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Abstract

Background: The problem of antimicrobial resistance re-
quires common strategies at the European level. Methods:
We report on an EU initiative fostering antibiotic (AB) stew-
ardship (ABS) in hospitals. Results: The project ‘ABS Interna-
tional: implementing antibiotic strategies for appropriate
use of antibiotics in hospitals in member states of the EU’
started in September 2006 in Austria, Belgium, the Czech
Republic, Germany, Hungary, Italy, Poland, Slovenia and Slo-
vakia. A training program for national ABS trainers was pre-
pared and standard templates for ABS tools (AB list, guide-
lines for AB treatment and surgical prophylaxis, and
AB-related organization) and valid process measures as well
as quality indicators for AB use were developed. Specific ABS
tools are being implemented in up to five health care facili-
ties per country. Conclusion: ABS International is the first
EU-funded initiative focusing on the implementation of
structural measures in hospitals to promote the prudent use

of ABs. Copyright © 2008 S. Karger AG, Basel

The Members of ABS International are shown in the Appendix.

Antimicrobial Resistance - A Public Health Threat?

Resistance to antimicrobial agents is a major public
health problem [1, 2]. If the current rate of increase in re-
sistance to antimicrobial agents continues, it is possible
we may see the return of the pre-antibiotic (AB) era, i.e.
the emergence of the post-AB era [3, 4]. Although coop-
erative efforts between industry, academia and govern-
ment to revive the pipeline of antimicrobial drugs have
been proposed, we face a decade or longer during which
introduction of new antimicrobial agents is expected to
be minimal. Thus, to ensure that options exist for treat-
ing infections, it is imperative to make the best use of
those antimicrobials that are currently available.

In 1998 the World Health Organization (WHO) issued
an ‘urgent’ recommendation that all countries should en-
sure that measures be taken to develop national guide-
lines for AB therapy. The importance of efforts was un-
derlined by the European Union (EU) in Copenhagen in
1998 and in Visby in 2001. The council recommendation
of November 15, 2001, on the prudent use of antimicro-
bial agents in human medicine (2002/77/EC) asks to es-
tablish or strengthen surveillance systems on antimicro-
bial resistance and on the use of antimicrobial agents, to
implement control and preventive measures to support
the prudent use of antimicrobial agents and contribute to
limiting the spread of communicable disease (e.g. control
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systems on good practice of marketing of antimicrobials
or implementing hygiene and infection control standards
in institutions), to promote education and training of
health professionals on the problem of antimicrobial re-
sistance and to inform the general public of the impor-
tance of prudent use of antimicrobial agents [5]. Projects
of importance for antimicrobial resistance funded by DG
SANCO in 2007 were, among others, the European An-
timicrobial Resistance Surveillance System, the Scientific
Evaluation on the Use of Antimicrobial Agents in Hu-
man Therapy and the EU Committee on Antimicrobial
Susceptibility Testing. In 2002, the WHO issued the An-
timicrobial Resistance Fact Sheet No. 194 which named
hospitals a critical component of the antimicrobial resis-
tance problem worldwide (http://www.who.int/media-
centre/factsheets/fs194/en/print.html).

According to the WHO, the combination of highly
susceptible patients, intensive and prolonged antimicro-
bial use, and cross-infection has resulted in nosocomial
infections with highly resistant bacterial pathogens. Re-
sistant hospital-acquired infections are expensive to con-
trol and extremely difficult to eradicate. Failure to imple-
ment simple infection control practices, e.g. hand wash-
ing and changing gloves before and after contact with
patients, is a common cause of infection spread in hospi-
tals throughout the world. Many patients with severe in-
fections due to resistant pathogens acquired in the com-
munity also end up in hospital. On April 7, 2005, the 58th
World Health Assembly called antimicrobial resistance a
threat to global health security and - again - called for
the rational use of medicines by prescribers and pa-
tients.

