resistant pathogens, is a high priority. Data are also still limited on the
cost-effectiveness of multimodal improvement strategies and the acceptability and feasibility of
their individual elements and of IPC interventions in general, especially in settings with limited
resources. Additionally, further research is needed to identify the approaches that can facilitate
the implementation and roll-out of multimodal improvement strategies at the national level. This
research priority also addresses the need to identify optimal risk assessment strategies while
considering their feasibility, clinical impact and cost-effectiveness.
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Immunization

Vaccines for adults and children represent a promising tool to mitigate AMR, by directly
preventing infection and colonization with both antimicrobial-sensitive and -resistant
pathogens and indirectly by reducing infections that may require antimicrobial use (45—
48). A modelling study estimated that vaccines for children could prevent 181 500 AMR-
associated deaths by both directly preventing resistant infections and reducing antibiotic
consumption (29). The vaccine value profiles provide a holistic view on the health, economic
and societal burden of pathogens with vaccines under development and include impact on
AMR (49.50).

Although the body of evidence around vaccines for preventing AMR is growing (49,57,52),
more research is needed to assess whether vaccines could reduce the overall burden of
drug-resistantinfections and prevent furthertransmission of resistance within communities
and health-care settings. Evidence on how vaccines enhance the impact of other infection
prevention and stewardship measures could be critical to inform interventions targeting
infections caused by resistant pathogens for which treatment options are limited because
of availability, access and costs. In addition, by reducing infections, vaccines may lead to
reduced antibiotic use and reduce the selective pressure for AMR. More specifically, this
priority addresses the need to evaluate how vaccines can be used to aid stewardship
efforts and prolong the lifespan of antibiotics. Also, the impact of vaccines such as those
for influenza, rotavirus and Streptococcus pneumoniae on antibiotic prescribing across
settings and populations requires evaluation. In this context, it is critical to ensure that
the impact of vaccines in reducing AMR is evaluated during clinical development while
formulating policies and included as a criterion to inform the expansion of existing
immunization programmes and introducing new vaccines.
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2.2.2 Diagnosis of bacterial
and fungal infections

Almost half the population has limited or no access to diagnostics, and only 19% of people
from low- and middle-income countries have access to simple diagnostic tests in primary
care to guide prescriptions (excluding those for malaria and HIV) (53). As such, antibiotic
prescribing decisions are frequently based on clinical syndromes. Current diagnostic
tools are too slow or unavailable to assist prescribers in deciding whether antibiotics are
indicated. In many scenarios, decisions have to be made and actioned quickly, such as
when managing critically ill people or in the outpatient setting. This is of great consequence
since most antibiotic prescriptions are issued in the outpatient setting.

The roll-out of malaria and more recently SARS-CoV-2 rapid diagnostic tests have shown
how point-of-care testing can be used for rapidly diagnosing infections and for guiding
patient care. The 76th World Health Assembly also highlighted the importance of diagnostic
testing through a resolution to strengthen diagnostic capacity and improve access to
diagnostic services (26).

Rapid diagnostic tests are needed to aid health-care workers in deciding whether an
antibiotic prescription is needed. The lack of availability of and access to easy-to-use,
accurate point-of-care tests hinders the ability to distinguish between bacterial, viral and
other non-infectious syndromes. Diagnostic uncertainties result in antibiotic prescriptions
that may not be necessary, which in turn drives AMR. This problem is especially crucial
for children, who often develop viral respiratory infections and diarrhoeal diseases and
are frequently given antibiotics they do not need. Additionally, rapid tests for monitoring
treatment response have the potential to shorten therapy and reduce antibiotic use.

Studies from various geographical locations, income settings and people with different
infectious syndromes have shown that using point-of-care alone or within management
algorithms can result in a decrease in antibiotic prescriptions, although these findings have
not been consistent across settings (54). If we are to address the diagnostic gap, improve
patient care and reduce unnecessary antibiotic prescriptions, rapid point-of-care tests and
testing algorithms need to be evaluated across settings and populations to determine their
accuracy, usability, cost and cost-effectiveness as well as challenges that might prevent
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effective implementation and uptake. For example, the comparative performance and cost-
effectiveness of procalcitonin versus other inflammation biomarkers (such as C-reactive
protein) for various clinical syndromes and scenarios require further investigation. Such
scenarios can include diagnosis of infection, differentiating between bacterial and viral
causes, assessing severity and response to treatment. Additionally, algorithms, such
as the Integrated Management of Childhood lliness algorithms (55), need validation in
different populations accounting for existing recommendations as well as local infection
epidemiology. Further, it is critical to ascertain which tests, at which level of care and in
which populations can affect patient-important outcomes.

© TBIJ/BSAC/Damilola Onafuwa

Above: Like most of the babies in the ward at a neonatal
hospital in Lagos, Nigeria, Ahamba had sepsis. Many

had been born outside of a hospital, and limited medical

supplies put them at greater risk of getting an infection.
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This priority highlights the need for better tests for pathogen identification and for
antimicrobial susceptibility testing. Conventional bactericlogy and mycology tests
require complex laboratory infrastructure and expertise (56). Molecular-based tests have
low thresholds for pathogen detection and thus have the potential to reduce delays in
instituting effective antimicrobial treatment but are still largely laboratory-based. Molecular
tests done at the bedside or in a (near-) point-of-care scenario directly on clinical samples
could expedite diagnosis. Rapid, accurate and affordable tests would ideally be developed
to detect the presence of severe infections, such as bloodstream infections, directly from
blood samples and also be able to rule out infections, thus reducing unnecessary antibiotics.

Within paediatrics, the type and amount of the sample are critical factors. The ideal
diagnostic test should involve a minimal quantity of blood to mitigate the need for
excessive blood draws from children. Minimizing the volume of blood required for testing
from children is crucial to reduce discomfort and potential distress. Such an approach
not only contributes to improving the patient experience but also enhances compliance
with testing procedures. Another issue highlighted by this research priority is the need for
developing innovative, inexpensive and easy-to-use methods for performing high-quality
antimicrobial susceptibility testing in lower-level or outside laboratories, which is especially
critical for limited-resource settings.

Research that spans multiple domains, including test development, clinical validation,
implementation and into practice, is needed. Target product profiles of new tests should
account for user requirements, targets assessed, sample processing, turnaround time
and technologies used for detection (57). Tests currently being developed are increasingly
complex and can have many analytical targets (58). With evolving and emerging AMR,
tests would need evolving analytical targets, which may in turn increase resource demand.
Translational aspects would need to address the evaluation and validation of the tests, their
performance in relation to target product profiles and manufacturing capacity, upscaling
and regulatory issues (59). Finally, barriers to rolling out tests and their uptake, pricing and
distribution should be considered.
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Bloodstream infections are associated with substantial mortality with an estimated 1.5
million deaths associated with AMR bacteria and directly causing an estimated 400 000
deaths in 2019 (7.60). Rapid pathogen identification and treatment are critical for improving
patient outcomes and the time to initiating appropriate therapy and are associated with
survival among critically ill people. Although the time to bacterial identification and the
availability of antimicrobial susceptibility testing results has been substantially reduced
in recent years, these methods are not universally available and are usually lacking from
laboratories in low- and middle-income countries. In 2019, the European Committee on
Antimicrobial Susceptibility Testing published recommendations for conducting rapid
antimicrobial susceptibility testing on positive blood cultures. which enables results after as
little as four hours from blood culture positivity (67). Further, novel phenotypic methods can
provide full antimicrobial susceptibility testing results in less than 12 hours (62). Molecular
(usually multiplexed panels) tests have also been developed and can be used to detect
selected resistance markers, but their price remains prohibitive, limiting their use in lower-
level laboratories or in low- and middle-income countries. Further, these methods have
not been widely evaluated in low- and middle-income countries, and their performance,
usability, ease of result interpretation and challenges related to implementation in low- and
middle-income countries have not been explored. Because some of these systems are
easier to use than conventional microbiological methods, they may be especially suited for
laboratories facing shortages of laboratory personnel, lead to decreased turnaround times
and support microbiologists in providing high-quality results to health-care workers.
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In 2022, WHO outlined a priority list for fungal pathogens, including those important for
AMR, to guide research and the development of fungal diagnostics (4). To date, few point-
of-care tests are available to enable rapid diagnosis of fungal pathogens and the initiation
of appropriate treatment, and access to these is still limited globally. This is especially
challenging in limited-resource settings, where access to laboratory testing is generally
inadequate (63-66).

Microscopy for moulds is relatively widely available but lacks sensitivity, requires a high
level of expertise and cannot be used to detect resistance. Cultures can be used for
antimicrobial sensitivity testing but lack standardization, require expertise and laboratory
infrastructure, are slow and have limited sensitivity. Following the COVID-19 pandemic,
molecular test availability and utilization expanded substantially and can be leveraged to
detect resistance. However, molecular methods can be prohibitively costly and are limited
to some fungal species (67). Multiplexed molecular assays for pathogen detection from
positive blood cultures and other samples can also identify some fungal pathogens, but
the spectrum is also limited to a few species and the tests do not usually include resistance
detection for fungi. Biochemical assays for fungal identification are available, mainly for
yeasts, and inexpensive, easy-to-use platforms are needed to identify filamentous fungi.
Lateral flow and other rapid assays require relatively minimal infrastructure and technical
requirements, but their global implementation remains limited. Thanks to other well-funded
programmes, the cryptococcal antigen test has been extensively rolled out in many low-
and middle-income countries (68). However, this implementation is often on the backdrop
of legacy agendas such as HIV programmes. Despite this progress, broader adaptation of
similar diagnostic approaches with funding dedicated for fungal diseases is still needed.
Overall, new tests and innovations are critically needed in this field. Lateral flow assays
or similar simple tests with improved performance are needed for a broader range of
fungal pathogens. More broadly affordable tests that can identify a broad range of invasive
fungal pathogens directly from whole blood or other non-invasive samples without the
requirement for culture are also needed. Another important challenge in diagnosing fungal
infections is the frequent delays before fungal infections are suspected. Cheap, accurate
(near-) point-of-care tests would have the potential to increase testing and reduce delays
in initiating appropriate treatment.
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A limited number of methods are available for performing antimicrobial susceptibility
testing of fungal pathogens (69). Reference methods exist for yeasts and moulds, but
these are not commercial and are time-consuming. Breakpoints exist only for some of the
Candida and Aspergillus species, and further breakpoints need to be developed. Methods
using disk diffusion and gradient diffusion tests require less expertise and have variable
costs. Commercial automated methods exist for yeasts, but they are expensive and do
not have specific breakpoints. Correlation with other testing methods can be variable
depending on the species and antifungal tested. Agar screening methods for moulds have
also been developed, and the methods require confirmation using reference methods.
Overall, antifungal susceptibility testing is not routinely performed in many settings, even
in laboratories in high-income countries. Methods are mainly available for yeasts, and there
are fewer methods for antifungal susceptibility testing in moulds. There are limited data on
the availability and sustainability of these techniques in low- and middle-income countries
and ontheinvitro andinvivo correlation of antifungal susceptibility testing results. Methods
assessing synergy between antifungals are not well developed, and the correlation with in
vivo response needs further investigation (4).
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An estimated 82.4 million new N. gonorrhoeae infections occurred in 2020 among people
aged 15-49 years old (70). In the absence of diagnosis and treatment, infections can cause
substantial morbidity among adolescents and adults and can negatively affect pregnancy
and birth outcomes. Culture and antimicrobial susceptibility testing have long represented
the gold standard for diagnosing N. gonorrhoeae infections, but these approaches require
specialized technical expertise and laboratory settings and enhanced access to health-care
services. More recently, molecular multiplexed tests have been developed for diagnosing
STls, but they typically operate within specialized laboratory settings, lead to delayed
results and treatment and require costly equipment.

Syndromic management has been the cornerstone for STI diagnosis and treatment (/7),
especially in low- and middle-income countries, where the availability and cost of diagnostic
testing are challenging. However, many people with STls are asymptomatic and are thus
missed by a syndromic approach to diagnosis (72). Novel rapid point-of-care tests have the
potential to overcome this issue whenever they are easily accessible and at low cost (73).
Additionally, rapid tests that can provide results during the same clinic visit would prevent
diagnostic delays and missed opportunities in people not returning after testing. Lateral-
flow tests would be ideal in providing rapid diagnosis but currently lack sensitivity. Several
molecular (near-) point-of-care tests for N. gonorrhoeae are currently in the pipeline but
require further qualification evaluation. The additional detection of resistance would be
critical in guiding optimal therapy given the increasing prevalence of resistance to third-
generation cephalosporins, macrolides and fluoroquinolones globally. Additionally, this
research priority considers novel screening approaches aimed at improving diagnosis and
reducing transmission within communities at higher risk, including pregnant women. For
example, self-testing could reduce stigma-related diagnostic barriers.
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2.2.3 Treatment and care of bacterial
and fungal infections

Antimicrobial stewardship

Antimicrobial stewardship interventions are essential for patient care since they improve the quality
of antimicrobial prescribing and antimicrobial use and ultimately patient outcomes (74). WHO has
published guidance and tools to support the implementation of antimicrobial stewardship. The AWaRe
(access, watch, reserve) framework classifies antibiotics on the WHO Model List of Essential Medicines
(75,76) into three groups - access, watch and reserve - based on how antibiotics affect AMR (/7).
WHO has set a target that at least 60% of overall country-level antibiotic use should be from the
access group (/8). The WHO AwaRe antibiotic book (79) provides guidance on managing common
clinical infections among adults and children, considering antimicrobial stewardship principles and
the AWaRe classification. WHO has also developed a toolkit for antimicrobial stewardship programmes,
including the core elements for stewardship in hospitals for low- and middle-income countries (74).

