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WHO global research priorities for antimicrobial resistance in

human health

Silvia Bertagnolio, Zlatina Dobreva, Chad M Centner, loana Diana Olaru, Daniele Dond, Stefano Burzo, Benedikt D Huttner, Antoine Chaillon,
Nebiat Gebreselassie, Teodora Wi, Mateusz Hasso-Agopsowicz, Benedetta Allegranzi, Hatim Sati, Verica lvanovska, Kavita U Kothari, Hanan H Balkhy,
Alessandro Cassini, Raph L Hamers, Kitty Van Weezenbeek, on behalf of the WHO Research Agenda for AMR in Human Health Collaborators

The WHO research agenda for antimicrobial resistance (AMR) in human health has identified 40 research priorities to
be addressed by the year 2030. These priorities focus on bacterial and fungal pathogens of crucial importance in
addressing AMR, including drug-resistant pathogens causing tuberculosis. These research priorities encompass the
entire people-centred journey, covering prevention, diagnosis, and treatment of antimicrobial-resistant infections, in
addition to addressing the overarching knowledge gaps in AMR epidemiology, burden and drivers, policies and
regulations, and awareness and education. The research priorities were identified through a multistage process,
starting with a comprehensive scoping review of knowledge gaps, with expert inputs gathered through a survey and
open call. The priority setting involved a rigorous modified Child Health and Nutrition Research Initiative approach,
ensuring global representation and applicability of the findings. The ultimate goal of this research agenda is to
encourage research and investment in the generation of evidence to better understand AMR dynamics and facilitate
policy translation for reducing the burden and consequences of AMR.

Introduction

Antimicrobial resistance (AMR) is a global public health
hazard with serious economic consequences."? To mitigate
the effects of AMR, the WHO member states endorsed a
global action plan on AMR in the year 2015, mandating
WHO to develop a global public health research agenda for
filling major gaps in the knowledge on AMR and monitoring
its implementation.

To facilitate evidence generation regarding the pathogens
posing the greatest public health threat associated with
AMR, WHO published the priority list of bacterial patho-
gens*in 2017 and of fungal pathogens® in 2022 and updated
the priority list of bacterial pathogens® in 2024. In addition,
WHO regularly analyses the pipeline for agents that target
bacteria and fungi to facilitate priority setting and inform
research and development (R&D) efforts.”

Despite the increasing focus on AMR research, substan-
tial knowledge gaps continue to hamper an effective
response against AMR, as illustrated by the stagnant
progress in the implementation of national action plans on
AMR} vparticularly in low-income and middle-income
countries (LMICs), which carry the highest burden of
bacterial AMR.!? Large data gaps in the prevalence and
burden of disease hinder reliable estimates of AMR,
particularly in settings with inadequate laboratory capacity
and data collection systems.

The pressing need for evidence to inform public health
policy, one of WHO's strategic and operational priorities to
address drug-resistant bacterial infections® between the
years 2025 and 2035, was recognised by the 77th World
Health Assembly in a resolution on accelerating national
and global responses to AMR." Approved on May 30, 2024,
the resolution' urges the WHO member states to support
and foster basic, applied, and implementation research on
infection prevention and control, vaccines, diagnostic tools,
therapeutics, and antimicrobial stewardship through
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collaboration with academia, civil society, and the private
sector.

Although research agendas have been successfully
developed in other public health areas,'*'* initiatives aimed
at bridging gaps in the research on drug-resistant bacterial
infections in human health have fallen short of identifying
key research priorities owing to the complex, multifaceted
nature of AMR."!® Some initiatives focused solely on
specific aspects of AMR'™"72 or exclusively on the One
Health interface,® and priorities specifically relevant to
low-resource settings were generally overlooked.

A prioritised, multidisciplinary research agenda on AMR
is warranted to direct investments of governments and other
research funders and to channel the attention of policy
makers, researchers, and the private sector towards crucial
knowledge gaps that demand evidence generation, which,
in turn, could inform the development and effective
implementation of AMR policies and interventions. We
hereby present the first comprehensive effort focusing on
infections caused by drug-resistant bacteria and fungi,
developed with a robust and validated methodology for
research prioritisation.

The WHO research agenda for AMR in

human health

The research agenda aims to identify the most pressing
global research priorities directly related to human health
and with the greatest potential to influence policies,
interventions, and tools to address AMR in fungal and
bacterial priority pathogens identified by WHO, including
drug-resistant Mycobacterium tuberculosis*> and Mycoplasma
genitalium (panel 1).

The research agenda places particular emphasis on
bridging the crucial knowledge gaps by the year 2030, in
alignment with the global Sustainable Development Goals,
and on research relevant for low-resource settings, in
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Panel 1: Research agenda development framework

Objectives

The research agenda has two objectives: to advance research on antimicrobial resistance (AMR) through identification and prioritisation of research topics
encompassing the prevention, diagnosis, treatment and care, and burden and drivers of AMR and optimising intervention delivery; and to encourage increased
investment and scientific interest among researchers, donors, and public health professionals.

Scope and focus

The research agenda is global in its scope and focuses on AMR in the human health sector, specifically infections caused by WHO bacterial and fungal priority pathogens

of crucial importance for AMR and drug-resistant Mycobacterium tuberculosis and Mycoplasma genitalium. Other pathogens such as drug-resistant viruses and parasites
are beyond the scope of the framework.

Population

The research agenda aims to define priorities for research applicable to the general population, including neonates and children.

Geographical context

Although global in scope, the research agenda places a particular focus on identifying knowledge gaps and prioritising research topics relevant for low-resource settings.

Timeframe

The research agenda aims to align its timeline with the Sustainable Development Goals, recognising the 2030 deadline for achieving both these global targets, and to
address prioritised research topics.

Research investment strategy
The research agenda aims for investments in AMR research to be balanced and diversified across the prioritised research topics (ie, not focusing on one or a few
high-risk or expensive research ideas or both) and encompassing the four domains of research (ie, descriptive, delivery, discovery, and development).

