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European Strategies to Control Antibiotic Resistance and Use
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Europe has taken many political actions since 1999
to better control antimicrobial resistance and use, in-
cluding two European Council Recommendations and
actions taken by numerous European Union (EU)
presidencies. These presidencies triggered many pub-
lic health and research actions in the EU. Europe
developed several very successful surveillance pro-
grammes on antimicrobial resistance and antimicrobial
use, both currently coordinated by the European
Centre for Disease Prevention and Control (ECDC).
These surveillance programmes were able to identify
emerging problems of antibiotic resistance and tar-
gets for quality improvement of antimicrobial use;
they also conducted impact assessments of cam-
paigns to reduce antibiotic use and increase hand
hygiene. The public antibiotic awareness campaigns
were very successful in reducing antibiotic use and
resistance in countries like Belgium and France. The
successes of these campaigns inspired ECDC to

POLITICAL INITIATIVES

Europe has taken action towards resolving the lack of surveil-
lance of antimicrobial resistance and consumption during an EU
conference ‘The Microbial Threat’ back in 1998. This was the
first conference at the EU level to discuss antibiotic resistance
in humans and animals. The outcome of this conference is re-
ferred to as ‘The Copenhagen Recommendations’ that also en-
compassed the correlation of consumption with resistance [1].
These recommendations paved the way to a number of EU
funded projects on antimicrobial consumption, antimicrobial
stewardship and antimicrobial resistance.

Less than ten years after ‘The Copenhagen Recommendations’
the EU issued an updated European Council (EC) Recommenda-
tion (2009/C 151/01 of 9 June 2009) on patient safety [2]. This

launch an annual European Antibiotic Awareness Day
on November 18, 2008. The hand hygiene cam-
paigns resulted in a dramatic decrease of MRSA in-
fections in many EU Member States. However, ESBL-
producing Gram-negative bacteria and Carbapenem-
resistant Enterobacteriaceae and non-fermenters are
increasing in most EU countries. Finally, the EU is
investing hundreds of millions of EUROs in a Public
Private Partnership (PPP), called the Innovative Medi-
cines Initiative (IMI). An important initiative of IMI is
the launch of the Combating Antibiotic Resistance
NewDrugs4BadBugs programme. The goal of this new
research programme is to create an innovative and
collaborative PPP-based approach that will positively
impact all aspects of the antimicrobial resistance is-
sue, from the discovery of novel products to Phase
1-3 clinical trials. (Ann Clin Microbiol 2014;17:1-8)
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included the prevention and control of Health Care Associated
Infections (HAIs) specifically ‘article I1.8.c’ i.e., to establish or,
where already present, strengthen active surveillance at in-
stitution, regional and national level. This EC Recommendation
was issued just months after a publication entitled ‘“Turning the
tide of antimicrobial resistance: Europe shows the way’ was pub-
lished in Euro-surveillance, the ECDC scientific journal [3]. This
publication stated that evidence from some European countries
showed that it is possible to reverse the progress of antimicrobial
resistance through prudent use of antibiotics, better adherence to
infection control practices and immunisation.

Many EU presidencies focussed on antimicrobial resistance
and these presidencies triggered many actions in the European
Union. Some of the presidencies with the biggest impact were:

*Denmark (September-December 1999): EU Conference on
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the Microbial Threat in Copenhagen, which resulted in the
‘Copenhagen Recommendations’.

*Belgium (July-December 2001): Expert conference, which
coincided with the Health Council meeting of Ministers in
Brussels on November 15 November 2001, where the
Council Recommendations on the prudent of antibiotics in
human medicine [2002/77/EC] were unanimously approved.
This conference also launched the European Surveillance
of Antimicrobial Consumption (ESAC) project.

*Sweden (July-December 2009): Expert Conference ‘Innov-
ative Incentives for Effective Antibacterials’, Stockholm, 17
September 2009, followed by REACT meeting in September
2010. This conference resulted in the Innovative Medicines
Initiative, a large Public-Private-Partnership on developing
new antibiotics.