Although such guidance is crucial, availability alone does not ensure appropriate antibiotic prescribing
and use. Existing evidence for the effectiveness of antimicrobial stewardship interventions largely
derives from inpatient settings in high-income countries and often has methodological limitations.
Further research is needed to identify, set priorities for, implement and evaluate effective antimicrobial
stewardship interventions and their implementation in diverse settings, especially those with limited
diagnostic capacity and primary care, where 90% of antibiotic prescriptions are dispensed (80).
Guidance for antibiotic audit and feedback for primary care has recently been published (87), and
the impact of these quality improvement interventions needs to be assessed in different settings
and populations. A further key consideration for antimicrobial stewardship interventions is long-
term sustainability. Investigating the cost-effectiveness of interventions across socioeconomic and
geographical contexts is essential, considering their potentially broad impact.

Thisresearch priority underscores the importance oftailoring interventions to the unique circumstances
and available resources of different contexts. It especially emphasizes the importance of appropriate
antibiotic use in primary care and vulnerable populations and the need for antimicrobial stewardship
to be implemented in low- and middle-income countries and limited-resource settings, where health
system challenges have limited progress so far and where access to essential antibiotics also remains
a key problem.
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Community pharmacies are often the first point of contact with the health system and are a
main source of health education and information, and of antibiotics, both with and without
prescription. Although most countries have developed regulatory frameworks to prohibit
over-the-counter sales of antibiotics, these are often not well implemented or enforced,
especially in low- and middle-income countries. Worldwide, almost two thirds of antibiotics
are dispensed without a prescription (82). Factors leading to non-prescription use include
customerdemand and lack of knowledge, difficulties in accessing health care, financial gains
for the pharmacies and permissive regulatory frameworks (82). Antimicrobial stewardship
interventions and related regulations at the pharmacy level are therefore expected to affect
the volume and appropriateness of antibiotic use (83).

The objective of this research priority is to identify viable, effective and scalable practices
for pharmacists and pharmacy personnel in dispensing antimicrobials in community
pharmacies. Understanding the knowledge, attitudes and practices of pharmacists and
pharmacy personnel related to antimicrobial use, especially over-the-counter dispensing,
and the socioeconomic context in which antibiotics are used and that drive dispensing
without prescription, are key for implementing effective stewardship interventions in
the community. This understanding is critical since pharmacists also act as community
educators with the ability to dispel misconceptions about antibiotics and provide advice on
how they should be accessed and used. It also highlights the need to examine regulatory
frameworks (rules, policies and guidelines set by authorities to govern) and how these can
be leveraged to promote responsible antimicrobial use in the community. The goal is to
generate evidence to enhance antimicrobial stewardship within community pharmacies,
especially those in low- and middle-income countries.
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The vast majority of antimicrobials, especially in primary care, are prescribed empirically without
identifying the pathogen and performing antimicrobial susceptibility testing. In low- and middle-
income countries, where laboratory diagnostic capacity is limited or, where available, is underutilized
or employed too late in the care cascade, empirical treatment plays an even larger role. This
includes people with severe infections who are often treated without microbiological testing. When
laboratory diagnostics are not available, antimicrobial therapy should nonetheless be optimized by
having a clear clinical diagnosis of infection (based on history and examination), understanding
the likely causative pathogens of the infectious syndrome and considering the prevalence of AMR.
Further, treatment decisions should account for contextual and patient factors and adhere to basic
antimicrobial stewardship principles. This approach aims to minimize unnecessary exposure to
(broad-spectrum) antimicrobials and mitigate the risk of treatment failure and emergence of AMR.

There are several additional considerations for optimizing empirical regimens for children. Many
antibiotics administered to children are prescribed off label, increasing risks such as reduced
efficacy or heightened toxicity from under- or overdosing. This practice also increases the risk of
AMR because of suboptimal dosing (84). Ethical, logistical. regulatory and technical challenges
inherent in conducting clinical trials within this age group also require special attention.

Overall, the purpose of this research priority is to provide criteria and strategies that can assist
in optimizing empirical antimicrobial therapy to improve patient outcomes while promoting the
appropriate use of antimicrobial medicines (72,85). These criteria ensure that the chosen therapy
is evidence informed and is tailored to the infectious syndrome, patient-specific factors and the
broader epidemiological and access context.

More specifically, this priority highlights the need to identify a public health approach for empirical
treatmentinformed by thresholds in the prevalence of AMR in the main pathogens causing infectious
syndromes that would trigger a change in the antimicrobial choice for empirical therapy. Factors
that need to be considered in treatment optimization include health-care setting. site of infection,
infection severity, risk of further emergence or dissemination of resistance and patient population.
In addition, effective strategies need to be identified, such as clinical scores, results from readily
available tests and safety netting, to ultimately reduce unnecessary prescribing while maintaining
patient safety and satisfaction for non-severe infections.
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Antimicrobial use

Global antimicrobial use increased by almost 40% between 2000 and 2015, partly because
of improved access in limited-resource settings (86). However, antimicrobial use in some
low- and middle-income countries remains low, reflecting difficulty in access. Monitoring
antimicrobial use and its appropriateness is crucial for understanding the factors
contributing to developing AMR and implementing interventions to reduce its spread.
Metrics are needed for quantifying antibiotic use and appropriateness and comparing them
across settings and populations. These metrics can include defined daily doses, relative
use of AWaRe antibiotic categories and the Access to Watch index (87,88). Regarding data
sources, some settings do not have accurate antibiotic use data and may need to use
other approaches or implement systems that will enable accurate data collection. Methods
that use and integrate various data collection systems at different levels of health care,
such as electronic health records, pharmacy data and sales records, can be considered
for measuring antimicrobial use. Further, special attention must be given to identifying the
most suitable metrics for quantifying antibiotic use among children and newborns, since
defined daily doses are normally assigned based on use among adults.

The goal of this research priority is to determine the most (cost-)effective methods and
metrics for monitoring the use of antimicrobial drugs in both community and health-
care settings. In addition, this priority aims to establish targets for monitoring progress
in reducing inappropriate antimicrobial use. These targets will help to assess and track
the effectiveness of interventions and strategies to mitigate AMR by enabling health-care
systems and policy-makers to make informed decisions and implement evidence-informed
interventions.
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This research priority aims to provide valuable insights into how access, watch and reserve
antibiotics (79) are prescribed and used in various countries, communities, populations and
health-care settings. It focuses on understanding the levels, patterns, trends and factors
that influence both appropriate and inappropriate practices. Several factors need to be
considered, including the indication for starting antibiotics (whether a bacterial infection
is present, whether the organism isolated is colonizing the site or causing infection and
the results of microbiological testing), the antibiotic prescription itself (whether it covers
the most probable pathogens, its appropriateness for the severity of the disease and
comorbidities, and whether antibiotics are prescribed at the optimal dose and route), its
subsequent review (of the indication, antibiotic selection, possibility for oral switch and its
compatibility with the results of microbiological testing) and the decision to stop (appropriate
treatment duration for a particular indication and treatment response) (89). However, when
ascertaining appropriateness, the availability of and access to antibiotics and the context
in which prescribing occurs should be carefully considered.

A significant focus of this research is to examine how potential determinants affect
antibiotic utilization, including sex, age, socioeconomic status, comorbidities or other
vulnerabilities and specific subpopulations. It aims to investigate disparities and specific
trends that exist within demographic groups. The knowledge gained from this research can
guide policy, target interventions, improve health-care delivery and ultimately contribute to
more effective antibiotic stewardship efforts.
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This research priority focuses on investigating effective approaches for using data on
antimicrobial use and AMR surveillance at both the facility and national levels to drive
action (88). Its primary purpose is to leverage these data to inform the development of
stewardship programmes and treatment guidelines and ultimately to improve patient care.
The investigation requires a multidisciplinary approach and encompasses various aspects,
including analysis techniques, interpretation approaches and strategies for disseminating
the findings. By effectively utilizing antimicrobial use data, health-care facilities and national
health systems can identify areas characterized by excessive or distorted antimicrobial use.
This identification might enable the development of targeted stewardship interventions to
promote appropriate antimicrobial use among adults and children. These data also play
a crucial role in informing the development of context-specific treatment guidelines,
considering local patterns of AMR and antimicrobial use. For example, AMR surveillance
data could potentially be used to identify hotspots for resistance and predict areas of
emerging resistance for specific pathogens or populations, thereby enabling prompt action
and outbreak responses. New technologies and analysis approaches could be used to
explore existing datasets and identify needs for stewardship interventions and changes
in practice guidelines more efficiently. Integrating these findings enhances the ability
of health-care systems to combat AMR by optimizing the effectiveness of antimicrobial
therapy and bridging the gap between surveillance and daily practice.



34 Global research agenda for antimicrobial resistance in human health

Antimicrobial medicines

Escherichia coli and Klebsiella pneumoniae are common causes of bacterial infections and
are associated with substantial morbidity and mortality (7. 20). Resistance to third-generation
cephalosporins is relatively prevalent in some regions and is commonly associated with
resistance to other antibiotic classes. This is particularly problematic for settings in which
carbapenems are inaccessible or unaffordable. Carbapenem resistance can further limit
treatment options to toxic or very expensive antibiotics (97,92).

The goal of this research priority is to identify treatment strategies that are both efficacious
and safe for extended-spectrum beta-lactamase-producing and/or carbapenem-resistant
Enterobacterales-resistant bacteria. It focuses on developing regimens that combine old and
new antibiotics while exploring potential synergistic effects in laboratory settings and animal
modelsand on conducting clinicaltrials. Anotherissueis optimizing dosing and administration
of antimicrobials for pathogens that have higher minimal inhibitory concentrations and for
which antimicrobials may still attain the desired effect. A key consideration in this research
priority is to minimize the risk of selecting and transmitting AMR. Further, non-antibiotic
alternatives, such as bacteriophages or bacteriophage-related products, require further
evaluation for managing patients with multidrug-resistant organisms (9.3,94). Oral therapies
for extended spectrum beta-lactamase-producing bacteria remain a major gap (95).

This research priority focuses especially on children, who currently face limited treatment
options (96). For example, for children younger than five years, K. pneumoniae accounted for
an estimated 17.2 million disability-adjusted life-years (DALYs) in 2019, third only to malaria
and S. pneumoniae (90). Further, K. pneumoniae is a leading cause of neonatal sepsis in
some settings in low- and middle-income countries; isolates are frequently resistant to third-
generation cephalosporins (97), and carbapenem resistance is increasing (98). Antibiotics
for newborns are often prescribed off label because of perceived or documented needs for
empirical ortargeted therapy against multidrug-resistant pathogens. Prescribing medication
this way can lead to decreased effectiveness or higher risk of toxicity from incorrect dosing
(99), and it also raises the likelihood of developing AMR because of inadequate dose levels.
Nevertheless, the current drug development and regulatory frameworks result in restricted
and delayed access to approved drugs with labelling guidance for all children, especially
newborns.
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An estimated 95 million cases of salmonella enterocolitis, 535 000 cases of invasive non-
typhoidal salmonellosis and 14.3 million cases of enteric fever caused by Salmonella Typhi
and Salmonella Paratyphi occurred in 2017 (700,707). Non-typhoidal salmonellosis and
enteric fever (caused by S. Typhi and S. Paratyphi) let to an estimated loss of 14.9 and
14.8 million DALYs, respectively, in 2019 (90). Diarrhoeal disease strongly affects children.
Although there have been widespread efforts to manage and prevent it, it remains the third
most frequent cause of death for children younger than five years (not including newborn
deaths), presenting a substantial global challenge and hitting low- and middle-income
countries especially hard (702).

AMR in salmonellae is increasingly limiting treatment options. Fluoroquinolones have
representedthe mainstayforenteric fevertreatment because oftheirgood oral bioavailability
and low cost. However, reduced susceptibility and resistance to fluoroquinolonesis prevalent
in South-East Asia and is also increasingly being reported in Africa (703). Further, some
settings in South-East Asia have experienced outbreaks of third-generation cephalosporin
resistant S. Typhi, further limiting treatment options, and azithromycin resistance has also
been reported (704).

