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Executive summary

Antibacterial resistance is a major global public health challenge, associated with an estimated 4.95
million deaths in 2019, disproportionately in low- and middle-income countries (LMIC).

Tackling antimicrobial resistance (AMR) in the human health sector necessitates global efforts focused
on several key areas: robust infection prevention and control (IPC) measures, ensuring equitable access
to diagnostics and treatment, vigilant surveillance to detect emerging trends in AMR, and substantial
investment in research and development (R&D) for the creation of new medicines, diagnostics, and
prevention tools.

Since its publication in 2017, the WHO Bacterial Priority Pathogens List (BPPL) has guided investment
in R&D and formed the basis for activities related to surveillance and control of antibacterial resistance.
Despite current work, the global antibiotic pipeline is marked by limited innovation and limited global
access to both new and existing treatments. The 2024 BPPL builds on the 2017 list to address current
challenges and provide essential guidance for policymakers, national health authorities and others
involved in decisions about R&D and investment.

The 2024 BPPL includes 15 families of antibiotic resistant (ABR) pathogens, grouped into critical, high and
medium categories of priority for R&D and for public health measures.

In this update, Gram-negative bacteria that are resistant to last-resort antibiotics, such as Acinetobacter
baumannii and various pathogens in the Enterobacterales order, as well as rifampicin-resistant (RR)
Mycobacterium tuberculosis, are listed as of critical priority because of their ability to transfer resistance
genes, the severity of the infections and disease they cause and/or their significant global burden,
particularly in LMIC. The inclusion of Salmonella and Shigella as of high priority reflects their increasing
resistance to existing treatments and the high burden of infection associated with these pathogens,
particularly in LMIC.

Other high-priority pathogens in the 2024 BPPL are antibiotic-resistant Pseudomonas aeruginosa and
Staphylococcus aureus, due to their global threat, especially in health-care settings. Also included in
the high-priority category are pathogens that present distinct public health challenges, such as Neisseria
gonorrhoeae, of which multidrug-resistant (MDR) strains have emerged, limiting treatment options. Another
pathogen of public health importance is antibiotic resistant Enterococcus faecium, a bacterium that is
particularly important due to its ability to transmit resistance elements across the One Health spectrum.

The 2024 BPPL includes Group A and B Streptococci, Streptococcus pneumoniae and Haemophilus
influenzae in the medium-priority category, indicating an urgent need to address their public health
impacts, particularly in vulnerable populations in resource-limited settings.

The BPPL is a compass for AMR R&D priorities and investment and for public health action. While
this updated BPPL is a global tool, its application requires adaptation and contextualization to account
for regional differences in the distribution and ecology of bacterial pathogens, as well as variations
in the vulnerable groups and the burden of AMR. Regionally tailored strategies and interventions are
necessary for effective control of AMR in diverse geographical settings (Fig. 1).



Fig. 1. WHO Bacterial Priority Pathogens List, 2024 update
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Introduction

Background

AMR is a threat to public health and modern medicine and to achievement of the Sustainable
Development Goals. Infections due to ABR pathogens result in a significant global disease burden. In
2019, an estimated 1.27 million deaths (95% confidence interval = 0.911; 1.71) were attributable to
antibiotic-resistant bacteria, with an additional estimated 5 million associated deaths (95% confidence
interval = 3.62; 6.57) (1). ABR also poses a persistent challenge to ending the global TB epidemic (2).

In 2017, WHO developed the first BPPL to guide investment into the R&D of new antibacterials (3).
Twenty-five ABR phenotypes were initially prioritized, but the final list was streamlined to include 13
bacterial pathogens (phenotypes). These were further grouped into three tiers according to their priority:
critical, high and medium. MDR-TB, a WHO public health priority, was also included in the report (3).

Sinceits launch, the BPPL has been used to analyse antibacterials in the pipeline, and the results have been
published in annual WHO reports (4). Findings from the analyses indicate that the WHO BPPL has been
instrumental in guiding investment in the R&D of antibacterials and anti-TB drugs (5). During the past 7
years, the antibiotic development pipeline brought to the market nine new antibiotics with in-vitro or in-
vivo activity against the 2017 BPPL “critical” priority pathogens, although resistant strains have since been
described for almost all of them (5,6). Additionally, a new anti-TB compound, pretomanid, came onto the
market and was recommended by WHO in 2022 for administration as part of a novel 6-month all-oral
regimen to treat MDR-TB and RR-TB (4, 7).

The list has been shown to be a valuable public health tool for guiding AMR surveillance, prevention
and control (e.g. the WHO Global antimicrobial resistance and use surveillance system (GLASS)) (8).
Furthermore, it has played a critical role in shaping guidance on IPC in specific areas, such as the WHO
guidelines for the prevention and control of carbapenem-resistant Gram-negative bacteria in health
care facilities (2).

Nevertheless, the world continues to grapple with a crisis in the antibacterials R&D pipeline, primarily
due to insufficient funding for the development of new antibiotics and limited global access to novel and
existing antibiotics (710).

Rationale for the update

AMR is an evolving threat that challenges the effectiveness of existing treatments. R&D of new
antibacterial agents have not kept pace with the rapid evolution of resistance, leaving a substantial gap in
the ability to properly address the unmet needs of patients (5,71). Quantifying the global burden of ABR
is complex due to the limited availability of high-quality data, and continuous assessment is necessary
as knowledge and evidence evolve (7). Global data gaps were acknowledged as limitations in the 2017
WHO BPPL, which emphasized the need for further research and data to better understand the extent
of ABR in specific contexts (3).

The 2017 prioritization exercise partially addressed aspects such as specific resistance patterns, co-
resistance, and the level of innovation within the antibacterial medicines in the R&D pipeline. (12). The
aim of this update is to address some of those limitations and to incorporate lessons from experience
with the first BPPL exercise. The update takes advantage of recent advances in surveillance platforms,
which have resulted in better surveillance data, including from resource-limited settings (8,13). In
2022, the first peer-reviewed estimates of the global burden of ABR infections were published, which
included deaths and disability-adjusted life years (DALYs) due to multiple pathogens and pathogen-drug
combinations in various countries and territories in 2019 (7). The study, and other new data sources,
allow a more comprehensive understanding of the evolving landscape of ABR. Data on levels of RR-TB
collected by WHO over the past decades were also used for this update (14).

By including such new evidence, the BPPL update addresses the evolution of AMR and the impact of
recent global events, such as coronavirus disease 2019 (COVID-19), on AMR. It includes rectification of
limitations in the initial exercise, identifies gaps and proposes actions to expedite the global response to
drug-resistant (DR) bacteria.



Aim and scope

The purpose of the BPPL 2024 is to guide resource allocation, guide and promote R&D of novel
antibacterial agents and support development of effective strategies to prevent, control and treat
infections caused by priority pathogens. This update addresses only ABR bacterial phenotypes for which
there is the greatest unmet need and that result in the highest, most significant public health burden.

The aim of the update is to maintain the relevance of the WHO BPPL by adding new evidence and
experience, ensuring that it continues to:

- guide R&D for new, effective antibiotic therapies, aligning investment with clinical and public health
needs;

- facilitate international coordination to drive R&D towards the development of innovative, effective
antibacterial agents and other prevention and control tools, aligning investment with clinical and
public health needs;

- drive the development of alternative non-pharmaceutical and public health interventions to target key
ABR pathogens; and

- inform AMR surveillance and other interventions such as stewardship and IPC programmes.

This updated version focuses on bacterial pathogens that cause acute infections that are resistant to
antibiotics and represent high risks for mortality and morbidity, as well as RR-TB.

Target readership
The intended readership of this document includes:

- developers of antibacterial medicines, including pharmaceutical companies, small- and medium-sized
biotechnology companies and academic and public research institutions;

- research funders and public-private partnerships that invest in the R&D of new antimicrobial
medicines, vaccines, diagnostics and other AMR prevention and control interventions;

- national and regional policy-makers responsible for developing, adapting, implementing and
monitoring AMR and IPC action plans, policies and standards in the human health sector, including
those who oversee national TB control programmes;

- researchers in infectious diseases, AMR and bacteriology; and
- global decision-makers, health providers, patient advocates and the public.

Methods

The 2017 WHO BPPL was developed with the multi-criteria decision analysis (MCDA) method (75).
MCDA is a decision-making scientific method that mounts and evaluates alternatives based on multiple
criteria, facilitating systematic and transparent decision-making in complex options (16,17). It is widely
applied across various fields to prioritize alternatives, considering diverse objectives and stakeholder
preferences. One benefit of MCDA is its ability to identify alternatives and evaluation criteria through
structured and defined protocols. Additionally, this method integrates empirical evidence from literature
with expert insights, ensuring a comprehensive evaluation process by providing succinct and detailed
communication for each alternative, including rankings, categorization, and preference selection
(16,17,18). This is crucial when data are limited, inconsistent or ambiguous. Experts bring valuable
insights, and MCDA provides a means for systematic integration of nuanced subjective judgements into
decision-making (16,17).

Another strength of this method is its ability to provide a stable ranking of pathogens, which allows
regular updating when new evidence or resistance threats are identified (3). Table 1 lists the steps in
the MCDA process. For the 2024 BPPL updates, a similar MCDA study protocol to the one utilized in
2017 was employed. This protocol assessed pathogens selected for prioritization against eight criteria,
informed by evidence from the literature (3). Table 2 lists the prioritization criteria for the MCDA and
their definitions and levels. More details of the method used are provided in Annexes 1 and 2.

Inline with the 2024 BPPL study protocol, RR-TB was initially assessed independently through an approach
and criteria specifically designed to accommodate the unique characteristics of TB disease, including
its chronic course, its transmission dynamics, and the typical requirement for treatment with four or
more drugs for at least 6 months. Table A4.2 outlines the criteria used for independent assessments of
RR-TB and their definitions. More details of the method and the results of this assessment are provided
in Annex section.

WHO Bacterial Priority Pathogens List, 2024



Later in the study, the BPPL Advisory Group requested the application of the MCDA method and
criteria used for assessing other pathogens to further evaluate and prioritize RR-TB. This post-hoc
analysis was undertaken even though RR-TB was not included in the global PAPRIKA' survey and
recognizing the potential challenges of applying criteria designed for acute bacterial infections to
assessment of RR-TB. The results and limitations of the RR-TB MCDA assessment were discussed
by the Advisory Group, and, while there was a general alignment that the outcome could be used to
support RR-TB’s placement on BPPL, there was not unanimous support for the assessment approach
or resulting level assignment for certain evaluation criteria. Therefore, the grouping of RR-TB reflects
the collective body of evidence obtained, which includes both the initial independent assessment
defined in the study protocol, and the MCDA.

' PAPRIKA (Potentiall All Pairwise RanKings of all possible Alternatives) is a robust decision-making approach for systematic
evaluation and ranking of all conceivable pairwise alternatives to ensure comprehensive decision analysis. The method is a
structured, thorough means of comparing and prioritizing diverse alternatives in making complex decisions.

Table 1. Steps in the Multi-Criteria Decision Analysis (MCDA) prioritization process (steps are
overlapping and non-sequential)

Conceptualization of the study: Develop the study protocol, and form the WHO
bacterial priority pathogens list Advisory Group (BPPL AG)?.

Selection of antibiotic-resistant bacterial pathogens: Identify the bacterial pathogens
to be prioritized.

Refinement and definition of assessment criteria (attributes): Define and refine the
criteria for assessment.

Review of evidence: Establish criteria levels and describe each pathogen against each
criterion, based on available evidence.

Identification of experts: Identify experts to participate in the PAPRIKAP global survey.

Conduct PAPRIKA global survey to determine criteria weights: Design and conduct a
global survey according to the PAPRIKA method to determine the weight of each criterion.

Assessment of pathogens against criteria: Assess the performance of each pathogen
against each criterion within the MCDA matrix.

Final scoring, ranking and evaluation: Conduct final scoring and ranking and perform
sensitivity analysis.

Final list: Compile the final list.

2 The formation of the BPPL AG followed an open call for applications, with 120 applications received and reviewed. Experts were then
selected to ensure geographic, disciplinary, and gender balance across all 6 WHO regions, resulting in the selection of 23 experts.

5 PAPRIKA (Potentiall All Pairwise RanKings of all possible Alternatives) is a robust decision-making approach for systematic
evaluation and ranking of all conceivable pairwise alternatives to ensure comprehensive decision analysis. The method is a
structured, thorough means of comparing and prioritizing diverse alternatives in making complex decisions.



Table 2. Prioritization criteria, definitions and levels

Case Fatality Ratio (Pooled  >30%
prevale.nce0 of all-cause 21-30% Medium-High
mortality (%) among
patients with infections 11-20% Medium
caused by antibiotic- “1no ——
Mortality resistant pathogens) 5-10% Medium-Low
<5%
Global incidence of cases > 10.000 cases per 1 mln population
per 1 million populat!on el 5001-10.000 cases per 1 mln population Medium-High
ages, all sexes, associate to
resistance) 1001-5000 cases per 1 mln population Medium
. 100-1000 cases per 1 mln population Medium-Low
Incidence

<100 cases per 1 mln population

Non-fatal
health burden

Years Lived with Disability
(YLDs) per million
inhabitants, including

all ages and all sexes,
attributable to infections
by each resistant pathogen

> 1.5 YLD per 1 mln population

1.1-1.5 YLD per 1 mln population

Medium-High

0.51-1 YLD per 1 mln population

Medium

0.11-0.5 YLD per 1 mln population

Medium-Low

< 0.1 YLD per 1 mln population

10-year trend of resistance
rate data, where resistant
rate is defined as

Increasing trend in > 3 WHO regions
(or in most regions with data)

. Increasing trend in 2 WHO regions Level 4
percentage of resistant
isolates out of the total Increasing trend in one WHO region Level 3
Tr?nd of nLileer GF el tesied Stable trend in all WHO regions Level 2
resistance
Significantly decreasing trend in at least one WHO
region, with no increase in any of the other regions
5 Evidence of transmission Well documented (OC) and High (TP)
—
al(w) O the AMR pathogen Well documented (OC) and  Moderate (TP) | Medium-High
1 ] among different pathways.
s Two distinct domains Moderately documented (OC) and High (TP)
considered: ; .
Poorly documented (OC) and High (TP) Medium
Trans- Human-to-human
missibility transmission: outbreak Well documented (OC) and Low (TP)
capablllty - hea)lthcare/ Moderately documented (OC) and Moderate (TP)
community settings
Transmission between Moderately documented (OC) and Low (TP) Medium-Low
humans and a.nimal, Poorly documented (OC) and Moderate (TP)
food, and environment
compartments Poorly documented (OC) and Low (TP)
The existence and IPC Measures:
effectiveness of preventive . Effective and sufficient 2
measures in containing - Recommended, existing, and 1
the transmission of the effective
target AMR pathogen and « Not universally recommended due 0
Preventability reducing disease burden. to limited efficacy/feasibility
in health care ~ This criterion encompasses Decolonization/Chemoprophylaxis: 5 points: Medium-
; two distinct aspects of
setting and el - Existing and effective 2 High
community P L v - Existing and partly effective or 1 L .
1. Individual-based . ) . . 4 points: Medium
) ) ) restricted to high-risk population
infectious preventive and o ;
- Not existing or non-effective 0
control (IPC) measures,
including hand hygiene and  Public Health Interventions in 3 points: Medium-
standard and transmission- Community: Low
based precautions (such - Existing and effective OR not 2
as contact, isolation, and needed
barrier precautions). - Existing and partly effective 1
2. Community-based - Not existing or non-effective 0

IPC measures, including
vaccination, water
sanitation, access to health
services, and food safety.

