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2  Executive Summary

At the end of the third and final year of the BURDEN project, the Final BURDEN
Project Evaluation Report summarises the work which has been accomplished from
2006 through 2009 by all BURDEN participants.

Up to this day, almost all BURDEN data have been analysed resulting in several
scientific publications in peer review journals as well as scientific presentations at
international European conferences. Several publications are in the process of being

submitted. All the general and specific objectives of the project have been met.



The lack of data on the treatment outcomes in infections due to antibiotic resistant
pathogens, in terms of attributable mortality, prolongation of hospital care and above
all on the economic consequences for individuals and health-care systems and
societies could be answered from different perspectives. This information now can be
used for estimating the burden of resistance and disease, and is essential to
empower health system managers, policy-makers, public health specialists and
health-care workers to understand, prioritize, develop and implement solutions in

relation to competing health threats.

This BURDEN project provided valid and comparable information on the burden of
disease and resistance across Europe. It generated and will further keep the
appropriate awareness and understanding of the societal dimension among policy-
makers and communities alive, and act upon these issues. Both quantitative
information and individual case histories provided a realistic and complementary

picture of the scope of AMR in Europe.



3  Background

Infections caused by antimicrobial resistant pathogens are increasing relentlessly in
the European Union and worldwide. They are a menace to people of all ages,
gender, lifestyle, ethnic background and socioeconomic status. They cause suffering
and death, and impose an enormous financial burden on the healthcare system.

Their increase has economic and societal implications consisting of

- direct costs due to prolongation of illness and treatment in hospital

- indirect costs due to loss of productivity

- societal costs due to morbidity and mortality

- diversion of scarce health care resources to infection control efforts,
containment of outbreaks, and changes in antibiotic prescribing (prescription of
more expensive second and third line antibiotics for empirical treatment)

- long-term implications due to loss of confidence in the medical profession and

in public health care delivery system provided or regulated by governments

Actions related to antimicrobial resistance (AMR) were already initiated under the
various Framework Programmes for Research and Technological Development
(1994 to 2005), as well as by the Directorate General for Health and Consumer
Protection (DG Sanco). Currently about 80 projects related to AMR are funded with a
total contribution of over € 100 million. These project portfolios address anti-bacterial,
anti-fungal, anti-viral and anti-protozoan resistance through various approaches and
cover research into basic mechanisms of emergence and transmission of resistance,
development of new drugs and diagnostic tests and epidemiological and public
health research. Important national surveillance systems and European Union (EU)
projects have been set up. BURDEN run in close cooperation with existing networks
in the area of AMR, such as EARSS, HELICS/IPSE and ESAC. In the following, the
role and objectives of this cooperation will be described.

EARSS, the “European Antimicrobial Resistance Surveillance System” initiated and
funded by DG SANCO, represents an international network of national surveillance
systems aiming to collect comparable and reliable antimicrobial resistance data of

invasive bacterial pathogens, eg. Staphylococcus aureus, Pneumococci, Enterococci



and E.coli. The ongoing project started in 1998 and provides latest data on the

resistance situation in Europe.

IPSE a DG SANCO funded programme, aimed at “Improving Patient Safety in
Europe” through providing health services with timely information, evidence-based,
guidelines and educational tools. IPSE focused on hospital infection control. The
main issues are education and training of staff, development of guidelines and

surveillance.

HELICS (“Hospitals in Europe Link to Infection Control through Surveillance”) an
international network, aimed at the collection, analysis and dissemination of valid
data on the risk of nosocomial infections in European hospitals. After completion of
the project, routine HELICS data collection continues to be supported in work
package 4 of IPSE (for complementarity between IPSE WP4 and BURDEN WP 6).

ESAC (“European Surveillance of Antimicrobial Consumption”) a DG SANCO funded
monitoring programme, aimed at collecting standardized, harmonised, and
comparable data on antibiotic consumption. The over all goals of ESAC | (2001-
2004) and ESAC Il (2004-2007) were to document variations in antibiotic
consumption within Europe and to translate them into quality indicators for public
health monitoring over time and place in order to target interventions and to assess

the effectiveness of prevention programmes.

BURDEN constituted an important new cornerstone in the context of the above
projects and intended to generate the data which were missing on the financial
burden of AMR. The networks mentioned above received (HELICS, EARSS, ESAC,
IPSE) funding from the European Commission. The objectives of all these projects
differed so BURDEN created an innovative synergism between the structures set up

by these projects.



4  Need for progress:

Since 1998, EARSS has generated valid and comparable data on AMR with clinical
and epidemiological relevance for 31 countries. These data illustrated the magnitude
of the AMR problem throughout the European region. Since 2001, ESAC has
collected information on antimicrobial consumption in Europe providing an
understanding of one of the major driving forces of AMR in European countries. What
was still lacking, however, was an understanding of the dimension of the economic
and societal consequences of this health issue. BURDEN was designed to explore
exactly the damaging consequences of AMR by providing valid and comparable data
on the costs faced by societies and health care delivery systems on a nation-by-

nation basis in Europe.

The collection of data on the burden of disease and AMR was supported by networks
of other surveillance systems that pursue different objectives. By unfolding this

synergism BURDEN intended

- to provide valid data for politicians, policy makers and public health experts that
will allow an estimate of the burden and the cost of AMR in European hospitals;

- to allow a comparison of the cost incurred by AMR in European hospitals, and
thus

- to inform public health authorities throughout Europe, in order to help prioritise and
plan future health goals in relation to other competing causes of morbidity and

mortality in the European community.



5 Aims and Objectives

The general objective of BURDEN agreed on at the start of the project was to
provide realistic estimates of the burden of disease and the costs attributable to
infections caused by antimicrobial resistant pathogens in Member States and

Accession Countries of the European Union.
The strategic goals pursued in the general objective were:

- To provide valid data for politicians, policy-makers and public health experts that
will allow informed estimates of the burden and the costs of AMR on a national

level
- To allow a comparison of costs between countries of the European Region.

- To provide recommendations for participating countries/hospitals for implantation

effective measures to keep costs caused by AMR to a minimum.

- To inform public health authorities throughout Europe, in order to prioritise and
plan future health political goals, as against other specific causes of morbidity and
mortality in Europe.

The specific objectives of BURDEN according to the description of work (DOW)

which were proposed at the beginning of the project were:

- To identify on a country-by-country basis the information needs of different
stakeholders (public health experts, policy makers, politicians, health care system
managers) for their own assessment of the burden of infectious diseases caused

by antimicrobial susceptible and resistant bacterial pathogens

- To generate country-specific cost models for quantifying the economic loss due to
AMR

- To identify incentives and counterincentives that impinge on efforts to control the
spread of AMR

- To determine the excess mortality, morbidity, length of stay and costs attributable
to AMR on the basis of calculations made from data gathered in approximately 15

9



hospitals and 200 ICUs in different European countries (incl. the influence of delay

in appropriate therapy)..

To identify best infection control practices and antimicrobial drug use programmes

to keep costs caused by AMR to a minimum

To provide direct feedback on the individual performance of the participating

hospitals

To forecast trends of AMR by extrapolating data available over the last six years

for participating countries participating in EARSS and HELICS/IPSE.

To illustrate the financial impact of AMR on care in European hospitals; besides
this, to estimate the human and societal dimensions of infections caused by
resistant pathogens and the repercussions for the health care systems, eg loss of

confidence in hospitals.

10



6  Workpackages
6.1 Work Package 1 Project Coordination

Coordination of the project consisted of dealing with contractual matters, monitoring
the work towards internal and external deliverables and seeking consistency in the
progress of the project towards milestones. It ensured not only adherence of events
to the work plan but also adapts planning to unforeseen events in the work plan,
continuously reviews and assesses project achievements and ensures the overall

guality of the outputs of activities.

The programme coordinator was responsible for decisions dealing with inter-
operability, design of exploitation scenarios, collaboration with surveillance networks
and national public health authorities and dissemination and promotion of the project
technical achievements. He ensured that agreement was reached in these

consensual discussions.

One major unexpected problems came up during the process of the project. In the
first part of the second project year WP 6 leader Carl Suetens accepted a position at
the ECDC which made it necessary to give up the WP leadership in February 2008.
The WP leadership was transferred to Marie-Laurence Lambert who, of course,
needed some time to get acquainted with the work. This resulted in a delay of
deliverables for WP 6 (concerning mainly data collection) and the WPs dependent on
these, especially WP 8 (data analyses). All in all the overall delay to finalisation of the
project was limited to 3 months, closing the BURDEN project in March 2010, instead
of December 2009, as originally planned.

The coordination team coordinated all the activities relating to the project from an
administrative and process point of view, and kept track of the project development
with respect to monitoring the deliverable schedule. To support the workpackages in
keeping their time-line for deliverables, electronic reminders were sent by the
professional project management tool “:milliarium”, which was used throughout the
project. Nevertheless deliverables were not always sent on time, for various

reasonable and non-reasonable reasons, which made it necessary to remind
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participants in additional emails and telephone calls of the upcoming delivery date. In
95% of the cases 2 additional reminders were sufficient.

The coordination team planned and executed all annual plenary meetings, planned
annual PMG and EAB workshops and provided programmes and invitations to these
meetings. Minutes were taken of all the meetings and distributed to the PMG and
EAB:

22-23 January 2007 Kick-off meeting Freiburg, DE
3-4 April 2007 Workshop | Munich, DE
15-16 October 2007 Annual Plenary Meeting | Freiburg, DE
18 -19 April 2008 PMG/EAB workshop Il Barcelona, ES
13 -14 October 2008 Annual plenary meeting Il Freiburg, DE
19 -20 May 2009 PMG/EAB workshop Il Helsinki, FI

12 -13 October 2009 Annual plenary meeting Il Freiburg, DE

12



6.2 Work Package 2 Dissemination of the results

Dissemination is fundamental for any European Research Project since awareness
of the results of an EU-funded project should result in well-informed action in EU
member countries. Five main audiences were targeted:
1. The Directorate General for Health and Consumer Protection of the European
Commission
2. Stakeholders responsible for national health care systems, national contact
points
3. Local hospital administrators
4. Scientific community

5. The public, public media, politicians

Objectives

Development and implementation of:
1. Project logo

Website

Project management tool

Handbook

Publications

o b~ 0N
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Methodology and Implementation

Project logo: A project logo was developed and represents the burden of
antimicrobial resistance (see below). It was used on the BURDEN website and
together with the EU logo in all documents and publications relating to BURDEN. It
was designed by the BURDEN IT Team (BIT) that was formed in January 2007.

BU rden of

R esistance &

D lisease in

E uropean
N ations
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Website: The website was designed to be fully functional and user-friendly. It serves
as a major dissemination tool throughout the duration of the project and will remain
active for several years after project end. The website was consistently updated
throughout the year publishing the project findings on the public area of the website.
The sessions on the website for 2007 through 2009 were documented in a graph
(see below) and showed a continuous increase of website visits. Until March 2010, a

total number of more than 66.000 visits were counted.
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Project management tool: This was a secure collaborative workspace (:milliarium)
accessible only by the members of the PMG with a personalised password via login
on the BURDEN website. Within this space, all of the project documentation (drafts
and finals of deliverables, protocols and reports, agendas of meetings and
workshops etc.) were available for up- and download.

smilliagrium a2 Hjeeon Srow S

[ dehochtbobecie eyl b b
Projects
u |
=]
D Search far Dosuments | Deliverables Miestanes | Task Info | Add Task || Reports | Barchart
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i3 sting October 2009 [c| | Folders Name Sie Type  |UserName Upload Date
o al BURDEN repors 111 [6.R0i || CaBudget File Folder ilson, Christine 20070223 1048
o L 3 Gantt charts File Folder D Wilson, Chiistine 2007-01-18 03 43
= el i Manuals File Folder Wi, Kaier. Klaus 2007401191238
B0 Manusls i Mestings and Warkshops File Folder M, Kaier, Klaus 200701191235
EH Heatings and Warkshaps 3 Paticipants File Folder Wilson, Christine 20030519 11:42
-3 2006 3 Publications File Folder Dr. wilson, Chrisine: 2007-01-1810:31
B2 2007_01_kick-off i Reparts File Folder ilson, Christine ~ 200707-25 08:37
B[ 2007_04_Murich 3 Resuts File Folder ilson, Christine ~~ 2007-07-25 0840
#-[d 2007_05_Brussels A Templates File Folder Dr. ‘wilson, Chiristine 2007-01-1803:59
F-3 2007_06_Bithoven
Y - 2007_08_Bilthoven
4 -0 2007_10_Freiburg_Ann
F-( 2008_01_Barcelona
K [0 2008_06_Telephone Cc
B[ 2008_10_Freiburg_Amn
F-0 2009_05_Helsinki
B[ 2009_10_Freiburg_finn
[+l Partirinants o
4 »
22 Upload &3 New falder ] Dawnlaad