Ineffective antibiotic treatment because of resistance is associated with poorer clinical
outcomes and higher mortality. The goal of this research priority is to identify the treatment
regimens that achieve the best outcomes for infections caused by drug-resistant typhoid
and non-typhoidal salmonellae. The focus is on identifying regimens that are both effective
and safe, considering various factors that can influence treatment outcomes, including the
geographical context and the AMR patterns associated with different regions and regimens
with early switch to oral administration.
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Globally in 2017, an estimated 20 million newborns and children younger than five years
developed sepsis, resulting in 2.9 million deaths (705). In this population, K. pneumoniae
and E. coli were associated with 17.2 and 10.6 million lost DALYs, respectively, in 2019 (20).
Newborns and young children, especially those living in limited-resource settings, are
highly susceptible to bloodstream infections and sepsis, making effective treatment crucial
to improve their chances of survival and long-term health outcomes, combatting AMR,
reducing health inequities and promoting public health. Empirical antibiotic treatment
is crucial to initiate prompt therapy; however, limited AMR surveillance in many settings
lacking access to diagnostic testing means the range of sepsis-causing pathogens and
patterns of AMR is frequently unknown. The increasing prevalence of multidrug-resistant
gram-negative bacteria limits the available treatment options and raises the risk of
treatment failure.

Investigating new treatment approaches is vital to address this growing challenge. Studies
are required to support the use of new and existing antibiotics at younger ages, including
assessing safety, establishing appropriate dosing and administration, and initiating steps to
obtaining regulatory approval (84). Barriers to research include ethical issues, small sample
sizes and heterogeneity in the study population. In settings with limited diagnostic capacity
for bacterial identification and antimicrobial susceptibility testing, targeted treatment is
often not possible. Consequently, understanding the most efficacious empirical treatment
options is essential in these settings. The burden of gram-negative infections and sepsis
disproportionately affects communities with limited access to health-care resources and
higher rates of AMR. Research focused on optimizing treatment in these settings can help
to bridge the gap and reduce health disparities, ensuring that populations experiencing
vulnerability receive appropriate and effective care. There is a pressing need to develop
alternative treatments to the current WHO-recommended empirical treatment for neonatal
sepsis and possible serious bacterial infections among newborns and young infants in
settings with a high prevalence of multidrug-resistant bacteria (706,707).
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The stalling investment into research and development of new antibiotics is widely
recognized, but the situation for treating fungal infections is even more critical given the
limited number of drug classes available and the rapid emergence of antifungal resistance.
Antifungal resistance in C. auris and A. fumigatus leads to treatment failure, prolonged
infections and unfavourable outcomes. The high cost of commonly prescribed antifungal
drugs makes them inaccessible or unaffordable for certain populations or health-care
systems. These challenges further limit the availability and effectiveness of therapies,
especially in resource-limited settings. Addressing these issues requires collaborative
research efforts to develop new antifungal agents, optimize treatment regimens and
improve access to affordable and effective therapies (708). Key aspects for research include
comparing single versus combination regimens and their relative impact on antifungal
resistance and whether shorter regimens with equal efficacy could reduce resistance.
Determining how to integrate resistance endpoints built into clinical trials would be
important to address these research questions.

Addressing this priority among children is equally important. Many of the existing data
that support dosing approaches for the present antifungal agents for children come from
research designed to achieve drug exposure levels parallel to those established as effective
and secure among adults. Nevertheless, both the pathophysiology of fungal infection
and pharmacokinetics differ clinically between children and adults. Achieving the best
possible treatment for fungal infection in this unique population requires comprehensive
understanding of these distinctions, prompting studies to explore the pharmacokinetics,
safety and efficacy of antifungal therapies for newborns and children.



38 Global research agenda for antimicrobial resistance in human health

Effective treatment for N. gonorrhoeae infections is being challenged by the reduced
susceptibility to third-generation cephalosporins, azithromycin and fluoroquinolones at
the global level (709,770). Moreover, few antibiotic drug classes are effective against M.
genitalium, another sexually transmitted pathogen, and among these, doxycycline achieves
low cure rates and azithromycin and fluoroguinolones resistance rates are increasing (777). A
few, but not nearly enough, novel antibiotics are currently being evaluated for treatment for
N. gonorrhoeage. If proven effective, these antibiotics or antibiotic combinations need to be
evaluated in different populations and settings. In addition, the effectiveness, optimal dose
and antibiotic regimens for treating extragenital infections need to be explored because of
differences in drug exposure and potential for acquiring resistance. This research priority
aims to identify the most effective combinations of new or existing antimicrobial medicines
while also considering the needs of the most severely affected populations. By addressing
the unique challenges faced by these populations (such as people living with HIV, pregnant
women and adolescents) in accessing health care, adhering to treatment regimens and
potential drug-drug interactions because of coexisting conditions, health-care workers
can improve the management of these infections and reduce their transmission and
complications.
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2.2.4 Cross-cutting areas

Antimicrobial resistance m

epidemiology, burden and drivers (Oﬂ (o&

\J

Priority #22. Investigate the epidemiology,
mortality, morbidity and impact of infections
caused by resistant WHO bacterial priority
pathogens

Expanded version: Investigate the prevalence, incidence, mortality,
morbidity and socioeconomic impact of community-acquired infections
(respiratory tract infections, urinary tract infections and bloodstream
infections) and health care-associated infections (bloodstream infections,
urinary tract infections, surgical site infections and respiratory tract
infections) caused by resistant WHO bacterial priority pathogens, with data
disaggregated by sex, age, socioeconomic status and subpopulations (such
as populations experiencing vulnerability or with comorbidities, including
people living with HIV, people with TB and people with malaria) and across
socioeconomic settings, especially in low- and middle-income countries.

An estimated 4.71 million deaths were associated with bacterial AMR in 2021 (7). However,
the true burden of AMR is unknown because of the absence of reliable, comprehensive and
representative surveillance data from many settings, especially low- and middle-income
countries. In particular, more research is needed to investigate the AMR burden and the
extent to which AMR contributes to increased morbidity and mortality in subpopulations
experiencing vulnerability, those having limited access to health care orhaving comorbidities
and who may be more susceptible to bacterial infections with resistant pathogens
(712). Understanding of the incidence, prevalence, burden and socioeconomic effects of
community-acquired and hospital-acquired infections is also inadequate.

The scarcity of data can be attributed to several factors, including the limited availability of
diagnostic tests, health-care financing models and effective national plans for conducting
surveillance. One main objective of the Global Action Plan on Antimicrobial Resistance
is to strengthen the knowledge and evidence base through surveillance and research to
generate reliable estimates of the threat posed by AMR (?). Robust studies are needed to
characterize mortality, morbidity and cost attributable to AMR and to inform mathematical
models to generate reliable estimates validated by empirical data (773).
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Priority #23. Investigate the epidemiology,
morbidity, mortality and impact of infections by
resistant WHO fungal priority pathogens critically
important for AMR

Expanded version: Investigate the prevalence, incidence, morbidity,
mortality and socioeconomic impact and identify and quantify the routes
and dynamic of infections by resistant WHO fungal priority pathogens
that are critically important for AMR (such as C. auris, A. fumigatus and
C. neoformans) across geographical and socioeconomic settings and in
populations experiencing vulnerability.

Fungal infections have substantially increased in incidence, especially among
immunocompromised people, such as those living with HIV, people with cancer, organ
transplant recipients and critically ill people. In addition, the growing resistance of fungal
pathogens to antifungals and limited access to effective and safe antifungals present
a multifaceted challenge. Effectively addressing this challenge requires much better
understanding of the epidemiology of fungal infections, the contribution of antifungal
resistance to increased morbidity and mortality and the associated socioeconomic impact.
Establishing robust surveillance systems globally might provide more comprehensive
and representative data (774), but lack of access to diagnostics will continue to result in
underestimation of the incidence of fungal infections and the prevalence of antifungal
resistance. Strengthening both diagnostics and surveillance is one of the three primary
areas for action to address antifungal resistance outlined in the WHO fungal pathogen
priority list, which further elaborates on various strategies to strengthen fungal surveillance
(4). Published in 2022, the document aims to catalyse scientific interest, increase resource
allocation and gain support from policy-makers, and it assigns critical priority to pathogens
with importance for AMR, including C. auris, A. fumigatus and C. neoformans.
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Priority #24. Investigate factors driving colonization
and infection by resistant WHO bacterial priority and
fungal pathogens

Expanded version: Investigate the association, contribution and impact
of structural and health system factors (such as hospital microbiome,
sanitation infrastructure, waste management, health expenditure,
governance, distribution of resources, population displacement, conflict
and disruptions in the care continuum) on colonization (selection,
persistence and spread or loss of bacterial populations) and infection by
WHO bacterial and fungal priority pathogens in subpopulations, including
those experiencing vulnerability (such as migrants and refugees) and
people with comorbidities, across socioeconomic settings.

This research priority seeks to improve understanding of the complex relationships between
structural and health system factors and colonization and infection with antimicrobial-
resistant pathogens across settings and populations, including those with comorbidities
and those experiencing vulnerability. The priority highlights many factors that may
contribute to colonization and subsequent infection with resistant organisms. Insufficient
diagnostic services within health-care facilities results in inability to detect outbreaks, and
ineffective or absent IPC programmes may result in transmission of resistant organisms.
Insufficient training and staffing shortages can also lead to lapses in IPC practices,
facilitating transmission. An estimated 1.7 billion people visit health facilities without basic
water services, and only 21% of health-care facilities have basic sanitation (38,775). The
lack of water and sanitation services within health-care facilities further affects effective
infection prevention and the acquisition of resistant organisms. The relative impact of each
of these factors in different settings requires further study.

Overuse of antibiotics can select for resistant organisms and is recognized as one major
driver of AMR (776). System factors in the community that may contribute to overuse of
antibiotics include lack of access to health care, leading to self-medication (777). Other
structural and system factors contributing to colonization or infection with AMR that are less
well understood may include overcrowding, limited access to safe water and sanitation and
contamination of the environment with resistant organisms or antibiotic residue because
of inadequate waste disposal, extensive use in food production or natural disasters.

Researchshouldfocus particularlyon populationsthatmaybeatincreasedrisk of colonization
and infection with resistant organisms. These include people with comorbidities (who use
health care more frequently and may require antibiotic treatment more frequently) (778) and
migrants, refugees and other displaced individuals who may be subject to overcrowding,
lack of access to health care and inadequate access to water and sanitation services (779).

Governance factors that may promote AMR include insufficient health expenditure,
inadequate financing models for health-care systems and weak regulatory frameworks for
antibiotic use, stewardship and IPC programmes (720). However, each of these associations
requires focused attention and better setting-specific data to drive policy changes and
resource allocation.
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Priority #25. Identify optimal surveillance methods
to generate accurate and reliable data on the
epidemiology and burden of AMR

Expanded version: Identify optimal (efficient, effective and cost-effective)
surveillance methods to generate accurate and reliable data on the
epidemiology and burden of AMR among WHO bacterial and fungal priority
pathogens (including determining the molecular mechanisms of resistance)
in community and health-care settings and disaggregated by sex, age and
subpopulations that are relevant and actionable at the local and national
levels, especially in low- and middle-income countries.

In accordance with the Global Action Plan on Antimicrobial Resistance (?), the Global
Antimicrobial Resistance Surveillance System (GLASS) has set out to standardize data
collection, analysis, interpretation and sharing across countries for a consolidated and
effective response to AMR (727). However, there is a need to go beyond laboratory-based
surveillance and integrate epidemiological, clinical and population-level data and achieve
better quality and representativeness of the data (722). There are several important
considerations to ensure the collection of high-quality, reliable data that can be translated
into effective action. Among these, adequate diagnostic stewardship, which comprises
ordering the right diagnostic tests for the right people at the right time, is critical to
identify infections caused by antimicrobial-resistant organisms (723). Limited resources
and expertise for undertaking surveillance and conducting testing in some settings can
introduce bias and compromise the representativeness and value of the observations.
Examples include limited access to health care, lack of standardized knowledge and
practices of health-care workers and inadequate health system financing. The design
of a surveillance system, including methods for selecting surveillance units and choice
of diagnostic tests, must therefore be tailored to the particularities and capacities of the
setting and the specific objectives of the system for the data to be fit for purpose.

Molecular surveillance enables the tracking of specific resistance-conferring genes or
variants, and genomic surveillance would enable more comprehensive genetic analysis
and the tracking of resistant clones of bacteria (724,725). Exploiting the full potential of
genomic surveillance requires establishing how genotypic resistance predicts phenotypic
resistance for all GLASS pathogens and ultimately all priority pathogens by establishing
a comprehensive, standardized catalogue similar to the one developed by WHO for
M. tuberculosis (126) and building on existing initiatives (727,728).
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Priority #26. Assess how mass administration of
antimicrobial medicines affects AMR

Expanded version: Assess how the programmatic use of antimicrobial
medicines in mass administration affects AMR in the short and long term,
focusing on subpopulations experiencing vulnerability in low-income
settings.

Mass drug administration is a key strategy for controlling and eliminating several neglected
tropical diseases and malaria. This strategy has benefits in reducing burden, morbidity
and disability, especially in vulnerable populations from limited-resource settings (729).
Beyond targeted pathogen control programmes, mass administration of azithromycin may
also improve children’s survival by reducing the burden of other bacterial infections (730~
132). However, mass administration of antimicrobials may increase selective pressure and
lead to acquiring and transmitting resistance (733). Some evidence suggests that mass
administration of azithromycin transiently increases the prevalence of macrolide resistance
in S. pneumoniae and may be associated with resistance to otherantibiotic classes (134,735).
Incorporating AMR as a primary outcome in randomized controlled trials that evaluate the
clinical impact of mass administration of antimicrobials is therefore essential.

