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Arfic{e history: Objectives: Effective care for bacterial infections requires both new antibiotics (ABx) to address antimi-
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to identify pathogens, determine susceptibility, and support targeted prescribing, including ruling out
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unnecessary antibiotic use. However, diagnostics are undervalued in the current market, limiting their
availability and integration with antibiotic development. To examine the interplay between antibiotics

Keywords: and diagnostics and assess the potential value of coordinated development and partnerships.
Antimicrobial resistance Methods: This paper analyses the antibiotic and diagnostic development landscape, focusing on mar-
Antibiotic-diagnostic co-development ket dynamics, regulatory frameworks, and collaboration models involving ABx developers, Dx developers,

Drug-diagnostic partnerships

> o8 . clinicians, and public-sector stakeholders.
Precision infection management

Results: Antibiotics and diagnostics are rarely developed or introduced in parallel, and available diagnos-
tics often fail to deliver treatment-focused or point-of-care-relevant results. This misalignment hampers
the effective deployment of new antibiotics and weakens stewardship. Cross-technology partnerships can
improve trial efficiency, enhance market valuation, and support more targeted antibiotic use. Key barriers
include fragmented incentives, regulatory misalignment, and financial constraints.
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Conclusion: Better alignment between antibiotic and diagnostic development is critical to maximise clin-
ical impact and support resistance monitoring. Public-sector support could help enable effective partner-
ships and improve patient outcomes.

© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Background

It is well known that both antibiotics (ABx) and diagnostics (Dx)
are important to tackling the problem of growing antibacterial re-
sistance and the loss of treatment efficacy. Yet the ability to do
so hinges in many respects on their complementarity. According to
the US Food and Drug Administration (FDA), a complementary di-
agnostic provides valuable information about whether a treatment
might be beneficial, even if it is not required for the administration
of the drug [1]. This differs from a companion diagnostic, which is
required for the safe and effective use of a specific therapy and is
typically approved alongside the drug.

In this context, the appropriate use of new antibiotics depends
on the existence and availability of complementary microbiological
tests to guide their use in everyday clinical practice and to moni-
tor resistance levels, supporting related activities such as updating
guidelines for presumptive treatment [2].

Two types of microbiological test results are crucial for treat-
ment decision-making: 1) the species of the pathogen, and 2) its
antibiotic susceptibility profile. The identification of the species
can, at a high level, guide the choice of the appropriate antimi-
crobial and inform the spectrum of coverage needed. Antimicro-
bial susceptibility testing (AST) further narrows down the options
by steering prescribing toward antibiotics that remain effective for
the specific infection. AST also plays a key role in public health by
monitoring resistance levels and supporting activities such as up-
dating treatment guidelines. In cases of clinical urgency, guidelines
for presumptive treatment, based on clinical symptoms alone, rely
heavily on trends in susceptibility data. However, important lim-
itations remain, particularly the lack of rapid phenotypic suscep-
tibility tests that can be performed directly from patient samples
such as whole blood. Current practices largely depend on slower
culture-based methods or nucleic acid-based tests, which can only
detect certain resistance-conferring genes, often providing incom-
plete results due to inconsistent concordance between genotypic
and phenotypic findings.

These challenges are compounded by differences between the
ABx and Dx markets across several dimensions. These differences
impact their development, procurement, sales, and use, ultimately
preventing the successful integration of both technologies in clini-
cal practice.

The key characteristics of ABx and Dx are summarized in
Table 1, focusing on key differences and similarities between the
two markets.

This paper combines elements of literature-based analysis and
policy-oriented discussion to examine how better coordination be-
tween antibiotic and diagnostic development could improve clin-
ical, economic, and public health outcomes, using tuberculosis as
an illustrative case study.

