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Foreword

Healthcare-associated infections are an increasing problem for the European Union.
Many Member States are spending a substantial proportion of their healthcare
budget on these infections, which affect about 7% of patients in acute care
hospitals. The problem is compounded by the decreasing clinical effectiveness of
antibiotics because of the spread of bacterial resistance.

This report is the latest in a series published by the European Academies Science
Advisory Council (EASAC, www.easac.eu) on issues that policy-makers need to take
into account when addressing public health challenges associated with infectious
disease. Our previous publications in this series are as follows:

1. 'Infectious diseases — importance of co-ordinated activity in Europe’, Report, May
2005.

. 'Vaccines: innovation and human health’, Report, May 2006.

. 'Tackling antibacterial resistance in Europe’, Report, June 2007.

. 'Impact of migration on infectious diseases in Europe’, Statement, August 2007.

. ‘Combating the threat of zoonotic infections’, Report, May 2008.

. 'Drug-resistant tuberculosis: challenges, consequences and strategies for control’,
Report, March 2009.

o Ul b WiN

EASAC welcomes the current activity by the European Commission and national
health services in developing improved approaches to the safety of patients by
strengthening surveillance, implementing standardised infection control procedures,
developing a skilled workforce and informing patients. However, EASAC emphasises
that these relatively short-term actions are not sufficient. It is also essential to

pursue longer-term objectives for research and innovation in order to understand
epidemiology and pathogenesis, and develop new diagnostics, drugs and vaccines.

This report was prepared by EASAC following a scientific discussion meeting in
Berlin in 2008, organised by the German Academy of Sciences Leopoldina together
with the Royal Society (UK), the Academie des Sciences (France), the Royal Swedish
Academy of Sciences and the Royal Netherlands Academy of Arts and Sciences.

In addition, EASAC recommendations draw on the published work of individual
academies, particularly the Royal Netherlands Academy of Arts and Sciences and the
Royal Society. The latter publication ('Innovative mechanisms for tackling antibacterial
resistance’, Royal Society, 2008) is itself based on a meeting organised to follow

up on the initial EASAC report on antibacterial resistance. | thank the experts who
contributed to these meetings and | thank my colleagues on the Council of EASAC,
who were responsible for organising the independent review of the draft report and
its approval for publication.

| welcome further discussion on any of the points raised in our report.

Professor Volker ter Meulen
Chairman of EASAC
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Summary

Healthcare-associated infections (HAIs) are those
infections occurring after admission to hospital or
exposure to other healthcare interventions. They

are caused by a wide range of pathogens, many of
which are becoming increasingly resistant to standard
antimicrobial agents. Vulnerable patients become
colonised and infected by these resistant, nosocomial
micro-organisms through contact with healthcare
workers, patients, visitors and other colonised sources.
About 7% of patients in acute care hospitals in the
European Union (EU) experience HAlIs, resulting in a
considerable public health burden, with about 37,000
directly attributable deaths per year and perhaps three
times as many partly attributable deaths.

A recent European Commission Communication

and Recommendation outlines approaches to
improving the safety of patients by containing HAls,
strengthening surveillance systems, improving
workforce training and increasing the information
supplied to patients. These objectives are welcome
and there is an important translational medicine
agenda to be pursued in measuring, understanding
and containing the transmission of pathogens as part
of the consistent implementation of standardised
infection control procedures. However, these relatively
short-term actions are not enough. Assessment of the
available evidence by EASAC leads to the conclusion
that it is also essential to commit to longer-term
objectives for research and innovation, to provide
the improved products and services that will detect,
monitor, prevent and treat HAIs. There are important
roles for the European Commission, Parliament and
successive Presidencies to act across a broad front

in addressing these significant problems for all
Member States.

At the research level, it is necessary to understand
better the behaviour of both human and microbial
populations, by integrating research priorities for
epidemiology, social sciences, clinical translational
research and the basic biomedical sciences, so as

to provide the primary resource to tackle antibiotic
resistance and pathogen virulence. There is continuing
need to connect the research advances with innovatory
capacity to discover and develop new diagnostics,
drugs and vaccines, and to use these new tools in new
ways, for example to target therapy in personalised

medicine. There is concomitant need to devise new
incentives for the private sector to invest; there are
opportunities for public—private partnerships to share
risks and rewards in discovering and validating the
novel targets, supported by new centres of excellence
to help train the next generation of experts.