Antimicrobial Stewardship

The term steward is derived from Old English stig-
weard, combining ‘stig’ (i.e. hall) and ‘weard’ (i.e. keeper).
The American Heritage Dictionary defines steward as
follows: (1) A person who manages another’s property,
finances or other affairs. (2) A person in charge of the
household affairs of a large estate, club, hotel or resort. (3)
An officer on a ship in charge of provisions and dining
arrangements. (4) An attendant on a ship or airplane. (5)
A shop steward. Therefore serving as a steward means to
manage and stewardship equals ‘the managing of”. How-
ever, when one checks Google and finds more than 19
million hits for stewardship, it must be realized that the
term is increasingly used for the assumption of responsi-
bility for the welfare of the world - the inclination which
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leads some part of the world to care for the whole, i.e. the
practice of that inclination. Stewardship is the mantle un-
der which many progressive causes operate — human
rights, conservation, economic welfare, government re-
form and oversight, education health care, disaster relief,
animal welfare, mental health and peace. Especially the
term ‘environmental stewardship’ is widely used as a syn-
onym for the responsibility for taking good care of re-
sources in the interest of long-term sustainability. Long-
term sustainability is increasingly found as the major
focus of antimicrobial stewardship programs. Until re-
cently, their focus has been on ensuring the proper use of
antimicrobials to provide the best patient outcomes, less-
en the risk of adverse effects and promote cost-effective-
ness. Antimicrobial management programs have been
pursuing such goals for decades, although the term stew-
ardship has been applied only infrequently [6-8]. Mac-
Dougall and Polk [7] define an antimicrobial stewardship
program as an ongoing effort by a health care institution
to optimize antimicrobial use among hospitalized pa-
tients in order to improve patient outcomes, ensure cost-
effective therapy and reduce adverse sequelae of antimi-
crobial use (including antimicrobial resistance). In the
upcoming future, the objective of mitigating antimicro-
bial resistance will be of paramount importance. Given
that it will be impossible for any organization to imple-
ment all the recommendations at any time, the weakness
of projects on antimicrobial stewardship is that they of-
ten do not provide advice on the key elements within the
many issues involved.

The Role of the Austrian ABS Initiative: From a Pilot
Project to the ABS Program

In recent years, the main activity regarding the AB is-
sue in Austria has been the ABS (Antibiotics Strategies)
Project of the Federal Ministry for Social Security and
Generations. As early as 1997, the project ‘ABS Concept’
was initiated, and from 1998 to 2000 the ABS Project was
implemented. The objectives of the ABS Project were to
analyze and to further develop the ‘AB culture’ in Aus-
trian hospitals, to optimize AB prophylaxis and AB ther-
apy in the treatment of patients, and to reduce both AB
resistance and the costs of AB therapy. The ‘Guidelines to
Further Develop and Define Antibiotic Use in Hospitals’
in the German language in 1998 and in English in 2000
were major outputs of the ABS Project, with a revision of
the German guide in 2002 [9-11]. In September 2002, the
project ‘Optimization of Antibiotic Use in Hospitals’
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funded by the Austrian Structural Fund was launched.
The objective of this project was to provide considerable
assistance to Austrian hospitals in optimizing their anti-
biotic strategies. Counseling sessions on the implementa-
tion of technical and organizational aspects of the AB
strategies were held in more than 30 Austrian hospitals.
After these two successful projects, the ‘ABS Platform’
was launched at the beginning of 2005 to carry on the
ABS Initiative in Austria. The main activities of this plat-
form are ABS Basic Training, ABS Advanced Training,
ABS Consulting and ABS Audits, ABS Symposia and
ABS research projects.

The Project: ABS International

In April 2005, the proposal ‘implementing AB strate-
gies for appropriate use of ABs in hospitals in member
states of the European Union - ABS International” was
presented to the EU Commission. The proposed project
met Article 2.5 ‘Antimicrobial Resistance’ of the second
priority area of the work plan 2005 Health Threats of DG
SANCO. The project partners were recruited from nine
member states of the EU, namely Austria, Belgium, the
Czech Republic, Germany, Hungary, Italy, Poland, Slove-
nia and Slovakia. They combine universities, public
health institutions, hospitals, the so-called ABS expert
group and the Austrian Federal Ministry of Health. The
ABS expert group represents a temporary association of
ten Austrian infectious disease physicians and clinical
microbiologists and was constituted to provide the legal
framework for the project settlement. The proposal was
officially accepted by the EU Commission in September
2005; the first negotiation meeting was held in Luxem-
bourg on October 26, 2005. The project started on Sep-
tember 1, 2006, and is supposed to have a 2-year dura-
tion.

