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Society’s failure to protect a precious resource: antibiotics
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Since their discovery last century, antibiotics have
served society well by saving tens of millions of lives.
Too many individuals—including illustrious composers
and writers such as Schubert, Mahler, Mozart, and
Wilde—died prematurely in the pre-antibiotic era from
bacterial infections that are now treatable. Antibiotics
are called miracle drugs because they kill bacteria, and
thereby cure people of potentially fatal infectious
diseases. Antibiotics are also unique drugs, because
they act not only on the bacteria causing the infections,
but also on a myriad of commensal bacteria, which can
then disseminate widely, creating a reservoir of resistant
organisms.
Unfortunately, from the moment antibiotics were
discovered, they have been used excessively and with
little attention to the inevitable consequence of resistance.
Although they are a treasure for all humanity, they have
been regarded as inexhaustible gifts, without full
appreciation that they are a limited resource that can be
renewed only with great diﬃculty and expense. More
recently, antibiotic discovery and development has almost
stopped, in part because of a vast underestimation of the
implications of antibiotic resistance. Some people
pointed out the potential of indiscriminate antibiotic use
to give rise to resistant bacteria,1 but these warnings had
limited eﬀect on practice. Additionally, although we focus
on resistance to antibiotics here, it should be borne in
mind that resistance is also a problem for most
antimicrobials, including agents used for treating
parasites, fungi, mycobacteria, and viruses.
In view of the casual attitude towards antibiotics that
prevails, it is hardly surprising that resistance has
increased worldwide over the past few decades, closely
correlated with their usage.2 Antibiotic use facilitates
both the development and spread of resistant bacteria in
the community, hospitals, and long-term care facilities.
Only a few countries have had the foresight to implement
more stringent policies and programmes to prevent or
mitigate the emergence and spread of resistance by
reducing inappropriate antibiotic use, and improving
hygiene standards to prevent cross transmission.3
However, even in these more careful countries, resistance
can still be an issue, often after the importation of
multiresistant bacterial strains4 or the overuse of
antibiotics in farmed animals.5
There are many alarming examples of increasing
resistance in bacteria that commonly infect patients in the
community and health-care settings. Among grampositive bacteria, meticillin-resistant Staphylococcus aureus
(MRSA) has attracted media and public policy attention.6
Some MRSA strains have shown a disturbing creep
towards resistance to glycopeptides and some of the more
www.thelancet.com Vol 378 July 23, 2011

recently introduced agents, such as daptomycin and
oxazolidinones.7 Community-acquired MRSA strains have
spread globally, and are also now becoming increasingly
common in healthcare settings. Glycopeptide-resistant
enterococci are a concern in many countries, and new
mechanisms of resistance continue to develop.8
The resistance problem is even worse for gram-negative
bacteria, both in community and hospital settings.
Gonococci, which were easily treated until recently with
standard antibiotics, are becoming more resistant to
fluoroquinolones and cephalosporins.9 Salmonella, many
strains of which have become resistant to many
antibiotics, complicate treatment—especially in countries
where access to remaining eﬀective antibiotics is limited.10
Mounting resistance in Enterobacteriaceae, such as
Escherichia coli and Klebsiella pneumoniae,11 complicates
the treatment of common community-acquired
infections. Although third-generation cephalosporin
resistance in E coli is still below 5% in many European
countries, it has increased substantially in others,
exceeding 25% and even reaching 50% in bacteria
isolated from invasive infections in the European
Antimicrobial Resistance network.3
In health-care settings, multi-drug resistance in gramnegative bacillary infections has severely restricted
therapeutic options, and sometimes no eﬀective drugs
are available to treat life-threatening infections.12
Advanced cephalosporins can no longer be used as
empirical therapy in many countries. Hence,
carbapenems, an antibiotic class that represents the last
available weapon against many gram-negative bacilli, are
being used increasingly for empirical therapy. Resistance
to these agents will accelerate if carbapenems become
standard first-line therapy worldwide, particularly in
intensive care, where selective pressure and transmission
risks are highest. Pseudomonas aeruginosa and
Acinetobacter species can be highly resistant to
ceftazidime, fluoroquinolones, and carbapenems. An
increasing number of organisms are resistant to all
antibiotics, including colistin.12 K pneumoniae and E coli
will probably become increasingly resistant to
carbapenems by harbouring carbapenemases or
nucleoside diphosphate enzymes, such as the New Delhi
metallo-betalactamase (NDM1).13 The spread of these
resistant gram-negative organisms should be regarded as
a growing but insuﬃciently publicised pandemic.