EASAC also emphasises that the issues for HAls should
not be considered in isolation from other policy issues;
nor should the issues for the EU be considered in
isolation from the rest of the world. It is important to
develop more coherent and co-ordinated policy to
ensure that health services take account of the best
evidence on what works in reducing HAIs, recognising
that incentives and training for them may be more
effective than financial penalties and that there should
be better integration between the human health and
veterinary health sectors. It is also vital for the EU to
support wider international efforts, in particular to
help build the necessary epidemiological databases to
clarify HAI disease burden, risk factors and emerging
pathogens, as part of a global commitment to tackle
antimicrobial resistance.

What are healthcare-associated

infections?

Hospital-acquired, or nosocomial, infections are among
the most common adverse events associated with
healthcare. The connection between hospitalisation
and risk of infection can be attributed to various
factors'. For example:

e The underlying illness may increase vulnerability
to infection or impair the immune response; drug
treatments may weaken the immune system.

e Invasive surgical or other procedures may facilitate
pathogen entry.

e The use of antibiotics to treat infection can
encourage other pathogens to colonise the patient.
Poor infection control practices may encourage
antibiotic resistance.

¢ QOrganisational factors, such as high bed occupancy,
sub-optimal staffing levels, poor governance
practices or poor compliance with recommended
hygiene standards, provide opportunities for
pathogen transmission between patients.

' Health Protection Agency, ‘Healthcare Associated Infections — General Information” on www.hpa.org.uk. The ECDC (2008), in clarifying
the definition of HAIs, notes that difficulties arise in developing a common European terminology because of differences in health and

social service provision.
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Studies of the prevalence of nosocomial infections

in Europe indicate that the main infection sites are
urinary tract (27 %), lower respiratory tract (24%),
surgical sites (17 %), bloodstream infection (11%),
with other sites including gastro-intestinal, skin and
soft tissues, and the central nervous system (European
Centre of Disease Prevention and Control (ECDC)
2008). HAls are frequently associated with specific
hospital procedures: for example, bloodstream
infection with intravenous devices, respiratory
infection with artificial ventilation, wound infection
with surgery. Infections are caused by a broad

range of micro-organisms: in European prevalence
surveys, Escherichia coliis the most common,
followed by Staphylococcus aureus, Pseudomonas
aeruginosa, Enterococcus species, coagulase-negative
Staphylococci, and Candida species, with smaller
numerical contributions from Klebsiella, Proteus,
Enterobacter and Acinetobacter species. More
recently, Clostridium difficile has become a much
more prominent problem in some EU Member States.
A somewhat different perspective is obtained from
the major reported nosocomial outbreaks, where

the most frequently documented organisms were

S. aureus, P aeruginosa and Klebsiella pneumoniae
but others were Legionella pneumophila, Aspergillus
species, hepatitis virus and norovirus, the last being

a frequent cause of closure of affected medical
departments.

Multi-drug resistance may be responsible for half of all
deaths from HAIs in some EU Member States (Watson
2008): major antibiotic-resistant organisms include
methicillin-reistant S. aureus (MRSA), multi-resistant
Acinetobacter and extended-spectrum beta-lactamase
(ESBL)-producing E. coli.

Public health and economic burden

About 7% of patients in acute care hospitals in
Europe experience an HAI. The documented range is
3-10% across Member States, although the quality
of the surveillance data is not consistently high (ECDC
2008). The annual number of HAIs in the EU has been
calculated to be about 4.5 million.

Estimating the impact of HAIs requires several
assumptions about the quality and comparability of
prevalence data, and hospital practices and costs. The
mortality directly attributable to nosocomial infections

is estimated to be about 37,000 in the EU (compared
with 90,000 in the USA and perhaps 3 million in
developing countries), but they also contribute to
other deaths, perhaps 110,000 in the EU. The total
annual healthcare costs of such infections for the EU
was estimated to be 7 billion euros (ECDC 2008),
but this probably grossly underestimates direct costs.
For example, the data for sepsis alone in Germany
(estimated in a recent meeting, Appendix 1) may

be nearly 2 billion euros per year. Indirect and post-
hospital costs of nosocomial infections, including
those related to loss of income, are probably at least
threefold higher than the direct costs.

What should be the objective for reducing the public
health and economic burden? It is not plausible to

aim for no HAIs; the objective should be to avoid
preventable infections by implementing consistently
good clinical practice. This requires, however, better
diagnostic and therapeutic tools as well as the prudent
use of the tools already available.

What are the EU policy issues?

