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A

Antibiotic resistance is on the rise worldwide, as are antibiotic prescriptions. Antibiotic
stewardship programmes are urgently needed in all settings, if we are to tackle bacterial
resistance. Prescription control is one of the strategies used in antibiotic stewardship
programmes. This article describes the main measures that could be implemented, and
discusses the potential limitations and barriers to implementation of restrictive antibiotic
stewardship strategies.

ntibiotic resistance is a growing international threat,

and is gaining more and more attention (1, 2). The

causal link between antibiotic use and bacterial

resistance is well known (3, 4). We need to reduce antibiotic

use if we are to tackle bacterial resistance, all the more since

Clostridium difficile) and the emergence of resistance (8).

Antibiotic stewardship programmes are multifaceted,
associating educative/persuasive and restrictive measures,
including

prescription

control,

as

well

as

organizational/structure measures (Table 1). In the hospital

antibiotic use is on the rise worldwide (5) and because up to

setting, a recent meta-analysis supports the use of

unnecessary or inappropriate (6-8).

multi-resistant bacteria outbreak), but suggests that

overuse/misuse -> growing antibiotic resistance ->

effective after six months (9). In both outpatient and

half of antibiotic prescriptions are considered to be either
We need to break the “vicious” circle: antibiotic

increased use of broad-spectrum antibiotics -> more

selection of resistant bacteria. Antibiotics must be

restrictive interventions when the need is urgent (e.g. a

persuasive and restrictive interventions are equally
inpatient settings, multifaceted programmes are considered
to be more effective than a single-component intervention

considered as special drugs, due to the collective impact of

(9, 10).

protected. Unnecessary prescriptions must be reduced to a

improve the appropriateness of antibiotic use, reduce

preferred to broad-spectrum antibiotics whenever possible,

costs, and reduce bacterial resistance and C. difficile

antibiotic resistance, and these precious drugs must be

minimum, and narrow-spectrum antibiotics must be

for the shortest possible duration.

What is an antibiotic stewardship programme?

Antibiotic stewardship programmes have been shown to

patient morbidity and mortality, decrease antibiotic use and

infections, both in the outpatient and the inpatient settings

(6, 7, 9-11).

According to the Infectious Diseases Society of America

Who are the actors in prescription control ?

optimizing the indication, selection, dosing, route of

diseases

(IDSA), the definition of antibiotic stewardship includes:

administration and duration of antibiotic therapy to
maximize clinical cure or prevention of infection while

limiting the collateral damage of antibiotic use, including

toxicity, selection of pathogenic organisms (such as
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Antibiotic prescriptions are usually controlled by infectious
specialists,

clinical

pharmacists,

clinical

microbiologists, and/or clinicians with a training in infectious

diseases (12). Adequate training and clinical expertise are

crucial, as well as communication and teaching skills (6, 13).

The organization of prescription control varies between
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Table 1: Main antibiotic stewardship strategies recommended in the
literature for hospital settings

Restrictive
measures

- Hospital formulary with a limited number
of antibiotics
- Antibiotic order form
- Automatic stop order
- Formulary restriction and
pre-authorization
Passive educational - Local antibiotic guidelines
measures
- Educational sessions
Active persuasive / - Clinical rounds discussing cases
educational
- Prospective audit and feedback
interventions
- Academic detailing
Structure/
- Multidisciplinary antibiotic stewardship
organizational
teams (pharmacist, infectious diseases
measures
specialist, microbiologist, infection
control specialist)
- Consultancy service (infectious diseases,
microbiology, pharmacy)
- Computerized-decision support system
- Regulating contacts with pharmaceutical
representatives

countries and even between hospitals and structures (12, 14).
In some countries, such as France, the role of the

“antibiotic expert” is clearly defined (role, competencies,
time to be spent) and is part of the accreditation process of

In some countries, such as France, the
role of the “antibiotic expert” is clearly
defined (role, competencies, time to be
spent) and is part of the accreditation
process of hospitals

Antibiotic Policies), even though this picture is likely to be an
optimistic one, since the study was probably biased towards

the most motivated hospitals, and since it was based on

declarative data (8, 9, 12). A formulary is a list of antibiotics
that have been approved for use in a hospital. Formularies

are useful in influencing prescribing behaviour by controlling

access to particular drugs (e.g. use is approved only for a

particular department, for patients with a particular
condition, or where other options are contraindicated).

These restricted drugs require approval by nominated

experts who are members of the antibiotic stewardship
team (17).

Antibiotic order forms, i.e., a standardized form that is

filled in by the prescriber in order to get the antibiotic from

hospitals, but no specific funding has been allocated to this

the pharmacy, are also very common (8, 9, 12).