Tools

The spectrum of activities that can be considered an-
timicrobial stewardship under the broadest definition is
large. Which measures are likely to have an impact on
overall antimicrobial use or antimicrobial resistance? We
present essential measures used within the project ‘im-
plementing AB strategies for appropriate use of ABs in
hospitals in member states of the European Union — ABS
International> an AB list, a guide for AB treatment, a
guide for surgical prophylaxis, tools to analyze consump-
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tion data and an AB-related organization (AB officer and
AB management team).

Antibiotic List

Lists of ABs pertaining to the needs of a particular
hospital are essential instruments for optimizing the use
of ABs in institutions [12-17]. In Austria, the so-called
drug committee has the legal obligation to draw up a list
of medications (drug list) used in the respective hospitals,
to adapt this list and to develop guidelines on procure-
ment and handling of medicines. By law it has to include
the hospital’s chief medical officer, the head of the hospi-
tal pharmacy or a pharmacy consultant and one addi-
tional physician.

The following describes the goals and possible struc-
turing of AB lists:

Every hospital should draw up an AB list appropriate
to the institution. This list should include information
(active ingredients and trade names) about the ABs used
in the hospital. Thereby restricted ABs can be distin-
guished from standard ones. For each AB, standard dos-
ages and the cost of therapy per day should be included.
The AB list does not provide information regarding the
choice of an AB appropriate for a particular indication.
Ordering from the pharmacy is made easier since all
medications used in a particular hospital are included in
the list, taking pertinent drug resistance and also costs
into consideration. The drug committee should base its
decision to add a medication to the list following the pro-
posal of the AB officer (definition of AB officer: see be-
low). The list is drawn up by the AB officer in cooperation
with a pharmacist specializing in ABs. The pharmacist
usually negotiates the prices for the hospital; for generics,
the least expensive product is ordered. Regular updates
are necessary according to the state of drug resistance
and according to the market situation. Changing drug
resistance or market situation may require addition or
ejection of certain antimicrobials. The ABs included in
the AB list should be limited to the minimum necessary
to provide effective prophylaxis and therapy. The drugs
included should be placed in categories, with restrictions
on the use of certain agents based on special indications,
width of spectrum, toxicity, costs, potential to be misused
and propensity to promote the development of resistance.
The Anatomical Therapeutic Chemical classification in-
dex is a compilation of systemic antibacterial specialties
from the WHO listing and serves as a complete index
from which the lists for the individual hospitals are to be
drawn [18]. Every hospital develops a specific AB list, ap-
propriate for its particular needs, based on the AB list
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template provided. Classifications different from the one
provided as template may be more suitable for certain
clinical purposes. Organizing ABs according to indica-
tion, e.g. grouping together staphylococcal or pseudomo-
nas compounds, has proven useful, as has placing oral
ABs immediately after the respective parenteral products
to facilitate switch therapy. The corresponding combina-
tion products could also be listed immediately thereafter.
The lists should generally be drawn up taking into ac-
count the range of the medications required and the clin-
ical orientation of the hospital or department with re-
spect to the state oflocal AB resistance. The ABlist should
be updated periodically and compliance with the AB list
should be audited. The evidence base for the benefits of
restricted lists is probably greater than for any other con-
trol [19]. AB cycling is an unproven strategy [6]. ESGAP
- the European Study Group on Antibiotic Policies - re-
quests: ‘An antibiotic policy and formulary (limited list)
should be created locally after widespread consultation
and its implementation ensured by audit cycles. It should
be regularly updated in the light of local resistance prob-
lems and availability of new drugs’ [20].