Exploring potential synergies in the co-development of ABx
and Dx

Despite shared challenges, partnerships between antibiotic and
diagnostic developers, referred to here as cross-technology partner-
ships (e.g., joint development agreements or strategic alliances), re-

main relatively rare [14]. One example of such a partnership is the
use of bioMerieux’ platform in the clinical trial of Entasis’ latest
drug combination against Acinetobacter baumannii complex [15].
Another example is the joint venture between Boehringer Ingel-
heim, Evotec, and bioMérieux in co-creating Aurobac Therapeutics
specifically in the area of AMR [16]. However, such partnerships
remain rare because of several reasons, summarized in Table 2.

First and foremost, the lack of attractiveness of ABx develop-
ment overall affects this process, as well as the extreme financial
challenges for any ABx developer to even make it through clini-
cal trials [17]. Co-developing ABx and Dx might increase both the
investment and the associated risk more than a future possible re-
turn of investment.

On a practical level, several challenges are also faced in creating
partnerships between these two very different types of healthcare-
related fields. Both ABx and Dx research require heterogenous re-
search groups and while there is some overlap, the primary areas
of expertise differ. For ABx development, typically chemistry and
biochemistry are the primary areas of expertise involved, while Dx
development requires engineering, biology, and software, expertise.
For this reason, groups like CARB-X try to include both ABx and
Dx expertise in meetings with the ABx companies as they move
through the portfolio in order to discuss the ABx companies’ diag-
nostic strategy for clinical trials and market entry.

Timing is also crucial in such partnerships and does not easily
align. While a partnership could start early on (see Figure 1 [18]
for an idealised timeline), this does not happen in practice.

Broth microdilution-based minimum inhibitory concentration
(MIC) testing assays are typically developed during the preclinical
phase and then validated during the clinical phase [19]. However,
these tests are difficult to implement in every day clinical routine,
so other testing devices are often needed to support the clinical
phase of ABx development (e.g., disk diffusion tests, E-tests or au-
tomated MIC tests). Nonetheless, at early stages of ABx develop-
ment it is still unclear whether the drug will eventually reach the
market. Such test development is often initiated (and sometimes
financed) by the ABx company, as it remains risky for Dx devel-
opers. A further relationship dynamic that would need to be ac-
counted for is that Dx companies rarely have sufficient resources
or capacities to supply clinical sites globally, so they would rely on
ABx companies to supplement the cost of such capital goods.

Moreover, combined development also requires the partnering
firms to be able to cooperate and accept that they are not free
to change their development focus or timelines as they normally
might. Even a nonexclusive partnership may, to some degree, limit
the flexibility of the respective partners. These collaboration con-
straints are further compounded by broader economic barriers af-
fecting both antibiotics and AMR diagnostics, including reimburse-
ment limitations, financial silo effects, and market pressures. Se-
lected examples of these economic challenges are summarised in
Table 3.

Potential for gains to be reaped through partnerships
Nevertheless, the potential for benefits from partnerships be-

tween ABx and Dx development is considerable, even where they
remain nonexclusive.
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Table 1
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ABx and Dx differences and similarities in market potential, market launch and adoption, development costs and timeline, regulatory requirements, reimburse-
ment policies, and public sector support.

Dx characteristics

Key similarities and differences

Category ABX characteristics

Market potential 2021 ABx market: $38 billion
UsD [3]

Cost and Over $1 billion USD ~12.5

development years [4]

timeline

Regulatory Extensive safety and efficacy

requirements trials: preclinical, three phases
of clinical trials,
pharmacovigilance, pediatric
studies, and postapproval
resistance monitoring.

Reimbursement Requires inclusion on

policies formularies, guidelines, and

Public sector

support

Market launch and

adoption

cost-effectiveness
demonstration for Multi Drug
Resistant (MDR) pathogens.

Need support through
incentive programs [6] and
pipeline coordinators (e.g.,
CARB-X, GARDP, AMR Action
Fund, PLATINEA [7], INCATE,
NIAID, IMI ENABLE [8,9]).
Major funding to offset high
R&D costs [10,11].