‘Note: Variation in cell sizes is unintentional and stems from differing content. It does not reflect proportional values
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Table 2. Prioritization criteria, definitions and levels (continued)

$e

&

Treatability

Composite criterion which
encompasses: number of
molecule(s) listed in the
guidelines, their efficacy
ranking (1°t or lower lines
of treatment versus last
resort), safety profile,
availability of oral/OPAT
formulation, presence

of pediatric formulation,
concomitant resistance,
and cost.

Number of 1% line option(s)
recommended by evidence-based

guidelines:
- One antibiotic class 2
- Two or more antibiotic classes 2 for each
option
Concomitant resistance reported 10-11 points:
for 1 line option(s): Medium-High
« Greater than 20% -1 for each
option
« 20% or less 0

Availability of alternative option(s) for

the most typical infectious syndrome:

- No option available OR option(s) ol
available but with a poor toxicity
profile AND/OR recommended
ONLY in combination

- Option(s) available with a fair 0
toxicity profile AND recommended
in monotherapy BUT co-resistance
> 20%

« At least one alternative available 1
with a fair toxicity profile AND
recommended also in monotherapy
AND co-resistance < 20%

8-9 points: Medium

Formulations: 6-7 points:

- Availability of oral option(s): 1 Medium-Low
- Availability of OPAT option(s): 1

- Available option(s) approved or 1

tested for pediatric population

Accessibility (cost)

Pipeline

- High cost® =1
- Low cost® 0
The criterion assesses Unlikely: < 34 points: Unlikely

the extent to which the
antibacterial pipeline, both
currently and over the next
5-7 years, can effectively
meet clinical needs for
treating each resistant
bacterial pathogen.

The criterion considers the
number of newly approved
antibiotics in the last

5-7 years, as well as the
number of candidates in
the clinical developmental
pipeline that meet WHO
innovation criteria, such
as new chemical classes,
novel targets, and absence
of cross-resistance.
Additionally, it evaluates
the availability of oral
formulations for both the
new candidates and those
under development

The pathogen has no, or very limited number of
potential active candidates in phase X according to
WHO clinical pipeline analyses from 2017-2021.
Pathogen has no, or very limited number, of candidates
with ongoing market authorization application (MAA)
and/or new drug application (NDA).

No, or very limited number, newly approved antibiotics
from July 2017 to 2022.

Possible:

The pathogen has one or more potential active
candidates in phase X according to WHO clinical
pipeline analyses from 2017-2021.

Pathogen has one or more candidates with ongoing
market authorization application (MAA) and/or new
drug application (NDA).

One or more newly approved antibiotics from July
2017 to 2022.

Likely:

The pathogen has a robust pipeline with multiple
potential active candidates in phase X according to
WHO clinical pipeline analyses from 2017-2021.
Pathogen has multiple candidates with ongoing market
authorization application (MAA) and/or new drug
application (NDA).

Several newly approved antibiotics from July 2017 to
2022.

Note: A scoring matrix was created for this criterion,
and it is presented in the annex for reference.

47-34 points:
Possible

IPC: infection prevention and control; OC: Outbreak capability; OPAT: Outpatient Parenteral Antibiotic; TP: Transmission Potential
(between humans and animals, food, and environmental compartments); YLDs: Years Lived with Disability.

a

High-cost antibiotics were defined as antibiotic agents characterized by reported scarcity or shortages, and newly introduced
formulations entering the market since 2017.

> Low-cost antibiotics refer to generic antimicrobial medications that do not fulfil the aforementioned criteria.
Note: for pathogens not included in the WHO clinical pipeline analyses from 2017-2021, data available in the literature were used.
If no data are available in public domains or in the WHO analyses report, the pathogen is scored as having zero products in phase.



Determination of the preliminary list of pathogens to be prioritized

In this update, five pathogens-antibiotic combinations that were included in the 2017 version were
removed based on evidence and expert consensus: clarithromycin-resistant Helicobacter pylori,
fluoroquinolone-resistant Campylobacter spp., penicillin-non-susceptible Streptococcus pneumoniae,
third-generation cephalosporin-resistant Providencia spp. and vancomycin-intermediate and -resistant
S. aureus.

Four new combinations were added: macrolide-resistant Group A Streptococci, penicillin-resistant
Group B Streptococci, macrolide-resistant Streptococcus pneumoniae, and RR-TB. Finally, 23 antibiotic-
bacteria phenotypes combinations were included in BPPL-2024. Fig 2. compares the ranking of priority
pathogens in the 2017 and 2024 BPPLs. Following the finalization of the ranking, the combinations were
arranged by family and order, resulting in 15 “drug-bug” combinations presented in the final list (see
Annex 2).

Determination of criteria weights: 2023 global PAPRIKA survey

Pathogen-antibiotic combinations were described and assessed against eight defined criteria (attributes),
based on current evidence (see Table 2 for prioritization criteria, definitions, and levels). The weights
of the assessment criteria were determined according to the PAPRIKA method, in a participatory
blinded survey designed with 1000minds® software (19). A total of 79 experts from all six WHO
regions participated in the survey, representing an 80% response rate from the initial invitation to 100
experts. Participants were selected to ensure diverse geography, gender and expertise. The participants
responded subjectively to a series of simple questions based on their expert knowledge. They focused
on two criteria or attributes of two pathogens at a time, involving a trade-off while keeping other criteria
constant. Blinding techniques were applied to reduce bias and enhance reliability. (Note: As RR-TB was
evaluated independently, it was not included in the global survey). The results of the global PAPRIKA
survey were the basis for assigning criteria weights. There was a strong consensus among participants,
as indicated by a Spearman rank correlation coefficient? of 0.9, and Kendall's coefficient of concordance
(W)? of 0.9 (see Fig. 3).

The criteria of treatability and the fatal burden of ABR infections, weighted highest by the experts,
indicate the importance of effective treatment in addressing these infections. This is particularly
important in view of the few effective options for antibiotic treatment for high-burden DR pathogens
such as MDR Gram-negative bacteria.

The weighting also highlights the necessity for a focused approach in development of and targeted
investment in new drugs against high-burden, resistant pathogens. The criterion of trends in AMR was
also strongly weighted, reflecting the experts’ recognition of the critical role of surveillance in monitoring
AMR transmission patterns and burden. Robust AMR surveillance systems are vital for monitoring
priority DR pathogens and for understanding the factors that influence the development of AMR.

The experts assigned equal importance to the criteria of incidence, burden of non-fatal disease,
transmissibility, and preventability, emphasizing their crucial role in decisions on R&D for new antibiotics.
Understanding the interconnectedness of these attributes is vital, as certain pathogens may necessitate
investment in both new antibiotics and public health interventions. The comparable weighting of these
criteria underscores their collective importance in guiding R&D decision-making processes.

The pipeline criterion, although assigned a lower weight than other criteria, was given greater emphasis
in the MCDA than in 2017. Experts highlighted the significance of investing in new antibiotic development
as part of a comprehensive strategy, acknowledging the limited progress in addressing priority pathogens
and the imperative for innovation. WHO’s most recent pipeline assessment described the antibacterials
pipeline as insufficient, underlining the urgent necessity for increased investment in R&D (4). Assessment
of each pathogen-antibiotic combination against the eight criteria is shown in Annexes 2 and 3.

2 Spearman rank correlation coefficient: This statistical measure is used to assess the strength and direction of association between
two ranked variables. It ranges from -1 to 1, where 1 indicates a perfect positive association, -1 indicates a perfect negative
association, and O indicates no association.

3 Kendall's coefficient of concordance (W): This measure is used to evaluate the agreement among several raters or judges when
ranking several items. It ranges from O to 1, where 1 indicates perfect agreement among all raters, and O indicates no agreement
beyond that expected by chance.
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Fig. 2. Pathogens prioritized in the 2024 BPPL update as compared with the 2017 BPPL
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Fig. 3. Pooled criteria weights (results from the Global PAPRIKA? survey)

Treatability:
20%
20, TR
Pipeline: b :A;,;tallty.
8% ¥5 ’
£10
Transmissibility: 0 : Ty o
) 2 .
11% : resistance:
12%
Non-fatal
health burden: Preventability:
11% 12%
Incidence:
11%

Spearman rank correlation = 0.9
Kendall's W = 0.871

@ PAPRIKA (Potentially All Pairwise RanKings of all possible Alternatives) is a robust decision-making approach for systematic

evaluation and ranking of all conceivable pairwise alternatives to ensure comprehensive decision analysis. The method is a
structured, thorough means of comparing and prioritizing diverse alternatives in making complex decisions.
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Furthermore, while the antibiotic pipeline criterion was assigned a relatively lower weight compared to
other criteria, it was given higher weight than in 2017. This highlights the experts’ acknowledgment of
the importance of investing in the development of new antibiotics as part of a comprehensive approach.
This shift may suggest an increased recognition among experts of the limited progress in developing new
drugs to combat priority pathogens. In 2023, a WHO co-authored report described the status of the
pipeline as stagnant and lacking innovation (710). This underscores the pressing need for investment in
R&D to address this critical gap and ensure access to new and effective therapies.

A summary of the outcome, and the approach used in assessing pathogens against criteria are outlined
in Annexes 2, 3.

Independent assessment of RR-TB

RR-TB was assessed independently in a tailored approach. All the criteria used were customized for RR-
TB in recognition of the impact of access to airborne transmission, access to diagnostics, treatability and
non-fatal health burden. DR M. tuberculosis is highly communicable and can be transmitted in exhaled
aerosols. Droplets may remain airborne for several hours and transmit the infection when inhaled
by others. This mode of transmission can result in others becoming infected upon inhalation, which
contributes to infection or carriage of latent TB of an estimated one-fourth of the world’s population.
The burden of non-fatal TB is another crucial criterion. RR-TB was responsible for 6.93 million (95%
uncertainty interval [Ul]: 5.52;8.53) disability-adjusted life years (DALYs) in 2020, most of which (5.96
million DALYs, 95% Ul: 4.63;7.42) were experienced in the 30 countries with the highest burden of
MDR- and RR-TB. While most DALYs can be attributed to morbidity and mortality during treatment,
TB often results in long-term morbidity among survivors. A criterion for diagnostics was included in
the assessment, as there is a significant gap in diagnosis of RR-TB globally. In 2021, bacteriological
confirmation was provided for only 63% of people with diagnosed pulmonary TB, and, of these cases,
only 70% were tested for resistance to rifampicin.

A detailed description of the independent assessment for RR-TB and the outcome are provided in Annex 4.

Application of MCDA to RR-TB

Later in the study, the BPPL Advisory Group requested the application of MCDA criteria used for
assessing other pathogens to evaluate and prioritize RR-TB, acknowledging the limitations. While most
of the attributes of MCDA could be applied directly to assessment of RR-TB, some adaptations were
required to account for the chronic nature of RR-TB, its transmission through the air in communities
and the fact that the disease is treated with a combination of four or more drugs for at least 6 months.
Most of the data on the RR-TB disease burden and trends were provided by WHO from its surveillance
projects, and reports rather than a systematic literature review were used (74,20).

The pipeline scoring for RR-TB was also adapted to include factors such as use of combination therapies
containing at least three or four drugs and the fact that oral combinations are already part of standard
care in the management of RR-TB.

The treatability criterion for RR-TB was evaluated against published WHO treatment guidance
and recommendations endorsed by WHO during the defined time in the protocol (21). While WHO
recommends a single multidrug regimen as first-line treatment of RR-TB, it is recognized that alternative
combinations are available and recommended for use in specific circumstances.

Overall, adaptation of the MCDA to RR-TB was difficult because of the unique characteristics of TB
disease and the fact that the criteria were designed for assessing acute bacterial infections.

A summary of the approach used in assessing pathogens against the MCDA criteria and the outcomes
are outlined in Annexes 2 and 3.

Introduction



Results: WHO Bacterial Priority Pathogen List,
2024

With the approach described above, 24 bacterial pathogen-drug combinations were identified, assessed
and ranked according to the outcome of the assessment. The bacterial pathogens were then stratified
into three priority groups (see Table A4.2, which includes the scores attributed to the pathogens). Box 1
provides operational definitions of priority categories in the 2024 BPPL.

Box 1. Operational definitions of priority categories in the 2024 WHO BPPL

Critical group

ABR bacterial pathogens
that pose the highest
threat to public health
due to limited treatment
options, high disease
burden (mortality and
morbidity) and increasing
trends in ABR, with

few or no promising

candidates in the pipeline.

Infections with pathogens
in the critical category
may also be uniquely
difficult to prevent and
are highly transmissible;
the pathogens may have
global mechanisms

of resistance and/

or MDR strains in
certain populations or
geographical areas.

High group

ABR bacterial pathogens
that are significantly
difficult to treat, cause a
substantial disease burden
(mortality and morbidity),
show increasing trends in
resistance, are uniquely
difficult to prevent, are
highly transmissible and
for which there are few
potential treatments in

the development pipeline.
Although they may

not be critical globally,
pathogens in this category
could be critical for some
populations and in specific
geographical areas.

Medium group

ABR bacterial pathogens
that are associated with
moderate difficulty for
treatment, a moderate
disease burden (mortality
and morbidity) and
moderate trends in
resistance, with unique
issues for preventability
or transmissibility and
relatively more candidates
for treatment in the
pipeline. Similarly, while
they may not be critical
globally, pathogens in this
category could be critical
for some populations and
in specific geographical
areas.