Guide for Antibiotic Treatment

A key element in encouraging appropriate antimicro-
bial use in hospitals is defining what an institution con-
siders appropriate antimicrobial use [7]. Multidisciplin-
ary development of evidence-based treatment guidelines
incorporating local microbiology and resistance patterns
can improve antimicrobial utilization [21-23]. Guides
may sometimes be mere documented procedures, not
clinical practice guidelines such as a systematically devel-
oped statement designed to assist practitioner and patient
to make a decisions about appropriate health care for spe-
cific clinical circumstances. The guide for AB treatment
is to assist the treating physician. It cannot, however, re-
lease someone from the responsibility of making his/her
own decision with due regard for each individual case.
These recommendations should be viewed as supple-
ments to the specialized literature. The recommenda-
tions of this guide should refer to infections which occur
with particular frequency in everyday hospital practice.
Rarer diseases are not to be taken into account. The guide
for AB treatment provides indications for therapy (by
type of indication, i.e. diagnosis) and the recommended
ABs (by brand name and daily dosage). The regimen is
divided in primary and alternative. The alternative regi-
men should cover patients with known -lactam allergy.
The choice of the AB depends on the established or sus-
pected pathogen, the local in vitro susceptibility pattern,
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the severity and localization of the infection, contribu-
tory clinical factors (e.g. allergy, hepatic and renal func-
tion, thrombocytopenia, electrolytes, basic and concom-
itant diseases, age and pregnancy), the costs of therapy
and ecological consequences (e.g. selection pressure and
resistance development).

Every department should develop a guide for AB treat-
ment, appropriate for its particular needs (type of infec-
tions), based on the template provided. The guide should
be reviewed periodically and compliance with the guide
should be audited. The members of the various profes-
sional groups in a hospital will interpret the binding
character of documents containing medical specifica-
tions in different ways. With respect to the acceptance of
the guide, it is therefore important to make sure that key
players of the affected disciplines are involved in the deci-
sion making. ESGAP requests: “Treatment guidelines
should cover both hospital and community, should be
readily accessible, drawn up with multidisciplinary pre-
scriber involvement, subject to peer review, evidence
based where possible and compatible with national guide-
lines, where these have been adopted’ [20].

Guide for Surgical Prophylaxis

Multidisciplinary development of evidence-based
prophylaxis guidelines incorporating local microbiology
and resistance patterns can improve antimicrobial utili-
zation [24]. The aim of the AB prophylaxis is to reduce
the risk of surgical site infections. Minimization of the
intraoperative germ load is meant to prevent infection
developing as a result of intraoperative contamination of
the surgical site. Every surgical department can develop
a guide for surgical prophylaxis, appropriate for its par-
ticular needs (type of surgery), based on the attached sur-
gical prophylaxis template (fig. 1). The guide should con-
stitute an agreed standard of procedure and address the
tive following principles: The prophylactic AB should be
given for a short duration only. The ABs selected for this
indication should not be used therapeutically. The ABs
selected should not readily lead to emergence of micro-
bial resistance. The ABs used for surgical prophylaxis
should be relatively free of side effects and relatively
cheap.

The guide for surgical prophylaxis provides the indi-
cations for prophylaxis (by type of surgery) and the rec-
ommended ABs (by brand name and dosage). The regi-
mens are classified as primary and alternative ones. Typ-
ically, first-line substances will be B-lactam ABs (e.g.
Ist- or 2nd-generation cephalosporins). For patients with
known B-lactam allergy, alternative substances have to
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Indication
time of
first

(by type of
surgery)

primary

brand dosage
name

application

re-dosing
(intra-
operatively)

Suggested regimen
duration of comment

prophylaxis

alternative

brand dosage re-dosing
name

(intra-

Fig. 1. Surgical prophylaxis template.

be listed, too. The guide should include the optimal time
of application (e.g. 30 min before incision), address intra-
operative redosing (e.g. if duration of surgery is over twice
the half-life of the AB or major blood loss) and allow com-
ments.

The guide should be reviewed periodically and com-
pliance with the guide should be audited. With respect to
the acceptance of the guide, it is important to make sure
that key players of the surgical disciplines are involved in
the decision making. ESGAP requests: ‘Single dose surgi-
cal prophylaxis should be encouraged.” The first evi-
dence-based guideline in surgical prophylaxis with a full
description of methodology used is available on www.
sign.ac.uk or directly from the Royal College of Physi-
cians in Edinburgh [24]. It advocates single-dose prophy-
laxis for six types of infection and gives advice on how to
make local decisions on the need for prophylaxis in areas
of debate such as the vast majority of clean, non-implant
surgery.

