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EDITORIAL

From SARS to Ebola - 10 years of disease prevention

and control at ECDC

A Ammon (Andrea.Ammon@ecdc.europa.eu)*

1. European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden

Citation style for this article:

Ammon A. From SARS to Ebola-10 years of disease prevention and control at ECDC. Euro Surveill.2015;20(37). Available online: www.eurosurveillance.org

A decade ago, the European Centre for Disease
Prevention and Control (ECDC) appeared as a new
player among international health organisations, with
the mandate ‘to identify, assess and communicate cur-
rent and emerging threats to human health from com-
municable diseases’ in the European Union (EU) [1].
As part of the ECDC 10-year anniversary celebrations,
Eurosurveillance compiled a print issue with a selec-
tion of articles published over this period in the jour-
nal. The 10 articles, representing a year each, mark the
organisation’s evolution and show its leadership and
influence in the areas of its mandate.

The first five years

During 2005 to 2010, the focus was on developing the
Centre’s core functions. ECDC officially started its oper-
ations on 20 May 2005 and in the autumn of that year,
wild birds were found positive for influenza A(H5N1)
virus in Croatia, Romania, and Turkey. The then newly
established ECDC was asked to answer questions from
public health experts and policymakers in EU Member
States and the European Commission. Without having
the current systems and processes, ECDC experts had
to ‘build the plane while flying’. An editorial by Nicoll in
the first year shows that ECDC was, from the very start,
able to strategically shape the activities needed to
improve the level of preparedness — for influenza and
in general — in Europe [2]. Even retrospectively and in
the light of the 2009 influenza pandemic, the answers
given to the questions posed in the editorial published
in 2005 still hold. Some of the issues raised have
been addressed in the meantime by the Commission
Decision 1082/2013 [3].

One of ECDC’s key tasks is to identify threats from
current or emerging infectious diseases. In its second
year of operations, ECDC presented a proposal to com-
plement the traditional indicator-based surveillance,
using epidemic intelligence as an early detection and
warning system [4]. Such epidemic intelligence would
take into account changes in the information sector,
and pick up relevant information from sources such
as traditional and social media and others, and ana-
lyse it. The proposed framework became the basis for
rapid risk assessments, one of the cornerstones of the

Article submitted on 21 August 2015 / published on 17 September 2015

Centre’s work today and one of its most appreciated
outputs.

Another ECDC core function is capacity building. The
European Programme for Intervention Epidemiology
Training (EPIET) was transferred to ECDC in 2007 and
the article by Varela and Coulombier describes the
efforts to define and agree on standards for core com-
petencies required for epidemiologists, which still
serve as foundation for this important ongoing task [5].
A short-term vision for surveillance of infectious dis-
eases in the EU was presented in October 2005 to
ECDC’s governing bodies and in 2008, the single EU
surveillance database, The European Surveillance
System (TESSy), was successfully established. EU-wide
supranational surveillance is at the core of ECDC’s
mandate and the start of TESSy was accompanied by a
long-term strategy with challenging goals, with the aim
of adding value, on top of national surveillance systems
[6]. Even if not all goals have been achieved today, it
is of note that TESSy data are increasingly used, also
by non-ECDC scientists as basis for their analyses indi-
cated by the increasing numbers of request to access
TESSy data. This demonstrates the added value and
that TESSy has become a point of reference for EU data
on infectious diseases.

The emergence of a new disease in 2003, severe acute
respiratory syndrome (SARS), together with a per-
ceived pandemic threat, sparked the establishment of
ECDC. The 2009 influenza pandemic could thus be con-
sidered its first ‘real’ test. In June 2009, early in the
pandemic, an article was published with contributions
from a large group of collaborators from all EU coun-
tries, demonstrating the capability of ECDC to rapidly
collate and disseminate information necessary for pub-
lic health action during a public health event [7]. The
article specifically pointed out two important features
of the pandemic that were confirmed in several publica-
tions thereafter: the relatively mild clinical course and
children and adolescents as the main groups affected
by and involved in indigenous transmission.

www.eurosurveillance.org



After the pandemic: 2010-14

A new era began in 2010, with a focus on further devel-
oping disease-specific functions. Antimicrobial resist-
ance (AMR) is one of the most important infectious
disease threats today and most likely also in the future.
It has increasingly become a crucial aspect of ECDC’s
work. The article by the ECDC Antimicrobial Resistance
and Healthcare-Associated Infections Programme
(ARHAI) provides an overview of the initiatives that
ECDC undertook from an early stage to improve the
understanding of the risks associated with AMR and
to support the response [8]. It also demonstrates the
priority given to raising awareness about the relevant
health threats.

Another example of how ECDC fulfils its mandate to
strengthen prevention and control of cross-border
threats in Europe is the guidance described in an
article by Leitmeyer [9]. Since its finalisation, the
European risk assessment guidance for infectious dis-
eases transmitted on aircraft (RAGIDA) has become a
de facto reference for many public health authorities in
Europe.

Aside from AMR, healthcare-associated infections
are a health threat posing a major burden on individ-
ual patients and health systems alike. Prior to a pilot
point prevalence survey (PPS) of healthcare-associated
infections and antimicrobial use survey, ECDC and
a large group of experts from all EU countries devel-
oped a standardised methodology, training materials,
a train-the-trainer course for national PPS coordinating
staff, free-of-charge hospital software for data collec-
tion and a validation methodology. The article by Zarb
et al. describes one of the most complex epidemiologi-
cal activities ECDC has coordinated: the pilot survey
included nearly 20,000 patients from 66 hospitals in
23 European countries [10]. National PPS coordinat-
ing staff trained an estimated 2,800 healthcare work-
ers from 1,200 hospitals across Europe to implement
the standardised PPS methodology. Besides being
impressive on a technical level, it also provided the
first (relatively) comparable picture of prevalence of
a fast-growing public health concern. The initiative is
another important marker of ECDC’s role in identifying
and communicating serious threats to health.

Evidence-based approaches aim at improving the qual-
ity of scientific findings as a basis for decision-mak-
ing. The article selected for 2013 reflects the growing
demand for evidence-based methods (EBM) in some of
the Centre’s core functions, where the currently avail-
able tools do not provide good-enough answers. Rapid
risk assessments are usually developed under time
constraints and yet need to form the basis of public
health decisions. ECDC and an interdisciplinary group
of experts developed a conceptual framework of how
to address the current gaps [11] and support public
health experts in the future to produce rapid assess-
ments using the best available evidence, even when
the evidence may still be limited.

www.eurosurveillance.org

Launched as an ECDC initiative in 2008, the European
Antibiotic Awareness Day, marked on 18 November
each year, is another example of ECDC activities in
the area of communication. It has grown to become a
European-wide coordinated health campaign, joined by
many countries beyond the EU. Several public health
organisations (in the United States and Canada, and
the World Health Organization) have aligned their
respective campaigns on the same day [12].

In addition to the disease programmes on influenza
and the ARHAI, programmes on other disease groups
such as emerging and vector-borne diseases, food-
and waterborne diseases, HIV, sexually transmitted
infections and viral hepatitis, tuberculosis, vaccine-
preventable diseases and the microbiology team were
established; some of them took up their work already
in the early days of ECDC. A list with scientific peer-
reviewed publications from 2005 onwards is available
on the ECDC website and illustrates the work done by
the programmes and ECDC experts and expert groups

[13].

The future

The selected articles show that ECDC tackled from its
very first year cross-border health threats in close col-
laboration with a network of experts across the EU and
beyond. The expertise of these networks is one pillar
of ECDC as most, if not all, of ECDC’s work is based on
the collaboration of numerous colleagues in the coun-
tries’ national public health institutes, research and
other institutions. | would like to express, on behalf
of ECDC, my sincere gratitude for their dedication and
constructive input during all these years, which have
contributed to shaping ECDC.

As the emergence of the Middle East respiratory syn-
drome coronavirus (MERS-CoV) and the Ebola outbreak
in West Africa have recently demonstrated, some of the
issues described in the articles are still relevant today,
others might emerge in the future, indicating both the
complexity and dynamics of infectious diseases. ECDC
will continue to deliver independent outputs of high
scientific quality and will endeavour to further increase
their usefulness and value for decision makers. In this
and in line with the recently published recommenda-
tions from the second external ECDC evaluation, ECDC
will work closely with the countries and the European
Commission to support them in facing threats to human
health from current or emerging infectious diseases.
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EDITORIAL

Avian and pandemic influenza-Five questions for 2006

Angus Nicoll*
1. European Centre for Disease Prevention and Control (ECDC)

Citation style for this article:
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In January this year it was observed that 2005 was
going to be the Year of the Rooster in the Chinese
calendar, and that perhaps was an ill omen for bird
(avian) and pandemic influenza. Certainly, influenza
was the infection that then dominated the popular
press in 2005, and so in a certain way this was a very
‘good’ year for influenza and those who study it. The
infection has been getting the attention it deserves as
a human threat.

In this edition of Eurosurveillance there is an impor-
tant report of one highly pathogenic avian influenza
virus (HPAI type A/H7N7) that affected humans dur-
ing the 2003 poultry epidemic in the Netherlands and
Belgium [1]. The human infections were mostly among
those working to control the infection, and their fami-
lies. In response, ECDC, together with an expert group,
has produced interim occupational guidance for Europe
that will reduce the risk [2]. However, this experience
also emphasises the variability in the influenza virus
families. While H7N7 was quite infectious for humans
and showed measurable person to person transmis-
sion, another better known avian influenza, A/H5N1, is
quite different, as it currently seems to infect humans
only rarely and human-to-human transmission seems
to be even rarer [3].

The year’s end is traditionally a time for reflection, and
| would like to propose five fundamental questions
about pandemic risk for the start of 2006.

Has the risk from avian and pandemic
influenza been exaggerated?

The answer to this question must be both ‘Yes’ and
‘No’. In the autumn of 2005, when H5N1 appeared on
the borders of Europe in Romania, Turkey and Croatia,
there was suddenly massive public interest and gross
confusion of three separate, although related, influ-
enza types: Seasonal Influenza, Avian Influenza and
Pandemic Influenza. [see ECDC website http:/www.
ecdc.europa.eu/influenza/factsheet_influenza.php for defi-
nitions] Even the serious media’s presentations of the
situation gave the strong impression that a human
influenza pandemic was about to start, and that the

www.eurosurveillance.org
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pandemic virus would probably be brought to Europe
by migrating birds. If there is no pandemic in 2006,
members of the lay public may reasonably feel that
some authorities have been ‘crying wolf’. Although
official statements have been mostly measured and
accurate, the reporting of those statements tended to
exaggerate the current threat from HgN1. The reality
is thus far in its evolution, the family of H5N1 viruses
available for study are avian viruses that are poorly
adapted to humans, for whom they are not very infec-
tious, but highly pathogenic in those few humans that
they do infect [4,5]. That low risk (of becoming infected)
- high risk (of severe disease if you are infected) mes-
sage is a difficult one for risk communicators to con-
vey. Occasionally, H5N1 transmits on from one human
to another, but none of the viruses at present seem to
represent a pandemic strain, as their reproductive rate
in humans (Ro) is far below unity [3,6].

That is not to say that the HgN1 viruses are without
social impact. In Thailand they have prejudiced that
country’s economically important export trade in poul-
try products to Europe and Japan. For societies like
China and Vietnam where poultry are key to food secu-
rity, the threat to the rural communities is consider-
ably greater [7]. It is not surprising that both China and
Vietnam are turning to the potentially risky measure
of poultry immunisation as a measure to protect their
huge flocks. This is a massive task. It is estimated that
at any moment China’s human population of 1.3 billion
keeps around four billion domestic birds (point preva-
lence) and that each year they require fourteen billion
domestic birds (period prevalence).

The main threat, however, is of a human pandemic.
Any pandemic would represent a major risk to human
health and a threat to social functioning worldwide.
The two lesser pandemics of the 2oth century (1957
and 1968) are each estimated to have killed between
one and four million people worldwide. A pandemic
on the scale of 1918-1919 (at least 20 million deaths)
would be catastrophic [8). Arguably, the intercon-
nected industrialised world of today is more vulner-
able to a pandemic than it was even forty years ago.
Not only is there much more international travel to



spread infection, but societies are more dependent
for daily existence on goods and services that are pro-
duced elsewhere. Efficient ‘just in time’ stockkeeping
systems, e.g. for food, will be vulnerable to the sudden
mass illness in production and distribution staff that
would take place in a pandemic. It is estimated that for
short periods at the height of a pandemic up to 20% of
working adults might be unavailable for work, because
they are ill with influenza, or caring for others who are
ill, or simply out of fear of infection. Fortunately, these
periods of intense illness will not occur everywhere at
the same time, but the disruption could nevertheless
be considerable.

Will the next pandemic be due to H5N1?

We do not know. Pandemics occur through the emer-
gence of a new strain of influenza virus which can
infect and is pathogenic to humans, to which there is
little pre-existing immunity and which can transmit
readily from person to person. This is thought to hap-
pen by one of two mechanisms. Either through two
pre-existing influenza virus types exchanging genetic
material (recombination) or spontaneous genetic shift
(mutation) from a single pre-existing influenza strain.
Could HsN1 do either? It is certainly a candidate for a
pandemic strain, as it can infect humans and is highly
pathogenic. Some have argued that it only needs to
make the final step of efficient person to person trans-
mission, and WHO has set its global scale at Pandemic
Alert Phase 3, the last phase before efficient human-
to-human transmission. Others, however, consider
that the next pandemic is equally if not more likely to
come from a low pathogenicity avian influenza, such
as HgN2 [5]. None of the three pandemics of the 20th
century were based on a Hs strain, and H5N1 has been
around at least since 1996 without a pandemic having
resulted. It is also relatively uninfectious for humans,
unlike the H7N7 strain observed by De Ry et al [1]. At
the same time, H5N1 has spread massively, with the
result that there are outbreaks in poultry in many East
and South East Asian countries, including the huge
bird populations of China. Although recombination
involving H5N1 has not yet been detected, the possibil-
ity of it happening must have increased. H5N1 is not a
uniform strain, but rather a large and complex family
of viruses, and one of these may eventually mix and
exchange genetic material with a transmissible human
influenza [9 ]. However further risk assessments to
determine whether or not H5N1 will cause a pandemic
are of less value than making preparations for a pan-
demic due to H5N1 or any other influenza virus.

How bad will the pandemic be and what
will be its characteristics?

Again, we do not know. Pandemics are not standard. The
three 20th century pandemics varied not only in their
driving viruses and scale, but also in their character-
istics. For example, the 1918-1919 pandemics affected
young adults in particular, while the later epidemics
more often affected the elderly. We cannot assume
that the next pandemic will be driven by transmission

in particular groups, and data that can only be derived
during the actual pandemic must guide interventions.
It could be that workplace transmission will be crucial
or that transmission among school-age or younger chil-
dren will predominate. When a pandemic happens, the
two most important investigations will be isolating the
virus (to develop tests and the pandemic vaccine) and
carrying out early quick, focused epidemiological stud-
ies at the sites of first outbreaks, both in Europe and
beyond (to determine basic parameters such as mode
of transmission, age-specific attack rates, and case-
fatality rates, to guide countermeasures) The analogy
with the evidence-based approach to controlling SARS
is clear [10].

What role will antivirals play during a
pandemic and how big a stockpile should
countries have?

There is a danger that the availability of antivirals
(especially oseltamivir) dominates thinking and prep-
arations for a pandemic [11]. A detailed and rational
approach to the use of antivirals in a pandemic has
yet to be determined. Hospital doctors will, quite rea-
sonably, expect to have available antivirals to treat
those requiring hospitalisation, although it will be
impossible to know ahead of time whether they will
be effective at later stages in a patient’s illness. Some
countries are planning to have national stockpiles.
However, simply having a stockpile is not enough,
and if one European country has a stockpile ten times
larger than its neighbour, it cannot be therefore judged
to be ten times better prepared. Since in order to be
effective in treatment of influenza, antivirals must be
delivered within 48 if not 12 hours of symptom onset,
it can be seen that mass delivery to populations will be
a major issue. A stockpile without a rapid delivery sys-
tem will provide little protection. Some have proposed
that there be a European Union stockpile of antivirals.
A modest European stockpile could for example assist
in protecting workers during poultry outbreaks close to
Europe[1,2]. It would also be an asset in the unlikely
event that the next pandemic started in or near Europe,
so that WHO’s stamping out tactic could at least be
attempted, supposing the existence of a practical plan
to do so [12]. However, rapid development and pro-
duction of a pandemic vaccine will probably be more
important for the second wave, with the more distant
hope of more cross-protective vaccines that would pro-
tect against pandemic first waves (so-called universal
vaccines) [13]. Equally important and more immediately
accessible will be the simple public health measures
(early self-isolation of those with symptoms, hand-
washing, respiratory hygiene, etc.) that are already
available, and will save lives [14].

Is Europe prepared for a pandemic?

Not as prepared as it could or should be. Six national
assessments have been undertaken by countries
using a standard assessment tool and working with
teams from ECDC, the European Commission and WHO
European Region. These assessments (which will
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continue in 2006) found that while all six countries
were preparing rapidly, all also had considerable way
yet to go. Major issues remain to be addressed, notably
the need for preparations to extend outside the health
sector alone and for plans to be made more operational

[15].

In conclusion, the threat from a pandemic has not been
exaggerated. It could happen in 2006 from HsN1, or,
more likely, in the future, and with another strain.
However, in 2005 most European authorities and poli-
ticians started to give the risks the serious attention
they deserve, and to invest the necessary resources
to develop countermeasures. It is to be hoped that as
the media interest inevitably declines, those in author-
ity will sustain the investment and the levels of pre-
paratory activity. Certainly, the pandemic risk will not
decline.

* Angus Nicoll was a Seconded National Expert at ECDC
where he coordinated its influenza activity.
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In a rapidly changing environment, national institu-
tions in charge of health security can no longer rely
only on traditional disease reporting mechanisms
that are not designed to recognise emergence of new
hazards. Epidemic intelligence provides a conceptual
framework within which countries may adapt their pub-
lic health surveillance system to meet new challenges.

Epidemic intelligence (EI) encompasses all activities
related to early identification of potential health haz-
ards, their verification, assessment and investigation
in order to recommend public health control meas-
ures. El integrates both an indicator-based and an
event-based component. ‘Indicator-based component’
refers to structured data collected through routine
surveillance systems. ‘Event-based component’ refers
to unstructured data gathered from sources of intelli-
gence of any nature.

All EU member states have long-established disease
surveillance systems that provide proper indicator-
based surveillance. For most countries, the challenge
lies now in developing and structuring the event-based
component of El within national institution in charge of
public health surveillance.

In May 2006, the European Union member states
committed to comply with provisions of the revised
International Health Regulations (IHR(2005)) consid-
ered relevant to the risk posed by avian and poten-
tial human pandemic influenza. This provides for the
European Centre for Disease Prevention and Control
(ECDC) with an opportunity to guide member states in
developing and/or strengthening their national El , in
addition to the ECDC’s task of developing an El system
for the EU.

Justification

Population movements, behavioural changes, food
production and many other factors linked to globali-
sation and economic development are responsible for
the continuous emergence of infectious hazards [1].

Article published on 01 December 2006

Diseases such as SARS or avian influenza, not to men-
tion deliberate release of biological agents, represent
new challenges for outbreak alert and response in
Europe and elsewhere.

Modern technologies, mainly related to development
of the internet, are rapidly changing the way we access
health information. Online media, scientific forums
and direct electronic communication now allow us to
shortcut traditional reporting mechanisms that travel
through the various levels of public health administra-
tion [2]. Health authorities are no longer in full control
of an environment that puts journalists, politicians and
the general public in direct contact with raw data.

These phenomena contributed to the revision of the
International Health Regulations (IHR(2005)) approved
during the 2005 World Health Assembly [3]. Member
states of the World Health Organization (WHO) will
soon be legally bound to notify both case on a preset
list of diseases and all ‘public health events of interna-
tional concern’.

In such a new and rapidly changing environment,
national institutions in charge of health security can
no longer rely only on traditional disease reporting
mechanisms such as mandatory notification of dis-
eases. While these systems can ensure appropriate
public health response to identified risks, they can-
not recognise the emergence of new threats such as
SARS, human cases of avian influenza or potential
bioterrorist-initiated outbreaks. In order to overcome
the limitations of traditional surveillance for the detec-
tion of previously unknown threats, new approaches
have been developed, including the monitoring of syn-
dromes, death rates, health services admissions or
drug prescriptions [4]. These new approaches repre-
sent an attempt to enhance the performance of tradi-
tional surveillance system.

At the same time, the media and other informal sources
of information are increasingly recognised as valuable

www.eurosurveillance.org



FIGURE 1

Functions of early warning and response related to epidemic intelligence
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sources of public health alerts. Epidemic intelligence
provides a conceptual framework into which countries
may complete their public health surveillance system
to meet new challenges [5]. This approach represents
a new paradigm aiming at complementing traditional
surveillance systems.

In January 2006, the European Centre for Disease
Prevention and Control (ECDC) convened a meeting in
Stockholm with representatives from the 25 EU mem-
ber states to agree on the role of El in Europe [6]. Basic
terminology and methods framework were agreed
upon and further developed within a smaller working
group. We present here the state of this project as of
October 2006.

Definition and principles

Epidemic intelligence (El) encompasses all activities
related to the early identification of potential health
hazards that may represent a risk to health, and their
verification, assessment and investigation so that
appropriate public health control measures can be rec-
ommended. The scope of El includes risk monitoring

www.eurosurveillance.org

v

Implement control measures

Disseminate information

and risk assessment and does not include risk man-
agement [Figure 1]

El integrates indicator-based and event-based compo-
nents. ‘Indicator-based component’ refers to structured
data collected through routine surveillance systems.
‘Event-based component’ refers to unstructured data
gathered from sources of intelligence of any nature.
As a basic principle of El, both components are given
equal attention and processed in the same way, since
a signal leading to a public health alert can originate
from either one [Figure 2].

Epidemic intelligence framework

The El framework is made up of five standard steps.
It applies to any situation considered from any level
of the public health system. Within a single situation
(for example, an outbreak), these different steps may
be covered several times as an iterative process allow-
ing new developments to be integrated, and progres-
sively improving the decision making process. There
are two ways of entering the framework, corresponding
to indicator-based and event-based components of El,
respectively.



FIGURE 2

Epidemic intelligence framework
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The first step is data collection (indicator-based compo-
nent) and the detection/capture of events (event-based
component). Data collection refers to quantitative indi-
cators (number of cases, rates, etc.) routinely obtained
from established surveillance systems [Table 1].
Capture of events potentially encompasses a much
broader scope, as shown in Table 2.

As a consequence of gathering large amount of infor-
mation from a variety of different sources, El requires
strong filter and validation capacities to avoid an
overflow of information. Indicator-based data must
be checked for relevance in order to rule out surveil-
lance biases, artefacts or reporting errors (step 2). The
significance of the data should then be established
(step 3), usually through statistical comparison with
baseline rates or thresholds. As far as events are con-
cerned, these steps correspond to evaluating their rel-
evance (step 2: ‘is the event within the scope of public
health?’), which is usually straightforward; and their
reality (step 3: did the event really happen?), which
may require a few phone calls to verify.

Indicators and events that have gone through steps 2
and 3 of the framework without being discarded are
considered to be signals. A signal is a verified health-
related issue. Whatever its origin (indicator or event), a
signal has the same value for El purposes and is pro-
cessed in the same way.

10

Signal

Public health i

alert

!

Control measures

Disseminate

Confidential: EWRS

Restricted access: network inquiries,
ECDC threat bulletin

Public: Eurosurveillance, press
release, web site

Many signals have few or no public health conse-
quences and only a few represent genuine public
health alerts. Initial signal assessment is thus a key
component of ElI framework (step 4). Depending on
the nature of the signal, the scope of the problem, the
type(s) of disease(s) potentially involved and the popu-
lation of concern, initial assessment may require dif-
ferent methods, of varying degrees of sophistication. It
is very often necessary to go back to the source of the
signal at this stage, and field investigation is some-
times required (step 5).

Once ascertained, the alert is classified according to
its scope; that is, the level of the health system which
will have to deal with it. As a simplified scheme, local,
national and international levels can be considered.
The IHR (2005) contain a decision instrument to help
assess whether or not an alert is of international con-
cern [3].