Handbook: The handbook was developed at the end of the first year and gave a
comprehensive description of the project goals, procedure to attain those goals
including distribution of tasks between the project partners and the results to be
expected. The handbook intended to give a more detailed description of the tasks to
be done compared to the DOW (description of work) which was developed from the
proposal before project start and therefore did not include information on necessary
adaptation of future procedures e.g. change of leadership for WP 4. These process

adaptations were decided on at the initial meeting and workshop in 2007.
Publications:  Scientific output was presented at various conferences and in

journals. The concept, design and results of BURDEN were disseminated to the
scientific community.
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Results

e January 2007 — Formation of the BURDEN IT team (BIT) at the UKF-IEMHE

e April 2007 - Completion and implementation of project logo and website:
www.eu-burden.info

e April 2007 - Implementation of the project management tool

e February 2008 — Completion of the Interim Technical Implementation Report
and handbook

e Publications in: Eurosurveillance 2007;12(1):E070111.5, Krankenhaushygiene
und Infektionsverhltung 2007;29(6):212-213.

e April 2008 - Poster Presentation at ECCMID: “Comparison of mortality
associated with bacteraemia caused by methicillin-resistant Staphylococcus
aureus on arrival at hospital versus hospital-acquired MRSA bacteraemia: a
cohort analysis from the BURDEN study group”. F. Ansari, J. Evans, P. Davey
on behalf of the BURDEN Investigators Group.

e April 2008 - Poster Presentation in the European Network Corner at the
ECCMID in Barcelona: “Progress of the BURDEN Project”.

e September 2008 - Poster Presentation at the International Symposium on
Staphylococci and Staphylococcal Infections (ISSSI) in Cairns, Australia:
“Mortality associated with bacteraemia caused by Staphylococcus aureus: a
cohort analysis with follow up beyond hospital discharge from the BURDEN
study group.” Martin Wolkewitz, Faranak Ansari, Josie Evans, Martin
Schumacher, Peter Davey

e September 2008 - Publication: “Health and Economic Impacts of Antibiotic
Resistance in European Hospitals - Outlook on the BURDEN Project”. K.
Kaier, C. Wilson, M. Chalkley, P. Davey, C. Suetens, H. Grundmann, M. de
Kraker, M. Schumacher, M. Wolkewitz, U. Frank in Infection 2008;36(5):492-
494

e December 2008 - Completion of the BURDEN annual report (D 2.3 due Dec
2008). The report will be delivered to DG SANCO end of February 2009
together with the Technical and Financial Interim Report Il.

e February 2009 — Completion of annual BURDEN report Il (D 2.3 due Dec
2009)

17



e May 2009 — Oral Presentation at ECCMID in Helsinki, Finland: “Modelling the
effect of time-dependent exposure on hospital mortality using data from the
BURDEN study group”. Wolkewitz M., Schumacher M., Davey P. for the
BURDEN Study Group.

e May 2009 - Oral Presentation at ECCMID in Helsinki, Finland: “The burden
of healthcare-associated infection: the patient experience.” Burnett E:, Lee K.,
Rushmer R.,Ellis M.,Noble M., P. Davey

e May 2009 — Poster Presentation in the European Network Corner at the
ECCMID in Helsinki: “Progress of the BURDEN Project”.

e October 2009 — Publication: “Healthcare-associated infection and the patient
experience: a qualitative study using patient interviews”. Burnett E:, Lee K.,
Rushmer R.,Ellis M.,Noble M., P. Davey in Journal of Hospital Infection
2010;74:24-27

e March 2010 - Finalisation of Interim Technical Implementation Report IlI
e March 2010 — Completion of the Evaluation Report

e Throughout the year 2010 — Preparation/finalisation of articles presenting the
BURDEN results for publication in scientific journals

Conferences in 2010 for presentation of results

e April 2010 - Poster presentation of project results in the European Network
Corner at the 20" ECCMID in Vienna, 10 — 13 April 2010

e April 2010 - Oral and poster presentations of project results in various
sessions at the 20™ ECCMID in Vienna 2010

e September 2010 -Oral and poster presentations of project results in various
sessions at the 50" ICAAC in Boston (USA) 2010

18



Conclusions

After the first year of preparatory work the first publications were presented in 2008.
As data collection was still in progress most of the available results were submitted
for publication and presented at various conferences in 2009. For 2010 several
publications are still to be expected.

One weakness of the project was that the BURDEN team failed to establish a mutual
publication plan at an early stage of the project which caused some discussion in the
project process. Eventually it was agreed on a mode of publication and authorship,

In the BURDEN project as in other large-scale European projects as well, the
success of a project is, not solely but to a certain degree, dependent on its ability to
produce comprehensive results through an efficient collaboration of workpackages.
Naturally this overlap of work and elaboration of results find their merit in mutual
publications. To avoid unnecessary problems in the process of the project it is
essential to determine a plan for publication at the beginning of the project to clarify
intellectual property of results and terms of publication. As any project consists of the
effective work of all workpackages, either organisational or data collective, the fact
that results can only be a product of collaborative working partners, not excluding any
project party, should be respected when discussing a publication plan and at least

acknowledged in the publications.
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6.3 Work Package 3 Evaluation of the project

Objectives
Evaluation of the success of the project refers to WP 1 and 2 (coordination and
dissemination), as well as to the evaluation of the results that refer to the general
objective and the specific objectives.
Methodology and Implementation
The aim of project evaluation is to determine if a project was effective, achieved its
objectives and if the outcomes had an impact.
The evaluation process of the BURDEN project was started with the development of
a questionnaire and corresponding database in 2008. This first questionnaire
intended to evaluate the internal project process after 2 years and addressed the
members of the PMG and EAB.
The questionnaire was designed as an online-query, which was accessible through
the BURDEN website after distribution of personalised passwords to the members of
the PMG and EAB. This guaranteed that only eligible persons were able to
participate in the query. The query and database was closed April 2009 and the data
subsequently analysed by June 2009. The results of the query were presented at the
BURDEN Annual plenary meeting in Freiburg October 2009.
Results: Twelve EAB and all of the PMG members were asked to participate in the
query. Of the 12 EAB members 4 (33%) and of the 8 PMG members 5 (62%) filled in
the questionnaire. The overall return rate was 45%.
The main issues that were interrogated were:

1. General items

2. Information flow

3. Coordination tasks

4. Project Management Tool
While the first three items showed satisfaction with the project’s process and
organisation, it was clearly voted against the necessity of a professional project
management tool.
The majority of the participants didn’t use the tool as often as primarily expected for
downloading or uploading of documents etc. The average use of the tool was stated
as once every 2 months or less. The main reason for this was that there wasn’t a

satisfactory advantage for the management of the individual workpackage in
20



comparison to the usual resources of information and transmission of information,
such as email.

The second questionnaire was developed and distributed to the members of the
PMG in December 2009 as a preparation for the final evaluation report. The
members of the PMG were asked to judge the achievements and results of their
work, present the key results and their personal conclusions about the effectiveness
of their work. Their answers are part of this evaluation report and were integrated into

the individual workpackage section.

Conclusions
During the course of the project, our self-awareness in coordinating the project

increased substantially. We realised that the milestones for WP3 were set a bit too
early in the project, which is why we postponed them to a later time in the project

process.

In general, the main issue to consider in questionnaire evaluations is that the return
of questionnaires is usually slow, which was also true for our query. In any evaluation
plan this delay should always be pre-considered. The implementation of a frequent
reminder system might be a good idea to encounter this problem, but will not affect

all participants in the same way as there are individual working habits.

Evaluation of the project impact should also be integrated more effectively on the
work package level especially if project work consists of on-site data collection or
clinical trials. This shift may increase awareness of problems and compliance of

hospital staff etc.

All in all, the evaluation process is an important tool to measure the success and

impact of project work and should always be well planned.
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6.4 Work Package 4 Identification of needs
In 2009 we completed three pieces of work:
1. Publications on patient views about healthcare associated infection in the UK

o0 The public are very concerned about healthcare associated infection. They
are likely to greatly overestimate the actual risk to themselves or their
loved ones.

o Patients are reassured by evidence that healthcare staff follow good
practice in infection control but remain concerned about the cleanliness of
the environment.

2. Report on determinants of variation in MRSA bacteraemia at the regional level

o Increasing length of stay and bed occupancy were both significantly
associated with increasing risk of MRSA.

o Including information about cleaning costs and staffing levels did not
significantly improve the model.

3. ldentification of information about the prevalence and costs of infection with
antimicrobial resistance in European nations.

o Information about the number of S. aureus bacteraemias and hospital beds
was only available from a minority of European Member States.
Information about bacteraemias was focused on MRSA. Reporting of
MSSA bacteraemias is mandatory in England and Scotland but not in other
countries.

o Information about the number of hospital beds in European countries was
available from either the WHO or OECD. However, the two sources only
overlapped for nine countries and the estimates differed for four of these
nine countries.

o Estimation of the number of bacteraemias per country was made from
EARSS data by two methods, one based on the catchment population and
the other on the number of beds. The estimate based on catchment
population probably underestimated the number of bacteraemias per
country. The estimate based on hospital beds appeared accurate in the UK
but needs to be checked in other countries.

o Publicly available data about hospital costs in European countries were too
variable to provide meaningful information.

Deliverables
22



e Deliverable 4.2 Report and determination of factors driving and impeding the
development of AMR and the costs associated with these factors.

e Deliverable 4.3 Recommendations to stakeholders and final report as a feedback
to participants, EU and regional governing bodies and regulators, scientific
community

We identified important gaps in the availability and quality of the information required

for Deliverable 4.2. By combining data from Work Packages 4, 5 and 7 we have

developed a cost model for Scotland that can be applied to other EU Member States

as data become available. This is presented in Section 2.5.1

Recommendations to stakeholders and participants are provided in Section 2.5.2.
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6.4.1 WP 4 — Latest results

6.4.1.1 Patient Views About Healthcare Associated |  nfection

See. Publication: Burnett E, Lee K, Rushmer R, Ellis M, Noble M, Davey P.
Healthcare-associated infection and the patient experience: a qualitative study using
patient interviews. J Hosp Infect 74(1), 42-47 (2010).

There is an increasing emphasis on the need for further patient involvement within
healthcare to ensure that the voice of the patient is heard. This exploratory study
utilised in-depth face-to-face interviews with patients to explore narratives from their
experiences around healthcare-associated infection (HCAI). Interviews were
undertaken with patients who had been diagnosed with a Staphylococcus aureus
bloodstream infection and patients who had been in the same hospital but had not
been diagnosed with a bloodstream infection. The lack of both verbal and written
communications was a major concern for most patients regardless of their infection
status. Some patients also stated that they were not comfortable about asking
questions, and only a small number of patients and relatives stated that they would
challenge staff about their practice. Although some patients retained confidence in
the National Health Service (NHS), the majority had very little or no confidence in the
NHS in relation to HCAI and would have serious concerns about this if they were to
return to hospital. The results suggest that there are a number of issues that must be
addressed in order to enhance the quality of care, safety of patients and the patient
experience in relation to infection prevention and control. In addition, policy-makers,
managers and all healthcare workers must ensure that patients are involved in the

design and evaluation of systems change and information.

See. Publication: Burnett E, Lee K, Rushmer R, Ellis M, Noble M, Davey P. Patient’s
views on infection prevention and control practice: A qualitative study using patient
interviews (Submitted to American Journal of Infection Control)

Background: It is advocated that as populations become more diverse within
healthcare, there is an increased requirement to enhance communication with
patients. Qualitative research offers a roadmap for enhanced understanding of the
unique experiences of patients, which ultimately promotes the quality of patient-

provider relationships.
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Methods: In depth face-to-face interviews with patients were undertaken to explore
narratives from their experiences around healthcare associated infection. Interviews
were undertaken with patients who had been diagnosed with a Staphylococcus
aureus blood stream infection and patients who had been in the same hospital but
had not been diagnosed with an infection.

Results: Many patients said they observed some good clinical practice such as hand
hygiene and the use of personal protective equipment, although some disciplines of
healthcare workers were perceived to be more diligent than others. However,
patients felt that hospital hygiene and cleanliness were generally of a poor standard
which significantly impacted on the quality of their care in hospital.