*Belgium (July-December 2010): Expert conference ‘Europ-
ean Strategies to Monitor and Control Infection, Antibiotic
Use and Resistance in Health-care Facilities’, Brussels 8-
10 November 2010. This conference, organised together
with the ECDC discussed ‘New strategies to monitor and
control infections, antibiotic use and resistance in health-
care facilities in the EU Member States’. Experts, repre-
sentatives of the European Commission and the World
Health Organization gathered to discuss common strategies
to better manage and control HAI and antibiotic resistance
in European hospitals and Long-term Care Facilities (LTCF).
Many recommendations and concrete actions were proposed
and agreed in four priority areas [4]. The European Commi-
ssion agreed to fund research on: (i) the development of
hand hygiene campaign materials tailored to the Member
States, with the involvement of social marketing companies
and behaviour scientists with evaluation of hand hygiene
campaign materials; (i) studying the effect on infection
rates, either alone or in consort with other actions; and (iii)
understanding human factors for compliance. The experts
proposed that hospital CEOs should (i) be involved in hand
hygiene campaigns; (ii) report on adherence to these campaigns

in their hospitals; and (iii) be accountable for adverse events.

SURVEILLANCE
1. European antimicrobial resistance surveillance (EARSS)

The European Union (EU) took a stance on antimicrobial re-
sistance and health-care associated infections in 1999 (2119/98/
EC-2000/96/EC) [http://ec.europa.eu/health/ph_threats/com/comm

legislation_en.htm]) recognising them as Public Health problems
needing surveillance. As a result the European Antimicrobial
Resistance Surveillance System (EARSS) was established in
1999 [5]. This network is now fully coordinated by the
European Centre for Disease Prevention and Control (ECDC)
under the new acronym EARS-Net. For the first decade it was
run by the Dutch Institute of Public Health and the Environment
(RIVM-Rijksinstituut voor Volksgezondheid en Milieu). The aim
of EARS-Net is to collect and report valid and comparable data
on the resistance of selected bacterial pathogens across
European countries. Data on invasive pathogens from sterile
sites is collected for: Enterococcus faecalis, E. faecium,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, Streptococcus pneumoniae and Staphylococcus aureus.
Under RIVM, data were collected from 32 European countries
in the final years of EARSS. As from January 2010 under
ECDC EARS-Net only EU and European Economic Area
(EEA) member countries can participate [6].

Looking at EARS-Net data for MRSA for the past decade
major differences in proportion of MRSA in different countries
and different trends can be seen: many countries organised hand
hygiene campaigns which resulted in dramatic decrease of
MRSA infections (e.g. in England, France and Belgium). Howe-
ver, looking at ESBL-producing Gram-negative bacteria and
Carbapenem resistant Enterobacteriaceae and non-fermenters,
trends show the opposite, and resistance is mounting in most
EU countries (Source:http://ecdc.europa.eu/en/activities/surveill-

ance/EARS- Net/database/Pages/table_reports.aspx).
2. FEuropean surveillance of antimicrobial consumption (ESAC)

Surveillance of antimicrobial resistance cannot be a stand-alone
initiative. Surveillance of antimicrobial consumption is an equal-
ly important factor in order to determine trends and possible
quality indicators. The need for surveillance of antimicrobial
consumption was recognised a year later than that of resistance
[7]. In 2001 the European Commission Directorate-General
Sanco—Health Monitoring Program, issued a Council Recomme-
ndation on the prudent use of antimicrobial agents in human
medicine [2002/77/EC] [8]. This, in turn, led to the establish-
ment of the European Surveillance of Antimicrobial Consumption
(ESAC). Under the University of Antwerp, coordinator of the
ESAC project, data were collected from 34 European countries
in the final years of ESAC years. As from July 2011 ESAC
moved to ECDC under ESAC-Net [6].