In a cross-sectional survey involving 74 hospitals in France,

to limit the duration of treatments, and to force the

mission (http://www.sante.gouv.fr/IMG/pdf/12_286t0.pdf).
time dedicated by the antibiotic expert was significantly

associated with a decrease in fluoroquinolone use (15).
Whether the antibiotic expert should be an infectious

disease specialist or not is a matter of debate and depends

Automatic stop orders can also be implemented in order

prescriber into reviewing his/her antibiotic prescription;
they were in place in 46% of the hospitals in the 2012 ESGAP

international survey (8, 9, 12). This means that the pharmacy

delivers the treatment for a short period of time (e.g. three

on local resources (6). It is likely that a multidisciplinary

days) for each antibiotic order form.

infectious diseases specialist, a clinical microbiologist and a

the pharmacy level (e.g. dispensing cefotaxime instead of

antibiotic stewardship team, involving ideally at least an

clinical pharmacist, is likely to achieve more significant

results than an antibiotic expert on his/her own (6, 8, 16, 17).

Nurses are more and more involved in antibiotic

stewardship programmes (12). Regarding prescription

Automatic therapeutic substitutions can also be in place at

ceftriaxone, since cefotaxime is thought to select less
resistant bacteria than ceftriaxone).

Restricted prescriptions require expert approval for the

pharmacy to dispense the treatment; this system was in

control, they could play a significant role for certain

place in 81% of the hospitals in the 2012 ESGAP

the review of antibiotic prescriptions (18, 19).

for broad-spectrum and expensive antibiotics (e.g.

Strategies for prescription control in hospitals

required pre-prescription (pre-authorization), or post-

strategies, for example IV-oral switch or helping in triggering

Most hospitals define a list of antibiotics that are available to

the prescribers (hospital formulary). This was the case in

90% of the hospitals in the 2012 international survey
conducted by ESGAP (the European Society of Clinical

Microbiology and Infectious Diseases Study Group for

international survey (12). Expert approval is usually needed

carbapenems, daptomycin, fidaxomicin). Approval may be

prescription within a specified time period, for example 48

hours (post-prescription review). Pre-authorization is
sometimes needed to allow the dispensing of the first dose

of treatment, but most of the time, it takes place just after

first dose, to avoid delayed administration of the first dose of
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Ideally, all prescriptions should be
looked at, since there are no reliable
predictors of antibiotic misuse. The
best strategy depends, however, on the
local context and resources
antibiotic. Pre-authorization requires 24-hour coverage and

real-time expert advice (12). Post-prescription review of
antibiotic prescriptions by an expert appears to be more

effective than review by the prescriber on his/her own (6, 9,
20). In Turkey, the introduction of a new health-care

regulation in 2003 requiring mandatory approval of specific
parenteral IV antibiotics by dedicated infectious diseases

specialists found some health-economic benefits (21), which
have been shown by others (9, 17).

Experts can also provide unsolicited advice for certain

situations, for example positive microbiological samples

(multi-resistant bacteria, positive blood cultures) (6, 9, 12),

giving more opportunities to review antibiotic prescriptions.

In some hospitals, systematic review of all antibiotic

prescriptions are planned regularly in certain units (e.g.

twice weekly rounds in intensive care units) (12). All expert
reviews provide an opportunity for additional education as
well as feedback on the episode of care.

Table 2 gives practical examples of restrictive measures

that could be implemented in hospitals, and that have been

successfully tested by the author (22).

Ideally, all prescriptions should be looked at, since there

are no reliable predictors of antibiotic misuse. The best

strategy depends, however, on the local context and

Table 2: Practical examples of restrictive measures that could be
implemented in a hospital

Hospital formulary

List of antibiotics available in the hospital
with a specific list for restricted broadspectrum antibiotics
Nominative
Specific form to be filled in to get
antibiotic order form antibiotics from the pharmacy
Automatic stop
The pharmacist delivers treatment for
order
three days only, forcing the prescriber to
review the prescription
For surgical prophylaxis, the pharmacy
delivers one day of treatment only
Expert approval
For all the following situations:
• Restricted broad-spectrum antibiotics,
before day three (post prescription
review) and at day seven;
• Multi-resistant bacteria (list to be
defined);
• Positive blood cultures;
• Regular rounds of the antibiotic expert
with systematic advice on all antibiotic
prescriptions in some units (especially in
those with high antibiotic use).

One of the Transatlantic Taskforce on Antimicrobial

Resistance (TATFAR) objectives is indeed to develop a

common structure and process indicators for hospital

antibiotic stewardship programmes (http://www.cdc.gov/

drugresistance/pdf/TATFAR-Progress_report_2014.pdf).