Further research is also needed on how programmatic use of antimicrobial medicines in
mass administration affects the emergence, transmission and persistence of resistance
in other pathogens important for AMR (such as Salmonella enterica, Shigella spp. and
Campylobacter spp. in which fluoroguinolone resistance is increasing and N. gonorrhoea)
and in subpopulations such as people living with HIV in the long term. This research priority
also addresses the need to better understand the duration of these effects, the association
with resistance in other antibiotic classes, the subsequent clinical impact of resistance and
the best strategies that can be used for AMR surveillance when mass drug administration
campaigns are implemented.
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Priority #27. Evaluate how currently recommended
syndromic STI management and treatment of people
with asymptomatic STls affect antibiotic prescribing
and AMR

Expanded version: Evaluate the public health benefits, cost, impact on
unnecessary or inappropriate antibiotic prescribing and potential AMR
consequences of currently recommended syndromic STI management and
treatment of people with asymptomatic STis (including N. gonorrhoeae) in
settings with variable diagnostic capacity.

This expands on research priority #710, which highlights the urgent requirement to enhance
diagnostic capability for STls. Globally, STls are widespread, with more than 1 million new
cases occurring daily (/7). Rapid diagnosis of STIs and treatment are essential because
untreated STIs may result in infertility, negative pregnancy outcomes, a higher likelihood
of contracting additional infections such as HIV and increased spread of the STI. However,
many STls do not exhibit symptoms or present with symptoms that are not specific.

In low- and middle-income countries, a syndromic approach based on clinical algorithms
is used for diagnosing STls and treating the people who have them (/7736). This approach
bypasses the need for using laboratory tests in settings with limited access to laboratory
services such as outreach activities or mobile clinics, and treatment can be offered on the
same day. However, this approach is challenged by the risk of overtreatment and missed
opportunities for treatment for those who are asymptomatic. Since diagnostics are either
unavailable or inaccessible in many settings, syndromic management will continue to be
used widely.

Syndromic management of STIs should not constitute the sole strategy for controlling
STls at the national level. STI surveillance should become an integral component of the
syndromic approach, closely intertwined with periodic assessment of the AMR patterns of
key pathogens. Sustained and strengthened STI surveillance efforts enable more robust
data. Moreover, understanding of the root causes of emerging STls syndromes needs to
be improved through regular etiological studies conducted at sentinel sites, including
through molecular assays. In addition, since STI complications significantly contribute to
the overall disease burden, routine STI surveillance should incorporate the monitoring of
these complications within STI management reporting systems.

To effectively address STls, surveillance efforts must also encompass key populations,
since their STI prevalence can be substantial. Consistent, systematic STI surveillance
and screening within key populations are more pertinent than sporadic efforts, providing
essential data for designing effective interventions.
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Antimicrobial resistance awareness and
education

Priority #28. Determine the most (cost-)effective
behavioural change interventions to mitigate the
emergence and spread of AMR

Expanded version: Determine the most (cost-)effective behavioural change
interventions to mitigate the emergence and spread of AMR by targeting
and engaging the general public, young people, mass media, health-care
workers and policy-makers across socioeconomic settings.

The emergence of AMR has largely been driven by the inappropriate use of antimicrobial
medicines across sectors (737). In the context of human health, prescribers and dispensers
of antimicrobial medicines, as well as the public, are frequently unaware of the risks
associated with taking antimicrobial medicines or may focus more on their immediate
benefits. Interventions such as public education campaigns can improve people's
knowledge and awareness of appropriate antimicrobial use and AMR, but their success
hinges on understanding different populations, their baseline knowledge, where they access
information and other social factors that may drive inappropriate use and the patterns
of behaviour that lead to the emergence of AMR. The behavioural insights approach can
identify appropriate and feasible interventions to begin tackling AMR in various contexts
(138), but more information is needed on the long-term effectiveness of the interventions
on reducing the inappropriate use of antimicrobial medicines. Social media and content
platforms offer a key opportunity for raising awareness and influencing behaviour among
the public, especially young people, and determining the optimal use of these platforms is
a prime target for further investigation. For example, strategies might vary depending on
the platform - content that works on one platform may not work on another. Video content
platforms (739), video games (740) and novel media technologies such as virtual and mixed
reality should be investigated for their potential for immersive and effective dissemination
of key messages, while acknowledging that people in low- and middle-income countries
currently have less access to high-bandwidth media and expensive technology (see Vernet
(1417) as an example of a simple health-messaging virtual reality clip that can be viewed using
a smartphone and inexpensive paper 3D glasses). A crucial element of engaging people on
AMR is linking the abstract concept of AMR with the real experiences of people who have
been affected by infections with resistant pathogens (742), which might influence people’s
perception of their personal risk. Deployment of health communication models for AMR
that are based on perceptions of risk and vulnerability to iliness, such as the health beliefs
model, requires further study (743). Importantly, knowledge of how the different behaviour
change models can be applied in different scenarios and sociocultural settings is needed.
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Policies and regulations related to antimicrobial
resistance

Priority #29. Evaluate the implementation of AMR-
related policies and regulations and how effective
they are in mitigating AMR and improving health
outcomes

Expanded version: Evaluate the implementation of AMR-related policies and
regulations at the national level and how effective they are in mitigating
AMR and improving health outcomes in the community and health-care
settings across socioeconomic contexts.

AMR policy decisions need to be informed by robust, timely evidence and best-practice
recommendations regarding population-level interventions. Having a broader reach
that can determine larger-scale effects on health is especially needed since most AMR
research focuses on interventions attaining individual-level effects. However, despite
the shared need for evidence on effective policy and regulatory interventions, relatively
few high-quality evaluations are available (27,744), and much of the available evidence is
poorly conducted and reported (745). More high-quality evaluations of population-level
interventions are needed to reduce inappropriate antimicrobial use and prevent the spread
of resistant pathogens (744). In particular, more high-quality evaluations are needed for
policies implemented in limited-resource settings, since policies that are effective in high-
income countries may be inappropriate in other contexts because of the availability of
human and financial resources, the socioeconomic and political context and differences in
cultural drivers of antimicrobial use. Gaining regional understanding of the effectiveness of
existing and novel policies will provide opportunities for shared learning among countries.

Awide range of policies target reducing the spread of resistant pathogens and inappropriate
antimicrobial use and should be considered and assessed. These include guidelines,
regulations, fiscal measures, legislation and policies on service provision, communication
and environmental and social planning (747). Recent funding initiatives such as that by the
Canadian Institute of Health Research are trying to fill this space (748), but further evidence
is needed across settings and contexts.

This research priority highlights the need to assess the level of implementation and
effectiveness of AMR-related policies and regulations on mitigating AMR and on improving
health outcomes (such as increasing life expectancy and improving the quality of life) in
the community and health-care settings. Research focusing on implementing policies
and regulations is fundamental to developing effective, context-specific and sustainable
strategies for combatting AMR. It ensures that policies are not only scientifically sound but
also practical and adaptable to real-world conditions. Context-specific evidence is needed
on strategies to effectively implement national AMR interventions, policies and programmes
(such as IPC strategy and antimicrobial prescribing regulations) (749). Such context-specific
evidence can inform a more tailored approach to developing and implementing policy.
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Current evaluation research is largely retrospective and driven by academia. Further
research-policy collaborations to develop a priori evaluation plans for prospective policy
interventions would be very helpful. This strategy would mitigate the risk of promoting
ineffective interventions, thus optimizing resource use and reducing costs (746). The
development of a data repository for policy interventions could foster the sharing of data
and learning (746,750). In addition, exploring how policies implemented in other sectors
affect human health would be important in a One Health context.

Above: Bilal, 22, has just been discharged from hospital after a
bout of drug-resistant typhoid. Bilal’ typhoid could be treated
only with meropenem, which is reserved for the most serious
infections and is sold at a price families like his struggle to afford.
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Priority #30. Investigate implementation strategies
for national policies, legislation and regulations to
improve infection prevention, patient care and the
use of antimicrobial medicines

Expanded version: Investigate strategies for the sustainable and (cost-)
effective implementation of national policies, legislation and regulations
(including sustainable financing and optimal governance structures) to
improve infection prevention and patient care practices and the use of
antimicrobial medicines in the community and health-care settings across
socioeconomic contexts.

The Global Action Plan on Antimicrobial Resistance urges Member States to put into place
national action plans on AMR (8,9). According to the Quadripartite Tracking AMR Country
Self-assessment Survey, 177 countries had developed national action plans on AMR aligned
with the Global Action Plan as of 2023, but only 27% are effectively implementing and
monitoring their plans (70). Studies have identified gaps and opportunities to strengthen
current national-level governance and the implementation of national action plans on AMR
(149,157-153). A key finding is that having a plan or policy poorly correlates with a country’s
ability to respond to the threat of AMR, such as having a surveillance system in place or
optimizing the use of antimicrobials (749,754). Challenges to implementing national action
plans include the lack of financing, accountability, feedback mechanisms, education and
equitable access to diagnostics and antimicrobials (754).

Anderson et al. developed a governance framework outlining indicators for assessing
national action plans on AMR (755). Key indicators included the existence of surveillance
systems for AMR and antimicrobial use, antimicrobial stewardship programmes, IPC
policies, educational programmes for health-care workers, public awareness campaigns
and regulations on antimicrobial use. Although indicators proposed for evaluating national
action plans for AMR were originally designed to have a binary application for their presence
or absence, a more nuanced approach may be needed to increase granularity and provide
a better representation of complexity when comparing settings and tracking progress
(154). Results of progress assessments should inform research on strategies to improve
implementation. Further, engaging social science researchers on implementation strategies
is especially important since they relate to the political. social and equity dimensions of
implementation.

Another limitation that affects implementation and effectiveness is that national action
plans in low- and middle-income countries are often developed based on examples and
evidence from high-resource settings, thus not accounting for differences in infrastructure,
resources and other setting-specific characteristics (749). Finally, a critical gap remains in
comprehensive monitoring and evaluation of the implementation of AMR interventions and
the association with useful measures to assess their effectiveness in mitigating AMR.
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Thereis a need to investigate whether policies for IPC (including immunization programmes)
can be used in the context for which they are designed, are up to date based on the current
evidence, are acceptable to health-care workers and patients and whether incentives and
penalties exist for their implementation (755). This research priority also includes the need
for effective implementation of antimicrobial stewardship programmes and for policies and
regulations on antimicrobial use and their enforcement and identifying setting-specific
challenges to policy implementation, identifying specific needs such as limited governance
structures and financial commitment and increasing the awareness and support of various
stakeholders, including the general public (756).

Above: In many countries antibiotics can still
be obtained without a prescription despite
existing legislations prohibiting the practice.
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Priority #31. |dentify the most (cost-)effective
interventions and an investment case to mitigate AMR
globally and across countries

Expanded version: Identify the most (cost-)effective interventions to mitigate
AMR in the human health sector, globally and within countries or regions, and

determine the rationale, costs, benefits, feasibility, sustainability and potential
returns on investment to achieve the greatest benefit.

According to a 2017 World Bank report, AMR would cause between 11% and 3.8% annual
loss in the world's gross domestic product by 2050, amounting to between USS 1 trillion and
USS 3.4 trillion shortfall in annual gross domestic product after 2030 (757). Further, low- and
middle-income countries are anticipated to be more severely affected, with larger reductions
in economic growth than high-income countries, thus increasing inequalities (757). Without
effective interventions, AMR could also impact on the achievement of the Sustained
Development Goals for 2030 (27) and may lead an additional 24 million people into extreme
poverty by 2030 (757). The multifaceted effects on health, the economy and society require
coordinated global action and investment in research, health-care infrastructure, preventive
measures and policy initiatives.

According to estimates by the Organisation for Economic Co-operation and Development
(OECD), several interventions can be highly effective in mitigating AMR, and the costs of their
implementation can be quickly recovered. These measures include improving hygiene in
health-care facilities, stewardship programmes to reduce excessive antibiotic prescription,
using rapid diagnostic tests for differentiating bacterial from viral infections, delayed
prescriptions and public awareness campaigns (758). These interventions are predicted to
be financially self-sustaining within a year, yielding significant health and economic benefits.
For instance, promoting handwashing and hygiene can halve mortality risk and reduce the
health burden of AMR by 40% in OECD countries, with stewardship programmes showing
comparable effectiveness (758). Improving vaccination coverage is another AMR intervention
that needs further evaluation. Another OECD study estimated that using an integrated One
Health approach results in significant returns, with every United States of America dollar
invested generating five United States of America dollars in economic benefits through
decreased health expenditure and increased productivity (759). Delineating interventions
with the greatest impact is crucial to develop the investment case for AMR (760).