High clinical trial failure rates
and development costs. Sales
impacted by stewardship
measures and restrictions on
broad use. Uncertain
profitability [12,13].

2021 Dx market for infectious
diseases: $28 billion USD (half from
immunodiagnostics) [3]

$50-100 million USD 7-10 years [4]

Focus on validation of accuracy,
sensitivity, specificity, reproducibility,
robustness, positive/negative
predictive value, and regulatory
certification (IVDR, FDA, etc.). The
implementation of the IVDR
introduces additional requirements
that may affect smaller diagnostic
developers and development
timelines.

Requires proof of clinical utility and
cost-effectiveness [5].

Long-term public health benefits
remain undervalued.

Limited support. Since 2017, only 7%
of AMR R&D funding has gone to
diagnostics [6]. Supported by
initiatives like Longitude Prize, FIND,
JPIAMR, WHO EDL, IMI ValueDx,
CARB-X, and BARDA.

Faces low reimbursement rates and
slow adoption in healthcare settings.
Market entry was hindered by

regulatory delays and pricing models.

Historically lack of proper
dissemination of Dx importance to
healthcare providers [12,13].

Similarities: Both have substantial
market sizes. Differences: The ABx
market is slightly larger, but Dx is
growing rapidly.

Differences: ABx development is
significantly more expensive and takes
longer compared to Dx.

Similarities: Both require rigorous
regulatory approval. Differences: ABx
focus on clinical safety and efficacy,
while Dx focus on analytical
performance validation and evolving
regulatory frameworks (e.g., IVDR),
which may influence development
timelines.

Similarities: Both face challenges in
proving cost-effectiveness and
securing reimbursement. Differences:
ABX requires integration into
stewardship frameworks, while Dx
reimbursement depends on proving
added clinical value versus the
standards of care.

Differences: ABx received
substantially more funding and
incentives than Dx, which remains
underfunded.

Similarities: Because of different
challenges both ABx and Dx face
uncertainty in market entry,
profitability, and adoption.

Acronyms: IVDR: In Vitro Diagnostic Regulation; FDA: Food and Drug Administration; PLATINEA: PLATform for INnovation av Existerande Antibiotika; INCATE:
Incubator for Antibacterial Therapies in Europe; R&D: research and development; CARB-X: Combating Antibiotic-Resistant Bacteria Biopharmaceutical Accel-
erator; GARDP: Global Antibiotic Research and Development Partnership; AMR: Antimicrobial resistance; FIND: Foundation for Innovative New Diagnostics;
JPIAMR: Joint Programming Initiative on Antimicrobial Resistance; NIAID: National Institute of Allergy and Infectious Diseases; BARDA: Biomedical Advanced
Research and Development Authority; WHO EDL: World Health Organization model list of essential in vitro diagnostics; HTA: Health Technology Assessment.
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Figure 1. Antibiotics and diagnostics stages of development. Adapted from [8].
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Table 2
Challenges in ABx and Dx co-development.

Challenge Details

Financial aspect Considering the current overall healthcare
market, ABx and Dx co-development increases
the required investment, elevates the
associated risk and offers limited potential
financial future returns.

Primary areas of expertise within these
groups differ.

Heterogeneity of
the development

groups ABX: chemistry and biochemistry
Dx: engineering, biology, and software
expertise.

Timing The development timelines are crucial in ABx

and Dx partnerships and do not easily align
between them.

Test development Development of “commercial” Dx tests during

dynamics ABx clinical validation is risky as it is still
uncertain if the drug will be put on the
market.

Equipment Dx companies rarely have sufficient

challenges capacities/resources to supply clinical sites

globally, so they may rely on ABx companies
to supplement the cost of such capital goods.
Combined development reduces flexibility in
Dx and ABx development. Partners may face
timeline and investments constraints.