In France and in Australia, for example, antibiotic

stewardship has become a criterion for the accreditation of

health services. In particular, hospitals are required to have

an antibiotic stewardship programme in place and

measureable

clinical

standards

for

stewardship

(http://www.sante.gouv.fr/IMG/pdf/12_286t0.pdf

and

http://www.safetyandquality.gov.au/our-work/healthcare-

resources. Electronic medical records and electronic

associated-infection/antimicrobial-stewardship/) (14, 17).

they are not implemented in all hospitals (12). Sophisticated

Strategies for prescription control in the outpatient
setting

prescribing obviously facilitate prescription control, but

electronic antimicrobial approval systems have been

implemented in some hospitals and look promising (17, 23).

Most experts recommend that the antibiotic stewardship

programme should reside within the hospital’s quality
improvement and patient safety governance structure and

should be included within the hospital’s quality and safety

strategic plan, thereby facilitating its implementation (17).

As antibiotic stewardship is an important component of
patient safety, its performance indicators should be

measured and publicly reported, and hospitals and hospital

executives should be accountable for these (17). Structure
indicators for hospital antibiotic stewardship programmes

have recently been validated across European hospitals (24).
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Controlling antibiotic prescriptions in the outpatient setting

is even more challenging, since relationships between

prescribers and an antibiotic stewardship team are

uncommon.

To start controlling prescriptions, over-the-counter

prescriptions must be banned (i.e. the pharmacist cannot

deliver an antibiotic without a nominative prescription), and

this is not the case in all countries (2).

Antibiotic formularies, i.e. the list of antibiotics that can be

prescribed in the outpatient setting, should be available, in

order to limit the prescription of some broad-spectrum

antibiotics. The list needs however to be updated regularly,
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to take into account current guidelines and resistance data.

antibiotic stewardship team needs to consider which

antibiotic prescriptions only), automatic stop orders and

context and how best to implement them (17).

Specific antibiotic order forms (i.e. forms dedicated to

automatic therapeutic substitutions could also be used, but
they are quite uncommon.

strategies are most likely to be successful in their specific
Prescription control needs dedicated resources, since it is a

time-consuming activity. In the ESGAP international survey

Expert approval is much more difficult to organize in the

conducted among 660 hospitals in 2012, less than 20% of

such a strategy. In Australia, for example, the use of

stewardship team (12). Opposition from prescribers can also

outpatient setting, and few countries have implemented

fluoroquinolones has long been restricted by guidelines

favouring alternative options and the limitation of
prescription subsidies for this antibiotic class by the

Pharmaceutical Benefits Scheme to very specific indications

hospitals had dedicated funding in place for their antibiotic

be an issue and that cannot be solved without strong

institutional support (12). When expert approval is in place,

the clinician in charge of the patient is usually free to comply,

or not, with suggestions made by the expert, because of legal

are recognized by the guidelines (25).

responsibility issues. The quality of the relationship between

For example, in Slovenia, primary care prescribers pay a fine

good level of compliance. Finally, since expert approval does

Structural and organizational strategies can also be used.

if certain antibiotic prescriptions (amoxicillin-clavulanic
acid,

fluoroquinolones,

macrolides,

third-generation

cephalosporins) do not comply with existing national

the expert and the clinician is therefore crucial to ensure a
not always involve a bedside consultation, the quality of

exchanged information (by phone, fax, mail) has a direct
impact on the quality of the given advice (33). Traceability of

guidelines. The Slovene National Health Insurance is

all exchanged information is needed.

Cizman and B Beovic, personal communication) (26, 27).

Conclusion

national level, the authorities have a powerful tool in their

implementing antibiotic stewardship programmes in all

differently, according to national decisions and this policy

one aspect of these programmes, and can be very useful to

auditing medical records in order to enforce this policy (M
The example of Denmark also demonstrates how, at the

reimbursement

policy.

Antibiotics

are

reimbursed

Given

the

worldwide

antibiotic

resistance

crisis,

settings is an emergency (12, 34, 35). Prescription control is

impacts significantly on prescribing (28).

improve antibiotic prescribing; however, restrictive

Strategies for prescription control in long-term care
facilities

neither are they implemented in all settings (7, 12, 14, 29, 30,

facilities (7, 29, 30). However, antibiotic stewardship

measures enforcing the implementation of antibiotic

organized and less-resourced than in the hospital setting (7,

(12, 34, 35). l

The same strategies could also be used in long-term care

programmes in long-term care facilities tend to be less well-

29, 30). National performance indicators for antibiotic

stewardship in European long-term care facilities have
recently been validated (31).

measures are currently not in place in all countries, and

34, 36). Establishing an international framework for

antibiotic stewardship is urgently needed, as are regulatory

stewardship programmes, including restrictive measures
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