Tools to Analyze Consumption Data

Extracting antimicrobial use data from pharmacy da-
tabases should allow monitoring of antimicrobial use
within an institution. Consumption data are valuable for
identifying areas (e.g. specific antimicrobials or hospital
wards) that require special attention and for monitoring
the effects of interventions [8, 25-27]. Another use for
antimicrobial consumption data is in cross-institutional
benchmarking. Comparing standardized measures of
antimicrobial use among hospitals should allow hospitals
to determine where they stand in comparison to their
peer institutions. Standardizing the units of measure-
ment of antimicrobials (e.g. defined daily doses) can be
achieved using the AB Consumption Calculator (ABC
Calc), a tool to be installed in participating hospitals of
ABS International [28]. Prospective audit of antimicro-
bial use with direct interaction and feedback to the pre-
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scriber can result in reduced inappropriate use of antimi-
crobials [8]. Formulary restriction and preauthorization
requirements can lead to immediate and significant re-
ductions in antimicrobial use and cost and may be ben-
eficial as part of a multifaceted response to nosocomial
outbreaks of infection. In institutions that use preautho-
rization to limit the use of selected antimicrobials, mon-
itoring overall trends in antimicrobial use is necessary to
assess and respond to such shifts in use. ESGAP requests:
‘Measurement of antibiotic consumption should be per-
formed with regular benchmarking of figures and dis-
cussion between prescribers, pharmacists and infection
specialists’ [20].

AB-Related Organization (AB Officer or
AB Management Team)

Essential to a successful antimicrobial stewardship
program is the presence of at least one trained physician
who dedicates a portion of his/her time to the design,
implementation and function of the program. Supervi-
sion by an AB officer or AB management team is neces-
sary to ensure that therapeutic and prophylactic guides,
antimicrobial restriction policies or other measures are
based on the best evidence and practice and will not put
patients at risk. Having the program led by an infectious
diseases specialist would be desirable, but smaller, non-
teaching hospitals in Europe usually lack the personnel
[29, 30]. In this regard, the AB officer should negotiate
with hospital administration to obtain adequate author-
ity, time, budget and compensation for the program. The
role of the AB officer is described in table 1. Pharmacists
often act as the effectors for antimicrobial stewardship
programs [31]. They are well positioned because of their
role in processing medication orders and their familiar-
ity with the hospital formulary. Clinical pharmacists

Allerberger et al.

Color version available online



with specialized training in infectious diseases are in-
creasingly seen in the United States. The clinical micro-
biologist is another key component in the function of an-
timicrobial stewardship programs. Timely and accurate
reporting of microbiology susceptibility test results al-
lows selection of more appropriate and focused therapy,
and may help reduce broad-spectrum antimicrobial use.
The AB officer and the AB management team need to
decide what strategies their stewardship program will use
to improve antimicrobial use. This decision must take
into account the size of the hospital, intensity of antimi-
crobial use in the patient population, sophistication of the
hospital information system and personnel available. Re-
striction strategies are effective at controlling use but
raise issues of prescriber autonomy and require a large
personnel commitment. Review and feedback strategies
are promising but also usually require dedicated person-
nel. Passive educational strategies are easiest to imple-
ment but often ineffective. Whatever the choice of strate-
gies, the involvement of all affected parties should be
sought early in the process to ensure acceptance of the
program. ESGAP requests: ‘A multi-disciplinary antibi-
otic team should be created and empowered to act to con-
trol injudicious use of antibiotics. The role of multi-dis-
ciplinary antibiotic teams and infectious disease phar-
macists needs to be explored further’ [20].

Collaboration between the AB officer or AB manage-
ment team and the hospital infection control and phar-
macy and therapeutic committees or their equivalents is
essential [8].