Fig 4. WHO Bacterial Priority Pathogens List, 2024
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Outcomes

Gram-negative bacterial pathogens: a continued critical priority

In this updated BPPL, Gram-negative bacterial pathogens maintain their critical status. Carbapenem-
resistant Acinetobacter baumannii (CRAB), carbapenem-resistant Enterobacterales (CRE) and third-
generation cephalosporin-resistant Enterobacterales (3GCRE) received the highest scores, confirming
their inclusion in the critical priority category in BPPL-2024.

The emergence and persistence of CRAB pose a formidable global challenge, because of its virulence,
resistance, and limited treatment options, leading to severe nosocomial infections, especially among
intensive care patients, and alarmingly high mortality rates (1,22). CRAB is one of the five top pathogens
worldwide in terms of attributable mortality caused by antibiotic-resistant infections and is estimated
to be the leading pathogen in South-East Asia, East Asia and Oceania for mortality attributable to ABR
(1,23,24). Despite the urgency, antibiotic development has been lagging in addressing this challenge.
Since the classification of CRAB as critical pathogens in the 2017 BPPL, no new drug effective against
metallo-B-lactamase-producing CRAB strains has been introduced, emphasizing the persistent challenge
and the crucial need for ongoing investment in R&D (4, 5).

CRE and 3GCRE continue to be at the top of the BPPL ranking in terms of the need for R&D of new
antibiotics. These pathogens pose the highest estimated burden among all MDR Gram-negative bacteria
due to their widespread prevalence and resistance (1,23,24).

CRE bacteria cause various infection syndromes, including bloodstream, respiratory tract, intra-
abdominaland urinary tract infections. These infections impose a significant burden globally, with limited
treatment options, due mainly to the high ABR rates (1,25). CRE outbreaks are complex, resulting in a
substantial economic burden, further highlighting the urgent need for prevention and control, including
innovative treatment options, to address the burden of infections caused by these pathogens (26,27,28).

This update introduces a distinct categorisation for 3GCRE, to highlight the need for targeted policies
and interventions to address this emerging threat. The high estimated burden of extended-spectrum
B-lactamase-producing Enterobacterales, especially in LMIC and among vulnerable populations, leads
to high rates of treatment failure and increased health-care costs (7,26,27). The inclusion of bloodstream
infections associated with 3GCRE (E Coli) as part of the first United Nations Sustainable Development
Goals (AMR indicator 3.d.2) underscores its significant burden (29). The situation is particularly
concerning for the paediatric population, in whom DR Enterobacterales infections, such as extended-
spectrum B-lactamase-producing Klebsiella pneumoniae, complicate first-line antibiotic treatment. The
rise in the prevalence of third-generation cephalosporin-resistant organisms in cases of neonatal sepsis
is associated with increased morbidity and mortality rates, particularly in LMIC (30). Limited access to
affordable antibiotics, resource constraints, inadequate infection control and high antimicrobial usage
contribute to the global burden of 3GCRE and CRE, resulting in increased morbidity, mortality and
costs (7).

Carbapenem-resistant Pseudomonas aeruginosa (CRPA) has been moved from "critical" to "high"
priority in the 2024 update. This change is partly informed by our findings suggesting a potential
global decrease in resistance, identified in at least one WHO region. Both the apparent decreasing
resistance trends in one WHO region and the relatively lower transmission capability compared to other
carbapenem-resistant strains were factors contributing to the adjustment in ranking. This finding is in
agreement with estimates from the AMR Global Burden of Disease study (7). Despite this transition,
investment in R&D for CRPA remains crucial, given its significant burden in high-income countries and
certain regions such as central and eastern Europe and Central Asia (1,23,24). Importantly, the high
fatal burden of CRPA among immunocompromised individuals and in health-care settings indicate a
continued need for innovative R&D approach to address the impact of CRPA on health care.

RR-TB: a critical AMR pathogen

In this update, RR-TB was included as a critical priority. RR-TB poses significant additional challenges
to those of drug-susceptible (DS)-TB in terms of diagnosis, treatment, clinical management and overall
public health response. Capacity to detect resistance to rifampicin and to most anti-TB medicines
remains severely limited worldwide (74). Treatment regimens for RR-TB are orders of magnitude more
expensive and toxic than those used for DS-TB, leading to high rates of patient loss to follow-up before



treatment completion and low cure rates. While novel and recently recommended regimens may improve
the situation, resistance to new core drugs like bedaquiline is already emerging, and treatment options
for bedaquiline-resistant TB are also severely limited. Additionally, the financial impact of people with
RR-TB is tremendous, with 82% of affected households facing catastrophic total costs* (14).

Methicillin-resistant Staphylococcus aureus (MRSA) remains a high priority

MRSA maintains its position in the BPPL high-priority pathogen category, in line with its high estimated
burden (7). This can be attributed to various factors, including regional variations in MRSA burden
and investments in R&D programmes and targeted infection prevention and control (IPC) measures,
including in high-income countries, where it is one of the most prevalent DR pathogens. MRSA continues
to pose a significant global burden. It has been identified as one of the leading causes of health-care-
associated and community-acquired infections worldwide (24,25). The Global Burden of Disease study
reported that, in high-income countries, approximately 50% of the fatal burden attributed to AMR is
linked to two pathogens: S. aureus and E. coli (1). The morbidity, mortality and health-care costs due
to MRSA cannot be underestimated, and it remains a major concern due to its persistent prevalence
and potentially severe infections. To address the challenges posed by MRSA, a comprehensive approach
is necessary that combines continued investment in R&D, enhanced infection prevention and control,
stewardship programmes and global surveillance (31).

Other community pathogens of high priority

The updated WHO BPPL ranking reflects a notable increase in recognition of “community” pathogens,
indicating their growing resistance to treatments and the substantial burden they pose, particularly in
LMIC. The increase in the priority of community pathogens has important implications for public health
and R&D and reflects growing concern about these pathogens and their resistance to antibiotics.

For example, fluoroquinolone-resistant Salmonella Typhi, a significant community pathogen that poses
a substantial burden in LMIC, is placed very high among the community pathogens, and, in this update,
it is categorized as a high-priority pathogen. Salmonella Typhi is the leading cause of typhoid fever, a
major global public health issue. Each year, an estimated 10 million cases and approximately 116,800
deaths are attributed to typhoid fever (32). The emergence of AMR presents a critical challenge to its
treatment. Older treatment options like ampicillin, chloramphenicol and trimethoprim-sulfamethoxazole
have been largely replaced by fluoroquinolones (and third-generation cephalosporins) due to resistance
and severe side-effects (33). Concern has arisen, however, about the effectiveness of fluoroquinolones,
as recent reports indicate increasing resistance and reduced susceptibility in many regions (34). Genetic
mutations in genes such as gyrA, gyrB, parC and parE and plasmid-mediated quinolone resistance
genes contribute to fluoroquinolone resistance in Salmonella Typhi (35,36). The genetic diversity of
Salmonella Typhi strains in various regions influences resistance patterns and can further complicate
empiric treatment (37). Moreover, MDR and extensively DR strains of Salmonella Typhi are increasingly
prevalent worldwide (37). The rise of resistance to newer antibiotics, such as azithromycin, and the
occurrence of extensively DR Salmonella Typhi outbreaks in high prevalence regions like Asia, with
potential regional spread, are additional causes for concern (38). Typhoid fever predominantly affects
impoverished communities with limited access to adequate water, sanitation and hygiene infrastructure
(38). High population density, suboptimal healthcare infrastructure, and widespread antimicrobial use,
coupled with indiscriminate usage and weak stewardship, contribute to the emergence of resistance (38).

Fluoroquinolone-resistant non-typhoidal Salmonella was also moved up in the overall ranking and
is included in the high-priority category. Non-typhoidal Salmonella causes gastroenteritis and is one
of the leading causes of foodborne bacterial diarrhoea globally, unlike typhoid fever which remains
endemic, mostly in low resource settings (39). While distinct from Salmonella Typhi in terms of clinical
presentation and burden of disease, fluoroquinolone-resistant non-typhoidal Salmonella is a major
global concern because of its resistance (40). Fluoroquinolone-resistant non-typhoidal Salmonella
indirectly increases resistance in typhoidal Salmonella by contributing to the prevalence of resistance
genes. Shared genes increase the risk of resistance transfer, compromising the effectiveness of
fluoroquinolone in treating typhoid fever. ABR in non-typhoidal Salmonella results primarily from use of
antibiotics in animal husbandry. Surveillance and prevention and control of infections are vital to limit
the spread of resistance among these related pathogens (41).

4 Defined as direct medical expenditure, non-medical expenditure and income losses that taken all together exceeds 20% of
household income.
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Fluoroquinolone-resistant Shigella spp. are other notable community pathogens that were ranked higher
overall in the BPPL 2024 update, moving from “medium” to “high” priority. Shigellosis is the second
most common cause of diarrhoeal mortality in all age groups and is associated with a high burden of
diarrhoea in all age groups (42). Shigella flexneri and S. sonnei are the two most common spp. that are
responsible for gastrointestinal infections. Both are transmitted mainly through the faecal-oral route,
and both have increasing ABR, including resistance to fluoroquinolones (43,44). S. flexneri is prevalent
in developing countries with inadequate sanitation, causing severe disease, primarily in children, while
S. sonnei is more common in developed countries, affecting older individuals and with milder symptoms
(43). Both spp. include documented MDR strains, including some resistant to fluoroquinolones (42,43).
Numerous studies and reports document a notable rise in outbreaks due to MDR Shigella strains among
Men Who Have Sex with Men, primarily in urban areas and specific community contexts (45,46). These
concerning reports suggest a shift in AMR trends.

MDR N. gonorrhoeae (including fluoroquinolone-resistant and third-generation cephalosporin-resistant
strains) has also remained in the high priority category. N. gonorrhoeae, the causative agent of
gonorrhoea, poses a particular threat because of its high burden, transmissibility, asymptomatic disease
and associated stigmatization and other structural barriers to care (47,48). While N. gonorrhoeae
infection is typically not fatal, its impact on morbidity is substantial, leading to sequelae such as pelvic
inflammatory disease, infertility, chronic pelvic pain and ectopic pregnancies in women, and epididymitis
in men (46). Moreover, increased rates of N. gonorrhoeae are linked to higher risks of acquiring and
transmitting other sexually transmitted infections, including HIV (47,49). As the effectiveness of
previously recommended antibiotics is decreasing, the emergence of MDR strains worldwide poses a
serious challenge to the current recommended combination therapy (50,57).

Also included in the high-risk category is DR Enterococcus faecium, a bacterium commonly inhabiting
the gastrointestinal tract of both humans and animals. Though typically benign as a commensal, it
presents a spectrum of severe opportunistic infections, such as endocarditis, bacteremia, and urinary
tract infections, particularly in immunocompromised or medically vulnerable individuals. Notably,
Enterococcus faecium exhibits a concerning propensity for developing resistance to antibiotics, notably
vancomycin, posing significant challenges within healthcare facilities. Plasmid-mediated VanA and
VanB gene complexes are responsible for conferring high-level vancomycin resistance. The surge in
vancomycin-resistant E. faecium, attributed to the emergence of clonal cluster 17 (CC17) genogroup,
underscores its burgeoning status as a problematic nosocomial pathogen linked with resistant infections
in healthcare settings. Comprehensive understanding of its epidemiology, virulence factors, resistance
mechanisms, and cross-species transmission dynamics is imperative for devising effective management
and infection control strategies against this pathogen (52).

Other priority pathogens

The updated list of antibiotics-pathogen combinations also include three other notable additions:
macrolide-resistant Group A Streptococci, penicillin-resistant Group B Streptococci and macrolide-
resistant Streptococcus pneumoniae. These pathogens are of particular concern as they are associated
with a high burden of disease, especially in vulnerable populations and in LMIC. The emergence of
resistance in these organisms and others on the list poses significant challenges to effective treatment
and control of infections, necessitating ongoing surveillance, research, and targeted interventions. For
example, pneumonia presents a substantial global challenge, resulting in over 3 million deaths each year,
with Streptococcus pneumoniae as a leading cause (53). Vulnerable populations, including children and
the elderly, bear the brunt of this burden. It’s estimated that more than 300,000 children under 5 die
annually due to pneumococcal pneumonia infections, with most of these deaths occurring in developing
countries (54). The emergence of antibiotic resistance, to Streptococcus pneumoniae, complicates
treatment strategies, further heightening the challenge of combating pneumonia’s impact (55,56).
Despite the availability effective vaccines against S pneumoniae for decades, coverage remains variable
regionally and substantial regional disparities exist (e.g., 83% of children in WHO European Region are
covered compared to only 23% in the WHO Western Pacific Region). Globally WHO estimates that 40%
of children under 5 years are not covered (57).
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Limitations

This prioritization study has some limitations due in part to the complexity of antibacterial resistance and
the diverse range of pathogens considered. Data gaps, especially in regions lacking robust surveillance
systems, affected the evaluation of pathogens against mortality, incidence, non-fatal burden, and
resistance trends criteria. For example, for almost all pathogens, fatal burden assessments suffered from
dependence on pooled data from systematic reviews, inherently subjected to publication, ‘geographic’
and language bias (only English publications were considered). Furthermore, updated systematic
reviews were unavailable to inform the assessment for most of the community-acquired pathogens
such as Salmonella Typhi, non-typhoidal Salmonella, Shigella, Group A Streptococci, Streptococcus
pneumoniae, and Neisseria gonorrhoeae, necessitating reliance on mortality estimates from sources
such as the 2017-BPPL data, and the 2019-GBD AMR study. Similar limitations may have impacted
the assessment of AMR trend analysis due to reliance on publicly available surveillance data, mostly
including invasive isolates only and potentially overlooking recent developments or regional variations
in data availability.

