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1. The current business model for antibiotics is plagued by market failures and perverse
incentives that both work against conservation efforts and provide insufficient rewards
to drive the development of much-needed new treatments for resistant infection.
2. Many new incentive mechanisms have been proposed to realign incentives and support
innovation and conservation over the long term. The most promising of these are based
on the idea of delinking rewards from sales volume of the antibiotic—the notion of
“delinkage.”
3. Some critical design issues for delinkage remain, such as how to secure access to badly
needed new products when resistance renders existing treatments ineffective, an
increasingly urgent global problem. The issue of global access to antibiotics is not sufficiently addressed de facto by a delinked mechanism, and, as such, it must be addressed
explicitly through specific design features of new mechanisms, including defining the
eligibility criteria for delinkage rewards and appropriate management of intellectual
property.
4. The idea of establishing a new business model to drive antibiotic development and
improve conservation currently has the world’s attention. We must now work quickly
to examine the remaining design questions to address this major public health concern
for the longer term.
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Introduction
Senior political leaders are now aware of the threat to human health and, indeed, the global
economic toll posed by the growing level of antibiotic resistance. An Executive Order issued in
2015 by US President Barack Obama addressed antibiotic resistance [1], and a US national
action plan has been developed [2]. It is one of German Chancellor Angela Merkel’s three
health priorities for the G7 during her presidency. In May 2015, the World Health Organization (WHO) member states agreed on a global action plan on antimicrobial resistance [3]. The
Review on Antimicrobial Resistance (AMR Review), commissioned by UK Prime Minister
David Cameron, has estimated that antimicrobial resistance could result in 300 million premature deaths over the next 35 years and result in a global gross domestic product (GDP) loss of
2%–3.5% by 2050 [4].
Most of the commonly prescribed classes of antibiotics were discovered before the 1960s,
with only a few novel classes being discovered and approved for clinical use in recent decades
[5–7]. The innovation system for discovering new drugs has not been able to keep up with
increasing levels of resistance, with WHO warning that “without urgent, coordinated action by
many stakeholders, the world is headed for a post-antibiotic era” [8].
A number of different proposals and research and development (R&D) models for stimulating antibiotic innovation have been proposed [9,10], each differing with respect to characteristics such as the type and timing of innovation incentives and the degree of governmental
public control of the market. For antibiotics, business models based on sales volumes tend to
promote overuse and thereby resistance. Here we build on a recently published Chatham
House report [11] focused on how policymakers could move forward in designing delinked
mechanisms separating the return on investment in R&D from antibiotic sales volume and revenues. We describe three key issues, access, conservation, and innovation, and address how
they could work within a delinked model for developing future antibiotics.

Who Should Coordinate the Delinked Mechanism and How Will It Be
Funded?
A new antibiotic business model must be globally coordinated, as national or regional
approaches to addressing the problem will not alone ensure that benefits of antibiotic innovation are equitably shared, nor will they be sufficient to effectively address the cross-border consequences of antibiotic overconsumption. Different options exist. Coordination could be
through a body hosted by WHO, in collaboration with relevant intergovernmental agencies, or
be set up more independently. Stronger legal and financial commitment mechanisms could be
in the form of a treaty or a WHO regulation that covers access, conservation, and innovation
[12].
How more funding can be raised efficiently and equitably for unmet R&D needs has been a
longstanding and largely unresolved issue in global health. For example, the Consultative
Expert Working Group on Research and Development established by WHO recommended
governments commit at least 0.01% of GDP for health needs in low- and middle-income countries (LMICs) [13], a target that has yet to be met by most WHO member states.
For financing antibiotic innovation through global resources, a number of incremental steps
are needed. First, the global resource commitments required to tackle the challenge of antimicrobial resistance, including the cost of R&D incentives, need to be estimated. Second, that
funding should be spent in line with agreed global priorities. Even if most of this funding will
be under the control of national governments, a substantial proportion should be allocated to a
pooled funding mechanism coordinated globally, given that parts of it will need to cover
delinkage rewards. It should be noted that complete financial participation from a large
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number of countries may not be necessary to initiate a new business model. For example, a
contribution of 0.01% of GDP from the Organization for Economic Cooperation and Development (OECD) countries alone could yield between US$4 billion and US$5 billion annually.
Other members of the G20 and BRICS (Brazil, Russia, India, China, and South Africa) might
also participate, as these countries constitute large antibiotic markets [14]. All countries,
including LMICs initially unable to contribute financially, could make non-financial commitments to sustain antimicrobial effectiveness, such as the implementation of conservation and
surveillance measures, in line with WHO’s global plan of action on antimicrobial resistance.