Flexibility in
development

In its latest Strategic Plan for addressing AMR, the World Health
Organization (WHO) states that efforts to develop new antibacte-
rial agents must be accompanied by parallel efforts to ensure uni-
versal access to tools for preventing, diagnosing, and treating in-
fections, in order to mitigate AMR’s impact on public health and
the economy [27].

Table 3
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Thus, the co-existence and co-availability of the respective
“complementary” products is required to achieve gains. These gains
are primarily foreseen in four areas summarized in Figure 2.

Gains from partnership during drug development

Phase III clinical trials are one of the most expensive stages
of developing new drugs. Introducing rapid point of care (POC)
pathogen identifying Dx early in the ABx clinical trial process has
the potential to help rule out patients who are unlikely to have the
bacterial infection in question, thereby increasing the efficiency of
the study [28]. This is especially important for pathogen specific
clinical trials or trials for narrow spectrum antibiotics.

More precise enrolment can reduce the required sample size.
Enrolling fewer patients per site allows allocation of resources to
other sites, and potentially shorten the duration of the overall trial.
Such efficiencies of course translate into considerable savings for
the antibiotic developers.

Availability of supporting Dx may also strengthen the engage-
ment of those involved at the clinical trial sites as it becomes
clearer whether a patient may benefit from being enrolled. This
can be especially important in clinical studies for indications with
polymorbid patients (e.g., with hospital-acquired pneumonia or
sepsis) to avoid adding one or several study drugs on top of the
standard of care. This is very important given the vulnerability of
this target population [28].

Naturally, as Rex and colleagues warn, Dx “do not create cases”
[29]. If an infection is rare, it is still going to take a lot of patients
to find the right ones to enrol in an antibiotic trial.

Using an idealised example, Tait and colleagues previously es-
timated that doubling the proportion of patients that are recruited
into a trial and are likely to be infected by a pathogen sensitive

Economic barriers affecting AMR diagnostics and antibiotics that may hinder coordinated development and market uptake.

Economic
dimension

AMR diagnostics

Antibiotics

Reimbursement and market access challenges

Core Systematic undervaluation: existing
HTA/reimbursement frameworks fail to
capture broader societal and population-level

reimbursement
problem
benefits of diagnostics [20,21]

Financial silo
effects

Diagnostic costs fall on one budget (e.g.,
laboratory) while benefits (e.g., reduced
hospitalisations, narrower antibiotic use)
accrue elsewhere in the system. For example,

Low revenue from low-volume use: novel
antibiotics intentionally held in reserve. Peak
annual revenues for several recently approved
antibiotics have remained below US$100
million, limiting expected returns [11,22]
Hospital pharmacy budgets disincentivise use
of costlier novel antibiotics even when
clinically superior; diagnosis-related group
bundling compresses margins [25].

rapid diagnostics combined with antimicrobial

stewardship reduced hospital costs for

bloodstream infections from US$78,991 to

US$52,693 per hospitalization [23,24]

A generic antibiotic course may cost less than
the diagnostic test itself, leading payers to
favour empirical prescribing over testing [21]

Competing with
generics

Value Assessment and Cost-Offset Evidence
Proposed value

frameworks elements for diagnostics (Spectrum,
Transmission, Research, Insurance, Diversity,
Enablement, Stewardship) [20].

Commercial Numerous recent failures. Case example: T2

viability Biosystems (2006-2025) developed
FDA-cleared rapid sepsis diagnostics but
ultimately ceased operations after failing to
compete with larger firms and achieve
sustainable market uptake.

Externality Public benefits (reduced transmission, longer

problem antibiotic lifespans, reduced healthcare

burden) are not internalised by purchasers;
costs are borne individually while benefits are

societal [21].

