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Abstract
Antibiotic resistance is becoming an increasing threat, with too few novel antibiotics coming to market to replace those lost due
to resistance development. Efforts by the pharmaceutical industry to screen for and design novel antibacterials have not been
successful, with several companies minimizing or closing down their antibacterial research units, leading to a loss of skills and
know-how. At the same time, antibiotic innovation in academia is not filling the void due to misaligned incentive structures and
lack of vital knowledge of drug discovery. The scientific and structural difficulties in discovering new antibiotics have only
begun to be appreciated in the latest years. Part of the problem has been a paradigm shift within both industry and academia to
focus on ‘rational’ drug development with an emphasis on single targets and high-throughput screening of large chemical
libraries, which may not be suited to target bacteria. The very particular aspects of ‘targeting an organism inside another
organism’ have not been given enough attention. In this paper, researcher interviews have complemented literature studies to
delve deeper into the specifics of the different scientific and structural barriers, and some potential solutions are offered.
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Introduction

While the problem of antibacterial resistance is
becoming increasingly worse (1), the number of
new antibiotics coming onto the market is dwindling
(2,3). In the last 40 years, only two novel classes of
antibiotics have been marketed, and those two classes
were discovered before 1987 (4). In recent years,
many attempts have been made to explain this lack
of innovation, with many papers written on the dif-
ficulties in antibacterial discovery and development.
Most of these papers focus on one of three identified
components or bottlenecks: regulatory (5), financial
(6), or scientific (4,7). Calls have also been made to
create new economic models that will overcome these
bottlenecks and to ensure that any novel antibiotic is
used responsibly and with equitable access for all
(8-12). This paper focuses on the structural barriers
encountered by scientists involved in antibiotic
discovery, reasons for the lack of innovation in the

field of antibacterials in the pharmaceutical sector,
and attempts to offer some possible solutions.
Problems and potential solutions were identified
through literature review, interviews with researchers
in academia and the pharmaceutical industry, as well
as participation in meetings on the subject.
When discussing discovery of novel antibiotics, it is

important to note that there are different definitions of
the word ‘novel’. It is most often defined as an
antibiotic that acts on a previously unexploited
bacterial target. However, novel antibiotics could
also hit unexplored areas of already used targets
such as the protein translation machinery or the cell
wall synthesis. Macrolides and chloramphenicol are
for example still considered completely different
classes, even though they both target the peptidyl
transfer step of translation. Furthermore, antibiotics
that are not strictly novel classes can still be extremely
useful if they for example overcome a particular
resistance problem. Therefore, it is important to
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discuss what kinds of ‘novel’ antibiotics are most
needed. Since drug development from discovery to
finished product most often takes place over a decade
or more, how do we ensure that we get the antibiotics
we need, when we need them? There seems to be
almost unanimous agreement that the biggest threat
right now is multi-drug-resistant Gram-negative
bacteria—but which Gram-negative bacteria? Gonor-
rhoea, with 106 million new cases each year (13), and
where we have very few treatment options, multi-
resistant Pseudomonas, or carbapenem-resistant
enterobacteriaceae? For the latter group, a new
broad-spectrum antibiotic would most certainly be
life-saving, but is it feasible to try for a new ‘panacea’
antibiotic, or do we have to be content with targeting
sub-groups of these bacteria? For gonorrhoea, it may
actually be possible to use existing drugs that have not
yet been approved for use for this indication, but
someone then needs to pay for the necessary clinical
trials.1 The point here is: who is making these prior-
ities? At present, it is still the pharmaceutical compa-
nies, looking at potential markets, but if we want to
ensure that products meet current and future health
needs, one factor that needs to be urgently addressed
is how to form a mechanism for dealing with these
prioritization questions. Such an analysis of the need
for new compounds has to be continuous, must build
on the global trends of antibiotic resistance and health
burden, and should be performed by the public
sector.