Where and How Can R&D Incentives Be Most Effectively Applied in the
Lifecycle?
A key question is how to attract pharmaceutical innovators, both small- and medium-sized
enterprises and larger multinational companies, to increase investments in R&D for antibiotics.
Drug companies want their new products to be sold, but for antibiotics, for excellent public
health reasons, we want the newest antibiotics to be used sparingly. This dynamic uniquely disfavors investments in antibiotic R&D [15]. New antibiotics are also unlikely to be demonstrably
superior to existing drugs, many currently available in cheaper generic forms, in part due to
lack of superiority data resulting from the widespread use of non-inferiority trials.
Physicians and health systems will become increasingly cautious about prescribing new
antibiotics, except for the still relatively rare case in which existing antibiotics are ineffective.
For example, novel antibiotics effective against Carbapenem-resistant Enterobacteriaceae
(CRE) should, for sound clinical reasons, be reserved for patients in whom the pathogen and
its resistance profile are known, which is usually in a hospital setting. These antibiotics will
therefore not be available for widespread use in primary care, where over 80% of antibiotics are
prescribed [17]. This restricts the potential sales and use of a novel antibiotic during its market
lifecycle. Having done the calculations, the potential innovator will therefore not expect to generate the revenues necessary to justify any major investment in antibiotic R&D.
In order to increase the rewards for investing in R&D, increased incentives for R&D will be
needed at three different entry points of the antibiotic lifecycle (Fig 1). At the preclinical stage,
increasing public funding of antibiotic research will generate scientific advances in university
laboratories and other research institutions, filling the early pipeline with potential therapeutic
options. During the clinical development stage, there should be public sector support in the
form of tax credits, milestone prizes or grants, and enhanced support and coordination of clinical trial infrastructure. Public–private partnerships (PPPs) in which public bodies and innovators collaboratively move drugs through the three phases of clinical trials enable each to bring
their comparative advantages to the partnership.
The third entry point for incentives is after marketing approval and registration. It is at this
stage that incentives are implemented to break the link whereby R&D is principally financed
from revenue streams stemming from sales volume. Instead, companies producing a truly

Fig 1. R&D incentives over the antibiotic lifecycle.
doi:10.1371/journal.pmed.1002043.g001
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novel antibiotic should receive rewards after receiving marketing approval, linked not to sales
but to R&D costs invested or potential therapeutic value. The magnitude of these delinkage
rewards should be adjusted for net public investment across the R&D lifecycle. One option is
to pay the innovator a significant one-time payment, adjusted to R&D costs and potential clinical value, shortly following marketing approval. This option may look attractive due to its simplicity; however, evidence of novelty and clinical value is likely to be insufficient upon
marketing approval of a new antibiotic. Public funders may therefore risk rewarding innovators for drugs that over time prove unable to meet unmet clinical needs. An alternative is therefore to implement a staged approach, in which a minimum base reward covers R&D expenses
and the cost of building a supply chain, and subsequent annual payments may increase
depending on data regarding clinical effectiveness, resistance profiles, and other data indicating
the social value of the new drug [16].