See Online for Appendix

recognition of the disparities in accessibility, availability,
and utilisation of diagnostics, antimicrobials, and measures
for prevention of infection. The research agenda encom-
passes four research domains—description, delivery,
development, and discovery research'>*#—and 11 AMR
areas to comprehensively address the multifaceted
challenges posed by AMR to human health. The develop-
ment process of the research agenda (figure 1) encompasses
four steps: preparatory phase, scoping review, consolidation
of research topics (ie, survey 1), and research prioritisation
(ie, survey 2).

Preparatory phase: defining governance, objectives, scope,
methods, and establishment of the expert group
A multidisciplinary WHO steering group was established
to oversee the entire development process, including
defining the objectives, scope, population, geographical
focus, timeframe, AMR areas, and prioritisation criteria.

We adopted the widely used priority-setting method
known as the Child Health and Nutrition Research Initiative
(CHNRI)."”»"*# This expert survey-based scoring system
offers a systematic, transparent, and reproducible approach
for prioritising research topics from a large pool of topics by
a large group of experts. CHNRI offers an advantage over
consensus-based approaches by mitigating individual
opinion bias through independent scoring (panel 2).22

A group of global experts was established through a
combination of systematic Web of Science searches and
referrals (appendix pp 2-5), seeking a diverse range of
expertise across research domains, AMR areas, geograph-
ical representation, income settings, and populations.
Among the 560 experts identified, 261 (47%) contributed to
the development of the research agenda (survey 1, survey 2,

or both). Experts were from 69 countries across 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%)—with the highest
representation from the UK, USA, South Africa, Switzerland,
Canada, India, Brazil, and Australia (figure 2A).

Identifying knowledge gaps and research topics: a scoping
review
The initial CHNRI step entailed experts submitting
research proposals or ideas. We augmented this step with a
comprehensive scoping review of peer-reviewed and grey
literature published in the preceding 10 years (2012-21) and
included a comprehensive search for systematic and
scoping reviews indexed in PubMed, Embase, and Web of
Science, as well as manual searches of data repositories and
websites of 92 key organisations. The detailed findings of
the scoping review have been presented elsewhere.?** In
brief, the review identified 2340 knowledge gaps (panel 3)
sourced from a pool of over 3000 documents. The know-
ledge gaps covered the burden, drivers, technologies, tools,
and interventions for the prevention, diagnosis, and treat-
ment of infections caused by drug-resistant pathogens, as
well as care of affected individuals within the scope of
this research agenda. These knowledge gaps were subse-
quently categorised into research topics or subtopics,
depending on the level of granularity offered. The topics
were further arranged into the population, intervention or
exposure, comparator, outcome (PICO/PECO) format and
consolidated into 177 thematic research topics.?2

The research topics were then organised into a knowledge
matrix to categorise each topic into the four CHNRI-defined
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research domains (descriptive, delivery, development,
and discovery research)'>" and three themes (prevention,
diagnosis, and treatment and care) according to the
WHO people-centred approach for AMR.”

Consolidating the research topics: survey 1 and

open consultation

Through an online survey (survey 1) conducted from
Oct 10 to Nov 2, 2022, 156 experts provided their inputs on
the 177 research topics identified through the scoping
review (appendix p 5). For each topic, experts could choose
to agree with its inclusion, suggest text improvements, or
recommend removal under the conditions that the topic was
deemed to have sufficient existing evidence, be unlikely to
inform policies or interventions, or be unfeasible to design
and execute a research study and generate evidence” by the
year 2030. In addition, expert group members could suggest
up to two additional topics meeting five criteria—ie, a new
topic not covered already in the list; addressing a crucial
knowledge gap; relevant to human health; relevant for
informing policy; and feasible to generate evidence by the
year 2030.

Each research topic in survey 1 received recom-
mendations for removal from at least one expert, with a
median of seven suggestions (range 1-34) per topic. Add-
itionally, 158 new topics were proposed by 90 experts, and
54 experts offered suggestions for improvement in existing
topics. In parallel, we launched an open call for expert
contributions via the WHO website to engage the broader
research community.” The open call enabled individuals to
review existing topics, propose new ones, and evaluate the
proposed topics on the basis of the specified criteria. This
process led to 18 individuals suggesting the removal of
58 topics and proposing seven new topics.

In addition to the 177 research topics identified from the
scoping review, proposals from 165 new topics came from
both the expert survey and open call. The topics underwent a
rigorous iterative review on the basis of a semistructured
decision-making process, involving subject area experts in
the WHO steering group to agree on acceptance or rejection.
This process resulted in 110 scoping review topics and
65 new topics being retained, 100 topics (from the scoping
review, survey, or open call) being removed, and 70 topics
being reclassified as subtopics. 22 topics of similar nature
(albeit providing a slightly different perspective on the same
subject) were combined with existing topics into composite
research topics, which would require various types of
studies to address them effectively. The steering group
evaluated the revised list and suggested an additional
25 topics. Discrepancies among the topics were resolved
through face-to-face or online meetings or via email,
resulting in a final consolidated list of 175 topics.

Prioritising the research topics: survey 2

In survey 2, conducted from Feb 16 to May 30, 2023,
234 experts assigned scores for the 175 consolidated
research topics (appendix p 5). Notably, 129 of these
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Adaptation of the Child Health and
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method in consultation with
senior methodologists
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identified 2340 knowledge gaps

Deduplication and consolidation
into 177 research topics

!

Survey 1 and open
call: consolidating
the research topics

156 (61%) of the 257 invited 90 experts 18 respondents
experts participated in an proposed 158 to an open call
online survey (survey 1) from  —| new topics and —>»{ proposed seven
Oct 10 to Nov 2, 2022 54 provided text new research
improvements topics

!

Proposed and existing topics
reviewed for inclusion, merging,
or removal via an iterative process

with 25 topics added by the WHO
steering group

22 research topics merged,
70 made subtopics, and

100 removed, resulting in
175 research topics (including
110 from the scoping review)

!

Survey 2: prioritising
the research topics
May 30, 2023

234 (71%) of the 328 invited experts gave scores to 175 research topics against
five criteria using a Microsoft Excel-based survey (survey 2) from Feb 16 to

!