The criteria analysis for treatability, preventability, transmissibility, and the pipeline were based
on a qualitative assessment of existing evidence. Despite the ability of the MCDA methodology of
accounting for both qualitative and quantitative data, and the effort made to mitigate those inherent
weaknesses through expert discussion and consultation, some confirmation bias may still have
influenced the assessment of some pathogens against these qualitative criteria. For all pathogens, the
treatability criterion mainly relied on WHO and other published guidelines. For RR-TB, the evaluation
of treatability relied solely on WHO guidelines and did not allow for consideration of alternative
treatments for RR-TB reflected in national treatment guidelines. This narrow focus might have biased
the assessment outcomes by overlooking alternative treatments for RR-TB. The transmissibility
assessment overlooked important nuances in transmission routes, particularly important for
airborne pathogens like M. tuberculosis and for community transmitted pathogens like Shigella and
Salmonella. The assessment of pathogens against the preventability criterion did not include the
feasibility of applying prevention measures, particularly enhanced IPC at the national/local level.
Instead, it focused solely on the presence and efficacy of these measures based on literature data.
Finally, in evaluating pipeline adequacy, consideration of combination therapy, particularly relevant
in treating RR-TB, was not included. Although a correction factor was applied for RR-TB in the MCDA
assessment to address this issue, the absence of similar adjustments for other pathogens requiring
multidrug regimens may have impacted pipeline scoring for these pathogens.
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Implementation and policy considerations

The WHO BPPL is a global tool for identifying priority bacterial pathogens of international concern due
to AMR. It is, however, important to recognize that there are substantial regional and local differences
in the distribution, ecology, and AMR of bacterial pathogens. Regional and local contexts shape the
burden of bacterial infectious diseases and the dynamics of AMR. Burdens of disease specific to resistant
bacterial pathogens can be addressed effectively only by stratifying and tailoring the list to an individual
region. This approach also helps to prevent misinterpretation of the global significance of the list.

Importantly, this updated BPPL is not exhaustive, and, while the update includes several emerging ABR
pathogens, not all pathogens were covered. Non-listing of these pathogens does not diminish their
significance, and some may require prioritization, depending on their regional or national context
and epidemiology. For instance, Mycoplasma genitalium (MG), a sexually transmitted pathogen with
increasing resistance to conventional treatments, is not included in the 2024 BPPL. Of particular
concern is its increasing resistance to macrolides, making combination therapy necessary to manage
infections effectively and to mitigate emergence of further resistance. The challenge is compounded
by limited diagnostic access and capability, which result in syndromic (empiric) patient management in
many settings (58,59).

Additionally, while we considered variations in resistance mechanisms in our analysis, they are not
directly reflected in the final list, although they have significant implications for R&D and prioritization in
public health. For example, there are notable differences in the epidemiology and efficacy of treatment
for various resistance mechanisms among CRE. Metallo--lactamase-producing Enterobacterales
is particularly difficult to treat because of limited treatment options and greater difficulty and cost in
patient management, whereas relatively more effective and affordable treatment options are available
for others, such as extended-spectrum B-lactamases (60,61). Despite these distinctions, all resistance
mechanisms are included under the umbrella of CRE. These warrant attention in future editions of
the List.

Addressing bacterial priority pathogens through innovation and R&D of new drugs

To combat infections that are difficult to treat because of ABR, adequate investment in R&D is crucial, with
a targeted approach to address the most pressing clinical needs, while maintaining a balance between
broad and narrow spectrum novel treatments, as both approaches have value in addressing ABR. For
some pathogens on the list, R&D may be directed towards novel drugs that specifically address the
most challenging mechanisms of resistance. For instance, in the case of CRAB, which is often resistant
because of the production of oxa-type 3-lactamases, R&D should be focused on developing novel small
molecules that target this enzyme, allowing carbapenems to regain their efficacy. Similarly, for CRPA
and CRE, which frequently acquire resistance through metallo-B-lactamases and oxacillinase-type
B-lactamases, respectively, novel drugs that target these resistance mechanisms should be explored.
This is also the case for RR-TB. While novel 6-month regimens represent a substantial advance over
previous treatments for RR-TB, resistance to some of the component drugs is already emerging, and
options for patients not eligible for the new 6-month regimens are very limited (7). It is therefore critical
to develop novel compounds that have mechanisms of action different from those of existing drugs.
Development of new drugs that are effective against RR-TB is, however, difficult, owing to the unique
characteristics of TB. As effective TB management requires long courses of treatment with several
medicines, typically with at least four drugs, development of a novel drug does not automatically result
in a new treatment. Furthermore, in some patients, the long treatment makes emergence of side-effects
and loss to follow-up or imperfect adherence more likely, which can lead to the development of new
resistance during therapy. Patients must be followed up after completion of treatment for 12-18 months
to ensure that any novel regimen does not lead to relapse. The combination of all these factors raises
special challenges in the design of new TB treatments and long, costly randomized controlled trials. In
2023, WHO published target regimen profiles for TB treatment to guide priorities and to describe the
trade-offs when designing new TB treatment regimens (62).



A disease-focused approach (also known as syndromic approach) to R&D could work well for some high-
burden community pathogens like Salmonella, Shigella, and N. gonorrhoeae. Instead of targeting one
resistant strain at a time, this approach focuses on the clinical diseases they cause (such as diarrhea,
urethritis, etc.). By adopting this approach, various strains (including both resistant and wild-type
variants) contributing to a specific syndrome can be targeted simultaneously, rather than focusing solely
on individual bacterial strains. This strategy fosters the development of innovative broad-spectrum
treatments and preventive measures that address broader challenges posed by these pathogens, offering
potential benefits in terms of efficacy and adaptability across different settings. These approaches are
not mutually exclusive and may largely overlap, as a syndromic approach can also address specific
resistance mechanisms.

The financial and technical challenges of antibacterial drug development require a comprehensive
response involving both the public and the private sectors. For example, only US$ 0.9 billion are spent
each year on R&D for new TB diagnostics, drugs and vaccines against TB, which is less than half of the
established global target (74). The situation is even more challenging for other pathogens, as there is
currently a notable lack of global public funding for investments in R&D for new treatments and vaccines.
Although some private funds and public-private partnerships are contributing, their investments are
limited and fall short of addressing the emerging antimicrobial threats posed by priority bacterial
pathogens on the List.

Innovative solutions and robust political commitment are necessary to secure increased, sustained
funding, including “push-and-pull” incentives, well funded public-private partnerships and collaborative
platforms for conducting clinical trials and post-approval monitoring.

Addressing bacterial priority pathogens through public health action

Ensuring equitable global access to both innovative and existing quality-assured antibiotics is crucial for
combatting bacterial infections, including those caused by resistant bacterial pathogens. This requires
a comprehensive approach to both supply- and demand-side barriers to access. Optimizing antibiotic
production, strengthening the global supply chain, ensuring stringent and efficient regulatory pathways,
implementing robust and effective procurement schemes, and establishing efficient and resilient
distribution channels are key considerations. Ensuring patient education and awareness, optimizing
drug portfolios, and translating them into policy and practice are also important. The specific challenges
faced by LMIC should be addressed, including access to antibiotics as part of universal health coverage
and improving health-care systems. Substandard and falsified antibiotics are pervasive in many settings
and are also an impediment to accessing high-quality medicines.

In addition to ensuring equitable access, the development and availability of new antibiotics must be
accompanied by robust stewardship, which is critical to ensuring their appropriate use. Investment
in the development of rapid, accurate diagnostic tools is essential. Building capacity for diagnostics,
including point-of-care tests and antimicrobial susceptibility testing, is essential for targeted therapy
and for curbing unnecessary prescription of antibiotics. Furthermore, decision-makers’ awareness,
commitment and coordination between sectors across the One Health spectrum, are crucial for the
successful stewardship and long-term sustainability of interventions aimed at combating ABR. For
example, ABR in non-typhoidal Salmonella primarily results from antibiotic usage in animal husbandry,
therefore, control of injudicious use of fluroquinolones both in humans and animals is key in directly
mitigating ABR non-typhoidal Salmonella.

The development and availability of new antibiotics will not suffice in controlling ABR. IPC measures and
robust stewardship programmes are necessary to ensure the long-term effectiveness of new antibiotics
and to minimize the emergence and spread of ABR. Strengthening IPC capacity, infrastructure and
governance in both health-care settings and the community is vital. This will require adequate resources,
comprehensive education and training programmes and robust regulatory frameworks to support and
enforce IPC practices.

Implementation and policy considerations
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For some of the priority bacterial pathogens, vaccines can be important in reducing the burden of ABR
infections, thereby alleviating pressure on antibiotics and contributing to mitigation of AMR. Vaccines
would be important against M. tuberculosis, Salmonella Typhi (e.g. typhoid conjugate vaccines),
Streptococcus pneumoniae (e.g. pneumococcal conjugate vaccines) and Shigella (e.g. Shigella vaccine
candidates in development) (63). Coverage and uptake of existing vaccines needs to be supported
by global policies and interventions to improve access and affordability, particularly in low-resource
settings where the burden of infectious diseases is highest. Research goals include reducing the
manufacturing costs for vaccines, facilitation of local production, improving serotype coverage based
on local epidemiology, and developing new methods for protein conjugation and vaccine manufacturing.

For nosocomial pathogens like CRE, CRAB, and CRPA, the current landscape presents significant
hurdles for vaccine development, rendering it an impractical investment. Instead, directing resources
towards research and development of antibiotics featuring novel mechanisms of action, optimizing their
usage, and implementing hospital-based infection prevention and control (IPC) strategies appears to be
a more feasible and essential approach (2).

Surveillance is essential for addressing ABR, e.g. to shape research priorities, inform antimicrobial
stewardship and guide policy decisions through comprehensive, timely systems. Despite recent progress,
there are still significant gaps in data on global pathogen trends, disease burden, clinical surveillance
and antibiotic consumption. To address these gaps, investments should be made in strengthening
surveillance infrastructure, improving data collection and analysis and promoting collaboration between
national and international agencies. The WHO BPPL has been important in guiding global surveillance
by focusing work on the most critical threats. By leveraging surveillance systems, including those in the
WHO GLASS, emerging resistance patterns can be identified, and the effectiveness of interventions
evaluated (8). Sharing surveillance data and using harmonized protocols will enhance global work to
combat ABR. Collaboration between initiatives such as WHO GLASS, the WHO Global Gonococcal
Antimicrobial Surveillance Programme and the WHO Global Project on TB drug resistance surveillance
should result in knowledge-sharing to inform R&D and develop effective strategies.

Research should be conducted to understand the relations between climate change and AMR in
priority bacterial pathogens. The evolving ecological dynamics of climate variations can significantly
affect the prevalence and the resistance mechanisms of these pathogens (64). Investment in research
on this intersection will not only increase comprehension of the environmental drivers of bacterial
infections and AMR but also contribute to the development of targeted strategies to mitigate
the consequences.

In defining the attributes of pathogens, the 2024 WHO BPPL prioritization process considered the
principles of One Health, which recognizes the interconnectedness of human, animal and environmental
health. Transmissibility across the One Health spectrum was one of the criteria used to assess pathogens
with the potential for outbreaks or transmission of resistance among these sectors (see “transmissibility
criterion” in Annex 3). Integration of the BPPL into One Health AMR policy frameworks could provide
guidance for surveillance, research and interventions by facilitating a holistic One Health approach to
mitigate the threat of ABR. More basic research is necessary to enhance understanding of the dynamics
of transmission across the One Health spectrum (65), particularly in view of the limited funding and
gaps in evidence for qualitative criteria such as preventability and transmissibility across various One
Health compartments.
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The pathogens for the 2024 update were selected in two stages

First, we conducted a review of published studies and priority pathogens lists related to AMR. We
then used the GRAM study (1) and other relevant literature as a framework for selecting the antibiotic-
bacteria combinations to be included.

Consensus among the experts in the WHO BPPL advisory group on a preliminary list of pathogens to be
prioritized was achieved with a modified Delphi approach involving an electronic survey administered via
Redcap®© software after two rounds of discussion and evidence evaluation.

The overall structure of criteria, definitions and levels used in the 2017 exercise were maintained (Fig.
A1.1). Two criteria were omitted; the other eight were used directly or slightly modified to better capture
the public health importance of a pathogen.

Assignment of criteria weights: The pathogens were assessed and rated against the criteria with evidence
from the literature. 1000minds® software was used for a blinded global survey (hereafter referred to
as the “global survey”) among a representative sample of experts to determine the weight of each
criterion, in which the Potentially All Pairwise Rankings of all possible Alternatives (PAPRIKA) method
for MCDA. The question in the 2017 global survey to elicit preference (i.e. to determine criteria weights)
was modified to include the public health aspect for informing the R&D agenda. RR-TB was not included
in the assumptions used for weighting criteria in the PAPRIKA survey. Fig. A1.2 shows a sample survey
question.

Ranking of pathogens: Once the preference values (criteria weights) were established, the 1000minds®
software computed the final score or ranking of each pathogen. A sensitivity analysis was performed to
ensure the stability of the ranks. Finally, the ranked pathogens were grouped into three tiers of priority
for R&D: critical, high and medium.

To streamline the presentation of findings and align with R&D objectives, bacteria with multiple resistance
patterns in the same spp. or order were consolidated into the highest rank (see Fig. A1.3). For instance,
if various carbapenem-resistant Enterobacterales were ranked third, fifth and sixth, they were grouped
and ranked as third.

The priority pathogen list was then divided into three tiers according to the ranking of each pathogen.
Those that were scored above the 75" percentile was classified as critical, those that fell between the
75% and 25™ percentiles as high and those below the 25™ percentile as medium.

The final grouping of pathogens and the interpretation of results were decided in consultation with the
WHO BPPL Advisory Group and relevant WHO programmes.

WHO Bacterial Priority Pathogens List, 2024
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Fig. A1.1. WHO BPPL assessment criteria in 2017 and in 2024
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The PAPRIKA method (Potentially All Pairwise RanKings of all possible Alternatives) was utilized to systematically assign weights to

the criteria

Annex 1. Methods used to update the WHO bacterial priority pathogens list
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Fig. A1.2. Sample from the global PAPRIKA survey questions

Which one of the following antibiotic-resistant bacteria should
be prioritized for the R&D of new antibiotics?

Note that the two options presented are two hypothetical antibiotic-resistant bacteria
defined by two criteria at the time. The scope of the exercise is to understand the relative importance
that you attribute to those criteria for the Research and Development (R&D)
of new antibiotics based on a pubic health perspective.

Mortality Mortality
Medium Case Fatality Ratio (11-20%) High Case Fatality Ratio (>30%)
Pipeline Pipeline
New antibiotics are possible included in the New antibiotics are likely to be included in
clinical pipeline the clinical pipeline
This one This one
They are equal

Which one of the following antibiotic-resistant bacteria should
be prioritized for the R&D of new antibiotics?

Note that the two options presented are two hypothetical antibiotic-resistant bacteria
defined by two criteria at the time. The scope of the exercise is to understand the relative importance
that you attribute to those criteria for the Research and Development (R&D)
of new antibiotics based on a pubic health perspective.