Implementing epidemic intelligence at
country level

All EU member states have long-established disease
surveillance systems that provide proper indicator-
based surveillance to meet early warning objectives.
The detection of non-specific events or health events
of unknown origin could, in some cases, be improved
by building up the sources of indicators with some of
the one listed in table 1.

www.eurosurveillance.org



TABLE 1

Indicator-based component-Example of EI sources

El Source Rationale Method
Mandatory Some rare but serious diseases need prompt Legal
notification and targeted action framework
Surveillance on Trends of some diseases can be obtained from a Sentinel
a sample of sources . .
X representative network of health professionals network
(sentinel)
Emerging diseases may not fit into disease-
. specific definitions. Early detection of .
Syndromic . Lists of
- cluster of syndromes may trigger an
surveillance ! o syndromes
alert before cases appear in traditional
surveillance systems
. . R Real time
. Serious emerging threats may initially be
Mortality . . death
recognised by an increase of deaths .
reporting
Health Serious emerging situation may initially Real time
services present with increased admissions to activity
activities health services such as emergency rooms reporting
Drug Increase in specific drug consumption may Pharmacy
consumption indicate emerging disease networks

El: Epidemic intelligence

However, for most countries, the challenge lies in
developing and structuring the event-based compo-
nent of El. Paying the same degree of attention to a
local newspaper article as to a statistical analysis may
represent a paradigm shift for most national institu-
tions in charge of surveillance. Examples presented
in Table 2 provide suggestions based on which each
country can progressively develop systems based on
its own objectives: a country with overseas territories
and large numbers of people travelling in and out of
the country on a regular basis may decide to concen-
trate on watching international factors, and develop
sophisticated methods, using tools such as the Global
Public Health Intelligence Network (GPHIN) [7], while
another country with fewer overseas interactions may
decide to rely on WHO postings in this regard [8].

El must be seen as a consistent system and there is
mutual benefit from implementing each of its two
components: clinicians engaged in notifying disease
under traditional surveillance will be keen to notify
abnormal events while clinicians approached for noti-
fication of abnormal events will better understand the
need for traditional surveillance. Good scientific prin-
ciples of surveillance represent a perfect incentive for
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facilitating notification of events that may not be cov-
ered by a surveillance scheme.

Signal processing must be organised in an integrated
way, allowing intelligence from different sources to be
cross-checked and assessed together: a journal article
reporting sewage problems along with an increase in
admissions to the local hospital emergency depart-
ment may lead to the recognition of an outbreak.

For the reasons given above, El must be developed
within the national institution in charge of public
health surveillance as an extension of their current
scope. Furthermore, all processes related to signal
management should be carried out from a transversal
structure within the institution, allowing experts from
the various surveillance systems, as well as media
officers, international health specialists and “epidemic
intelligence managers” to jointly perform the risk
assessment related to threats being detected.

EU perspectives

The founding regulation of ECDC specifies its mandate
regarding risk identification and risk assessment. The
Centre’s tasks under this regulation include identifying
and assessing emerging threats to human health from
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TABLE 2

Event-based component - Example of EI sources

El Source Rationale Method
Scientific SC|e.nt|f|c flndlngs.related to new Literature
organisms, drug resistance, etc. may -
watch : . X review
trigger public health action
Direct Clinicians or public health personnel may On-call
notifications come across abnormal health events numbers

Media watch

Outbreaks and other unusual health events
are often picked up early by local media

Media review
Web scanning

International

A country may be affected secondarily by
watch a health event emerging abroad

WHO reports
ProMED, GPHIN

Intersectoral
events

Agriculture, environment, industry and
other sectors collect information on health
related risks and exposure

Communication
channels

El: Epidemic intelligence; GPHIN: Global public health intelligence network; ProMED: The program for monitoring emerging diseases; WHO:

World Health Organization

communicable diseases, and establishing, in coop-
eration with the Member States’ (MS) procedures for
systematically searching for, collecting, collating and
analysing information and data with a view to the iden-
tification of emerging health threats which may have
mental as well as physical health consequences and
which could affect the European Community.

In order to fulfil its mandate, ECDC has begun to moni-
tor potential public health threats from a European
perspective [9], under the principle of subsidiarity and
building on the experience acquired by the health threat
unit of the European Commission. ECDC has developed
a threat tracking tool to facilitate the capture, verifica-
tion and assessment of public health events of rele-
vance. The main output of the tool is a weekly bulletin,
for restricted distribution to MS health authorities and
to the European Commission. Another El source is the
weekly release of the journal Eurosurveillance, with
which ECDC has collaborated since September 2005
[10]. The Eurosurveillance weekly release includes an
‘e-alert’ capacity used by MS epidemiologists to widely
and rapidly share information about ongoing threats.

While ECDC has a mandate to further develop El at
European level, it remains the prerogative of health
authorities to implement these activities in their
countries. ECDC added value may include facilitat-
ing exchange of information among MS and support-
ing assessments and standardisation of El systems in
MS. ECDC’s activities in filtering, processing and sum-
marising information from international sources may
also allow MS to reduce their activities in this area and
focus on regional threats, or on countries with which
they have heavy travel and trade relations.
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ECDC will evaluate its El activities in 2007, after 18
months of operation. This evaluation will focus on
finding evidence of the added value of a structured
approach to event-based surveillance in complement
to indicator-based surveillance. A similar process is
encouraged at MS level.

Further operational research on El is needed in order
to optimise the detection of events using keywords
and algorithms, filtering of events and other processes
involved. It should be carried out in consistence with
WHO’s activities in this area in order to promote global
El tools.

In May 2006, Members States of the European
Community voluntarily committed to complying with
provisions of the IHR (2005) considered relevant to the
risk posed by avian and potential human pandemic
influenza. This provides an opportunity for ECDC to
guide MS in developing and/or strengthening their
national El, in addition to the ECDC’s task to develop
an El system for the EU. A guideline on El implementa-
tion is currently being prepared.
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Strengthening the capacity to combat infectious dis-
eases in the European Union (EU) is a core function
of the European Centre for Disease Prevention and
Control (ECDC), clearly expressed in its mandate [1].

Two main elements are critical for building and
strengthening epidemiological capacity:

(1) Infrastructure - resources in terms of budget,
facilities, equipment, etc. of national public health
administrations.

(2) Human resources - sufficient numbers of trained
and/or experienced professionals.

To fill the gaps in professional performance, it is
necessary to define the tasks and skills required of
field epidemiologists. The development of such a list
of core competencies was highlighted as a priority
among the conclusions of the first ECDC consultation
with EU Member States on training in field epidemiol-
ogy, in December 2005 [2].

The ECDC, along with a group of experts, has devel-
oped a list of suggested core competencies for field
epidemiologists working in public health institutions
in the European Union, at all levels, from sub-national
(provinces, districts, regions) to national and supra-
national (European and international). An agreed
definition of the term “field epidemiologist” is not
available, but the group of experts has proposed one
for the purpose of this activity (Table 1) [3].

Core competencies

A competency is a combination of knowledge, skills and
abilities that a professional must demonstrate and that
are critical to perform work effectively.

Core competencies are defined first for middle-level

professionals, as opposed to junior or senior epidemiol-
ogists. Despite the risk of creating artificial categories
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in the career development ladder, this approach has
been taken to facilitate the process. At a later phase,
the competencies can be developed for other career
stages.

The term “core” indicates that the competencies should
be a minimum pre-requisite for any field epidemiolo-
gist, regardless of the level he/she occupies in the
public health administration. They should be common
to all professionals in this field.

Use of the list of core competencies

We believe that the list may have several users:

- Employers, such as public health institutes and
administrative bodies at all levels in the EU, who may
use the list to assess their epidemiological capacities
and needs.

- Epidemiologists themselves who may use the list for
planning and evaluating their own career development
(Table 2).

In addition, teachers and facilitators can use the list to
design strategies and programmes to train future gen-
erations of epidemiologists in order to meet the needs
of public health agencies.

Among the competencies, one can distinguish “work-
force” competencies, as opposed to “instructional”
ones, depending on the perspective taken for their
development: i.e. employers or trainers views,
respectively.

According to the MACH model (the acronym is made
up of the initials of the authors’ surnames [4]), both
approaches are complementary and can be part of
a more complex cycle, where the primary outcome is
organizational performance. In this model, the con-
tribution of employees is defined by the workforce
competencies or tasks; from these, the instructional

www.eurosurveillance.org



TABLE 1

TABLE 2

Glossary of terms

Field epidemiologist

“An epidemiologist who applies the science of epidemiology to
the prevention and control of public health problems and works
in intervention and response activities”

Competency

“The combination of knowledge, skills and abilities that a
professional must demonstrate and that are critical to perform
work effectively”

Any competency statement should consist of the following
elements:

e Action verb (observable or measurable performance of a
worker)

e Content (subject matter, type of performance, specific task)

e Context (limitations or conditions of work environment)

Domain

Groups of competencies, organised according to a specific area
of knowledge or skills involved

Skills

Ability, proficiency, facility, or dexterity that is acquired or
developed through training or experience

Knowledge

Familiarity, awareness, or understanding gained through
experience or study

Curriculum

Set of courses and their contents offered by an institution, such
as a school or university as part of a training programme

competencies are developed in order to conduct needs
assessments and planning of relevant training. The
training and the personal skills influence the individual
performance, which in turn affect the organisational
performance thus closing the cycle [4].

Furthermore, we hope that publishing and promoting
this list of core competencies in the EU’s public health
system can help to:

e agree on a definition of “field epidemiologist” and
achieve the recognition of the profession;

e allow Member States to assess their resources and
define their needs;

e set priorities by teachers and curriculum developers;
and

e increase the comparability of field epidemiology

training programmes, which could facilitate mobility in
the EU through accreditation initiatives.

www.eurosurveillance.org

Use of the list of “workforce” core competencies
Employers
Develop job descriptions

Competency

Plan career development cycle of the professionals in the
organisation

Assess the epidemiologic capacity of the organisation in order to
shape it according to needs

Evaluate individual performance

Plan training for employees

Epidemiologists

Self-assessment

Plan career development

Plan learning activities according to individual needs

TABLE 3

Suggested ECDC classification of areas and domains in
public health epidemiology

Category Area Domain

1. Public health science
Public health

2. Public health policy

Risk assessment

Specific
for the
profession Applied

3.

4. Public health surveillance

5.
epidemiology 6. Epidemiological studies

7.

8.

9.

Outbreak investigation

Laboratory issues

Public health guidance

Probability

10. Inferential statistics

Biostatistics -
11. Sampling

12. Mathematical modelling

13. Internet
Applled . 14. Statistical and other data analysis
informatics
15. Editing and presentations
16. Risk communication
Common 17. Written communication
to other Communication
professions 18. Oral communication
19. Use of new technologies
20. Planning and use of resources
Management
21. Team building and negotiation
Capacity 22. Mentorship
development 23. Training
24. Protection of individuals
Ethics 25. Confidentiality

26. Conflicts of interests
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Further development

We want to encourage a discussion of this list of core
competencies by experts in the field. We also plan to
review and update the list at regular intervals, as pub-
lic health practice and knowledge evolves.

In July 2007, an online survey was launched on the
ECDC website (http://www.ecdc.europa.eu). It seeks
to score a list of 85 competencies that belong to 26
domains in eight areas (Table 3), through a Likert scale
(1 to 5). The aim is to see whether there is a general
agreement as to the core competencies and to collect,
comments about the domains and areas included. The
survey is anonymous but the participation of epidemi-
ologists from different public health administrations
of all EU Member States is especially welcome. To take
part, please visit: http://www.ecdc.europa.eu/online_
survey.html. The survey is open until 31 August 2007.
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This article presents the steps and considerations
that led to the development of the European Centre
for Disease Prevention and Control’s (ECDC) long-term
strategy for the surveillance of communicable dis-
eases in the European Union (EU) for the years 2008
to 2013 [1]. Furthermore, it outlines the key features
of the strategy that was approved by the ECDC’s
Management Board in December 2007.

Why is it necessary to carry out
surveillance at the European level?

National surveillance systems and methods are very
diverse and the quality of data collated varies across
the EU and the three participating countries of the
European Economic Association/European Free Trade
Association (EEA/EFTA). This diversity is not limited to
different data collection and validation systems and
different reporting systems but even to basic issues
such as different interpretations of the same standard
case definitions. There are also country- specific varia-
tions in the organisation of health-care systems and in
the availability of facilities and equipment for diagnos-
tics and case confirmation, all of which also contrib-
ute to this diversity. As a result, the data produced are
often not comparable, as was recently demonstrated
in the ECDC’s first Annual Epidemiological Report on
Communicable Diseases in Europe [2,3].

This diversity also applies to the 17 EU-wide Dedicated
Surveillance Networks (DSNs) [4], some of which were
established as early as the 1980s. They differ in scope
and coverage, objectives, structure of organisation,
and development phase. They have developed separate
reporting rules and procedures, variable data validity
checks and all have their own separate report layouts.
Therefore, a more coordinated approach towards sur-
veillance at the European regional level should lead to
a better harmonisation of structures and improve the
comparability of the data and hence provide an added
value for all EU Member States (MS) and EEA/EFTA
countries (Table 1).
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Types of surveillance

Several definitions of surveillance of health and dis-
ease have been published by a number of authors
[5,6,7], with only slight variation between them. All
these definitions incorporate the main elements of
ongoing data collection, analysis to convert this data
into statistics, interpretation of this analysis to pro-
duce information and then dissemination of this infor-
mation to those who can take appropriate action.

In the context of the ECDC’s work, surveillance is
defined as the ongoing collection, validation, analysis
and interpretation of that health and disease data that
is needed to inform key stakeholders (in MS and else-
where) to permit them to take action by planning and
implementing more effective, evidence-based public
health policies and strategies relevant to the preven-
tion and control of disease or disease outbreaks. The
prompt dissemination of the information to those who
need to know is as essential as ensuring the quality,
validity and comparability of the data.

Indicator-based surveillance

The traditional approach to the surveillance of com-
municable disease consists of routinely collecting data
about the occurrence of predefined diseases, specific
pathogens, syndromes or conditions from health-care
providers. This notification process relies on standard
case definitions for surveillance to ensure a uniform
approach to reporting by all clinicians and laborato-
ries and to improve the comparability of the data and
reports across health-care services. The notifications
are then routinely compiled and analysed to produce
indicators that could suggest the existence of a threat
or a problem that needs addressing. In some cases,
a public health intervention would be required from
the notification of a single case of the disease while
in other situations, a threshold may be applied to an
indicator to show up an unusual incidence rate of the
disease in a given community. This “indicator-based”
approach has proved to be very effective in monitoring
threats related to known risks and then in ensuring the
prompt implementation of public health measures.
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TABLE 1

The main European Union added value of a more coordinated approach to surveillance

[N

case definition;
. Reduce complexity in surveillance systems across Europe;

. Allow easier access to and use of data by all who may need it;

O 00N V1T &~ W N

. Improve inter-country comparability of data through a number of initiatives including by promoting the correct application of standard

. Avoid duplication of work through double reporting with various European organisations;

. Provide more relevant and reliable data to produce higher quality public health evidence;

. Strengthen the national surveillance systems by contributing to capacity building and standards setting in the countries;
. Enhance the detection and monitoring of international outbreaks;

. Be economically more efficient and sustainable in the long term than the disease-specific projects based system;

. Better facilitate the inclusion of diseases into the surveillance and general research agenda according to the European priorities.

While this traditional approach remains the backbone
of public health surveillance for communicable dis-
eases, it has proven to be less effective in ensuring
prompt recognition of emerging problems. Several fur-
ther approaches seek to complement traditional sur-
veillance in order to enhance its ability to detect pubic
health threats. Some of these, such as syndromic sur-
veillance or activity monitoring, remain heavily reli-
ant on the routine collection of structured data, again
compiled as indicators. Inclusion of these approaches
would only be done after discussion and agreement
with MS.

Event-based surveillance

A novel approach takes advantage of the availability
of advanced information technology by scanning such
sources as the Internet and media continuously to
detect information that may lead to the recognition of
emerging threats. This “event-based” surveillance [8]
approach has been introduced to complement effec-
tively the indicator-based surveillance approach. It
uses unstructured data, that then needs to be studied
and verified and cannot be summarised as an indicator.
Together, both these approaches can conveniently
be referred to as gathering strategic information on
disease.

Steps towards a coordinated approach to
surveillance in the EU

In 2005, a strategy for infectious disease surveil-
lance in Europe was finalised to outline the transition
phase from the existing project-based approach of the
DSNs, mainly led by the Commission, to a more coor-
dinated and sustainable one coordinated by the ECDC.
Following this, the ECDC planned to develop a longer-
term vision of the future surveillance of communicable
diseases in the EU, to better ensure a common under-
standing of the direction and the decisions needed for
the further development of the European wide surveil-
lance systems. The drafting of this document took into
account the ECDC’s emergent strategy on how it will be
developing the future work with laboratories, to ensure
synergy across the organisation.
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Goals of the ECDC’s long-term surveillance
strategy

The strategy defines the terms and scope of surveil-
lance, broad goals and objectives, the organisational
requirements, support needs for the MS and outlines a
roadmap to implement the strategy. The overall goal of
these surveillance activities is to contribute to reduc-
ing the incidence and prevalence of communicable
diseases in Europe by providing relevant and accurate
public health data, information and reports to decision
makers and health-care professionals in an effort to
promote actions that will result in the timely preven-
tion and control of communicable diseases in Europe.
Good comparability of surveillance data between MS
and a high validity of communicable disease data is a
key component dictating the success of this goal.

In order to achieve these goals, both the ECDC and MS
have to work in close partnership to build up a strong
surveillance system on the European level. MS need to
strengthen, maintain or set up the structures which are
required to provide the relevant data — in certain cases
this may require support from the ECDC. At the same
time, the ECDC will continue to develop the infrastruc-
ture and common framework, including quality assur-
ance systems and training support, required at the EU
level.

There are a number of areas where further work will be
essential. These include revising the case definitions
for surveillance on the EU level [9] and having a mecha-
nism for occasional review; introducing clear principles
of collaboration on data exchange, access and publica-
tion acceptable to all MS and the ECDC; ensuring a reg-
ular review of disease-specific surveillance objectives
and priorities following wide consultation; developing
links to other existing international databases; devel-
oping systems to critically review the diseases under
EU-wide indicator based surveillance; planning for the
greater integration of data from laboratories and devel-
oping ways of improving collaboration with them, in
particular with the national reference level laboratories
(NRL); developing more advanced data analysis meth-
ods and studying how best to communicate the results
to ensure that this is information used for action.
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Apart from these activities, several initiatives and sys-
tems will be essential to the success of this strategy.

The European Surveillance System

The ECDC has developed an information system for
infectious disease indicator-based surveillance at the
European level, The European Surveillance System
(TESSy). TESSy will be a valuable tool to improve the
collection, validation, storage and dissemination of
surveillance data of the EU MS and EEA/EFTA countries.
MS are already using it with the collection of a reduced
set of common variables important for the routine sur-
veillance of cases of all infectious diseases. TESSy will
enable:

e Standardising data collection on infectious diseases
surveillance;

* Providing a ‘one-stop shop’ for reporting and retriev-
ing data for the MS;

e Standardising the basic reports based on surveil-
lance data;

¢ Providing a consistent and easily available overview
of the current situation in the EU.

Epidemic intelligence

Another system being developed focuses on develop-
ing event-based surveillance to better provide epidemic
intelligence information [10]. The ECDC is working to
ensure that all countries have standard procedures and
tools in place to monitor and assess threats detected
early. Similarly all countries will be able to use the
ECDC developed ‘Threat Tracking Tool’ to perform joint
risk assessments in the event of a threat potentially
affecting more than one country. Finally the epidemic
intelligence system will enable MS to continue to rou-
tinely report communicable disease threats through
the Early Warning and Response System (EWRS) [11]
once their assessment has confirmed the existence
of a threat affecting the EU (as defined in the EWRS
regulations).

Partnerships

Various collaborative agreements will be finalised
with the other regional organisations also involved in
the surveillance of disease, such as the World Health
Organization (WHO) Regional Office for Europe and
their global office in Geneva, the European Food Safety
Authority (EFSA) and the European Monitoring Centre
for Drugs and Drug Addiction (EMCDDA), in order to
minimise duplication and ensure that activities are
complementary. Agreements on the principles of col-
laboration on data exchange between the ECDC and
MS will be developed to define clearly the role of data
providers and data users both in MS and the ECDC (and
other parties, e.g. WHO) and the procedures for pub-
lishing the results of the analysis of data.

Collaboration with the Member States

The future collaboration with disease-specific experts
in MS nominated by the ECDC’s Competent Bodies, will
be structured by a division of the diseases/pathogens
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into six main groups, namely respiratory tract infec-
tions; sexually transmitted infections, including HIV
and blood-borne viruses; food- and water-borne dis-
eases and zoonoses; emerging and vector-borne
diseases; vaccine-preventable diseases; and antimi-
crobial-resistant pathogens and healthcare-associated
infections. Where necessary, more focussed (disease-
specific) subgroups can be established within any of
these six groups. Annual meetings will be held for each
of these six main groups to discuss issues pertinent to
the surveillance of the whole disease group. If needed,
specific ‘parallel session’ symposia can be held at
the same time. For each of these six groups, a small
Coordinating Group will be established and take over
many of the functions carried out by the former DSN
steering groups.

The ECDC plans to support the capacity development
of MS to strengthen their surveillance by providing
training, country visits to deal with MS-specific issues
(including needs assessments and exploring ways
to strengthen national systems), quality assurance
(and EQA) and control processes, protocols, SOPs,
guidelines, etc. Furthermore, the ECDC will work to
strengthen the laboratory capacity in the EU and EEA/
EFTA countries and the candidate countries in col-
laboration with the Commission, the ECDC Competent
Bodies, and nominated National Microbiology Focal
points, to ensure that every country should have the
capacity of, or at least have the access to, Reference
Level Laboratory (NRL) services enabling them to con-
firm the diagnosis, isolation of and further characteri-
sation of all the important pathogens.

Implementation

The strategy will be implemented in two phases: a
transition period until 2010, when the main focus will
be on the integration of the coordination of the current
DSNs to the ECDC while consolidating its own technical
capacity; and the period between 2010 and 2013 when
the ECDC will have taken over the full responsibility
of surveillance and can then focus on developing and
consolidating the highest quality and effective system
possible for Europe. In order to keep this strategy and
its objectives relevant, it will be revisited from time
to time, with the Commission, MS and key stakehold-
ers, so that it may be adjusted to incorporate emerging
strategies or new evidence as required.
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Since the first importation of influenza A(HiN1)v virus
to Europe in late April of this year, surveillance data
have been collected in the Member States of the
European Union and European Free Trade Association.
This is the first preliminary analysis of aggregated and
individual data available as of 8 June 2009 at European
level.

Introduction

On 21 April 2009, the United States Centers for Disease
Control and Prevention (US CDC) reported two cases
of influenza due to a new virus strain of mixed swine,
avian and human origin, the so-called new influenza
A(H1N1) virus (hereafter named A(H1iN1)v virus) [1]. On
25 April, the European Centre for Disease Prevention
and Control (ECDC) published a risk assessment,
started developing tools to monitor the situation and
support the countries of the European Union (EU) and
European Free Trade Association (EFTA), and initiated
its first situation report distributed daily to more than
700 stakeholders since then. After the World Health
Organisation (WHO) raised its pandemic alert level to
phase 4 on 27 April and up-scaled again to phase 5 on
29 April, ECDC was monitoring the situation around the
clock and provided epidemiological updates on global
case numbers three times a day. Subsequently, the
European Commission published a case definition for
surveillance of the new disease [2], ECDC published
information for travellers, updated its risk assessment
on 8 May, published several documents on case and
contact management, and coordinated the surveillance
of influenza A(H1N1)v at EU level.

The objective of this paper is to present the epidemio-
logical situation in the 27 EU and the three countries in
the European Economic Area (EEA) and EFTA, Iceland,
Liechtenstein and Norway, hereafter called the EU+3
countries, on the basis of the surveillance data pro-
vided by the EU+3 countries through individual and
aggregated case reports.
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Methods

Data used in this analysis of the epidemiological situa-
tion in the EU+3 countries, as of Monday 8 June 2009,
08:00 CEST, include individual case reports posted by
countries in the Early Warning and Response System
(EWRS) and aggregated case reports provided daily
through the EWRS or through other official communi-
cation channels.

Confirmed cases are defined as persons in whom the
infection has been confirmed by RT-PCR, or by viral cul-
ture or by a four-fold rise in influenza A(H1iN1)v-specific
neutralising antibodies. The latter implies, according
to the EU case definition, the need for paired sera from
the acute phase of illness and from the convalescent
stage 10-14 days later [2].

While countries with fewer cases are uploading data
on their cases directly into the surveillance database
at ECDC, Spain and the United Kingdom (UK), who both
have high number of cases, and Belgium are provid-
ing extracts from their own national databases, which
are then entered into the ECDC database. Re-coding of
some of the variables was necessary for Spain and the
UK, and data were subsequently validated by the coun-
tries. The data from Belgium were imported manually
after re-coding the variables.

Cases which are not explicitly reported as having been
exposed during travel in an affected country (imported
cases) are considered to have been infected in their
own country.