STRIDES framework: seven AMR-specific value

Generic antibiotics dominate the market
(~81% of global antibiotic sales), creating a
low-price benchmark that undermines the
commercial case for novel agents [20,26]

STEDI framework (OHE/Towse et al.): captures
Spectrum, Transmission, Enablement,
Diversity, and Insurance value of
antimicrobials [26]

Multiple small antibiotic developers have filed
for bankruptcy despite achieving FDA
approval for their products (e.g., Achaogen,
Melinta, Nabriva), highlighting structural
weaknesses in the antibiotic market [22].

Similar externality: new antibiotics preserve
treatment options for future patients, but this
insurance value is not captured in current
pricing systems, creating a free-rider problem
across countries [22].
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Gains from Partnership in
Drug Development

 Efficient Enrollment: PoC diagnostics can
rule out ineligible patients, enhancing
study efficiency.

* Reduced Sample Size: Focusing
recruitment can potentially reduce trial
size by up to 75%.

¢ Clearer Patient Benefit: Strengthens trial
site engagement by identifying suitable
patients.

¢ Patient engagement: Ensures enrollment
of patients likely to benefit from the study
drug

Mutual Gains in Valuation

¢ Antibiotics Market: Prices don’t reflect
therapeutic value.

* AMR Diagnostics: Reimbursement prices
fail to account for benefits.

* Diagnostics and Antibiotics: Mutual
market presence can address valuation
challenges, promoting cost-effective
prescribing.

* Stewardship Conditions: Supports
responsible use and incentivizes
appropriate diagnostic testing.

International Journal of Infectious Diseases 167 (2026) 108536

Gains from Partnership
Post-Development

* Narrow-Spectrum Antibiotics: Requires
reliable diagnostics to rule in usage.

¢ Broad-Spectrum Antibiotics: Ideal
diagnostics indicates suboptimal standard
treatment or resistance.

* Slower Resistance: Diagnostics usage
slows resistance spread

* Cost Considerations: Equitable sharing
of development costs between diagnostics
and antibiotics manufacturers.

Mutual Gains in Demand

* Diagnostics and Antibiotics: Reciprocal
demand relationship; novel narrow-
spectrum antibiotics depends on
diagnostics ruling in use, while broad-
spectrum antibiotics usage depends on
diagnostics ruling out older antibiotics.

* Hospital Incentives: Demand increases
with financial incentives for responsible
prescribing.

Figure 2. Gains of coexistence and co availability of complementary antibiotics and diagnostics. Acronyms: PoC: point of care; AMR: antimicrobial resistance.

to the experimental drug, can theoretically reduce the trial sample
size by as much as 75% [30]. Although in practice the difference
between “Modified Intention to Treat” (mITT) and “Intention to
Treat” group (ITT) is not this large in most clinical trials. A real-life
example of such savings comes from the partnership between
Entasis and bioMerieux’ Biofire® FilmArray® Pneumonia Panel
for the former’s sulbactam-durlobactam Phase III trial. According
to Entasis CEO declarations during the 2022 National Academies
meetings, this partnership resulted in savings of “millions.” This
also translated to gains for the public sector given its financial
support to the market [31].

Nonetheless, it is also important to note that inclusion of a Dx
in a therapeutic clinical study can complicate the protocol. If a Dx
reveals a resistant infection, the patient may be excluded from the
trial to avoid ineffective treatment in the control group. In such
cases, alternative study designs, like those without a comparator
group, may be needed. These designs must be supported by robust
historical control data and are often part of a broader set of studies
focused on noninferiority to fully assess the safety of a novel ABx.

Indeed, physicians should only enrol patients who they think
can benefit equally from the study drug and the comparator drug

[29]. Ruling out patients in this way could theoretically make it
longer to find enrollable patients. However, in also being able to
demonstrate susceptibility, the Dx reinforces the physician’s inten-
tion of enrolling only patients with susceptible infections and re-
duces risks for the enrolled patient. The latter could ultimately bol-
ster patient willingness to be enrolled.