Mortality Mortality

Low Case Fatality Ratio (<5%) Medium Case Fatality Ratio (11-20%)

Trend of resistance Trend of resistance

Significant increase in 1 WHO region Significant decrease in 1 WHO region (stable

in the other regions)

This one This one

They are equal

PAPRIKA: Potentially All Pairwise RanKings of all possible Alternatives
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Fig. A1.3. Pathogen-antibiotic combinations: streamlining according to family and order of bacteria
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Escherichia coli, carbapenem-resistant

Klebsiella pneumoniae, third-generation cephalosporin-resistant

Salmonella Typhi, fluoroquinolone-resistant

Shigella species, fluoroquinolone-resistant
Enterococcus faecium, vancomycin-resistant
Pseudomonas aeruginosa, carbapenem-resistant
Non-typhoidal Salmonella, fluoroquinolone-resistant

Enterobacter species, carbapenem-resistant

Staphylococcus aureus, methicillin-resistant

Enterobacter species, third-generation cephalosporin-resistant
Citrobacter species, third-generation cephalosporin-resistant
Proteus species, third-generation cephalosporin-resistant

Serratia species, third-generation cephalosporin-resistant

Group A Streptococci, macrolide-resistant

Streptococcus pneumoniae, macrolide-resistant
Haemophilus influenzae, ampicillin-resistant

Morganella species, third-generation cephalosporin-resistant

Group B Streptococci, penicillin-resistant

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant; Pen-R,
penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant ; Ampi-R, ampicillin-resistant

Annex 1. Methods used to update the WHO bacterial priority pathogens list
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A2.1. Quantitative criteria

A2.1.1 Mortality

Definition: Case fatality ratio (CFR), expressed as the pooled prevalence of all-cause mortality (expressed
in percentages) in patients with infections due to the targeted resistant pathogen

Data sources: Systematic review of the literature, pooled data from the 2017 BPPL analysis and the
GBD-AMR study in 2019 (data provided by the Global Research on Antimicrobial Resistance (GRAM)
Project (7). For RR-TB: one systematic review of 49 studies

Methods: A review was conducted of systematic reviews and meta-analyses published between
January 2017 and December 2022 with data on 30-day and in-hospital mortality rates. The search was
conducted in the MEDLINE database and was restricted to studies in English. If no data were retrieved
for the selected timeframe, data from the 2017 WHO-BPPL study were used to categorize pathogens.
To refine the categorization, incidence rates of severe and of non-severe infections from the 2019 GBD
study were assessed to capture the potential severity of disease attributable to the AMR pathogen.

For RR-TB: Alemu A et al. (2) estimated the proportion, incidence and predictors of mortality in patients
with DR-TB. The proportion was calculated by dividing the number of deaths by the total sample size.
The incidence rate is expressed per 10 000 person days.

Results. The 92 systematic reviews retrieved in the search contained a mean of 20 studies each and a
median of 1120 cases per resistant phenotype. No updated systematic reviews were found of studies
on Salmonella Typhi, non-typhoidal Salmonella, Shigella, Group A Streptococci, Streptococcus
pneumoniae or Neisseria gonorrhoeae. For those pathogens, the CFR was taken from the BPPL-2017
and from the 2019-GBD AMR study (3).

Data synthesis into levels. Five levels were defined for rating resistant pathogens:
- Low (< 5%);

. Low-medium (5-10%);

- Medium (11-20%),

- medium-high (21-30%); and

 High (> 30%).

Table A2.1 lists resistant pathogens by level.

Table A2.1. Resistant pathogens by level of resistance

Low-medium Medium Medium-high

(5-10%) (11-20%) (21-30%)
FQR nontyphoidal FQR Shigella spp. 3GCRE. coli CR E. coli CR K. pneumoniae
Salmonella
FQR N. gonorrhoeae 3GCR Morganella spp. ~ FQR Salmonella Typhi 3GCR K. pneumoniae CR A. baumannii

3GCR N. gonorrhoeae Pen-R Group B 3GCR Enterobacter VR E. faecium CR P. aeruginosa
Streptococci spp.
Macro-R Group A 3GCR Citrobacter spp. MR S. aureus CR Enterobacter spp.

Streptococci

3GCR Proteus spp.
3GCR Serratia spp.

Macro-R
S. pneumoniae

Ampi-R H. influenzae

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant; CR, carbapenem-resistant; Pen-R, penicillin-
resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant; Ampi-R H.influenzae, ampicillin-resistant

Annex 2. Criteria used in assessing antibiotic-resistant bacterial pathogens for the WHO Bacterial Priority Pathogens List, 2024
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A2.1.2 Incidence

Definition: Global incidence of cases per 1 million population (all ages, all sexes) associated with
resistance

Sources: 2019 GBD-AMR study (data provided by the GRAM project) (2)
For RR-TB, data from the WHO Global TB Report 2022 (3)

Methods and summary of data: Estimates of the numbers of cases were modelled for the pathogens
and infectious syndromes of interest from 19.7 million isolates.

Data synthesis into levels: Five levels were defined for rating resistant pathogens:

30

« Low (< 100 cases per 1 million population)

+ Low-medium (100-1000 cases per 1 million population)

« Medium (1001-5000 cases per 1 million population),

« Medium-high (5001-10 000 cases per 1 million population)

- High (> 10 000 cases per 1million population)

Table A2.2 lists the resistant pathogens by level.

Table A2.2. Resistant pathogens by number of cases per million population

3GCR Morganella spp.

Pen-R Group B
Streptococci

RR-TB

Low-medium
(100-1000 cases)

FQR Salmonella Typhi

VR E. faecium

CR Enterobacter spp.

3GCR Citrobacter spp.

3GCR Proteus spp.

3GCR Serratia spp.

3GCR N. gonorrhoeae

Ampi-R H. influenzae

Medium
(1001-5000 cases)

CR K. pneumoniae

CR A. baumannii

CR P. aeruginosa

3GCR Enterobacter
spp.

Medium-high
(5001-10 000)

CR E. coli

3GCR K. pneumoniae

FQR Shigella spp.

Macro-R
S. pneumoniae

3GCR E. coli

FQR nontyphoidal
Salmonella

FQR N. gonorrhoeae
MR S. aureus

Macro-R Group A
Streptococci

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;
Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant; Ampi-R, ampicillin-resistant; RR-TB rifampicin-

resistant tuberculosis
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A2.1.3 Non-fatal health burden

Definition: Years lived with disability (YLD) per million inhabitants of all ages and all sexes due to
infection by each resistant pathogen.

Source: 2019 GBD-AMR study (2)
For RR-TB: Menzies et al. (2023) (4,5)

Methods and summary of data: Prevalence of non-fatal resistance to each drug, resistance profile and
relative length of hospital stay for each pathogen-drug combination were used to calculate the fraction
of YLD attributable to resistance of each pathogen. For N. gonorrhoeae, the estimate was based on the
excess duration of illness for a given antibiotic class.

Data synthesis into levels: Five levels were defined for rating resistant pathogens:

« Low (< 0.1 YLD per 1 million population)

» Low-medium (0.11-0.5 YLD per 1 million population)
« Medium (0.51-1 YLD per 1 million population)

» Medium-high (1.1-1.5 YLD per 1 million population)

- High (> 1.5 YLD per 1 million population)

Table A2.3 lists the resistant pathogens rated into levels.

Table A2.3. Resistant pathogens by YLD per 1 million population

Low-medium Medium Medium-high
(0.11-0.5 YLD) (0.51-1 YLD) (1.1-1.5YLD)

Citrobacter spp. VR E. faecium CR K. pneumoniae CR E. coli 3GCR E. coli

3GCR Serratia spp. CR Enterobacter spp. CR A. baumannii FQR Shigella spp. MR'S. aureus

3GCR N. gonorrhoeae  3GCR Enterobacter 3GCR K. pneumoniae FQR nontyphoidal Macro-R S.
spp. Salmonella pneumoniae

3GCR Morganella spp.  3GCR Proteus spp. FQR Salmonella Typhi RR-TB

Pen-R Group B Ampi-R H. influenzae CR P. aeruginosa

Streptococci

FQR N. gonorrhoeae
Macro-R Group A
Streptococci

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;
Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R macrolide resistant; Ampi-R, ampicillin-resistant; RR-TB rifampicin-
resistant tuberculosis

Annex 2. Criteria used in assessing antibiotic-resistant bacterial pathogens for the WHO Bacterial Priority Pathogens List, 2024
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A2.1.4 10-year trend of resistance

Definition: 10-year trend of resistance rate, defined as the percentage of resistant isolates among the
selected pathogens out of the total number of isolates tested.

For RR-TB: World Health Organization (WHO) TB drug resistance surveillances data.

Sources and data: Publicly available data on resistance from surveillance systems, repositories and
websites from international stakeholders (updated search of the 2017 BPPL). A total of 23 surveillance
systems were identified in the search. A total of 19 333 703 isolates were obtained from 137 countries:
25 (19%) countries in the WHO African Region; 22 (16%) in the Region of the Americas; 10 (7%) countries
in the South-East Asia Region; 43 (31%) countries in the European Region; 19 (14%) countries in the
Eastern Mediterranean Region; and 18 (13%) countries in the Western Pacific Region.

Data for RR-TB were provided by the WHO Global TB Program (MDR- and RR-TB, 2010-2022)

Methods, data summary: A comprehensive web-based review was conducted of publicly available
annual reports from national and international surveillance systems on the prevalence of resistance
(number of resistant isolates/tested isolates) between January 2017 and November 2022, with no
language restrictions. Only clinically significant samples were considered (blood, cerebrospinal fluid,
stools, swabs) according to the targeted pathogen, and resistance data were extracted in accordance
with the validated breakpoint guidelines adopted by each surveillance system (European Committee
on Antimicrobial Susceptibility Testing, Clinical and Laboratory Standards Institute). The trend was
calculated for 10 years by setting time (years) as a covariate and the percentage of resistant isolates as
the outcome. Computation was performed, when possible, with Bayesian multilevel models and, if this
choice was not available, by meta-analytical pooling of prevalence data followed by weighted logistic
regression. Only countries that provided at least three-time point prevalence in the past 10 years were
included in the trend analysis. Pooled prevalence was expressed as a percentage of resistance, with a
95% confidence interval for each WHO region that provided data. The prevalence trend was assessed
by linear regression, and the annual change was quantified from the beta coefficient of the regression
line. Both positive and negative coefficients with a P value < 0.05 were considered to be statistically
significant. A stable trend corresponded to P values > 0.10.

Data synthesis into levels: Five levels were defined to rate resistant pathogens:

- Level 1: significantly decreasing trend in at least one WHO region, with no increase in any of the other
regions

. Level 2: stable trend in all WHO regions

- Level 3: increasing trend in one WHO region

- Level 4: increasing trend in two WHO regions

- Level 5: increasing trend in three or more WHO regions (or in most regions with data)

Table A2.4 lists the resistant pathogens according to trend in resistance.
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Table A2.4. Resistant pathogens by trend in resistance

CR P. aeruginosa

MR S. aureus

3GCR N. gonorrhoeae

Level 2: stable trend Level 3: increasing

in all WHO regions

3GCR Enterobacter
spp.

3GCR Citrobacter spp.

3GCR Proteus spp.

trend in one WHO
region

CR A. baumannii

CR E. coli

3GCR K. pneumoniae

Level 4: increasing
trend in two WHO
regions

CR Enterobacter spp.

FQR N. gonorrhoeae

Macro-R Group A

CR K. pneumoniae

3GCR E. coli

FQR Salmonella Typhi

Streptococci

Pen-R Group B

Streptococci
3GCR Serratia spp. VR E. faecium FQR Shigella spp.
Macro-R'S. RR-TB FQR nontyphoidal
pneumoniae Salmonella

Ampi-R H. influenzae
3GCR Morganella spp.
FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;

Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant; Ampi-R, ampicillin-resistant; RR-TB rifampicin-
resistant tuberculosis

A2.2. Qualitative criteria

A2.2.1 Transmissibility

Definition: Composite criterion for transmission of a targeted resistant pathogen among compartmentsin
two domains: (i) human-to-human transmission expressed as outbreak capability in health-care
or community settings; and (ii) transmission between humans and animals, food or environment
compartments. Both likely transmission (detection of the same pathogen in humans and the
compartments) and proven transmission (transmission confirmed by detection of the same resistance
pattern or mechanism among humans and the compartments identified by molecular or genetic analysis)
were considered.

Sources: Studies and reports of outbreaks in community or hospital setting and transmission between
humans and compartments.

Methods and data summary: For the first criterion domain, a systematic review was conducted of
studies that reported data on outbreaks by searching MEDLINE and OvidSP and consulting freely
accessible repositories of outbreak data (Epidemiology Network, ECRAID-Base EpiNET https://epi-net.

eu/, Charite Outbreak Database https://www.outbreak-database.com/Contact.aspx and WHO Disease
Outbreak News https://www.who.int/emergencies/disease-outbreak-news).

For the second criterion domain, a narrative review was conducted of published studies on transmission
of the target resistant pathogen between human and one (or more) of the animal, food, environment
compartments in the MEDLINE and OvidSP databases and the Google engine. The search was restricted
to studies published in English between January 2017 and March 2022.
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Results: For the first criterion, 533 of 5744 reports of outbreaks, accounting for 29 407 cases, were
included. For the second criterion domain, 104 of 1246 studies were included.

For RR-TB, for the first criterion domain, 20 reports of outbreaks were identified, accounting for
1014 cases (patients and/or isolates), were included. For the second criterion domain, 8 articles on
transmission of drug resistant M. bovis were included.

Data synthesis into levels: Evidence retrieved for the two criteria was summarized qualitatively for each
targeted resistant pathogen on two three-degree scales:

The outbreak capability score (OC) was used to summarize the number of outbreak reports retrieved
from the literature, the number of WHO regions involved and the setting (hospital or community).

The transmission pathways score (TP) was used to summarize the number of compartments involved in
transmission (animal, food, environment) and the transmission modality (proven or likely transmission).

Table A2.5 summarizes the data.

Table A2.5. Summary of data for the outbreak capability and transmission pathways scores

Domain 1: Outbreak capability score (OC) Domain 2: Transmission pathways score (TP)
Poorly documented Low
— Outbreaks reported in < 5 reports and < 3 WHO No transmission reported between human and other
regions, in community and/or hospital setting. compartments
Moderately documented Moderate
— Outbreaks reported in 6-24 reports and in = 3 WHO Proven transmission by molecular or genetic analysis of same
regions, in community and/or hospital setting. resistance profile between human and another compartment.
— Outbreaks reported in < 25 reports and in = 4 WHO Likely transmission (detection of same pathogen) between
regions in only one setting (community or hospital) human and one or two compartments.
— Outbreaks reported in = 25 reports and in = 3 WHO High
regions, in hospitals and/or communities. Proven transmission - molecular or genetic analysis of
Well documented same resistance profile - between human and at least two
— Outbreaks reported in < 25 reports and in > 4 WHO compartments.
regions in both communities and hospitals. Likely transmission (detection of same pathogen) between
— Outbreaks reported in > 25 reports and in > 4 WHO human and all other compartments.

regions in hospitals and/or communities.