The European Commission proposal

for a Council Recommendation

A recent European Commission Communication?
recommends a comprehensive approach to improving
patient safety whereby Member States are encouraged
to introduce plans to reduce the incidence of

adverse events in all healthcare settings. Action on
patient safety is seen as increasingly important for
health systems because of the ageing population,
rising public expectations, and advances in medical
procedures, together with the increasing threat posed
by antimicrobial resistance. As the Communication
notes, 'Although the problem of patient safety is
primarily the responsibility of Member States, the
European Union can encourage cooperation between
Member States and support their actions in areas
where EU interventions can have an added value'.
The Commission proposal includes a specific focus on
HAls, with a range of recommendations: to support
the containment of HAIs; strengthen surveillance
systems; foster education and training of healthcare
workers in infection prevention and control; and
improve the information given to patients. However,
the Communication makes relatively little mention

of the necessary research agenda, suggesting only

2 15 December 2008, Communication from the Commission to the European Parliament and Council, COM (2008) 836 final. This follows
the identification in the Commission’s Health Strategy White Paper (2007) of patient safety as a priority area for action, with objectives
to address the issues for nosocomial infection and antibiotic resistance.
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a 'programme on patient safety’. The accompanying
Council Recommendation? provides slightly more
information on what is seen as the research priorities,
primarily for the social sciences, although there is brief
mention made of research to include ‘new preventive
and therapeutic technologies and interventions and
cost-effectiveness of prevention and control'.

In the view of EASAC, there is an urgent need to
increase commitment to biomedical research and
innovation because, without that, the battle against
antibiotic resistance will be lost. There is no doubt, of
course, that much can be done to contain the spread of
resistance — for example, by improving hospital hygiene
and prudent prescribing — and the ECDC has made

a strong case for strengthening active surveillance
systems (Box 1).

However, in previous work by EASAC (2007), we have
warned that better surveillance, heightened awareness
and containment measures, although highly important,
are not enough. The accumulating evidence on the
threat posed by HAIs reinforces our previous conclusion
that there must be a commitment to research and
development (R&D) to generate new diagnostics,
therapeutics and vaccines, to increase our ability to
detect, control and prevent infection: this requires

new forms of partnership and the provision of new
incentives to encourage R&D.

Tackling the challenge of HAls:
recommendations from the European
Science Academies

A scientific discussion (Appendix 1) organised by the
German Academy of Sciences Leopoldina, together
with the Royal Society (UK), the Academie des Sciences
(France), the Royal Swedish Academy of Sciences and
the Royal Netherlands Academy of Arts and Sciences,
evaluated new information and perspectives on
nosocomial infection, covering the main public health
challenges and the relationship between hospital-

and community-associated infections. The meeting
explored priorities both for the short-term, about how
scientific evidence can better inform clinical practice,
and for the longer term, about how scientific advances
can be connected to the development of novel
diagnostic, therapeutic and preventive strategies.

EASAC's conclusion based on this work of the
academies can be summarised in six main themes.

Box 1 Issues for surveillance of HAls in Europe

e Surveillance currently involves case finding,
usually by infection control teams, uses clinical
definitions, sometimes without microbiological
confirmation, and may not identify infection
source.

e As national priorities in infection control vary, so
different surveillance protocols have emerged.
Comparison of infection rates between
hospitals may be difficult and requires risk
adjustment to correct for case mix variability.

e In addition to variation in case definitions and
surveillance methodologies, interpretation of
differences between institutions and countries
is confounded by the reluctance of some
institutions to publicise their data.

e Therefore, insufficient data are currently
available to allow meaningful comparisons
between institutions by surveillance networks,
to monitor the epidemiology and to evaluate
and guide policies in prevention and control. The
Commission Recommendation proposes that
surveillance systems should be established or
strengthened at the national and regional levels.

e The EU-funded HELICS (Hospitals in Europe
Link for Infection Control through Surveillance)
project has attempted to standardise
surveillance protocols. ECDC recommends
that to access and improve the quality of
data, a European validation study based
on standardised methodology should be
progressed accompanied by development of
indicators to evaluate the implementation of
infection control measures.

e Further challenges emerge in the extension of
European surveillance of HAIs to all Member
States and in the wider application of electronic
data collection. Furthermore, consideration
must now be given to extension of surveillance
to other pathogens, such as C. difficile, and
new variants of old pathogens, such as MRSA,
which require molecular typing data. There is
need for real-time surveillance of clusters of
particular pathogens and strains.

From ECDC (2008) and the HELICs project on
http://helics.univ-lyon1 fr/frtitle.ntm

Building the evidence base in public health for

decision-making. Efforts in disease surveillance
across Europe must do better in adopting standardised
methods for data collection and in sharing these data.
Public health responsiveness must achieve better
co-ordination in national and regional plans to use

3 Annex 2 in the Proposal for a Council Recommendation on patient safety, including the prevention and control of healthcare associated

infections, COM (2008) 837 final.
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the available evidence base, to develop good practice
guidelines and to use those guidelines already
promulgated.