Results

As of 8 June, 1,128 laboratory-confirmed cases of influ-
enza A(HiN1)v have been reported from 25 of the EU+3
countries through aggregated case reports. Spain
(26%) and the UK (49%) together account for 75% of
confirmed cases. Of those 1,128 cases, 498 (44%) were
also reported through individual case reports (Table 1).
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FIGURE 1

Distribution of confirmed cases of A(HIN1)v infections by date of onset (n=498) and date of reporting (n=1,024), as of 5

June 2009, EU+3 countries
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Latvia, Liechtenstein, Lithuania , Malta and Slovenia
have not reported confirmed cases so far.

Epidemic curves

The first confirmed case in EU+3 countries was a travel-
ler returning from Mexico to the UK. He was identified
on 27 April 2009 and reported onset of symptoms on
16 April. Figure 1 compares the distribution of cases by
date of onset from the individual case reports (n=498)
with the distribution of cases by reporting date from
the aggregated case reports (n=1,024). It shows a
delay of one week between date of onset and date of
reporting in the first weeks of the outbreak, up to 20
May, followed by an increasing discrepancy in the num-
ber of cases reported by the two systems.

Figure 2 shows the distribution of imported and domes-
tic cases in EU+3 countries by date of onset. The first
case reported as in-country transmission had onset
of symptoms five days after the first imported case.
During the first two-week period, 65% of cases were
reported to have been imported, compared to 40% dur-
ing the second and 73% during the third two-week

period. The majority of imported cases in the first two-

week period were imported from Mexico and in the
third two-week period from the United States (US).

22

10

June

Demographic characteristics of cases

The male to female ratio was 1.1. The median age was
23 years (range: eight months to 73 years). Seven cases
were younger than two years. Of 494 cases with known
age, 168 (34%) were undee the age of 20 years. The
most affected age group was the group of 20-29 year-
olds and accounted for 37% of cases.

The proportion of imported cases older than 20 years
(78%) was significantly higher than the proportion of
over 20 year-old cases who were infected in their own
country (27%, p<0.0001). The median age of imported
cases was 25 years compared to 13 years for non-
imported cases (Figure 3).

Symptoms

In the analysis of symptoms, the data from Spain and
Belgium were excluded due to recoding issues, leav-
ing 371 cases for analysis. Asymptomatic cases con-
stituted 8% of reported cases (28/371), and were more
common among cases under the age of 20 years (11%)
when compared with older cases (5%, p=0.02).

The most commonly reported symptoms were respira-
tory symptoms (79%), followed by fever or history of
fever (78%). Gastro-intestinal symptoms were reported
from 86 cases (23%). Presence of gastro-intestinal
symptoms was not significantly associated with travel
exposure but was significantly more common among
cases under the age of 20 years (32%) than among
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FIGURE 2

Distribution of confirmed cases of influenza A(HIN1)v infections by date of onset and type of transmission, as of 31 May

2009%, EU+3 countries (n=457)
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* Individual case reports from Spain were last updated on 14 May, from the UK and France on 29 May, from Italy on 4 June and from Germany
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older cases (18%, p=0.001). Table 2 shows the distri-
bution of symptoms by category of symptom.

Pre-existing conditions

Underlying disease was reported for 24 cases: lung dis-
ease for 12, heart disease for four, renal disease from
three, human immunodeficiency virus (HIV) infection
from three, and seizures from two cases (one of these
two also had a not further specified cancers). One 14
months-old child was reported with combined heart,
lung and renal disease. None of the cases was reported
to be pregnant. Several cases with other underlying
conditions such as hypertension, iodine sensitivity,
allergic rhinitis or facial paralysis were reported, which
are not considered classical risk groups for seasonal
influenza [3].

Treatment and prophylaxis

Of 292 cases for whom information is available, 258
(88%) received antiviral treatment. Oseltamivir was
the most commonly used drug (255), zanamivir was
reported to have been used for treatment of three
cases. Post-exposure prophylaxis was reported to have
been administered to 13 (7%) of 198 cases for whom
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information was available. Twelve received oseltamivir
and one received zanamivir as prophylaxis. Six of the
cases who received prophylaxis were imported cases.

Complications

Seven (2%) of the 286 cases for whom information is
available were classified as having complications. Four
patients were reported with pneumonia, one with oti-
tis, one with elevated liver enzymes and one with the
need for steroid treatment. Fifty-three cases reported
shortness of breath, one of whom had underlying heart
disease.

Previous influenza vaccination

Twenty (8%) of the 260 cases for whom information
is available were reported to have received seasonal
influenza vaccination in the past season. Vaccinated
persons were aged between 8 months and 76 years.
Eighty percent of vaccinated persons were returning
travellers. Two were reported to have asthma, one with
underlying heart disease, one with chronic disease not
further specified and one with myalgic encephalopathy.
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FIGURE 3

Distribution of cases of influenza A(HIN1)v infection by age group and type of transmission, as of 8 June 2009, EU+3

countries (n=493)
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Hospitalisation

Among 291 cases, 36% (105) were reported to have
been hospitalised. The rate of hospitalisation varies
by country. In several countries, e.g. France, Austria,
Belgium and Romania, cases were hospitalised for iso-
lation purposes.

Discussion

On the basis of the aggregated case reporting, two EU
Member States account for 75% of the cases reported in
the EU+3 countries. It is unlikely that a difference in the
sensitivity of surveillance systems alone could explain
such a difference. The one-week delay between date
of onset (individual case reports) and reporting date
(aggregated case-reports) observed in the first weeks
of the epidemic probably reflects the delay in seeking
medical care after onset and getting laboratory confir-
mation (see Figure 1). The discrepancy observed since
the third week of May in the numbers reported through
aggregated case reports versus individual case reports
highlights the increasing difficulties of the Member
States in investigating and reporting individual cases
as the number of case increases.

This preliminary analysis does not allow an accurate

description of the level of in-country transmission, as
the data are still incomplete. However, a recent
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Eurosurveillance article suggests that in the UK, most
of the recent cases are due to in-country transmission,
although sustained community transmission still has
to be confirmed [4].

The age distribution of cases is significantly differ-
ent among imported and domestic cases. Imported
cases tend to be young adults, exposed while travel-
ling abroad, and their demographic characteristics are
more representative of travellers than of the popula-
tion susceptible to A(H1N1)v infection. Domestic cases
tend to be younger (median age 13 years) and reflect
school children and teenagers among whom transmis-
sion is amplified. Therefore, the demographic charac-
teristics of cases documented in the EU so far do not
reflect the overall population at risk of infection, but
rather the population contributing to seeding events
(travellers) and amplification of transmission (school
children and teenagers) in the early stage of the spread
of a new influenza virus strain.

The relatively high proportion of asymptomatic cases,
especially among under 20 year-olds, is probably due to
intensive contact tracing during school outbreaks. The
difference in the number of cases with gastro-intes-
tinal symptoms observed in under 20 year-olds com-
pared to older cases has been previously described for
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TABLE 1

TABLE 2

Distribution of confirmed cases of influenza A(HIN1)v
reported until 8 June 2009 by source of information, EU+3
countries (n=1,128)

Aggregated case Individual case

Distribution of symptoms among cases of influenza
A(HIN1)v infection, as of 8 June 2009, EU+3 countries
(n=371)

Member State L L Percentage Number Percentage
Austria 6 6 100 At least one symptom 344 93
Belgium 14 14 100 General 317 85
Bulgaria 2 o o Fever or history of fever 290 78
Cyprus 1 1 100 Headache 160 43
Czech Republic 2 2 100 Muscle pain 145 39
Denmark 5 4 80 Joint pain 79 21
Estonia 3 3 100 RESPIRATORY 295 80
Finland 4 4 100 Dry cough 188 51
France 57 18 32 Productive cough 60 16
Germany 63 63 100 Sore throat 172 46
Greece 5 o] ) Runny nose 120 32
Hungary 3 3 100 Sneezing 72 19
Iceland 1 o o Shortness of breath 34 9
Ireland 11 11 100 Gastro intestinal 34 24
Italy 50 39 78 Diarrhoea 45 12
Luxembourg 1 1 100 Vomiting 49 13
Netherlands 10 6 60 Nausea 57 15
Norway 9 9 100 OTHERS 146 39
Poland 5 5 100 Conjunctivitis 21 6
Portugal 2 2 100 Nose bleeding 9 2
Romania 9 9 100 Altered consciousness 2 1
Slovakia 3 3 100 Others (various) 117 32
Spain 291 113 39

Sweden 14 13 93

United Kingdom 557 169 30 bias the results. The bias will particularly affect conclu-
Total 1128 498 44 sions drawn on cases from the last three weeks of the

seasonal influenza and is not significantly associated
with an exposure abroad [3]. The hospitalisation rate
cannot be considered as a factor of severity because
many of the cases were reported to be admitted to
hospital for isolation. There was great variation among
countries in this respect.

Information on the interval between exposure and the
start of prophylaxis is not available and therefore no
conclusions can be drawn regarding the effectiveness
of antiviral prophylaxis.

Individual case reports for less than half of the cases
(498/1,128) were available for this analysis, which may
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dataset, for which information from the most affected
Member States were not available. Bias may have been
introduced in the age distributions and the frequencies
of symptoms and underlying conditions, since the miss-
ing data particularly concern in-country transmission.
Therefore, the comparisons between cases affected in
their won country and travel-associated cases should
still be considered preliminary and a change in disease
patterns during the period for which data are missing
cannot be ruled out. Due to delay in reporting from the
Member States to ECDC, the Europe-wide picture pre-
sented here may not fully represent the reality of what
was known at country level on 8 June.

With the currently available information, conclusions
about the severity of the infection are limited. In addi-
tion, if cases deteriorate while they are ill, this infor-
mation would probably not be reported to the ECDC.
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Conclusions

The preliminary analysis of the initial few hundred
cases reported at European level shows that the epide-
miological pattern in the EU+3 countries does not differ
from what was documented in the Americas. Currently,
the disease seems to be relatively mild and compa-
rable with seasonal influenza. However, it is still too
early to define, on the basis of this analysis, the age
groups most at risk of infection.

These data are important to guide appropriate policy
decisions. In 2008, a working group on surveillance in
a pandemic, including ECDC, WHO and experts from the
Member States, identified nine strategic parameters
which would need to be assessed early in an influenza
pandemic [5]. Out of these, six parameters (including
disease severity, incidence by age-group and known
risk-factors, confirmation/modification of case defini-
tion and modes of transmission) can only be properly
evaluated using individual case reports.

As the number of cases grows, it will become increas-
ingly difficult for the Member States to investigate and
report individual cases. The surveillance currently in
place may soon reach its limits. It may well be that tar-
geted outbreak studies will provide better information
on risk factors for more severe disease. A switch to sen-
tinel surveillance and/or surveillance of severe cases,
as implemented by countries outside the EU, has to be
considered. However, the case-based reporting should
be continued at least until countries experience com-
munity spread or large-scale epidemics. ECDC is cur-
rently working with the Member States to automate the
upload of data in their own national formats.

In the meantime, aggregated case reporting comple-
menting individual case reports has proven very use-
ful in describing recent trends and anticipating future
developments. As recent trends suggest that Europe
may be entering the acceleration phase [6], it is impor-
tant to continue collecting aggregated case reports.
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A year ago in November 2009, a study in this journal
highlighted the emergence of infections with totally or
almost totally resistant bacteria in European intensive
care units [1]. Most of them were Gram-negative bacilli
that showed resistance to a class of antibiotics con-
sidered last-line therapy: the carbapenems. Already
in 2008, Souli et al. had reviewed the emergence of
extensively drug-resistant (XDR) bacteria in Europe [2]
and pointed out the high proportion of isolates that
were resistant to carbapenems, through production
of a carbapenemase enzyme. Indeed, an increasing
number of reports on carbapenemases and infections
with carbapenemase-producing bacteria have been
published in recent years indicating the rising impor-
tance of these bacteria. A PubMed search with the key-
word ‘carbapenemase’ and excluding review articles,
yielded 35 articles for the year 2007, 48 articles for
2008, 80 articles for 2009 and 109 articles for 2010 (as
of 14 November).

The year 2010 will certainly be remembered as the
year when carbapenemase-producing, XDR bacteria
attracted global attention. Significant media attention
and increasing awareness of these bacteria followed
the publication by Kumarasamy et al. on 11 August on
the spread to the United Kingdom (UK) of a new type
of carbapenemase, the New Delhi metallo-beta-lacta-
mase 1 (NDM-1), often associated with travel to India or
Pakistan [3]. In this issue of Eurosurveillance, Struelens
et al. review the spread of NDM-1 in the European
Union (EU), Iceland and Norway and show that, in addi-
tion to the UK, 11 other EU countries plus Norway have
identified patients infected or colonised with NDM-1-
producing Enterobacteriaceae [4]. Similar to the cases
described in the UK, the majority of these NDM-1 cases
had previously travelled or been admitted to a hospital
in India or Pakistan. In addition, a few cases had been
hospitalised in the Balkan region [4].

Several other types of carbapenemases have
been described since the 1990s such as
Klebsiella pneumoniae carbapenemase (KPC), Verona
integron-encoded metallo-beta-lactamase (VIM) and
the oxacillinase-type beta-lactamase OXA-48 [5]. All
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thesehaveincommonthattheyareabletorapidly hydro-
lyse most of the beta-lactams including the carbapen-
ems, thus conferring resistance to these antibiotics.
In addition, they are in most cases encoded by a gene
located on transferable elements which allows transfer
of the gene among species of Enterobacteriaceae. This
issue of Eurosurveillance highlights the challenges rep-
resented by carbapenemase-producing, XDR bacteria,
but also offers examples from EU countries on how the
spread of such bacteria can be contained.

Although NDM-1 has been the focus of media atten-
tion concerning antimicrobial resistance during the
past months, it is neither the most frequently identi-
fied carbapenemase in Europe, nor the only carbapen-
emase associated with transfer of patients between
countries. In this issue of the journal, a group of
European experts report on carbapenemase-produc-
ing Enterobacteriaceae in Europe and show that car-
bapenemases other than NDM-1 are the dominant
types in all European countries except the UK [5]. As
an example, Decré et al. describe the likely importa-
tion from Morocco to France of an OXA-48-producing
K. pneumoniae strain with subsequent cross-transmis-
sion to another patient [6], a pattern similar to that
described for previous OXA-48 cases from other coun-
tries. As for NDM-1, the spread of KPC- and OXA-48-
producing bacteria has been associated with transfer
of patients from hospitals in countries where they are
frequently found, to hospitals in other countries [7,8].

Accurate laboratory detection, control

of patient-to-patient transmission

and prudent use of antibiotics are
cornerstones of containment

Identification of carbapenemase-producing bacte-
ria remains a challenge. According to the survey by
Grundmann et al. there is likely underreporting of such
isolates in more than one third of European countries
[5]. Struelens et al. found that less than half of the
countries reported having national guidance on sur-
veillance and detection methods for carbapenemase-
producing bacteria and, with two exceptions, countries
that reported NDM-1 cases also reported having such
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national guidance [4]. Availability of guidance and suf-
ficient capacity of laboratories to routinely detect and
confirm carbapenemase-producing isolates through-
out and beyond Europe, are of paramount importance
for their containment. Active surveillance and isolation
of patients who are infected or colonised are essential
for controlling the spread of these bacteria. Struelens
et al. indicate that 11 European countries have devel-
oped infection control guidelines which in some coun-
tries, e.g. France, recommend the pre-emptive isolation
and screening of patients transferred from hospitals in
other countries [4].

To address the issues above, the United States (US)
Centers for Disease Control and Prevention (CDC)
developed a guidance document for the detection of
metallo-beta-lactamases such as NDM-1 [9] and pro-
duced guidance for control of these infections in acute
care facilities [10]. In Europe, the European Centre for
Disease Prevention and Control (ECDC) is preparing
evidence-based guidance on screening and confirma-
tion of carbapenemase-producing bacteria and con-
ducts a systematic review of the published evidence
on interventions to control carbapenemase-producing
Enterobacteriaceae. A group of European experts con-
vened by the European Society for Clinical Microbiology
and Infectious Diseases (ESCMID) reviewed detection
and surveillance issues [11]. Another expert group
under the auspices of ESCMID, suggested implemen-
tation of different control measures for countries with
sporadic occurrence of these bacteria and for countries
where they are endemic [12].

Early warning and sharing

information between countries

facilitates prevention and control

In this issue, Kassis-Chikhani et al. [13] show that it
is possible to contain outbreaks of carbapenemase-
producing bacteria if rapid control measures are
implemented. National and international early warn-
ing and response systems allow for the timely sharing
of information that is necessary to investigate possi-
ble inter-hospital transmission. The EU Early Warning
and Response System (EWRS) is a tool to rapidly share
confidential information between countries, with the
assistance of the European Commission, to improve
prevention and control of communicable diseases.
However, the EWRS has rarely been used for communi-
cation about resistant bacteria in the past. In addition
to rapid exchange of information, discussion between
risk assessment entities and experts in EU countries
is crucial to prevent the spread of resistant bacteria
including the ones discussed in this editorial. To sup-
port such discussions, ECDC is developing a specific
module of its Epidemic Intelligence Information System
(EPIS).

Antimicrobial resistance and

consumption in EU Member States

Data on antimicrobial resistance are available from
the European Antimicrobial Resistance Surveillance
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Network (EARS-Net, formerly EARSS) (http://www.
ecdc.europa.eu/en/activities/surveillance/EARS-Net/
Pages/index.aspx). They show increasing resistance to
third-generation cephalosporins and multidrug resist-
ance in invasive infections due to K. pneumoniae and
Escherichia coli in many EU countries. For this reason,
hospital physicians have increasingly used carbapen-
ems, in particularto treat infections in the most severely
ill patients, e.g. in intensive care units. In a point preva-
lence survey on antimicrobial consumption in a sample
of 75 European hospitals, the European Surveillance of
Antimicrobial Consumption (ESAC) project showed that
on average 11%, and up to 50%, of patients in intensive
care units were receiving a carbapenem [14]. Since the
introduction of antibiotics into medical practice, pre-
scribers have mostly relied on the constant availability
of new antibiotics to effectively treat patients infected
with resistant bacteria. However, this forward escape
strategy now looks like a leap of faith since innovative
antibiotics active against these bacteria are unlikely to
be developed in the very near future [15], leaving thera-
peutic options for carbapenemase-producing, XDR bac-
teria limited. These consist mainly of the polymyxins
and tigecycline, but experts agree that neither of them
are ideal because of the toxicity of polymyxins and the
variable clinical efficacy of tigecycline [8,12]. Avoiding
unnecessary use of antibiotics and reserving them for
appropriate indications, starting with carbapenems, is
therefore essential to preserve options for therapy of
infections in hospitalised patients.

Point prevalence surveys have been developed to
ascertain the appropriateness of antibiotic prescription
practices in hospitals and other healthcare facilities.
In the ESAC point prevalence survey, 57% of antibiotic
courses for surgical prophylaxis lasted more than one
day, thus highlighting short duration of prophylaxis as
an obvious target for improvement of antibiotic pre-
scribing practices in hospitals [14]. Even in a country
with a history of prudent use of antibiotics such as
the Netherlands, Willemsen et al. showed that, in their
prevalence survey in 19 hospitals, 16% patients were
receiving antimicrobial therapy that they judged inap-
propriate [16]. The Eurobarometer survey on antimicro-
bial resistance performed in November-December 2009
showed that almost half of Europeans still believed
that ‘antibiotics are active against colds and flu’ and
these results point towards a challenge for prudent use
of antibiotics outside of hospitals [17].

Meticillin-resistant Staphylococcus aureus

Recent data from EARS-Net show that six countries
reported decreasing trends in the proportion of meti-
cillin-resistant Staphylococcus aureus (MRSA) among
S. aureus isolates from invasive infections for the
period 2006 to 2009. This is likely due to sustained
efforts to contain the spread of MRSA in hospitals and
other healthcare facilities [18]. MRSA remains a public
health threat with a proportion of MRSA above 25% in
more than one third of countries participating in EARS-
Net. In addition, new strains of MRSA are emerging
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from other environments such as human infections in
the community, food animals and foods [19]. In this
issue, De Jonge et al. add to our knowledge about
MRSA with a study suggesting that, although present
in some meat samples in the Netherlands, the risk to
humans of being colonised by MRSA through handling
of contaminated meat is low [20].

MRSA emerged in hospitals in the 1960s and, with
the exception of the Scandinavian countries and the
Netherlands, other European countries did not seri-
ously consider its prevention and control before the
1990s. In countries with a low MRSA prevalence,
MRSA control relies heavily on the so-called ‘search-
and-destroy’ strategy which includes the pre-emptive
isolation and screening of patients who have been in
contact with healthcare facilities in countries with high
prevalence of MRSA [18].

International efforts to tackle antimicrobial
resistance - joining forces is essential

Europe is reacting much faster to contain the spread
of carbapenemase-producing, extensively drug-resist-
ant bacteria when compared with MRSA. It follows the
path of a few leading countries which are taking meas-
ures similar to those for MRSA prevention and control
in low prevalence countries. Contemporary life-style,
however, poses an additional challenge with ever
increasing international travel and patients seeking
healthcare abroad, which means that containment of
carbapenemase-producing, XDR bacteria can only be
addressed internationally.

The European Commission has reported this year that
EU countries have made significant progress toward
implementing the Council Recommendation of 15
November 2001 on the prudent use of antimicrobial
agents in human medicine. However, there are still
several areas where improvement is needed, includ-
ing education and awareness of healthcare personnel
and the general public [21]. On 18 November 2010,
36 European countries will participate in the third
European Antibiotic Awareness Day (http://antibiotic.
ecdc.europa.eu). The focus of this year’s European
Antibiotic Awareness Day is to raise awareness about
prudent use of antibiotics among hospital prescribers.
Key messages have been developed to help hospitals
and hospital prescribers in their efforts to reach this
goal. Evidence suggests that multifaceted hospital
strategies may improve antibiotic prescribing practices
and decrease antibiotic resistance. In addition, specific
strategies may help prescribers optimise antibiotic
therapy and reduce unnecessary use.

Worldwide attention on antimicrobial resistance allows
for many stakeholders and countries to be involved. In
planning for next year, the World Health Organization
has declared antimicrobial resistance and its global
spread as the topic for the next World Health Day on
7 April 2011 [22]. Already this year, antibiotic aware-
ness campaigns are taking place at the same time

www.eurosurveillance.org

on both sides of the Atlantic. The United States’ Get
Smart About Antibiotics Week (http://www.cdc.gov/
getsmart/) takes place on 15-21 November [23] and
Canada’s first Antibiotic Awareness Day (http://anti-
bioticawareness.ca/) will take place on the same day
as European Antibiotic Awareness Day, 18 November
2010. Joining forces is essential for tackling a global
issue such as antimicrobial resistance.
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In order to assist national public health authorities
in the European Union to assess the risks associated
with the transmission of infectious agents on board
aircrafts, the European Centre for Disease Prevention
and Control initiated in 2007 the RAGIDA project (Risk
Assessment Guidance for Infectious Diseases trans-
mitted on Aircraft). RAGIDA consists of two parts:
the production of a systematic review and a series of
disease-specific guidance documents. The system-
atic review covered over 3,700 peer-reviewed articles
and grey literature for the following diseases: tuber-
culosis, influenza, severe acute respiratory syndrome
(SARS), invasive meningococcal disease, measles,
rubella, diphtheria, Ebola and Marburg haemorrhagic
fevers, Lassa fever, smallpox and anthrax. In addition,
general guidelines on risk assessment and manage-
ment from international aviation boards and national
and international public health agencies were sys-
tematically searched. Experts were interviewed on
case-based events by standardised questionnaires.
Disease-specific guidance documents on tuberculosis,
SARS, meningococcal infections, measles, rubella,
Ebola and Marburg haemorrhagic fevers, Lassa fever,
smallpox and anthrax were the result of consultations
of disease-specific expert panels. Factors that influ-
ence the risk assessment of infectious disease trans-
mission on board aircrafts and decision making for
contact tracing are outlined.

Background

With increasing numbers of passengers travelling inter-
nationally by air the potential risk of introduction and
spread of infectious diseases by travellers increases.
In 20009, the global airport traffic reported 4.796 x 109
passengers arriving and departing from 1,354 airports
located in 171 countries worldwide, with passengers
on international flights accounting for 42 percent [1].
Almost 800 million passengers are carried on national/
international flights annually within the European
Union (EU) alone [2].

The outbreak of SARS in 2003 and pandemic influenza
A(H1N1) in 2009 illustrated how infectious diseases
can suddenly appear, spread, and threaten the health,
economy and social lives of citizens even in countries
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that are not or not yet affected by the epidemic itself.
When passengers and/or crew members become
exposed to an infectious or potentially infectious per-
son during a flight, early recognition of disease and
coordinated risk assessment among the affected coun-
tries is needed to initiate appropriate public health
response without unnecessarily alarming the public
and disrupting air traffic.