The two scores were used to define five transmission levels of resistant pathogens (Table A2.6):

. low,

- low-medium,
+ medium,

- medium-high,
- high
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Table A2.6. Transmission levels of resistant pathogens

Definition of level

Poorly documented OC and low TP

Poorly documented OC and moderate TP

or

Moderately documented OC and low TP

Poorly documented OC and high TP

or

Well documented OC and low TP

or

Moderately documented OC and moderate TP

Well documented OC and moderate TP

or

Moderately documented OC and high TP

Well documented OC and high TP

Level of transmissibility

Low

Low-medium

Medium

Medium-high

High

Table A2.7 lists the resistant pathogens according to level of transmissibility.

Table A2.7. Resistant pathogens according to level of transmissibility

Pen-R Group B
Streptococci

Low-medium

CR Enterobacter spp.

3GCR Proteus spp.

Macro-R Group A
Streptococci

Macro-R S.
pneumoniae

Ampi-R H. influenzae

3GCR Morganella spp.

Medium

CR P. aeruginosa

FQR N. gonorrhoeae

3GCR Enterobacter
spp.

3GCR Citrobacter spp.

3GCR Serratia spp.

3GCR N. gonorrhoeae

RR-TB

Medium-high

CR K. pneumoniae

CR A. baumannii

CR E.coli

FQR Salmonella Typhi

3GCR E. coli

3GCR K. pneumoniae

FQR Shigella spp.
VR E. faecium
FQR nontyphoidal

Salmonella

MR'S. aureus

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;
Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant, ; Ampi-R, ampicillin-resistant; RR-TB
rifampicin-resistant tuberculosis
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A2.2.2 Preventability

Definition: The existence and efficacy of preventive measures for containing the transmission of
targeted resistant pathogens and for reducing the burden of the infection or colonization. This criterion
has two components: (i) strategies to reduce person-to-person transmission, which include standard
IPC measures (hand hygiene, personal protective equipment, cleaning, disinfection) and enhanced
IPC measures (transmission-based precaution, cohort formation, isolation, screening, environmental
sampling, barrier precautions); and (ii) strategies to reduce the burden of the disease (decolonization
and/or chemoprophylaxis; public health interventions in communities).

Note: Mode (route) of transmission was not considered in the definition.

Sources: Studies in which any preventive measure was applied in health care or communities to prevent
colonization (if applicable) and infection due to the selected pathogen.

Methods and data summary: National and international guidelines on IPC measures in health-care
and community settings were reviewed, and a narrative review was conducted of relevant published
studies (not mentioned in the guidelines) of any preventive measure applied in health-care or community
settings to prevent colonization (if applicable) and infection caused by the selected resistant pathogen(s).
Searches were conducted in PubMed and the Cochrane Library and in the websites of stakeholders,
such as WHO, the European Society of Clinical Microbiology and Infectious Diseases, the European
Centre for Disease Prevention and Control, the US Centers for Disease Control and Prevention, Shea
Foundation, the International Union Against Sexually Transmitted Diseases and the Infectious Diseases
Society of America. Records published between January 2017 and March 2022 in English were included
in the search.

Results: 55 guidelines and 49 individual studies were included.

For RR-TB, this criterion was determined qualitatively, relying on available and/or expert guidance from
the WHO RR-TB team.

Scoring and data synthesis into levels (Table A2.8): The evidence was summarized according to the
availability of the following three domains of preventability:

i. standard versus enhanced IPC measures,
ii. decolonization and/or chemoprophylaxis (pre-exposure and post-exposure prophylaxis), and

iii. public health interventions in the community (vaccinations, education programmes, water sanitation,
food safety).

Numerical scale:
0 points for no recommendation or inexistent or ineffective measures.
1 point for recommended, partially effective measures; and

2 points for sufficient or effective measures.
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Table A2.8. Definitions of levels of preventability

Standard IPC:
Effective and sufficient
2 points

Enhanced IPC:
Recommended and effective
1 point

Enhanced IPC
Not universally recommended because
of limited efficacy

Decolonization or chemoprophylaxis
Existing and effective
2 points

Decolonization or chemoprophylaxis
Existing and partly effective or
restricted to high-risk population
1 point

Decolonization or chemoprophylaxis
Not existing or ineffective
0 point

Public health interventions
in communities
Existing and effective or unnecessary
2 points

Public health interventions
in communities
Existing and partly effective
1 point

Public health interventions
in communities
Inexistent or ineffective

or feasibility 0 point
0 point
The outputs were used to define five preventability levels:
- High (> 5 points),
-+ High-medium (5 points),
- Medium (4 points),
- Medium-low (3 points), and
- Low (< 3 points).
Table A2.9 lists the resistant pathogens rated according to level.
Table A2.9. Resistant pathogens rated according to preventability level
High-medium Medium Medium-low
Ampi-R H. influenzae Macro-R S. FQR Salmonella Typhi CR K. pneumoniae 3GCR E. coli
pneumoniae

Pen-R Group B

Streptococci

MR'S. aureus

Macro-R Group A CR E. coli

Streptococci

CR A. baumannii

3GCR K. pneumoniae

VR E. faecium

FQR Shigella spp.

CR P. aeruginosa

CR Enterobacter spp.
FQR N. gonorrhoeae

3GCR N. gonorrhoeae

FQR nontyphoidal
Salmonella

3GCR Enterobacter
spp.

3GCR Citrobacter spp.
3GCR Proteus spp.
3GCR Serratia spp.
3GCR Morganella spp.

RR-TB

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;
Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant; Ampi-R, ampicillin-resistant; RR-TB rifampicin-

resistant tuberculosis
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A2.2.3 Treatability

Definition: Number and quality of antibiotic options available for treatment of infection by the targeted
resistant pathogen. The evaluation comprises: the number of molecule(s) available in guidelines, their
efficacy (first or lower lines of treatment or last resort), safety profile, availability of oral or outpatient
formulation, availability of paediatric formulation, concomitant resistance with other molecules and
costs.

Sources:

- a review of national and international guidelines or guidance on available treatment options for the
selected resistant pathogen;

- a narrative review of published literature, focusing on systematic reviews and randomized control
trials of the efficacy of antibiotic option(s) that are not included in guidelines for the selected resistant
pathogen; and

- anarrative review of surveillance systems and programmes and published literature on the prevalence
of concomitant resistance rates to selected antibiotic molecules for the targeted resistant pathogen.

Methods and data summary: MEDLINE and OvidSP databases, clinicaltrial.gov, Cochrane Library,
Centre for Reviews and Dissemination and websites of international stakeholders (the European Society
of Clinical Microbiology and Infectious Diseases, the European Centre for Disease Prevention and
Control, the International Union Against Sexually Transmitted Diseases and the Infectious Diseases
Society of America) were explored. The search covered records published between January 2017 and
March 2022 in English.

A total of 36 guidelines or guidance and 31 articles on the efficacy of antibiotic option(s) not included in
the guidelines were retrieved, and 108 records were retrieved for evaluation of the co-resistance rates
of specific antibiotic molecules.

For RR-TB: 2022 WHO guidelines on TB treatment were used (6).

Scoring and data synthesis into levels: Data were synthesized by numerical scoring for the following
domains (Table A2.10):

- number of first-line option(s) recommended (if 1 option: 2 points, if > 2 options: + 2 points for each
option);
- concomitant resistance rates reported (> 20%: 1 point for each option, < 20%: O points);

- availability of alternative option(s) for the most typical infectious syndrome (if not available: O point;
if available: 1 point);

- availability of oral and outpatient parenteral antimicrobial therapy options (if not available: O points,
if available: 1 point);

- possibility of treatment for paediatric patients (if not available: O points, if available: 1 point); and

- accessibility® (if high cost: - 1, if low cost: O points). High-cost antibiotics were defined as antimicrobial
agents characterized by scarcity, shortages, and newly introduced formulations entering the market
since 2017. Low-cost antibiotics refer to generic antimicrobial medications that do not fulfil the
aforementioned criteria).

5 High-cost antibiotics were defined as antibiotic agents characterized by scarcity, shortages, and newly introduced formulations
entering the market since 2017. Low-cost antibiotics refer to generic antimicrobial medications that do not fulfil the aforementioned
criteria
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Table A2.10. Rating of resistant pathogens according to treatability

No. of first-line option(s)
recommended by guidelines

Points
Concomitant resistance reported
Points

Availability of alternative option(s) for
the most typical infectious syndrome

Points

Availability of oral option(s)
Points

Availability of OPAT option(s)
Points

Available option(s) approved or tested
for paediatric population

Points
Accessibility (cost)

Points

2
>20%
-1 for each option

No option available or
option(s) available but
with poor toxicity profile
and/or recommended
only in combination

-1
Not available
(]
Not available

0

Not available

0
High cost

-1

22

+ 2 for each option
<20%
o

Option(s) available with
acceptable toxicity profile
and recommended in
monotherapy but co-
resistance > 20%

(o}
Available
1
Available

1

Available

1
Low cost

0

At least one alternative
available with acceptable
toxicity profile and
recommended also in
monotherapy and co-
resistance < 20%

1

Five levels of treatability were defined for rating resistant pathogens (Table A2.11):

High (> 12 points),
High-medium (10-11 points),
Medium (8-9 points),
Medium-low (6-7 points)
Low (< 5 points).
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Table A2.11. Pathogens rated according to level of treatability

MR S. aureus FQR Shigella spp. 3GCRE. coli CR K. pneumoniae CR A. baumannii
Macro-R Group A FQR nontyphoidal 3GCR K. pneumoniae Carbapenem-R E. coli ~ RR-TB
Streptococci Salmonella
Macro-R S. Ampi-R H. influenzae VR E. faecium FQR Salmonella Typhi
pneumoniae
Pen-R Group B FQR N. gonorrhoeae CR P. geruginosa
Streptococci
3GCR Enterobacter CR Enterobacter spp.
spp.

3GCR Citrobacter spp.  3GCR N. gonorrhoeae
3GCR Proteus spp.
3GCR Serratia spp.
3GCR Morganella spp.
FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;

Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant ; Ampi-R, ampicillin-resistant; RR-TB rifampicin-
resistant tuberculosis

A2.2.4 Pipeline

Definition: The extent to which the antibacterial pipeline (between now and 5-7 years) will address
clinical requirements for treatment of each targeted resistant pathogen.

Sources: Available information on antibiotics in the pipeline (in clinical development and pre-clinical
projects): clinical trial registries; commercial sources (presentations, partner meetings, company
websites, selected patents, press releases, other non-confidential material and information); scientific
publications, abstracts, grant submissions, conference submissions; stakeholders and WHO expert and
advisory group discussions (non-public data and information); complementary literature reviews; survey
(broader outreach of stakeholders, e.g. Beam Alliance, International Federation of Pharmaceutical
Manufacturers & Associations); and consultations for information on pipelines in China, Japan and the
Russian Federation.

Scoring and data synthesis into levels. Data were synthesized by scoring the:

- number of newly approved antibiotics and candidates against a priority pathogen:
— phase 1 (1 point/candidate);
— phase 2 (2 points/candidate);
— phase 3 (3 points/candidate);
— one or more candidates with ongoing market authorization application and/or new drug application: 4 points/candidate.
— newly approved (July 2017-2022): 5 points/candidate;

- number of candidates that meet WHO innovation criteria: new chemical class, new target, new mode of action, no
evidence of cross-resistance: (score scale: 0.5-2 additional points/candidate, criterion or phase);

- number of candidates that do not meet any of the WHO innovation criteria (no evidence of cross-resistance, new
chemical class, new mode of action) e.g. modified class: -0.5-2 (subtracted points/candidates/ per phase);

- availability of oral formulation: (0.5-3 additional points/candidate per phase).
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Note: For RR-TB, some scoring criteria were adapted to address unique clinical needs, as follows: Points
per candidate in this context were divided by a factor of two to account for the fact that RR-TB regimens
are combinations of several effective drugs (at least four). Additionally, no points were added for oral
formulations, as the recommended TB treatment options are already all oral, offering no added value
over existing options.

Three levels were defined for rating resistant pathogens (Table A2.12):

- Likely (> 47 points),
- Possible (34-47 points) and
+ Unlikely (< 34 points).

Table A2.12. Resistant pathogens rated according to likelihood of potential future
treatment availability

3GCR Enterobacter spp. 3GCR E. coli CR K. pneumoniae
3GCR Proteus spp. CR E. coli CR A. baumannii
3GCR Serratia spp. 3GCR K. pneumoniae FQR Salmonella Typhi
Macro-R S. pneumoniae FQR nontyphoidal Salmonella FQR Shigella spp.
3GCR Morganella spp. CR Enterobacter spp. VR E. faecium
3GCR Citrobacter spp. CR P. aeruginosa
Macro-R Group A Streptococci FQR N. gonorrhoeae
Pen-R Group B Streptococci MR S. aureus

3GCR N. gonorrhoeae
Ampi-R H. influenzae
RR-TB

FQR, fluoroquinolone-resistant; 3GCR, third-generation cephalosporin-resistant Enterobacterales; CR, carbapenem-resistant;
Pen-R, penicillin-resistant; VR, vancomycin-resistant; Macro-R, macrolide; Ampi-R, ampicillin-resistant; RR-TB rifampicin-resistant
tuberculosis
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Annex 3. MCDA scoring matrix: assessment of pathogens on the WHO Bacterial Priority Pathogens List, 2024 update, against predefined, weighted criteria
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Background

TB remains one of the world’s deadliest infections and is a major cause of ill health and suffering for
millions (7). Until the COVID-19 pandemic, TB was the first cause of death due to a single infectious
agent. This situation is reversing again as the number of COVID-19-related deaths decreases. TB is also
a leading cause of death due to AMR and among people with HIV (7).