Engaging with patients and the public-at-large.

There is a responsibility for the health services
and the wider scientific community to understand
public attitudes, expectations and behaviour better,
and to inform the public better about the problem of
antibiotic resistance.

There is an extensive translational medicine agenda
associated with measuring and understanding the
transmission of the most clinically relevant pathogens,
with the building and use of databases to enhance
surveillance capacity, the routine implementation

of standardised infection control measures and the
creation of a well-trained workforce. Investments

in hospital hygiene must be a priority. The potential
for vulnerable patients to be infected by healthcare
workers, other patients and visitors (and vice versa)
highlights the importance of raising awareness and
rapid diagnosis to enable early preventative action. For
these, EASAC endorses the objectives and plans outlined
in the recent European Commission Communication
and Recommendation. In addition, however, EASAC
emphasises the need to fund and progress the longer-
term strategic agenda for tackling HAIs.

Strengthening capabilities in fundamental

science. There is a research need to understand
the behaviour of both microbial and human
populations. Significant new opportunities to inform
policy are now becoming possible in consequence
of advances in both the social sciences and basic
biomedical science. However, there must be
better integration of the research agenda to cover
epidemiology, social and basic biomedical sciences
and clinical translational research. There are important
issues to resolve in the level of research funding in
Europe, the selection of research priorities, and in
improving the use of research in policy development
and in innovation for improved healthcare.

Social science research can be expected to aid
understanding of the determinants of antibiotic
resistance and to target behavioural modification

in the health services to improve rational antibiotic
prescribing, compliance with guidelines and promotion
of hospital hygiene. Epidemiological research is

vital to provide the sound basis for public health
strategic analysis and action. In addition to the broad

Healthcare-associated infections: the view from EASAC

surveillance needs (Box 1), there is particular value

in collecting time-series data to measure the effects

of intervention and in using the available data for
economic assessment to quantify the attributable costs
for hospitals and society and, thereby, to determine
the cost-effectiveness of intervention. Advances in
biomedical research, to increase understanding of
antibiotic resistance, virulence and host-defence
mechanisms, provide the discovery resource for new
and better diagnostics, therapeutics and vaccines.

Health and wealth creation. Addressing the

currently unmet medical needs requires better
connectivity between the research advances in
genomics and other fundamental science and the
development of new products, and their use in
new ways, for example diagnostic—therapeutic
combinations in personalised medicine.

Uncertainty in diagnosis is a major reason for excessive
use of antibiotics in both developed and developing
countries. Therefore investment in better diagnosis

to identify causative pathogens and their resistance
profile can be expected to be both advantageous to
public health and cost-effective. However, although
there is now a realistic prospect for using new
diagnostics to target therapy, there are obstacles:

e Translational research: most of the current
research studies are small. It can be difficult for
academia and small companies to fund the bigger,
prospective, studies needed to confirm initial
findings and provide clinical validation.

e Standard setting: there may be disparity in the
molecular signatures discovered by different
research laboratories. This problem can be reduced
by shared training and information exchange.

e Infrastructure: prospects for clinical application are
weakened by the increasing tendency to separate
microbiology laboratories from hospitals.

e Education: there is continuing need to train medical
professionals to be responsive to laboratory
information on diagnosis and to issues of hospital
hygiene and antibiotic stewardship.

e Healthcare budgets: current cost structures can
make it difficult to show that increased spending
on diagnosis and prevention will be cost-effective
by sparing cost of therapy and improving clinical
outcomes.
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In developing new therapeutics, it is now generally
agreed that Gram-negative pathogens present a
particular challenge to health systems because of
the lack of drugs under research and development.
No new drugs are further forward than phase |, by
contrast, for example, with several new therapies
for S. aureus in phases lI-lll. The European Medicines
Agency (EMEA) is currently engaged in a ‘gap analysis’
on antimicrobials to identify pathogen priorities

for the pharmaceutical sector: it is expected that
EMEA will publish its priorities in 2009 to encourage
the development of novel antimicrobials. Drug
development is a lengthy, expensive and complex
process; recommendations from the previous work
of EASAC and individual academies are summarised
in Box 2.

EASAC also emphasises that the issues for tackling HAIs
should not be segregated from other relevant policy
issues, and that the issues for the EU should not be
considered in isolation from the rest of the world.