Innovation crisis in antibiotic discovery and
development

In the last few years, several processes have been
initiated trying to address the dearth of novel
antibiotics. The Swedish EU presidency’s focus on
the need for innovative incentives to develop new
antibiotics helped to raise the issue high on the agenda
in the EU (14,15). Following the subsequent release
of the EU Action plan on Antimicrobial resistance
(AMR) (16) was the creation of a new programme
entitled ‘New Drugs for Bad Bugs’ (ND4BB) within
the Innovative Medicines Initiative (a public–private
partnership, PPP). Another example of a PPP initia-
tive on this topic is the collaboration between the
Singaporean Agency for Science, Technology and
Research and AstraZeneca to generate antibiotics
for Gram-negative infections.2 Examples from other

fields include the Drugs for Neglected Diseases
Initiative (DNDi) working with the Drug Discovery
Unit at Dundee,3 and the Medicines for Malaria
Venture collaborating with Genzyme Corporation
and the Broad Institute.4 Other recent initiatives
are the Joint Programming on AMR (JPIAMR),5

where one of the priority topics in the strategic
research agenda is the development of novel antibio-
tics and alternatives to antibiotics, and the GAIN act
in the US. Among other things, the GAIN act uses
extended market exclusivity as a carrot for pharma-
ceutical companies to create new antibiotics.6 How-
ever many, also within industry, have questioned the
usefulness of this approach in stimulating research
and development (17), and there are also important
implications for access in low-income countries that
need to be considered.
The crisis in innovation is not exclusive to

antibiotics, and many have pointed to a general
need to revive innovative potential in the pharmaceu-
tical industry (17). The shift in drug discovery
approaches from a physiology-based to a target-based
approach may be one cause. Focusing on processes
rather than diseases in order to streamline and opti-
mize drug discovery may have meant that proper
scientific analysis suffered (18).
Antibiotic innovation is a particularly dire case and

there have been huge losses in competence as the big
pharmaceutical companies have gradually cut back on
or completely shut down their research units on
antibacterial substances. Much of the research in
the field is now done in academia, or in smaller
biotech companies that develop a molecule up to a
point and then try to sell it to a big company that has
the capacity and resources to conduct large clinical
trials. Crossing the so-called ‘valley of death’, i.e.
validating the commercial potential of a promising
molecule is indeed challenging. Some of these chal-
lenges are explored in the section below (‘Challenges
in academic drug discovery’).
Another factor that may be important in the decline

of innovative new antibiotics is that the structure of
the pharmaceutical industry has changed significantly
since the 1950–60s. Nowadays, a molecule may take a
very complex path through mergers and acquisitions
from discovery through the different development
stages. As an example, consider Ramoplanin�

1http://www.niaid.nih.gov/news/newsreleases/2013/Pages/GonorrheaTrial.
aspx

2http://www.a-star.edu.sg/Media/News/Press-Releases/ID/1904/New-Deal-
Aims-To-Reverse-Global-Rising-Tide-Of-Antibiotic-Resistance.aspx

3http://www.dundee.ac.uk/pressreleases/2009/prjune09/candidates.htm

4http://www.mmv.org/newsroom/press-releases/genzyme-corporation-and-
mmv-announce-new-collaboration-advinus-therapeutics-

5http://www.jpiamr.eu

6http://www.gpo.gov/fdsys/pkg/BILLS-112s3187enr/pdf/BILLS-
112s3187enr.pdf

Bottlenecks in antibacterial discovery and development 171

http://www.dundee.ac.uk/pressreleases/2009/prjune09/candidates.htm
http://www.dundee.ac.uk/pressreleases/2009/prjune09/candidates.htm
http://www.mmv.org/newsroom/press-releases/genzyme-corporation-and-mmv-announce-new-collaboration-advinus-therapeutics-
http://www.mmv.org/newsroom/press-releases/genzyme-corporation-and-mmv-announce-new-collaboration-advinus-therapeutics-
http://www.dundee.ac.uk/pressreleases/2009/prjune09/candidates.htm
http://www.mmv.org/newsroom/press-releases/genzyme-corporation-and-mmv-announce-new-collaboration-advinus-therapeutics-
http://www.mmv.org/newsroom/press-releases/genzyme-corporation-and-mmv-announce-new-collaboration-advinus-therapeutics-
http://www.jpiamr.eu
http://www.gpo.gov/fdsys/pkg/BILLS-112s3187enr/pdf/BILLS-112s3187enr.pdf
http://www.gpo.gov/fdsys/pkg/BILLS-112s3187enr/pdf/BILLS-112s3187enr.pdf