Some drug resistance among Enterobacteriaceae came
from the use of antibiotics in animals in the retail food
chain. E coli and Salmonella strains resistant to
fluoroquinolones and third-generation cephalosporins
have been associated with meat and poultry products.14
The non-therapeutic use of antibiotics in animals
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continues to increase, despite recommendations from
WHO15 and others to have this practice stopped, as has
been done in the European Union.
Faced with these daunting therapeutic challenges,
physicians in some countries have had to resort to
antibiotics with unfavourable toxicity profiles and
limited pharmacodynamic guidance (eg, colistin),16 as
well as unconventional combinations of antibiotics that
have not been investigated properly. Old ideas are being
resurrected, such as the use of lytic bacteriophages, but
with little evidence of clinical eﬀectiveness. New
approaches, such as defensins, targeted monoclonal
antibodies, and agents designed to interrupt
mechanisms of pathogenesis (eg, toll-like receptors,
quorum sensing) have yet to fulfill their therapeutic
potential. Essentially, even as we are forced to revisit
treatments that are more than 30 years old while waiting
desperately for new research to bear fruit, we sense a
pervasive belief in the scientific community that
increasing resistance is the new norm. This is a
misleading and costly attitude, both in human and
economic terms.
Some action has been taken in response to the
mounting crisis. For example, the Infectious Diseases
Society of America,17 US Centers for Disease Control and
Prevention (CDC),18 European commission,19 European
Centre for Disease Prevention and Control (ECDC),20 and
other expert groups and non-governmental organisations
have worked hard to raise awareness and provoke action
by government and industry. National awareness
campaigns to educate the public and health-care workers
about appropriate outpatient antibiotic use have been
undertaken in many countries.21 The eﬀect of these
campaigns in curbing antibiotic use is diﬃcult to assess,
but seems positive.21 The ECDC holds a European
Antibiotic Awareness Day (EAAD) on Nov 18 each year.22
In 2010, Canada joined the EAAD, and the CDC Get
Smart programme was highlighted during the same
week in November as the EAAD. Under the Swedish
presidency of the European Union, a cooperative venture
was set up between the USA and Europe in 2009 (the
Transatlantic Task Force for Antibiotic Resistance). WHO
has also voiced its serious concern by designating
antimicrobial resistance as the focus of World Health
Day on April 7, 2011.
Unfortunately, it is doubtful that these eﬀorts will
have the resources, leverage, and influence on policy
makers to have a meaningful eﬀect on antibiotic use
and resistance. How high-level recommendations can
have a global eﬀect on antibiotic prescribing and
transmission control in the real world of physicians’
oﬃces, hospital wards, and long-term care facilities is
not clear. Nor is it clear how these eﬀorts can change
public attitudes about antibiotic use. Those leading
these international eﬀorts urgently need to develop an
understanding and recognition of the most successful
approaches, wherever they are working, so that these

strategies can be repeated and spread. It will be very
useful to examine how the attitudes, culture, and
practices of one community can be transferred to
another, and how stewardship programmes in one
country can be implemented in diverse settings.21 For
example, how will the strict infection-control standards
in northern European countries have to be amended to
be palatable and eﬀective in other nations? Words and
pronouncements will not be suﬃcient to bend the
antibiotic resistance curve and preserve what remains
of a precious therapeutic resource that benefits
all humanity.
No matter how vigorous and successful the eﬀorts to
combat antibiotic resistance might be, new antibiotics
will still be urgently needed.17,20,23 Since the net present
value of antibiotics is low, the development of new
antibiotics is not a high priority for pharmaceutical
companies. New approaches to overcoming the barrier to
drug development have been proposed, including orphan
drug benefits, government support for antibiotic
development, prolonged patents, expedited approval, and
other strategies.17 Again, talk will not be enough, and
eﬀorts to stimulate new antibiotic development must be
paired with even more aggressive programmes and
policies to limit inappropriate use in human beings,
animal husbandry, and aquaculture.
For practising physicians, the call for responsible
action is especially acute and personal. Clinical work is
founded on principles of professionalism and
stewardship.24 Our responsibility is both collective and
personal. People still misuse, and physicians still
prescribe, antibiotics to treat viral infections. Health-care
providers still treat infections, such as pneumonia and
sinusitis, longer than indicated by the latest evidence,
and fail to de-escalate antibiotic therapy promptly on the
basis of culture results and sensitivity testing.24 We
should be raising our voices to curtail the widespread
use of crucial antibiotics in food production animals. We
should argue for the need to strengthen local, national,
and international global antimicrobial use and resistance
surveillance. We should work with our institutions and
health systems to ensure fastidious adherence to
antibiotic use policies, hand hygiene, and other
important infection-control measures.25
We have watched too passively as the treasury of drugs
that has served us well has been stripped of its value.26
We urge our colleagues worldwide to take responsibility
for the protection of this precious resource. There is no
longer time for silence and complacency.
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