There are legal obligations for the member states
of the World Health Organization (WHO) to report
events of public health concern in accordance with
the International Health Regulations (IHR) [3] and for
the Member States of the EU to provide information to
the Community Network in accordance to the Decision
No 2119/98/EC [4]. However, very limited international
guidance exists for the public health management of
infectious diseases related to air travel, both aboard
aircrafts and at airports [5]. Existing international guid-
ance, e.g. the WHO international guidelines for the con-
trol of tuberculosis [6], does not necessarily reflect the
epidemiologic situation in the individual EU Member
States, while the national guidelines, e.g. for meningo-
coccal diseases [7], are frequently inconsistent.

In order to assist national public health authorities in
EU Member States in the evaluation of risks related to
the transmission of various infectious agents on board
aircrafts and to help in the decision on the most appro-
priate, operationally possible public health measures
for containment, e.g. on whether or not to contact-
trace air travellers and crew in case of exposure, the
European Centre for Disease Prevention and Control
(ECDQ) initiated in 2007 the project Risk Assessment
Guidance for Infectious Diseases transmitted on
Aircraft (RAGIDA) [8].

The RAGIDA project consists of two parts: (i) a system-
atic review of the literature of documented past events
of infectious disease transmission on aircrafts, guid-
ance documents and expert interviews assessing case-
based information on events (produced by the Robert
Koch Institute, Germany in response to an ECDC open
call for tender 0J/2007/06/20- PROC/2007/009) [8], and
(ii) a series of disease-specific guidance documents
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produced by external disease-specific expert panels
[9] on which this article will mainly focus. This guid-
ance does not address contacts at the airport or occur-
ring during transit.

Methods

Part I: Systematic review and expert interviews
In the first part of the RAGIDA project a systematic
review of over 3,700 peer-reviewed articles and grey
literature was performed for the following 12 infec-
tious diseases: tuberculosis, influenza, SARS, invasive
meningococcal disease, measles, rubella, diphtheria,
Ebola and Marburg haemorrhagic fevers, Lassa fever,
smallpox and anthrax. The aim was to evaluate the
exact circumstances that led to the transmission of
these infectious diseases on board aircrafts. For peer-
reviewed publications, PubMed and the database of
the German Institute of Medical Documentation and
Information (DIMDI) were searched, using the following
two combinations of search terms: (aircraft OR airplane
OR flight OR flight crew OR air travel OR airline OR air
passenger) AND (epidemiology OR microbiology OR
transmission), (aircraft OR airplane OR flight OR flight
crew OR air travel OR airline OR air passenger) AND
(infectious).

Grey literature was searched in ProMed using the search
terms ‘airline OR air travel OR air passenger’. In addition,
general guidelines on risk assessment and manage-
ment were systematically searched from international
aviation boards, the Airport Council International (ACI),
International Air Transport Association (IATA) and
International Civil Aviation Organisation (ICAO) and
several national and international public health agen-
cies such as the WHO, the United States Centers for
Disease Control and Prevention, Health Canada, the
Health Protection Agency in the United Kingdom and
the Robert Koch Institute in Germany. Standardised
questionnaires were used to interview an international
group of experts to collect case-based information on
events.

Contacts were defined as persons with relevant expo-
sure to an infectious or potentially infectious index
case. The credibility of an exposure was assessed
by referring to event-specific factors such as patho-
gen, infectiousness of the index case, infectious
period, availability of information on on-board expo-
sure, possible alternative exposures, and risk factors
for infection. The evidence of on-board transmission
was assessed for each event according to a set of
established criteria. These criteria took into account
the validity and relevance of diagnostic tests (index
case(s)/contacts), the validity and relevance of infor-
mation for exposures or alternative exposures of con-
tacts, and the susceptibility of contacts. Evidence for
transmission was graded into four categories: high,
probable, possible and none. If no transmission was
concluded, the level of evidence for non-transmission
was assessed using the proportion of the success-
fully traced contacts among all susceptible contacts
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on board the flight. The evidence was assessed as low
if the proportion was smaller than 35%; medium if the
proportion was between 35% and 75%, and high if the
proportion was larger than 75%.

Part II: Disease-specific guidance

Within the second part of the RAGIDA project, the pro-
duction of a series of operational guidance documents
for assisting in the evaluation of risk for transmission
of diseases was initiated. In June 2009, ECDC convened
the first RAGIDA disease-specific expert meeting that
focused on tuberculosis, SARS and invasive meningo-
coccal infections. In 2010 a second meeting followed
that concentrated on measles, rubella, Ebola and
Marburg haemorrhagic fevers, Lassa fever, smallpox
and anthrax.

For both meetings, small, multidisciplinary disease-
specific expert panels were established. The par-
ticipants were selected to include representatives of
national public health authorities, particularly those
with experience in the investigation and follow-up of
incidents involving infectious diseases in travellers,
European and international experts for the disease(s)
under investigation, experts in microbiology and math-
ematic modelling, and representatives of the ECDC,
the European Commission and the WHO International
Health Regulations Coordination Programme. No
conflicts of interest were declared by any of the
participants.

Evidence obtained included the review of the pub-
lished literature by disease related to air travel, the
review of data on air travellers obtained from national
public health authorities (from RAGIDA part 1), and
expert opinions from the members of the expert panel.
Experts discussed basic elements of the Scottish
Intercollegiate Guidelines Network (SIGN) approach
for developing guidelines [10] and reviewed the evi-
dence base taking into account the available scientific
evidence for disease transmission as well as other
relevant aspects such as disease severity, the poten-
tial for public health intervention, and availability of
treatment.

Each disease-specific chapter contains a short litera-
ture review, outlines an approach for contact tracing
including an algorithm and a template for questions
and answers.

Results

Part I: Systematic review and expert interviews

The available information published in peer-reviewed
journals was very limited for most of the diseases for
which only a few on-board transmission events were
described, limiting the power for evidence-based deci-
sion making. With the exception of tuberculosis no
international guidance for contact tracing was identi-
fied [7,11,12]. A detailed report of this first part of the
project has been published [8].
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Part II: Disease-specific guidance

Overall the expert panels agreed that for each of the
diseases contact tracing should be recommended only
after careful risk assessment. Contact tracing was con-
sidered as reasonable if the probability of an infectious
disease causing a secondary infection and/or further
spread in the population was high in conjunction with
an assessment that the impact on human health in
terms of an adverse outcome (the scale of harm caused
by the infectious threat in terms of morbidity and mor-
tality) was also high. Several additional factors were
identified that influence the decision making regarding
contact tracing.

Factors that affect the probability of

disease transmission on board aircrafts

The probability that a certain infectious disease is
transmitted on board an aircraft depends on charac-
teristics of the causative agent and the host, and on
environmental factors. These include:

e infectivity of the index case during the flight in the
symptomatic or pre-symptomatic stage, taking into
account epidemiological attributes such as Ro,
period of shedding, infectiousness period, mode
of transmission, as well as signs and symptoms of
disease;

e susceptibility of the passengers, considering their
level of natural immunity and vaccination status;

e effectiveness of exposure, depending on proximity
to the index case, duration of exposure as well as
the technical specifications of the airplane and the
quality of the cabin air.

Factors that affect the impact on human health
The impact on human health, the scale of harm that a
certain infectious disease causes in terms of morbidity
and mortality, depends on characteristics of the patho-
gen and the host, and on the available means for detec-
tion and intervention. The relevant factors include:

e pathogen-specific attributes for disease manifes-
tation such as virulence, resistance pattern and
case fatality;

e underlying condition associated with severity, con-
sidering compromised immune system, comorbid-
ity or pregnancy;

e means for detection and possibilities for diagno-
sis, taking into account the availability and reli-
ability of diagnostic tests;

e effectiveness of intervention, e.g. availability of
prophylaxis and/or treatment.

Factors that influence the decision on

contact tracing

In addition to the probability of transmission and the
impact on human health, there are several additional
factors that influence the decision making regarding
contact tracing, such as:

e susceptibility of the passengers for the disease,
taking into account the level of natural immunity
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and the vaccine coverage in the population of the
countries of origin and destination;

e the maximum incubation period, i.e. the time
period during which it is possible to intervene with
public health measures; contact tracing at a later
time could be initiated for scientific purposes;

e ethical aspects, e.g. whether treatment is avail-
able or whether containment and/or mitigation
measures are acceptable for the contacts;

e means for response, i.e. the public health actions
taken after identification of infected individuals,
the options that can be offered to the infected indi-
viduals identified by contact tracing;

e alternative actions instead of contact tracing such
as risk communication including leaflets for pas-
sengers of the flight and information on airports;

e media coverage and public attention;

e political sensitivities in the involved countries;

e available resources.

Discussion

In a globalised world, the risk for transmission and
spread of infectious diseases through travel and trade
needs to be addressed. In terms of passenger num-
bers, Europe has four of the eleven airports receiving
the highest passenger numbers worldwide: London,
Paris, Frankfurt and Madrid. Each of them receive more
than 5o million passengers a year (with the larger pro-
portion of passengers on international flights) [1,2],
some of whom are likely to have or incubate infectious
diseases. Airline cabins, as confined spaces, may pro-
vide an environment for disease transmission. There is
some evidence from studies examining microbial con-
taminants in cabin air, that suggest air quality in an air-
line cabin is better than in most buildings [13-15] and
most other means of public transportation (e.g. buses,
trains, subways). Most modern airplanes operate a
ventilation system with laminar air flow with exchange
rates of 20 air exchanges per hours during cruising.
Before re-entering the cabin, the air is filtered through
a set of high-efficiency particulate air (HEPA) filters,
which remove at least 99.97% of airborne particles
between 0.1 and 0.3 pm in diameter and 100% of par-
ticles larger than 0.3 pym in diameter. However, when
an aircraft is parked at the gate with the engines off
for more than 30 minutes with passengers on board,
adequate cabin ventilation should be ensured [16].

According to the IHR which legally bind 194 States
worldwide, events of disease transmission among pas-
sengers on international flights require notification
to the WHO [3]. Member States of the EU must further
provide information on such cases through the appro-
priate designated structures and/or authorities in a
timely manner to allow an effective joint response of
the affected countries [4].

Assessing the risk of transmission of infectious dis-

eases on board an aircraft is not always easy and often
has to rely on individual expert opinion. The available
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evidence is limited and assessing the publicly avail-
able evidence retrieved from the literature/grey litera-
ture is challenging. For most of the infectious diseases
only a small number of studies are available on a lim-
ited number of events. The majority of the studies are
observational, lack an appropriate control group and
do not control for biases. In most of the reported stud-
ies the proportion of passengers (contacts) success-
fully traced and followed up is small, and for diseases
with a long incubation period such as tuberculosis,
asymptomatic passengers are often not followed up
long enough to document seroconversion. For diseases
with a high proportion of asymptomatic or mild cases
or with an atypical presentation, cases are less likely
to be detected because diagnostic tests are less likely
to be performed. In addition, studies not showing
transmission or disease outcome are less likely to be
published (publication bias).

The decision on public health action and contact trac-
ing has to be made fast and is influenced by several
factors that differ between countries, such as the avail-
able resources, the purpose of contact tracing, its fea-
sibility and the perception of the risk of the disease
when evidence is lacking or when media attention or
political pressure is high. Contact tracing requires sig-
nificant resources in terms of manpower, money, and
time. The amount of resources needed further depends
on the objective of the tracing, e.g. whether it is done
to initiate disease containment measures, disease mit-
igation measures, to delay the spread of the disease
or to eradicate the disease. Only a limited number of
studies are available on the cost-effectiveness of con-
tact tracing in this regard. In the case of tuberculosis
several studies indicate that the costs are high and the
outcome is poor [17,18]. It must also be considered that
adequate contact tracing in resource-poor countries
may come at the expense of other more effective health
measures [18]. Contact tracing is often complicated
when passenger information is lacking. Aircraft mani-
fests are not standardised across airlines and passen-
ger lists are rarely kept for more than 48 hours. Legal
matters and data protection issues could hamper the
exchange of information between countries and organ-
isations. Communication and coordination between the
different national authorities can be complex and the
proportion of contacts that can be successfully traced
is often rather small [19,20].

Finally the perception of a risk plays a crucial role in
its assessment and the decision for contact tracing.
Assessments are influenced not only by the societal
environment in which events occur and decisions are
being made, but also by politics and the economic situ-
ation in a country. An infectious disease assessed at
low risk, for instance, can have a significant economic
and political impact in a certain context.

Conclusions

Considering the lack of published data available on
evaluating the risk of transmission of most infectious
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agents on board aircrafts, and taking into account the
key factors that influence the decision making, the
RAGIDA guidance provides a viable evidence-based
tool for public health authorities determining triggers
and making decisions on whether to undertake contact
tracing in air travellers or crew. These guidance docu-
ments may be adapted to the local situation, national
and international regulations or preparedness plans.
To improve the evidence base for contact tracing and to
conclude on the cost-effectiveness of this public health
intervention, information on the outcome of disease
events during air travel needs to be collected continu-
ously as initiated by this project.
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A standardised methodology for a combined point
prevalence survey (PPS) on healthcare-associated
infections (HAIs) and antimicrobial use in European
acute care hospitals developed by the European Centre
for Disease Prevention and Control was piloted across
Europe. Variables were collected at national, hospital
and patient level in 66 hospitals from 23 countries. A
patient-based and a unit-based protocol were avail-
able. Feasibility was assessed via national and hos-
pital questionnaires. Of 19,888 surveyed patients,
7.1% had an HAI and 34.6% were receiving at least one
antimicrobial agent. Prevalence results were highest
in intensive care units, with 28.1% patients with HAI,
and 61.4% patients with antimicrobial use. Pneumonia
and other lower respiratory tract infections (2.0%
of patients; 95% confidence interval (Cl): 1.8-2.2%)
represented the most common type (25.7%) of HAI.
Surgical prophylaxis was the indication for 17.3% of
used antimicrobials and exceeded one day in 60.7% of
cases. Risk factors in the patient-based protocol were
provided for 98% or more of the included patients and
all were independently associated with both pres-
ence of HAI and receiving an antimicrobial agent. The
patient-based protocol required more work than the
unit-based protocol, but allowed collecting detailed
data and analysis of risk factors for HAI and antimicro-
bial use.

Introduction

Healthcare-associated infections (HAIs) and antimi-
crobial resistance are well known major public health
threats. The European Centre for Disease Prevention
and Control (ECDC) proposed in 2008 that the total
burden of HAIs should be measured regularly and in a
standardised manner throughout the European Union
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(EU) [1]. The initial steps towards standardisation of
surveillance of HAls in Europe had been carried out
on surgical site infections and infections in intensive
care units by the ‘Hospitals in Europe Link for Infection
Control through Surveillance (HELICS)’ project, from
2000 to 2003 [2-6].

Subsequently, HELICS implemented standardised sur-
veillance of HAls in 2004 and 2005, and later as part
of the ‘Improving Patient Safety in Europe (IPSE)’ net-
work from 2005 to 2008 [7] which was transferred to
ECDC in July 2008. Continuous surveillance, especially
prospective active surveillance, is the gold standard
[8]. However, repeated point prevalence surveys (PPSs)
represent a more feasible alternative for hospital-wide
surveillance of all HAls, while still allowing the estima-
tion of disease burden by HAls in acute hospitals, and
helping to prioritise areas requiring interventions [9].
Based on a review of 30 national or multicentre PPSs
in 19 countries that had been carried out between 1996
and 2007 and included a total of 837,450 patients,
ECDC estimated in 2008 the prevalence of HAls in EU
acute care hospitals to be on average of 7.1% [1].

However, major methodological differences between
these PPSs made comparison between countries
impossible [1,10-13]. When coordination of the IPSE
network was transferred to ECDC in July 2008, ECDC
recommended that surveillance in the EU should
include all types of HAIls. Subsequently, the ECDC pre-
pared a protocol for a PPS of HAls in acute care hospi-
tals, which was finalised in March 2011 [14].

Although most antimicrobials are prescribed in the
community [15], the selective pressure they exert is
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much higher in hospitals, where the proportion of
patients receiving antimicrobial agents is much higher
there than in the community [16]. This is considered
to be the main reason why microorganisms isolated
from hospital infections show more resistant profiles
than microorganisms from community infections [17].
Various hospital PPSs on antimicrobial use were car-
ried out in the last three decades [18-22]. Also these
PPS varied greatly in aims, protocols and populations
surveyed, thus making comparison of their results
difficult. The ‘European Surveillance of Antimicrobial
Consumption (ESAC)’ project initiated standardisa-
tion of the methodology for measuring antimicrobial
consumption across Europe [23-26]. This methodology
has proven feasible and reliable [24,25,27]. In view
of the transition of the ESAC network to ECDC in July
2011, the ESAC methodology for PPS of antimicrobial
use was integrated as part of an ECDC protocol for PPS
of HAls and antimicrobial use in acute care hospitals.
Combined PPSs of HAls and antimicrobial use had also
previously been carried out in different populations
[28-32], but again with large methodological differ-
ences between surveys.

The main aim of this ECDC pilot PPS was to test a
common European methodology for PPSs of HAls and
antimicrobial use in acute care hospitals before its
implementation across the EU, with the specific objec-
tives to estimate the total burden of HAls and antimicro-
bial use and disseminate the results at local, regional,
national and EU level. The ECDC pilot PPS protocol met
the objectives of the Council Recommendation of 9 June
2009 on patient safety, including the prevention and
control of HAls (2009/C 151/01), and specifically arti-
cle 11.8.c of this recommendation, i.e. “to establish or
strengthen active surveillance at institution, regional
and national level” [33]. In addition, the ECDC pilot PPS
also met the objectives of Council Recommendation of
15 November 2001 on the prudent use of antimicrobial
agents in human medicine (2002/77/EC) [34].

Methods

Participating countries and hospitals

In January 2010, ECDC invited all national contact
points for HAI surveillance and/or experts designated
as national expert for the ECDC PPS to participate in
the pilot PPS study and enter at least one institution
qualified as acute care hospital according to national
definitions. Two or more hospitals per country were
preferred to allow testing of both the patient-based
(’standard’) and unit-based (’light’) version of the pro-
tocol in the same country. In total, 23 countries (22 EU
Member States and one EU enlargement country) par-
ticipated in the survey with 66 hospitals and including
19,888 patients.

The number of hospitals per country was: Belgium (n=7
hospitals), Bulgaria (n=2), Croatia (n=2), Cyprus (n=3),
Czech Republic (n=2), Estonia (n=2), Finland (n=16),
France (n=3), Germany (n=1), Greece (n=1), Hungary
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(n=2), Italy (n=g4), Latvia (n=2), Lithuania (n=3),
Luxembourg (n=1), Malta (n=1), Poland (n=1), Portugal
(n=2), Romania (n=1), Slovakia (n=2), Slovenia (n=2),
Spain (n=5), and the United Kingdom, Scotland (n=1).

The national contact points acted as national PPS
coordinators and invited hospitals to participate on
a voluntary basis. As this was a pilot survey, we did
not aim for a representative sample of hospitals in the
countries. It was recommended to include both large
and small hospitals in order to test the feasibility of the
protocol in different settings. Information on the size
and type (primary, secondary, tertiary and specialised)
of each hospital was collected through a specific hos-
pital questionnaire. National questionnaires were used
to collect data on the number of acute care hospitals
and beds for the entire country and by hospital type.

Case definitions

European case definitions for HAls were used where
these had been developed previously by HELICS or
other European projects [35-38], whereas case defi-
nitions from the National Healthcare Safety Network
(NHSN, formerly NNIS) at the United States Centers
for Disease Control and Prevention (CDC) were used
otherwise [39,40]. In the HAI section, data on microor-
ganisms and the respective resistant phenotype were
collected. Only results that were already available on
the date of the survey were included.

For the purposes of this protocol, an infection was
defined as active on the day of the survey when:

1. signs and symptoms were present on the date of the
survey;

OR

2. signs and symptoms were no longer present but the
patient was still receiving treatment for that infection
on the date of the survey. In this case, the symptoms
and signs occurring from the start of treatment until
the date of the survey were checked to ascertain that
the infection matched one of the case definitions of
HAI.

An active infection was defined as healthcare-associ-
ated (associated to acute care hospital stay only, for
the purpose of this protocol) when:

1. the onset of the signs and symptoms was on Day 3
of the current admission or later (with Day 1 the day of
admission);

OR

2. the signs and symptoms were present at admission
or became apparent before Day 3, but the patient had
been discharged from an acute care hospital less than
two days before admission;

OR

3. the signs and symptoms of an active surgical site
infection were present at admission or started before
Day 3, and the surgical site infection occurred within
30 days of a surgical intervention (or in the case of
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surgery involving an implant, a deep or organ/space
surgical site infection that developed within a year of
the intervention);

OR

4. the signs and symptoms of a Clostridium difficile
infection were present at admission or started before
Day 3, with the patient having been discharged from
an acute care hospital less than 28 days before the cur-
rent admission.

For antimicrobial use, the Anatomical Therapeutic
Chemical (ATC) classification system of the World Health
Organization Collaborating Centre for Drug Statistics
Methodology was used [41]. Antimicrobial agents for
systemic use within the ATC groups Ao7AA (intestinal
anti-infectives), Do1BA (dermatological antifungals for
systemic use), Jo1 (antibacterials for systemic use), Jo2
(antimycotics for systemic use), Jo4ABo2 (rifampicin)
and Po1AB (nitroimidazole-derived antiprotozoals)
were included. Antiviral agents and antimicrobials for
the treatment of tuberculosis were not included.

As in the former ESAC hospital PPS protocol [23-26],
antimicrobial treatment was recorded if, at the time
of survey, the antimicrobial agent was still prescribed
on the treatment chart. In the case of surgical prophy-
laxis, any single dose of an antimicrobial agent given
within the 24-hour period before 8:00 am on the day of
the survey was recorded. This time window for surgical
prophylaxis allowed making the distinction between
single dose prophylaxis, one day prophylaxis, or pro-
phylactic doses given over more than one day.

Data collection and inclusion criteria

Two data collection protocols were available for use by
participating hospitals. The first was patient-based:
Denominator data, including risk factors, were collected
for each individual patient irrespective of whether
the patient had a HAI and/or received antimicrobials.
The patient form for this protocol also included more
detailed information, such as the presence of invasive
devices, the specialty area of the patient’s disease or
consultant in charge of the patient and the McCabe
score (the McCabe score classifies the severity of
underlying medical conditions) [42]. The second proto-
col was unit-based: Denominator data were aggregated
at ward level, and a patient form was used only for
patients with a HAl and/or receiving antimicrobials. For
both protocols, data were also collected at both ward
level (ward name and specialty) and hospital level,
including hospital type, size and whether or not any
wards were excluded from the survey.

Each participating hospital had to choose one of
the two data collection protocols. For each ward, all
patients registered on the ward census before 8:00 am
and not discharged from the ward at the time of the
survey were assessed. Patients who were temporarily
absent from the ward (e.g. for medical imaging, endos-
copy, surgery) were included in the survey. Day admis-
sions, outpatients (including patients attending the
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hospital for haemodialysis) and patients at the Accident
and Emergency department were excluded. In addition,
given that the agreed objective of the EU-wide ECDC
PPS was to estimate the burden of HAIs and antimi-
crobial use in acute care hospitals only, long-term care
units in acute care hospitals were excluded from the
survey; however, long-term patients within an acute
care ward were included. It was recommended that
each participating hospital should include all eligible
patients in the survey. Despite this recommendation,
five of the 66 hospitals excluded one or several wards
that were eligible for inclusion, because the hospital
staff considered that being exhaustive was not needed
for a pilot study.

The ECDC pilot PPS protocol recommended that person-
nel experienced in reading patient charts/notes and in
identifying HAIs (e.g. infection control professionals,
clinical microbiologists, infectious disease physicians)
should act as survey team leaders in the hospitals. To
obtain better information, collaboration with the clini-
cal team in charge of patient care was recommended
rather than exclusively reading the patient chart/notes
and laboratory results. The number and type of health-
care workers (HCWs) performing the PPS in the hospi-
tal was assessed by questionnaire.

Data collectors in the hospital were trained by the
national PPS coordinators to become familiar with
the protocol and case definitions. Training material in
English language was provided by ECDC through a con-
tract with the Health Protection Agency, London (con-
tract ECD.1842).

Time window

The ECDC pilot PPS had to be carried out any time
between May and October 2010. The ideal duration of
a ‘point’ prevalence survey is a single day but this was
not feasible for the majority of participants due to the
size of the hospital and/or the lack of trained person-
nel. To ensure feasibility of the survey, the maximum
total time allowed to complete data collection in each
hospital was three weeks and preferably not more than
two weeks. Each individual ward, and if possible each
respective department (e.g. all medical wards), had to
be surveyed on the same day.