Data from real-world observational studies and limited-resource settings are limited (7157-759).
Granular information would also be needed on identifying the elements within interventions
which are critical for their success. These components can be then customized for other
settings while maintaining the core successful components. There is a need to explore
whether AMR-specific investments and policies would be cost-effective and to identify
opportunities to align them with action in other areas (such as immunizations and WASH).
Further, assessing the impact from intervention in other One Health sectors is needed. WHO is
currently compiling a report on modelled global and regional returns on investment that could
potentially be derived from a One Health package of interventions that include improved AMR
awareness, surveillance, IPC, WASH and antimicrobial stewardship and investment in new
drugs, diagnostic tools and vaccines.
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Priority #32. Investigate strategies to integrate AMR
interventions into broader health, health financing,
development and welfare structures and evaluate their
impact

Expanded version: Investigate strategies to integrate AMR interventions into broader
health, health financing, development, welfare structures and national policies

and evaluate their impact on mitigating AMR, enhancing health system efficiency,
reducing people’s out-of-pocket expenses and improving equitable access to and
use of diagnostics and antimicrobial medicines.

This research priority addresses the need for more evidence on integrating AMR considerations into
existing financing and health-care provision structures. Linking AMR interventions to wide-reaching
frameworks such as primary health care and universal health coverage, pandemic prevention, child
health and WASH programmes may be more effective and efficient. The rise of AMR may create
increasing difficulty in achieving universal health coverage, in which everyone, everywhere can
access the health services they require without encountering overwhelming costs (767). However,
universal health coverage provides opportunities to assist in mitigating AMR, such as health system
strengthening, higher quality of services, increased emphasis on preventive measures, early diagnosis
and appropriate treatment. Better quality of services can also reduce the incidence of health care-
associated infections if facilities have sufficient access to WASH and IPC programmes. Better
affordability can also ensure that people can access diagnostics and the antimicrobials they need, thus
avoiding substandard medicines and enabling the required length of treatment for theirinfections (767).
More specifically, it is critical to identify effective strategies for promoting access to diagnostics and
how best to integrate the goals of universal health coverage with antimicrobial stewardship to reduce
unnecessary antimicrobial prescribing. Also relating to system integration, preventing outbreaks with
resistant pathogens is listed in the draft WHO Pandemic Agreement under the article on pandemic
prevention and public health surveillance (762). An effective global surveillance system can enact
early detection and appropriate action, preventing wider dissemination. Strengthening antimicrobial
stewardship programmes can ensure that antimicrobials maintain their effectiveness and can be used
in a pandemic situation should the need arise (763).

Practical strategies and evidence for how countries can integrate AMR interventions into existing
health system structures, such as antimicrobial prescription data collection or policies on antimicrobial
shortages, can further ensure the efficient use of resources and the financial sustainability of the
AMR response. Systems for collecting electronic data on AMR and antimicrobial prescriptions do not
exist in many places. Other aspects of integration can include developing concerted health strategies,
programmes and budgeting that account for the needs of mitigating AMR and ensure that measures
are sustainable and resources (including human resources) are used efficiently (764). This would include
the existence of an adequate physical infrastructure for providing health-care services that can be
easily accessed by patients, an adequate number of competent health-care workers, the availability
of high-quality, affordable diagnostic services and medicines and mechanisms for reducing out-of-
pocket expenditure and for ensuring financial protection (764).

Research is needed on regional-specific strategies or strategies that need to be flexible enough to
work with varying levels of data availability. Further, context-specific strategies for implementing
(165) interventions and the opportunities for aligning AMR with broader development goals need to
be identified and given priority.
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Priority #33. Investigate how regulatory frameworks,
marketing incentives and financing models affect

the sustainable development, availability, equitable
access and use of new antimicrobial medicines

Expanded version: Investigate how existing regulatory frameworks,
marketing incentives (or their absence) and sustainable financing models
affect the development and availability of new antimicrobial medicines
and identify effective strategies to adapt these approaches to low-income
settings to improve availability for adults and children.

According to the WHO antibacterial pipeline review in 2023, 97 products (57 antibiotics and
40 non-traditional antibacterial agents) were in clinical development, of which 32 antibiotics
targeted WHO bacterial priority pathogens and 19 drug resistant M. tuberculosis. Further,
244 agents were in preclinical development (94). This is significantly fewer than products
in the immuno-oncology pipeline, for example (766), also considering that fewer than 3%
of antimicrobials in the preclinical stage attain market approval (767). Antimicrobial drug
development is less profitable for the pharmaceutical industry than the development of
drugs for noncommunicable diseases. This discrepancy results from a relatively restricted
market for reserve antimicrobials and from the loss of effect through the emergence of
AMR. Several strategies can be used for incentivizing the development of antimicrobials,
such as push incentives in which public or philanthropical funding directly supports drug
development or pullincentives that reward the successful development of a new drug (768).
Currently about USS 500 million per year supports antimicrobial development through
push mechanisms. Among key stakeholders are the United States National Institutes
of Health, the Joint Programming Initiative on Antimicrobial Resistance, the Combating
Antibiotic Resistant Bacteria Biopharmaceutical Accelerator and the Global Antimicrobial
Research & Development Partnership (769). Pull incentives include prize payments once
the antimicrobials are developed, advance market commitments in which governments
commit to buying certain quantities of antibiotics at a predetermined price, providing
financial security to manufacturers and subscription models such as that proposed by the
National Health Service in the United Kingdom (770). This model helps to decouple revenue
generation from the volume of antibiotics sold, encouraging new antimicrobial development
without the traditional reliance on high sales volumes for profitability (7/7). Other strategies
can be determined by the regulatory authorities, such as prolonging market exclusivity or
priority review vouchers that can be used to speed up regulatory approvals for bringing
other potentially more lucrative drugs to market (772).

Beyondresearchanddevelopment, equitable access needstobeensuredinlimited-resource
settings. Partnerships such as the Access to Medicine Foundation's AMR benchmarking
initiative serve to align pharmaceutical strategies with global health priorities (773). Emphasis
on cost-sharing mechanisms, differential pricing and public-private collaborations may
further facilitate the affordability and accessibility of antimicrobial medicines in low- and
middle-income countries, thereby mitigating AMR. Regulatory hurdles such as complex
and redundant approval processes hinder antimicrobial research and development. This
could be addressed by regulatory harmonization aligning the requirements that drug
developers must meet across various regulators, leading to expedited approvals and
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ensuring that antimicrobials are available sooner (7/4,775). Another consideration would be
enabling accelerated pathways for drug development and regulatory approvals, similar to
those made for COVID-19 (776), and considering new approaches for conducting clinical
trials for new antimicrobials (7/7). Although the development of new antimicrobial classes
may surpass the timeline set forth in this agenda due to their extensive time to market,
giving priority to research into novel antimicrobials is vital to secure effective treatment
alternatives for the coming years.

This priority addresses the need to investigate how regulatory frameworks, market
incentives and sustainable financing models can influence the development and availability
of new antimicrobials and strategies on how to adapt these approaches to ensure access to
vital antimicrobials in low- and middle-income countries. Another important area of policy
research covers research and development incentives for antimicrobials. Solely relying
on push incentives is considered inadequate for maintaining a robust pipeline (769,777),
with more research needed to evaluate the impact of regulatory frameworks, marketing
incentives (including pull incentives) and sustainable financing models on antimicrobial
research and development. Several projects have been underway to assess the feasibility,
financial sustainability and prescribing incentives of various subscription-based
reimbursement models for novel antimicrobials spearheaded by Sweden and the United
Kingdom (778-180). Robust evidence has the potential to inform policy regarding research
and development incentives and strengthen the antimicrobial pipeline. Evidence on the
feasibility of such arrangements for limited-resource settings and global equity-based
frameworks could further bolster equitable access and prevent inappropriate antimicrobial
use due to gaps in availability.

© TBIJ/BSAC/Caitljp O'Hara

Above: For four years, after seeing multiple doctors, Autumn
has been prescribed the strongest possible antibiotics

but she still tests positive for drug-resistant urinary tract
infections and has to self-administer antibiotics.
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2.2.5 Drug-resistant tuberculosis

Prevention

An estimated one quarter of the world’s population has been infected with M. tuberculosis,
and 5-10% of those infected developing active disease over the course of their lives,
usually within the first five years after infection (787-783). The only licensed TB vaccine,
Bacille Calmette-Guerin, provides moderate to good protection against severe forms of
TB for infants and young children (averting thousands of deaths annually) but does not
adequately protect adolescents and adults (784). New effective TB vaccines that can
be used to prevent all forms of TB, especially among adults and adolescents, would be
needed to reach the WHO End TB Strategy targets of a 90% reduction in TB incidence
and a 95% reduction in TB mortality by 2035 (785). New vaccines may work in multiple
ways, including by preventing the establishment of an initial infection (pre-exposure) or
by preventing progression to disease (post exposure). A vaccine might also serve as an
immunotherapeutic agent by shortening TB treatment or decreasing recurrence rates
following treatment completion. Overall, an effective preventive vaccine would play an
important role in tackling drug-resistant forms of TB, since new vaccines are likely to be
equally effective against both drug-resistant and drug-susceptible strains. By preventing
disease, vaccines would reduce the need for antibiotics, an essential step for curbing AMR.
The WHO preferred product characteristics for new TB vaccines provide further guidance to
the scientific community, vaccine developers and regulatory bodies on developing effective
vaccine candidates (786).

There is a strong economic and public health argument for new TB vaccines. A WHO-
commissioned study estimates that, over 25 years, a vaccine that is 50% effective in
preventing disease among adolescents and adults could avert up to 76 million new TB cases,
8.5 million deaths, 42 million courses of antibiotic treatment and USS 41.5 billion in costs
faced by TB-affected households (787). Such a vaccine can generate significant longer-
term economic benefits by improving public health, life expectancy and work performance,
estimated to be USS 1.6 trillion (gains in gross domestic product) between 2025 and 2080.
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In 2023, at least 16 TB vaccine candidates were under clinical development (788). These
include subunit vaccines that pair different combinations of M. tuberculosis antigens
with immune-modifying adjuvants, mRNA-based vaccines, viral-vectored vaccines and
whole-cell vaccines based on genetically attenuated MTB or closely related mycobacterial
species. As of today, only the M72/ASO1E vaccine has preliminary results that meet the
WHO preferred product characteristics (789), and larger studies are planned to confirm
these findings. Overall, very few candidate vaccine antigens have been identified in the
last decade. Novel antigenic targets that can induce different and more effective immune
characteristics, biomarkers that can serve as correlates or surrogates of protection and
increased investment are needed to accelerate progress. In addition, countries, funders and
relevant global and regional authorities should collaborate to facilitate timely manufacturing,
procurement and equitable access to new TB vaccines once these are available.

Above: Shireen had drug-resistant tuberculosis.
She tried different antibiotics until she finally
started to feel better but she was still coughing.
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Diagnosis

The political declaration at the second United Nations High-level Meeting on the Fight to End
Tuberculosis in 2023 included commitments by Member States that at least 90% of the estimated
number of people who develop TB are reached with quality-assured diagnosis and treatment, with
everyone diagnosed having been initially tested with WHO-recommended rapid molecular tests (790).

WHQ's End TB Strategy calls for the early diagnosis of TB and universal drug-susceptibility testing,
highlighting the critical role of laboratories in rapidly and accurately detecting TB and drug resistance
(2). Of the 7.5 million new and relapse cases notified in 2022, 83% had pulmonary TB. Of these, 63%
were bacteriologically confirmed, up from 55% in 2018. WHO-recommended rapid molecular tests
were used as the initial diagnostic test in 47% of the cases only despite the recommendation to use it
for everyone with signs and symptoms of TB (2).

The microbiological detection of TB is critical because it enables people to be correctly diagnosed and
start the most effective treatment regimen as early as possible. WHO has endorsed a range of new
diagnostic technologies during the past 10 years. The amplification and detection of M. tuberculosis
complex nucleic acids is a technology that has proven to be highly sensitive and specific to detect TB
and drug resistance.

However, the diagnostic performance of these tests has not been fully optimized. For example, the
sensitivity of allthe available diagnostics is suboptimal in accurately defining TB disease among children
and in paucibacillary samples (797). The accuracy of WHO-recommended tests and the effectiveness
of algorithms for diagnosing extrapulmonary TB need to be further evaluated. Comparison studies
to determine which tests (or strategies) have better diagnostic accuracy and exploring strategies
to improve the diagnostic yield of clinical specimens collected non-invasively, such as urine, are
needed. Implementation research is required to build evidence and optimize access to screening and
diagnostic tools to everyone at risk of TB and to better understand barriers to expanding access to
WHO-recommended tests.

To ensure timely detection of drug resistance, the development of tests fordrug susceptibility should be
synchronized with the licensing and use of regimens that contain new or repurposed drugs. However,
this has been challenging because of lag time in the availability of data on mutations known to result
in changes in minimal inhibitory concentrations. WHO has incorporated molecular drug-susceptibility
testing needs in its target regimen profiles for TB treatment to strengthen early collaboration between
diagnostics and drug developers on molecular drug-susceptibility testing (792). Further, WHO regularly
publishes catalogues of mutations, which countries rely on for interpreting resistance (726).
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WHOQO uses the number of people diagnosed with TB and notified to public health reporting
systems as a proxy indicator of access to TB diagnostic and treatment services. This number
was 7.5 million in 2022, far below the estimated number of people who developed TB that
year (10.8 million) (2). There are two explanations for this gap: The first is underdiagnosis,
either because people with TB do not reach health facilities (because of legal, social or
economic barriers) or because they are not diagnosed when they do. The second is
underreporting of people diagnosed with TB, especially in countries in which many private
or public care providers are not closely linked to the national TB programme.