The aim of ESAC was to collect comparable and reliable an-
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timicrobial consumption data across Europe [9]. Thus the
Anatomic Therapeutic Chemical (ATC) classification and the
Defined Daily Dose (DDD) were selected as numerator for na-
tional data sets whilst the denominator chosen was the number
of inhabitants based on the mid-year population of the country.
Back then the DDD values for 2004 were used as these were
current at the time of data collection. National antimicrobial
consumption was therefore represented as DDD per 1000 in-
habitants per day (DID) [10].

The level of total AC antimicrobial use across Europe varied
considerably [11,12]. Indeed such differences were also ob-
served for different drug classes, namely: antifungals [13], fluo-
roquinolones [14]; cephalosporins [15]; penicillins [11]; and
‘macrolides, lincosamides, streptogramins and ketolides’ (MLSK)
[16]. Differences were also observed for the level of ‘out-patient
parenteral antibiotic treatment’ (OPAT) [17]. However, the
overall antimicrobial use in Europe is lower than the US aver-
age of 25 DID, with only 3 of 27 European countries showing
higher use [18].

One of the main areas where consumption has been studied
includes hospitals. However, prior to ESAC, most studies did
not use standardised numerator/denominator criteria. For exam-
ple, quoting total antimicrobial consumption in DDD/100 occu-
pied bed-days (DBD), based on the ATC classification might in-
clude only systemic antibacterials (JO1) or anti-infective agents
(J) thus comparison of results between different studies is ham-
pered [19]. Because there is no consensus on indicators to mon-
itor antimicrobial use over time in hospitals, the ESAC project
developed a Point Prevalence Survey (PPS) for antimicrobial
use in hospitals. The Web-based method offered a standardised
platform that allowed further detailed analysis of the PPS data
collected which helped in the identification of targets for quality
improvement [20,21]. The ESAC PPS methodology has been
adapted for a paediatric specific project ‘Antibiotic Resistance
and Prescribing In European Children’ (ARPEC) [22].

The next step is to develop a global PPS. The Global Point
Prevalence Survey of Antimicrobial Consumption and Resistance
(GLOBAL-PPS) is an ambitious project funded by BioMérieux
to develop further on the point-prevalence surveys (PPS) carried
out by the ESAC project. This ESAC PPS tool has illustrated
many benefits; 1] the web based tool provides ease of access of
data entry and analysis and an opportunity for rapid feedback of
results to participating centres; 2] the tool is simple and requires
a small amount of training and can be used by a range of pro-

fessionals- there is evidence of consistency and reproducibility

with the data entry; 3] the PPS protocol/tool allows to link PPS
data to other indicators (e.g link of PPS data to local antibiotic
guidelines and compliance); 4] identification of current hospital
clinical practice and showing significant variation and deficien-
cies in the quality of antibiotic prophylaxis and treatment; 5] the
data has informed the development of quality indicators as well
as performance targets for the improvement of antibiotic pre-
scribing in hospitals; 6] participation in the survey has encour-
aged, thorough engagement and feedback, a sense of ownership
and learning between the prescriber’s and the local infection
community. The aim is to pilot the GLOBAL-PPS in about
30-40 hospitals during the Fall of 2014 and a global PPS in
hundreds of hospitals during the Spring of 2015. Results would
be reported on the 18 November 2015 for the European
Antibiotic Awareness Day.

AWARENESS CAMPAIGNS

Back in November 2001, during Belgium’s past presidency of
the EU-Council, the Belgian Antibiotic Policy Coordination
Committee (BAPCOC) [23] organised its first European Confe-
rence focusing on antibiotic use and resistance in Europe. The
conference marked the launch of the ESAC project and co-
incided with the approval of the 2001 Health Council recom-
mendations on the prudent use of antimicrobial agents in human
medicine. Since then, the prudent use of antibiotics and the pre-
vention of healthcare associated infections (HAI) have become
priorities in all EU Member States. The success of the Belgian
(since 1999) [23,24], French (since 2003) [24-26] and many
other public awareness campaigns [27] inspired the European
Centre for Disease prevention and Control (ECDC) in 2008 to
launch an annual European Antibiotic Awareness Day (EAAD)
on November 18 [28]. For instance, Belgium’s national cam-
paigns from 1999 to 2010 reduced the total number of antibiotic
packages per 1000 inhabitants from 3.6 in 1999-2000 to 2.4 in
2009-2010 (-33%). Resistance of S. pneumoniae to penicillin
decreased from 18% in 2000 to 7% in 2009. Moreover, the total
cost for reimbursement of antibiotics decreased with 21 million
Euro (-16.7%) from 125,555,454 Euro in 2002-03 to 104,529,213
Euro in 2008-09. The cumulative savings between 2002 and
2009 were 90,154,345 Euro (two thirds were due to reduced
prescribing; one third was due to reduction in price of anti-
biotics). Because the costs of the six campaigns between 2002
and 2009 was 2.4 million Euro, we can conclude that for every

