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The public takes for granted that the phar-
maceutical industry can anticipate society’s
medical needs and meet them. This faith is
nowhere more evident than in the expecta-
tion that antibiotics are readily available to
treat bacterial infections. After all, infec-
tious diseases are the second-leading cause
of death worldwide and the third-leading
cause of death in economically advanced
countries. But surprisingly, despite growing
bacterial resistance to existing drugs, anti-
biotic development in the pharmaceutical
industry is steeply declining (see chart,
right)1–3. This new problem is converging
with an old one — the scarcity of anti-
biotics to treat diseases prevalent mainly in
poorer regions.

The emerging crisis in wealthy nations
and the long-standing crisis in poor nations
result from the same causes — economic,
regulatory and scientific — each exacerbated
by the problem of antibiotic resistance.
Government agencies and professional 
societies have addressed the latter prob-
lem3–6, but little has changed. We need new
approaches, beginning with the recognition
that the antibiotic crises of wealthy and poor
nations are the same. The challenge is this:
what can we do about the level of antibiotic
research and development, which has long
been insufficient to meet the needs of most
populations, and now is plummeting? 
Causes of this decline are reviewed below,
followed by ‘blue sky’ proposals for a more
constructive approach to the permanent
struggle with infectious disease. The focus is
on drugs, but vaccination has a major role to
play in reducing dependence on antibiotics.

Economic pressures
With respect to profit margins, financial
markets hold the pharmaceutical business
to a higher standard than almost any other
industry. The demand for blockbuster
drugs pressures companies to focus on
long-term treatment of chronic conditions
in preference to brief treatments for bacterial
infections7. Most of the antibiotics that
major firms make are designed for broad-
spectrum activity, so that they can be used
by as many patients as possible. This short-
ens the market life of an antibiotic — as
widespread use of an antibiotic hastens the
emergence of resistance against it. To ward
off resistance, physicians are urged to spare
their use. With profits thus restrained in the
medical arena, pharmaceutical firms send
roughly half their antibiotic output to the

food industry5. Pork, fowl, fish and dairy
producers use antibiotics to maintain stock
and foster growth. This selects for resistant
bacteria, which can find their way into
human populations — hastening the demise
of the drug and making once-treatable
infections incurable4–9.

Industry’s retreat from developing new
antibiotics is leading to a loss of expertise in
both practical and theoretical aspects of
antibiotic biology1. As industry reassigns or
retires its microbiologists, academia will in
turn train fewer5. When wealthy societies
demand a resumption of antibiotic research,it
will take years to rebuild the knowledge base.

Better business models
The Global Alliance for Tuberculosis Drug
Development, a not-for-profit agency, is
building a case to persuade industry that
moderate profits can be made by developing
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antibiotics for a disease prevalent in poor
regions10. AstraZeneca has opened a research
centre for anti-tuberculosis drug develop-
ment in India (www.astrazenecaindia.com)
and GlaxoSmithKline has assembled a team
to work on drugs for tuberculosis and malar-
ia (www.gsk.com/financial/reps02/CSR02/
GSKcsr-7.htm). Although these are positive
steps, these initiatives are not enough to
equip us to treat infections endemic in poor
regions, nor do they address the emerging
shortage of antibiotics for bacterial infec-
tions in wealthy nations.

Academic scientists are making rapid
advances in the chemical biology of infectious
diseases. But they lack access to medicinal
chemistry, pharmacology and the expertise 
to turn ‘hits’ into drug leads, or those leads 
into drugs.

What is needed is a new player on the
scene: a not-for-profit drug company. The
profit sector could provide leadership.
Encouraged by tax incentives, industry could
give sabbaticals to its scientists and execu-
tives to work at a not-for-profit firm in 
rotation. Many in the pharmaceutical indus-
try would like nothing better than to con-
tribute personally to an endeavor in which
their company (as a whole) is constrained
from engaging.

A not-for-profit firm could pursue
research differently, protecting its intellectu-
al property by filing patents, but also adver-
tising its work openly,with the goal of licensing
the intellectual property gratis to any com-
pany or agency that commits to produce and
distribute the resulting drugs on a basis that
would serve the needs of patients and society.
For example, distribution in low-income
markets could be on a for-cost basis whereas
distribution in wealthy markets could
remain for-profit.

Biotechnology firms are beginning to
‘translate’ the ideas of academic researchers
into drugs,but it is difficult for small firms to
mount a world-class effort at medicinal
chemistry and pharmacology, especially
now that expertise in antibiotic development
is scarce. A not-for-profit drug company
could perform these services in exchange for
a share of revenues from sales in high-
income countries, coupled with a commit-
ment that the drugs be distributed on a 
not-for-profit basis elsewhere.