Gains from partnership postdevelopment

Once new ABx and Dx reach the market, important synergies
may emerge, enabling the use of novel antibiotics only when ap-
propriate and reducing unnecessary use of broad-spectrum drugs.
Quantitative evidence from hospital implementation studies illus-
trates the economic value of aligning diagnostics with antibiotic
use. For example, the use of MALDI-TOF MS with stewardship
reduced mean hospital costs from $78,991 to $52,693 per hos-
pitalization in patients with bloodstream infections [23]. Simi-
larly, another analysis reported lower hospital costs per episode
($42,580 vs $45,019), corresponding to savings of about $2439
per infection and approximately $2.34 million annually [24]. These
findings highlight how coordinated deployment of diagnostics and
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antibiotics can generate measurable health-system efficiencies in
addition to improving clinical management.

Moreover, on a societal level, the expanded use of Dx should
translate to slower emergence and spread of resistance over time
and faster cure for patients. However, one complication with such
partnerships is the cost consideration that must be equitably
shared between the Dx and ABx manufacturers so that risk, eco-
nomic benefit, and utility of each party are factored into the de-
velopment costs share that they each incur.

Mutual gains in valuation

Both the ABx market and the AMR Dx market suffer from in-
complete valuation as their price does not reflect the value that
they offer [32,33]. In the case of ABX, generics costing only a few
USD are used to treat many of the infections seen within health
services. Even treatments for complicated infections remain low-
cost in comparison to other classes of drugs.

AMR Dx are usually purchased/reimbursed at prices of standard
supplies or accessory technologies [34]. Prices fail to account for
the fact that these Dx provide a multitude of benefits. Historically,
prices have resembled those of simple consumables rather than
specialised devices delivering clinical and long-term value. Further-
more, microbiology laboratory budgets do not grow with the in-
troduction of a new diagnostic despite the health and related cost
benefits that follow from faster and more accurate results [35].

There are some changes now being seen with the introduction
of molecular diagnostics, especially where the inability to compare
them to existing diagnostics allows them to bypass the historical
coding procedures that drive down reimbursement prices. This is
especially important in markets like the US where reimbursement
levels are often “cross-walked” or simply matched to levels previ-
ously set for older technologies [36].

Mutual presence on the market may provide both ABx and re-
lated Dx an opportunity to rectify some of these valuation/pricing
challenges.

Importantly, new Dx, in addition to patient- and pathogen-
specific data, provide an opportunity to re-frame ABx within the
broader framework of infection management based on multiple
data points and a careful, targeted approach to treatment. This
could provide the context needed to move beyond the era of
widespread use of unsustainably inexpensive ABX and toward a
“precision medicine” approach to managing infection, where side-
effects to the patient and curbing resistance over time are pri-
oritized. Notably, this process triggers spending outside of the
diagnosis-related groups (DRGs), allowing for higher reimburse-
ment for Dx [37].

Finally, for both ABx and Dx, the prospect of their future mutual
presence in the market could lower the uncertainty surrounding
sales, which in turn should make more developers interested in
undertaking their development.

Mutual gains in demand

Dx intended to help combat AMR are often not taken up swiftly
or broadly once they are produced and approved for the market
[38]. While they could improve patient care, hospitals face finan-
cial disincentives to purchase them. Demand for such Dx is likely
to increase if cost becomes secondary to larger, systemic incentives
for more responsible prescribing. As mentioned above, the use of a
novel narrow-spectrum antibiotic as first-line treatment is entirely
dependent on it being ruled in by a rapid Dx, if it can get on the
hospital formulary. As for new broad-spectrum antibiotics, it is un-
likely that they will be used unless there is a diagnostic capable of
ruling out the use of the standard, older antibiotic. The demand
relationship is likely to be reciprocal: demand of any new ABX is

International Journal of Infectious Diseases 167 (2026) 108536

Table 4
Risks of introducing new drugs without accompanying diagnostics: The case of
TB.