Strategic coherence. The different policy-making
groups must be better co-ordinated across
functions in national governments and at the EU level

in order to integrate the scientific, economic and
political aspects of the challenges faced for HAls. In
particular:

(1) There is need to connect activity between the
human health and veterinary health sectors to
foster the concept of one health.

(2) The improvement of the worst-affected hospitals
may require a range of support mechanisms
and incentives. Experience indicates that legal
sanctions are unlikely to be the most effective
mechanism. The imposition of financial penalties
is controversial, although these are likely to be
increasingly used in Member States®. It is possible
that the recent US legislation denying Medicare
payment to hospitals for some HAIls (Anon 2008)
may be counterproductive in its unintended
conseqguences if it encourages the hospitals to
over-prescribe antibiotics and deters the admission
of high-risk patients. The reporting of infections
may also be adversely affected if doctors are
then tempted to classify infections as community
acquired rather than hospital acquired.

(3) The importance of considering the inter-sectorality
of policy development is also exemplified by the

Box 2 Innovative mechanisms for tackling
HAls

e Existing antibiotics must be used prudently to
slow down the development of resistance.

e [tis vital to develop antibacterial agents that
act in novel ways, for example by targeting
bacterial adherence and virulence, inhibiting
efflux pumps and destroying bacterial cell walls
in an unconventional manner.

e Some public- and private-sector research
funders have been deterred by the apparent
low early success rate for genomics research
in identifying targets. This disappointment is
premature, but the problem is compounded by
perceptions of low return on investment and
excessive barriers to innovation in infectious
disease therapeutics.

¢ The private sector needs to be encouraged to
invest, by market pull mechanisms and other
incentives and by simplification of regulatory
hurdles without compromise to product quality,
efficacy and safety.

¢ There are significant opportunities for
promoting public—private partnership between
industry and academia, to share risks and
rewards, with the aim of discovering new
targets, clarifying resistance determinants
and reaching proof of concept for the new
pharmacological approaches. The Joint
Technology Initiative in Innovative Medicine,
part of Framework Programme 7, represents a
great opportunity for industry and academia to
tackle bottlenecks in R&D.

¢ New centres of excellence are required to
develop the various skills needed for the
complex R&D programmes and to train the
next generation of experts in antimicrobial
therapeutics and related disciplines.

Conclusions drawn from the publications of the
Royal Netherlands Academy of Arts and Sciences
(2005), EASAC (2007) and the Royal Society
(2008).

emergence of antifungal resistance in healthcare
facilities. Tackling this problem requires sharing of
information and options across the public
policy-making and regulatory departments
concerned with health, agriculture and
manufacturing.

Global leadership. There are growing
opportunities for the EU to provide active

4 For example the UK where the 2008-9 NHS contract for acute services introduces financial penalties for failing to reduce hospital
acquired C. difficile in accordance with national targets (Walker et al., 2008).
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support and leadership for strategic activities at the
global level, for example in building a high-quality
research database as a resource for systematic review,
to clarify disease burden and risk factors, and to
inform World Health Organization (WHO) activity in
tackling antibiotic resistance. There is no such thing as
fortress Europe in this context, and the trans-national
nature of infectious disease makes the reduction of
resistance a global public good.

Further details on these key issues are provided in
Appendix 1.

In conclusion, a European programme on patient
safety, to include rational prescribing, improved
hospital hygiene and attention to other best practices
in infection control, is important in managing HAIs
and slowing antibiotic resistance. However, a
longer-term vision is vital to build sustained
commitment to R&D in order to strengthen the
science base, develop novel diagnostics and support
innovation in drug and vaccine development. EASAC
asks that the European Commission now considers
what needs to be done in research and innovation
policy as well as in health policy to tackle the growing
concerns expressed in this paper. We welcome the
increasing political commitment, manifested by
successive Council Presidencies, and we look to both
the public and private sector research functions to
capitalise on the scientific opportunities in tackling
the major problem of infections associated with
healthcare.
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Appendix 1: Summary of points from the
Berlin Inter-Academy meeting ‘Nosocomial
Infections and Host Susceptibility’,
September 2008

The importance of understanding current
medical practice and collecting sound
epidemiological data

There is a broad agenda of priorities for social science
research aimed at understanding and influencing the
behaviour of individual medical professionals in using
antibiotics and, thereby, improving the aggregate
performance of healthcare systems. There are three
dimensions for targeting behaviour:

(1) socio-cultural determinants (partly accounting
for differences in practice between Member
States);

(2) organisational variation (partly accounting for
differences between institutions within Member
States);

(3) professional practice (differences in behaviour of
individual doctors).