Drug resistance is an enduring challenge to ending the global TB epidemic. Not only is it associated
with increased morbidity and mortality (1), but traditional treatment regimens used to treat DR-TB are
often more expensive and toxic than treatments for DS-TB. Consequently, DR-TB poses a considerable
burden on patients and health systems (2). Resistance to either of the most effective first-line antibiotics,
rifampicin and isoniazid, is associated with poorer treatment outcomes. Resistance only to isoniazid
is the most prevalent, affecting 7.4% (95% CI 6.5 ; 8.5%) of newly treated and 11.4% (95% Cl 9.4 ;
13.4%) of previously treated TB patients (3), while resistance to rifampicin, a radical change in the
treatment strategy, affects 3.6% (95% Ul 2.7 ; 4.4%) of newly and 18.0% (95% Ul 11.0 ; 26.0%) of re-
treated patients (7). MDR-TB is a form of RR-TB that includes isoniazid resistance. Treatment of RR-TB
involves more complex, expensive regimens than treatment of DS-TB, and the duration of
treatment is frequently longer, often involving multiple drugs with potential adverse effects.
Addressing RR-TB requires a comprehensive approach, including improved diagnostics, access
to effective drugs, infection control measures, patient support and surveillance systems.
A focus on RR-TB therefore contributes to global efforts to combat TB and reduce the burden of DR
strains on individuals and communities.

The WHO End TB Strategy, launched in 2015, provides a comprehensive framework for reducing the
incidence, mortality rate and economic impact of TB, including DR-TB, by 2030 (7,4); however, progress
has been slower than projected (5), and the milestones set for 2020 had not yet been achieved by 2021
(1). This can be explained in part by the COVID-19 pandemic, which has had a devastating impact on
the provision of services for TB detection, treatment and care in many countries (1,6). For the first time
in decades, the global incidence of and mortality attributable to TB - including RR-TB disease - are
estimated to have increased during the COVID-19 pandemic, reversing years of decline (7).

There is a clear and urgent need to invigorate research and the public health response to TB, especially
DR-TB. To guide future research priorities, including on antibiotics, this review covers reports on the
global epidemiology of DR-TB, with a focus on MDR- and RR-TB, evidence for its transmissibility and
prevention, diagnosis and treatment.

Methods

The review comprised a narrative review of the literature to identify evidence of transmissibility,
preventability, treatability and the diagnostics and treatment pipeline; (Table A4.2) and epidemiological
data (incidence and disease burden) from the WHO Global Tuberculosis Programme. Published reports
were identified by searching the PubMed and OVIDSP databases, bibliographic searches and contacting
subject experts. A detailed description of the method used to collect WHO data is provided in the
appendix to the Global Tuberculosis Report (7). Stratified estimates of the prevalence of drug resistance
by RR-TB status, age and HIV status were derived from data reported by national ministries of health
to WHO. The non-fatal health burden of RR-TB was estimated with methods described in parallel work
on the lifetime burden of disease due to RR-TB in 2020 (7). This part of the review focuses on the
epidemiology of MDR- and RR-TB, as representative global estimates for other forms of DR-TB were not
available.
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Criteria

Mortality

The number of deaths from all forms of TB decreased globally each year between 2005
and 2019; however, this trend was reversed in 2020 and 2021, due to COVID-related
reductions in TB diagnosis and treatment, except for people with HIV infection, among
whom the TB-related mortality rate continued to decrease. In 2021, an estimated 1.6
million people died due to TB, including 187 000 (95% Ul: 158 000 ; 218 000) people
living with HIV (7). In the same year, 191 000 (range, 119 000 ; 264 000) people died due
to MDR- and RR-TB (7). No global estimates were available of mortality among populations
with other forms of DR-TB.

Non-fatal health burden

RR-TB was responsible for 6.93 million (95% Ul 5.52; 8.53) DALYs in 2020, most of which
(5.96 million, 95% Ul: 4.63 ; 7.42) were in the 30 countries with a high burden of MDR-
and RR-TB (7). While most DALYs can be attributed to morbidity and mortality during
treatment, TB often results in long-term morbidity among survivors (8,92). Among all TB
cases (including DS disease), 44% of DALYs were due to sequelae (7). Inclusion of post-
TB morbidity increases the overall morbidity associated with TB considerably, indicating
its importance in estimating global disease burden. The most common long-term health
effects of TB include chronic respiratory, neurological, musculoskeletal and psychological
symptoms, which are observed particularly among people with more advanced disease (10).
The antibiotic regimens commonly used to treat MDR- and RR-TB are often poorly tolerated
by patients, and side-effects such as peripheral neuropathy and visual disturbance may
persist in some patients, although new, shorter all-oral regimens may be better tolerated
than previous regimens (11). In a recent systematic review, the prevalence of pulmonary
disability among patients with DR-TB was twice that measured for DS-TB (710).

The global burden of YLDs due to post-TB sequelae of MDR- and RR-TB was 1.1 million
(95% Ul: 0.60 ; 1.60 million) in 2020 (7), which included 0.20 million YLDs (95% Ul: 0.10 ;
0.30 million) that occurred during the TB episode and 0.9 million YLDs (95% Ul: 0.40 ;
1.40 million) due to post-TB sequelae (Fig. A4.1). The disability equivalent per incident
case of RR-TB was 0.50 YLDs (95% Ul: 0.20 ; 0.80) due to TB disease and 2.10 YLDs (95%
Ul: 1.09 ; 3.32) due to post-TB sequelae. The highest global burdens of YLDs were in the
South-East Asia Region (0.0.38 million, 95% Ul 0.22 ; -0.58) and the Western Pacific
Region (0.24 million, 95% Ul: 0.13 ; 0.38). The YLDs of HIV-infected and HIV-uninfected
individuals with RR-TB were 0.07 million (95% Ul: 0.03 ; 0.12) and 0.98 million (95% Ul:
0.58 ; 1.48), respectively. The number of YLDs globally was substantially higher among
people aged 15-24 years (0.27 million, 95% Ul: 0.15 ; 0.42) or 25-34 years (0.24 million,
95% Ul: 0.14 ; 0.37) than in other age groups.
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Fig. A4.1: Total global DALYs due to increased rates of disability and mortality attributable to incident
RR-TB in 2020, stratified by TB disease and post-TB period (thousands)
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The area of each green and blue rectangle is proportional to the number of DALYs indicated. Other dimensions are not to scale. Values in
parentheses represent 95% uncertainty intervals (Uls). DALYs=disability-adjusted life years. Total DALYs are equal to the sum of these values.

Transmissibilit o

M. tuberculosis, the bacterium that causes TB, can be transmitted in exhaled aerosols 1 J
(12), and the droplets may remain airborne for several hours and transmit infection when &>
inhaled by others (13). The likelihood of transmission is influenced by various factors,

including the sputum bacillary load, the duration of exposure to the source case, available

infection control measures and the vulnerability of the exposed individual (713). Exposure

is typically long (years), frequent and repeated in high-burden settings. It is estimated that

about one fourth of the world’s population is infected with TB or has latent TB (). Without
treatment, 5-10% of infected people will develop TB disease at some time in their lives,

and the risk is 20 times higher in people living with HIV. Without treatment, TB patients

may infect another 20 people in their lifetime.

The transmissibility of DR M. tuberculosis has not been shown to differ substantially from
that of DS M. tuberculosis, and resistance mutations appear unlikely to confer a significant
fitness cost (74). A meta-analysis of studies in which contacts of patients with DR-TB were
compared with patients with DS-TB found a higher risk of TB infection (RR 1.24, 95% CI:
0.98 ; 1.44) and a similar prevalence of TB (RR 0.81, 95% CI: 0.64 ; 1.06) among contacts
of patients with DR-TB (15). Furthermore, transmission was greater among contacts of
patients with additional resistance to the most effective second-line antibiotics than among
contacts of patients with MDR-TB (14,17).

While DR-TB can develop during individual treatment, most cases are considered to result
from primary transmission, when bacteria are already drug resistant at the time of infection
(18,19). More advanced forms of DR infection are also more likely to be transmitted than
acquired (20).
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Incidence

In 2021, an estimated 10.6 million people (95% Ul: 9.9 ; 11 million) fell ill with TB worldwide,
equivalent to 134 cases (95% Ul: 125 ; 143) per 100 000 population (1). There were also
an estimated 450 000 incident cases (95% Ul: 399 000 ; 501 000) of MDR- and RR-TB,
comprising both first diagnoses and second or subsequent episodes. Considerable regional
variation is observed in the incidence of MDR- and RR-TB. The highest incidence was in the
European Region, with 26% (95% Ul: 21.0 ; 31.0%) among newly diagnosed cases and 57%
(95% Ul: 41.0 ; 72.0%) among previously treated cases. The countries with the greatest
proportion of incident cases of MDR- and RR-TB in 2021 were India (26% of global cases),
the Russian Federation (8.5%) and Pakistan (7.9%).

Trends of resistance

The estimated 450 000 incident cases of MDR- and RR-TB in 2021 represent an increase of
3% from the 437 000 cases (95% Ul: 390 000 ; 483 000) in 2020 (7). This recent reversal
of the previous downward trend is attributable primarily to the impact of COVID-19 on
TB services. The proportion of new TB cases with MDR- and RR-TB remained similar
between 2015 (3.9%, 95% Ul: 2.8 ; 5.0%) and 2021 (3.6%, 95% Ul: 2.7 ; 4.4%), as did the
proportion among previously treated cases (2015: 20%, 95% Ul: 9.5 ; 31.0%; 2021: 18%,
95% Ul: 11.0; 26.0%) (1).

Considerable regional variation is seen in the incidence of MDR- and RR-TB. The WHO
region with the highest proportions of MDR- and RR-TB cases was the European Region:
26% (95% Ul: 21.0 ; 31.0%) among newly diagnosed cases and 57% (95% Ul: 41.0 ; 72.0%)
among previously treated cases (7).

Preventability in the community

DR-TB can be prevented through a combination of strategies to (i) prevent acquired
resistance, (ii) reduce primary transmission and (iii) minimize progression from DR-TB
infection to disease. Acquired resistance can be avoided by ensuring that patients with
DR-TB receive effective therapy with appropriate antibiotics, while restricting access to
inappropriate use of antimicrobials before diagnosis.

Primary transmission of M. tuberculosis can be reduced by enhancing early case detection
and improving infection control for individuals with known DR-TB. Once DR-TB has been
diagnosed, prompt initiation of effective therapy will not only benefit individual patients
but also render them non-infectious (21). Use of WHO-recommended rapid molecular
diagnostic tests enables prompt detection of rifampicin resistance and early initiation
of appropriate second-line therapy. This is particularly important to protect vulnerable
populations and people with impaired immunity (74). In health-care facilities and congregate
settings, infection prevention and control measures can reduce transmission and protect
vulnerable contacts. The measures include administrative controls (such as cough
etiquette, respiratory isolation and early effective treatment), environmental controls (such
as ventilation systems) and respiratory protection (such as particulate respirators) (22,23).
Unfortunately, infection prevention and control measures are generally poorly applied,
as they require large investments for administration, engineering control measures and
personal protection. In high-prevalence settings, community-wide screening has been
shown to reduce community transmission and the incidence of TB (24,25) and may also
contribute to reducing transmission of DR-TB.

Preventive antibiotic therapy is recommended to reduce progression from TB infection
to TB disease in high-risk populations, such as close contacts of patients with DR-TB
(26). Rifamycin-based regimens are considered to be effective against isoniazid-resistant
infection (27). Trials of the effectiveness of preventive therapies promise to provide more
therapeutic options for infected individuals at risk of developing MDR- and RR-TB (26,27).
Preventive therapy may protect about 60% of all treated patients but is difficult to target
properly. It will not protect them from repeated infection. Coverage with TB preventive
therapy is very low for adult contacts, < 30% for children under 5 years and 50% among
people living with HIV.
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Vaccination is a promising strategy for both preventing infection and reducing progression
from TB infection to disease. The potential societal benefits are far-reaching (28). They
could include substantial reductions in TB mortality, reduced AMR and greater health
equity and be cost-effective in high-burden countries. Mathematical modelling showed
that introduction of effective TB vaccines in 2025 and wide scaling up could reduce the
number of cases of TB disease by nearly 66 million and the number of deaths due to
TB by nearly 8 million by 2050 (29). No vaccine has, however, been licensed to prevent
TB infection in adults. The bacille Calmette-Guérin (BCG) vaccine is a live attenuated
vaccine that has a role in preventing all forms of TB disease (18-19% effectiveness) and
mortality from TB among children < 5 years; however, neonatal vaccination does not
protect adolescents or adults (30). The M72/ASO1E vaccine showed promise in preventing
progression to pulmonary TB disease (49.7% efficacy, 95% Cl: 2.1 ; 74.2%) in a phase-llb
trial conducted in Kenya, South Africa and Zambia (30).

Diagnosis

Timely detection of DR-TB is essential to ensure access to appropriate treatment and
care. While diagnosis of drug-resistance has improved during the past decade, there are
significant gaps and inequity in case detection. Globally, only 63% of people diagnosed
with pulmonary TB in 2021 received bacteriological confirmation. Of these, 70% were
tested for resistance to rifampicin. Among detected cases of RR-TB, 49% were tested for
resistance to fluoroquinolones, an important component of standard regimens (7).

New diagnostic tests from several manufacturers are recommended by WHO for diagnosis
of M. tuberculosis directly in sputum (37), and a number also allow detection of resistance
to rifampicin and fluoroquinolones, the key antibiotics used to treat TB. These rapid
molecular tests allow detection of M. tuberculosis with high sensitivity and specificity and
are also accurate for detecting resistance to rifampicin and fluoroquinolone. Scaling up of
use of these tests at points of diagnosis, with careful adaptation to each context, remains
an important priority (32).

Some newer NAATs can detect resistance to both isoniazid and rifampicin, a promising
development, as these first-line drugs are the backbone of TB treatment. The NAATs
include WHO-endorsed, high-throughput multiplex assays, which have been described as
“moderate complexity automated NAATSs for detection of TB and rifampicin and isoniazid”
(32). Although these tests require the infrastructure of a centralized laboratory, most, if
not all, are automated, can be run directly on patient samples and provide results rapidly.

A new, less complex NAAT that can detect resistance to isoniazid, fluoroquinolones,
ethionamide and several second-line drugs has been endorsed by WHO (33).
Accessible tools should now be developed to detect resistance to bedaquiline,
linezolid and pretomanid, second-line drugs recommended for treatment of
MDR- and XDR-TB (71). Consensus-based criteria for extended molecular drug-
susceptibility testing were outlined in a recently updated target product profile and may
eventually be used for deciding on individual treatment regimens (37).