Data entry

Each country was free to organise its own system for
data entry and processing, as long as all variables
were collected in accordance with the ECDC methodol-
ogy. It was not possible for a hospital to use a mixture
of the patient-based and unit-based protocols. Most
hospitals entered their data directly into an adapted
version of the ESAC WebPPS located on the server
of the University of Antwerp [24,25]. Only one coun-
try (Slovenia), participating with two hospitals, used
its local software, whilst Belgium used the WebPPS
installed on the server of the Belgian Scientific Institute
for Public Health (WIV-ISP) in Brussels. Belgian
data were uploaded on the WIV-ISP server and were
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later incorporated into the European data set at the
University of Antwerp. Data from Slovenia were con-
verted by ECDC and then transferred to the University
of Antwerp for incorporation into the central database.

Feasibility and workload

An additional feasibility questionnaire was sent to the
national contact points of the 23 participating countries
and to the corresponding 66 hospital contact points.
At the national level, we requested information about
whether a list of hospitals by type (primary, second-
ary, tertiary and specialised) and size was available,
thus assessing the feasibility of a systematic sam-
pling design using these variables in future surveys.
National contact points were also asked to give any
other feedback regarding the feasibility of obtaining a
representative sample of hospitals in their country. In
addition, data about the workload needed for training,
data collection and data entry were requested both at
the national and hospital level. The number and type of
HCWs involved in the survey were also collected.

Data analysis

Data were analysed at the University of Antwerp and at
ECDC using Stata 10.1 (StataCorp Texas, US). Binomial
exact confidence limits were calculated where appro-
priate. Risk factor analysis was performed separately
for HAls and for antimicrobial use using multiple logis-
tic regression. Presence of a peripheral and central
vascular catheter were excluded from the multiple
logistic regression model since the time relationship
between insertion of a catheter and start of parenteral
antimicrobial use cannot be deduced from the protocol.
In both models, p values below 0.05 were considered

TABLE 1

as statistically significant. Individual hospital reports
(Microsoft Excel spreadsheets) summarising the hospi-
tal’s prevalence figures, compared to the aggregated
prevalence figures of all participating hospitals in the
country, were produced by ECDC using Stata 10.1 and
sent to the national contact points for further distribu-
tion and feedback to the hospital contact points. We
did not receive any feedback from the hospitals that
these reports were not concordant with local hospital
data.

Results

A total of 19,888 patients from 66 hospitals in 23 coun-
tries were included in the ECDC pilot PPS. Fifty hospi-
tals used the patient-based protocol and 16 hospitals
used the unit-based protocol.

Hospital characteristics were available for 65 hospi-
tals. University or other teaching hospitals (defined
as ’tertiary’ hospitals in the protocol) represented
52.3% of participating hospitals, secondary hospitals
24.6%, primary hospitals 15.4% and specialised hos-
pitals 7.7%, with an average hospital size of 614 beds,
431 beds, 215 beds and 300 beds, respectively. The
overall average hospital size in the study sample was
483 beds (median: 400 beds). At national level, only
13 countries (representing 29 hospitals in the study
sample) were able to provide national numbers of hos-
pitals by type. Tertiary hospitals represented 7.7% of
all acute care hospitals in these countries, secondary
hospitals 31.1%, primary hospitals 49.3% and special-
ised hospitals 11.9%. The total number of hospitals
in these 13 countries was 2,609 with on average 298

Prevalence of healthcare-associated infections and antimicrobial use in surveyed patients, by specialty, during the ECDC

pilot point prevalence survey, 2010 (n=19,888)

Surveyed patients

Specialty

Patients with HAI? Patients with antimicrobial use®

ne %¢ ne %¢ ng %¢
Surgery 6,653 33.5 518 7.8 2,584 38.8
Medicine 7,833 39.4 505 6.4 2,888 36.9
Paediatrics 1,024 5.1 38 3.7 310 30.3
Intensive care 915 4.6 257 28.1 562 61.4
Obstetrics and Gynaecology 1,711 8.6 32 1.9 313 183
Geriatrics 502 2.5 33 6.6 117 23.3
Psychiatry 828 4.2 2 0.2 18 2.2
Other/mixed 422 2.1 23 5.5 83 19.7
All specialties 19,888 100 1,408 7.1 6,875 34.6

ECDC: European Centre for Disease Prevention and Control; HAI: healthcare-associated infection.

Patients with a least one HAI.

Patients receiving at least one antimicrobial agent.
Number of patients in category.

Percentage of total (column percent).

Percentage within category (category percent).

® a o o o
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beds (median: 261 beds), for a total population of 160
million inhabitants in 2010.

Healthcare-associated infections

Overall, 7.1% patients had at least one HAI, ranging
from 0.2% in psychiatry to 28.1% in intensive care
departments (Table 1). The prevalence of HAIs was
5.8% in primary hospitals, 6.3% in secondary hospi-
tals, 7.4% in tertiary hospitals and 7.8% in specialised
hospitals.

The most common type of HAI was pneumonia and
other lower respiratory tract infections, representing
25.7% of all reported HAls (Table 2). The second most
frequently reported type of HAI was surgical site infec-
tion (18.9%), followed by urinary tract infection (17.2%),
bloodstream infection (14.2%) and gastro-intestinal
infection (7.8%). Clostridium difficile infections repre-
sented 1.4% of all HAIs. On average, there were 1.09
HAls per infected patient (or a total of 1,531 HAIs in
1,408 patients with HAI). The median length of stay
before onset of HAIl acquired during the current hospi-
talisation (n=1,159) was 12 days (range: 4-65 days). Of
372 (24%) HAls present at admission, 58% were associ-
ated with a previous stay in the same hospital.

For 59.1% of the HAls, a positive microbiology result
was available, ranging from 40.3% for gastro-intestinal
infections to 94.0% in bloodstream infections (Table

3).

The most commonly isolated groups of microorgan-
isms were Gram-negative non-Enterobacteriaceae in
pneumonia (36.5%), Enterobacteriaceae in urinary tract
infections (63.8%) and Gram-positive cocci in surgical
site infections (54.3%). Overall, the most commonly
isolated microorganism was Escherichia coli (15.2%
overall, and 37.1% in urinary tract infections), followed
by Staphylococcus aureus (12.1% overall and 21.5% in
surgical site infections).

Carbapenem resistance was reported in 3.2% of
Enterobacteriaceae, 23.4% of Pseudomonas aerugi-
nosa and 20.4% of Acinetobacter spp. The percentage
of meticillin-resistant S. aureus (MRSA) was 34.2% and
that of glycopeptide-resistant Enterococcus spp. was
5.4%.

Antimicrobial use

A total of 6,875 patients (34.6%) received at least one
antimicrobial agent at the time of the survey, rang-
ing from 2.2% in psychiatry to 61.4% in intensive care
departments (Table 1). The prevalence of antimicrobial
use was 36.2% in primary hospitals, 32.1% in second-
ary hospitals, 35.7% in tertiary hospitals and 28.7%
in specialised hospitals. Analysing the antimicrobial
agents used by main indication (treatment, surgical
prophylaxis and medical prophylaxis) revealed dif-
ferences in the use of different antimicrobial classes
(Table 4).
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Pneumonia or other lower respiratory tract infection
was the most common indication (29.2%) for antimicro-
bial treatment, and accounted for 31.6% of intentions
for treatment of community infection, and 24.8% of
intentions for treatment of hospital infection.

The most widely used antimicrobial agents at ATC 4th
level were combinations of penicillins with beta-lacta-
mase inhibitors (16.3%), mainly for treatment intention
(18.0%). For surgical prophylaxis, first- and second-
generation cephalosporins were mostly chosen: 26.8%
and 20.0%, respectively. For medical prophylaxis, fluo-
roquinolones, primarily ciprofloxacin, were the most
widely used antimicrobial agents.

Table 5 summarises the indications for antimicro-
bial use, their route of administration and whether
the reason for antimicrobial use was indicated on the
patient chart. Community infection was the most com-
mon treatment intention (41.3%), followed by hospital
infection (24.0%). Surgical prophylaxis (17.3%) was
prolonged for more than one day in 60.7% of cases.
Medical prophylaxis accounted for 13.5% of antimicro-
bial use. The parenteral route of administration was
used for 71.9% of administered antimicrobial agents.
A reason was included in the chart of 69.3% of the
patients on antimicrobials (Table 5).

Risk factors

Data from the 50 hospitals that used the patient-based
protocol, including patient characteristics and risk
factors, are shown in Table 6. Using multiple logis-
tic regression, the presence of an HAI was indepen-
dently associated with age (highest adjusted odds
ratio in children under five years-old, p<o0.001), male
sex (p<o.0s5), length of stay before onset of HAI (p for
trend<o.001), the McCabe score (p for trend<o.001),
the number of invasive devices (urinary catheter and
intubation) before onset of infection (p for trend<o.001)
and surgery since admission (p<o0.001). Antimicrobial
use was independently associated with age (highest
adjusted odds ratio in the age category 1-4 years,
p<0.001), male sex (p<o0.001), the McCabe score (p for
trend<o.001), the number of invasive devices (urinary
catheter and intubation, p for trend <o0.001), length of
stay in the hospital (p for trend<o.05) and surgery since
admission (p<0.001).

Feasibility

Thirteen countries (Belgium, Bulgaria, Cyprus, Estonia,
France, Greece, lItaly, Lithuania, Malta, Portugal,
Romania, Slovakia and Spain) responded to the national
feasibility questionnaire. Fifty hospitals responded to
the hospital feasibility questionnaire.

Overall, the average number of HCW involved in data
collection, excluding ward staff, was six, with a maxi-
mum of 21. In five hospitals, one single HCW was
involved in the data collection process. Ward staff was
involved in 20 hospitals. On average per hospital, 3,7
different types of HCW were involved in the survey for
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TABLE 2

Prevalence of healthcare-associated infections and antimicrobial use in surveyed patients, by specialty, during the ECDC
pilot point prevalence survey, 2010 (n=19,888)

Antimicrobial use (treatment only)?

Treatment intended

i . Treatment intended
or community

All treatment

. g .
Type of infection intentions infection ol el
0,
il ati/gnts n Relative n Relative n Relative n Relative
patients® [[;5% cIe HAls® % HAIs f intentions % intentions % intentions %

Pneumonia or other

- 2.0
lower respiratory tract 392 [1.8-2.2] 394 25.7 1,328 29.2 922 31.6 382 24.8
infection ’ :
Surgical site infection 290 [ 31_’51 6] 290 18.9 -8 -8 -8 —g _s _s
Urinary tract infection 263 [1'21;31'5] 264 17.2 679 14.9 412 14.1 237 15.4
Bloodstream infection 1.1
(BSI)" 216 [0.9-1.2] 217 14.2 219 4.8 67 2.3 145 9.4
Gastrointestinal 0.6
infection 118 [0.5-0.7] 119 7.8 593 13.0 466 16.0 117 7.6
Skin and soft tissue 0.
infection 59 [0.2_30.4] 59 3.9 646 14.2 357 12.2 279 18.1
Bone or joint 0.2
infection 38 [0.1-0.3] 39 25 154 3-4 92 32 60 39
Eye, ear, nose or 0.2
mouth infection 47 [0.2-0.3] 47 31 an 4.6 170 5.8 4 2.7
Systemic infection” 40 o f_’i 3] 40 2.6 668 14.7 318 10.9 334 21.7
Cardiovascular 0.1
system infection 26 [0.1-0.2] 26 .7 76 7 40 14 36 23
Central nervous ) 0.1 ) 10 6 s 1.8 1 0.8
system infection 5 [0.0-0.1] 5 : 7 & 54 ! !
Catheter-related oA
infections without 11 lo o;o 1 11 0.7 - - - -8 -8 -
bloodstream infection . :
Reproductive tract 0.1
infection 10 [0.0-0.1] 10 0.7 65 1.4 49 1.7 16 1.0
Missing/unknown o] NA NA NA 65 1.4 39 1.3 25 1.6
Total 1,408 6 77_17 5] 1,531 100 4,552 100 2,919 100 1,539 100

Cl: confidence interval; ECDC: European Centre for Disease Prevention and Control; HAI: healthcare-associated infection; NA: not applicable.

2 This table does not include antimicrobials used for prophylaxis or for unknown indications (shown in Table 5).

® The category “Treatment intended for infections acquired in long-term care facilities” represented 2.0% of all treatment intentions and is
not shown in the table.

¢ Number of patients with HAI (site-specific number)

4 Percentage of patients with HAI (site-specific prevalence)
¢ Number of HAls.

f Percentage of total number of HAls (relative percentage)

¢ For used antimicrobials, the types of infection ‘surgical site infection’ and ‘catheter-related infection without bloodstream infection’ were
not specifically recorded and could be included within the category ‘skin and soft tissue infection’.

" Includes catheter-related infections with positive blood culture, and neonatal bloodstream infections and clinical sepsis. For used
antimicrobials, some bloodstream infections (bacteraemia) may have been included in the category ‘systemic infection’.

www.eurosurveillance.org 41



TABLE 3

Distribution of microorganisms isolated in healthcare-associated infections, by main type of infection, ECDC pilot point
prevalence survey, 2010 (n=1,165)

HAls and microorganisms

All types of
infection

n (D/o)

Pneumonia or
other lower
respiratory tract
infection

n (o/o)

Surgical site

infection

n (O/o)

Urinary tract

infection

n (D/o)

Bloodstream

infection

n (o/o)

Gastrointestinal

infection

n (o/o)

HAIls, total 1,531 (100) 394 (25.7) 290 (18.9) 264 (17.2) 200 (13.1) 119 (7.8)
HAIs with microorganisms 905 (59.1) 191 (48.5) 172 (59.3) 187 (70.8) 188 (94.0) 48 (40.3)
Microorganisms, total 1,165 (100) 249 (100) 247 (100) 210 (100) 228 (100) 65 (100)
Major groups of microorganisms

Gram-positive cocci 410 (35.2) 46 (18.5) 134 (54.3) 39 (18.6) 95 (41.7) 21 (32.3)
Enterobacteriaceae 404 (34.7) 80 (32.1) 58 (23.5) 134 (63.8) 79 (34.7) 18 (27.7)
ggimfgéfggzstssgt;zae 226 (19.4) 91 (36.5) 36 (14.6) 29 (13.8) 30 (13.2) 7 (10.8)
Fungi 69 (5.9) 23 (9-2) 5 (2.0) 7 (33) 17 (7.5) 4(6.2)
Top 15 microorganisms (accounting for (92.4% of total number microorganisms)

Escherichia coli 177 (15.2) 24 (9.6) 29 (11.7) 78 (37.1) 29 (12.7) 10 (15.4)
Staphylococcus aureus 141 (12.1) 26 (10.4) 53 (21.5) 2 (1.0) 26 (11.4) 5 (7.7)
Pseudomonas aeruginosa 131 (11.2) 44 (17.7) 24 (9.7) 21 (10.0) 17 (7.5) 6 (9.2)
Enterococcus spp. 114 (9.8) 4 (1.6) 33 (13.4) 32 (15.2) 21 (9.2) 11 (16.9)
Sfaapghuylﬁfg?figa“ve 97 (8:3) 3(1.2) 33 (13.4) 3 (1.4) 38 (16.7) 1(1.5)
Klebsiella spp. 94 (8.1) 22 (8.8) 7 (2.8) 30 (14.3) 25 (11.0) 3 (4.6)
Candida spp. 56 (4.8) 15 (6.0) 3(1.2) 6 (2.9) 16 (7.0) 3 (4.6)
Enterobacter spp. 49 (4.2) 13 (5.2) 10 (4.0) 6 (2.9) 10 (4.4) 1 (1.5)
Acinetobacter spp. 49 (4.2) 18 (7.2) 5 (2.0) 5 (2.4) 9 (4.0) 1 (1.5)
Streptococcus spp. 45 (3.9) 13 (5.2) 11 (4.5) 2 (1.0) 4 (1.8) 4 (6.2)
Proteus spp. 35 (3.0) 5 (2.0) 6 (2.4) 15 (7.1) 4 (1.8) o (0)
Anaerobic bacilli 24 (2.1) 1 (0.4) 5 (2.0) o (0) 5 (2.2) 11 (16.9)
Serratia spp. 17 (1.5) 11 (4.4) 1(0.4) o (o) 5 (2.2) o (0)
Other Enterobacteriaceae 17 (1.5) 3(1.2) o (0) 1 (0.5) 4 (1.8) 3 (4.6)
Stenotrophomonas maltophilia 16 (1.4) 11 (4.4) 3 (1.2) o (0) 1(0.4) o (o)
Citrobacter spp. 15 (1.3) 2 (0.8) 5 (2.0) 4 (1.9) 2 (0.9) 1 (1.5)

ECDC: European Centre for Disease Prevention and Control; HAI: healthcare-associated infection.

The table only shows details for the main infection types. The total also includes all other HAI types.
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TABLE 4

Distribution of antimicrobial agents (ATC 4th and 5th levels) by main indication for use, ECDC pilot point prevalence

survey, 2010 (n=9,588 antimicrobial agents)

All indications

Treatment

Surgical
prophylaxis

Medical
prophylaxis

n (o/o)

n (%)

n (O/o)

n (0/0)

Antimicrobial agents, total 9,588 (100) 6,365 (100) 1,654 (100) 1,293 (100)
Top antimicrobial agents at ATC 4th level (accounting for 93.1% of use)

Combinations of penicillins, incl. beta-lactamase inhibitors (Jo1CR) 1,566 (16.3) 1,147 (18.0) 217 (13.1) 145 (11.2)
Fluoroquinolones (Jo1MA) 1,293 (13.5) 948 (14.9) 133 (8.0) 168 (13.2)
Second-generation cephalosporins (Jo1DC) 900 (9.4) 475 (7.5) 330 (20.0) 76 (5.9)
Third-generation cephalosporins (Jo1DD) 701 (7.3) 521 (8.2) 94 (5.7) 67 (5.2)
First-generation cephalosporins (Jo1DB) 599 (6.2) 121 (1.9) 444 (26.8) 23 (1.8)
Carbapenems (Jo1DH) 583 (6.1) 503 (7.9) 25 (1.5) 37 (2.9)
Imidazole derivatives (Jo1XD) 494 (5.2) 278 (4.4) 151 (9.1) 51 (3.9)
Glycopeptide antibacterials (Jo1XA) 449 (4.7) 365 (5.7) 41 (2.5) 31 (2.4)
Aminoglycosides (Jo1GB) 427 (4.5) 277 (4-4) 72 (4.4) 69 (5.3)
Triazole derivatives (Jo2AC) 424 (4.4) 246 (3.9) 11 (0.7) 153 (11.8)
Penicillins, extended spectrum without anti-pseudomonal activity (Jo1CA) 289 (3.0) 200 (3.1) 18 (1.1) 65 (5.0)
Combinations of sulfonamides and trimethoprim, incl. derivatives (Jo1EE) 252 (2.6) 70 (1.1) 7 (0.4) 163 (12.6)
Lincosamides (Jo1FF) 232 (2.4) 183 (2.9) 38 (2.3) 11 (0.9)
Macrolides (Jo1FA) 185 (1.9) 144 (2.3) 4 (0.2) 26 (2.0)
Beta-lactamase-resistant penicillins (Jo1CF) 160 (1.7) 138 (2.2) 16 (1.0) 5 (0.4)
Nitroimidazole derivatives (Po1AB) 134 (1.4) 102 (1.6) 17 (1.0) 9 (0.7)
Beta-lactamase-sensitive penicillins (Jo1CE) 133 (1.4) 90 (1.4) 9 (0.5) 32 (2.5)
Other antibacterials (Jo1XX) 102 (1.1) 80 (1.3) 4 (0.2) 11 (0.9)
Top antimicrobial agents at ATC sth level (accounting for 70.8% of use)

Amoxicillin and enzyme inhibitor (Jo1CRo2) 1,045 (10.9) 696 (10.9) 193 (11.7) 104 (8.0)
Cefuroxime (Jo1DCo2) 866 (9.0) 466 (7.3) 318 (19.2) 63 (4.9)
Ciprofloxacin (JotMA02) 844 (8.8) 607 (9.5) 100 (6.0) 113 (8.7)
Metronidazole (JoiXDo1) 493 (5.1) 277 (4.4) 151 (9.1) 51 (3.9)
Cefazolin (Jo1DBo4) 473 (4.9) 57 (0.9) 396 (23.9) 12 (0.9)
Piperacillin and enzyme inhibitor (Jo1CRo5) 432 (4.5) 374 (5.9) 19 (1.1) 36 (2.8)
Ceftriaxone (Jo1DDog4) 396 (4.1) 282 (4.4) 52 (3.1) 47 (3.6)
Vancomycin (parenteral) (Jo1XAo1) 376 (3.9) 310 (4.9) 36 (2.2) 26 (2.0)
Meropenem (Jo1DHo2) 375 (3.9) 322 (5.1) 9 (0.5) 29 (2.2)
Fluconazole (Jo2ACo1) 319 (3.3) 201 (3.2) 11 (0.7) 96 (7.4)
Levofloxacin (Jo1MA12) 310 (3.2) 246 (3.9) 13 (0.8) 34 (2.6)
Gentamicin (Jo1GBo3) 265 (2.8) 151 (2.4) 62 (3.7) 46 (3.6)
Sulfamethoxazole and trimethoprim (Jo1EEo1) 235 (2.5) 66 (1.0) 7 (0.4) 150 (11.6)
Clindamycin (Jo1FFo1) 228 (2.4) 183 (2.9) 34 (2.1) 11 (0.9)
Imipenem and enzyme inhibitor (Jo1DH51) 141 (1.5) 120 (1.9) 11 (0.7) 7 (0.5)

ATC: Anatomical Therapeutic Chemical; ECDC: European Centre for Disease Prevention and Control; HAI: healthcare-associated infection.

The category “Unknown indication” represented 2.9% of the total and is included in the first column.
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TABLE 5

Antimicrobial use: prevalence, indication, route of administration and reason in patient charts/notes, ECDC pilot point
prevalence survey, 2010 (n=6,875 patients)

Patients with antimicrobial use® Antimicrobial agents
n % [95% Cl] il Relative %°

Total 6,875 34.6 [33.8-35.4] 9,588 100
Indication

Treatment 4,500 22.6 [22.0-23.3] 6,365 66.4
Intended for community infection 2,919 14.7 [14.1-15.2] 3,957 413
Intended for hospital infection 1,539 7.7 [7.—-8.1] 2,300 24.0
Intended for other healthcare-associated infection 94 0.5 [0.4-0.6] 108 1.1
Surgical prophylaxis 1,396 7.0 [6.7-7.4] 1,654 17.3
Single dose 336 1.7 [1.5-1.9] 357 3.7
One day 265 1.3 [1.2-1.5] 293 3.1
More than one day 810 4.1[3.8-4.4] 1,004 10.5
Medical prophylaxis 979 4.9 [4.6-5.2] 1,293 13.5
Unknown indication 211 1.1 [0.9-1.2] 276 2.9

Route of administration

Parenteral 5,098 25.6 [24.9-26.3] 6,891 71.9
Oral 2,218 11.2 [10.7-11.6] 2,648 27.6
Other/unknown 49 0.2 [0.2-0.3] 49 0.5
Reason in patient charts/notes

Yes 4,819 24.2 [23.6-24.9] 6,647 69.3
No 2,171 10.9 [10.5—11.4] 2,939 30.7
Unknown 2 0.0 [0.0-0.0] 2 0.0

Cl: confidence interval; HAI: healthcare-associated infection.
2 Patients receiving a least one antimicrobial agent.

® Prevalence of antimicrobial use in each category.
¢ Percentage of total number of antimicrobials (relative frequency).
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TABLE 6

Prevalence of healthcare-associated infections and antimicrobial use, by patient risk factors (standard patient-based protocol
only, 50 hospitals), ECDC pilot point prevalence survey, 2010 (n=14,329)

Surveyed patients Patients with HAls? Patients with antimicrobial use®

ng %¢ n %¢ n %°
All patients 14,329 100 1,072 7.5 5,201 36.3
Age group (years)
<1 746 5.2 58 7.8 181 24.3
1-4 267 1.9 18 6.7 135 50.6
5-14 393 2.7 12 3.1 148 377
15-24 699 4.9 30 4.3 228 32.6
25-34 1,224 8.5 34 2.8 313 25.6
35—44 1,160 8.1 75 6.5 385 33.2
45-54 1,527 10.7 106 6.9 570 373
55-64 2,325 16.2 212 9.1 939 40.4
65-74 2,582 18.0 241 9.3 1,012 39.2
75—-84 2,481 17.3 202 8.1 903 36.4
285 925 6.5 84 9.1 387 41.8
Sex
Female 7,267 50.7 456 6.3 2,364 32.5
Male 7,062 49.3 616 8.7 2,837 40.2
Length of stay (days)’
1-3 4,622 32.3 104 2.3 1,352 29.3
4=7 3,916 27.3 300 7.7 1,608 41.1
8-14 2,824 19.7 272 9.6 1,137 40.3
A 2,966 20.7 396 13.4 1,104 37.2
Surgical intervention since hospital admission
No 10,089 70.4 569 5.6 3,163 31.4
Yes 4,240 29.6 503 11.9 2,038 48.1
McCabe score
Non-fatal 9,705 67.7 491 5.1 3,088 31.8
Ultimately fatal 3,666 25.6 430 11.7 1,645 44.9
Rapidly fatal 791 5.5 143 18.1 419 53.0
Missing/unknown 167 1.2 8 4.8 49 29.3
Central vascular catheter
No 12,621 88.1 651 5.2 4,033 32.0
Yes 1,594 11.1 411 25.8 1,117 70.1
Missing/unknown 114 0.8 10 8.8 51 44.7
Peripheral vascular catheter
No 7,455 52.0 389 5.2 1,565 21.0
Yes 6,763 47.2 674 10.0 3,592 53.1
Missing/unknown 111 0.8 9 8.1 44 39.6
Urinary catheter
No 11,702 81.7 612 5.2 3,594 30.7
Yes 2,512 17.5 452 18.0 1,558 62.0
Missing/unknown 115 0.8 8 7.0 49 42.6
Intubation
No 13,734 95.8 888 6.5 4,775 34.8
Yes 486 3.4 173 35.6 369 75-9
Missing/unknown 109 0.8 11 10.1 57 52.3

ECDC: European Centre for Disease Prevention and Control; HAI: healthcare-associated infection.