Integrating interventions at all three levels should
help to improve rational antibiotic use. Evidence
suggests that use of more restrictive prescribing
measures may be expected to be more effective
than merely providing advice to prescribers, but
greater restriction on antibiotic availability could be
counter-productive for those clinical indications, such
as sepsis and pneumonia, where early treatment

is critical. Uncertainty in diagnosis may be a major
reason for the excessive use of antibiotics: increasing
investment in better diagnosis would be both
advantageous to public health and cost-effective.

Higher-quality data on the consequences of antibiotic
use in agriculture are also needed. However, it would
be prudent to assume that veterinary use may impact
on public health use: there is need both to develop
better guidelines for animal health and better
co-ordination in policy-making between animal health
and public health departments.

Given the degree of cultural differences between
Member States, and their retained responsibilities for
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healthcare delivery, more work is required to determine
the appropriate form of EU/international guidelines on
antibiotic use that would allow the flexibility to adapt to
local circumstances.

Detailed statistics are available in some Member States
for priority pathogens, in particular MRSA which
accounts for about 20% of S. aureus and C. difficile,

a rapidly increasing problem. Among some of the
emerging policy needs for infection control are:

¢ Regional networks to communicate consensus in
healthcare principles and increase implementation
of best practices on a local level, particularly when
involving more than one Member State.

e Good practice guidelines should cover a wide
range of topics, including hygiene measures,
prudent use of antibiotics, standardised surveillance
procedures and reporting systems, access to
reference laboratories. Guidance on provision of
information to patients is also important, especially
as some hospitals may not willingly disclose poor
performance.

¢ Resolution of resource problems that may limit
compliance with guidelines, such as the shortage of
trained staff, particularly nurses. There are lessons
to be learnt from sharing good practice about the
appropriate level of resources to commit to infection
control.

The EU has experienced historical problems in
generating consistently high-quality epidemiological
data, although the situation should improve now that
the ECDC is consolidating the previous multitude of
individual surveillance networks. However, there are
continuing issues for data comparability in the supply
from heterogeneous Member State surveillance
systems (Box 1). In consequence, the measured

rates of HAls across the EU are influenced not just

by differences in clinical practice (case mix, extent of
invasive procedures, length of hospital stay) but also
by methodological differences in diagnosis, differing
interpretations of standardised definitions, differences
in case finding (such as whether surveillance is
continued after hospital discharge) and differences in
disclosure.

The new ECDC surveillance system is addressing these
variabilities by instituting a standardised reporting
system with a data warehouse approach used to
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evaluate diverse data. There is much still to be done by
the ECDC, together with the Member States, not least
in strengthening some national systems. Unlike the US
Centers for Disease Control and Prevention (CDC), the
ECDC does not have its own laboratories; some think
that it should have. In this regard, the ECDC sees its
role as collaborating at Member State level with the
reference laboratories to support training, capacity
building and quality assurance.

The prevalence of persons infected or colonised
with antibiotic resistant bacteria present in
healthcare settings outside of the hospital inpatient
facility, for example in long-term care and other
community facilities, is also an increasing problem.
For example, 50% or more of MRSA-positive
patients in German hospitals are already colonised
on admission, according to the national nosocomial
infection surveillance system database. The multiple
challenges inherent in HAI necessitate a broad
agenda for data collection and research to inform
decision-making:

time-series data to measure the effects of
intervention;

e economic data to assess attributable costs
for hospitals and society and determine cost-
effectiveness of interventions;

e interdisciplinary research including social sciences,
to understand the determinants of antibiotic
resistance;

e mandatory reporting of public health data in all
Member States;

e close co-operation between human and veterinary
research agendas;

* proactive work to target emerging pathogens.

The HAI disease burden in developing countries is much
less well quantified and communicated than those
other major infections (HIV, tuberculosis, malaria) that
have formed the traditional infectious disease priorities
for the WHO. There is much for policy-makers to do to
raise global awareness, mobilise national resources and
support improvement in healthcare settings. A lack of
standardised methods for definition, surveillance and
assessment has limited the collection of reliable data
worldwide; the risk of HAl is assumed to be 2- to

Healthcare-associated infections: the view from EASAC



20-fold greater in developing than developed countries,
because of very limited resources, unsafe practices

and social deprivation. There is only a relatively small
high-quality research database available and there is
need for more, better-standardised, epidemiological
research worldwide. The issue of diagnostic uncertainty
leading to overuse of antibiotics can also be a problem
for developing as for developed countries: there is
broad opportunity for better diagnosis in cost-effective
healthcare delivery. However, best practice in infection
control procedures may be difficult to implement
uniformly. For example, use of alcohol hand-rubs

as a hygiene measure may be unwelcome in some
countries for religious as well as for cost reasons. The
WHO-designated initial HAI priority for hand-hygiene
promotion is being followed by initiatives on safer
surgery and on tackling antimicrobial resistance.