Use of next-generation sequencing (NGS) for sequencing the mycobacterial genome is
becoming an important tool for research and surveillance of DR-TB (34). NGS can be
adapted to new and future forms of DR-TB, as it can identify new resistance-conferring
mutations as they arise (once the relevant mutations have been characterized) (35). Targeted
NGS can be used directly on clinical specimens, obviating the need for M. tuberculosis
culture isolates; consequently, the results of targeted NGS could be available much sooner
than those for other sequencing methods, for individualized, precision clinical care. At
present, however, the cost and complexity of NGS and targeted NGS assays and informatics
remain barriers to their widespread uptake in most high-burden settings. Evidence on the
performance of end-to-end sequencing methods that could be used more widely is lacking
(36).

While novel diagnostic tools will be increasingly important, existing tools should be made
more readily available and more accessible to patients in high TB-burden countries. Rapid
diagnostics that meet the criteria for currently recommended treatment regimens will
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help to improve patient outcomes, including reducing the development of drug resistance.
Point-of-care tests for drug resistance testing are necessary to guide directed antibiotic
therapy for RR-TB and other forms of DR-TB.

Treatability

Only 161 746 people were enrolled on treatment for confirmed MDR- and RR-TB in 2021,
which is far below the estimated number of 450 00O incident cases. The number of
cases treated for other forms of DR-TB, such as isoniazid-resistant TB, is not routinely
reported. Ten countries accounted for 70% of the global gap in reporting of MDR- and
RR-TB treatment in 2021: China, India, Indonesia, Nigeria, Pakistan, Philippines, Myanmar,
Russian Federation, South Africa and Viet Nam (1) (Fig. A4.2). Of the patients enrolled for
treatment in 2021, 5506 (3.4%) were children aged 0-14 years. Closing the gap will require
a better rate of bacteriologically confirmed TB disease and better coverage of testing for
drug resistance among people with TB. Testing and treatment of MDR- and RR-TB are
inextricably linked. Without adequate access to timely testing for drug susceptibility,
patients will not be prescribed optimal treatment regimens.

The treatment outcomes for people with DR-TB are significantly worse than those for
DS-TB. Only 60% of people with MDR- and RR-TB in a cohort that started treatment in
2019 had a successful treatment outcome, as compared with a rate of 86% for DS-TB (7).
The long duration and toxicity of regimens used to treat MDR- and RR-TB until recently
contributed to the higher rates of loss to follow-up and death than for DS-TB. New, shorter
regimens are more effective and better tolerated, promising better outcomes than those
with earlier regimens. Guidelines issued by WHO in 2022 (72) include a 6-month all-oral
regimen for both MDR- and RR-TB and pre-XDR-TB. This new approach may substantially
improve treatment outcomes.

While these new shorter regimens herald a potential turn in the management of the MDR- and
RR-TB, barriers remain to their adoption. There is an urgent need to make these regimens
accessible to all patient groups (including pregnant women and children), particularly in
LMIC, which are disproportionately affected by high MDR- and RR-TB burdens (7). Moreover,
rapid diagnostics to confirm susceptibility to all components of the shorter-course MDR-
and RR-TB regimen are essential, as well as effective alternative treatments when resistance
to this regimen is identified. When possible, treatment for DR-TB should be decentralized,
ambulatory and patient-centred to reduce the risk of nosocomial transmission (77).

The pipeline for new medicines and diagnostics

A wide range of new diagnostics and drugs are currently being evaluated for better
detection and treatment of DR-TB.

New medicines

Shorter, better-tolerated regimens are more likely to optimize adherence to treatment
and increase the likelihood of cure (37). Launch of the Tuberculosis Drug Accelerator
(38) - a multidisciplinary collaboration among governments and nongovernmental,
academic and pharmaceutical stakeholders - has resulted in approval of drugs such
as bedaquiline and pretomanid for use by medicinal product regulators during the
past 10 years (39,40). Other novel drugs are in phase I-lll clinical trials (41,42) (Table
A4.1). New drugs in the development pipeline may have one or more targets (41-43),
including DNA replication, protein synthesis, energy metabolism and defence against
the immune system (proteolysis) or the bacterial cell wall (42,43). WHO target regimen
profiles for TB treatment outline priorities and target characteristics for combining
new and existing drugs into novel regimens; an updated version was published in 2023
(44). A few new compounds are in the research phase; however, the usual attrition
may leave only a few candidates for late-phase research. Most studies are addressing
combinations with or without new and repurposed medicines. The regimens in the pipeline
are all-oral regimens, with no injectable agents. In the future, long-acting injectables may
be developed.
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Table A4.1. The global clinical development pipeline for new anti-TB drugs and drug regimens to treat

TB disease, September 2022

Macozinone®

BVL-GSKO98P

GSK-286 (GSK 2556286)°

TBAJ-587°

TBAJ-876"

TBI-166°

TBI-223°

High-dose isoniazid for
isoniazid-resistant or DS-
TB(ACTG A5312)

BTZ-043°

GSK-3036656°

OPC-167832°

SPR720 (Fobrepodacin)®

Telacebec-(Q203)°

TBA-73712

Delpazolid®

Delpazolid in combination with bedaquiline,
delamanid and moxifloxacin (PanACEA-
DECODE-01)

EBA, Safety and PK of delpazolid

SQ109?

Sutezolid?

Sudapyridine (WX-081)2

Bedaquiline

PK, safety and tolerability of bedaquiline with
OBR in HIV-infected and uninfected children
with MDR-TB (IMPAACT P1108)b<4

PK and safety of bedaquiline with OBR

in HIV-uninfected children with MDR-TB
(TMC207-C211)bed

Delamanid

PK, safety and tolerability of delamanid with
OBR in HIV-infected and uninfected children
with MDR-TB (IMPAACT 2005)0<d

Rifampicin

High-dose rifampicin for DS-TB (PanACEA-
MAMS-TB-01)

High-dose rifampicin for TB meningitis
(ReDEFINe)

Linezolid

Efficacy and tolerability of two doses of
linezolid, combined with bedaquiline,
delamanid and clofazimine (Linezolid dosing)
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Bedaquiline-delamanid-linezolid-
levofloxacin-clofazimine (6-month oral
regimen for RR-TB) or bedaquiline-
delamanid-linezolid-clofazimine (6-9-month
oral regimen for pre-XDR and XDR-TB)
(BEAT TB trial)®

Bedaquiline-pretomanid-moxifloxacin-
pyrazinamide (SimpliciTB trial)

Bedaquiline with two OBRs (all-oral, 9

months; with injectable, 6 months) STREAM

Stage 2)

Bedaquiline and delamanid with various
existing regimens for MDR-TB and XDR-TB
(endTB trial)

Bedaquiline-delamanid-linezolid-
clofazimine for fluoroquinolone-resistant
MDR-TB (endTB-Q)

Rifampicin

High-dose rifampicin and linezolid to reduce
mortality among people with TB meningitis
(INTENSE-TBM)g

High-dose rifampicin to shorten DS-TB
treatment (Hi-DoRi-3)

High-dose rifampicin with standard regimen
for DS-TB treatment (RIFASHORT)

Several 2-month regimens for DS-TB
(TRUNCATE-TB)

Short intensive treatment for children with
TB meningitis (6 months of daily rifampicin,
isoniazid, pyrazinamide and levofloxacin
(SURE)bed

Ultra-short treatment for fluoroquinolone
sensitive MDR-TB (TB-TRUST)
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https://clinicaltrials.gov/study/NCT04044001
https://clinicaltrials.gov/study/NCT04062201
https://clinicaltrials.gov/study/NCT04654143
https://clinicaltrials.gov/study/NCT03557281
https://clinicaltrials.gov/study/NCT03338621
https://clinicaltrials.gov/study/NCT04472897
https://clinicaltrials.gov/study/NCT03678688
https://clinicaltrials.gov/study/NCT02409290
https://clinicaltrials.gov/study/NCT02409290
https://clinicaltrials.gov/study/NCT04890535
https://www.newtbdrugs.org/pipeline/compound/spr720-fobrepodacin
https://clinicaltrials.gov/study/NCT02754765
https://clinicaltrials.gov/study/NCT04493671
https://clinicaltrials.gov/study/NCT03563599
https://clinicaltrials.gov/study/NCT03896685
https://clinicaltrials.gov/study/NCT04670120
https://clinicaltrials.gov/study/NCT04176250
https://clinicaltrials.gov/study/NCT04145258
https://clinicaltrials.gov/study/NCT04485156
https://clinicaltrials.gov/study/NCT02581527
https://clinicaltrials.gov/study/NCT03758612
https://clinicaltrials.gov/study/NCT04550832
https://clinicaltrials.gov/study/NCT04550832
https://clinicaltrials.gov/study/NCT02836483
https://clinicaltrials.gov/study/NCT03474198
https://actgnetwork.org/clinical-trial/a5312-the-early-bactericidal-activity-of-high-dose-or-standard-dose-isoniazid-among-adult-participants-with-isoniazid-resistant-or-drug-sensitive-tuberculosis/
https://clinicaltrials.gov/study/NCT01785186
https://www.isrctn.com/ISRCTN40829906
https://clinicaltrials.gov/study/NCT03867136
https://clinicaltrials.gov/study/NCT04608955
https://clinicaltrials.gov/study/NCT02906007
https://clinicaltrials.gov/study/NCT02354014
https://clinicaltrials.gov/study/NCT03141060
https://clinicaltrials.gov/study/NCT01785186
https://clinicaltrials.gov/study/NCT01785186
https://clinicaltrials.gov/study/NCT05007821
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Table A4.1. The global clinical development pipeline for new anti-TB drugs and drug regimens to treat
TB disease, September 2022 (Continued)

Clofazimine

PK, safety, tolerability and acceptability of
child-friendly formulations of clofazimine

and moxifloxacin to treat children with RR-TB
(CATALYST)bed

PK, safety and acceptability of clofazimine by
children with RR-TB (Clofazimine Kids Study)®<¢

Bedaquiline and pretomanid with existing and
repurposed anti-TB drugs for MDR-TB (TB_
PRACTECAL Phase II/Ill trial)

Efficacy and tolerability of bedaquiline,
delamanid, levofloxacin, linezolid and
clofazimine (DRAMATIC)b4

Shorter regimens including clofazimine and
rifapentine for
DS-TB (CLO-FAST trial/A5362)

Pretomanid-containing regimens to shorten
treatment for DS-TB (APT trial)

Delamanid-linezolid-levofloxacin- pyrazinamide
for fluoroquinolone- susceptible MDR-TB
(MDR-END trial)

Levofloxacin with OBR for MDR-TB (Opti-Q)
4-month treatment for DS-TB (PredicTB trial)
Pravastatin®

Imatinib®

Metformine

Multiple adjunctive host-directed TB therapies
for DS-TB (IBHDT)®

Source: Adapted from Working Group on New TB Drugs (47), which provides more information on these products and other projects.
New drug compounds are listed first, followed by repurposed drugs, treatment regimens and then host direct therapies.
OBR, optimized background regimen; PK, pharmacokinetics

@ New chemical entity

® Includes adolescents aged 10-19 years
¢Includes infants aged < 12 months

9 Includes children aged < 10 years

¢ Host-directed therapy

An important priority in TB drug development is child-friendly paediatric formulations, particularly for
DR-TB (45). Furthermore, improvement in the supply of quality-assured generic medications will be
required to scale-up new regimens in resource-limited settings (45).

New diagnostics

Development of rapid, accurate point-of-care tests remains a priority for timely detection of
M. tuberculosis. Point-of-care tests for identifying drug resistance are also necessary to enable directed
antibiotic therapy when starting therapy for DR-TB. Many assays are being developed for detecting drug
resistance at points of care and peripheral levels, including isoniazid, fluoroquinolone and bedaquiline.
A heat map of the pipeline of novel molecular diagnostics is shown in Fig. A4.3. Several candidate
molecules for use on multi-disease testing platforms should produce results within < 1 h. Other kits for
detecting TB and drug resistance are being evaluated for regulatory approval and/or WHO endorsement
(46,47). Use of alternative specimens is also being investigated, including face masks (48), tongue swabs
(49) and saliva (50). These methods should allow people who cannot usually produce sputum, such as
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children and people living with HIV (50), to access rapid diagnostics and may also contribute to detection
of drug resistance. Specimens that are simple to collect combined with point-of-care technologies could
greatly improve the reach of diagnostics for TB and for detection of drug resistance.

Table A4.2. RR-TB Prioritization criteria, definitions (criteria used for the independent assessment of RR-TB)

Criterion Definition Sources

(criteria were
tailored for RR-TB)

Global rifampicin-resistant tuberculosis (RR-TB) Statistical work based on reports from
mortality estimates and trends (in the absolute number countries for the Global TB Report 2022
of deaths for the most recent year available) (1)

Mortality
Number of disability-adjusted life years (DALYs) due to Statistical work based on a peer-review
[I RR-TB article (7)
Non-fatal health
burden
4 Transmissibility of RR-TB Summary of existing knowledge on the
D"’b mode of transmission and evidence
1 ] available from TB transmission modelling
T studies. (13,14,15,16,17,18,19)

Transmissibility

Global and regional incidence of RR-TB Statistical work based on reports from
countries for the Global TB Report 2022
(1)
Incidence
Global population-based trends of estimated RR-TB Statistical work based on reports from
burden (absolute numbers, global and regional) countries for the Global TB Reports 2012-
2022 (1)
Trend of resistance
The global burden of latent RR-TB and availability and Statistical work based on reports from
the existence and efficacy of preventive measures in countries for the Global TB Report 2022.
containing the transmission of TB and in reducing the Other evidence available on pre-exposure
burden of the disease; TB preventive treatment (TPT) preventive measures- vaccination,
of RR-TB infection; community/household measures to infection control measures, and
Preventability in limit transmission and provide TPT; infection prevention  effective case detection and treatment.
the community and control; and TB vaccines. (1,14,21,22,23,24,25,26,28,
29,30)
Global treatment outcomes of RR-TB treatment, Statistical work based on reports from
& representing both global and regional data, data from countries for the Global TB Report 2022.
@% clinical trials and data from high-burden countries. Evidence from clinical trials and other
Access to treatment (Number of people with RR-TB studies. (1,11,12)
enrolled on treatment among all estimated RR-TB cases.)
Treatability and its main drivers (for example diagnostics) can also
in community be discussed.
The pipeline of new medicines and regimens As presented in the Global TB Report
for the treatment of RR-TB. 2022, and other evidence available
The pipeline of new diagnostics for the (1,37,38,39,40,41,42,43,44)

detection of RR-TB.

Pipeline
Number of people with DR-TB diagnosis among all As presented in the Global TB Report
ulla estimated RR-TB cases. 2022, and other evidence available
@ (1,46,47,49,50)
Diagnostics
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