Conclusions: There were some positive outcomes in terms of staff practice. However,
there remained a number of issues which must be addressed in order to enhance the
quality and safety of patient and the patient experience in relation to infection

prevention and control.

6.4.1.2 Determinants of variation in MRSA bacterae  mia at the regional level

Background

The aim of this study was to repeat an analysis from English hospitals that
considered how much variation in MRSA bacteraemia could be explained by
variation in hospital characteristics. Three factors were independently associated with
statistically significant variation in MRSA bacteraemia: bed occupancy >90% was
associated with higher rates; higher hospital cleaning scores (PEAT scores) and
expenditure on cleaning were associated with lower MRSA rates and better staffing
levels (higher ratio of staff to patients and lower use of temporary staff) were
associated with lower MRSA rates. The analysis was limited by only having access
to data for three years.

In contrast with the study for England, we were limited to Board-level rather than

hospital-level data, but we had access to a longer time period of data (5 years). The

analysis from England used MRSA per 1000 episodes (Finished Consultant

Episodes) as the dependent variable. This is the same as admissions in SMR01 and

counts each separate admission to a hospital ward. In Scotland data about MRSA

and other HAI are presented as number of cases per 1000 occupied bed days. The
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justification for using either of these composites as the dependent variable is that it
tells us something about risk, either the risk of acquiring MRSA per admission to a
hospital ward or per day spent in hospital. However, the advantage of taking MRSA
cases as the dependent variable is that it is then possible to assess the extent to
which variation in MRSA numbers is explained independently by admissions and
length of stay. We have therefore done two analyses, one with MRSA per 1000
admissions (for comparison with previous analyses from England) and one with

MRSA cases as the dependent variable.

Results

Number of MRSA cases and MRSA cases per 1000 admissions increased from 2001
to 2003 and decreased from 2004 to 2006.

For most Boards the profile of MRSA cases and MRSA cases per 1000 admissions
was similar over time. Admissions were stable across all Boards. Length of stay
decreased progressively over the six years in all Boards. Bed occupancy was stable
in most Boards. The relationship between number of MRSA cases and admissions is
non linear which suggest that a simple ratio of MRSA cases per 1000 admissions is

not appropriate.

In the regression analyses, MRSA cases and MRSA cases per 1000 admissions
were modelled respectively using OLS, random effects and fixed effects estimation
methods. Four variables were significantly associated with variation in MRSA cases
(admissions, location, length of stay and bed occupancy) and two variables were
associated with variation in MRSA cases per 1000 admissions (length of stay and
bed occupancy). The regression models explained 96.7% of the variation in MRSA

cases and 60.1% of the variation in MRSA per 1000 admissions.
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Discussion
Increasing length of stay and bed occupancy were significantly associated with

increasing MRSA infection in both models. The difference between the models’ R?
(96.7% for MRSA versus 60.1% for MRSA per 1000 admissions) is explained by
inclusion of admissions as an independent variable in one model and as part of the

dependent variable in the other model.

Presentation of infection surveillance data (e.g. MRSA bacteremias) adjusted for
admissions or occupied bed days provides an estimate of the average risk of
infection per patient or per day in hospital. However, for comparison of infection rates
between hospitals or within a hospital over time it may be more informative to use all
available clinical activity data in multivariable or time series analysis, with number of
infections as the dependent variable, as has recently been recommended for

surveillance of antimicrobials.

In conclusion, we recommend that MRSA bacteraemias should be the dependent
variable in comparison of infection rates between Boards or hospitals and in
longitudinal analysis of change over time, with admissions, occupied bed days and
length of stay as explanatory variables. The number of Boards in Scotland is small
and the relevant variation occurs at the hospital level so we recommend that these

analyses should be repeated with data from individual hospitals.
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6.4.1.3 Identification of information about the inc idence and costs of

infection with antimicrobial resistance in European nations.

Availability of information about S. aureus bacteraemia and hospital
characteristics that may influence Hospital Acquire d Infection rates

A questionnaire about the availability of data was sent to ECDC National Focal
Points (Appendix 1, Table 7). In total 37 letters and questionnaires were sent: 35
went to the 27 Member States because six had two National Focal Points (Austria,
Belgium, Finland, Italy, Latvia, Netherlands, Portugal, Sweden) and two went to
EFTA countries that also had ECDC National Focal Points (Iceland and Norway).
The three Candidate Countries did not have ECDC National Focal Points (Croatia,
Former Yugoslav Republic of Macedonia and Turkey). Responses were received
from 12 (41%) of 29 countries.

Three countries (Cyprus, Estonia and Luxembourg) were not able to provide any
data (See Appendix 1, Table 1). Nine countries provided sources of information
about hospital beds, seven about MRSA bacteraemias and six about MSSA
bacteraemias. In the UK both England and Scotland have mandatory reporting of
both MRSA and MSSA bacteraemias with publicly available reports on the websites
of the HPA and the HPS.» ? Malta has complete data available via EARSS because
there is a single hospital. The remaining countries have partial data about
bacteraemias based on voluntary reporting (see Appendix 1, Table 1). Six countries
provided information about case mix, cleaning and staffing (see Appendix 1, Table
2). Cleaning costs were only available from Malta and the UK, other data were

available from all six countries.

Estimation of numbers of bacteraemias in European C  ountries by combining
EARSS data with other available information

This work was completed in collaboration with Marlieke de Kraker from WP7. The
aim was to use EARSS data to estimate the total number of resistant and sensitive
bacteraemias for all participating European countries in order to provide country
specific estimates of the burden of resistance. EARSS hospitals are asked to provide
information about the total number of beds in the hospital and about their catchment
population (number of inhabitants who use the hospital). Data about the total number

of hospital beds and the total population for each country are publicly available and it
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is therefore possible to use two methods to estimate the total number of

bacteraemias in each country.

Method 1: Extrapolation from number of hospital bed S

Data about the number of hospital beds per 100,000 population were available from
WHO or OECD for all but three of the EARSS participating countries (see Appendix
1, Table 3). Data were available from both sources for nine countries (Austria,
Belgium, Czech Republic, Finland, Germany, Hungary, Norway, Slovakia, Turkey)
and were the same for five countries. We used the WHO estimate as the default for
Belgium, Czech Republic, Norway, and Slovakia. Data about population (millions)
were available for all participating countries from the Population Research Bureau.

Total beds for each country were calculated as:
Beds per 100,000 x population in millions x 100
In order to estimate the number of bacteraemias per country we calculated the % of
total beds covered by EARSS participating hospitals and then inflated the number of

bacteraemias.

Worked example for Austria:

Number of beds in EARSS hospitals: 47,000
Number of beds in Austria (see Appendix 1, Table 3): 63,080
% beds covered by EARSS hospitals: 74.5%
Number of S. aureus bacteraemias in EARSS hospitals: 1,466
Estimated S. aureus bacteraemias in Austria 1,968

(1466/0.745)
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Method 2: Extrapolation from hospital catchment pop ulation
The % of the total population served by EARSS patrticipating hospitals has been
previously estimated (Monnet). This was used to inflate the number of bacteraemias

to provide a national estimate for each country.

Comparison of methods

We expected the estimate from hospital catchment populations to overestimate the
total number of bacteraemias because there is likely to be overlap in the catchment
populations for hospitals, especially in densely populated areas. If this is true then
the estimated catchment population for each participating EARSS hospital is likely to
be an over-estimate, consequently inflating the number of EARSS hospital
bacteraemias by catchment population will under-estimate the number of

bacteraemias for the country.

Our results showed that the estimated number of bacteraemias from hospital beds
was greater than the estimate from catchment population for all countries except
Belgium (see Appendix 1, Figure 1a). The relationship between the two estimates is
shown more clearly by plotting the difference between them against their average®
(see Appendix 1, Figure 1b). The UK has publicly available national data about
number of S. aureus bacteraemias (MRSA and MSSA) for the whole country.
Moreover mandatory reporting of both MRSA and MSSA bacteraemias is in place for
England and Scotland. We therefore checked our estimate of S. aureus
bacteraemias from EARSS hospitals against national reporting in the UK (see
Appendix 1, Table 4). The two estimates were very close (20,179 based on HPA and
HPS reporting versus 21,692 based on EARSS reporting). However, it would be
reassuring to be able to check EARSS estimates from other countries before
concluding that the method of calculation from hospital beds provides reliable

national estimates.

Data about costs per hospital day

WHO-CHOICE is the World Health Organization’s programme on “Choosing
Interventions that are Cost Effective”.* The website provides estimates of cost per
day for hospital inpatients for 192 countries derived from an econometric model.’ The
model used data from 49 countries and covered a total of 2173 country-years of
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observations. Published unit costs of hospitals varied within countries, sometimes by
an order of magnitude and the authors concluded that “Basing cost-effectiveness
studies or budgeting exercises on the results of a study of a single facility, or even a

"> WHO estimates of cost per day in

small group of facilities, is likely to be misleading.
hospital for European countries are listed in the Appendix 1, Table 5. The WHO
estimates cost in International Dollars and in Local Currency. An international dollar
has the same purchasing power as the U.S. dollar has in the United States. Costs in
local currency units are converted to international dollars using purchasing power
parity (ppp) exchange rates. A ppp exchange rate is the number of units of a
country's currency required to buy the same amounts of goods and services in the
domestic market as U.S. dollar would buy in the United States. An international dollar
is, therefore, a hypothetical currency that is used as a means of translating and
comparing costs from one country to the other using a common reference point, the

US dollar (http://www.who.int/choice/costs/ppp/en/).

WHO-CHOICE estimates are provided for three levels of hospital care: primary,

secondary and tertiary.
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Definition of hospital types used in the WHO-CHOICE cost database *

Facility type

Description

Primary-level hospital

Has few specialities, mainly internal medicine,
obstetrics-gynecology, pediatrics, and general surgery,
or only general practice; limited laboratory services are
available for general but not for specialized pathological
analysis; bed capacity ranges from 30 to 200 beds;
often referred to as a district hospital or first-level

referral.

Secondary-level hospital

Highly differentiated by function with five to ten clinical
specialities; bed capacity ranging from 200-800 beds;

often referred to as provincial hospital.

Tertiary-level hospital

Highly specialized staff and technical equipment, e.g.,
cardiology, ICU and specialized imaging units; clinical
services are highly differentiated by function; may have
teaching activities; bed capacity ranges from 300 to
1,500 beds; often referred to as central, regional or

tertiary-level hospital.
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The WHO-CHOICE daily costs for hospital inpatients in the UK in 2005 are £98 for
primary, £128 for secondary and £174 for tertiary care hospitals.* In Scotland I1SD

(information and Statistics Division) publishes detailed costs for hospitals and

specialties. In 2005-6 the ISD estimate of average inpatient costs for all Boards was
£2478 per week, £354 per day® and in 2006-7 the ISD estimate was £515. For
comparison with WHO-CHOICE we calculated a weighted average for Scottish

hospitals:

Hospital type Number in Scotland WHO;:SHtC)lCE Total cost for Scotland

Tertiary 6 £174.33 £1,045.98

Secondary 19 £127.63 £2,424.97

Primary 12 £97.83 £1,173.96

Total 37 £4,644.91
Weighted average £125.54

This is only 36% of the ISD 2005 cost and 24% of the 2007 cost.
All of these estimates of hospital costs are based on averages of total running costs.

A paper published 30 years ago identified five common fallacies in estimating the

economic gain from early discharge of hospital inpatients:’

1. The hospital budget saves an amount equivalent to the average cost per day

multiplied by the number of days saved.

o b~ 0N

There is no burden for caregivers.

Hospital waiting lists can be reduced correspondingly.

There are no adverse effects on the patient.

There are no costs imposed on primary care.

The first two of these fallacies are relevant to estimation of the economic cost of

healthcare associated infection and the value of preventing infection. However, there
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are few intervention studies that have demonstrated that shortening hospital stay
does increase hospital productivity without adverse effects on staff and patients.®

In conclusion, estimates of the cost per day for hospital inpatients are available for
European countries but should be used with caution. On the one hand the WHO-
CHOICE estimates are conservative, at least for the UK. On the other hand it would
be foolish to assume that reducing hospital stay will save hospitals and European
nations an amount equivalent to the average cost per day multiplied by the number of
days saved. Consequently we recommend that the burden of healthcare associated
infection and antimicrobial resistance should be presented in natural units (deaths
and additional hospital days). WHO-CHOICE can be used as a standardised
international estimate of the cost of hospital resources but decision makers must

have the freedom to substitute their own local estimates of cost.