Calculation Research topics ranked by

both and then consolidated

40 research

of research research priority score priorities
priority | globally and for LMICs; top >
scores 20th percentile included for

Figure 1: Identification of the 40 research priorities in the WHO agenda for research on antimicrobial resistance

and human health
LMICs=low-income and middle-income countries.

experts had also participated in survey 1. The experts
specified their primary perspective (high-income, low-
income and middle-income, or all income settings) and
age focus (adults, children, or all age groups). In scoring
the topics, 93 (40%) of 234 applied an LMIC perspective,
86 (37%) considered all income settings, and the
remaining 55 (23%) applied a high-income settings per-
spective. Additionally, 78 (33%) experts focused on adults
only, 38 (16%) focused on neonates or children only, and
118 (50%) considered all age groups in their scoring.
Among the 234 experts participating in survey 2,
114 (49%) identified as women and 84 (36%) were
affiliated with institutions in LMICs. The number of
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Panel 2: Approaches for agenda priority setting

Consensus-based approaches
Consensus-based approaches lead to priorities decided by means of group consensus.

Strengths: Priorities decided by means of group consensus, which improves acceptability

Weaknesses: Not strictly systematic; might result in obvious priorities without strong evidence; priorities might reflect the views and biases of only a few experts and,
potentially, those who are more vocal in the discussions; not feasible for prioritisation of a large number of research topics

Examples: Combined approach matrix and priority-setting partnerships
Usage: More often used for national prioritisation exercises

Metric-based approaches
Metric-based approaches generate priorities on the basis of an algorithm that pools individual scoring of research questions.

Strengths: Systematic and repeatable; reduces the risk of an individual opinion dominating over others; more feasible for a larger number of stakeholders to participate
and dampens down the dominance of a minority but vocal stakeholders

Weaknesses: Scoring can be demanding for participants; individuals can score in isolation and can limit opportunities for dialogue
Examples: Child Health and Nutrition Research Initiative and Delphi techniques

Usage: More suitable for global prioritisation exercises

experts by research disciplines and AMR expertise are
shown in figure 2B, C.

The experts assessed each individual research topic
against five criteria (panel 4) and assigned their responses
as: yes (score, 1 point), no (score, 0 point), or do not know.
Intermediate criterion scores for each topic were calculated
by summing the scores for each criterion and dividing by the
number of experts who scored that topic and criterion,
excluding blank or do-not-know responses.'>"* We repeated
this calculation with input exclusively from experts assign-
ing scores on topics from the perspective of LMICs. We then
calculated a research priority score (RPS) for each topic from
both global and LMIC perspectives. The RPS was calculated
as a weighted average of the five criterion scores, with
feasibility by 2030 and health equity carrying a weight
of 10% each and the remaining three criteria carrying a
weight of 27% each. This weightage distribution, following
the methodology described by Rudan and colleagues,
acknowledges some heterogeneity in the scoring. Notably,
the interpretation of criterion feasibility by the year 2030
might not be consistent among experts, as research
endpoints could be interpreted as study initiation, comple-
tion, or publication. Similarly, the health equity criterion
might not be uniformly applied and could be perceived to be
too abstract and difficult to measure. The topics were ranked
into two separate lists on the basis of the weighted RPS: one
global (irrespective of income setting) and one considering
responses solely from experts assessing topics from an
LMIC setting perspective.

Overall, the median number of experts scoring each topic
(across all five criteria) was 140 (range 102-183). Across all
the 175 research topics, the median RPS was 0-85
(0-62-0-95), and 130 (74%) topics had an RPS of 0-80 or
higher. For LMICs, the median RPS was 0-90 (0-70-0-97),
with 162 (92%) topics having an RPS of 0-80 or higher.

Following the ranking of topics based on descending RPS,
the highest-scoring topics within the top 20th percentile
were evaluated for potential inclusion in the definitive
priority list. This threshold was selected to ensure a man-
ageable number of research priorities with representation
across all AMR areas and resulted in 35 globally ranked
topics and an additional list of 35 topics from an LMIC
settings perspective. We merged duplicates among the
70 identified topics, resulting in 40 research priorities for
inclusion in the research agenda, addressing both global
and LMIC perspectives. The prioritisation results were
shared with the WHO steering group and the expert group
via email and presented at a WHO global webinar.

Overview of the research priorities

The 40 research priorities include seven priority topics
focused on drugresistant tuberculosis and 33 on
drug-resistant bacterial and fungal infections. The bacterial
and fungal priorities are divided into prevention (n=4),
diagnosis (n=6), treatment and care (n=11), and overarching
themes, including AMR epidemiology, burden, and drivers,
awareness and education, and policies and regulations
(n=12; panel 5).

Prevention

Under the theme of prevention, two research priorities on
water, sanitation, and hygiene (WASH) address the need to
investigate the implementation and effect of WASH-related
interventions on the burden of AMR and antimicrobial
prescription in community and health-care settings. The
infection prevention and control priority focuses on identi-
fying multimodal intervention strategies and evaluating
the relative effect of their components. The research priority
on immunisation highlights the need to evaluate the
effects of vaccines on colonisation, infection with resistant
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[ Not applicable

Number of experts:

o
[J1to<5

[ =5to <10
[ >10to <20
B =30

Distribution of experts by research discipline
Behavioural and social science 47
Epidemiology 173
Governance, regulations, legislation 65
Health economics 12

Pharmacology and clinical disciplines 128

C
Number of experts from each antimicrobial resistance area
Antimicrobial medicines 74
Antimicrobial stewardship 129
Antimicrobial use 83
Awareness and education 99
Burden and drivers 164
Diagnosis or diagnostics 97
Foodborne diseases 28
Fungi 41
Immunisation 35
Infection prevention and control 104
Policies and regulations 93
Drug-resistant tuberculosis 48
Sexually transmitted infections 39

Water, sanitation, and hygeine 24

Figure 2: Details of experts involved
(A) Geographical distribution of experts. (B) Number of experts by research discipline (data missing for 15 experts). (C) Number of experts in each antimicrobial resistance area (experts could report more than
one research discipline and area of expertise).
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Panel 3: Definitions

Knowledge gap
Knowledge gaps refer to areas with incomplete understanding, information, or data. Identifying research gaps helps to formulate relevant and pressing research
questions.