Progress on biomedical research priorities
Significant progress in biochemistry is accompanying
the resurgence in epidemiology. Case studies of
pathogens of particular importance illustrate current
and emerging public health threats; however, they
also show where scientific advances are helping to
provide new interpretation of pathogen behaviour,
characterising differences from commensals. A
continuing challenge is to determine the extent to
which the present problems in public health can be
addressed by better clinical management of resources
already available or where novel therapies are needed:

e Discussion highlighted the importance of the
emerging virulent lineage of enterococci in hospital
infections. The observation that enterococci have a
particularly wide range of hosts (including insects)
may provide insight into the origins of antibiotic
resistance in higher animals. Detailed biochemical
study that follows initial case finding is beginning
to clarify the role of enterococci in transmitting
vancomycin resistance to staphylococci, a key event
in the developing threat of HAIs.

e Case-study analysis of C. difficile has been aided by
recent elucidation of genome sequences coupled
with development of animal models to provide
the scientific basis to understand the emergence
of hypervirulence and, thus, to discover new
approaches to treatment.

e Until recently, E. coli had not been judged a major
problem in infectious disease. However, after

Healthcare-associated infections: the view from EASAC

the control of other pathogens in the twentieth
century, E. coli has occupied a more prominent
role as a cause of urinary tract infection, neonatal
meningitis, intra-abdominal infections and
septicaemia. Work in model systems is beginning
to clarify the mechanisms that enable systemic
infection by extra-intestinal E. coli strains. Variation
in the host response has an important role as a
driving force in the adaptation of E. coli to its
environment; this increased understanding may
provide a basis for developing new therapeutic
strategies, for example for urinary tract infection.

* There has been a dramatic increase in resistance
by Gram-negative bacteria to cephalosporins
(particularly in southeast Europe and Turkey) and
there is now detailed epidemiological data available
from German hospitals to track the emergence and
dissemination of resistance to the newer generation
cephalosporins and carbapenems as a basis for
clarifying the determinants of resistance.

e The clinical emergence of azole resistance in the
opportunistic mould Aspergillus fumigatus is of
growing importance in some Member States.
Development of resistance seen in healthcare
facilities can be attributed, in part, to the prevalence
of environmental exposure. Azole fungicides are
used extensively for protection of plants and in
manufacturing — it may be that resistance has
emerged recently as a clinical problem because of
the introduction of newer fungicides with broad-
spectrum activity.

Developing novel diagnostics, therapeutics
and vaccines

Diagnosis

There is the prospect of new approaches to molecular
diagnosis of sepsis —a major clinical challenge — where
the history of therapeutic failure can be attributed, at
least in part, to the problem of delayed and imprecise
diagnosis using current procedures. Considerable
scientific progress is being achieved in identifying
sepsis markers (in particular, procalcitonin); in using
transcriptomic fingerprinting to accomplish earlier,
differential diagnosis and to monitor the disease
process; and in whole genome association screens to
explore predisposition to sepsis.

Diagnostic ‘theranostic’ biochips may become part of
personalised medicine for HAIs (and other infections).

April 2009 | 9



Multiplex chip assays are being developed to measure
simultaneously pathogen genotypes (species, antibiotic
resistance and virulence factors), host genotype
(predisposition to disease, xenobiotic metabolism)

and host response (to infection and to therapy).
Proof-of-concept studies have been accomplished

and cost—benefit studies are starting for a range of
pathogens.

Vaccinology

There are also novel approaches to vaccine antigen
discovery based on genomic insight, exemplified by
work on extra-intestinal E. coli. Subtractive reverse
vaccinology, comparing pathogenic and non-pathogenic
strains, may be able to overcome some of the limitations
of conventional vaccinology by focusing on non-
conserved regions and identifying novel antigens. It

is anticipated that a highly immunogenic polyvalent
vaccine can be prepared from a combination of antigens,
although the final formulation may be a compromise
because of manufacturing complexity and cost.

Novel antibody therapy-based strategies are also being
proposed to tackle S. aureus infection, an area where
there has again been a history of disappointment in
clinical development, perhaps because of the limited
number of antigen targets previously identified. New
results for monoclonal antibodies in animal models
provide encouragement to develop additional targets
to explore the therapeutic options for monoclonal as
well as polyclonal antibodies.