6.4.2 WP 4 - Outlook for 2010

We have completed the work that is possible with publicly available data.
Recommendations for enhancing the publicly available data are made in Section
2.5.2

Peter Davey
WP 4 Leader
University of Dundee, Scotland
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6.5 Work Package 5 Case studies of the burden of an  timicrobial resistance

In 2009 we completed three pieces of work:

1. Provided data about 1 year outcomes for patients with E. coli and S. aureus
bacteraemia in Tayside from July 2008 to June 2008 to Work Package 8. These
data were used in presentations by Martin Wolkewitz in 2009 and 2010 (see Work
Package 8).

2. Completed a longitudinal study of 1 year outcomes of S. aureus bacteraemia from
1996 to 2006 in Tayside (with additional funding from the Chief Scientist Office in
Scotland). Oral presentation at a joing meeting of the British Society for
Antimicrobial Chemotherapy and the Intensive Care Society, Birmingham, 24™
March 2010/

3. Developed a European cost model for the impact of antimicrobial resistance on E.

coli and S. aureus bacteraemias with Work Packages 4 and 7

DELIVERABLE 5.4 Case histories of the human or social cost of illness (completed
by WP 4)

DELIVERABLE 5.5 Final written report
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6.5.1 WP 5 - Results in 2009

6.5.1.1 One-year outcomes for patients with E. coli and S. aureus

bacteraemia in Tayside from July 2008 to June 2008

Analyses of the outcomes of S. aureus and E. coli bacteraemias from Tayside in

2007-8 are presented under Work Package 8. Please note that there were too few

cases of E. coli resistant to 3" generation cephalosporins so the results compare E.

coli resistant to EITHER 3™ generation cephalosporins OR quinolones with other E.

coli

6.5.1.2 Longitudinal study of 1 year outcomes of S. aureus bacteraemia

from 1996 to 2006 in Tayside

A full report and Executive Summary for this study was submitted to the Chief

Scientist Office in March 2010. Following approval by the Health Services Research

Committee the Executive Summary will be posted on the CSO website and a copy is

attached (Appendix 1). Results will be submitted for publication later in 2010, in

collaboration with Work Package 7. The results of this study add value to BURDEN in

three key areas:

1. The study captured the emergence of MRSA bacteraemias in Tayside: there

was only one case of MRSA in 2006 (NB data only collected from July 2006)
and four in 2007. The greater impact of MRSA on mortality has not reduced
over time. Work Package 7 recruited hospitals from countries with relatively
high prevalence of MRSA so the results of the longitudinal study provide
reassurance that the results of WP7 can be applied to countries with lower

prevalence of MRSA.

2. Although the prevalence of MRSA increased over time the number of MSSA

bacteraemias also increased (see Appendix 1, Figure 2). These findings are
consistent with data from England and other European countries.
Consequently the burden of MRSA is additional to the burden of MSSA.

. Mortality for patients with S. aureus bacteraemia diverged from comparators

for at least 100 days after onset. Risk of readmission to hospital within two
weeks was 10% for patients with S. aureus bacteraemia compared with 0.1%
foi comparators. Consequently the outcomes measured in Work Package 7
(30 day mortality and length of index admission) are likely to underestimate
the impact of resistance on mortality and hospital costs.
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6.5.1.3 European cost model (with Work Packages4a nd 7).
Relationship between prevalence of resistance, mort ality and additional
hospital days
Point estimates for adjusted attributable 30 day mortality from Work Package 7 were:
e S. aureus bacteraemia 20% for MRSA and 10% for MSSA
« E. coli bacteraemia 19% for 3" generation cephalosporin (3GC) resistant and
8% for sensitive
Point estimates for adjusted attributable 30 day and 1 year mortality from Work
Package 5 (Tayside longitudinal study) were:
e 30 day Hospital Acquired S. aureus bacteraemia 30% for MRSA and 15% for
MSSA
e | year Hospital Acquired S. aureus bacteraemia 34% for MRSA and 19% for
MSSA
For every 10% increase in resistance the predicted additional deaths per 100
bacteraemias are 1.1 for E. coli and 1.0 S. aureus bacteraemia (see Appendix 1,
Figures 3a). In Tayside the attributable mortality for hospital acquired S. aureus
bacteraemia was higher than for all S. aureus bacteraemias in WP7 and the
attributable 1 year mortality was higher than the attributable 30 day mortality.
Nonetheless the predicted additional deaths per 100 bacteraemias are 1.5 using 30

day or 1 year mortality (see Appendix 1, Figure 3Db).

The impact of resistance on length of stay was greater for E. coli bacteraemia than
for S. aureus bacteraemia. Adjusted median additional length of stay was 8 days for
3GC R E. coli, 2.9 days for 3GC S E. coli, 4.0 days for MRSA and 2.4 days for
MSSA (Work Package 7). Consequently the predicted increase in length of stay per
100 bacteraemias for every 10% increase in resistance is 51 days for E. coli versus

16 days for S. aureus (see Appendix 1, Figure 4).

Population based estimates of burden of  S. aureus bacteraemia

Prevalence based estimates can only provide partial information about the
incremental burden of resistance for a fixed number of bacteraemias. However, the
full burden only becomes clear with data about total number of bacteraemias (see
Appendix 1, Figure 2) combined with accurate information about national population,

number of hospital beds and cost per bed day.
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The burden of resistance is considerable (see Appendix 1, Table 6). Although the
prevalence of MRSA was only 35% the number of deaths per 100,000 population
was greater than for MSSA (3.4 versus 3.2) and the additional hospital costs were
similar (£8,559 for MRSA versus £9,647 for MSSA based on WHO-CHOICE
estimates of daily cost). However, the additional hospital cost for MRSA was much
higher with ISD hospital cost estimates (£24,134 with 2005 costs and £35,098 with
2007 costs).

Population based data allows comparison of the public health impact of bacteraemia
with other diseases.’ In Scotland in 2007 there were 6.6 deaths from S. aureus
bacteraemia per 100,000 inhabitants (see Appendix 1, Table 6). For comparison
deaths per 100,000 inhabitants were 15.3 for prostate cancer and 29.8 for colon
cancer.’® S. aureus bacteraemia is just one of six bacteraemias included in EARSS®
and population based estimates of the burden of disease are therefore likely to show

that bacteraemias and sepsis cause as many deaths as common cancers.™

The median number of blood culture sets used per 1,000 patient days in EARSS
hospitals was 23.8 in 2008 but the range was from 4.2 to 104.2. ECDC is currently
working on quality indicators for antibiotic stewardship and standardisation of criteria
for taking blood cultures should be on the agenda. Population based estimates of the
burden of bacteraemias are likely to be more comparable between hospitals that
have similar standards for taking blood cultures.

6.5.2 WP 5 - Outlook for 2010

o We have only been able to check estimates of the total number of
bacteraemias for the UK but have identified sources of information for
eight other countries. We hope to be able to check estimates for total
number of bacteraemias in at least one more country before submission of
a paper for publication.

Recommendations, Work Packages 4 and 5

0 The public need better quality information about the actual risk of HAI and
the effectiveness of infection control practices.

o Presentation of infection surveillance data (e.g. MRSA bacteraemias)

adjusted for admissions or occupied bed days provides an estimate of the
38



average risk of infection per patient or per day in hospital. However, for
comparison of infection rates between hospitals or within a hospital over
time it may be more informative to use all available clinical activity data in
multivariable or time series analysis, with number of infections as the
dependent variable, as has recently been recommended for surveillance of
antimicrobials.

Currently 55% (765/1,380) EARSS hospitals provide data about the
number of hospital beds. Inclusion of more information about hospital beds
should be a priority for EARSS.

Accurate data about the total number of hospital beds in European
countries are not currently available. Estimates from the WHO and OECD
conflict. These data are vital to the interpretation of EARSS data at the
population level.

We recommend that the economic burden of healthcare associated
infection and antimicrobial resistance should be expressed in terms of
additional hospital days rather than financial cost. WHO-CHOICE
estimates of the cost per day in European hospitals are probably
conservative. However, it is unlikely that reducing hospital days will save
an amount equivalent to the average cost multiplied by the number of
days. Providing decision makers with data about the number of additional
hospital days allows them to make the necessary value judgements.
Population based surveillance of bacteraemias is likely to be more
meaningful if there is standardisation of clinical criteria for blood culture
sampling. We commend ECDC for developing quality criteria for antibiotic
stewardship and suggest that criteria for taking blood and other cultures

should be on the agenda.

Peter Davey

WP 5 Leader

University of Dundee, Scotland

On behalf of WP4 (Martin Chalkley,
Shaolin Wang) and WP7 (Marlieke de
Kraker, Hajo Grundman)
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6.6 Work Package 6 Impact of antimicrobial resistan ce and
inappropriate treatment in ICU-acquired infections in Europe

Primary Objectives
The primary objectives of WP 6 were:

e To assess excess mortality and excess length of stay related to
antimicrobial resistance in intensive care unit (ICU) acquired blood
stream infections (BSI) & pneumonia

e To assess the impact of (the delay in) appropriate antimicrobial

treatment on the outcome of infected patients in the ICU.

Methodology and Implementation
Data were provided by national networks for surveillance of ICU-acquired infections.

All these surveillance networks in various European countries use a standardized
European protocol HELICS (1) (Hospital in Europe Link for Infection Control through
Surveillance) following the previous DG SANCO funded projects HELICS and IPSE
and are now coordinated at European level by the European Centre for Diseases
Control (ECDC). These common protocols and definitions (notably, of resistance)
allow collection of data in a single database; this was done with the collaboration of
the ECDC. The list of data contributors is shown in Appendix 2.

We looked at ICU-acquired pneumonias and blood stream infections caused by
Acinetobacter baumannii, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus. The reasons for choosing these micro-organisms were their
frequency in ICU-acquired infections, their high pathogenicity, and a documented
problem of antibiotic resistance. We limited this study to common antibiotic profiles
and excluded the most severe — but rare - atterns of resistance such as those related
to Extended Spectrum Beta-Lactamase - ESBL- producing micro-organisms.

We constructed 2 databases as the information needed for the evaluation of the
impact of resistance was available in all data whereas the information needed for the
assessment of appropriateness of antimicrobial treatment was only available in a
limited sample. Appropriateness of treatment was defined using a combination of 2
criteria: in vitro susceptibility of the causative microorganism to at least one of the

anti-microbial agent given to the patient and timeliness of administration. Statistical



analyses were done using sophisticated methods as the analysis of such data poses

particular methodological challenges.

Outputs and Results
The main database contains data on 106,554 admissions in ICUs collected between

2005 and 2009, in 10 different EU countries: Austria, Belgium, Croatia, France, Italy,
Latvia, Portugal, Slovakia, Scotland and Spain. For technical reasons, data from
Romania could unfortunately not be included. The smaller database (partly
overlapping the large database comprises data on 56,000 admissions from 9
different countries collected between 2005 and 2008, however data from Spain make
up 79% of the database.

In terms of pre-existing conditions, patients acquiring an ICU-acquired blood stream
infection, or pneumonia seem to differ from other patients. Infections occur mainly in
patients who have already been in ICU longer than average; their characteristics on
admission point towards a poorer general condition (such as a higher SAPS Il score).
On average, infections with a resistant micro-organism occur later than infections
with the corresponding sensitive microorganism (although distributions overlap
largely), and surviving patients stay longer in ICUs after a resistant infection than

after a sensitive infection.

It is crucial to account for these differences between patient groups in order to
disentangle the impact of the infection (and resistance) from a poor underlying pre-
existing condition: Patients with an ICU-acquired infection should be best compared
with uninfected patients with similar pre-existing illnesses. More detailed analyses by

micro-organisms are planned for the near future.

Excess mortality in ICU

We found that having a ICU-acquired blood stream infection with one of the 4 micro-
organisms studied increased the risk of dying of infections caused by susceptible and
resistant micro-organisms by 375% and 379%, respectively. The corresponding
figures for ICU-acquired pneumonias were 380% and 445%. Only in the latter
analysis was the difference between sensitive and resistant infections was

statistically significant.

41



Excess length of stay in ICU

The difference in length of stay between those with and without an ICU-acquired
blood stream infection was not statistically significant; neither was there any
difference in that respect between a sensitive and a resistant BSI. Patients with a
pneumonia had an excess length of stay of 7 days, and this was similar whether the

infection was due to a resistant, or to a sensitive micro-organism.