Patients with a least one HAI.

Patients receiving at least one antimicrobial agent.

Number of patients in category.

Percentage of total (column percent).

Percentage within category (category percent).

Length of stay until onset of HAI in case of HAI during current hospitalisation.

- o a o T o
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data collection and 1.3 for data entry. Eighteen hospi-
tals were surveyed by an external team (either national
or regional coordination staff) (Table 7).

A large variation among responding countries was
identified in the workload associated with the PPS. The
calculation of workload included preparation and train-
ing before the actual PPS, as well as data collection
and data entry. National PPS coordinators provided
on average 12.4 hours (median: 6 hours) of training to
the hospital staff and spent on average an additional
6.5 hours (median: 4 hours) on answering questions
during the survey. The time needed for collection and
entry of data for 100 patients, was estimated at about
four working days (ca. 32 hours) with the patient-based
protocol and about 2.5 working days (ca. 20 hours)
with the unit-based protocol. This means that perform-
ing the survey with the unit-based protocol took about
37.5% less time than with the patient-based protocol.

The feasibility of the data collection was also evaluated
by the analysis of missing data in the database. At the
national level, 11 of 23 countries were unable to provide
national hospital denominator data by hospital type as
defined in the protocol. At hospital level however, the
hospital type was always available and the number
of beds was only missing for one hospital. Ward level
data were complete because all fields were mandatory
in the software. Similarly, some patient level data (age,

TABLE 7

sex, hospital admission date and medical specialty of
the patient’s disease or the consultant), infection data
and antimicrobial use data were mandatory in the soft-
ware. For the other, non-mandatory variables of the
patient-based protocol (n=14,329 patients), the per-
centage of missing values ranged from less than 1%
for the presence of invasive devices, 1.2% for McCabe
score, and 1.9% for surgery since admission, to 7.6%
for surgery in the previous 30 days.

Discussion

The ECDC pilot PPS of HAIs and antimicrobial use was
successfully performed from May to October 2010 in 66
acute care hospitals from 23 countries. In total, 19,888
patients were surveyed. The number of participating
hospitals was higher than the anticipated minimum of
25 hospitals. The collected data allowed for the estima-
tion of the prevalence of HAls and antimicrobial use,
which was the primary objective set by ECDC. Both the
patient-based protocol, preferred by the majority (76%)
of hospitals, and the unit-based protocol (applied by
24% of hospitals) provided the necessary data.

Main study limitations

An important limitation of our study is that the hos-
pitals participating in this ECDC pilot PPS were not
representative of the total hospital patient population
in the EU. Hospitals were not randomly selected, and

Type of healthcare workers involved in data collection and data entry for the ECDC pilot point prevalence survey, 2010
(n=50 hospitals)

Hospitals where this type of Involved in Involved in

Type of healthcare worker healthcare worker was involved data collection data entry
n %32 n %®

Infection control nurse 25 50 25 100 9 36
Infection control physician or equivalent 31 62 31 100 12 39
Ward nurse 18 36 18 100 o o
Ward physician 15 30 15 100 o] o
Infectious disease physician 12 24 12 100 3 25
Hospital microbiologist 6 12 6 100 3 50
Medical specialist trainee 10 20 10 100 2 20
Hospital pharmacist 6 12 6 100 1 17
Infection control link nurse 5 10 5 100 1 20
Data nurse 4 8 3 75 2 50
Nurse aid 1 2 o} o} 1 100
Medical student 1 2 100 o o
Other hospital staff 10 20 6 60 6 60
National PPS coordination staff 13 26 12 92 6 46
Regional PPS coordination staff 5 10 5 100 2 40
Other 6 12 4 67 3 50

ECDC: European Centre for Disease Prevention and Control; PPS: point prevalence survey.

2 Percentage of total number of responding hospitals (n=50).
b Percentage of number of healthcare workers in category.
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tertiary or teaching hospitals were overrepresented
in the study sample (52.3% instead of less than 10%,
according to available national hospital statistics). This
selection had consequences both for the results of the
feasibility test of the protocol and for the interpretation
of the epidemiological results of the study (see below).

In addition, since inference from the epidemiological
study results to the total acute care hospital population
in Europe was not an objective of the pilot study, we did
not apply any statistical methods that could take into
account the effects of the hierarchical design of the
study (e.g. regions within countries, hospitals within
regions, wards within hospitals, and types of patients
within wards). Methods such as multilevel modelling
for risk factor analysis and complex survey analysis
to adjust confidence intervals for the prevalence esti-
mates at the national and EU level will be used to ana-
lyse the EU-wide PPS of HAls and antimicrobial use that
was conducted in 2011—12. The pilot study database
was also used to estimate the expected design effect
(DEFF) for different average sizes of hospitals (patient
clusters) in order to estimate the required sample size
for each country in the EU-wide PPS [14]. The overall
DEFF in the pilot PPS was 5.3 for the prevalence of HAls
and 22.7 for the prevalence of antimicrobial use, indi-
cating indeed that the sample design for representa-
tive samples at the national level should be adjusted
for the important clustering of the main survey out-
comes within the hospitals.

Feasibility study

A minority of respondents to the feasibility question-
naire mentioned that the participating included hospi-
tals in their country had had experience in performing
PPSs and that it is unlikely that randomly selected hos-
pitals would be able to participate in an ECDC EU-wide
PPS. ECDC therefore provided training material to help
national contact points improve the skills of hospital
staff during preparation of the future EU-wide PPS. Part
of this training material was already available before
the pilot PPS and was used to organise the training of
the hospital contact points in the current study.

Training is also of key importance for the standardisa-
tion of data collection in participating hospitals, includ-
ing interpretation of the case definitions. The large
variation in the number and type of HCWs involved in
data collection for this pilot PPS (Table 7) illustrates
the challenge of standardising data collection for an
EU-wide PPS. For example, failure to consult the clini-
cal team in charge of patient care during data collec-
tion, as recommended in the protocol, may impact on
the ascertainment of variables such as the medical
specialty of the patient’s disease or of the consultant
in charge of the patient (patient/consultant specialty),
the McCabe score, the physician’s motive for prescrib-
ing antimicrobials, or even the signs and symptoms
of a suspected HAI. The fact that ward staff was not
involved in the data collection in more than half of the
hospitals may indeed indicate that physicians were not
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sufficiently consulted. Also, the fact that in 18 of the
66 hospitals the survey was performed by an external
team may indicate that the pilot PPS was not always
performed in real-life conditions since this scenario is
unlikely to be a feasible option for the ECDC EU-wide
PPS or a full-scale national PPS.

Another frequently mentioned feasibility issue was the
difficulty to categorise hospitals at the national level
according to the hospital types defined in the pro-
tocol (primary, secondary, tertiary and specialised).
Information on hospital categories used in the differ-
ent countries are needed for the future EU-wide PPS to
ensure that all categories are represented proportion-
ally in the national representative sample. In addition,
national denominator data (e.g. number of hospitals
and discharges per year) by hospital type would be
needed (i) to extrapolate the PPS results by hospital
type (category-specific burden estimates), and (ii) to
adjust the national and EU burden estimates in case
hospital types are not proportionally represented in
the national samples. Only 13 of 23 countries were able
to provide some categorisation of their national list of
hospitals according to the categories of the protocol,
using the national hospital type categories.

Therefore, for the purpose of drawing a representative
systematic sample of hospitals for the EU-wide PPS,
the standardised EU types of hospitals were replaced
by the national hospital categories in the final proto-
col of the ECDC EU-wide PPS. This means that, for the
analysis of the data collected in the ECDC EU-wide PPS,
it will not be possible to stratify or adjust the estimates
of the burden of HAls and antimicrobial use (based on
extrapolation to the total national denominator data)
according to types of hospitals.

Patient-based versus unit-based protocol

Despite a higher workload, the patient-based protocol
was used more often than the unit-based protocol, thus
allowing a better description of patients and invasive
procedures. During an expert meeting held in Brussels
in November 2010, it was recommended that PPSs of
HAls and antimicrobial use should be carried out at
least once every five years, and the patient-based pro-
tocol was selected as the preferred methodology for
future PPSs [43]. This expert recommendation is antici-
pating the fact that, because of hospital changes and
medical advances, a patient-based protocol would be
required to allow for detailed adjustment for patient
case-mix. The patient-based protocol allows for
assessment of the prevalence of HAls and antimicro-
bial use according to the presence or absence of vari-
ous risk factors and enables categorisation of hospitals
by patient case-mix at national and/or European level.
Indeed, adjustment for patient case-mix has been used
in other studies, including for outcomes in intensive
care [44,45] and surgical patients [46], and for com-
paring HAI rates [47]. Patient-based PPSs can also be
used to identify patient-related factors that influence
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the prevalence of HAls and thus help focus surveillance
and infection prevention initiatives [48].

The unit-based protocol, however, will be kept, to offer
a less labour-intensive option for countries and hospi-
tals where human resources are limited. This protocol
might also be more appropriate for very large hospitals
and in situations that require repeated PPSs at short
intervals. A limitation is that its only denominator vari-
able is the number of patients per ward, for the total
ward and for the specialty of each patient’s disease
within each ward. This only allows an estimation of the
prevalence of HAls and antimicrobial use by ward or
patient’s disease specialty.

The ECDC pilot PPS also aimed at identifying any issue
with the methodology that required modification, e.g.
availability of data for any of the collected variables,
or applicability of the case definitions for HAls, before
finalising the patient-based and unit-based protocols
for the ECDC EU-wide PPS that was started in May
2011. Denominator data in the unit-based protocol did
not require any modification whereas, for the patient-
based protocol, the only variable that was difficult to
obtain was ‘surgery in the previous 30 days’. This vari-
able also overlapped with ‘surgery since admission’
which was less difficult to determine. It was therefore
decided that, for the ECDC EU-wide PPS, the data for
the variable ‘surgery in previous 30 days’ would even-
tually not be collected [14]. With respect to case defini-
tions for HAls, a major change was the decision to add
the case definition of clinical sepsis in adults, because
possible bloodstream infections for which microbiolog-
ical results were not yet available at the time of the PPS
would otherwise remain unreported.

Epidemiological results

The two sections of the ECDC pilot PPS, i.e. HAls and
antimicrobial use, were independent of each other and
did not follow the same definitions: data on HAIs were
recorded following standardised epidemiological case
definitions, whilst the indication for antimicrobial use
was based on clinical judgment by the treating physi-
cian. For example, a patient could have been registered
in the antimicrobial use section as receiving antimicro-
bials with the intention to treat a hospital infection,
but the same patient did not fulfil the case definition
for HAI and therefore was not included as having a
HAIl in the HAI section. Conversely, a patient may have
presented the symptoms and signs of a HAI, but not
have been treated with an antimicrobial. Hence, among
other things, the different proportions for hospital-
acquired pneumonia in Table 2.

While the protocol for the EU-wide PPS foresees a rep-
resentative systematic random sample of hospitals
in the participating countries [14], the data collected
through this ECDC pilot PPS were not representative
of the epidemiology of HAIs in the EU and the results
must be interpreted with caution. The HAI prevalence
of 7.1% (inter-quartile range: 4.2-9.4%) observed in
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our study is likely to be slightly overestimated because
of the overrepresentation of tertiary hospitals which
had a higher prevalence of HAIs (7.4%) than second-
ary and primary hospitals. Nevertheless, the overall
HAI prevalence in this pilot PPS is comparable to that
reported in other European studies [9,11,12] and to
the European prevalence of HAls of 7.1%, estimated
by ECDC based on a review of 30 national or multicen-
tre PPSs in 19 countries in its Annual Epidemiological
Report for 2008 [1]. The range of reported prevalence
results in studies that used CDC definitions for HAIs
in non-EU countries, ranged from 4.9% in Mauritius
in 1992 to 19.1% in Malaysia in 2001 [30]. Such a wide
range in the prevalence of HAls could be explained by
differences in methodology and patient case-mix, and
should not immediately be interpreted as an indication
of variations in performance.

The distribution of isolated microorganisms in patients
with HAI in this pilot PPS was also similar to that pre-
viously reported in the review of national or multicen-
tre point prevalence surveys, with E. coli being most
frequent [1]. The fact that only 59.1% of the HAIs were
documented by microbiological results was also in line
with previous findings [9,49,50] and was expected
because, with few exceptions, case definitions of HAls
are primarily based on clinical criteria.

With respect to antimicrobial use, the ECDC pilot PPS
showed a prevalence about 5% higher than shown by
previous ESAC hospital PPSs using an identical meth-
odology [23,25,26]. Nevertheless, the ranking order of
the most used antimicrobials was comparable to that
observed in ESAC hospital PPSs, with the various beta-
lactams (penicillins, cephalosporins and carbapenems)
accounting for more than half of all antimicrobials
used. Other PPSs have reported a wide range of preva-
lence of antimicrobial use in acute care hospitals due
to varying inclusion criteria [23].

A final aspect that should be considered for the inter-
pretation of the epidemiological results of this and
future surveys is the fact that the ECDC pilot PPS was
not performed on a single day. For feasibility reasons,
hospitals were allowed to organise the PPS within a
period of three weeks, with the only restriction being
that a ward had to be surveyed on a single day. In prac-
tice, hospitals and countries performed the pilot PPS
survey from May until October 2010. For the EU-wide
PPS, ECDC agreed with the national PPS coordinat-
ing centres in November 2010 on three possible peri-
ods to organise the first national PPS using the ECDC
methodology [43]. These periods (May-June 2011,
September-October 2011 and May-june 2012) were
selected to avoid the winter period because of the
higher incidence of respiratory tract infections and the
summer holiday period because shortage of staff and
lower activity in the hospital during this period could
influence the practical organisation as well as the main
outcomes of the survey. Despite these considerations,
the potentially long time span between the different
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surveys may influence comparability of the results
between hospitals, regions or countries, e.g. because
of rapidly changing incidences of HAls with epidemic
pathogens or the implementation of local or national
infection control measures.

In conclusion, the ECDC pilot PPS methodology was suc-
cessfully implemented by the national contact points,
the hospital contact points and the HCWs involved in
data collection and entry in the participating hospitals,
without any major feasibility issues that could have led
hospitals to cancel their participation. The pilot PPS
showed that the aim of estimating the burden of HAls
and antimicrobial use in European acute care hospitals
was realistic, irrespective of the protocol used. The
patient-based protocol, even if more resource-inten-
sive, was used more widely and provided more detailed
and valuable data than the unit-based protocol. It was
therefore selected as the preferred option for the ECDC
EU-wide PPS of HAls and antimicrobial use.

Funding

This pilot survey was funded by the European Centre for
Disease Prevention and Control (ECDC) following an open call
for tender procedure (“Support to the pilot point prevalence
survey of healthcare-associated infections and antimicro-
bial use in European acute care hospitals”, 0J/2010/03/22-
PROC/2010/012), which was awarded to a consortium led by
the University of Antwerp in collaboration with the French
Institut de Veille Sanitaire (InVS) and the Belgian Scientific
Institute of Public Health (WIV-ISP) (specific service contract
ECD.2172).

National Contact Points for the ECDC pilot point
prevalence survey

Belgium: Sofie Vaerenberg, Mathijs-Michiel Goossens;
Bulgaria: Rossitza Vatcheva-Dobrevska; Croatia: Smilja
Kalenic; Cyprus: Avgi Hadjiloukas; Czech Republic: Hana
Smejkalova, Jan Sturma; Estonia: Pille Martin; Finland: Outi
Lyytikdinen, Tommi Karki; France: Bruno Coignard; Germany:
Petra Gastmeier; Greece: Achilleas Gikas; Hungary: Karolina
Bordcz; Italy: Maria Luisa Moro; Latvia: Uga Dumpis;
Lithuania: Rolanda Valinteliene, Jolanta ASembergiené;
Luxembourg: Robert Hemmer; Malta: Michael Borg; Norway:
Hanne-Merete Eriksen; Poland: Tomasz Ozorowski; Portugal:
Ana Cristina Costa; Romania: Roxana loana Serban; Slovakia:
Maria Stefkovicova, Slavka Litvova; Slovenia: Irena Klavs,
Jana Kolman, Nejc Bergant, Tanja Kustec; Spain: Josep Vaqué,
Angel Asensio; United Kingdom-Scotland: Jacqui Reilly.

Hospital Contact Points for the ECDC pilot point
prevalence survey and their respective hospitals

Belgium: Christine Laurent (ULB Erasme), Hilde Jansens
(UZA), Katia Verhamme (OLV Aalst), Benedicte Delaere
(UCL Mont-Godinne), Annemarie Van Den Abeele (St
Lucas Gent), Reinoud Cartuyvels (Jessa ZH campus
Virga Jesse), Soraya Cherifi, Sylvie Arias Lopez (CHU
Brugmann); Bulgaria: Rossitza Vatcheva-Dobrevska (2nd
Multiprofile Active Treatment Hospital (MBAL) & MBAL “At.
Dafovski” AD-Kardjali); Croatia: Zrinka Bosnjak (University
Hospital Centre Zagreb), Domagoj Drenjancevic (University
Hospital Centre Osijek); Cyprus: Maria Kontou (Nicosia
general hospital), loannis Demetriades (Larnaca general
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hospital), Emmelia Vounou (Limassol general hospital);
Czech Republic: Ladislava Matéjickova (Méstska nemoc-
nice v LitoméFicich), Jana Prattingerova (Krajska nemocnice
Liberec, a.s.); Estonia: Pille Méartin (West Tallinn Central
Hospital), Piret Mitt (Tartu University Hospital); Finland:
Mari Kanerva (Meilahden sairaala, To6lon sairaala, Silméa-
ja korvasairaala, Lasten- ja nuorten sairaala, lho- ja al-
lergiasairaala, Naistenklinikka, Katildopiston sairaala,
Syopatautien klinikka, Kirurginen sairaala, Jorvin sairaala,
Peijaksen sairaala, Lansi-Uudenmaan sairaala, Porvoon
sairaala, Lohjan sairaala & Hyvinkddn sairaala); France:
Serge Alfandari (Centre Hospitalier G. Dron, Tourcoing),
Philippe Vanhems, Thomas Benet (Hopital Edouard-Herriot,
Hospices Civils de Lyon), Bruno Grandbastien (CHRU de
Lille); Germany: Nadine Moénch (Evangelische Elisabeth
Klinik Krankenhausbetriebs gGmbH); Greece: Achilleas Gikas
(University hospital of Heraklion); Hungary: Emese Szilagyi
(National Center for Cardiology), Andrea Kurcz (Szt. Lukacs
county hospital); Italy: Angelo Pan (Istituti Ospitalieri di
Cremona-Presidio Ospedaliero di Cremona), Rosario Canino
(Istituti Ospitalieri di Cremona-Ospedale di Oglio Po), Grazia
Tura (Ospedale Sacra Famiglia Novafeltria), Liana Signorini
(Azienda Ospedaliera Spedali Civili di Brescia); Latvia: Uga
Dumpis (Stradins University Hospital), Marite Kala (Liepaja
Regional hospital); Lithuania: Viljaras Reigas (Klaipédos
Children Hospital); Audra Zygeliené (BirZzy Hospital), Jolanta
Falkovska (Vilnius University Children Hospital, Surgery
Center); Luxembourg: Robert Hemmer (Centre Hospitalier
de Luxembourg); Malta: Elizabeth A. Scicluna (Mater Dei
Hospital); Poland: Tomasz Ozorowski (Provincial Hospital,
Poznan); Portugal: Carlos Palos (Hospital da Luz), Etelvina
Ferreira (Hospital dos Lusiadas - HPP Salde); Romania:
Ghita Camelia (Fundeni Clinical Institute for digestive dis-
eaeses and liver transplantations); Slovenia: Tatjana Lejko
Zupanc (University Medical Centre Ljubljana); BoZena Kotnik
Kevorkijan (University Medical Centre Maribor); Slovakia:
Henrieta Hudeckova (Martin Faculty Hospital), Andrea
KoloSova (Forlife, n.o. - General Hospital); Spain: Josep
Vaqué (Hospital Universitario Vall d’Hebron); Angel Asensio
(Hospital Universitario Puerta de Hierro), Angela Rincén
Carlavilla (Hospital General Universitario de Alicante), Nieves
Lopez Fresnefia (Hospital del Henares), Margarita Viciola
Garcia (Hospital de San Eloy); United Kingdom, Scotland:
Shona Cairns (Monklands General Hospital).

49



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

50

European Centre for Disease Prevention and Control (ECDC).
Annual epidemiological report on communicable diseases in
Europe 2008. Stockholm: ECDC; 2008. Available from: http://
ecdc.europa.eu/en/publications/Publications/0812_SUR_
Annual_Epidemiological_Report_2008.pdf

Agodi A, Auxilia F, Barchitta M, Brusaferro S, D’Alessandro
D, Montagna MT, et al. Building a benchmark through active
surveillance of intensive care unit-acquired infections: the
Italian network SPIN-UTI. J Hosp Infect. 2010;74(3):258-65.

Lambert M, Suetens C, Savey A, Palomar M, Hiesmayr M,
Morales I, et al. Clinical outcomes of healthcare-associated
infections and antimicrobial resistance in patients admitted
to European intensive-care units: a cohort study. Lancet Infect
Dis. 2011;11(1):30-8.

Wilson J, Ramboer I, Suetens C. Hospitals in Europe link for
infection control through surveillance (HELICS). Inter-country
comparison of rates of surgical site infection--opportunities
and limitations. ) Hosp Infect. 2007;65(Suppl 2):165-70.

Suetens C, Morales I, Savey A, Palomar M, Hiesmayr M, Lepape
A, et al. European surveillance of ICU-acquired infections
(HELICS-ICU): Methods and main results. ] Hosp Infect.
2007;65 (Suppl 2):171-3.

Suetens C, Savey A, Labeeuw ], Morales |. The ICU-

HELICS programme: Towards European surveillance of
hospital-acquired infections in intensive care units. Euro
Surveill. 2002;7(9):pii=359. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=359

Improving Patient Safety in Europe (IPSE). The IPSE report
2005-2008. Lyon: Université Claude Bernard Lyon1; November
2009]. Available from http://www.ecdc.europa.eu/en/
activities/surveillance/HAI/Documents/o811_IPSE_Technical _
Implementation_Report.pdf

Gravel D, Taylor G, Ofner M, Johnston L, Loeb M, Roth VR, et al.
Point prevalence survey for healthcare-associated infections
within Canadian adult acute-care hospitals. ) Hosp Infect.
2007;66(3):243-8.

Lanini S, Jarvis WR, Nicastri E, Privitera G, Gesu G, Marchetti F,
et al. Healthcare-associated infection in Italy: Annual point-
prevalence surveys, 2002-2004. Infect Control Hosp Epidemiol.
2009;30(7):659-65.

Struwe J, Dumpis U, Gulbinovic ], Lagergren A, Bergman U.
Healthcare associated infections in university hospitals in
Latvia, Lithuania and Sweden: a simple protocol for quality
assessment. Euro Surveill. 2006;11(7):pii=640. Available

from: http://www.eurosurveillance.org/ViewArticle.
aspx?Articleld=640

The RAISIN Working Group. “RAISIN” - a national programme
for early warning, investigation and surveillance of
healthcare-associated infection in France. Euro Surveill.
2009;14(46):pii=19408. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=19408

Reilly J, Stewart S, Allardice GA, Noone A, Robertson C,
Walker A, Coubrough S. Results from the Scottish national HAI
prevalence survey. ) Hosp Infect. 2008;69:62-8.

Suetens C, Ammon A, Weist K, Sodano L, Monnet DL. Review
of methods of national prevalence surveys of healthcare-
associated infections in 17 European countries. European
Congress of Clinical Microbiology and Infectious Diseases
(ECCMID); 16-19 May 2009; Helsinki, Finland. Clin Microbiol
Infect. 2009;15(s4):P.624.