Research topic
A research topic encompasses multiple research questions. Rather than focusing on a single inquiry, a research topic involves exploring various facets or aspects of a
broader research area.

Research priority

Research priorities are specific research topics that are deemed particularly important or urgent to address. These priorities guide researchers, policy makers, and
funding agencies in allocating resources and efforts to areas that would benefit the most from additional evidence or that contain the most substantial knowledge
gaps.

Research domain

Four research domains often used by the Child Health and Nutrition Research Initiative knowledge matrix to categorise research topics:

+ Descriptive (have greater understanding of antimicrobial resistance [AMR] burden and drivers)

« Delivery (provide ways to deliver existing interventions with better quality)

+ Development (improve existing interventions, reduce their costs, or optimise their implementation)

« Discovery (identify new interventions to prevent, treat, and diagnose AMR)

AMR theme
The research topics and priorities cover three themes—AMR prevention, diagnosis, and treatment and care—in accordance with the WHO people-centred approach for
addressing AMR, in addition to an overarching theme covering AMR epidemiology, burden and drivers, awareness and education, and policies and regulations.

AMR area

The research topics and priorities encompass areas relevant to AMR: water, sanitation, and hygiene; infection prevention and control; immunisation; diagnosis or
diagnostics; antimicrobial stewardship; antimicrobial use; antimicrobial medicines; epidemiology, burden, and drivers of AMR; awareness and education; policies and
regulations; and prevention, diagnosis, and treatment of drug-resistant tuberculosis, as well as care of individuals with drug-resistant tuberculosis.

WHO steering group
A group of WHO staff with technical expertise across various AMR areas. This group defined the objectives and scope of the agenda, supported the consolidation of
research topics, developed the criteria for prioritisation, and guided the prioritisation process.

Expert group

A group of global experts external to WHO identified by means of a systematic search of publication output in Web of Science and referrals, with a mix of expertise from
across research disciplines and AMR areas, geographical representation, income settings, and paediatric expertise. The expert group participated in the identification of
knowledge gaps (survey 1) and prioritisation of research topics (survey 2).

Panel 4: Criteria for scoring and prioritising research topics

Filling crucial knowledge gaps
Is the research most likely to fill crucial knowledge gaps on antimicrobial resistance (AMR)?

Answerability and feasibility by the year 2030
Can a research study be designed and carried out by the year 2030 to address at least some components of the research topic? (Funding considerations should be

disregarded.)

Potential for translation into policy
Do the findings have the potential to inform evidence-based policy and practices aimed at mitigating the effects of AMR on public health?

Effect on mitigating AMR

Is the research most likely to result in an intervention that is effective, efficacious, or efficient or combinations of these in mitigating the effects 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 most likely to promote health equity (ie, leading to interventions that will reduce the inequitable effects of AMR across diverse socioeconomic contexts
and underprivileged populations)?
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Panel 5: 40 research priorities for antimicrobial resistance in human health across five themes and 11 areas, with research priority scores [RPSs] (the order in
which research priorities are presented is unranked)

Prevention

Water, sanitation, and hygiene (WASH)

Investigate the effect, contribution, utility, effectiveness, and cost-effectiveness of interventions to ensure safe WASH (including hand hygiene) and waste
management practices in the community setting on reducing the burden and drivers of antimicrobial resistance (AMR), such as unnecessary antibiotic use for
diarrhoeal diseases in low-income and middle-income countries (LMICs; RPS=0-90*)

Investigate implementation strategies of WASH-related interventions in health-care settings (including ensuring access to safely managed water and sanitation, safe
hand hygiene, and safe management of waste and environmental cleaning), and assess their effects, acceptability, equity, and cost-effectiveness on the burden and
transmission of antimicrobial-resistant infections associated with health-care settings and prescription of antimicrobial drugs across socioeconomic settings
(RPS=0-89%)

Infection prevention and control

Identify the most effective, cost-effective, acceptable, and feasible multimodal infection and prevention control strategies (such as hand hygiene, contact precautions,
and patient isolation) and the relative effect of their components in reducing different types of infections associated with health-care settings caused by multidrug-
resistant pathogens across geographical and socioeconomic settings (RPS=0-90*)

Immunisation

Assess the effect of vaccines on preventing colonisation and infection by drug-resistant pathogens (whether specifically targeted by the vaccine or not) and on
reducing the overall use of antimicrobial drugs, and health-care encounters and health system costs among adults and children and across socioeconomic settings
(RPS=0-941)

Diagnosis

Diagnosis or diagnostics

Investigate and evaluate rapid point-of-care diagnostic tests (including biomarker-based tests) and diagnostic algorithms to distinguish between bacterial and viral
infections and non-infectious syndromes that are feasible for use in low-resource settings and among different subpopulations (including children and neonates) and
their effects on dlinical outcomes (RPS=0-89*)

Investigate and evaluate diagnostic tests for isolating, identifying, testing the antimicrobial susceptibility, or detecting the resistance of bacterial pathogens, or any
combination of these, including multiplex panel-based tests and tests using novel technologies that are fast, (near) point-of-care, affordable, feasible for use in
low-resource settings and among different subpopulations and for various specimen types, and their effects on clinical outcomes (RPS=0-91*)

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 LMICs and their effects on clinical outcomes (RPS=0-89*)

Investigate and evaluate rapid, (near) point-of-care diagnostic tests (including antigen-based and multiplex panel-based tests) for detecting WHO fungal priority
pathogens® of crucial importance for AMR (such as Candida auris, Aspergillus fumigatus, and Cryptococcus neoformans) that are feasible for use in low-resource settings
and among different subpopulations and their effects on clinical outcomes (RPS=0-89*)