How Can We Optimally Address Clinical Need, Global Access, and
Conservation Within the Delinked Incentive Framework?
At the early preclinical stage, broad qualification standards should be applied when making
grants to fund basic scientific work in antibiotic research. At the clinical and post-registration
stage (after Food and Drug Administration [FDA] or European Medicines Agency [EMA]
approval), incentive levels should be guided by a periodically updated global threat and needs
assessment, and larger incentives should only apply to drug candidates with the potential to
address significant unmet medical needs resulting from drug-resistant bacteria. Within these
broad lines, the choice of target pathogen(s) has clear implications for geographic usefulness
and global access. Ideally, incentives should be directed toward the development of new antibiotics intended for last-resort use as well as toward new agents with immediate therapeutic
value due to high levels of resistance.
As an example, we may face, due to varying levels of antibiotic resistance across geographic
regions, future scenarios in which a novel antibiotic is reserved as a last resort in high-income
settings, while being required for immediate clinical use in financially impaired markets in
LMICs. It is therefore important that delinkage, in addition to being an innovation incentive,
also address global access. Delinkage was introduced in the global health community as an
incentive mechanism in which markets and market-shaping mechanisms were insufficient or
not working as signals for innovation investments. By more directly rewarding innovation, it
also in effect became an access-related approach, since licensing arrangements potentially
could secure competition in manufacturing, thereby allowing for generic level prices [18]. Full
delinkage would divorce the incentive to recoup R&D through volume-based sales across all
markets. A variation on this approach, partial delinkage, maintains higher pricing in higherincome countries. But this has the potential of exacerbating the misalignment of economic
incentives, motivating companies to concentrate their efforts to reach higher-paying markets,
possibly to the detriment of needed access in less-well-resourced markets.
To enable global access, a delinked incentive framework must also address the management
of intellectual property (IP). Intellectual property has historically been a contentious issue with
respect to global access, with the most prominent example being civil society and governments
in LMICs clashing with multinational pharmaceutical companies over IP policies that
restricted access to antiretroviral treatment for HIV/AIDS [19]. Struggles with IP need not be
the case for antibiotics, as long as appropriate responsibilities are allocated between governments and innovators when negotiating the terms of delinkage rewards (Table 1). One alternative is that the innovator maintains ownership of IP, but, in return for delinkage rewards,
makes antibiotics available to a global coordinating body and supplies markets at a price based
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Table 1. Rights and responsibilities for the patent holder and a global coordinating body (GCB) in three IP holding scenarios1.
IP scenario

IP rights

Antibiotic price set by

Antibiotic sales
revenues accrue
to

Manufacturing arranged by

Marketing authorization,
post-approval studies, etc.
by

Marginal cost
procurement
contract

Owned by
innovator

At company cost to global
coordinating body (GCB); set
by GCB downstream

GCB

Innovator

Innovator

Partial buy-out

Licensed to
GCB

GCB

GCB

Innovator (or third parties for
geographic areas not covered
by the innovator)

Innovator (or third parties for
geographic areas not covered
by the innovator)

Full buy-out

Owned by
GCB

GCB

GCB

GCB, through licensing or
contracts with third parties

GCB, through licensing or
contracts with third parties

All these options assume full delinkage. All options could potentially implement a “top-up” system requiring high-income countries to pay a higher price
than the completive price close to marginal cost.
1

doi:10.1371/journal.pmed.1002043.t001

on production costs (price being independent of the reward itself). In case the innovator wants
to concentrate supply to specific geographic markets, negotiations should ideally result in the
innovator foregoing a share of delinkage rewards corresponding to uncovered markets. A
global coordinating body could then use these shares to incentivize and reimburse generic
companies supplying markets not served by the innovator. Another option is a full patent buyout model. In this case, a global coordinating body could take responsibility for global distribution arrangements, including manufacturing, sales, global regulatory approvals, and postmarketing surveillance. A more likely scenario is that the global coordinating body decides to
negotiate licensing agreements with companies willing to manufacture and supply the drug.
These would, in return, receive delinkage rewards reflecting the geographic scope of territories
covered.
Delinkage should also have an inherent rational use component in that it ideally, in return
for rewards, should commit the innovator to not overmarket and oversell the drug. The antibiotic can be used solely based on clinical needs rather than the need to achieve profitable sales
targets.
Finally, antibiotic delinkage should commit innovators to appropriate sharing of information on effectiveness, distribution, sales, and other data about the product, which should be
made distinct from marketing practices to the extent possible. The commitments to information sharing should be incorporated into the conditions for reward eligibility, and these should
be agreed to with the innovator also in the case of partial delinkage models. Overall, a delinked
incentive framework should present policymakers with options to enable global access while
maintaining reasonable control over antibiotic sales and distribution.