European Centre for Disease Prevention and Control (ECDC).
Point prevalence survey of healthcare-associated infections
and antimicrobial use in European acute care hospitals.
Protocol version 4.3. Full scale survey and codebook.
Stockholm: ECDC: 2012. Available from: http://www.ecdc.
europa.eu/en/activities/surveillance/HAl/about_HAI-Net/
Pages/PPS.aspx

Miller-Pebody B, Muscat M, Pelle B, Klein BM, Brandt CT,
Monnet DL. Increase and change in pattern of hospital
antimicrobial use, Denmark, 1997-2001. | Antimicrob
Chemother. 2004;54(6):1122-6.

Vander Stichele RH, Elseviers MM, Ferech M, Blot S, Goossens
H. Hospital consumption of antibiotics in 15 European
countries: results of the ESAC retrospective data collection
(1997-2002). | Antimicrob Chemother. 2006;58(1):159-67.

de Man P, Verhoeven BA, Verbrugh HA, Vos MC, van den Anker
JN. An antibiotic policy to prevent emergence of resistant
bacilli. Lancet. 2000;355(9208):973-8.

Cooke DM, Salter A, Phillips I. The impact of antibiotic

policy on prescribing in a London teaching hospital. a one-
day prevalence survey as an indicator of antibiotic use. |
Antimicrob Chemother. 1983;11(5):447-53.

Berild D, Ringertz SH, Lelek M. Appropriate antibiotic use
according to diagnoses and bacteriological findings: Report of

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

12 point-prevalence studies on antibiotic use in a University
hospital. Scand | Infect Dis. 2002;34(1):56-60.

Ufer M, Radosevic N, Vogt A, Palcevski G, Francetic I, Reinalter
SC, et al. Antimicrobial drug use in hospitalised paediatric
patients: a cross-national comparison between Germany and
Croatia. Pharmacoepidemiol Drug Saf. 2005;14(10): 735-9.

Usluer G, Ozgunes |, Leblebicioglu H. A multicenter point-
prevalence study: antimicrobial prescription frequencies in
hospitalized patients in Turkey. Ann Clin Microbiol Antimicrob.
2005;4:16.

Ciofi Degli Atti ML, Raponi M, Tozzi AE, Ciliento G,
Ceradini J, Langiano T. Point prevalence study of antibiotic
use in a paediatric hospital in Italy. Euro Surveill.
2008;13(41):pii=19003. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=19003

Ansari F, Erntell M, Goossens H, Davey P. The European
surveillance of antimicrobial consumption (ESAC) point-
prevalence survey of antibacterial use in 20 European
hospitals in 2006. Clin Infect Dis. 2009;49(10):1496-504.

Amadeo B, Zarb P, Muller A, Drapier N, Vankerckhoven

V, Rogues A, et al. European surveillance of antibiotic
consumption (ESAC) point prevalence survey 2008: Paediatric
antimicrobial prescribing in 32 hospitals of 21 European
countries. ) Antimicrob Chemother. 2010;6(10)5:2247-52.

Zarb P, Amadeo B, Muller A, Drapier N, Vankerckhoven

V, Davey P, et al. Identification of targets for quality
improvement in antimicrobial prescribing: The web-based
ESAC point prevalence survey 2009. ) Antimicrob Chemother.
2011;66(2):443-9.

Zarb P, Goossens H. European surveillance of antimicrobial
consumption (ESAC): Value of a point-prevalence survey of
antimicrobial use across Europe. Drugs. 2011;71(6):745-55.

Zarb P, Ansari F, Muller A, Vankerckhoven V, Davey PG,
Goossens H. Drug utilization 75% (DU75%) in 17 European
hospitals (2000-2005): Results from the ESAC-2 hospital care
sub project. Curr Clin Pharmacol. 2011;6(1):62-70.

Ang L, Laskar R, Gray JW. A point prevalence study of infection
and antimicrobial use at a UK children’s hospital. ) Hosp Infect.
2008;68(4):372-4.

O’Neill E, Morris-Downes M, Rajan L, Fitzpatrick F, Humphreys
H, Smyth E. Combined audit of hospital antibiotic use and a
prevalence survey of healthcare-associated infection. Clin
Microbiol Infect. 2010;16(5):513-5.

Ider BE, Clements A, Adams |, Whitby M, Muugolog T.
Prevalence of hospital-acquired infections and antibiotic
use in two tertiary Mongolian hospitals. ] Hosp Infect.
2010;75(3):214-9.

Hajdu A, Samodova OV, Carlsson TR, Voinova LV, Nazarenko
SJ, Tjurikov AV, et al. A point prevalence survey of
hospital-acquired infections and antimicrobial use in a
paediatric hospital in north-western Russia. | Hosp Infect.
2007;66(4):378-84.

Maugat S, Thiolet J, L'Hériteau F, Gautier C, Tronel H, Metzger
M, et al. Prévalence des traitements antibiotiques dans

les établissements de santé, France 2006 [Prevalence of
antibiotic treatments in healthcare facilities, France, 2006].
Bull Epidemiol Hebd. 2007;51-52:432-7. French. Available from:
http://opac.invs.sante.fr/doc_num.php?explnum_id=3474

33.Council of the European Union. Council Recommendation
of 9 June 2009 on patient safety, including the prevention
and control of healthcare associated infections (2009/C
151/01). Available from: http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=0):C:2009:151:0001:0006:EN:PDF

Council of the European Union. Council Recommendation of 15
November 2001 on the prudent use of antimicrobial agents in
human medicine (2002/77/EC). Available from: http://eur-lex.
europa.eu/LexUriServ/LexUriServ.do?uri=0):L:2002:034:0013
:0016:EN:PDF

Hospital in Europe Link for Infection Control through
Surveillance (HELICS). Surveillance of surgical site infections.
Protocol version 9.1. Lyon: HELICS; Sept 2004. Available from:
http://www.ecdc.europa.eu/en/activities/surveillance/HAl/
Documents/o409_IPSE_SSI_protocol.pdf

Kuijper EJ, Coignard B, Tiill P, ESCMID Study Group for
Clostridium difficile; EU Member States; European Centre for
Disease Prevention and Control. Emergence of Clostridium
difficile-associated disease in North America and Europe. Clin
Microbiol Infect. 2006;12(Suppl 6): 2-18.

Nosocomial infection surveillance system for preterm infants
on neonatology departments and intensive care units (Neo-
KISS). Protokoll.Surveillance nosokomialer Infektionen bei
Frilhgeborenen mit einem Geburtsgewicht <1.500g. [Protocol.
Surveillance of nosocomial infections in preterm infants
with a birth weight <1,500 g]. Berlin: Institut fiir Hygiene

und Umweltmedizin, Charité; Dec 2009. German. Available

www.eurosurveillance.org



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

from: http://www.nrz-hygiene.de/fileadmin/nrz/download/
NEOKISSProtokoll221209.pdf

Hospital in Europe Link for Infection Control through
Surveillance (HELICS). Surveillance of nosocomial infections in
intensive care units. Protocol version 6.1. Lyon: HELICS; Sept
2004. Available from:http://www.ecdc.europa.eu/en/activities/
surveillance/HAI/Documents/o409_IPSE_ICU_protocol.pdf

Geffers C, Baerwolff S, Schwab F, Gastmeier P. Incidence of
healthcare-associated infections in high-risk neonates: results
from the German surveillance system for very-low-birthweight
infants. ) Hosp Infect. 2008;68(3):214-21.

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance
definition of health care-associated infection and criteria for
specific types of infections in the acute care setting. Am )
Infect Control. 2008;36(5):309-32.

World Health Organization (WHO) Collaborating Centre

for Drug Statistics Methodology. The ATC/DDD system:
International language for drug utilization research. Oslo: WHO
Collaborating Centre for Drug Statistics Methodology; Oct
2007. Available from: http://www.fhi.no/dav/aofb3024e7.pdf

McCabe WR, Jackson GG. Gram-negative bacteremia: I. Etiology
and ecology. Arch Intern Med. 1962;110:847-53.

Goossens H. Expert-proposed European strategies to monitor
and control infection, antibiotic use, and resistance in health-
care facilities. Lancet Infect Dis. 2011;11(5):338-40.

Pappachan JV, Millar B, Bennett ED, Smith GB. Comparison
of outcome from intensive care admission after adjustment
for case mix by the APACHE Il prognostic system. Chest.
1999;115(3):802-10.

Rowan KM, Kerr JH, Major E, McPherson K, Short A, Vessey
MP. Intensive Care Society’s APACHE Il study in Britain and
Ireland--Il: outcome comparisons of intensive care units after
adjustment for case mix by the American APACHE Il method.
BMJ. 1993;307(6910):977-81.

McArdle CS, Hole D). Outcome following surgery for colorectal
cancer: analysis by hospital after adjustment for case-mix and
deprivation. Br ) Cancer. 2002;86(3):331-5.

Sax H, Pittet D. Interhospital differences in nosocomial
infection rates: importance of case-mix adjustment. Arch
Intern Med. 2002;162(21):2437-42.

Reilly J, Stewart S, Allardice G, Cairns S, Ritchie L, Bruce J.
Evidence-based infection control planning based on national
healthcare-associated infection prevalence data. Infect Control
Hosp Epidemiol. 2009;30(2):187-9.

Valintiliene R, Gailiene G, Berzanskyte A. Prevalence of
healthcare-associated infections in Lithuania. ] Hosp Infect.
2012;80(1):25-30.

Lyytikdinen O, Kanerva M, Agthe N, Méttonen T, Ruutu P;
Finnish Prevalence Survey Study Group. Healthcare-associated
infections in Finnish acute care hospitals: a national
prevalence survey, 2005. | Hosp Infect. 2008:69(3):288-94.

www.eurosurveillance.org

51



PERSPECTIVES

Evidence-Based Medicine applied to the control of

communicable disease incidents when evidence is scarce

and the time is limited

S Palmer (palmersr@Cardiff.ac.uk)?, A Jansen?, K Leitmeyer?, H Murdochs, F Forland>*
1. Cardiff University, UK and Health Protection Agency, London, United Kingdom
2. European Centre for Disease Prevention and Control, Stockholm, Sweden

3. Health Protection Scotland, Glasgow, United Kingdom
4. Royal Tropical Institute, Amsterdam, the Netherlands

Citation style for this article:

Palmer S, Jansen A, Leitmeyer K, Murdoch H, Forland F. Evidence-Based Medicine applied to the control of communicable disease incidents when evidence is scarce
and the time is limited . Euro Surveill. 2013;18(25):pii=20507. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=20507

Control of acute communicable disease incidents
demands rapid risk assessment, often with minimal
peer-reviewed literature available but conducted in
the public’s view. This paper explores how methods
of evidence-based medicine (EBM) can be applied
in this scenario to improve decision making and risk
communication. A working group with members from
EBM organisations, public health institutions and the
European Centre for Disease Prevention and Control
used a six-stage framework for rapid risk assess-
ments: preparation, risk detection/verification, risk
assessment, development of advice, implementation,
and evaluation. It concluded that data from observa-
tional studies, surveillance and modelling play a vital
role in the evidence base. However, there is a need to
further develop protocols and standards, to perform,
report and register outbreak investigations more sys-
tematically and rigorously, and to allow rapid retrieval
of the evidence in emergencies. Lack of evidence for
risk assessment and advice (usual for new and emerg-
ing diseases) should be made explicit to policy mak-
ers and the public. Priorities are to improve templates
for reporting and assessing the quality of case and
outbreak reports, apply grading systems to evidence
generated from field investigations, improve retrieval
systems for incident reports internationally, and
assess how to communicate uncertainties of scientific
evidence more explicitly.

Introduction

Public health agencies responsible for the control
of public health emergencies are expected to work
according to the best standards of scientific evidence.
They need to be explicit about the source, type, quality,
scope and completeness of the evidence, so that policy
makers, politicians and the public can understand the
evolving nature of evidence, its strengths and limita-
tions [1]. Even in the acute situation of infectious dis-
ease emergencies such as an influenza pandemic,
agreed protocols for developing policy and advice
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should be followed. However, there are two important
challenges: reliance upon limited field investigations
and population surveillance data, and the speed with
which evidence has to be identified and synthesised.

In 2010 the European Centre for Disease Prevention
and Control (ECDC) set up a working group to review
the potential utility of currently used evidence-based
medicine (EBM) tools and risk assessment tools in
realistic communicable disease outbreak scenarios,
and to propose new tools [2]. A group of experts from
12 countries working in EBM and public health institu-
tions or at ECDC, with a broad range of experience in
public health methodology and infectious diseases,
were appointed to give guidance on how to strengthen
the scientific work at ECDC by adapting and applying
EBM methods that were practical and applicable in the
environment of infectious diseases and public health.

In this paper we report the conclusions on how to apply
the principles of EBM in situations where rapid risk
assessment is needed.

Methods and results

The working group presented the experiences of
Member States in providing evidence-based guidance
in circumstances when time was short, including the
influenza pandemic in 2009 [3] and the Q fever epi-
demic in the Netherlands [4]. Consensus within the
group was reached through informal group processes,
through plenary and smaller group discussions, and
by review of draft texts by the members and work col-
leagues in their institutions. The group members are
listed at the end of the article.

The development of evidence for control of any inci-
dent, outbreak or pandemic was conceptualised as a
knowledge cycle in which data are collated from sur-
veillance and field investigation reports and peer-
reviewed literature, rapidly appraised and used to
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FIGURE 1

Evidence cycle in outbreak recognition, investigation, control and review

Question to be
assessed

:

Collation of data

:

Synthesis of
evidence

!

Incident
rumour

Peer-reviewed publications

Grey literature

Ongoing field investigations

A A AN AN

Ongoing surveillance

S S S

(

Incident

verification Risk assessment

Monitoring and audit of performance

Guidelines

Standard operating
procedures

Implementation

assess risks, develop advice and implement control
measures. Continued surveillance, monitoring and
auditing further consolidate the evidence base and
allow refinement of risk assessment and evaluation of
the effectiveness of interventions (Figure 1). Usually in
the acute incident the knowledge cycle is entered at
the risk assessment stage, when a report of an incident
has to be verified, evidence collated and synthesised,
and the risk assessed.

We identified six stages that need to be considered
when preparing a rapid risk assessment under time
constraints, and the need for improvement in each.
They are summarised in the Table and described in
detail below.

Stage 1: Preparatory phase

Alerting and surveillance systems should be set up that
are regularly reviewed for fitness for purpose [5]. For
newly emerging infections, the published data avail-
able to carry out systematic reviews will necessarily be

www.eurosurveillance.org

very limited. It is therefore vital that critical summaries
of evidence about epidemiology and control of these
diseases are kept up to date and accessible interna-
tionally, including specifying key gaps in knowledge
and suggesting appropriate models for risk assess-
ment. Outbreak investigations are vital for defining
epidemiological characteristics of specific pathogens
(e.g. reproduction number) and can be used to evaluate
the success of interventions [6,7]. However, to the best
of our knowledge there are no agreed international
standards for outbreak investigation and reporting. The
value of field investigations would be greatly improved
if a standardised framework for conducting, reporting,
and synthesising data from outbreak investigations
was used. Such standards exist for strengthening the
reporting of observational studies in epidemiology
(STROBE) [8], for the transparent reporting of evalua-
tions of non-randomised designs (TREND) [9], and for
meta-analysis of observational studies (MOOSE) [10].
Fine-tuning and evaluation for their application to
outbreak situations has been undertaken for hospital
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outbreaks (the outbreak reports and intervention stud-
ies of nosocomial infection (ORION) statement) [11]. For
outbreak reports to be useful to others in a timely way,
there needs to be an international repository of such
reports and international agreement to make data rap-
idly available to investigators.

We identified tools and decision aids that we think

would greatly improve public health decision making

in acute outbreak situations.

e Up-to-date critical summaries of evidence from epi-
demiology and control of infectious diseases;

e Quality standards for performance and reporting of
surveillance and field investigations;

e An international database of outbreak reports,
accessible for all and with a user-friendly search
function.

Stage 2: Incident verification

The critical step at this stage is to recognise the alert
signal among the background noise of information. The
agreed terminology outlining the epidemic intelligence
process is the following:

e Asignal needs to be filtered;

e An event needs to be validated;

e Avalidated event needs to be analysed.

In order to reduce the risk of bias, reproducible, trans-
parent and explicit incident verification protocols
should be followed. The process of verification requires
rapid international communication networks of com-
municable diseases units. Algorithms should include
trigger levels for upscaling, and stopping rules, to
allow control agencies to agree that further investiga-
tion or more detailed risk assessment are not consid-
ered appropriate so that resources can be prioritised
efficiently [12].

TABLE

Tools required for this stage:

e International alerting and verification systems (e.g.
the European Union’s Early Warning and Response
System [13]),

e Effective communication platforms (e.g. The
European Union’s Epidemic Intelligence Information
System [14]).

Stage 3: Assessment of risk

This stage follows the verification of a threat and
should address specific population groups at risk of
more severe disease/outcome (e.g. pregnant women,
the elderly, young children and immune-compromised
individuals), and those at increased risk of exposure
(e.g. healthcare workers). For rare, new and emerg-
ing infections there may be little or no peer-reviewed
literature, and assessments will depend on field
investigations, data from ongoing surveillance, and
communication with experts in other countries. A
comprehensive international database of outbreaks
does currently not exist. Systematic methods for rapid
searching and appraisal need to be developed that are
appropriate to the time scales involved.

In order to reduce bias and to provide transparent
quality assurance, risk assessment protocols and algo-
rithms should be followed, and these should explicitly
include frameworks for the synthesis of different types
of evidence in relation to public health questions (e.g.
risk of influenza A(H1N1) infection to pregnant women
at different stages of pregnancy), admit to gaps and
uncertainties in the evidence and possible alternative
explanations of findings. Evidence should be classi-
fied by type (e.g. case report, population surveillance,
field investigation) and study quality assessed through
evidence-based checklists or tools such as the graphic
approach to epidemiology (GATE) instrument for critical

Conceptual stages in rapid risk assessment and proposed evidence-based medicine tools

Stage Task Tools
Summaries of evidence from epidemiology and infectious disease control
Stage 1 Preparatory phase Quality standards for performance and reporting of surveillance and field investigations
An international database of outbreak reports
Stage 2 Incident verification Alertlr}g and verlfl'catl'on systems
Effective communication platforms
A protocol for rapid searching for relevant peer-reviewed and grey literature
Stage Assessment of risk Checklists and templates for rapid appraisal of the evidence
ge3 An international database on incidents and reports
A rapid risk assessment procedure and tool
. . Guidance on developing advice
Stage 4 Developing advice Uncertainty tables
Stage s Implementation A checklist of key points to address in risk communication
Stage 6 Monitoring and evaluation A protocol for review and audit
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appraisal [15] and rapid risk assessment algorithms

[16].

Tools required for this stage:

e A protocol for rapid searching for relevant peer-
reviewed and grey literature,

e Checklists and templates for rapid appraisal of the
evidence,

e An international database on disease incidents and
outbreak reports,

e Arapid risk assessment procedure and tool.

Stage 4: Developing advice

Guidance will need to recognise explicitly the situa-
tional context and the population groups to which it is
applied, but should seek to follow agreed EBM princi-
ples as embodied in, for example, the guidelines evalu-
ation tool AGREE Il (appraisal of guidelines for research
and evaluation) [17]. The grading of recommendations
applicability, development and evaluation (GRADE)
instrument was developed to evaluate and make
explicit the steps from evidence to recommendations
about treatments of diseases, but these principles
also apply when a public health decision is to be made
under time constraints [18]. An essential part of devel-
oping advice is to state clearly what are the options
for interventions and the expected relative merits of
different options, as well as openness in dealing with
uncertainty [19]. Following the principles of EBM under
pressure of time will usually reveal a higher level of
uncertainty about the conclusions and recommenda-
tions than medium- or long-term risk assessments.
We are aware that it is difficult, especially for public
health agencies, to translate scientific uncertainty into
policy advice [20]. Stakeholders expect certainty and
clear answers. However, we also believe that scien-
tific uncertainty should be included in the assessment
and the decision-making process as information, not
ignored [21].

The working group considered the added value to com-
municable disease incident control of integrating prin-
ciples from the discipline of risk analysis, as embodied,
for example, in the Codex Alimentarius [22]. If we con-
sider the Public health decision making process as a
predictive model, uncertainties can arise both from the
potential errors associated with the structure of the
model (such as the context of the outbreak, modes of
transmission and potential control measures for new
infections) and from uncertainties in the values of the
model parameters (incomplete data or measurement
errors) [23]. These uncertainties are an integral part of
scientific judgment and should be reflected in commu-
nication with policy makers and the public.

Tools required:

e Guidance on developing advice, including assess-
ment of the quality of evidence;

e Uncertainty tables addressing uncertainties arising
directly from the data and from the model/ process
used to capture and interpret the data.
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Stage 5: Implementation

For effective implementation, advice must be framed
by requirements of the target groups. Public perception
and communication of risk must therefore be consid-
ered. Various governments and international organisa-
tions have published guidelines on risk communication
which embrace the need for consistent, credible and
high-quality information to be shared with the pub-
lic [24,25]. In acute scenarios, the rapidly changing
picture and accumulation of intelligence needs to be
explained, and caveats about interim advice clearly
admitted.

Tools required:
e A checklist of key points to address in risk
communication.

Stage 6: Monitoring and evaluation

The last stage is monitoring the implementation of con-
trol measures. It is increasingly recognised by public
health agencies that they should have in place sys-
tems for learning lessons from incidents and continu-
ously improving performance [26]. Therefore, incidents
should be reviewed systematically to identify the les-
sons for better management of future incidents, and to
identify new knowledge about the causative agent and
the risks to the population. This would be aided by the
use of standardised audit tools [27] and protocols [28]
that should be followed to give a rapid but systematic
approach to identifying lessons within a framework of
organisational accountability.

Tools required:
e Protocols for review and audit of lessons to be
learned from of incidents.

Discussion

The validity, credibility and success of public policy
and risk management of public health threats are
increasingly being seen as dependent upon the use
of the best available scientific evidence developed
through a transparent and open process [1]. To this
end, a working group set up by ECDC has assessed the
potential value of a more widespread use of strategies
from evidence-based medicine in communicable dis-
ease control.

The EBM movement started as an application of epide-
miological and public health principles in clinical prac-
tice; the application to public health threats is a more
recent trend [28]. We recognise that there are impor-
tant distinctions between evidence-based strategies
applied to the review and appraisal in clinical medi-
cine and the reality of public health policy making and
communicable disease control, not least the lack of a
strong evidence base and the pressure of time. In the
sister discipline of risk analysis it is also increasingly
being recognised that public health decision making is
generally a result of a more complex interaction of the
best available evidence from research and other epide-
miological sources, with judgements made on needs,
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FIGURE 2

Conceptual model of the relationship between uncertainty and time in risk assessments
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resources, local circumstances, and ethical, legal and
societal implications [29].

We see considerable merit in an integrative approach
bringing risk analysis methods together with the epi-
demiological principles of EBM. For example, the EU
Scientific Committee for New and Emerging Health
Risks uses the expression ‘lines of evidence’ to char-
acterise different sources and levels of evidence and
information [29]. They consider lines of evidence that
lie at the bottom of the EBM hierarchy. The highest lev-
els of evidence from systematic reviews of randomised
trials are seldom available in acute communicable
disease incidents and advice has to be derived from
observational studies underpinned by microbiologi-
cal and virological principles. Sometimes advice has
to be based on analogy and modelling, using labora-
tory research, animal experiments and mathematical
modelling of outbreak data. When empirical data in an
outbreak emerge, they first appear in expert commit-
tee papers and conference presentations, well before
peer-reviewed publication, making it difficult to iden-
tify that knowledge systematically and quickly. But as
with higher-level forms of evidence, the quality of such
studies, their collation and interpretation should be
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guided by EBM methods. This demands the application
of rigorous, standardised and systematic ways of han-
dling evidence so that the risk of bias is minimised and
assumptions are made explicit.

The application of risk analysis methods is particularly
important when dealing with the uncertainties implicit
in rapid decision making. It is important to acknowl-
edge that the level of confidence in the conclusions
reached is typically inversely related to the time that
has passed since the start of the event (Figure 2).

The confidence level which can be achieved for short-
term risk assessments is largely dependent upon the
preparatory work done. “Constraints, uncertainties and
assumptions having an impact on the risk assessment
should be explicitly considered at each step in the risk
assessment and documented in a transparent manner.
Expressions of uncertainty or variability in risk esti-
mates may be qualitative or quantitative, but should be
quantified to the extent that is scientifically achievable”
[22]. The applicability and relevance of standard EBM
methods increases with time as the outbreak inves-
tigations proceed, but at any particular time there is
also the necessity to consider the application of the
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precautionary principle, and to be clear that lack of
evidence of harm is not interpreted as evidence for no
harm [30]. The principles of EBM, working rigorously,
systematically and transparently and according to best
available evidence, should apply at all times.