Investigate and evaluate the clinical utility and diagnostic accuracy of phenotypic antifungal susceptibility testing (including identifying minimal inhibitory
concentration breakpoints and testing for in-vitro synergy and in-vivo synergy between antifungal drugs) and its effects on clinical outcomes (RPS=0-94+)

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 prescription of antibiotics and emergence of
AMR (RPS=0-90%)

Treatment and care

Antimicrobial stewardship

Investigate context-specific, feasible, sustainable, effective, and cost-effective antimicrobial stewardship interventions (such as implementing WHO access, watch and
reserve [AWaRe] antibiotic book,” guidelines, clinical algorithms, education and training, audit, and feedback), alone or in combination, to avoid antimicrobial misuse
in outpatient and inpatient settings, especially under situations with inadequate diagnostic capacity (RPS=0-95%)

Identify feasible, effective, and scalable pharmacist antimicrobial drugs-dispensing practices and related regulatory frameworks to improve antimicrobial stewardship
in the community, especially in LMICs (RPS=0-90%)

Investigate criteria and strategies to optimise empirical antimicrobial therapy for important infectious syndromes, such as bloodstream, upper and lower respiratory
tract, urinary tract, skin and soft tissue, CNS, and sexually transmitted infections, especially in settings with inadequate medicine availability, diagnostic capacity, and
access to health-care services (RPS=0-92*)
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Antimicrobial uset
Identify optimal (feasible, accurate, and cost-effective) methods and metrics to monitor antimicrobial use in the community and health-care settings and appropriate
targets to monitor progress in reducing inappropriate antimicrobial use (RPS=0-88*)

Determine the levels, patterns, trends, and drivers of appropriate and inappropriate prescribing of AWaRe antibiotics* across countries and community and health-
care settings, with data disaggregated on the basis of sex, age, socioeconomic status and subpopulations, including those that are experiencing vulnerability§
(RPS=0-91%)

Investigate optimal approaches to effectively use facility-level, national-level, or their combination antimicrobial use and resistance surveillance data to inform
antimicrobial stewardship programmes and treatment guidelines (RPS=0-91%)

Antimicrobial medicines

Investigate efficacious and safe antibiotic treatment regimens for infections on the basis of old and new agents (and their combinations), especially those of extended-
spectrum f-lactamase-producing or carbapenem-resistant Enterobacterales, or both, with minimum selection and transmission risk for AMR, especially among
children and other clinically vulnerable subpopulations (RPS=0-90*)

Investigate efficacious and safe antibiotic treatment regimens for infections by drug-resistant typhoid and non-typhoidal salmonella (including pathogens resistant to
cephalosporins and fluoroquinolones) across socioeconomic settings (RPS=0-931)

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 neonates and young children, especially in settings with high AMR prevalence and inadequate diagnostic capacity and
antimicrobial drug availability (RPS=0-90%)

Investigate antifungal regimens optimised for efficacy, cost, safety, and duration for the treatment of infections caused by WHO fungal priority pathogens® of crucial
importance for AMR (such as C auris, A fumigatus, and C neoformans) in settings with increasing or high prevalence of antifungal resistance (RPS=0-89*)

Investigate efficacious and safe regimens on the basis of new or existing antimicrobial medicines for urogenital and extragenital sexually transmitted infections
(such as drug-resistant N gonorrhoeae or Mycoplasma genitalium) in the context of increasing AMR levels, including in populations experiencing vulnerability§
(RPS=0-89%)

Overarching topics

AMR epidemiology, burden, and drivers

Investigate the prevalence, incidence, mortality, morbidity, and socioeconomic effects of community-acquired infections (respiratory tract, urinary tract, and
bloodstream infections) and infections associated with health-care settings (bloodstream, urinary tract, surgical site, and respiratory tract infections) by
resistant WHO bacterial priority pathogens (Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacterales, Enterococcus faecium, Staphylococcus aureus,
Helicobacter pylori, Campylobacter spp, Salmonella spp, N gonorrhoeae, Streptococcus pneumoniae, Haemophilus influenzae, and Shigella spp),* with data
disaggregated on the basis of sex, age, socioeconomic status, and in subpopulations experiencing vulnerability§ and across socioeconomic settings, especially
in LMICs (RPS=0-91%)

Investigate the prevalence, incidence, morbidity, mortality, and socioeconomic effects, and identify and quantify the routes and dynamics of infections by
drug-resistant WHO fungal priority pathogens® of crucial importance for AMR (such as C auris, A fumigatus, and C neoformans), across geographical and socioeconomic
settings and in populations experiencing vulnerability§ (RPS=0-94t)

Investigate the association, contribution, and effects 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 colonisation
(selection, persistence, and spread or loss of bacterial populations) and infection by WHO bacterial* and fungal® priority pathogens in various subpopulations, including
those experiencing vulnerability§ and people with comorbidities, across various socioeconomic settings (RPS=0-94*)

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 identifying the genotypic predictors of resistance) in community and health-care settings and
disaggregated on the basis of sex, age, and subpopulations; moreover, these data should be relevant and actionable at the local and national levels, especially in
LMICs (RPS=0-94%)

Assess the short-term and long-term effects of the programmatic use of antimicrobial drugs in mass administration on AMR, focusing on clinically susceptible
subpopulations in low-income settings (RPS=0-90%)

Evaluate the public health benefits, cost, and effects on unnecessary or inappropriate prescription of antibiotics, and potential AMR consequences of currently
recommended syndromic sexually transmitted infection management and treatment of individuals with asymptomatic sexually transmitted infections (including
N gonorrhoeae infection) in settings with variable diagnostic capacity (RPS=0-95t)

AMR awareness and education
Identify 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 providers, and policy makers across socioeconomic settings (RPS=0-94*)
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Policies and regulations related to AMR
Evaluate the implementation of AMR-related policies and regulations at the national level and their effectiveness in mitigating AMR and improving health outcomesin
the community and health-care settings across socioeconomic settings (RPS=0-93t)

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 drugs in the community and health-care
settings, across socioeconomic settings (RPS=0-89*)