Appropriateness of treatment

In the smaller database, we found that patients with BSI or pneumonia due to a
sensitive micro-organism were more likely to receive an appropriate antimicrobial
treatment on the day of the infection, or on the following day (=timely treatment) than
patients with a corresponding resistant infection. However this did not seem to
change the risk of dying. In short, the fact that there is only a small (in the case of
pneumonia) or no (in the case of BSI) difference in the risk of dying from a resistant,
vVS. a sensitive micro-organism, does not appear to be related to the observed
increased delays in providing an appropriate treatment to patients with a resistant

infections.

Discussion
Our study is the largest to date on the subject of ICU-acquired infections. This was

possible due to previous European projects aimed at building networks across
European countries. It shows that ICU-acquired blood stream infections and
pneumonias due to highly pathogenic and frequent micro-organisms have a high
impact on mortality and length of stay of patients in ICU (for pneumonias only). In
comparison to the high impact of these infections, the additional impact of a resistant
infection compared to a sensitive infection appears small (for mortality related to
pneumonia) or non existent (other outcomes). This is most likely not due to the
observed delays in providing an appropriate treatment to patients with a resistant

infection.

We did not look specifically at differences between micro-organisms, and these
conclusions might not apply to all micro-organisms. We also did not look at extreme
(but rare) patterns of resistance such as vancomycin-resistant S. aureus,
carbapenem-resistant P. aeruginosa, or ESBL-producing E. coli. Even though these

are emerging threats but we concentrated here on common resistance patterns in
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this project. Finally we only looked only at outcomes in ICU, not at outcomes in

hospitals.

Conclusions
In comparison to the high general impact of a ICU-acquired pneumonia or blood

stream infection, the additional risk related to a resistant, vs a sensitive micro-
organisms, is marginal or non existent. More analyses should be performed to

assess the differences between micro-organisms in that respect.

These conclusions might not apply to exceptional patterns of resistance, but those
are by definition very rare and therefore do not have a large public health impact.

Control of infections should have the absolute priority in the fight against health care

associated infections, with control of antibiotic resistance as a secondary objective.
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6.7 Work Package 7 Analytical Study: Burden of resi  stance
and infectious diseases

Primary Objectives
The primary objectives of WP 7 were:

(1) to determine morbidity, mortality and costs directly attributable to infections
caused by resistant pathogens versus matched control patients in a set of

collaborating hospitals
(2) to feed back individual results of collaborating hospitals

(3) to estimate the overall (national) cost of AMR

Methodology and Implementation
Enlistment of recruited hospitals

In August 2006, a call for tenders was sent out via the EARSS National
Representatives. In total, 130 hospitals in 20 countries received the call for tenders. A

total of 29 hospitals in 16 countries responded.

Due to budgetary constraints, the total number of hospitals had to be limited and the
fifteen most suitable hospitals were selected, all of them in different countries.
Selection criteria were: Total number of S. aureus bacteraemias per year, blood
culturing rate (based on data from the EARSS questionnaire 2005), the participation
of the hospital laboratory in regular EQA and QA exercises, and English language
skills of the person responsible for data collection.

A contract was drawn up together with the legal department and presented to the
project leaders in the participating hospitals. After some minor adaptations the

contract was completed.

During the finalization of contracting in the first quarter of 2007, two hospitals
dropped out, leaving 13 hospitals in 12 different countries (including England and
Scotland in the United Kingdom). All of these hospitals countersigned the contract
after agreeing with RIVM on data transfer and data ownership. Data collection
commenced at the beginning of July 2007.

44



Implementation of the analytical study

A study protocol was prepared during the first two quarters of 2007. For this a
literature review and discussions during the BURDEN meetings (January 2007,
BURDEN Kick-off Meeting in Freiburg; April 2007, BURDEN Workshop in Munich;
May 2007 WP6 Workshop in Brussels) were needed, which resulted in a detailed

study protocol.

Data collection: At all the subcontracted hospitals, patients with blood cultures
positive for either S. aureus, or E. coli were enrolled in the study, as exposed
patients. Patients without a BSI with the before mentioned pathogens were matched
for duration of stay until time of infection and enrolment ward, as unexposed patients.
For all groups of patients, demographic and clinical data were recorded in addition to

the susceptibility test results of the pathogens.

A web based data submission tool based on the OSIRIS system was developed. This
system has been used by the Netherlands National Institute for Public Health and the
Environment (RIVM) for years, for data collection of notifiable diseases. The
database is part of a secure, password protected system that stores information
behind two firewalls on a server at RIVM. This system enables participants to add,
edit and delete patient records 24 hours per day and gives the coordinating institute
an updated overview of all non-identifying data entered by the different participating

hospitals.

Laptops were purchased for all on-site investigators (OSIs) for two reasons. Firstly, to
make sure that all OSls always have access to a computer to complete the OSIRIS
forms, secondly to make sure the operating system and all system settings are
appropriate for use of the web based data submission tool, at the same time

facilitating troubleshooting.

At the end of June 2007, a Kkick-off workshop was organised in Bilthoven,
Netherlands. All onsite investigators responsible for data collection at their respective
study site participated in this workshop. Here, they received the study laptops and

instructions on how to collect what type of data.
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The kick-off workshop was followed by a pilot data collection phase of two months,
during which questions and problems could be addressed through emailing or calling
WP7 project leaders at RIVM.

After the pilot phase, the onsite investigators were invited to workshop Il in Bilthoven
at the end of August 2007 to discuss difficulties in data collection. Minor adaptations

were made to the study protocol and the BURDEN forms in OSIRIS

Data collection started in September 2007 and ended in July 2008. During this
period, the WP7 project leaders remained available to all OSls for questions by email

or telephone. On-site visits were offered if needed.

The project leaders at RIVM reviewed the data collected on a regular basis and
contacted the responsible OSls to inform about missing data or inconsistencies in the

data collection.

In June 2008, an interim report of the analytical study was complied. Data collection
ended a month later than primarily planned which led to a minor delay of report
delivery. In this report a short description of the protocol used for data collection was
given. Next to that an update on the total number of patients in the database was
provided elaborating on age distribution, hospital acquired versus community-
acquired infections, and the accurateness of the matching procedure. Improvement
of data quality was obtained by using feedback reports.

During the data collection in the first half of 2008 the on-site investigators were
supported by the WP 7 team in Bilthoven. Data checks were constantly performed
and, if needed, the on-site investigators were asked to clarify inconsistencies. At the
end of data collection, a questionnaire was distributed to collect information on

hospital activity, laboratory characteristics and annual accounting costs.

In the second half of 2008 data cleaning and processing was started, and a

preliminary analysis plan was drawn up in cooperation with WP8.

In 2009 the main focus of WP 7 was to analyse the data that was collected in the
previous year. In February the partners were visited by WP8 (Freiburg, Germany) for
interactive statistical support. In April 2009 the third and final workshop was

organised for all on-site investigators. All but one of the hospitals were represented
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by the participants. In total 15 people were present. The results of the questionnaire
were presented and discussed; all data were confirmed. Next to that, all participants
gave a short presentation about their local experience. For most it was a positive
experience to work for this project. Amongst others it improved documentation of
specific care routines in the hospital, raised awareness concerning patient care and
infection control among staff and improved knowledge of the on-site investigators
regarding hospital research. The first results regarding 30-day mortality were
presented for all four cohorts (patients with a MRSA, MSSA, third generation
cephalosporin susceptible or resistant E. coli blood stream infection). In June 2009 a
final report of the analytical study was completed. This was followed by a more
detailed analyses of the data and a conclusive executive summary of key results

in which these final analyses were taken into account. The executive summary was

compiled in cooperation with work packages 5 and 8.

Evaluation of the workpackage
Reassessment of results

Morbidity is a broad term that needs to be specified and made quantifiable. Since
prolongation of hospital stay is an indication of individual ill health, we used extra
days spent in hospital as a surrogate marker for morbidity. At the same time extra
days in hospital provided the means to address costs borne by the health care

system and society.

Two different mortality measures were used: 30-day mortality as well as hospital
mortality. Thirty-day mortality is a static measure indicating if more exposed patients
died within the first month of observation. In contrast to this hospital mortality, if
analysed by appropriate time-to-event methods, gives insight into the temporal

dynamics of mortality during the entire hospital stay of enrolled patients.

For costs estimates WP7 collaborated with WP4 (Dundee, Scotland). WP7 provided
the number of bloodstream infections, attributable mortality and length of stay and

WPA4 provided data about costs.

The regular project meetings ensured good harmonisation of tasks and uniform
application of study definitions and methods. It would have been more beneficial for

the project to have had smaller meetings with people dedicated to data analysis
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together with members of WP8. Absence of these meetings sometimes delayed the

progress of the project.

In WP7 thirteen tertiary care centres participated. In each centre a dedicated on-site
investigator (OSI) collected all the data. Through a kick-off workshop and an
evaluation workshop in the beginning of the project, the OSls and WP7 investigators
built-up personal relationships, this ensured dedication and good collaboration
throughout the project.

All OSls judged working for this project positively. Amongst others it improved
registration of specific care routines in the hospital, raised awareness concerning
patient care and infection control among staff and improved knowledge of the onsite
investigators regarding hospital research.

On the other hand, workload was quite high, especially for the OSlIs in the larger
hospitals, which emphasizes the need for dedicated OSls when carrying out a large

prospective cohort study, like this.

Presentation and information for stakeholders
On-site investigators:

Subcontracts between RIVM and the participating hospitals
BURDEN Study protocol

BURDEN Manual for OSIRIS

Feedback reports for each individual participating hospital
Presentation of study results

General:

Interim report WP7

Final report WP7

Poster at the SHEA conference, March 2010

Oral presentation at the SHEA conference, March 2010
Poster at the ECCMID, April 2010
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6.8 Work Package 8 Mathematical model

Objectives

Primary objectives

The main objective of WP 8 consists of applying an appropriate mathematical model
to predict future trends of antimicrobial resistance and related costs on AMR in the
participating EU countries. The Medical Biometry and Statistics Expert Group
(MBIOS) became able, following careful review of existing mathematical models,
apply a model; in the last quarter of the project the mathematical model for estimating
AMR development and associated burden was refined, evaluated and served as a

basis for a report.

A statistical methodology taking the temporal dynamics of the data into account was
be applied, in order to properly estimate morbidity, mortality and excess costs
attributable to infections with resistant pathogens, as well as excess length of stay
(LOS) in the hospital. The analysis of data was performed in close collaboration with
WP 5, WP 6 and WP 7.
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Methodology and Implementation

Change of Objectives

In WP 8, (economic) costs could only be assessed by the proxy 'extra length of
hospital / ICU stay because WP 8 had no further data. This was thoroughly discussed
and accepted by the PMG and EAB in the annual BURDEN meeting. In WP 6,

however, economic calculations were performed..

Project results
WP 8 had intensive cooperations with workpackages WP 5, 6 and 7 regarding data
analysis and providing statistical support. For all results a summary was written in
each report (deliverables D 8.1, D 8.2, D 8.3). WP 8 had following cooperations with
following outputs:
WP 8 in cooperation with WP 5:
Statistical challenges in analysing hospital-associated mortality in
presence of time-dependent risk factors (Lit. stelle,)

WP 8 in cooperation with WP 5:
Impact of hospital-acquired Staphylococcus aureus / Escherichia coli
on hospital-associated mortality and length of hospital stay using a

prospective cohort linked with a death registry (Lit. stele)

WP 8 in cooperation with WP 6:

Impact of different types of ICU-acquired pneumonia / blood stream

infection on ICU mortality and length of ICU stay

- Staphylococcus aureus, Escherichia coli and Pseudomonas
aeruginosa

- all types combined

- separate analysis of three main contributors (France, Spain and
Austria)

Publication in process??

WP 8 in cooperation with WP 7: see report/results of WP 7
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Reassessment of results
WP 8 gave theoretical as well practical support for WP 5,6 and 7. The novel
matching procedure which was applied in WP 7 was studied theoretically and was

published in a methodological journal:

Wolkewitz M, Beyersmann J, Gastmeier P, Schumacher M: Efficient risk set sampling
when a time-dependent exposure is present. Matching for time to exposure versus
exposure density sampling. Method Inform Med, 2009; 48: 438-443

Following papers explain the statistical methods to the clinical audience:

Wolkewitz M, Beyersmann J, Gastmeier P, Schumacher M: Modeling the effect of
time-dependent exposure on intensive care unit mortality. Intens Care Med, 2009; 35:
826-832

Wolkewitz M, Beyersmann J, Schumacher M: A note on statistical association and

causality derived from epidemiological ICU data. Intens Care Med, 2010

Workpackage/project evaluation
The biggest problem that arouse was delayed data access and unclean data from

WP 6 which delayed analyses.

All'in all, we believe that the whole project was very successful in the end.