EUR invested in the campaign, 25 EUR were saved. France’s
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national campaign from 2002 to 2007 reduced the total number
of antibiotic prescriptions per 100 inhabitants by 26.5% overall,
with the greatest reduction (35.8%) in antibiotic consumers aged
6-15 years old [24-26].

RESEARCH

Since 1999, the EU has spent EUR 800 Million on AMR

Research. Two new research tools were developed:
1. Joint Programming Initiative (JPI)

The aim of Joint Programming Initiative is to pool national
research efforts in order to make better use of Europe's public
R&D resources and to tackle common European challenges
more effectively in a few key areas. With the JPIs Europe hopes
to overcome the fragmentation of national research programmes
to address global challenges. European Member States agreed,
on a voluntary basis and in a partnership approach, on a com-
mon Strategic Research Agenda (SRA) to address major societal
challenges which will be implemented jointly. So far, ten JPIs
have been agreed by the European Commission; the JPI-Antimi-
crobial Resistance (AMR) was the last one to be launched in 2011.

The JPI on Antimicrobial Resistance (AMR) provides an ex-
cellent opportunity for joint research of the EU Member States
addressing the emerging problem of antibiotic resistance.
Indeed, the currently funded research projects in national or
trans-national programs are commonly the result of an open
competition for grants with projects from other research areas
rather than a result of competition in a research programme spe-
cifically focusing on AMR. Consequently, the variable and
non-permanent resources of trans-national organisations and in-
dividual countries are insufficient to provide long-term funding
opportunities that are required to solve the major research ques-
tions concerning AMR. In addition, research activities on AMR
are not harmonized between countries; which may lead to dupli-
cations in the research being performed in different countries.
This JPI aims to accomplish the coordination of European re-
search on AMR in close collaboration with the funding instru-
ments of the EU; specifically Framework Programme 8 (Horizon
2020), Innovative Medicines Initiative (IMI) and the ERA-NET
scheme.

A Strategic Research Agenda “2020 and Beyond” has been
developed to prioritize research on AMR in Europe and beyond.
The 6 pillars of this SRA are:

*Development of novel antibiotics and alternatives for anti-

biotics - from basic research to the market

*Design strategies to improve treatment and prevention of in-

fections by developing new diagnostics.

*Implementation of a publicly funded global antibiotic resist-

ance surveillance program.

*Transmission Dynamics

*The role of the environment and sewage as a source for the

emergence and spread of antimicrobial resistance

*Designing and testing interventions to prevent acquisition,

transmission and infection caused by antibiotic-resistant
bacteria.

Nineteen Member states and Canada have joined forces in the
Joint Programme Initiative on Antimicrobial Resistance (JPIAMR)
to coordinate the research, in order to allow greater impact and
avoid duplication. The JPI-AMR Strategic Research Agenda
will be launched on 3 April 2014 in Brussels. The first call will
be published in early 2014 with Canada (about EUR 20 million

on topic A: discovery of a new pipeline).
2. ERC

Set up in 2007 by the European Union, the European Resea-
rch Council (ERC) aims to stimulate scientific excellence in
Europe by encouraging competition for funding between the
very best, creative researchers of any nationality and age from
anywhere in the world.

The ERC is part of the EU's Seventh Research Framework
Programme (FP7) and has a total budget of €7.5 billion from
2007 to 2013. Its budget will increase by around 70% under the
new EU research programme 'Horizon 2020' (2014-2020).