Identify the most cost-effective interventions to mitigate AMR in the human health sector, globally and within countries or regions, and identify the rationale, costs,
benefits, feasibility, sustainability, and potential returns on investment to achieve the greatest benefit (RPS=0-89*)

Investigate strategies to integrate AMR interventions into broader health, health financing, development, welfare structures and national policies, and evaluate their
effects 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 drugs (RPS=0-96)

Investigate how existing requlatory frameworks, marketing incentives (or their absence), and sustainable financing models affect the development and availability of new
antimicrobial drugs and identify effective strategies to adapt these approaches to low-income settings to improve their availability for adults and children (RPS=0-96)

Drug-resistant tuberculosis

Prevention

Investigate effective preventive tuberculosis vaccines that meet the criteria of WHO-preferred product characteristics and show effects on preventing infection, disease,
and recurrence (relapse or reinfection), thereby preventing or reducing the incidence of drug-resistant tuberculosis (RPS=0-89*)

Diagnosis
Investigate how the diagnostic performance of molecular assays can be improved to detect drug resistance among individuals with extrapulmonary and pulmonary
tuberculosis caused by non-respiratory specimens, including among children and adolescents (RPS=0-94t)

Identify optimal diagnostic and treatment delivery models to improve the access, effectiveness, cost-effectiveness, feasibility, and acceptability of drug-resistant
tuberculosis testing and treatment across settings and subpopulations experiencing vulnerability§ (such as people living with HIV, children and adolescents, and
prisoners) and evaluate their effects on reducing drug-resistant tuberculosis at the population level (RPS=0-90*)

Treatment and care
Investigate better tolerated, optimally dosed, more effective, and shorter combination regimens using a stratified risk approach for treating all forms of drug-resistant
tuberculosis, including in socioeconomically or clinically vulnerable populations (RPS=0-92*)

Identify the optimal, cost-effective, shortest duration, and safest tuberculosis-preventive treatment for the contacts of individuals with drug-resistant tuberculosis,
especially among individuals at high risk of tuberculosis infection and disease, as identified in WHO guidance, and eligible clinically vulnerable or susceptible
populations (such as children, adolescents, people living with HIV, and pregnant women; RPS=0-91*)

Investigate strategies for improving treatment outcomes among people with drug-resistant tuberculosis who have known risk factors and co-occurring conditions
(such as HIV, undernutrition, diabetes, tobacco use, alcohol and other substance use, and mental health disorders) and clinically susceptible populations (such as
pregnant and breastfeeding women, children and adolescents, and prisoners) in various geographical and socioeconomic settings (RPS=0-97t)

Investigate the programmatic effectiveness, safety, and tolerability of currently used WHO-recommended treatment regimens for drug-resistant tuberculosis
(including combinations that contain bedaquiline and pretomanid or delamanid) on patient outcomes and the emergence of drug-resistant tuberculosis across
populations and settings and identify the drivers of treatment failure (RPS=0-95t)

*RPS was within the top 20th percentile upon considering the responses of all experts. tRPS was within the top 20th percentile upon considering the responses of experts giving scores with a low-income and middle-
income setting perspective only. tAntimicrobial use refers to antimicrobial use data (elsewhere referred as antimicrobial consumption data) that provide information on the quantity and types of antimicrobials used in
the settings in which they are administered as well as clinical data linking antimicrobial use patterns, regimens, dose, route, duration, and indication with patient clinical characteristics. SPopulations that are experiencing
socioeconomical and clinical vulnerability include children, pregnant women, breastfeeding mothers, people living in remote or rural settings, migrants, refugees, prisoners, and people experiencing tuberculosis or

malaria and people living with HIV. Relevant populations might differ by topic.

organisms, and their indirect effects in strengthening
stewardship efforts and reducing the prescription of
antimicrobials.

Diagnosis

Under the theme of diagnosis, six priorities focus on better,
accessible, and affordable diagnostics, including point-of-
care tests for distinguishing bacterial and viral infections
and rapid phenotypic and molecular methods for bacterial
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identification and antimicrobial susceptibility testing. These
topics reflect the stagnant progress in effective diagnosis,
with nearly half of the world’s population living with little or
no access to diagnostics.* Two priorities focus on the need
for better detection and susceptibility testing of WHO
fungal priority pathogens of crucial importance for AMR.*!
One priority addresses the need to better understand the
performance of and approaches to implement point-of-care
tests for Neisseria gonorrhoeae. These tests should contribute
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to improved identification and management of individuals
with potentially asymptomatic sexually transmitted infec-
tions, thus reducing transmission and unnecessary use of
antibiotics and helping to identify the emergence and
transmission of AMR.

Treatment and care

Under the theme of treatment, three priorities pertain to
antimicrobial stewardship target interventions to minimise
antimicrobial misuse and strategies to optimise empirical
treatment. This emphasis is particularly important in
settings with inadequate diagnostic capacity and access to
health-care services. The research agenda emphasises the
need for studies on pharmacy-level interventions and
higher-level frameworks regulating antimicrobial dispens-
ing to improve antimicrobial stewardship in primary care.
Three priorities address the need to identify optimal
methods and metrics for monitoring antimicrobial use and
approaches to effectively use facility-level and national-level
surveillance data on antimicrobial use to inform treatment
guidelines and stewardship programmes. Five research
priorities encompass the investigation of new and existing
antimicrobials, with special emphasis on enhancing the
treatment of drug-resistant Enterobacterales, including
typhoidal and non-typhoidal salmonella. Furthermore, the
research priorities focus on infections caused by sexually
transmitted and fungal priority pathogens as well as
bloodstream infections caused by Gram-negative bacteria in
neonates and young children.*

Overarching topics

The availability of reliable AMR surveillance data, and there-
fore the understanding of AMR, can vary markedly between
high-resource and low-resource settings. Six research prior-
ities focus on understanding the epidemiology, burden, and
drivers of drug-resistant bacterial and fungal pathogens and
identifying optimal AMR surveillance methods for obtaining
accurate and representative data. These research priorities are
central for developing evidence-based treatment guidelines
and measuring the success of interventions aimed at miti-
gating the emergence of drug resistance and transmission.
Furthermore, the effect of addressing these research prior-
ities on antimicrobial prescription and AMR needs to be
investigated. An additional priority raises issues on the effects
of programmatic use of antimicrobials in mass or targeted
administration on the development of drug resistance and its
persistence. The agenda recognises the importance of
behavioural change interventions in mitigating AMR and
identifying the interventions that might improve AMR
awareness and education among both the public (including
young people and through mass media) and health-care
providers.