The use of WHO-recommended rapid molecular tests as the initial diagnostic test for TB was
47% in 2022 despite recommendation to use it for everyone with signs and symptoms of TB.
Evaluation of means to improve the overall use, integration and optimization of diagnostic
technologies in overall testing and care and in diagnostic pathways and algorithms is
required to increase detection and linkage to care. Optimizing diagnostic delivery models
also requires evaluating the impact of diagnostic technologies on clinical decision-making
and outcomes that are important to patients (such as time to diagnosis, time to treatment
initiation, cure and mortality) in all patient populations. Country-specific assessment of the
cost-effectiveness and cost-benefit of WHO-recommended diagnostic tests can facilitate
implementation and scale-up (797).

This could be achieved by increasing effective population coverage and ensuring linkage
to treatment across the care cascade. Effective population coverage is a function of the
diagnostic test characteristics such as accuracy and yield, and access to passive and
active case finding (ensuring that people who both seek care in health-care facilities and
those who do not are diagnosed and start treatment). Recent studies have shown that
people who are asymptomatic or have minimal symptoms can contribute substantially to
transmission (793). Strategies are needed to identify these people early to prevent disease
progression and transmission. Access depends on feasibility, accessibility and costs.
Qualitative research is needed across the diagnostic value cycle to better understand
needs, feasibility and acceptability. Further, research on the diagnostic accuracy of tests
and on the economic value and impact of diagnostic and treatment strategies is needed.
Operational research that addresses all aspects of the care cascade and ensures linkage to
treatment is also needed.
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Treatment and care

Globally in 2022, an estimated 410 000 people developed TB resistant to at least rifampicin,
one of the most effective drugs used to treat TB, of whom 175 650 were reported to have
been enrolled in treatment, about two in five of those in need (2). Effective treatment of
TB, including its drug-resistant forms, relies on using several medicines administered in
combination for an adequate duration. For many years, conventional treatment regimens
for rifampicin-resistant TB and multidrug-resistant TB (defined as TB that is resistant to
both rifampicin and isoniazid), collectively referred to as multidrug-resistant and rifampicin-
resistant TB, were lengthy and arduous, and included painful injectable medicines.
Compared with treatments for drug-susceptible forms of TB, the duration of treatment
for rifampicin-resistant TB was about three times longer, with a much higher pill burden
and a much higher risk of adverse events, both during treatment and after completion.
Treatment was even more difficult for people with rifampicin-resistant TB and resistance to
a fluoroguinolone, known as pre-extensively drug-resistant TB, and those with extensively
drug-resistant TB (defined as pre-extensively drug-resistant TB plus resistance to at least
one of either bedaquiline or linezolid).

WHO has endorsed the use of new all-oral six-month regimens, which shorten treatment
duration and improve health outcomes, to treat people with rifampicin-resistant, multidrug-
resistant and pre-extensively drug-resistant TB (794). The evidence used as the basis for
the new recommendations came from a randomized controlled trial: TB-PRACTECAL (795).
This trial showed much-improved treatment success rates with the six-month bedaquiline,
pretomanid, linezolid and moxifloxacin (BPalLM) regimen (89%) compared with previous
standard-of-care regimens (52%) and lower levels of treatment failure, death and loss to
follow-up. A second trial, called ZeNiX-TB, randomized people with rifampicin-resistant TB
to receive regimens of bedaquiline, pretomanid and daily linezolid at four different dosing
schedules. Data from this trial as well as TB-PRACTECAL suggested that a linezolid dose
of 600 mg maintains high efficacy but leads to fewer adverse events. There are some
limitations to the use of the BPaLM/BPaL regimen. The lack of safety data on pretomanid
for children younger than 14 years means that the recommendation currently applies only
to adults and adolescents 14 years and older. Although the recommendation applies to
all people, regardless of HIV status, some caution is needed when enrolling people with
CD4 counts lower than 100 cells/mm3. The safety of pretomanid during pregnancy and
breastfeeding is also unclear, and other treatment options should be used for pregnant and
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breastfeeding women. The BPaLM/BPaL regimen is suitable for most forms of TB but is not
recommended for extrapulmonary TB involving the central nervous system or osteoarticular
and disseminated (miliary) TB. Overall, this underscores the message that research and
development efforts should consider the needs of vulnerable people, including children,
pregnant and breastfeeding women and people living with HIV as early as possible, while
taking every precaution to minimize harm, in accordance with national and international
ethical standards.

In 2023, WHO established a global BPalLM accelerator platform as a forum for information
sharing and technical discussions to address challenges in implementing the BPaLM/BPalL
regimen. Improving global access requires updating policy guidelines in countries and
improving supply and access to the drugs central to these regimens.

In addition, research on and development of safer and shorter duration regimens must
continue, together with strategies to optimize treatment through a stratified approach to
TB treatment based on disease severity, optimal duration of treatment (based on previous
treatment, baseline resistance patterns, site of disease and age), and while balancing the
benefits and harm of regimen duration to increase the likelihood of positive treatment
outcome. Safety should also be given priority by determining better ways to monitor for
adverse events. This could be done, for example, by expanding the ability to monitor drug
levels during treatment or identifying indirect markers associated with toxicity that are less
expensive and more accessible. To shape product development in this space, WHO has
developed target product profiles for minimum and optimum characteristics of tests for TB
treatment monitoring and optimization (792).
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Some populations have an increased risk for developing active TB, such as people living
with HIV and children who are household contacts of people with TB. Although WHO
provides general guidance for treating people infected with drug-susceptible strains of
M. tuberculosis and eligible for preventive treatment (783), there are generally no clear
recommendations for the contacts of people with drug-resistant TB considering the very
limited evidence in this space. Adequately powered randomized controlled trials involving
both adults and children and with at-risk populations such as people living with HIV are
required to support policy decisions on preventive treatment for the contacts of people with
multidrug-resistant TB or rifampicin-resistant TB. Ongoing studies are exploring various
drugs and treatment regimens for prevention: these include delamanid and isoniazid or
levofioxacin for the contacts of people with multidrug-resistant TB, including children
(188). The composition, dosage and duration of effective preventive treatment regimens
for multidrug-resistant TB should be identified, and the potential role of newer agents
with good sterilization properties should be investigated. Further evidence on the risk of
contacts of people with multidrug-resistant TB for progression to active TB will be important
to understand the benefits of preventive treatment. In the interim, WHO has issued recent
guidance for the management of contacts of people with drug-resistant TB (783).

Research on preventive therapies should be complemented by comprehensive appraisal of
the cost-effectiveness of TB infection management stratified by population group, type of
regimen or intervention. with parameters from different resource settings to enable better
programmatic planning.
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Ending the drug-resistant TB crisis requires universal access to comprehensive TB services
and treatment adherence for people with both drug-susceptible and drug-resistant TB.
TB treatment coverage (a best estimate of 70% in 2022) needs to expand, especially for
children 14 years and younger (49% in 2022) (2). Improving access to appropriate treatment
regimens for people with drug-resistant TB will also require accessible and affordable rapid
and accurate point-of-care diagnostics, including for drug susceptibility testing.

ldentifying interventions for patient support and treatment supervision or models of
care that are best suited for people with drug-resistant forms of TB in low- and middle-
income countries requires a multisectoral approach. WHO recommends the ambulatory
model of care facilitated through decentralized health care (defined as care provided at
non-specialized or peripheral health centres by community health workers or nurses,
non-specialized doctors, community volunteers or treatment supporters) for scaling up
treatment and care for people who are eligible for multidrug-resistant TB treatment (796).
The guideline also affirms that family-centred, integrated models of care may be used to
deliver TB services for children and adolescents with signs and symptoms of TB and/or
those exposed to TB, in addition to standard models of care. WHO also recommends that
people with active multidrug-resistant TB and moderate undernutrition be provided with
locally available nutrient-rich or fortified supplementary foods as necessary to restore
normal nutritional status (797).

However, further research is needed to optimize the models of care: the treatment success
rate for drug-resistant TB was only 63% in the most recent patient cohort for which data are
available (798). According to national surveys, on average 49% of people with TB and their
households faced total costs (including direct medical expenditures, direct non-medical
payments and indirect costs such as lost income) that exceeded 20% of annual household
income. The proportion is 83% for people with drug-resistant TB and their households.
Member States adopted a new political declaration during the second United Nations High-
level Meeting on the Fight to End Tuberculosis in September 2023, with a commitment to
ensure access to health and social benefits packages to all eligible people with TB (799).
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The updated WHO guidelines published in 2022 have recommended shorter durations for
the treatment of multidrug-resistant and rifampicin-resistant TB that can support with
improving treatment outcomes (200). Studies underpinning these changes showed that
short, all-oral regimens are highly effective and relatively safe. However, data are needed
on the programmatic implementation of these regimens across settings, populations and
M. tuberculosis lineages. Especially important are data on effectiveness and safety outside
trial conditions. In addition, the potential development of further drug resistance should be
closely monitored to ensure that these drugs can be used for decades to come.

With respect to the BPaLM/BPal regimen for treatment for rifampicin-resistant, multidrug-
resistant or pre-extensively drug resistant TB, current data are limited or missing on the
efficacy, safety andtolerability of the regimens across regions, countries and subpopulations,
including children younger than 14 years, people with extrapulmonary TB, people living
with HIV with CD4 counts less than 100 cells/mm? and pregnant and lactating women.
These data are essential to expand the current recommendation to subpopulations and
countries (200). Overall, most programmatic data on the safety, efficacy and tolerability of
regimens for treatment for drug-resistant TB come from one country (South Africa). The
adverse event profile of newly recommended drugs such as pretomanid for humans is
incomplete, including frequency, hepatotoxicity and reproductive toxicity. For delamanid,
its role in multidrug-resistant TB regimens needs to be better understood, including for
children (pharmacokinetics and pharmacodynamics), people living with HIV and pregnant
women; mechanisms of development of drug resistance; and optimization of the duration
for both adults and children. However, there are several drivers of treatment failure,
including existing resistance, socioeconomic factors, weak health systems, limited access
to high-quality medicines, stigma and discrimination. Multidisciplinary research is needed
to support policy and practice with respect to care for people with drug-resistant TB.

Right: Mildred Fernando Pancho is a
survivor of multi-drug resistant tuberculosis
and a mother of two children. Today, she
raises awareness about AMR through
sharing the story of her 10-year treatment
and struggles she and her family endured.
© WHO / Mark Vincent Limchoa
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3. Further considerations

3.1 Policy implications

The research agenda is expected to steer policy-makers, the global research community,
industrial entities and funders in coordinating and aligning research efforts and investment
on the most critical global knowledge gaps. An essential criterion for setting priorities was
the ability to translate research output into policy, so that addressing the research priorities
is likely to strongly affect AMR prevention practices, infection diagnosis, treatment and
management and national and global policies.

The research agenda is set to play a key role in shaping and promoting the discourse,
including actions regarding AMR at the United Nations General Assembly with the aim
of filling essential knowledge gaps by 2030 and contributing to global strategies for
containing and managing AMR. In addition, data from meticulously conducted, large-scale
multidisciplinary studies on the research priorities for drug-resistant TB will help achieve the
Member States’ commitment to increase access to rapid diagnostic testing, treatment and
TB preventive treatments to 90% and ensuring full health and social benefits for individuals
with TB by the year 2027 (207).

The agenda emphasizes the importance of research and development for vaccines,
diagnosis and treatment methods, urging increased work on developing new treatments for
Enterobacterales that produce extended-spectrum beta-lactamases or with carbapenem
resistance and STls. It also highlights the need to investigate how marketing incentives (or
their absence) and sustainable financing models can affect the development and availability
of new antimicrobial medicines, especially in low- and middle-income countries. The
research topics given priority in this agenda underline the importance of not just sustaining
investment in product-focused research and development but also of increasing funding
throughout all research stages, encompassing descriptive research, delivery, development
and discovery.

Implementing this research agenda could lead to a more equitable distribution of AMR
research investment by balancing the development of new treatments with developing
tools to diagnose infections rapidly and accurately, the need for data to inform policy
decisions on cost-effective preventive measures and antimicrobial stewardship practices,
implementing interventions and developing policies that are viable in limited-resource
settings. This approach can ensure that countries are well equipped for addressing the
complex challenges around AMR through a multidisciplinary approach.

3.2 Research priorities for children

Although the research agenda priorities pertain to all age groups, priority #9 specifically
concerns empirical antibiotic regimens for gram-negative bacteraemia among children
and newborns. Neonatal sepsis poses considerable challenges among the most vulnerable
people in limited-resource settings and can be associated with very high mortality (202).
Drug development that accounts for the needs of children is a critical issue. Key aspects
include the development of formulations for children for existing and novel antimicrobials
(84), conducting clinical trials for novel drugs involving children, harmonizing and facilitating
the regulatory process for approvals and ultimately ensuring access.
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Other priorities that explicitly mention relevance to children include priorities #4, #5,
#17, #33 and #36-#39. The in-depth narratives for each of these priorities presented in
Section 2 individually explore the considerations related to children relevant to the priority.
For example, vaccines are typically administered to young children and are therefore a key
population for priority #4. Differentiating bacterial infections from non-bacterial diseases is
especially important for children who frequently receive antibiotics for viral respiratory tract
and gastrointestinal ilinesses (priority #5). Optimizing care for this population is critical
because they are associated with substantial morbidity and mortality in low- and middle-
income countries (203).