A new initiative has been launched in November 2013 to
boost opportunities for early-career Korean scientists to come to
Europe to join the research teams of European Research Council
(ERC) grantees. The agreement was signed on 8§ November
2013 by Minister of Science, ICT and Future Planning of the
Republic of Korea, Choi Mun Kee, and - on behalf of the ERC —
the European Commissioner for Research, Innovation and
Science, Maire Geoghegan-Quinn. Young and talented Korean
researchers will have the opportunity to join the teams of ERC
grant holders, thus building new links between Korea and
Europe bottom-up, in the ERC way.

The objective of the agreement is to stimulate cooperation by
bringing the best researchers together to exchange ideas and ex-
periences, and to enhance their international profile and knowle-
dge. The initiative will make it easier for early-career Korean

top scientists to be part of ERC-funded research teams for six
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to twelve months.

3. Public Private Partnership (PPP): Innovative Medicines Init-
iative (IMI)

Unlike drugs used in the treatment of chronic non-communi-
cable diseases, which do not become ineffective with usage, an-
tibiotics do become ineffective within a few years of clinical
use. This implies that antibiotic development is not as profitable
so the Pharma-industry is deserting the anti-infective branch of
R&D making the antibiotic pipeline drier [29]. From an industry
point of view antibiotics are not as interesting because these
cure and not control the condition so treatment is not prolonged.
Indeed, most antibiotics in most indications are used for 1-2
weeks only [30]. In recent decades the pharmaceutical industry
has decreased the research and development (R&D) budget into
antimicrobials as these are usually used on a short term basis
and therefore the developers do not make enough turnover be-
fore the expiry of the patent [31,32]. This could be partly attrib-
utable to the fact that commercially available antibiotics are
cheap, broad spectrum effective and safe. Furthermore, anti-
biotics are used for a short period of time unlike chronic
medication. We are currently using derivatives of the original
drugs that were originally put in clinical use decades ago.

The importance of tackling the drought in the antibiotic pipe-
line, especially for infections caused by resistant bacteria, was
first recognised in a report from the World Health Organization
in 2004 as the number one therapeutic area requiring priority
medicines based on the potential public health impact [33].

The safeguards to restrict antibiotics for future use by delay-
ing the development of resistance is seen as a deterrent for the
industry as the return on investment is highly compromised in
the first few years of a product’s launch. For other drugs
(non-antibiotic) these years are the most profitable years even in
short term use drugs such as anti-cancer chemotherapeutic
agents and even more so in drugs intended for long term use
such as antihypertensive agents.

Various ways of stimulating R&D have been proposed, in-
cluding amongst others, safeguarding currently available drugs,
extending the patent period, and public-private or academic-in-
dustrial partnerships in the development process.

The Innovative Medicines Initiative Joint Undertaking (IMI
JU) is a unique pan-European public private partnership be-
tween the European Commission and European Federation for
Pharmaceutical Industry Association (EFPIA) driving collabo-

ration between all relevant stakeholders including large and

small biopharmaceutical and healthcare companies, regulators,
academia, and patients.

The aim of IMI is to propose a coordinated approach to over-
come identified research bottlenecks in the drug development
process, in order to accelerate the development of safe and more
effective medicines for patients, by fostering collaboration be-
tween all stakeholders such as industry, public authorities
(including regulators), organisations of patients, academia and
clinical centres, and enhancing Europe’s competitiveness.

An important initiative of IMI is the launch of the Combating
Antibiotic Resistance NewDrugs4BadBugs (ND4BB) programme.
The goal of this new research programme is to create an in-
novative and collaborative PPP-based approach that will pos-
itively impact all aspects of antimicrobial resistance, from the
discovery of novel products to Phase 1, Phase 2, and Phase 3
clinical trials. This will increase the probability of success of
developing new and effective antibiotics for the treatment or
prevention of infections caused by resistant pathogens as well as
the consequences of those infections.