New drugs are badly needed to shorten and improve (e.g., reduce
side effects) TB treatment. After decades of stagnation, new drugs
have emerged and have been included in the treatment regimen
recommended by WHO for drug-resistant TB. These include the
following:

Bedaquiline: Introduced in 2012 for extensively drug-resistant
tuberculosis cases, bedaquiline is now a core drug for
rifampicin-resistant TB. It was introduced without access to the
compound to set up an “in house” AST for the majority of National
Reference Laboratories. A provisional Critical Concentration (CC) was
endorsed by WHO in 2018, yet no endorsed molecular tests are
available. The WHO has evaluated targeted next-generation
sequencing (tNGS) as a basis for testing for bedaquiline and other
new drugs in 2023, leading to a rapid communication [41]. The slow
rollout of phenotypic testing seems likely to have led to an
inappropriate use of this drug severely affecting clinical outcomes
and increasing drug resistance, jeopardising future use. After only a
decade of use, alarming rates of resistance are emerging [42].
Delamanid: Approved by the European medical Agency (EMA) in
2014 and immediately evaluated by the WHO, which issued a rapid
communication in the same year, revised in 2017 in light of new
data. With few exceptions, the drug has not been made available to
reference laboratories. Access to the compound is currently very
limited, and a provisional CC has been released by WHO in 2018. No
rapid and accessible molecular tests have been developed. Resistance
has been reported in cases never exposed to the drug [43].
Pretomanid: This is the latest TB drug to be approved (in 2019 by
the FDA and in 2020 by the EMA) and it is part of the core
recommended treatment for rifampicin-resistant TB. It belongs to the
same class as delamanid, with a partial overlap of drug resistance
determinants. Only in 2024, CC has been endorsed by WHO [41].
Very few labs have access to the drug, and those that do, have it
mainly for research purposes [44].. As such, this drug will be
provided without any capacity to test for susceptibility nor perform
surveillance.

likely to increase when a complementary Dx is available and de-
mand for a new Dx is likely to increase demand for the associated
new ABX. In microeconomics these are thus considered “comple-
mentary” goods.

Dangers in “going alone”

It must be emphasised that if relevant Dx are not brought to
market or made available alongside new ABx, the risk of driving
AMR without noticing is high, which will eventually devalue the
underlying investments and put patient health at risk once again.
The case of drugs for tuberculosis (TB) provides a good example of
the risks taken when new ABx are launched without accompanying
Dx (Table 4) [39,40].

It should be noted that the newer TB drugs were brought to
market since the early 2010s with a firm understanding from the
TB community of the diagnostic requirements that were needed for
their appropriate use. The Target Regimen Profiles published more
recently, in 2023, by the WHO include specific and detailed recom-
mendations to avoid the mistakes of the past, when the require-
ments for the monitoring of resistance of new drugs were largely
ignored [45].

A second relevant example refers to cefiderocol, in this case the
challenges in making available susceptibility testing tools, which
highlights the need for early collaboration between pharmaceu-
tical companies, diagnostic experts, and regulatory bodies. This
siderophore-conjugate cephalosporin, approved by the FDA and
EMA between 2019 and 2020 for hospital-acquired, ventilator-
associated, and healthcare-associated pneumonia and complicated
urinary tract infections, targets multidrug-resistant Gram-negative
organisms such as Pseudomonas aeruginosa, Acinetobacter bauman-
nii, and Klebsiella pneumoniae [46]. Its iron transport mechanism
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complicates susceptibility testing, and standard methods such as
broth microdilution and disk diffusion may not adequately capture
its activity, leading to discrepancies, particularly for A. baumannii
[47,48]. Although the developer later collaborated with the Clinical
and Laboratory Standards Institute (CLSI) to establish breakpoints
and testing methods, this occurred after market introduction, con-
tributing to delays and unresolved testing challenges [47,49].