To ensure that the most pressing AMR-related needs of children across the world were
addressed in developing this agenda, we purposefully enriched the pool of participating
paediatric experts. The number of experts applying an exclusively paediatric perspective
during the priority-setting survey was 38, and each research topic received 30 or more
scores from these experts. Although this number would be considered sufficient to power
a separate paediatric research agenda, it is considerably lower than the median of 140
respondents per topic that informed the overall agenda. Further, several validation analyses
were undertaken. The top-ranking research topics as determined by the responses of all
experts and those of paediatric experts substantially overlapped (>70% of topics appeared
in the top-ranked research topics in both lists), affirming the relevance of the overall
agenda to children. However, since the 38 experts were mainly clinicians, the remaining
additional topics were almost exclusively clinically oriented (treatment and care), resulting
in an unbalanced agenda that did not consider important AMR areas such as epidemiology
and policies and regulations. After thematical comparison of the additional topics, it
was determined that the essential differences were the need to determine the causes
of acute febrile illnesses (addressed partly in priority #5), a broader scope of pathogens
for treatment regimen optimization and rationalization (Acinetobacter baumannii, P.
aeruginosa, Shigella spp. and Campylobacter spp.), the need to investigate the efficacy and
safety of generic antimicrobial medicines and the need to study the transmission pathways
of AMR organisms between mothers, newborns and the environment. Being formidable
AMR pathogens, especially in health-care facilities, A. baumannii and P. aeruginosa could
arguably be considered critical priorities for all age groups. However, the ranking of the
research topics addressing these two organisms (low- and middle-income countries rank
= 40 for P. aeruginosa and low- and middle-income countries rank = 47 for A. baumannii)
missed the cut-off for inclusion in the main agenda (rank <35). The discrepancy can likely
be explained by the fact that most experts applying a paediatric perspective were hospital
doctors.

3.3 Addressing inequalities in the burden of
AMR

Low- and middle-income countries have the highest mortality from AMR and the highest
burden of drug-resistant TB (7,2), driven by a range of factors including limited access to
high-quality health care, antimicrobials and diagnostics, a relatively small health workforce
(204), inadequate access to safe water, sanitation and other preventive services. This
disparity is further exacerbated by economic constraints that limit the capacity to invest in
research, education and infrastructure necessary to combat AMR effectively.

Setting was carefully considered in developing the research agenda for each topic. The
primary setting that would benefit from evidence generation was defined, considering
socioeconomic factors and especially acknowledging the needs of low- and middle-
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income countries. The final list of research priorities was informed by experts from low-
and middle-income countries or those focusing on low- and middle-income countries
as well as in the priority-setting exercise (40% of experts had a low- and middle-income
country perspective), by applying equal weight to research topics given priority by low-
and middle-income country experts to those given priority by global experts (those having
both a low- and middle-income country focus and high-income country focus) during the
consolidation phase.

Beyond global inequalities, social inequalities within countries driven by social and cultural
norms, disparities in income, education and access to health care further intensify the
risks and consequences of AMR. Marginalized communities and people living in informal
settlements have less access to health-care services, have increased pathogen exposure
and face a higher risk of infections caused by resistant pathogens (205). Geographical
inequities also play a role, since individuals in remote or rural areas may encounter
significant difficulties in accessing health care. In addition, the movement of people across
borders, whether for economic migration or displacement by conflict and natural disasters,
introduces further challenges in managing AMR equitably (206). Biological sex and gender
as a social construct also play a role in many contexts, driving differences in vulnerability
and exposure to infection, antibiotic use, health-care access and decision-making likely
influencing the AMR burden and outcomes (207). Again, the research agenda carefully
addressed these inequalities in the formulation of the research topics by specifying the
need to study research priorities across geographical settings and among subpopulations.

3.4 Alignment with the One Health priority
research agenda for AMR

This research agenda complements and is broadly aligned with the One Health priority
research agenda for AMR (24), which addresses the intricate interactions between
humans, animals, plants and their shared environment and AMR. The One Health research
agenda was developed through a collaborative effort of the Quadripartite, a partnership
comprising WHO, the Food and Agriculture Organization of the United Nations, the United
Nations Environment Programme and the World Organisation for Animal Health. The
research agenda for AMR in human health complements critical knowledge gaps not in
the scope of the One Health agenda and expands on the epidemiology, burden and drivers
of drug-resistant bacterial, fungal and TB infections in the human health sector and the
development of optimized diagnostics and antimicrobial treatment strategies.

3.5 Climate change

The wide array of consequences of climate change are important to consider for each
of the priorities in this agenda as they begin to shift geographical contexts, disease
epidemiology. social and clinical vulnerability and impact the economy. Global warming
may expand the geographical distribution and increase the burden of infections (208,209),
rising temperatures can promote bacterial growth and transfer of resistance genes
(270) and excessive rainfall can cause flooding, leading to environmental contamination
and increasing the risk of exposure to antimicrobial-resistant pathogens (208). Natural
disasters can damage critical infrastructure, affecting water and sanitation service
provision and access to health care. Hospitals may be overwhelmed by high patient
numbers facilitating transmission of resistant pathogens within facilities. Droughts may
compromise water supplies and result in food shortages, increasing the risk of infections.
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Population displacement through natural disasters can lead to overcrowding and limited
access to WASH and high-quality health services, thus increasing the risk of infection and
transmission of resistant organisms (277). Preventive programmes such as immunization
can also be disrupted (277) resulting in increased susceptibility to infections and potentially
higherantibiotic use. Low-and middle-income countries, which already have a higherburden
of infectious diseases and more fragile health systems, are likely to be disproportionately
affected (272,213). Although the world is already experiencing many of the consequences
of climate change, the most devastating effects are anticipated to occur over a timespan
outside the scope of this agenda and will require increasing attention.

3.6 Emerging technologies

The rapid emergence of information technologies, notably those using large data sets,
machine learning and artificial intelligence, is expected to revolutionize all aspects of
modern life and health care, and AMR is no exception (274,215). The potential (and risk) of
these tools should be kept in mind to not only support research and evidence generation
related to the priorities identified in this agenda but also as novel solutions to the problems
the priorities aim to address (276,277). Priority #25 addresses the genomic surveillance of
AMR, but the potential of sequencing technologies for AMR may eventually extend beyond
surveillance into clinical use (797). It is important to lay a solid foundation for future use
cases and their investigation by curating comprehensive globally representative databases
of genomic and genetic data for all priority pathogens (726).

4. Implementation and uptake of
the research agenda

This research agenda will be implemented through several strategies. First, the agenda
has been disseminated through multiple channels. A policy brief was released in June
2023 to facilitate early dissemination and to raise awareness of the 40 research priorities.
The current report fully elucidates the methodological details, presents the quantitative
results and qualitatively explores each of the research priorities. These topic narratives may
serve to improve understanding and catalyse interest among readers unfamiliar with all
the diverse AMR areas, researchers and non-researchers alike. Finally, a publication in an
open-access academic journal will bring the agenda to a wide audience and enable the
agenda to be indexed and cited as a peer-reviewed work (278). All these outputs are freely
available online.

The research agenda will support WHO Member States in fulfilling their commitment
to the 77th World Health Assembly resolution on accelerating the national and global
responses to AMR, which urges Member States to support and promote basic, applied and
implementation research on vaccines, IPC, diagnostics, therapeutics and antimicrobial
stewardship by collaborating with academia, civil society and the private sector (279).
The impact of these initiatives would be maximized by focusing activities on the priorities
identified in this agenda, with the agenda being adapted to align with the country’s own
public health needs, epidemiological context, available expertise and resources. This will
ensure that generated evidence can be applied to the specific setting, resulting in more
effective policies for addressing AMR at both the national and regional levels. Adapting
the global agenda would avoid countries having to develop their own agendas, a labour-
intensive and time-consuming process.
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WHO calls on the global AMR research community and funders to intensify action and
investments in research that is aligned with the research agenda'’s priorities.

4.1 Monitoring and evaluating the research
agenda

A monitoring and evaluation plan adapted from the recommendations for conducting
research priority-setting exercises (220) was developed for tracking awareness and uptake
of the research agenda. Fig. 2 follows a results chain linking the activities and output of
the research agenda to anticipated short- and medium-term outcomes, with the aim of
ultimately achieving long-term impact on AMR. Proposed indicators forthe research agenda
address (1) awareness and dissemination of the research agenda through publications
and other documents and (2) uptake by assessing funding for the research priorities and
changes in diagnostic, treatment and vaccines pipelines (Table A2.1).
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Fig. 2: Results chain representing
activities, outputs, outcomes and
impact related to and expected to
result from the research agenda

Activities
Develop and Develop and Disseminate the Identify and engage
publish a WHO publish priorities strategic partners,
research agenda peer-reviewed through different funders, and
report journal articles channels implementers

Outputs

AWHO l.'eport Nur_nber of peer- Dissemination Numl?er of
and policy reviewed meetings or
. S strategy .
brief publications on the developed webinars
published research agenda conducted
Outcomes

Increased awareness of
the research agenda
priorities among
researchers, funders,
and implementers

Increased uptake of the
priorities leading to new

evidence and increased
number of new diagnostics
and medicines *

Improved Decreased levels Continuing ability to Reduced impact of
clinical practice and slower manage drug-resistant infectious diseases
and better development of infections with effective on human health

patient drug-resistant and safe medicines and and economic
outcomes infections diagnostics development

* Assumptions for increased uptake: Availability of
funding, technical expertise, research capacity
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Annex 1. Developing the research
agenda

1. Overview

The research priorities of this agenda were compiled through a multistage process (Fig.
A11). The WHO secretariat convened a Steering Group, comprising staff across WHO
headquarters departments and regional offices with technical expertise spanning the AMR
subject areas, to assist with defining the objectives and scope and to guide the development
of the agenda.

A scoping review was conducted to identify knowledge gaps in AMR. The knowledge gaps
were then consolidated into a list of broader research topics. This list was reviewed by
members of the Research Agenda Expert Group who were identified through a review of
publication records and referrals and through a global online consultation open to the wider
research community. Both activities enabled experts and researchers to amend research
topics or propose new ones.

These proposals were then consolidated to generate a revised list of research topics. The
list was distributed to members of the Research Agenda Expert Group, who individually
assessed each research topic against predefined criteria, based on which a final list of 40
research priorities was generated.

[ 2340 [ 177
knowledge gaps research topics
Preparatory  Scoping o= Consolidation B
phase review 1
3 m -4 =
10 Jun to Nov 2020 10 Junto A\ Yy 5 Jan to 18 Jul 2021 A\
2 Nov 2020
[ 175
Survey and comeolidated Prioritisation survey 4 0
consolidation research topics and anaIYSiS research
\ ! - ! ) priorities
10 Oct to 2 Nov 2022 16 Feb to 30 May 2023
-
\, J
Fig. A1.1: Timeline for developing
the research agenda
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2. Preparation

2.1 Defining governance, objectives and scope

A WHO Steering Group comprising WHO staff with expertise in the key AMR areas was
established to provide strategic guidance at critical points in the decision-making process,
to provide technical guidance across AMR areas and to oversee the development of the
research agenda. This process included defining the research agenda’s objectives, scope,
population, geographical focus, time frame, AMR areas and research investment strategies
(Box A1.).

Box A1.1
Framework for developing the research agenda >

Objectives

The research agenda has two objectives: (1) to advance the evidence on

AMR by identifying and setting priorities for research topics encompassing
prevention, diagnosis, treatment and care, the burden and determinants of
AMR and optimizing intervention delivery and (2) to catalyse investment and
scientific interest among researchers, donors, and public health professionals.

Y Scope and focus
o2 The research agenda focuses on AMR in the human health sector and
specifically on infections caused by WHO bacterial priority pathogens, WHO

fungal priority pathogens with critical importance for AMR and resistant
Mycobacterium tuberculosis. Other pathogens such as drug-resistant HIV and
malaria are out of scope.

Population

The research agenda addresses research priorities applicable to the general
population, including children and people experiencing vulnerability.

- o)
o
@ Geographical context
%

Although the research agenda is global in scope, it especially focuses on
identifying knowledge gaps and giving priority to research topics that are
relevant for limited-resource settings.

Time frame

In accordance with the Sustainable Development Goals, the research agenda
aims to catalyse research by 2030.

Research investment strategy
oo The research agenda aims for investment in AMR research to be balanced
z S and diversified across the priority research topics (not focusing on one or a
few high-risk and/or expensive research ideas) and encompassing the four

domains of research (descriptive, delivery, discovery and development).