(formerly known as A-16686), which is a
glycolipodepsipeptide derived from bacteria of the
genus Actinoplanes. Ramoplanin is active against
vancomycin-resistant Enterococcus spp. (VRE),
methicillin-resistant Staphylococcus aureus (MRSA),
and vancomycin-intermediate-resistant Clostridium
difficile and was patented in 1980 in Italy. Since
then, the molecule has been through numerous
licencing events, mergers, and acquisitions as well
as bankruptcies (see Box 1). One could argue that
if the molecule was interesting enough, it would have
become a drug, but do we really know this? At the very
least, it would be worthwhile to explore the role of
mergers and acquisitions for a selected number of
potential antibiotic compounds.
Researchers in antibiotic discovery also need to

start learning from their own and others’ mistakes
more systematically. Many interesting compounds
have ‘disappeared’ for sometimes unknown reasons,
before they ever came to phase II/III clinical trials.
Were these compounds disregarded because they
were truly not useful, or because of other considera-
tions such as financial, which may not be valid any
more, or toxicity issues that might be solvable decades
later? A good place to start looking could be old
pipeline analyses, patent literature, or material pub-
lished by scientists previously working in the industry
(19). If big pharmaceutical companies were also
involved, they could contribute this information.
One opportunity for such an analysis is the ND4BB
programme mentioned above, where it is declared
that ‘all consortia participating in projects running
under the ND4BB research programme will be
expected to deposit data in the ND4BB data hub
and work together to share data and experience as
widely as possible amongst all programme members
and the antibiotic community as a whole’ (20).

Challenges in academic drug discovery

There seems to be a common notion among both the
general public and policy-makers that if a lot of money
is put into research thiswill in itself be enough to lead to
new medicines. However, in reviewing literature, par-
ticipating in meetings, and interviewing researchers in
several different countries, it seems obvious that this
conclusion is false and thatmuchmore than research is
needed. One reason is that many (maybe even most)
academic researchers are not primarily interested in
the process of shepherding a molecule through the
drug development process. University researcher
incentives are almost exclusively based on publishing,
and, after the initial discovery of a potential new
molecule is published, establishing proof of concept
that a molecule could be useful as a medicine is not

deemed cutting-edge research. Collaborating with
companies, patenting, etc. is also usually very
counter-productive for publishing because of con-
straints on which knowledge can enter the public
domain. Other issues with antibiotic discovery in the
academic sector often include lack of knowledge of
medicinal chemistry and the steps of developing a
molecule into a drug after initial discovery. It may
be worthwhile to develop a ‘manual’ or check-list of
essential assays aimed at academic antibiotic drug
discovery and development, as this expertise will
otherwise have to be bought from consultants. Also,
both medicinal chemistry and other expertise are
essential to ensure a collaborative, productive envi-
ronment of scientists from several different disciplines.
In addition, if academia ventures further into drug
development, skilled managers, not only skilled
researchers, are needed, which may be hard to find
unless very high salaries can be afforded (21).
The few researchers that do indeed wish to progress

their molecule far enough so it may be sold to a
biotech company will find that funding for this
endeavour is very hard to come by. It is not pure
research, so those sources of funding are usually not
available. Venture capitalists are less prone these days
to ‘venture’ and prefer much more proof before they
will consider investing.
In Box 2, scientific areas have been listed, where

increased knowledge would facilitate the discovery of
new antibiotics, several of which have been suggested
before (4,22,23) but have been gathered here for easy
overview. It can be argued that breakthroughs cannot
only be achieved by directing science, so funding of
more explorative research should not be reduced.
Instead increased funding for both targeted and
explorative basic science is needed.

Alternatives to antibiotics

When discovery and development of new antibiotics
are discussed, invariably alternatives to conventional
antibiotics are brought up. Among the most common
are antimicrobial peptides (AMPs) and bacterio-
phages, both of which have been mentioned as
alternatives to antibiotics for decades. While these
alternatives are certainly worth exploring, it may be
good to note some of the reasons they will not be
replacing conventional antibiotics, at least not any
time soon. In the case of AMPs, they can have a
direct antibacterial effect, but usually only under
specific conditions (e.g. pH, ionic strength) and at
quite high concentrations. To date it has been
problematic to use their antimicrobial properties to
develop them into pharmaceuticals. Instead, recent
research focuses on their ability to recruit and
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modulate the innate immune system (24). While this
is an attractive approach, AMPs are fraught with
problems like high production costs, toxicity, and
susceptibility to proteases. It is very hard to achieve
a high enough concentration in the body at the right
site, making them unsuitable at least as replacement
for systemic treatment. In the short term, AMPs are
therefore best suited for topical and possibly inhala-
tion applications. AMPs could also be used as com-
plements to conventional antibiotics. The antibiotic
clears the bacteria, and the AMP could reduce the
inflammatory response, which would be very useful in
e.g. sepsis. Certainly, AMPs are worth investigating
further, and may in the long-term perspective become
useful tools to combat bacterial infection. However,
they are currently a complement to small-molecule
antibiotics, not a replacement, especially not for
Gram-negative bacteria.
Regarding phages, where most of the work has been

