
Prevention of meticillin-resistant Staphylococcus
aureus bloodstream infections in European hospitals:
moving beyond policiesq

M.A. Borg a,*, M. Hulscher b, E.A. Scicluna c, J. Richards d, J.-M. Azanowsky e,
D. Xuereb c, A. Huis b, M.L. Moro f, H.C. Maltezou g, U. Frank h

aMater Dei Hospital and University of Malta, Msida, Malta
bRadboud University Medical Centre, Nijmegen, The Netherlands
cMater Dei Hospital, Msida, Malta
d International Federation of Infection Control, Norwich, UK
e Public Health Specialist, Paris, France
fAgenzia Sanitaria e Sociale Regione, Emilia-Romagna, Bologna, Italy
gHellenic Center for Disease Control and Prevention, Athens, Greece
h Freiburg University Hospital, Freiburg, Germany

A R T I C L E I N F O

Article history:
Received 27 June 2013
Accepted 19 May 2014
Available online 5 June 2014

Keywords:
Competency
Culture
Infection control
Root cause analysis
Survey

S U M M A R Y

Background: There is evidence that meticillin-resistant Staphylococcus aureus (MRSA)
bacteraemia can be reduced with improved infection control and antibiotic stewardship.
Aim: To survey infection control and antibiotic stewardship practices within European
hospitals and to identify initiatives that correlate with reduced MRSA prevalence.
Methods: Online questionnaires were sent to European hospitals about their surveillance,
hand hygiene, intravenous device management, admission screening, isolation, antibiotic
prescribing, hospital demographics and MRSA blood culture isolates during 2010.
Findings: In all, 269 replies were received from hospitals in 29 European countries. Lower
MRSA prevalence showed significant association with presence of incidence surveillance,
performance of root cause analysis, mandatory training requirements for hand hygiene,
accountability measures for persistent non-compliance, and multi-stakeholder teamwork
in antibiotic prescribing. Presence of policies on intravenous catheter insertion and
management showed no variation between different MRSA prevalence groups. However,
low-prevalence hospitals reported more competency assessment programmes in insertion
and maintenance of peripheral and central venous catheters. Hospitals from the UK and
Ireland reported the highest uptake of infection control and antibiotic stewardship
practices that were significantly associated with low MRSA prevalence, whereas Southern
European hospitals exhibited the lowest. In multiple regression analysis, isolation of high-
risk patients, performance of root cause analysis, obligatory training for nurses in hand
hygiene, and undertaking joint ward rounds including microbiologists and infectious dis-
ease physicians remained significantly associated with lower MRSA prevalence.

q Preliminary results were presented at the 22nd European Congress of Clinical Microbiology and Infectious Diseases, London, UK, 2012.
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Conclusion: Proactive infection control and antibiotic stewardship initiatives that instilled
accountability, ownership, teamwork, and validated competence among healthcare
workers were associated with improved MRSA outcomes.
ª 2014 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Bloodstream infections (BSIs) caused by meticillin-resistant
Staphylococcus aureus (MRSA) continue to constitute a major
challenge to European healthcare institutions and impact on
morbidity and mortality as well as economic costs.1 For more
than a decade, comparable surveillance of MRSA proportions in
S. aureus blood cultures has been ongoing in the majority of
European countries through the European Antimicrobial Resis-
tance Surveillance Network (EARS-Net, previously EARSS).
MRSA proportions have been shown to correlate well with
incidence, and have been used to calculate overall MRSA bac-
teraemia rates.2

The results from EARS-Net highlight significant geographical
differences: MRSA prevalence is consistently reported to be low
(at times practically absent) in almost all Northern European
countries but increases into Central/Eastern Europe and rea-
ches its highest levels in the Southern European countries
bordering the Mediterranean.3 Over the past decade, a decline
in MRSA bacteraemia has been reported by EARS-Net.4 Howev-
er, this reduction has been far from uniform throughout Europe.
Improvement has been highest in the UK and Ireland; indeed,
MRSA bacteraemia incidence in England has fallen by more than
80% from its previous endemic level of less than a decade ago.5,6

