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Increasing antimicrobial resistance is an international public health issue addressed by
recent reports from the House of Lords1 and
the Standing Medical Advisory Committee
(SMAC).2 The spectre hanging over these
learned deliberations is a return to the preantibiotic era where patients with common bacterial infections died for want of eVective
treatment.3 The systematic review of (largely
circumstantial) published evidence incorporated in the SMAC report suggests that
antimicrobial resistance follows antimicrobial
use as night follows day.2 The challenge is
therefore not prevention of the emergence of
resistance but rational management of an
inevitable evolutionary process4 using a population genetics based analysis of epidemiological evidence allied to clinical and laboratory
studies. For example, a quantitative relation
between changing resistance patterns and antimicrobial use on a national scale5 6 has been
established and may suggest ways of rotating
availability of diVerent antibiotics nationally in
response to surveillance data.4 Other mathematical models have suggested that combination, not rotation, is the best option to delay the
emergence of resistance.7 Further exposure of
these models to the real world of surveillance
data is required.
Prescribed antimicrobials are not the only
selection pressure driving bacterial evolution to
antimicrobial resistance. First, in many countries (such as the United Kingdom) only about
50% of antimicrobial use is in man; 50% is in
animals (mostly used for growth promotion).2
Second, antimicrobial use in some countries
(particularly developing countries) is not only
on prescription8 9 and may be in subtherapeutic
regimens with poorly active compounds.9
Changes in these areas are matters of
national and international governmental
policy,1 2 where physicians and microbiologists
must seek to inform and influence but have no
direct control. Individual prescriptions are,
however, completely under the control of individual rational physicians. Eighty per cent of
antimicrobials prescribed for human use in the
United Kingdom are oral preparations in the
community, and 50% of this community
antibiotic use is for respiratory tract infection.2
The United Kingdom is a minor player in the
world league of antimicrobial consumption: a
mere 2% of the world market, well behind the
USA (50%) and Japan (25%).2 However,

ample data show that antibiotic prescriptions
for sore throat,10 otitis media,11 and lower
respiratory tract infection12 in United Kingdom
general practice are greatly in excess of
evidence based clinical indications. Individual
agents are being used for inappropriate indications, for example fluoroquinolone prescriptions in the United Kingdom show a winter
peak suggesting their use for respiratory tract
infections.2 Antimicrobial prescribing turns out
to have a lot to do with the psychology of the
general practitioner–patient relationship. Prescribing behaviour is influenced by the doctor’s
prior information about a patient,13 and by the
patient’s expectations of the consultation.14 A
cycle of mutual expectation seems to operate
where the general practitioner prescribes an
antibiotic to avoid the eVect of patient expectation manifesting either as a repeat
consultation14 or a change of practitioner.15
Once antibiotic prescription has occurred, representation is in fact more likely.16 Rational
prescribing in general practice is also hindered
by inadequate laboratory data on local epidemiology patterns.17
So, is the more impersonal atmosphere in
hospital conducive to rational prescribing? In
theory, much more surveillance data on prevalent isolates are available and specialist advice
from microbiologists based on these data
should inform all antibiotic prescriptions
through an antibiotic policy, as recommended
in the SMAC report.2 Infection control procedures within hospital also remain a key part of
the process of slowing the emergence of resistant organisms as hospital pathogens and of
minimising patient morbidity in the face of
endemic resistant organisms.18 Although an
early landmark success in ending an outbreak
of resistant organisms in a high use hospital
area involved withdrawal of all antibiotics,19
abolishing selective pressure, policy led interventions have since concentrated on replacement of problematic agents by another antimicrobial and the use of cost–eVective regimens.18
Unfortunately, the eYcacy of hospital antibiotic policies in preventing the emergence of
resistance is disputed even among microbiologists,20 arguably simply shifting the selection pressure towards a diVerent set of resistant
organisms.20 21 Another major drawback cited is
an inability to guarantee to a concerned
clinician that an individual infected patient
does not have an infection resistant to the
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consequences of laboratory detected resistance
on outcome of infection in the community are
poorly documented and need to be quantified
for the development of an optimal strategy.4
Perhaps the most important factor is a recognition of antimicrobial resistance as a global
problem requiring action from governmental
level down to each individual prescriber and
patient.
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standard empirical regimen (“How can you
deny my desperately ill patient life saving wondercillin therapy just to save a few pounds?”).20
The first of these criticisms may be answered
by guidance from the population genetics
analyses referred to above, allowing resistance
to be driven in a controlled manner rather than
followed expectantly. The second is more diYcult to dismiss: the relative costs associated
with expensive parenteral antibiotics can be
oVset by marginal decreases in length of hospital stay.22 Uncomfortably, it has also been
claimed that even where there is still an
additional cost per patient, empirical prescribing of the broadest spectrum agent available for
acute septicaemic illness produces enhanced
survival at a marginal cost lower than for
standard interventions such as antihypertensive treatment or renal dialysis.22 This is
diYcult to reconcile with the extensive data
from neutropenic patients showing little diVerence between various regimens in patient outcome in recovery from sepsis.23 However, if a
conflict between responsibility to the individual
patient (better chance of survival with the
broadest spectrum agent) and to the community at large (increased prevalence of resistance
to the broad spectrum agent with use, rendering it ineVective in a shorter time) is confirmed
in other studies, the risks and benefits of each
option may be quantified by the same mathematical tools used to inform vaccination
policy.24
What can be done to optimise antimicrobial
prescribing? The SMAC report recommends
an extensive combination of measures including patient education, increased surveillance of
resistance patterns, and expert decision systems to guide prescription.2 Some of the main
recommendations (no prescribing of antibiotics for simple colds and coughs or viral sore
throats) illustrate the requirement for extensive
education of patients and doctors. Many other
measures are already in hand. Unreliable sensitivity test data may be resolved by better
controlled methods.25 More data on general
practitioners’ prescribing is now available
through electronic PACT (Prescribing Analyses and CosT) data.26 The acceptance of
standardised evidence based management
guidelines from the National Institute of Clinical Excellence27 specifying drug, dose, and
duration will help both hospital clinicians and
general practitioners to adhere to policies.
Rapid diagnostic testing may be a logical tool
to decrease unnecessary prescribing.2 In principle a positive result will inform the choice of
appropriate antibiotics: a reliable negative
result may reassure both doctor and patient
that no antibiotic treatment is required.
However, there are few data showing that diagnostic information actually aVects prescribing,
indeed the value of diagnostic testing in general
practice is currently controversial.28 Trials of
the eVect of rapid diagnostic provision on antimicrobial prescribing and increased surveillance of antimicrobial resistance in the hospital
and community to provide data for mathematical models are urgently required. More information is also needed on outcome: the adverse