The best established way to delay the
emergence of antibiotic resistance is to use
one or more drugs in combination —
known as combination therapy. A potential
source of income for a not-for-profit, indus-
try-supported drug company could there-

Antibiotics at the crossroads
Are we making the right choices to bring new drugs to the marketplace?
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fore be contract work for private firms to
identify effective drug combinations at an
early stage. In fact, a not-for-profit firm
could test the idea that shared knowledge
allows early identification of targets (usually
microbial enzymes) whose combined inhi-
bition is lethal to the bacteria.

The majority of the funding for a non-
profit firm would probably have to come
from government and foundations. Tax
incentives could encourage the for-profit
sector to furnish services in kind or at cost,
including equipment, supplies, chemicals,
clinical development, and regulatory and
legal services. Manufacturing could be 
contracted to factories in low- and middle-
income countries.

One can foresee many problems, such as
back-flow of drugs from poor regions to
wealthy ones. Such problems will be easier to
manage than asking twenty-first century
societies to accept nineteenth-century death
rates from infection3.

Regulatory obstacles
Another major disincentive in the develop-
ment of new antibiotics is the current system
of regulatory requirements that discriminate
against their approval1,5. In the United States,
companies must demonstrate that a new
antibiotic is superior to existing agents when
used against infections caused by drug-sen-
sitive strains. Existing agents are so effective
against drug-sensitive strains that a new
antibiotic is unlikely to be much better than
an older one. Yet testing new antibiotics
against infections caused by antibiotic-resis-
tant bacteria is exceptionally difficult, as
patients with serious drug-resistant infec-
tions have usually been treated with other
antibiotics before resistance is documented.
In short, the regulatory system is geared to

generic standards of safety and 
efficacy — it makes no allowance for the spe-
cific case of antibiotic resistance. Companies
have withdrawn from developing products
against which they believe the regulatory 
system discriminates.

Smarter regulations
In agreement with recent recommendations3

of the Infectious Disease Society of America
(see news feature on page 892), I believe
regulatory requirements and patent incen-
tives should be revised to encourage the
pharmaceutical industry to develop new
antibiotics. New antibiotics should be
approved if they meet three tests. First, the
safety profile is acceptable for the severity of
the infection; second, the drug is effective in
patients against antibiotic-sensitive bacte-
ria; and third, the drug is effective in vitro
against bacteria that are resistant to one or
more existing antibiotics used to treat that
infection. After a new antibiotic is
approved, its clinical efficacy should be
monitored in patients who are infected with
bacteria resistant to previously approved
antibiotics. This information should be
posted on the Internet as it is collected.

Unless new antibiotics are used in combi-
nation, resistance8 against them will quickly
arise.A new pre-approval test should be devel-
oped for antibiotics intended to treat persis-
tent or recurrent infections,such as tuberculo-
sis and malaria, which require sustained
administration.The manufacturer should run
preclinical tests to determine how the new
agent interacts with existing antibiotics used 
to treat that disease (one from each class).This
information, combined with the drug’s phar-
macokinetic profiles,should help regulators to
develop new post-approval requirements for
treating patients. First, the manufacturer

should specify lists of agents, at least one of
which should be used together with the new
drug.Second,the manufacturer should moni-
tor clinical efficacy and incidence of drug resis-
tance when such combinations are used in
practice.

Patent life should be extended for antibi-
otics of new chemical classes directed at new
targets2,analogous to US patent extensions for
drugs developed to treat rare genetic diseases.

In addition, all new antibiotics should be
banned from widespread administration to
healthy animals. It remains for the rest of the
world to embrace an enforceable version of
the ban enacted in the European Union in
1998 (ref. 6), or alternatively, to provide tax
incentives with the same effect.

Stalled science
It would be simplistic to blame market
forces and regulatory requirements alone
for the antibiotic crisis. There is another
and more surprising cause — industrial
research and development has mainly 
produced variants of older antibiotics,
when new drugs are sorely needed. Over the
past few decades, only two new chemical
entities have entered clinical practice as
antibacterial agents, and only one whose
target is in a new biochemical class1,2,8,9. It is
surprising that the well has gone dry,
despite heavy investment to dig it deeper
using combinatorial chemistry and compu-
tational biology. Although genomic analyses
are revealing hundreds of potential targets
in pathogens, it remains a fact that almost
all agents used to treat bacterial infections
either have unknown enzymatic targets or
target just four classes of enzymes — those
involved in synthesis of protein, nucleic acids,
cell walls or folate8. How did yield decline
while knowledge grew and tools improved?
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AstraZeneca's research operation in Bangalore brings much-needed investment and expertise to India in the search for anti-tuberculosis drugs.
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