Next steps

In order to improve the management of outbreaks of
communicable disease across Europe, the working
group developed a conceptual framework and a poten-
tial set of tools and checklists that need to be devel-
oped to deal with the twin pressures of timeliness of
risk assessment and lack of evidence. We hypothesise
that these tools would improve outbreak management
and thereby reduce the human and resource costs of
outbreaks. They would also provide a clear auditable
trail of decision making that would allow continuous
learning from outbreaks. We envisage that the tools
described above, collected together with worked
examples in the format of a work book, could provide
a uniform, consistent methodology for health protec-
tion practitioners. The international health protection
community should work together to take this agenda
forward and in particular identify leadership and
responsibilities for developing the tools and for setting
up and managing the archives and databases identified
as a necessary part of EBM applied to outbreak control.
Led by the Robert Koch Institute and based on a ten-
der from ECDC, a multidisciplinary team has started to
develop and pilot a systematic, transparent and com-
prehensive evidence assessment framework for rating
the evidence and strength of recommendations in the
area of infectious disease prevention and control.
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Following the European Union (EU) Council
Recommendation on prudent use of antimicrobial
agents in human medicine in 2001, and the success
of national campaigns, i.e. Belgium and France, the
European Centre for Disease Prevention and Control
(ECDC) decided to establish the European Antibiotic
Awareness Day (EAAD) on 18 November as platform
to support national campaigns across Europe. This
article provides an overview of EAAD tools, materials,
and activities developed during the first five years.
It shows that EAAD has been successful due to good
cooperation between ECDC and national institutions,
strong political and stakeholder support and evidence-
based development of campaign materials. EAAD has
provided a platform for pre-existing national cam-
paigns and encouraged similar campaigns to develop
where neither political support had been secured,
nor financial support had been available. As a result,
participating countries have continuously expressed
strong support for ECDC to continue its work on EAAD.
This has been endorsed by a steadily increasing num-
ber of countries participating and the growing interest
of varied professional and stakeholder organisations.
We conclude that EAAD should continue to act as cata-
lyst for discussion and as mechanism to raise aware-
ness of the public and prescribers about prudent use
of antibiotics.

Introduction

The emergence and spread of antibiotic resistance, is
recognised as a global problem. Its immediate conse-
quence is that, only a limited number of antibiotics,
and sometimes even no antibiotic, is available for the
treatment of infections caused by resistant bacteria.
Other direct consequences for patients include delayed
administration of appropriate antibiotic therapy, longer
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stays in hospitals, higher healthcare costs and poor
patient outcomes [1]. Worldwide action is thus neces-
sary to avert an impending threat to human health [2].

Of the steps that need to be taken to address antibiotic
resistance, we believe that improving antibiotic use is
the most important action needed to greatly slow the
development and spread of antibiotic-resistant bac-
teria. Antibiotics are frequently used inappropriately
or when they are not needed, in both humans and
animals.

Following adoption of the European Union (EU) Council
Recommendation on the prudent use of antimicrobial
agents in human medicine in November 2001, which
stated that EU Member States should inform the gen-
eral public of the importance of prudent use of anti-
microbial agents and the success of some national
campaigns, such as Belgium and France, the European
Centre for Disease Prevention and Control (ECDC)
decided in 2008 to establish the European Antibiotic
Awareness Day (EAAD) on 18 November as a platform
for providing support to national campaigns across the
region [3].

Since 2008, numerous health-related and professional
organisations, as well as the European Commission
and the World Health Organization Regional Office
for Europe (WHO/Europe), have partnered with ECDC
in preparing communications materials and planning
activities targeting both communities and hospitals
for EAAD. In 2012, under the banner of EAAD, national
campaigns to inform about prudent antibiotic use took
place in 43 European countries, with the target audi-
ences selected by campaign organisers at national
level, including both general public and prescribers.
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This perspective describes the development of materi-
als and tools during the past five years, and provides
a review of the activities and achievements of EAAD.
It also presents results from the annual questionnaire
provided by participating countries and from an inde-
pendent monitoring of the media coverage.

Development of materials and tools for the
campaigns

ECDC endeavoured throughout the year 2008 to provide
participating countries with a core set of tools, includ-
ing @ common name ‘European Antibiotic Awareness
Day’ and logo, key messages, a dedicated website and
communications materials targeting parents and carers
of young children [4,5]. The various steps in prepara-
tion for the first EAAD that took place on 18 November
2008 were previously published [6].

In the following years, EAAD has focussed on pri-
mary care prescribers (2009) and hospital prescribers
(2010). In each case, campaign messages and materials
were developed following evidence-based processes,
i.e. results of systematic reviews and subsequently
they were reviewed by the EAAD Technical Advisory
Committee and tested in focus groups representing the
target audience in question. The campaign materials
included a dedicated EAAD website, logos and visuals
i.e., hedgehog mascot and TV and web spots, adver-
torials and on line banners, factsheets and prescrib-
ing check lists, patient brochures, template letters

FIGURE

and presentations. All campaign materials were made
available on the EAAD website [7].

In 2011 and 2012, the focus of EAAD shifted to con-
solidation, with new activities to support the national
campaigns at a process level as opposed to the devel-
opment of new content [8,9]. Given the global financial
crisis and competing priorities, a number of countries
reviewed government support for the annual cam-
paigns. ECDC chose to strengthen its support to the
participating countries by providing strategies and
tools to support the delivery of the existing key mes-
sages and materials including a social media toolkit,
and to foster impact evaluation strategies, and a pilot
training course on development, implementation and
evaluation of prudent antibiotic use campaigns.

Each year, participating countries answered a ques-
tionnaire providing feedback to ECDC on their national
activities for EAAD. The scope of this questionnaire is to
gather information about the national campaigns: e.g.
type and number of the activities, chosen target audi-
ence governmental support and EAAD material used
to support those activities. In addition since 2010, an
independent monitoring of the media coverage of EAAD
in terms of print, online and social media is performed.

Coverage of the campaigns

Since 2008, the number of European countries partici-
pating in the EAAD has increased year on year. In 2008,
all EU Member States plus Norway, Iceland, Croatia,

Countries participating in the European Antibiotic Awareness Day, 2008-2012

Participating countries
since:

mm 2008 (N=32)
= 2009 (=33)
2010 (n=35)
2011 (n=37)
2012 (n=43)

Non-participating
countries
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the Former Yugoslav Republic of Macedonia and Turkey
participated making a total of 32 countries. Between
2009 and 2012, this number increased to 43 coun-
tries, firstly with the addition of other EU enlargement
countries: Albania, Bosnia and Herzegovina, Kosovo*,
Montenegro and Serbia [10,11]. In 2012, through
cooperation with WHO/Europe, Armenia, Azerbaijan,
Belarus, Kyrgyzstan, Moldavia and Tajikistan also par-
ticipated (Figure).

Thirty-two countries initially participated to EAAD
in 2008; one additional country in 2009, two addi-
tional countries in 2010; in 2011 two further countries
joined and six more in 2012. Thus in 2012, a total of 43
European countries participated and in 2013, the num-
ber countries reached 45 (unpublished data).

Each participating country has carried out at least one
activity targeting the general public, primary care pre-
scribers or hospital prescribers (Table 1). The target
audiences have predominantly followed the theme set
by ECDC at European level, i.e. twenty-seven of 33 par-
ticipating countries targeted primary care prescribers
in 2009 and 31 of 35 countries targeted hospital pre-
scribers in 2010 [12]. In the subsequent years of con-
solidation, ECDC has seen a continued focus on all
three target audiences with in 2012, 36 of 43 countries
organising activities targeted at the general public, 34
at primary care prescribers and 30 at hospital prescrib-
ers (Table 1).

Governmental support

Government support has been an essential element in
funding and endorsing national campaigns. This sup-
port was universal in 2008, but then probably due to
financial constraints and/or competing priorities (e.g.
the 2009 influenza A(H1N1)pdm pandemic), a number of
countries were not able to secure on-going government
support for the annual campaigns. In 2009, 23 coun-
tries had government support, of which 14 were able to
secure funding for their national campaigns as part of
this support. The level of government funding further
decreased and in 2010 only nine countries remained
with government funding. This number increased again
by 2012, with 30 countries then receiving support, of
which 15 received financial support, from their govern-
ments (Table 2).

As government support varied in 2009 and 2010, cam-
paign planners considered a broader scope of alterna-
tive groups to provide support and funding, such as
professional groups and non-governmental organisa-
tions. By 2010, 16 countries reported cooperation with
professional groups, such as medical associations and
professional healthcare organisations. In 2011 and
2012, this number increased to 27 and 35 countries,
respectively, of which 10 countries and 19 countries,
respectively, reported receiving sponsorships (Table 2).
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Print, online and social media coverage

ECDC has consistently monitored print and online press
coverage of EAAD in all 24 official EU languages since
2010. In 2010 and in 2011, 476 and 611 articles related
to EAAD were published, respectively, during a four-
month period between 15 October and 15 February. In
2012, 446 articles related to EAAD were published in
47 countries worldwide during a two-month monitor-
ing period between 18 October and 28 December. This
coverage represented a range of 42 to 72 million vis-
its of news online and a print reach of 18 to 77 million
persons.

The EAAD website (http://ecdc.europa.eu/en/EAAD/
Pages/Home.aspx) includes communications materials
in all EU languages [7]. Analysis of the EAAD website
showed around a 200% increase in web traffic i.e.,
during the week of 18 November each year compared
to the previous one. The most visited EAAD pages
were the country activities, toolkits, multimedia news
release (for English version), as well as the factsheets
and national campaigns (for the multilingual websites).

Since 2011, ECDC has increasingly used social media
(e.g. Twitter, Facebook) to convey EAAD messages. In
2012, EAAD was mentioned in 1,773 tweets, with over
of 3.7 million impressions reached. In 2012, ECDC with
WHO/Europe and the European Commission held a
joint Twitter chat on 20 November reaching 2.5 million
impressions (out of the 3.7 million stated above). EAAD
was also mentioned 58-times in the monitored period
in blogs, e.g. European Medical Students’ Association.
The postings focused on the EAAD and the use of
antibiotics.

From 2009 to 2012, ECDC broadcasted a TV spot rais-
ing awareness on antimicrobial resistance and EAAD
on a pan-European TV channel (Euronews), reaching an
average of 14 million EU citizens each year and among
them an average of 1.5 million people working in the
healthcare and medicine sector in Europe.

Discussion

In 2007, when the idea of a European-level initiative to
raise awareness about the importance of prudent use
of antibiotics was agreed, ECDC hosted two meetings
of national antimicrobial resistance (AMR) focal points,
nominated by the Member States. In these meetings in
September 2007 and March 2008, the form that the ini-
tiative should take and the benefits that it could bring
were discussed as well as draft campaign materials,
and feedback was given. In the end, the initiative was
conceived as a day (EAAD) upon which national cam-
paigns could be launched and where the power of many
could amount to more than the power of one [6,13-16].
Our analysis after five editions of EAAD, shows that it
obviously responded to a need at European level.

The EAAD has provided a platform for pre-existing
national campaigns and encouraged similar campaigns
to develop in other countries where neither political
support had been secured, nor financial support been
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National activities

Country

Publication of articles in
Distribution of brochures or
other materials

treatment recommendations
Public relations activities
Activities targeting schools

Scientific/professional
medical journals

Training
conference
Communications on
Advertisements
Press conference
Press release
Exhibition
Gimmicks

European Union

Austria ooo oo . ooo eoo . .o
Belgium o oo s s oo oo coce o o o o
Bulgaria oo ecoe oo . oo . ecoe XY} oo .

Croatia eecee |eo ecce ° ° ecce ° ooe ° ° ooe
Cyprus Y eoe eoe . . . oo LYY Y)Y eoe . oo
Czech Republic . ooe ooe ooe ooe oo oo ooo .o .o . .o
Denmark eooe oo . oo oo
Estonia . ecce oo ecce . oo ooe eeoe . .

Finland . oo oo
France o o . oo . . . .o
Germany oo cccee |ecoe ooe oo
Greece Ty oo Ty oo oo Ty Ty Ty oo
Hungary cccee |oo ooe oo . ccee |ecee |eee

Ireland ° ° eoo eoo oo ° ecoe eoo eoo ° oo
Italy ooe . oo oo ooe oo ccee
Latvia . oo oo . . oo oo

Lithuania . ooe ooe . . . ooe oo ooe oo
Luxembourg . . . oo . . oo oo . .
Malta ooe . . oo . oo oo oo oo
Netherlands . oo . . ooo oo
Poland eccee |ccces |eccee [occce |o ccee |oee ooe ccee | ooe ooe ccee oo
Portugal eoe . oo oo . . eoe eoe eoe . .
Romania . ccee |oee oo ccee |oee ooe ooe ooe oo
Slovakia . oo . . . . oo oo . .

Slovenia o ooe cooe . oo coe oo ooe
Spain eecce |ocee eece eece . eece oo eece oo oo oo .
Sweden oo ooe ° ° oo ooe ooe
United Kingdom oo ecoe ecoe XY} oo oo oo oo oo oo eccoe
European Economic Area

Iceland . oo . oo eoe oo
Norway . ooe ooe ooe o o oo . coe
Other countries

Albania eoo ° oo oo ° oo ° oo °

Bosnia and Herzegovina | ee oo o oo . oo . oo oo oo

Former Yugoslav Republic . .
Kosovo* . Ty XYYy XYYy oo Ty Ty .
Montenegro oo . oo
Serbia oo oo oo Yy . Xy Y Xy Y
Turkey oo ccee ccee |eo . ccee | ooe oo ooe ooe

Each dot corresponds to one activity-year.

* This designation is without prejudice to positions on status, and is in line with United Nations Security Council Resolution 1244/99 and the
International Court of Justice Opinion on the Kosovo declaration of independence.
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TABLE 2

Overview of government and stakeholders’ support received per country, European Antibiotic Awareness Day campaigns,
2008-2012

Government Stakeholder
support support
) = o
© = S T
£ 5 s = = _ 5 =
Country 2 S 3 a g " o § _ = 8 g
= 5 2 2 2 £s5 g. 5, E @ =
2 = = = b &E 52 Be S. 03 £%s
: 0§ 5 E g & 5§ Bz 3% 5 Sz
= 5 5 = 2 £S cE =g £ 5 o<
S s T g g 25 28 &8 &8 = =8
European Union
Austria (XYY oo eoe oo ° oo . oo ° °
Be[gium eooe eocoe o0 eccee ° ° eoee eoee
Bulgaria oo X3 . eoe . . eoe .
Croatia . ey eccoce ey’ ecee . eoe .
Cyprus (XYY} eoo oo . ° ° oo
Czech Republic XYY oo XYY . ° YYY} oo oo .
Denmark . oo oo . . oo
Estonia . oo .
Finland oo o .
France Yy oo . ooe ooe .
Germany ecoe oo oo oo °
Greece oo oo . . soce .
Hungary ecee oo .
Ireland XY o0 eooe oo oo Y .
Italy ecee oo eoe YY) °
Latvia oo oo .o . .
Lithuania LYYYYY oo ° . oo ° oo oo
Luxembourg eoe Y oo oo Y .
Malta XYY o0 Xy ° ° °
Netherlands ) ) YY) ° oo ° °
Poland ey eccoe oo xy Xy ° ey ° oo
Portugal [ (YYY} oo . ° . oo °
Romania ecoe oo eoee ° LYYYYY oo
Slovakia oo eee eoe oo . oo °
Slovenia oo ooe coce soce .o B
Spain ooo . eocoe Xy . PYYY °
Sweden soce soce o o o B
United Kingdom XYY Y} (TYY} eccee eoe [ ° (YYY} oo
European Economic Area
Iceland oo o o o
Norway eoe eoee . . ° o
Other countries
Albania oo . oo . . . .
Bosnia and Herzegovina | ee oo . . .
E?maecrezlzﬁﬁglav Republic LYYYYY oo XYY . ecece YY) ° oo .
Kosovo* ecoe oo . eeoe .
Montenegro oo oo oo . .
Serbia oo ooe oo .
Turkey eccoe YY) ecoe ) YY) Y .

Each dot corresponds to one activity-year.

* This designation is without prejudice to positions on status, and is in line with United Nations Security Council Resolution 1244/99 and the
International Court of Justice Opinion on the Kosovo declaration of independence.
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available. As a result, year on year, in their reply to
the annual questionnaire, countries have expressed
their strong support for ECDC to continue its work on
the EAAD. This has also been highlighted by a stead-
ily increasing number of countries participating and
the growing interest of varied professional and stake-
holder organisations.

Evaluation of EAAD in terms of understanding its
impact on antibiotic consumption and on antibiotic
resistance is difficult because (i) the effects will vary
depending on the country as a result of variations in
the extent and the intensity of the national campaign
in each country and (ii) these effects are unlikely to be
immediate as shown from previous national campaigns
in some Member States. In addition, it is important to
remember that since the campaigns have been applied
heterogeneously at national levels, according to local
needs and resources, a one size fits all impact analysis
evaluation is not appropriate.

Regular opinion polls, i.e. ‘Special Eurobarometers’
on antimicrobial resistance commissioned by the
European Commission, however, should help identify
improvements in the knowledge, perception and self-
reported attitudes of Europeans with antibiotics [17,18].
Additionally, the effects on antibiotic consumption
and on antibiotic resistance in the European countries
most active in the campaigns should become visible
in the data reported to the European Surveillance of
Antimicrobial Consumption Network (ESAC-Net) and
the European Antimicrobial Resistance Surveillance
Network (EARS-Net), respectively [19—21]. By providing
training support on the development, implementation
and evaluation of prudent antibiotic use campaigns,
ECDC hopes that common evaluation indicators can
now be developed at European level and implemented
as part of national campaigns from 2014 onwards.

In 2013, ECDC and its partners launched the 6th edi-
tion of EAAD on 15 November 2013, with the emphasis
that ‘Everyone is responsible’ for addressing antibiotic
resistance and for using antibiotics more prudently,
during a European Commission press conference [22].
During this press conference, the results of a recent
‘Special Eurobarometer’ on the attitudes and knowl-
edge of Europeans about antibiotics, were presented
together with a review of new research initiatives
related to antimicrobial resistance and the latest sur-
veillance data on resistance trends [21,23]. In par-
ticular, the ‘Special Eurobarometer’ on antimicrobial
resistance showed a 5% decrease between 2009 and
2013, in the percentage of Europeans who took anti-
biotics during the past year and an increasing aware-
ness of Europeans that antibiotics do not kill viruses
[18]. These are positive developments that may reflect
the continuous efforts made by Member States in the
framework of EAAD. This is also the rationale for an
annual EAAD to support to national campaigns.

In 2013, ECDC arranged for a first extended global
Twitter conversation with its partners in the United

www.eurosurveillance.org

States (US), Canada and Australia, and in connec-
tion with an EAAD Twitter chat organised jointly with
the European Commission and WHO/Europe using the
hashtag #EAAD. Dedicated EAAD Twitter (@ EAAD_EU)
and Facebook (http://facebook.com/eaad.eu) accounts
have been set up for the first time. The full evalua-
tion of the 2013 edition of EAAD is currently ongoing.
In reply to the annual questionnaire sent by ECDC to
evaluate the activities in 2013, 22 of 41 responding
countries highlighted that there was a change in their
country that could be attributed to the momentum cre-
ated by EAAD.

Looking to the future, self-medication with antibiot-
ics has been identified as a new focus for EAAD 2014.
Concerns about antimicrobial resistance and the need
for a more prudent use of antibiotics are of global
significance and are progressively being raised on
political agendas. A growing number of countries and
regions across globe, including the US, Canada and
Australia, have aligned the timing of their activities to
that of EAAD and the week of 18 November is increas-
ingly being recognised as the moment to raise aware-
ness about prudent use of antibiotics. This is a strong
encouragement for the coordinators of the EAAD to
continue acting as a global catalyst for discussion and
raising awareness about prudent use of antibiotics.

Members of the European Antibiotic Awareness Day
Technical Advisory Committee (i.e., experts and stake-
holders who provided technical advice to ECDC as part
of the Technical Advisory Committee during 2007-2012):

R. Muchl (Austria)?, ). Eyckmans (Belgium), J. Sturma? (Czech
Republic), H. Zemlickova? (Czech Republic), V Jindrak? (Czech
Republic); E. Parviainen (Finland), B. Schlemmer?® (France),
A. Lepape (France), M. Valtier (France), H. Giamarellou?
(Greece), A. Antoniadou?® (Greece), G. Daikos (Greece), M.
Melles® (Hungary), M. Grazia Pompa (ltaly); P. Casolari
(Italy), S. Caplinskas (Lithuania), M. Borg® (Malta), I.C.
Gyssens?® (The Netherlands), T. Verheij (The Netherlands),
H.P. Muiiiz® (Norway), H. Ngkleby? (Norway), W. Hryniewicz?
(Poland), M. Szjakowska (Poland), P. Ribeiro Da Silva
(Portugal), S. Kovacsova (Slovakia), M. Vrdelja® (Slovenia),
J. Campos? (Spain), C. Llor (Spain), 0. Cars® (Sweden), A.-L.
How (Sweden), A. Sten (Sweden), K. Wahlberg? (Sweden), E.
Gilgunn-Jones (United Kingdom), D. Lecky (United Kingdom &
e-Bug), C. McNulty? (United Kingdom & e-Bug), C. Butler (UK),
N. Heine/N. Safrany/A. Walters/V. Houdry/B. Toussaint/A.
Gijsens/M. Kokki (DG SANCO, European Commission), A.
Van Hengel/). Bunikis/A. Lonnroth Sjodén (DG RESEARCH,
European Commission), D. Lo Fo Wong/K. de Joncheere/H.
Kruse/V. Hafner/ B. Ganter/A.P. Coutinho/R. Andraghetti/O.
Polishchuk/H. Kluge/N. Emiroglu/H. Bak Pedersen (WHO/
Europe), R. Norrby (ESCMID), B. Beger/L. Tiddens-Engwirda
(CPME), J. Chave (PGEU), G.Ferreira (EPSA).

Members of the European Antibiotic Awareness Day
Collaborative Group who contributed at least one year
during 2008-2012:

Austria: R. Strauss, P. Apfalter, S. Metz-Gercek, H.
Mittermayer®; Belgium: S. Coenen; Bulgaria: T. Kantardjiev,
T. Velinov, B. Todorova; Croatia: A. Tambi¢ Andrasevic;
Cyprus: N. Paphitou, C. Hadjianastasiou, M. Alexandrou, D.
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Pieridou-Bagatzouni; Denmark: A.M. Hammerum, R. Skov, K.
Fuursted, G. Strgbaek, N. Frimodt-Mgller; Estonia: K. Kutsar,
M. Muzotsin; Finland: ). Jalava, A. Hakanen, M. Gunell, O.
Lyytikdinen, J.Vuopio, P. Huovinen; France: J.-M. Azanowsky;
Germany: A. Ziegelmann, K. de With; Hungary: K. Borocz, A.
Kurcz, I. Luif, E. Szilagyi;

Iceland: T. R. Thorsteinsdottir, T. Gudnason, G.
Sigmundsdottir, J. Hedinsdottir, K. Kristinsson, H. Briem;
Ireland: R. Cunney; Italy: A. Pantosti, P. Salcuni; Latvia: U.
Dumpis, S. Terela; Lithuania: A. Sinkeviciute, R. Valinteliene;
Luxembourg: S. Christmann, E. Heisbourg;

Malta: P. Zarb; The Netherlands: S. de Greeff, J. Prins, L.
Wijgergangs; Norway: M. Steinbakk, G. Wgien, M. Lindbak,
G.S. Simonsen; Poland: B. Mazinska, A. Olczak Pieaikowska;
Portugal: J.A. Paiva, A.C. Costa, J. Melo Cristino; Romania:
I. Codita, A. Baicus, A. Canton; Slovakia: L. Siegfried, H.
Hupkova; Slovenia: M. Cizman, A. Svetlin, S. Rojs; J. Kolman;
Spain: J. Oteo; B. Aracil; M. Pérez-Vazquez; Sweden: I.
Riesenfeld-Orn, J. Struwes, A. Tegnell; United Kingdom:
S. Wellsteed, M. Robinson, L. Willock; D. Ashiru-Oredope;
Montenegro: G. Mijovi¢; The Former Yugoslav Republic
of Macedonia: G. Bosevska; Serbia: Z. Jelesi¢; Turkey: N.
GCoplii; H. Simsek; Albania: P. Pipero, A. Ylli; Bosnia and
Herzegovina: M. Huki¢; Kosovo*: L. Raka.

2 Members of both the European Antibiotic Awareness Day
Technical Advisory Committee and of the European Antibiotic
Awareness Day Collaborative Group.

b Deceased.

* This designation is without prejudice to positions on status,
and is in line with United Nations Security Council Resolution
1244/99 and the International Court of Justice Opinion on the
Kosovo declaration of independence.
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