Therapeutics

The broader issues for tackling the current obstacles
to R&D for novel antibacterial drugs are summarised
in Box 2. One example of the novel approaches in
prospect is the use of phage lytic enzymes as an
alternative approach to controlling pathogens before
the onset of the clinical problem. That is, removing
pathogens from their colonising reservoir without
affecting commensals. If successful, this targeted
approach could be used in a range of settings, such
as nursing homes and day-care centres to decolonise
high-risk subjects.

This summary of the Berlin meeting was prepared by
EASAC, drawing on the contributions of the following:
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Benedetta Allegranzi (First Global Patient Safety
Challenge, WHO, Geneva, Switzerland)

Andrea Ammon (ECDC, Stockholm, Sweden)

Till Bachmann (Division of Pathway Medicine,
University of Edinburgh, UK)

Trinad Chakraborty (Institute for Medical Microbiology,
Justus Liebig University of Giessen, Germany)

Patrice Courvalin (Institut Pasteur, Paris, France)

Ulrich Dobrindt (Institute for Molecular Infection
Biology, University of Wurzburg, Germany)

Vincent Fischetti (Bacterial Pathogenesis, Rockefeller
University, New York, USA)

Petra Gastmeier (Charite University of Medicine, Berlin,
Germany)

Michael Gilmore (The Schepens Eye Research Institute,
Harvard Medical School, USA)

Jorg Hacker (Robert Koch Institute, Berlin, Germany)

Marlies Hulscher (Medical Centre, Radboud University
Nijmegen, the Netherlands)

Martin Mielke (Robert Koch Institute, Berlin, Germany)

Nigel Minton (Institute of Infection, Immunology and
Inflammation, University of Nottingham, UK)

Knut Ohlsen (Institute for Molecular Infection Biology,
University of Wurzburg, Germany)

Mariagrazia Pizza (Novartis Vaccines, Siena, Italy)

Konrad Reinhart (Clinic of Anaesthesiology and
Intensive Care Therapy, Friedrich Schiller University of
Jena, Germany)

Eliora Ron (Department of Molecular Microbiology and
Biotechnology, Tel Aviv University, Israel)

Volker ter Meulen (President, German Academy of
Sciences Leopoldina)

Jos van der Meer (Medical Centre, Radboud University
Nijmegen, the Netherlands)

Paul Verweij (Medical Centre, Radboud University
Nijmegen, the Netherlands)

Wolfgang Witte (Robert Koch Institute, Berlin,
Germany)
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EASAC

EASAC —the European Academies Science Advisory Council —is formed by the national science academies of the EU
Member States to enable them to collaborate with each other in providing advice to European policy-makers. It thus
provides a means for the collective voice of European science to be heard.

[ts mission reflects the view of academies that science is central to many aspects of modern life and that an appreciation
of the scientific dimension is a pre-requisite to wise policy-making. This view already underpins the work of many
academies at national level. With the growing importance of the European Union as an arena for policy, academies
recognise that the scope of their advisory functions needs to extend beyond the national to cover also the European
level. Here it is often the case that a trans-European grouping can be more effective than a body from a single country.
The academies of Europe have therefore formed EASAC so that they can speak with a common voice with the goal of
building science into policy at EU level.

Through EASAC, the academies work together to provide independent, expert, evidence-based advice about the
scientific aspects of public policy to those who make or influence policy within the European institutions. Drawing on the
memberships and networks of the academies, EASAC accesses the best of European science in carrying out its work. Its
views are vigorously independent of commercial or political bias, and it is open and transparent in its processes. EASAC
aims to deliver advice that is comprehensible, relevant and timely.

EASAC covers all scientific and technical disciplines, and its experts are drawn from all the countries of the European
Union. Itis funded by the member academies and by contracts with interested bodies. The expert members of project
groups give their time free of charge. EASAC has no commercial or business sponsors.

EASAC's activities include substantive studies of the scientific aspects of policy issues, reviews and advice about policy
documents, workshops aimed at identifying current scientific thinking about major policy issues or at briefing policy-
makers, and short, timely statements on topical subjects.

The EASAC Council has 26 individual members — highly experienced scientists nominated one each by the national
science academies of every EU Member State that has one, the Academia Europaea and ALLEA. It is supported by a
professional secretariat based at the Royal Society in London. The Council agrees the initiation of projects, appoints
members of project groups, reviews drafts and approves reports for publication.

To find out more about EASAC, visit the website — www.easac.eu — or contact EASAC Secretariat at
e-mail: easac@royalsociety.org

For further information

EASAC Secretariat
The Royal Society, 6-9 Carlton House Terrace, London, SW1Y 5AG

email: easac@royalsociety.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