Publications in scientific journals
e Wolkewitz M, Schumacher M, Davey P for the BURDEN Study Group (2009):

Modelling the effect of time-dependent exposure on hospital mortality using
data from the BURDEN study group.(oral presentation at ECCMID 2009)

e Wolkewitz M, Ansari F, Evans J, Schumacher M, Davey P: Mortality
associated with bacteraemia caused by Staphylococcus aureus: A cohort
analysis with follow up beyond hospital discharge from the BURDEN study
group (poster presentation at ISSSI - Staphylococci and Staphylococcal
Infections — 2008)

e Wolkewitz M, Beyersmann J, Gastmeier P, Schumacher M: Efficient risk set

sampling when a time-dependent exposure is present. Matching for time to
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exposure versus exposure density sampling. Method Inform Med, 2009; 48:
438-443

e Wolkewitz M, Beyersmann J, Gastmeier P, Schumacher M: Modeling the
effect of time-dependent exposure on intensive care unit mortality. Intens Care
Med, 2009; 35: 826-832

e Wolkewitz M, Beyersmann J, Schumacher M: A note on statistical association

and causality derived from epidemiological ICU data. Intens Care Med, 2010

Unpublished manuscripts:
e Mortality associated with bacteraemia caused by Staphylococcus aureus: a
cohort analysis with follow up beyond hospital discharge from the BURDEN
study group

e Impact of different types of Staphylococcus aureus on hospital mortality: a

competing risks analysis from the BURDEN study group

For more details see Appendix 4.
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7  Appendices

7.1 Appendix 1: Additional data from WP4 and WP 5

Longitudinal analysis of bacteraemia caused by Stap hylococcus aureus:
impact on patient outcomes and hospital costs (WP4/ 5)

Researchers
Karen Barnett, Josie Evans, Faranak Ansari, Martin Wolkewitz, Ben Cooper, Martin

Chalkley, Martin Schumacher, Gabby Phillips, Gillian Orange, Jacqui Reilly, Peter
Davey

Aim

To assess the impact of the emergence of MRSA since 1996 on mortality and

hospital cost associated with Staphylococcus aureus bacteraemia.

Project Outline/Methodology
Cohort study from 1st July 1996 to 31st December 2006. Cases were patients with S.

aureus bacteraemia classified as being methicillin resistant or senstive (MRSA or
MSSA) and occuring either on arrival at hospital or acquired in hospital. Comparators

were identified from the same hospital wards or the community.

Key Results
There were 477 cases of hospital-acquired bacteraemia (260 MRSA) and 373 cases

of bacteraemia on arrival in hospital (130 MRSA). There was only one case of MRSA
bacteraemia in 1996 and 4 in 1997, so the cohort captured the emergence of MRSA
in Tayside. One year mortality was 68% and 46% for hospital-acquired MRSA and
MSSA and 41% and 24% for MRSA and MSSA on arrival. The adjusted ratio of risk
of one year mortality for MRSA versus MSSA was 2.41 (Cl 1.59-3.66) for hospital
acquired bacteraemia and 1.31 (Cl 0.58-2.94) for bacteraemia on arrival. The greater
risk of mortality with MRSA did not decline over time.

Length of stay for the index admission, risk of readmission and hospital cost in the
year after onset were all significantly increased by hospital acquired bacteraemia,
with little evidence of greater effect of MRSA vs MSSA. For example, readmission
within two weeks occurred in 9% of MRSA and 16% of MSSA cases but only 0.1% of

comparators.
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Increasing co-morbidity and increasing social deprivation were associated with
bacteraemia on arrival in hospital. The majority of patients had had previous health
care contact, with adjusted hazard ratios for hospital admission (>2 days in previous
6 months) of 7.0 (2.9-17.1) for MRSA and 3.7 (2.1-6.6) for MSSA.

Conclusions
Both MRSA and MSSA bacteraemia were associated with significant increase in

mortality and risk of readmission in the year after onset. Consequently limiting follow
up to the index hospital admission or the first 30 days after onset would have
substantially under-estimated the impact of infection. Overall, our data suggest that,
in comparison with MSSA, MRSA bacteraemia continues to have a greater impact on
mortality while these infections have similar impact on hospital costs. There was no
convincing evidence of a clinically significant reduction in the impact of MRSA

bacteraemia over time.

What does this study add to the field?
Our results suggest that previous studies have substantially underestimated the

impact of both MRSA and MSSA bacteraemias.

MRSA bacteraemia is associated with greater risk of death than MSSA bacteraemia

and this has not reduced over time.

Implications for Practice or Policy
Our results support efforts to reduce all S. aureus bacteraemias, not just MRSA

bacteraemias. Preventing 10 S. aureus bacteraemias is likely to save two lives, avoid

one readmission and at least 50 days in hospital.

Where to next?
Our results show that MRSA bacteraema continues to have higher mortality than

MSSA bacteraemia. Uncertainty about appropriate empirical antibiotic therapy for
suspected S. aureus bacteraemia needs to be resolved by a clinical trial of alternative
antibiotic polciies

Further research is required to explain the relationship between social deprivation
and risk of S. aureus bacteraemia in the community and to identify targets for

intervention
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Further details from:

Professor Peter Davey,

Division of Community and Population
Sciences and Education, Dundee DD24BF

p.g.davey@cpse.dundee.ac.uk

Table 1:  Availability of data about number of MRSA and MSSA

bacteraemias and hospital beds in 12 European count  ries

Country | MRSA bacteraemias MSSA bacteraemias Beds

Austria | EARSS hospitals only EARSS hospitals Federal Ministry of Health
(75% total beds)

Cyprus | No data No data No data

Estonia | No data No data No data

France | InVS (Institut de Veille InVS, voluntary reporting | SAE (annual Health
Sanitaire), voluntary Statistics)
reporting

German | KISS (ICU only) KISS (ICU only) Ministry of Health

y

Latvia SVA (State Public No data VSTVA Health Statistics
Health Agency) and Medical Technologies

State Agency

Luxemb | No data No data No data

ourg

Malta EARSS covers 75% of | EARSS covers 75% of Hospital statistics data
hospital beds hospital beds

Netherla | Working Party on No data RIVM (National Institute

nds Infection Prevention for Public Health and the
(www.wip.nl.) Environment

Norway | Ministry of Health (by Ministry of Health (by Ministry of Health
enquiry) enquiry)

Sweden | No data No data National Board of Health

and Welfare/Centre for
Epidemiology
(NBHW/EpC)
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UK

HPA and HPS websites
(mandatory reporting for
England, Wales,
Northern Ireland and
Scotland)

HPA and HPS websites
(mandatory reporting for

England and Scotland
only).

Hospital Episode Statistics
(England), Information
and Statistics Division
(Scotland) websites. Data
available for other

administrations by enquiry
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Table 2:  Availability of data about case mix, clean ing costs and

staffing in 6 European countries

Case mix Cleaning costs Staff per 100 beds
Austria Yes No Yes
France Yes No Yes
Latvia Yes No Yes
Malta Yes Yes Yes
Per 1
Sweden Yes No . er .’OOO
inhabitants
United Kingdom Yes No Yes
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Table 3:

countries that participate
discrepancy between WHO an OECD estimates, the WHO

used as the default.

Estimated beds per
in EARSS.

100,000 population for
Numbers

in re

European
indicate

estimate was

Country WHO beds | OECD Default Population | Estimated
beds (millions) beds

Austria 76 76 76 8.3 63080
Belgium 53 67 53 10.5 55650
Bulgaria 62 62 7.7 47740
Croatia 55 55 4.4 24200
Cyprus No Data

Czech Republic 84 74 84 10.3 86520
Denmark 36 36 5.4 19440
Estonia 56 56 1.3 7280
Finland 70 70 70 5.3 37100
France 72 72 61.2 440640
Germany 83 83 83 82.4 683920
Greece 48 48 111 53280
Hungary 79 79 79 10.1 79790
Iceland No Data

Ireland 53 53 4.2 22260
Israel 60 60 7.2 43200
Iltaly 40 40 59 236000
Latvia 76 76 2.3 17480
Lithuania 80 80 34 27200
Luxembourg 57 57 0.5 2850
Malta 76 76 0.4 3040
Netherlands 45 45 16.4 73800
Norway 41 36 41 4.7 19270
Poland 65 65 38.1 247650
Portugal 35 35 10.6 37100
Romania 65 65 21.6 140400
Slovenia 48 48 2 9600
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Spain 33 33 45.4 149820
Sweden No Data

Switzerland 35 35 7.5 26250
Turkey 27 27 27 73.7 198990
United Kingdom 36 36 60.5 217800

Data sources
WHO beds: WHO Statistical Information System (WHOSI  S) - Health systems resources
OECD beds: OECD Health Data 2009 - Frequently Reque  sted Data

Population: Population Reference Bureau 2006

Websites

WHO :

http://apps.who.int/whosis/data/Search.jsp?indicato rs=[Indicator].[HSR].Members
OECD:

http://www.oecd.org/document/16/0,3343,en_2649 3463 1 2085200 1 1 1 1,00.html

PRB:http://www.prb.org/pdf06/06WorldDataSheet.pdf
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Table 4:  Comparison of estimates of S. aureus bacteraemias in the UK
in 2007 from national reporting and from EARSS hosp  itals

S. aureus bacteraemias in the UK in 2007 from natio  nal reporting
Mandatory reporting in England suggests that voluntary reporting detected 80% of

the actual number of S. aureus.*?

England, Wales and Northern Ireland voluntary reports™ 14,114

Estimated England, Wales and Northern Ireland total 17,643
(14,114/0.8)

Mandatory reports from Scotland? 2,536

Total S. aureus bacteraemias 20,179

S. aureus bacteraemias in the UK in 2007 estimated from EARSS
In 2007 147 hospitals from the UK provided data to EARSS but only 20 included
information about hospital beds.

Number of beds in 20 EARSS hospitals 5,623
Number of beds in the UK (Table 3) 217,800
EARSS hospitals beds (% UK total) 2.6%
EARSS hospitals S. aureus bacteraemias 564
Estimated UK bacteraemias 21,692

60




Table 5:

Cost per hospital day from WHO-CHOICE

4

International dollars 2005

Local Currency 2005

Primary | Secondary | Tertiary Primary | Secondary | Tertiary
Austria 162.85 212.46 290.19 141.68 184.84 252.47
Belgium 158.45 206.72 282.35 136.74 178.40 243.67
Bulgaria 61.15 79.77 108.96 35.71 46.59 63.63
Croatia 79.89 104.22 142.35 309.39 403.64 551.32
Cyprus 129.10 168.43 230.06 53.06 69.22 94.55
Czech Republic | 111.14 144.99 198.04 1564.78 2041.42 2788.34
Denmark 162.39 211.85 289.37 1364.07 | 1779.57 2430.69
Estonia 95.24 124.25 169.71 731.90 954.84 1304.19
Finland 150.61 196.48 268.37 146.09 190.59 260.32
France 148.96 194.33 265.44 134.06 174.90 238.89
Germany 150.59 196.46 268.34 132.52 172.88 236.13
Greece 146.69 191.37 261.39 101.22 132.05 180.36
Hungary 97.69 127.45 174.08 12201.88 | 15918.63 21742.97
Iceland 169.57 221.22 302.16 16032.51 | 20916.09 28568.90
Ireland 179.32 233.94 319.53 179.32 233.94 319.53
Israel 130.70 170.52 232.90 443.48 578.56 790.24
Italy 140.65 183.49 250.62 120.96 157.80 215.54
Latvia 80.30 104.75 143.08 23.37 30.48 41.64
Lithuania 84.67 110.45 150.87 122.00 159.17 217.40
Luxembourg 281.81 367.66 502.17 257.86 336.40 459.49
Malta 110.08 143.62 196.16 27.08 35.33 48.26
Netherlands 166.14 216.75 296.05 146.54 191.17 261.12
Norway 211.26 275.61 376.44 1844.27 2406.04 3286.36
Poland 81.89 106.84 145.93 151.50 197.65 269.96
Portugal 108.77 141.90 193.82 76.14 99.33 135.67
Romania 59.98 78.25 106.89 86.20 112.45 153.60
Slovenia 235.77 307.59 420.13 14382.12 | 18762.98 25628.01
Spain 137.67 179.61 245.32 104.63 136.50 186.44
Sweden 155.14 202.40 276.46 1428.88 | 1864.12 2546.17
Switzerland 169.40 221.00 301.86 287.98 375.70 513.16
Turkey 52.14 68.02 92.91 45.88 59.86 81.76
United Kingdom | 157.80 205.86 281.18 97.83 127.63 174.33
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Table 6:

Number of S. aureus bacteraemias in Scotland in 2007 with

estimated deaths, hospital days and costs per 100,0 00 inhabitants.