Five research priorities address policies and regulations
related to AMR. Although studies have assessed the gaps
and opportunities to strengthen national-level governance
efforts and AMR national action plans,** the agenda
emphasises the need for context-specific evidence for

formulation of effective strategies to implement national
AMR policies and programmes and facilitate a more
customised approach to policy implementation. The actions
in low-resource settings are often based on evidence from
high-income countries; however, knowledge gaps are
especially evident in low-resource settings since the
availability of resources, socioeconomic and political con-
text, and cultural drivers of antimicrobial use differ between
the two settings. Furthermore, information on cost-saving
or cost-effective AMR interventions in both hospital and
community settings would inform rational policy design.
Although evidence from modelling studies in high-income
settings exists, data from real-world observational studies
and low-resource settings are scarce.>*” Evidence-based
strategies to effectively integrate AMR interventions into
existing national health system structures, thereby avoiding
a siloed AMR programme, are warranted to foster financial
sustainability of the AMR response.

An important research priority is related to evaluation of
the effect of regulatory frameworks, marketing incentives
(including pull incentives), and sustainable financing
models on antimicrobial R&D pipelines, considering that
push incentives alone are deemed insufficient to ensure a
healthy pipeline.®* Although countries such as Sweden
and the UK have been experimenting with novel economic
incentives,** ensuring equitable access to antimicrobials
globally would require research into mechanisms that are
feasible even in low-resource settings.

Recognising the crucial role of R&D in the areas of
vaccination, diagnosis, and treatment, the agenda calls for
enhanced efforts to develop new agents against extended-
spectrum p-lactamase-producing or carbapenem-resistant
Enterobacterales or both, as well as against sexually
transmitted infections. The agenda emphasises the need
to continue investing in productrelated R&D and to
expand funding support across the entire research
spectrum, from descriptive studies to delivery, development,
and discovery.

Drug-resistant tuberculosis

Seven research priorities address the need for improved
tools to prevent, diagnose, and treat drug-resistant tuber-
culosis. These priorities are consistent with the evidence
gaps identified in the consolidated guidelines on tubercu-
losis put forth by the Guidelines Development Groups of
WHO*#* and relate to the discovery and development of
effective vaccines; more effective, safer, and shorter regi-
mens to treat all forms of drug-resistant tuberculosis; pre-
vention of infection among clinically susceptible
individuals; and development of point-of-care tests to detect
tuberculosis.

Implications of the research agenda for policy

This paper describes the first WHO research agenda setting
global research priorities for AMR in human health, rele-
vant to drug-resistant bacterial and fungal infections of
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crucial importance for AMR, including drug-resistant
M tuberculosis. These research priorities encompass the
complete people-centred journey, from prevention to diag-
nosis and treatment, and address overarching knowledge
gaps in AMR epidemiology, burden and drivers, policies
and regulations, and awareness and education, with a focus
on low-resource settings and socioeconomically or clinically
vulnerable populations.

The agenda is expected to guide policy makers, the global
research community, industry, and research funders in
converging research efforts and investments on the most
crucial global knowledge gaps. An essential criterion for
prioritisation was the potential for translation of research
outputs into policy, such that a pronounced effect on AMR
prevention practices; the diagnosis, treatment, and man-
agement of infections; and national and global policies
aiming to mitigate AMR is seen on addressing the research
priorities.

The agenda will be instrumental in advancing the dis-
cussions and initiatives related to AMR at the UN General
Assembly, ensuring that crucial knowledge gaps are
addressed by the year 2030 and contributing to national and
global strategies for AMR containment and management.
Furthermore, evidence® from well designed, large-scale,
multidisciplinary studies on the drug-resistant tuberculosis
research priorities will support the achievement of the
ambitious declarations of the WHO member states to
expand coverage of rapid diagnostic testing, treatment, and
tuberculosis-preventive treatment to reach 90% and cover-
age of health and social benefits packages for people with
tuberculosis to reach 100% by the year 2027.

Investments in AMR research to date have been incon-
sistent.”® Between January, 2017, and September, 2021,
the Global AMR R&D Hub reported a total investment of
US$ 8-9 billion across 12 093 projects in the field of AMR by
214 organisations worldwide.* Approximately one-third of
the investment in priority bacterial pathogens (equivalent to
$4-3 billion) was allocated towards development of novel
therapeutics. By contrast, only $530 million (12%) was
designated for vaccines, $261 million (6%) for diagnostics,
and $32 million (1%) for policy research. In addition,
research on fungal infections across all sectors attracted only
$512 million (6%) of all investments. Although still lower
than that for other disease areas, $8-1 billion (90%) of the
investments are directed towards R&D targeting bacterial
pathogens, with the top research areas in terms of funding
volume across all sectors being basic research and
therapeutics R&D.* Investment in product-related R&D
such as diagnostics and vaccines is lagging.

Concerted efforts to implement this research agenda
have the potential to ensure a more balanced approach to
AMR research funding—ie, one that is focused on
developing not only an arsenal of therapeutic options but
also tools to promptly and accurately diagnose infections
and generate evidence for policy makers on the most
cost-effective prevention and antimicrobial stewardship
interventions, on how interventions should be
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implemented, and on policies that are also feasible in
low-resource settings.