@)
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2.2 Choice of methods

The research agenda was developed following the Child Health and Nutrition Research
Initiative (CHNRI), a well-established method for setting priorities for research from a
large pool of research topics (7-3). CHNRI is a metric-based approach that enables the
research topics in a given area to be identified and formulated, followed by systematically
setting priorities based on collective opinion. Compared with alternative consensus-based
approaches, CHNRI offers a systematic, transparent and reproducible method for setting
priorities. Based on the standard CHNRI method, the initial pool of research topics for
setting priorities is derived from experts’ ideas. In the development of this research agenda,
this step was preceded by an extensive scoping review to identify knowledge gaps from
the literature.

Scoring criteria

Filling critical knowledge gaps
Is the research likely to fill critical knowledge gaps on AMR?

Answerability and feasibility by 2030

Can a research study be designed and carried out by 2030 to address at
least some components of the research topic? (Availability of funding
should not be considered)

Potential for translation into policy

Do findings have the potential to lead to evidence-informed policy and
practices aimed at mitigating the public health impact of AMR?

Impact to mitigate AMR

Is the research likely to result in an intervention that is effective,
efficacious and/or efficient in mitigating the impact of AMR? (Effective:
producing a desired effect in a real-world environment; efficacious:
providing a desired effect in a controlled environment; efficient:
providing highest value for the available resources)

Promoting health equity

Is the research likely to promote health equity: leading to interventions
that will reduce the inequitable impact of AMR across diverse
socioeconomic contexts and underprivileged populations?

Box A1.2
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2.3 Convening the Expert Group

A global Research Agenda Expert Group was established through a systematic review of
publication records and referrals. In the first step, the top 125 experts within five research
disciplines and 14 vertical AMR areas were identified based on their scientific production
in the Web of Science (4). To ensure wide representation within the Expert Group across
geographical areas, income settings, subpopulations, research domains and AMR areas
and inclusion of a sufficient number of experts focusing on children, tuberculosis and
mycology. the Expert Group was supplemented through referrals and recommendations by
members of the Steering Group and WHO regional offices.

Atotal of 562 experts were invited, and 261 participated in developing the research agenda
by completing one or both of two surveys. Experts were based in 69 countries from all WHO
regions: European Region (41%), Region of the Americas (24%), African Region (15%), Western
Pacific Region (8%), South-East Asia Region (7%) and Eastern Mediterranean Region (4%).
The countries with the highest number of experts were the United Kingdom, United States
of America, South Africa, Switzerland, Canada, India, Brazil and Australia. Experts in all AMR
areas and across research disciplines were represented; 49% self-identified as women (Fig.
A1.2).

Fig. A1.2: Number of experts by country.
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Fig. A1.3: Number of experts by research discipline.
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3. Scoping review to identify knowledge gaps

A systematic search of the peer-reviewed and grey literature covering a 10-year period
(2012-2021) was undertaken to identify knowledge gaps in AMR (5,6). The literature included
WHO documents such as guidelines, grey literature relevant to AMR, systematic reviews
on AMR research gaps and priorities and additional documents suggested by the WHO
Steering Group. Since the scoping review aimed to identify and compile knowledge gaps
rather than individual research findings, the search strategy focused on reports, guidelines
and systematic reviews rather than individual original research studies.

|dentified research gaps and topics were categorized into a knowledge matrix according to
the four CHNRI research domains: descriptive (have greater understanding of antimicrobial
burden and drivers), delivery (provide ways to deliver existing interventions with better
quality), development (improve existing interventions, reduce their costs or optimize
their implementation) and discovery (new interventions for AMR prevention, treatment
and diagnosis) and the three themes of the WHO people-centred approach to AMR (3,7)
(Fig. A1.3). The search found 1156 unique documents screened from 8409 publications and
from which 2340 knowledge gaps were identified. These originated from 68 countries and
included 225 (20%) publications originating from low- and middle-income countries.

The knowledge gaps were subsequently reformulated and consolidated into higher-level
thematic research topics by removing duplicates, merging thematically similar ones and
removing those that did not meet the scope (such as not focusing on human health or
one of the pathogens in scope). This process yielded 177 research topics in a population,
intervention, comparator and outcomes (PICQO) or population, exposure, comparator and
outcomes (PECO) format.

Fig. A1.5: Knowledge matrix categorizing knowledge gaps
(left) and research topics (right) according to the four CHNRI
research domains and three themes of the WHO people-
centred approach for AMR.

5 0 € 5 o c

g2 8 5 _ e 8 5

> o)) O @© © > [@)] 0 ®©

o 8 5 9 5 o 8 g2

a o o= [ o a o=

Descriptive = 363 33 231 Descriptive 25 1 26
Delivery = 301 146 588 Delivery 21 10 34
Development 36 41 272 Development 5 7 18
Discovery 47 63 219 Discovery 12 6 18

TOTAL m TOTAL
2 3 4 knowledge
gaps

Total

177



Annex 1 89

Antimicrobials,
including research
and development

AMR burden
and drivers

B

Antimicrobial
stewardship

Diagnosis and
diagnostics

Antimicrobial use

Immunization

Infection prevention
and control

Awareness
and education

Policies and
regulations

Sexually transmitted
infections

Fungi

WASH

Food-borne
diseases

10

Fig. A1.6: Percentage of knowledge gaps
and resulting research topics in each AMR
area.

For the survey, STIs and fungal infections
were considered separately to ensure
that they were evaluated by experts

in these particular fields. Percentages

are calculated of the total number of
knowledge gaps (n = 2340) and research
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4. Developing the list of research topics for
prioritization

An Expert Group survey and online consultation were undertaken to review and supplement
the list of research topics.

4.1 Expert Group survey and open call

Atotal of 257 experts agreed to participate in the Research Agenda Expert Group and were
invited to review the 177 research topics through an online survey. Experts could agree to
include the topic, suggest text improvements and mark individual topics for removal. The
topics could be marked for removal if the expert considered that the topic met any of the
three exclusion criteria: (a) the topic does not concern a critical gap in the current knowledge
on AMR in the human health sector (evidence already exists to address the research topic);
(b) evidence generated from the topic would result in evidence that is unlikely to inform
and be translated into health policies and/or AMR evidence-informed interventions; or (c)
a research study cannot be designed, carried out and evidence generated to address the
research topic by 2030. Experts could also propose up to two new topics they considered
relevant to the scope of the agenda that address a critical knowledge gap on AMR.

Of the 257 experts invited, 156 (61%) provided feedback in the survey and proposed 158
new topics. In parallel, an open global consultation calling for feedback on the same list of
research topics was posted on the WHO website, allowing the global research community
to propose additional research topics for inclusion (8). Eighteen people participated in
the open call, proposing seven additional research topics. In total, 165 new topics were
proposed in addition to the 177 identified through the scoping review.

Fig. A1.7: Knowledge matrix categorizing research topics
sent for review by the Expert Group (left) and research
topics after consolidation of the received feedback (right).
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4.2 Consolidating feedback

During the consolidation step, the topics underwent a rigorous iterative review based
on a semistructured decision-making process. Two independent members of the WHO
secretariat reviewed each proposed research topic addition or removal and considered
whether the proposed topic was within the scope of the agenda; whether multiple experts
suggested the removal of the topic and their justification; whether the topic was already
covered by another topic included in the agenda and the degree of overlap; whether the
topic could be considered a subtopic; whether the topic could be merged with another
topic in the agenda or could be considered sufficiently unique to stand alone; whether
the topic was sufficiently balanced between broadness and granularity; and whether the
topic could be reformulated into a PICO/PECO format. Based on this, the proposal was
either rejected or accepted or the topic was merged with or made a subtopic of an existing
topic. Reviewers had to provide rationale for their decisions, and any disagreements were
discussed by the secretariat and a final decision was made jointly. Further, all Expert Group
comments and feedback were considered, whereby any relevant inputs were incorporated
in the rephrasing of the research topics. Subject area experts in the WHO Steering Group
were consulted to provide inputs on the acceptance or removal of each newly proposed
research topic, as well as suggest additional topics. This exercise resulted in a list of 175
consolidated research topics (110 from the original scoping review and 65 new topics).

©WHO+~S.Bertagnolio

Above: A biosafety cabinet in a clinical
laboratory in Khartoum, Sudan.
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5. Prioritizing the research topics

5.1 Expert group prioritization survey

In the prioritization survey, 328 experts were invited to score the 175 research topics. For
each research topic, experts were asked to answer “Yes”, “No”, or “Don't know"” on whether
they thought that a specific research topic fulfilled each of five scoring criteria: fills critical
knowledge gaps, answerability and feasibility by 2030, potential for translation into policy,
impact to mitigate AMR and promoting health equity (Box A1.2). The scoring criteria were
adapted from several other initiatives (9-73) with input from the Strategic and Technical
Advisory Group for Antimicrobial Resistance (74). Experts specified whether they applied
primarily a high-income, a low- and-middle-income or an all-income-levels perspective
and whether they considered an adult, children or whole-population perspective in their
overall scoring of the research topics. Of the invited experts, 234 (71%) completed the
prioritization survey, of whom 129 had also participated in the research topic review survey.
Fifty-five (23%) experts applied a high-income perspective when evaluating the research
topics, 93 (40%) applied a low- and middle-income perspective and 86 (37%) considered all
income settings. Seventy-eight (33%) experts focused on adults only, 38 (16%) on children
only and 118 (50%) considered all age groups in their evaluation.

5.2 Analysis of survey results and priority-setting
process

For each combination of criterion and research topic, 1 point was assigned for “Yes” and
0 points for "No”. The sum of scores was divided by the total number of experts voting on
that combination ("Don't know"” and blank responses were excluded from the analysis) to
produce an “intermediate score”. A research priority score was calculated for each topic
by weighting and then summing the intermediate scores for each criterion. The weight
distribution was as follows: 10% for “feasibility” and "health equity” and 27% for “critical gaps"”.
“impact” and “policy translation” (4). The median number of experts scoring each topic was
140 using the five criteria. Overall, 130 research topics (74% of the total) had a research
priority score of 0.80 or more, and the median research priority score was 0.85, with a range
between 0.62 and 0.95.

The research topics were ranked in descending order of the research priority score, and
the topics ranked in the upper 20th percentile were used to populate two separate lists:
one representing the scores of all experts and one representing the scores of experts who
applied a low- and middle-income country perspective in the prioritization survey. The
two lists were merged, and deduplication resulted in a consolidated list of 40 research
priorities. This approach was used to enhance the agenda’s focus on low- and middle-
income countries.
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Annex 2. Indicators for
monitoring and evaluating the
research agenda

Table A2.1. Overview of indicators for monitoring

and evaluating the research agenda

Results
statement

Indicator

Indicator definition

Means of verification

Data source Frequency

Comments

Outcome: Increased awareness of the research agenda priorities among researchers, funders and implementers

Research agenda
references

in WHO
publications

Research agenda
references

in non-WHO
publications

Access to the
research agenda
document and
publication

Number
of WHO
references
to the
research
agenda

Number of
research
agenda
references
in non-WHO
publications

Number of
clicks and
downloads
of the
research
agenda
documents
and
publications

Count of WHO documents
that explicitly mention
the research agenda

or the research agenda
publications. WHO
documents include
guidance, reports and
press releases

Count of journal
publications and other
non-WHO documents
that explicitly reference
the research agenda
via comprehensive
literature search by key
terms of the titles of
the publications directly
associated with the
research agenda

Record and analyse
the number of clicks
and downloads for the
research agenda and
associated documents
and publications

Once near
Number of WHO 2030
documents that
explicitly reference
the research agenda
identified from the

WHO website

Once near
2030

References in the
academic and grey
literature

of the research
agenda: publications
in the academic and
grey literature that
explicitly reference
the research agenda

Once near
2030

Research agenda
web page, journal
web page for

the associated
publications
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Results
statement

Indicator

Indicator definition

Means of verification

Data source Frequency

Comments

Outcome: Increased uptake of the priorities leading to new evidence and increased number of novel diagnostics and

medicines
Increased Amount of This indicator will identify ~ Number of funded Multiple Depending
funding for the funding for  the funding amount studies and amount  timepoints  on the
top research the research  and time trends for the of funding addressing  until 2030  availability
priorities priorities research priorities the top research of data, can
priorities. Studies be done
will be identified according
by searching the to area,
websites of major domain,
funders. Data discipline,
obtained from the topic,
Global Observatory country or
on Health and region etc.
Development, other
data repositories for
research funding,
funders’ websites
Generation of Percentage  This indicator will Brief survey with Once near  Baseline:
evidence to fill of experts determine whether the experts, in depth 2030 none of the
research gaps who experts consider that interviews with a research
and support the  consider enough evidence has small number of priorities
development and  that the been generated to fill experts have been
implementation ~ research the research gaps and adequately
of policies priorities whether the evidence addressed
have been generated was also to date
sufficiently  translated into policy and
addressed implemented
Advancesinthe ~ Number Desk review of Pipeline reports, Once near  Baseline:
development of  of new diagnostic, therapeutic websites of 2030 products
diagnostic tests,  diagnostics,  and immunization organizations developed
therapeuticsand  medicines pipelines to determine supporting diagnostic after 2023
vaccines and vaccines the landscape of tests, test development, will be
developed therapeutics, and test developers; and considered
to address vaccines available or pipeline reports for
the research  under development that  therapeutics and
priorities relate to the priorities vaccines

identified by the research
agenda
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