The case for a greater public sector role in facilitating
partnerships

The reasons for encouraging partnership and co-launch of as-
sociated ABx and Dx are numerous from the perspective of both
financial efficiency and clinical care. From the perspective of tra-
ditional economics, the public sector would benefit from playing a
facilitating role. The externalities associated with infectious bacte-
rial diseases, especially those affected by resistance, mean that so-
ciety also reaps positive externalities when they are tackled more
efficiently. In the case of technologies for the management of bac-
terial infection there is much to gain from encouraging the pro-
duction of new ABx before resistance renders all of our therapeu-
tic options obsolete (keeping in mind that it generally takes more
than 12 years after the completion of basic research to get new
therapies on the market). There is also much to gain from encour-
aging the production of technologies that improve the way these
new therapies are used.

Given what is at stake, direct incentivization of such partner-
ships is arguably justified. As stressed by Tait and colleagues in the
context of AMR technologies, the state has historically had a role in
shaping technology trajectories and creating new markets, thereby
generating economic activity that would not otherwise have taken
place and opening up new areas that private investors can subse-
quently move into [30].

Public sector support for co-development partnerships could
correct strategic oversight by governments across the world who
may encourage the development of new drugs without ensuring
their responsible use. Many National Action Plans on AMR state
an explicit commitment to using ABx solely when justified by Dx
tests, yet there is no clear strategy for getting there or accountabil-
ity systems to track progress [50]. A strategy could be introducing
Dx-guided therapy prioritizing those ABx that are at greatest risk
of misuse and/or those which are last-line therapies and need to
be preserved.

Specifically, the public sector could support ABx-Dx partner-
ships in several ways summarized below:

e De-risk co-development of ABx and Dx by taking on some of
the development costs, e.g., by issuing forgivable loans

e De-risk such co-development by offering revenue-boosting re-

wards, e.g., innovation prizes or market entry rewards that ac-

count for the extra cost of Dx development

Offer procurement guarantees (with conditions to minimise

market distortion) to help set a revenue floor and reduce the

uncertainty surrounding the partnership

e Provide institutional support for partnership formation and
maintenance

« Make ABx market entry contingent on an approved Dx strategy

that supports responsible use of the ABx at launch (while also

helping to address the challenges mentioned above to minimize

the strict requirements for ABx developers)

Make reimbursement of the new ABX contingent on empirical

data provided by a diagnostic test

Address ABx and Dx together as part of a coherent package

within important documents (Essential Medicines and Diagnos-

tics lists) and contexts (Global Health Assembly)
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De-risking or incentivizing co-development of ABx and Dx by
taking on some of the developmental costs would likely decrease
many of the hurdles which are currently hindering the start of ABx
and Dx collaborations (timeline mismatches, risk of market failure
of ABX, etc., as stated above). Funding to integrate new ABX onto
new and existing AST panels, for example, could significantly de-
risk this activity for the Dx company and expedite market uptake
of ABx while also establishing a truly collaborative foundation that
can be built upon.

Conclusions

Both ABx and Dx are needed to help tackle resistance. Both
are undervalued in the current market environment, and this con-
tributes to their underproduction and undermines optimal patient
care. Encouraging relationships between developers of ABx and
complementary Dx would achieve gains for both parties, increas-
ing efficiency of trials and improving valuation. The success of
such partnerships could be assessed through indicators such as im-
proved efficiency in clinical trial enrolment, the availability of com-
plementary diagnostics at the time of antibiotic launch, and more
appropriate antibiotic use in clinical practice.

Crucially, complementary Dx would support the appropriate use
of both narrow-spectrum ABx and broad-spectrum ones as well.
Overall, such partnerships have clear advantages for public health.

Given the important and increasing support for the develop-
ment of new and much needed ABx, and the role that Dx play
in preserving any new ABx that are developed, explicit action is
needed to address both simultaneously through partnerships. Left
to themselves these partnerships rarely materialize. Greater pub-
lic sector support could help overcome the obstacles preventing
partnerships, and such support would be both economically and
strategically justified.
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