Significant improvement has also been reported in France and
Belgium but the reduction has been far less dramatic than re-
ported in the British Isles and achieved over a much longer
period of time.7 On the other hand, little change has been re-
ported in most countries within Southern and Eastern Europe,
where MRSA proportions remain high in bacteraemia isolates
and, in some instances, have even increased in recent years.8

MRSA bacteraemia can be reduced through effective infec-
tion control and antibiotic stewardship interventions.9 MRSA
BSI incidence and proportions have therefore been used to
monitor the effectiveness of such programmes.10 Thus, it is
helpful to study the variation in MRSA BSI between countries
and healthcare institutions in order to identify any practices
that are associated with low prevalence.

Methods

This study was embedded as a work package in the Imple-
ment Project.11 A consultation exercise using a Delphi-type
approach was undertaken among ten experts in infection pre-
vention and control. These were primarily epidemiologists as
well as infection control doctors and nurses involved in the
project or within the board of the International Federation of
Infection Control (IFIC). Survey questions were developed and
then short-listed, following feedback, to incorporate infection
control and antibiotic stewardship measures deemed relevant
for the prevention and control of MRSA bacteraemia. These
focused on surveillance, isolation, hand hygiene, intravenous
device management, decolonization and screening, as well as
antibiotic prescribing.

The questionnaire also collected, as the primary outcome
measure the proportions of S. aureus blood culture isolates
reported by the responding hospital in 2010 that were metic-
illin resistant. This was calculated by including the number of
S. aureus blood culture isolates that showed oxacillin resis-
tance as the numerator, and the total number of S. aureus
bacteraemias as the denominator, both on a first-per-patient
basis. Basic hospital demographics were also captured.

The survey was made available online in French, German,
Spanish, Italian, and Greek translations, in addition to the
original English version, using SurveyMonkey (Menlo Park, CA,
USA). It was advertised widely in Europe between March and
December 2011, especially to members of European societies
affiliated with IFIC. To avoid multiple replies from the same
respondent, the survey was programmed to accept only one
reply from each IP source. All data received from the ques-
tionnaires were checked for plausibility, entered into a data-
base and analysed descriptively. Statistical analysis was
performed using STATA 10 (StataCorp LP, TX, USA). All variables
were binary, asking whether the intervention was in place
within the responding healthcare facility or not. Presence of
infection control and antibiotic stewardship interventions was
grouped by geographical region based on the EARS-Net
epidemiological map: North, Central/East, France/Belgium,
South and UK/Ireland. The c2-test for association was used to
test variables between high- and low-MRSA prevalence groups
to identify any association. P � 0.05 was considered statisti-
cally significant.

Ordinal logistic regression analysis was then performed to
cross-validate the simple associations identified between spe-
cific variables and MRSA prevalence in the univariate analysis.
Separate logistic regression was performed on each group of
initiatives. Factors showing significant regression coefficients
(P < 0.05) were then extracted from each group, introduced
into a separate model and retested. Some factors (such as
intravenous device competence assessment) were excluded
from the logistic regression model due to co-linearity whereas
others were not retained due to lack of statistical significance.

Results

After cleaning the data, 269 replies were retained. They
originated from secondary and tertiary care hospitals, defined
as institutions having at least two specialized services (such as
intensive care, renal dialysis, haematology, etc.). These hos-
pitals were located in 29 different European countries
(Table I). Within these respondents, 222 hospitals supplied in-
formation on the MRSA proportions identified in their S. aureus
blood culture isolates during 2010.

A significant variation was evident in MRSA proportions be-
tween the various regions. Whereas 90.6% of Northern hospitals
reported MRSA proportions of <5%, the equivalent was only
seen in 12.5% of institutions from Southern Europe. No hospital
from the Northern and Central/Eastern regions reported MRSA
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