The focus of the work in the current topics will be on prod-
ucts targeting treatment, prevention, or management of the se-
quelae of infections due to resistant priority bacterial pathogens
(e.g. one or more of the following: Enterobacteriaceae (specifi-
cally E. coli, K. pneumoniae and Enterobacter species), Acinet-
obacter, Pseudomonas, Clostridium difficile, or methicillin-re-
sistant Staphylococcus aureus (MRSA). So far, 5 topics have
been published and two are in the pipeline (Fig. 1).

An important aim of ND4BB is also to develop a data re-
pository that is sustainable beyond the life of the current pro-
gramme, so that ND4BB will provide a key information base
for research projects focused on antibiotic resistance. All con-
sortia participating in topics running under the ND4BB research
programme will be expected to deposit data in the ND4BB data
hub and work together to share data and experience as widely
as possible amongst all programme members and the antibiotic
community as a whole.

Finally, ND4BB will establish a network of investigators that
will exist beyond the life of these particular IMI calls.

Since 2009 the concept of globalisation of antibiotic drug de-
velopment has started taking shape with various initiatives from
various organisations. Collaboration between the two sides of
the Atlantic was seen in the Transatlantic Task Force on
Antimicrobial resistance (TATFAR) between the ECDC and
CDC Atlanta which was set up in 2009 and in 2011 recom-

mended five strategies to improve the antibiotic pipeline [34].
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ND4BB cross topic collaboration and dissemination

Topic 1: Topic 2 : Topic 3 : ENABLE Topic 4: Topic 5: Topic 6: Topic 7:
COMBACTE TRANSLOCATION Discovery & Driving Clinical Systemic Inhaled
a) Enabling clinical Research development of re-investment in development of molecules against Antibacterials
collaboration and penetration and new drugs R&D and antibacterial HAls due to in CF and COPD
refining clinical trial efflux combatting Responsible use agents for clinically incl. non-CF BE
design (EUR 8M) Gram-negatives Gram-negative of Antibiotics Gram-negative challenging
b) Clinical Data Hub and infections (EUR 9M) antibiotic resistant Gram-negative
development of learning from (EUR 85M) pathogens pathogens
GSK1322322 R&D experience (EUR 72M)
(EUR 192M) (EUR 16M)
c) Clinical
development of
MEDI4893
(EUR 52M)

=

ND4BB Information centre-

All data generated is submitted and is accessible to all consortium partners

Fig. 1. ND4BB: Proposed Program, from 2014.

CONCLUSION

The fact that antimicrobials are different from any other drug
class makes surveillance of their consumption a much needed
Public Health measure. They are unlike any other medication in
that their use in one patient has a direct consequences by in-
creasing the likelihood of the micro-organisms developing re-
sistance to antimicrobial agents to which they have been
exposed. Often resistance also develops to unrelated agents as
well. This issue of resistance has to be seen from the per-
spective that antimicrobials are used to treat communicable
diseases. Thus, inappropriate prescribing both in the community
but especially in the hospital affects not only the specific boun-
daries of that community or institution. It will have an impact
both on the population in question as well as a global effect as
has been seen with the spread of any ‘novel’ resistance pattern
identified. Once established, resistance is not always easily
reversible. Furthermore, the hospital setting is the optimal envi-
ronment for proliferation of resistance because there is higher
antibiotic exposure and close proximity of vulnerable patients
giving the perfect recipe for development of resistance and

cross-infection.

SUMMARY

Finally, the EU has been partially successful in controlling

call 6 Call 9
[}

[ cans

antibiotic use and resistance by:

*Bottom up Member States initiatives (e.g. rotating European
presidencies) resulting in top down political support and
commitment at European level (e.g. Council recommenda-
tions);

*Successful surveillance programmes on antimicrobial use
and resistance

*Strong leadership with close link between opinion leaders,
policy makers and politicians

*Support of AMR research projects by the EC, providing evi-
dence for public health interventions

*European antibiotic awareness day (EAAD), built on success
stories of countries;

The biggest current challenge remains resistance among Gram-

negative bacteria.
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