Alignment with and complementarity to other
AMR research agendas

In developing this research agenda, we collaborated with
other relevant research initiatives to ensure com-
plementarity and alignment, in addition to outlining in
more detail the population, intervention or exposure,
context, and comparator of interest, wherever possible.
The One Health AMR research agenda was codeveloped by
the Quadripartite’ comprising Food and Agriculture
Organization, UN Environment Programme, WHO, and
World Organisation for Animal Health, with the aim to
improve knowledge on the intricate interactions of AMR
among humans, animals, plants, and their shared
environment. The WHO research agenda for AMR in
human health includes crucial knowledge gaps that do not
fall within the scope of the One Health agenda concerning
the epidemiology, burden, and drivers of drug-resistant
bacterial and fungal infections in the human health sector.
The agenda also emphasises the development of optimised
diagnostics and antimicrobial treatment strategies. The
Strategic Research and Innovation research agenda from
the future European Partnership on One Health AMR,
co-funded by the member states and the European
Commission under the Horizon Europe funding
programme, is expected to guide future investments on
AMR on topics encompassing both the One Health
continuum and human health.*” Finally, this agenda aligns
with the evidence gaps and needs identified by guideline
development groups in the consolidated WHO guidelines
on tuberculosis.**

Strengths and limitations

We followed a transparent, reproducible, rigorous, and
inclusive process.”® The metric-based CHNRI priority-
setting approach minimised the potential bias stemming
from the influence of a few individuals, a limitation com-
monly associated with consensus-based approaches.?> With
the overall participation of 261 individuals from 69 countries
(156 experts contributing to survey 1 and 234 experts con-
tributing to survey 2), the agenda reflects a wide range of
AMR expertise, geographical diversity, and representative-
ness, ensuring external relevance and validity of the out-
comes. Yoshida and colleagues* found that a sample size of
45-55 independent experts assigning a score on each
question can ensure high reproducibility of the prioritisa-
tion results. Our study, with over 100 independent experts
assigning a score on each topic, exceeded that threshold.
Notably 40% offered perspectives exclusively from low-
resource settings, underscoring the agenda’s attention to
research topics pertinent to LMICs. By supplementing the
list of topics identified by experts with a comprehensive
scoping review spanning a 10-year period and capturing
knowledge gaps in the existing literature, we are confident
that we have included the most important topics and that
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those prioritised received strong agreement among experts.
Notably, 74% of the 175 topics received an RPS of 0-80 or
higher across all scoring criteria, affirming the validity of our
approach. The research priorities included in the final list
are broad and comprehensive. The research priorities effec-
tively balance high-level concepts that capture the essence of
multiple, sometimes overlapping, knowledge gaps and the
more granular, focused research questions that could be
used to design a study. Ultimately, each priority will require
multiple studies of various types to be fully addressed, with
potential variations based on country or setting.

Nonetheless, our project has some limitations. First, as
experts were identified on the basis of their publication
records, individuals from the WHO European region and
region of the Americas were over-represented compared
with those from other regions, reflecting a stronger invest-
ment in academic research in these two WHO regions.
Second, assigning scores on research topics was tedious for
the experts, as noted by some during the survey. Encour-
agingly, we did not observe a reduction in the number of
experts participating in the scoring for topics included in the
later part of the survey, suggesting that any potential survey
fatigue did not negatively affect the results (data not shown).
Third, the numbers of experts and topics varied across dif-
ferent AMR areas, which might have affected the final count
of top research priorities in each area. However, simple
scatter plots and correlation analyses did not show any
obvious strong correlations between the number of
participating experts for a given research topic in each
AMR area and the final number of research topics from that
AMR area in the 40 priorities (data not shown). In fact,
experts were encouraged to assign scores on all topics they
had knowledge of, without limiting themselves to their
primary area of research expertise. Fourth, the scope of the
agenda encompassed the WHO list of priority pathogens*
and therefore did not account for newly added® and
emerging pathogens and resistance mechanisms, some of
which could be specific to the setting. Finally, developing a
research agenda is, by its nature, a prioritisation exercise,
resulting in only a subset of topics receiving the highest score.
Many arguably important topics—although not feasible
or prioritised within the proposed 2030 timeframe—
still merit attention (appendix p 5). Examples include topics
related to the effect of climate change on AMR in human
health, determining the thresholds for clearing of colonisation
by multidrug-resistant pathogens, and understanding the role
of social norms (such as gender) in AMR awareness and
individual and collective behaviour.>-2

Implementation of the research agenda

WHO is committed to supporting the implementation of
this agenda by focusing awareness around the 40 research
priorities and fostering partnerships and collaboration with
research funders and the global research community in the
human health sector, including academia; partners such as
WHO’s AMR collaborating centres network,** Combating
Antibiotic Resistant Bacteria Biopharmaceutical Accelerator,*

FIND,” Global Antibiotic Research & Development
Partnership,” Global AMR R&D Hub,* Global Strategy
Lab’s The International Network for AMR Social Science,”
International Centre for Antimicrobial Resistance
Solutions,* and ReAct*; organisations such as the African
Society for Laboratory Medicine, American Society for
Microbiology, European Society of Clinical Microbiology
and Infectious Diseases; funders and implementing
partners including the AMR Action Fund, Bill & Melinda
Gates Foundation, Centers for Disease Control and Pre-
vention, European Commission-funded Joint programming
initiative on AMR, Fleming Fund, Global Fund, National
Institutions of Health, One Health Trust, Unitaid, Wellcome
Trust, and World Bank; as well as governments." We urge all
stakeholders to intensify investments and initiatives in AMR
research, aligned with the priorities of the research agenda.
A monitoring and evaluation framework will enable periodic
assessment of the agenda’s effects in raising awareness,
driving implementation, and seeking and influencing
funding allocation.

Conclusions

The WHO research agenda for AMR in human health
comprises 40 research priorities that hold the potential to
invigorate research efforts, generate evidence to improve
existing treatment and diagnostic approaches, bolster the
implementation of evidence-based national action plans for
AMR, and ensure the feasibility of AMR interventions in
low-resource settings. The research priorities reflect the
most crucial knowledge gaps on AMR in human health that
need to be addressed in the medium-to-long-term future
(ie, by the year 2030) and aim to guide and encourage
scientific interest and investment, generate evidence-based
interventions to inform global and national health policies,
and ultimately counteract the rise of AMR and its associated
morbidity and mortality.
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