Transforming a Promising Idea into Reality
The delinkage principle applied to antibiotics is a powerful one and has attracted attention not
just from academics and NGOs but also from key figures in industry [20], high-level policy circles in Europe and the United States, and the OECD [21]. The UK’s AMR Review, led by Lord
Jim O’Neill, proposed that “a successful intervention must partially or fully ‘de-link’ profit
from sales” [7]. With this growing focus on antibiotic delinkage, we see the need for a global
conversation that applies delinkage principles to address access, conservation, and innovation
of antibiotics in concert and not in isolation [12,22]. A global framework must, irrespective of
the specific policy option chosen to achieve global collective action [23], mobilize both the sufficient level of commitment between states to address existing gaps in international
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collaboration and the trust in that doing so will accrue benefits immediately and over the long
term [24]. Global political commitment is needed now to transform antibiotic delinkage from
a promising idea into reality.

Author Contributions
Wrote the first draft of the manuscript: UG. Contributed to the writing of the manuscript: KO
UG CC AS CMM JAR. Agree with the manuscript’s results and conclusions: KO UG CC AS
CMM JAR. All authors have read, and confirm that they meet, ICMJE criteria for authorship.

References
1.

The White House. Executive Order—Combating Antibiotic-Resistant Bacteria [Internet]. 2014 [cited
2015 Sep 1]. https://www.whitehouse.gov/the-press-office/2014/09/18/executive-order-combatingantibiotic-resistant-bacteria

2.

The White House. National Action Plan for Combating Antibiotic-Resistant Bacteria [Internet]. 2015
Mar [cited 2015 Sep 1]. https://www.whitehouse.gov/sites/default/files/docs/national_action_plan_for_
combating_antibotic-resistant_bacteria.pdf

3.

WHO. Global action plan on antimicrobial resistance. 68th World Health Assembly. [Internet]. Geneva,
Switzerland; 2015 [cited 2015 Oct 9]. http://apps.who.int/gb/ebwha/pdf_files/WHA68/A68_R7-en.pdf

4.

The Review on Antimicrobial Resistance, chaired by Jim O’Neill. Antimicrobial Resistance: Tackling a
crisis for the health and wealth of nations [Internet]. 2014; [cited 2015 Sep 10]. http://www.jpiamr.eu/
wp-content/uploads/2014/12/AMR-Review-Paper-Tackling-a-crisis-for-the-health-and-wealth-ofnations_1-2.pdf

5.

Silver LL. Challenges of antibacterial discovery. Clin Microbiol Rev. 2011 Jan; 24(1):71–109. doi: 10.
1128/CMR.00030-10 PMID: 21233508

6.

Coates ARM, Halls G, Hu Y. Novel classes of antibiotics or more of the same? Br J Pharmacol. 2011
May; 163(1):184–94. doi: 10.1111/j.1476-5381.2011.01250.x PMID: 21323894

7.

The Review on Antimicrobial Resistance, chaired by Jim O’Neill. Securing new drugs for future generations: The pipeline for antibiotics [Internet]. 2015 [cited 2015 Sep 1]. http://amr-review.org/sites/default/
files/SECURING%20NEW%20DRUGS%20FOR%20FUTURE%20GENERATIONS%20FINAL%
20WEB_0.pdf

8.

WHO. WHO’s first global report on antibiotic resistance reveals serious, worldwide threat to public
health [Internet]. News release; 2014 [cited 2015 Oct 9]. http://www.who.int/mediacentre/news/
releases/2014/amr-report/en/

9.

Outterson K. New business models for sustainable antibiotics [Internet]. London: Royal Institute of
International Affairs; 2014 [cited 2014 Oct 18]. http://www.chathamhouse.org/sites/default/files/public/
Research/Global%20Health/0214SustainableAntibiotics.pdf

10.

So AD, Gupta N, Brahmachari SK, Chopra I, Munos B, Nathan C, et al. Towards new business models
for R&D for novel antibiotics. Drug Resist Updat. 2011 Apr; 14(2):88–94. doi: 10.1016/j.drup.2011.01.
006 PMID: 21439891

11.