Data sources: S. aureus bacteraemia from mandatory reporting;? population from the

Office of National Statistics;*® cost per hospital day from Information and Statistics

Division.'* Deaths and additional hospital days from Work Package 7.

MRSA MSSA All S. aureus
Total bacteraemias 881 1655 2536
Population, millions 5.17
Rate per 100,000 inhabitants 17.0 32.0 49.1
% MRSA 35%
Deaths 176 166 342
Deaths per 100,000 inhabitants 3.4 3.2 6.6
Days per 100,000 inhabitants 68 77 145
(95% CI) (48-119) (54-106) (102-225)

Cost per 100,000 inhabitants (95% CI) with three different estimates of hospital costs

£35,098 £39,560 £74,658

L 1SD 2007.8 (£24,568-£61,421)(£28,022-£54,395)(£52,590-£115,816)
£24,134 £27,202 £51,337

5 ISD 2005 (£16,984-£42,235|(£19,268-£37,403 | (£36,162-£79,638)

3. WHO-CHOICE

£8,559

£9,647

£18,205
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(£5,991-£14,978) [ (£6,833-£13,264) | (£12,824-£28,242)

Figure 1a: Number of S. aureus bacteraemias per year in European
countries estimated from EARSS data inflated either for population
(catchment) or hospital beds (beds)
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Figure 1b: Difference between estimates (beds — cat
against the average for both measures

chment) plotted
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Figure 2: Longitudinal changes in

Scotland. Increase in the prevalence of MRSA was as
increase in the number of MSSA bacteraemias as well

MRSA bacteraemias
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Figure 3 a: Number of deaths per 100 bacteraemias b y prevalence of
resistance for S. aureus and E. coli based on adju  sted attributable risk
of mortality from WP7
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Figure 3b: Number of deaths per 100 bacteraemias by prevalence of
resistance for S. aureus based on adjusted attributable risk of mortality

at 30 days and one year from the Tayside longitudin  al study of S. aureus
bacteraemia (Appendix)
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Figure 4. Additional hospital days per 100 bacterae = mias by prevalence
of resistance for S. aureus and E. coli based on data from WP7
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Table 7:  Questionnaire to ECDC National focal point
characteristics

s about hospital

Questionnaire on hospital characteristics that may influence hospital acquired infection

Please answer Yes or No to the availability of data in your country. Answer Yes if there is a national source of data for all hospitals in your country, with

information for individual hospitals. If Yes please name the source of the data.

Proportion of total admission that were in the Nephrology specialty

Data item Available? Source
Number of reports of MRSA bacteraemuas per 1000 adnussions

Number of reports of Meticillin Sensitive Sfaph aureus bacteraemias per 1000 admissions

Cleanliness

Any nationally collected data about hospital cleanliness. in the UK this is part of the Patient Experience Action Team or
PEAT score)

Smgle rooms availability

Proportion of all hospital beds provided m smgle rooms

Average length of stay

Median length of stay m days for all inpatient adnissions in the hospital

Average age of patients

Mean age of mpatients i the hospital

Emergency admissions

Proportion of all imnpatient admissions that were emergency admissions

Bed occupancy rate

Percentage of open and staffed beds (either total beds or general and acute only) which are occupied at midnight

Cleaning service type

A variable equalling 1 if hospitals contract out cleaning services and 0 if cleaning services are provided in-house. Where a
hospital has a mixture of contract and in-house cleaning (e.g. 1 different hospital sites), this variable 1s a fraction derived
by weighting cleaning service type by the number of beds

Trauma and Orthopaedics

Proportion of total admissions that were in the Trauma and Orthopaedics specialty

Ear, Nose and Throat

Proportion of total admissions that were in the Ear, nose and throat specialty

Data item Available? Source
Ophthalmology

Proportion of total admissions that were 1n the Ophthalmology specialty

Neurosurgery

Proportion of total admissions that were in the Neurosurgery specialty

Nephrology

Agency nursing staff
Proportion of nursing staff that are employed using outside agencies

Temporary nursing staff
Proportion of nursing staff that are employed on temporary contracts

Floor space per bed )
Total occupied floor space (in m”) divided by the total number of available beds

Number of beds
Number of beds 1n the trust available to patients overnight

Male
Proportion of all inpatient admissions that were male

Expenditure on cleaning
Total expenditure on cleaning services divided by total occupied floor area (in m”)

Nurses per 1000 bed days
Numerator: number of (headcount) nurses
Denominator: 1000 bed days

Consultants (or equivalent. e.g. Attending Physicians. Senior Doctors) per 1000 bed days
Denomunator: 1000 bed days
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7.2

Surveillance data were formatted by Dr Carl Suetens

Appendix 2: list of participants and data contr

for Disease Control (ECDC)

ibutors (WP6)
, from the European Centre

Country | Name Affiliation E-mail
Hiesmayr Medical University of Vienna,
Austria Michael Vienna, Austria michael.hiesmayr@meduniwien.ac.at
Morales
Belgium | Ingrid WIV-ISP, Brussels, Belgium ingrid.morales@iph.fgov.be
Belgium | Mertens Karl | WIV-ISP, Brussels, Belgium kmertens@iph.fgov.be
Kalenic University  Hospital  Centre
Croatia Smilja Zagreb, Croatia. skalenic@mef.hr
Palomar Hospital Vall d'Hebron,
Spain Mercedes Barcelona, Spain mpalomar@vhebron.net
CCLIN Sud-Est — Hopital Henry
Gabrielle, Saint Genis-Laval,
France Savey Anne | France anne.savey@chu-lyon.fr
Stradins  University Hospital,
Latvia Dumpis Uga | Riga, Latvia uga.dumpis@stradini.lv
Agodi University of Catania, Catania,
Italy Antonella Italy agodia@unict.it
University of Sassari, Sassari,
Italy Mura Ida Italy idamura@uniss.it
Gomez da
Siva National Institute of Health “Dr
Portugal | Eduardo Ricardo Jorge” eduardo.g.silva@netcabo.p
Costa
Portugal | Cristina cristinacosta@dgs.pt
University of Medicine and
Licker Pharmacy 'Victor Babe ',
Romania | Monica Timi oara, Romania lickermonica@yahoo.com
Slavka Regional Public Health Authority
Slovakia | Litvova in Trencin, Slovakia tn.litvova@uvzsr.sk
Maria Regional Public Health Authority
Slovakia | Stefkovicova | in Trencin, Slovakia tn.riaditel@uvzsr.sk
NHS National Services
McNeish Scotland,  Glasgow, United
Scotland | Jane Kingdom jane.mcneish@nhs.net
NHS National Services
Abigail Scotland, Glasgow, United
Scotland | Mullings Kingdom abigail. mullings@nhs.net
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7.3 Appendix 2: list of participants and data contr ibutors (WP6)
Surveillance data were formatted by Dr Carl Suetens, from the European Centre for

Disease Control (ECDC)

Country | Name Affiliation E-mail
Hiesmayr Medical University of Vienna,
Austria Michael Vienna, Austria michael.hiesmayr@meduniwien.ac.at
Morales
Belgium | Ingrid WIV-ISP, Brussels, Belgium ingrid.morales@iph.fgov.be
Belgium | Mertens Karl | WIV-ISP, Brussels, Belgium kmertens@iph.fgov.be
Kalenic University  Hospital  Centre
Croatia Smilja Zagreb, Croatia. skalenic@mef.hr
Palomar Hospital Vall d'Hebron,
Spain Mercedes Barcelona, Spain mpalomar@vhebron.net
CCLIN Sud-Est — Hopital Henry
Gabrielle, Saint Genis-Laval,
France Savey Anne | France anne.savey@chu-lyon.fr
Stradins  University Hospital,
Latvia Dumpis Uga | Riga, Latvia uga.dumpis@stradini.lv
Agodi University of Catania, Catania,
Italy Antonella Italy agodia@unict.it
University of Sassari, Sassari,
Italy Mura Ida Italy idamura@uniss.it
Gomez da
Siva National Institute of Health “Dr
Portugal | Eduardo Ricardo Jorge” eduardo.g.silva@netcabo.p
Costa
Portugal | Cristina cristinacosta@dgs.pt
University of Medicine and
Licker Pharmacy ‘Victor Babe ',
Romania | Monica Timi oara, Romania lickermonica@yahoo.com
Slavka Regional Public Health Authority
Slovakia | Litvova in Trencin, Slovakia tn.litvova@uvzsr.sk
Maria Regional Public Health Authority
Slovakia | Stefkovicova | in Trencin, Slovakia tn.riaditel@uvzsr.sk
NHS National Services
McNeish Scotland, Glasgow, United
Scotland | Jane Kingdom jane.mcneish@nhs.net
NHS National Services
Abigail Scotland,  Glasgow, United
Scotland | Mullings Kingdom abigail. mullings@nhs.net
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7.3 Appendix 3: The burden of methicillin resistant S. aureus and
third generation cephalosporin resistant E. coli bl ood stream
infections in European hospitals (WP7)

Researchers
Marlieke de Kraker!, Hajo Grundmann!, Martin Wolkewitz?>, Martin Schumacher?,

Peter Davey®

1. National Institute for Public Health and the Environment (RIVM), Bilthoven,
The Netherlands

2. Institute of Medical Biometry and Medical informatics, Freiburg, Germany

3. Division of Clinical and Population Sciences and Education, Dundee, United
Kingdom

Aim

To determine the excess mortality and excess length of stay related to resistant
pathogens causing blood stream infections (BSIs). In this study we focused on the
impact of two common causative pathogens, namely methicillin resistant S. aureus

and third generation cephalosporin resistant E. coli.

Project Outline/Methodology
A prospective parallel matched cohort design was used. Two cohorts of patients with

S. aureus BSlIs were established. Cohort one consisted of patients with a susceptible
S. aureus (MSSA) BSI and cohort two consisted of patients with methicillin resistant
S. aureus (MRSA) BSI. On the day an infected patient was identified, two patients
free of S. aureus/E. coli BSI that had been in the hospital for the same length of stay
were selected as controls. For E. coli the same approach was used, cohort one
included patients with third generation cephalosporin susceptible E. coli BSI and
matched controls without E. coli/S. aureus BSI and cohort two included patients with
third generation cephalosporin resistant E. coli BSI and matched controls without E.
coli/S. aureus BSI. Data was collected between July 2007 and July 2008 in 13 tertiary
care centres in as many European countries (Austria, Belgium, Croatia, England,

Germany, Greece, Ireland, Italy, Latvia, Malta, Romania, Scotland, Slovenia).
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Main outcomes

. Mortality 30 days after ascertainment of the infection, either in- or outside the
hospital

. Mortality during the entire hospital admission period of the patients

. Length of stay after ascertainment of the infection

Excess mortality and excess length of stay was defined as the difference in outcome
between patients with BSI and their matched controls without S. aureus/E. coli BSI.
The impact of resistance was determined by comparing the excess mortality and
excess length of stay from cohort one and cohort two for S. aureus as well as E. coli
BSI.

Key Results (S. aureus)
There were 618 cases of susceptible S. aureus blood stream infection and 248 cases

of resistant S. aureus BSI identified, respectively matched with 1170 and 453 control

patients without S. aureus BSI.

30-day mortality
Within 30 days after ascertainment of the infection 22% of the MSSA patients died,

versus 8% of the matched control patients. In the cohort of MRSA patients 31%
exposed patients died versus 8% of the matched control patients. After adjustment
for differences between the patients with BSI and their matched controls, patients
with MSSA or MRSA BSI still had an increased risk to die within 30 days compared to
the uninfected controls. Comparing the outcomes from the two cohorts, methicillin
resistance was associated with an almost two-fold increased risk of mortality within
30 days after infection (relative risk 1.7, Cl 1.04-2.7).

Hospital mortality
During the complete hospital stay, 23% of the MSSA patients died versus 7% of their

matched controls, while 36% of the MRSA patients died versus 9% of their controls.
After adjustment for differences between patients with BSI and controls the following
results were found. During hospital stay MSSA patients had a 75% chance to die
before the matched control patient would die (Cl 69%-81%), the median length of
stay from infection to death was 8 days for deceased MSSA patients compared to 11
days for the deceased controls. MRSA patients had a 78% chance to die before the

matched control patient would die (Cl 71%-84%), the median length of stay from
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infection to death was 9 days for deceased MRSA patients as compared to 12 days
for the deceased controls. When the outcomes of the two cohorts were compared,
methicillin resistance did not influence hospital mortality, MRSA BSIs and MSSA

BSIs had a similar impact on hospital mortality.