performed in Eastern Europe and the states of the
former Soviet Union (25), they too have their advan-
tages as well as significant drawbacks. Phage therapy
can be useful in e.g. deep skin wounds, where it is
possible to spray the phage solution directly onto the
infected area. However, caveats that would hinder the
use of phages systemically is their considerable
antigenicity, localization issues with getting the phage
to the infected site, achieving the appropriate concen-
tration, as well as a need constantly to update phage
libraries to get a useful coverage of strains. In addition
to this, bacteria can quite easily develop resistance
also to phages (26).
In summary, alternative approaches (and there are

many more beside AMPs and phages) to conventional
antibiotics should certainly be explored, but it is
important clearly to understand their limitations in
terms of which types of infections and bacteria they
could be effective against, and how close they are to
clinical application.

Conclusions and proposals

To accomplish any of the suggestions in this paper,
new funding is essential. The Wellcome Trust funds
both academia and companies for early drug discov-
ery/screening of compounds to try and close the gap
between academia and commercialization in their
Seeding Drug Discovery programme (£110 million),
but funding is mainly available for partners in the UK.
In a 255-page report for the Swedish Presidency of the
EU in 2009 intended to investigate how to make
possible the continued development of innovations
in the antibacterial field, some suggestions are made:
To create a collaborative programme, in order to
collect the expertise that is required to develop

innovations in the antibacterial field, and to provide
public risk capital for early, high-risk antibiotic devel-
opment (27).
There is an increasing interest and investment in

translational medicine, where lessons could be
learned in order to cross the ‘valley of death’ in
antibacterial research. Examples include National
Center for Advancing Translational Sciences
(NCATS) at NIH7 and other initiatives in the
UK,8 India,9 and many other places. In order to
meet the numerous challenges listed in this paper—

Box 1. Case study of Ramoplanin�with relevant dates tracking the
discovery, patent, out-licencing, and changing ownership of the
molecule.

1980 Patent, Gruppo Lepetit SpA/Aventis

1984 First published paper

1996 Buyout of Lepetit from Aventis by Biosearch
Italia

1997–2001 More patents taken by Biosearch

1999 Intrabiotics starts phase II studies

2001 Presentation of in vitro data (C. difficile, VRE) at
ICAAC

2001 Ramoplanin gets EMA Orphan drug designation

2001 Biosearch reacquires rights to oral Ramoplanin
from Intrabiotics. Intrabiotics had completed
phase II trials but failed to recruit patients for
phase III (104/950 needed)

2001 Genome Therapeutics acquires licence for oral
(not topical) Ramoplanin and planned to
complete phase III trial

2002 Biosearch reacquires rights to topical
Ramoplanin from Intrabiotics

2002 Versicor buys Biosearch

2003 Versicor changes name to Vicuron

2004 Genome Therapeutics gets FDA fast-track status
for Ramoplanin

2004 Genome Therapeutics changes name to Oscient

2005 Pfizer buys Vicuron

2005 Oscient gets Special Protocol Assessment from
the FDA, needs to complete 2 phase III trials for
VRE

2006 Oscient acquires world-wide rights for
Ramoplanin from Pfizer/Vicuron

2007 Oscient receives Notice of allowance from the
FDA for methods of use for C. difficile

2009 Oscient declares bankruptcy

Dec 2009 Nanotherapeutics acquires rights to Ramoplanin

7http://www.ncats.nih.gov/

8http://www.mrc.ac.uk/Ourresearch/ResearchInitiatives/Translationalre-
search/index.htm

9http://thsti.res.in/
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scientific bottlenecks, mechanisms for prioritization,
lack of innovative capacity, misaligned incentives, and
lack of antibiotic discovery experience and expertise—
we need a strong focal point with multidisciplinary
skills, and both academic and industry competences. I
propose the establishment of a ‘Centre for Antibiotic
Research’, much as we have institutes and centres
for cancer research, to help address these challenges
and also help create clear career paths for scientists in
antibacterial discovery. A model could be Canada's
Center for Drug Research and Development10 that
provides expertise and infrastructure for researchers,
to enable them to advance promising drug candidates.
A possibility for Europe could be to create such a

centre within the framework of the JPIAMR, to
collect Europe’s (and Canada’s) expertise in antibi-
otic discovery. The centre could have outreach
programmes to collect interesting molecules and offer
expertise in drug development, to enable evaluation
of potential antibiotic compounds originating in
academia or smaller biotech companies. However,
it is high time that we stop just discussing potential
solutions, find the necessary funding, and start
implementing.
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