Conclusions

Reducing the use of antimicrobials to only those situ-
ations where they are warranted, at the proper dose and
for the proper duration, is the prerequisite for sustainable
control of antimicrobial resistance. Physicians are pri-
marily concerned with the effects of antimicrobials on
the individual patients in their care, not about the risk of
contributing to the problem of antimicrobial resistance
in society [32]. Therefore, mere publication of evidence-
based practice guidelines regarding antimicrobial use is
insufficient to significantly impact antimicrobial pre-
scribing patterns in a given hospital. Adaptation to local
circumstances, collaboration with local specialists and
active involvement of hospital staff are required to in-
crease the chances of the adoption of such recommenda-
tions in clinical practice. Education alone, without incor-
porating active intervention, is only marginally effective
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Table 1. Description of the AB officer’s role

Objectives
Continuous performance of AB stewardship functions in
the hospital

Organizational Position

Reports to the medical director

Is a member of the drug committee

Is a member of the AB management team of the hospital

Participates in departmental meetings on antibiotic prophylaxis
and therapy

Coordinates the departmental AB contact persons

Is a consulting physician and/or advisor on antibiotic issues

Tasks

Is the central contact person for AB-related issues in a hospital

Develops and adapts the AB tools for the hospital in cooperation
with departmental AB contact persons and the pharmacist with
special responsibility for AB

Coordinates the development of departmental AB therapy guides

Organizes information workshops on and training in antibiotic
therapy

Works together with the pharmacist with special responsibility
for AB to analyze consumption of antibiotics

Submits antibiotic issues to the drug committee

Advises individual patients on antibiotic issues

Formal responsibilities
Developing and updating AB tools, such as the AB list, guides for
AB prophylaxis, for example

Qualifications

At least 6 years of professional experience as a practicing
physician

Special qualifications in infectious diseases, communication
skills, management and information technology

in changing antimicrobial-prescribing practices and has
not demonstrated a sustained impact [8]. The project
ABS International aims to provide the basic tools for im-
plementing AB stewardship and to install them in ap-
proximately 40 European hospitals. Process measures
(Did the intervention result in the desired change in an-
timicrobial use?) and outcome measures (Did the process
implemented reduce or prevent resistance or other unin-
tended consequences of antimicrobial use?) are necessary
to finally determine the impact of antimicrobial steward-
ship on antimicrobial use and resistance patterns [8]. Val-
id process measures as well as quality indicators for AB
use will be developed within the project ‘implementing
AB strategies for appropriate use of ABs in hospitals in
member states of the European Union - ABS Interna-
tional’. None of the efforts of physicians, pharmacists,
microbiologists or infection control practitioners to es-
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tablish an antimicrobial stewardship program are likely
to be successful without at least passive endorsement by
hospital leadership [7]. The support and collaboration of
hospital administrators, medical staff leaders and local
providers in the development and maintenance of an an-
timicrobial stewardship program is an essential prereq-
uisite to the success of the program. Identification and
control of antimicrobial resistance and maintenance of
AB effectiveness as the key goals of each individual hos-
pital are important in supporting the efforts of antimi-
crobial stewardship teams. The problem of antimicrobial
resistance cannot be addressed by national initiatives
alone, but requires a common strategy at the European
level [33]. ABS International is the first EU-funded initia-
tive focusing on the implementation of structural mea-

Appendix: Members of ABS International

Roland Gareis, ABS Group, Vienna (Austria); Reli Mechtler,
Johannes Kepler University, Linz (Austria); Marc Struelens, Uni-
versity of Brussels (Belgium); Vlastimil Jindrak, Na Homolce
Hospital Prague (Czech Republic); Winfried Kern, University
Hospital of Freiburg (Germany); Gabor Ternak, University of Pecs
(Hungary); Giuseppe Cornaglia, Universita degli Studi di Verona
(Italy); Waleria Hryniewicz, National Medicines Institute, War-
saw (Poland); Vladimir Krcmery, St. Elisabeth University of
Health and Social Sciences, Bratislava (Slovakia); Milan Cizman,
University Medical Center Ljubljana (Slovenia), and Vahe Kazan-
djian, Center of Performance Studies, Baltimore, Md. (USA).

sures in hospitals to promote the prudent use of ABs.
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