Length of hospital stay
Patients with a MSSA BSI stayed in hospital for a median of 15 days (IQR 7-26) after

infection, versus 8 days (IQR 4-14) for the controls. Patients with a MRSA BSI stayed
in the hospital for a median of 16 days (interquartile range (IQR) 6-32) after infection,
versus 7 days (IQR 3-18) for the controls. After adjustment for potential confounders,
MSSA and MRSA patients stayed more than 1.5 times as long in hospital as controls
(MSSA: 1.6, Cl 1.5-1.8, MRSA: 1.6, CI 1.3-2.0). Comparison of the excess length of
stay for MRSA and MSSA patients showed that methicillin resistance did not

influence length of stay.

Key Results (E. coli)
There were 1,110 cases of susceptible E. coli BSI and 111 cases of resistant E. coli

BSI, respectively matched with 2,084 and 204 controls without E. coli BSI.

30-day mortality

Within 30 days after ascertainment of the infection 17% of the susceptible E. coli
patients died, versus 7% of the matched control patients. In the cohort of patients
with resistant E. coli BSI 32% exposed patients died versus 6% of the matched
control patients. After adjustment for differences between the patients with BSI and
their matched controls, patients with susceptible or resistant E. coli BSI still had an
increased risk to die within 30 days compared to the uninfected controls. Comparing
the outcomes from the two cohorts, third generation cephalosporin resistance was
associated with a more than two-fold increased risk of mortality within 30 days after
infection (relative risk 2.1, CI 0.9-4.6).

Hospital mortality

During the complete hospital stay, 17% of the patients with susceptible E. coli died

versus 7% of their matched controls, while 36% of the patients with resistant E. coli

died versus 5% of their controls. After adjustment for differences between patients

with BSI and controls the following results were found. During hospital stay patients

with susceptible E. coli had a 67% chance to die before the matched control patient
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would die (Cl 60%-71%), the median length of stay from infection to death was 7
days for deceased patients with susceptible E. coli compared to 12 days for the
deceased controls. Patients with resistant E. coli had 85% chance to die before the
matched control patient would die (Cl 71%-93%), the median length of stay from
infection to death was 3 days for deceased patients with resistant E. coli as
compared to 9 days for the deceased controls. When the outcomes of the two
cohorts were compared, third generation cephalosporin resistance significantly
increased the risk of dying during hospital admission and decreased the time to

mortality.

Length of hospital stay

Patients with a susceptible E. coli BSI stayed in hospital for a median of 10 days (IQR
6-17) after infection, versus 7 days (IQR 4-14) for the controls. Patients with a
resistant E. coli BSI stayed in the hospital for a median of 12 days (IQR 6-25) after
infection, versus 6 days (IQR 3-16) for the controls. After adjustment for potential
confounders, patients with susceptible E. coli BSI stayed just a little longer in hospital
than the control patients (multiplicative factor 1.2, Cl 1.1-1.3). Patients with resistant
E. coli BSI stayed more than 1.5 times as long in hospital as controls (Cl 1.2-2.0).
Comparison of the excess length of stay from the two cohorts showed that third

generation cephalosporin resistance increased length of stay 1.3-fold (CI 1.0-1.7).

Conclusions

S. aureus

Patients affected by S. aureus BSIs had an increased risk to die, if they died they did
so after a shorter length of stay than uninfected control patients. Overall, patients with
S. aureus BSI stayed almost twice as long in hospital compared with uninfected
control patients. Methicillin resistance increased the risk to die among patients with S.

aureus BSI, but did not influence duration of hospital admission.

E. coli
Patients with E. coli BSIs had an increased risk to die, if they died they did so after a
shorter length of stay than uninfected control patients. Overall, patients with E. coli
BSI stayed a bit longer in hospital than the uninfected control patients. Third
generation cephalosporin resistance was associated with a significantly increased
risk to die, and a significantly increased duration of hospital admission.
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Implications for Practice or Policy
Prevention of 10 third generation cephalosporin resistant E. coli BSls could save two

lives and avoid 80 days in hospital. To achieve the same number of saved lives and

avoided hospital days, at least 25 susceptible E. coli BSIs should be prevented.

Prevention of 10 MRSA BSils could also save two lives and avoid 90 days in hospital.
Prevention of 10 MSSA BSIs would lead to the same number of avoided hospital

days, and one saved live.

Therefore, the largest impact can be expected when infection control focuses on
prevention of third generation cephalosporin resistant E. coli BSIs and resistant as

well as susceptible S. aureus BSlIs.

Further information
At the moment two manuscripts are prepared containing all details about the above

mentioned study. Soon these results will become avaible through one of the medical

journals.
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7.4 Appendix 4. Impact of hospital-acquired Staphyl  ococcus
aureus / Escherichia coli on hospital-associated mo rtality and
length of hospital stay using a prospective cohort linked with a
death registry (WP8 / WP5)

Summary

Medical questions in the BURDEN project

The medical objective is to explore the impact of hospital-acquired Staphylococcus aureus
(Staph aureus) / Escherichia coli (E.coli) infections as time-dependent exposure on mortality
and length of hospital stay. The specific focus is given on the comparison between the resistant
and the sensitive type of pathogen. This question is addressed with two prospective cohort

studies (one per pathogen) in Tayside, Scotland.

Main findings

Hospital-acquired Staph aureus / E. coli infections are highly associated with an increased risk
of dying. This association is still present after controlling for age at admission, gender and
being hospitalized. To calculate extra length of stay, the endpoints 'discharge alive’ and ’dy-
ing in hospital’ are combined. The extra length of stay is 0 (Staph aureus) or even negative
(E.coli) because many patients with these pathogens die immediately after the infection. In
other words, the hazard of dying in the hospital is fairly increased for infected patients (com-
pared to uninfected patients) and furthermore the hazard of being discharged alive from the
hospital is fairly reduced for infected patients. This two diametrical effects can be made visible
using multistate models but cancel each other out when the endpoint is combined. Thus, this
phenomena requires a more detailed consideration of the competing events with novel methods

which are currently submitted with following title:

Estimating Summary Functionals in Multistate Models with an Application to Hospital Infec-

tion Data by the authors Arthur Allignol, Martin Schumacher and Jan Beyersmann

This report includes only the results. The statistical methods are explained in detail in the

previous reports from WP 8.
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Impact of hospital-acquired Staphylococcus aureus
on hospital-associated mortality and length of hospital
stay using a prospective cohort



TABLE 1. Characteristics of study participants

General

Number of patients 3476
Length of hospital stay
(1. admission) in days

median (Q1-Q3) 5 (3-11)

Baseline risk factors

Age (Mean (SD)) 62.9 (19.1)

Female (n (%)) 1510 (43.4 %)

Time-dependent Number of Time (days) to event among those
risk factors events (%) with event, median (Q1-Q3)
Hospital-acquired MRSA 18 (0.52 %) 11 (6-22)
Hospital-acquired MSSA 20 (0.58 %) 7 (4.5-12.5)

TABLE 2. Crude mortality rates (number of deaths/total number (%))

In-hospital within 1. admission 120 days after 1. admission

ha-MRSA 5/18 (27.8%) 9/18 (50.0%)
ha-MSSA 2/20 (10.0%) 6,/20 (30.0%)
no ha-SA 151/3438 (4.4%) 490/3438 (14.3%)
total 158/3476 (4.6%) 505/3476 (14.5%)

TABLE 3. Impact of hospital-acquired MRSA and MSSA on hospital-associated
mortality. Time-averaged hazard ratios (HR); estimated by univariate and mul-
tivariate regression. (* for age and sex, ** for age, sex and being hospitalized
(1.admission))

Exposure univariate adjusted™ adjusted**

HR/(95%-CI) HR(95%-CI)  HR(95%-CI)

Staph aureus

ha-MRSA vs. no ha-SA  6.09 (3.15-11.78) 6.47 (3.34-12.52) 4.98 (2.56-9.69)
ha-MSSA vs. no ha-SA  2.91 (1.30-6.51)  2.86 (1.28-6.40) 2.25 (1.00-5.05)
ha-MRSA vs. ha-MSSA  2.09 (0.75-5.88)  2.26 (0.81-6.36) 2.21 (0.79-6.23)

TABLE 4. Extra length of hospital stay due to ha-Staph aureus

Risk factor | corresponds to | Extra LoS | Difference (R-S)
ha-MRSA left figure 4 -0.21 days -0.21 days
ha-MSSA right figure 4 0.00 days
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FIGUrE 1. Each line represents a patient (gray-uninfected, black-infected), the
dots are the status at the end of the first admission to the hospital (green-alive,
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happens it is displayed with a red dot. Only Staph aureus patients are displayed.
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FiGURE 2. Multistate model with seven states. Each arrow represents a transi-
tion hazard moving from one state to another. Once admitted to the hospital,
each patient is at each time point in one of the following states: O=first admis-
sion w/o ha-SA | 1=ha-MRSA, 2=ha-MSSA, 3=discharge from first admission
after ha-MRSA infection, 4=discharge from first admission w/o ha-SA infection,
5=discharge from first admission after ha-MSSA infection, 6=death.
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Impact of hospital-acquired Escherichia coli (E.coli)
on hospital-associated mortality and length of hospital
stay using a prospective cohort



TABLE 1. Characteristics of study participants

General

Number of patients

Length of hospital stay

(1. admission) in days

median (Q1-Q3)

4592

4 (2-10)

Baseline risk factors

Age (Mean (SD))
Female (n (%))

59.8 (24.0)
2408 (52.4 %)

Time-dependent
risk factors

Number of Time (days) to event among those
with event, median (Q1-Q3)

events (%)

Hospital-acquired E.coli-R
Hospital-acquired E.coli-S

17 (0.37%)

23 (0.50 %)

9 (5-23)
7(4-14)

TABLE 2. Crude mortality rates (number of deaths/total number (%))

In-hospital within 1. admission | 120 days after 1. admission
ha-E.coli-R 6/17 (35.29%) 9/17 (52.94%)
ha-E.coli-S 7/23 (30.43%) 8/23 (34.78%)
no ha-E.coli 187/4552 (4.11%) 614/4552 (13.49)
total 200/4592 (4.36%) 631/4592 (13.74%)

TABLE 3. Impact of hospital-acquired E.coli-R and E.coli-S on hospital-
associated mortality. Time-averaged hazard ratios (HR); estimated by univariate
and multivariate regression. (* for age and sex, ** for age, sex and being hospi-

talized (1.admission))

Exposure

univariate

HR/(95%-CI)

adjusted™
HR(95%-CI)

adjusted™**

HR(95%-CI)

Staph aureus

ha-E.coli-R vs. no ha-E.coli
ha-E.coli-S vs. no ha-E.coli
ha-E.coli-R vs. ha-E.coli-S

8.13 (4.21-15.71)
4.03 (2.01-8.09)
2.02 (0.78-5.23)

6.38 (3.30-12.36)
2.45 (1.22-4.92)
2.61 (1.01-6.77)

4.65 (2.40-9.03)
2.09 (1.04-4.20)
2.23 (0.86-5.79)

TABLE 4. Extra length of hospital stay due to E coli

Risk factor | corresponds to | Extra LoS | Difference (R-S)
E coli-R left figure 4 -3.00 days 2.35 days
E coli-S right figure 4 -5.35 days




FIGURE 1. Each line represents a patient (gray-uninfected, black-infected), the
dots are the status at the end of the first admission to the hospital (green-alive,
red-dead). Patients may die after being discharged from hospitalization; if this
happens it is displayed with a red dot. Only E.coli patients are displayed.

ha-Ecoli-S ha-Ecoli-R
-0 —o
-
e —_ o S—
_. —.
d °
—a
—0 —o
eH4 —0 °
_.. 2 —o9 o
—0 —0
2 . . e
- —o °
% o o
v - e °®
—0 o
"o —e
-9 )
I I
20 40 60 80 100 120

20 40 60 80 100 120

o

time (days) from hospital admission time (days) from hospital admission

FIGURE 2. Multistate model with seven states. Each arrow represents a transi-
tion hazard moving from one state to another. Once admitted to the hospital,
each patient is at each time point in one of the following states: 0=first admission
w/o ha-E.coli , 1=ha-E.coli-R, 2=ha-E.coli-S, 3=discharge from first admission
after ha-E.coli-R infection, 4=discharge from first admission w/o ha-E.coli infec-
tion, 5=discharge from first admission after ha-E.coli-S infection, 6=death.
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