Clift C, Gopinathan U, Morel C, Outterson K, Røttingen J-A, So A. Towards a New Global Business
Model for Antibiotics. Delinking Revenues from Sales. Report from the Chatham House Working Group
on New Antibiotic Business Models. London: The Royal Institute of International Affairs; 2015. https://
www.chathamhouse.org/sites/files/chathamhouse/field/field_document/
20151009NewBusinessModelAntibioticsCliftGopinathanMorelOuttersonRottingenSo.pdf

12.

Hoffman SJ, Outterson K, Røttingen J-A, Cars O, Clift C, Rizvi Z, et al. An international legal framework
to address antimicrobial resistance. Bull World Health Organ. 2015 Feb 1; 93(2):66. doi: 10.2471/BLT.
15.152710 PMID: 25883395

13.

Consultative Expert Working Group on Research and Development. Research and development to
meet health needs in developing countries: Strengthening global financing and coordination. Geneva,
Switzerland: World Health Organization; 2012.

14.

Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global antibiotic consumption 2000 to 2010: an analysis of national pharmaceutical sales data. Lancet Infect Dis. 2014 Aug;
14(8):742–50. doi: 10.1016/S1473-3099(14)70780-7 PMID: 25022435

15.

Projan SJ. Why is big Pharma getting out of antibacterial drug discovery? Curr Opin Microbiol. 2003
Oct; 6(5):427–30. PMID: 14572532

PLOS Medicine | DOI:10.1371/journal.pmed.1002043 June 14, 2016

6/7

16.

Rex JH, Outterson K. Antibiotic reimbursement in a model delinked from sales: a benchmark-based
worldwide approach. Lancet Infect Dis. 2016 April; 16(4):500–505. doi: 10.1016/S1473-3099(15)
00500-9 PMID: 27036356

17.

Goossens H, Ferech M, Vander Stichele R, Elseviers M, ESAC Project Group. Outpatient antibiotic use
in Europe and association with resistance: a cross-national database study. Lancet. 2005 Feb 12; 365
(9459):579–87. PMID: 15708101

18.

Love J, Hubbard T. Prizes for innovation of new medicines and vaccines. Ann Health Law. 2009; 18
(2):155–86, 8 p. preceding i. PMID: 21950238

19.

Hoen E ‘t, Berger J, Calmy A, Moon S. Driving a decade of change: HIV/AIDS, patents and access to
medicines for all. J Int AIDS Soc. 2011; 14:15. doi: 10.1186/1758-2652-14-15 PMID: 21439089

20.

Megget K. Fixing the broken antibiotics business model [Internet]. Royal Society of Chemistry; 2016
[cited 2016 Feb 26]. http://www.rsc.org/chemistryworld/2016/01/antibiotics-resistance-businessmodel-commercial-strategies

21.

Cecchini M, Langer J, Slawomirski L. Antimicrobial resistance in G7 countries and beyond: Economic
Issues, Policies and Options for Action [Internet]. Organisation for Economic Co-operation and Development; 2015 Sep [cited 2016 Feb 26]. http://www.oecd.org/els/health-systems/AntimicrobialResistance-in-G7-Countries-and-Beyond.pdf

22.

Hoffman SJ, Outterson K. What Will It Take to Address the Global Threat of Antibiotic Resistance? J
Law Med Ethics. 2015; 43(2):363–8. doi: 10.1111/jlme.12253 PMID: 26242959

23.

Hoffman SJ, Caleo GM, Daulaire N, Elbe S, Matsoso P, Mossialos E, et al. Strategies for achieving
global collective action on antimicrobial resistance. Bull World Health Organ. 2015 Dec 1; 93(12):867–
76. doi: 10.2471/BLT.15.153171 PMID: 26668439

24.

Årdal C, Outterson K, Hoffman SJ, Ghafur A, Sharland M, Ranganathan N, et al. International cooperation to improve access to and sustain effectiveness of antimicrobials. Lancet. 2016 Jan 16; 387
(10015):296–307. doi: 10.1016/S0140-6736(15)00470-5 PMID: 26603920

PLOS Medicine | DOI:10.1371/journal.pmed.1002043 June 14, 2016

7/7

