
lable at ScienceDirect

Clinical Microbiology and Infection 24 (2018) 105e109
Contents lists avai
Clinical Microbiology and Infection

journal homepage: www.cl inicalmicrobiologyandinfect ion.com
Systematic review
The methodology of surveillance for antimicrobial resistance and
healthcare-associated infections in Europe (SUSPIRE): a systematic
review of publicly available information

M. Nú~nez-Nú~nez 1, 2, M.D. Navarro 1, V. Palomo 1, N.B. Rajendran 3, M.D. del Toro 1,
A. Voss 4, M. Sharland 5, F. Sifakis 6, E. Tacconelli 3, J. Rodríguez-Ba~no 1, *

for the members of EPI-Net, Combacte-Magnet and EUCIC Group for SUSPIRE
1) Unidad Clínica de Enfermedades Infecciosas y Microbiología, Instituto de Biomedicina de Sevilla (IBiS), Hospital Universitario Virgen Macarena/
Universidad de Sevilla/Centro Superior de Investigaciones Científicas (CSIC), Spain
2) Unidad Clínica de Farmacia Hospitalaria, Hospital Universitario Virgen Macarena, Seville, Spain
3) Infectious Diseases, Internal Medicine 1, DZIF Center, Tübingen University Hospital, Tübingen, Germany
4) Department of Medical Microbiology, Radboud University Medical Centre, Nijmegen, The Netherlands
5) Paediatric Infectious Diseases Research Group, St George's University London, London, UK
6) AstraZeneca LP, Gaithersburg, Maryland, USA
a r t i c l e i n f o

Article history:
Received 24 May 2017
Received in revised form
14 July 2017
Accepted 15 July 2017
Available online 24 July 2017

Editor: L. Leibovici

Keywords:
Antimicrobial resistance
Epidemiology
Healthcare-associated infections
Surveillance
Systematic review
* Corresponding author. J. Rodríguez-Ba~no, Unida
Infecciosas y Microbiología, Hospital Universitar
Dr. Fedriani 3, 41009 Sevilla, Spain.

E-mail address: jesusrb@us.es (J. Rodríguez-Ba~no)

http://dx.doi.org/10.1016/j.cmi.2017.07.014
1198-743X/© 2017 The Authors. Published by Elsevier
the CC BY-NC-ND license (http://creativecommons.or
a b s t r a c t

Objectives: Surveillance is a key component of any control strategy for healthcare-associated infections
(HAIs) and antimicrobial resistance (AMR), and public availability of methodologic aspects is crucial for
the interpretation of the data. We sought to systematically review publicly available information for HAIs
and/or AMR surveillance systems organized by public institutions or scientific societies in European
countries.
Methods: A systematic review of scientific and grey literature following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines was performed. Information on HAIs and/or
AMR surveillance systems published until 31 October 2016 were included.
Results: A total of 112 surveillance systems were detected; 56 from 20 countries were finally included.
Most exclusions were due to lack of publicly available information. Regarding AMR, the most frequent
indicator was the proportion of resistant isolates (27 of 34 providing information, 79.42%); only 18
(52.9%) included incidence rates; the data were only laboratory based in 33 (78.5%) of the 42 providing
this information. Regarding HAIs in intensive care units, all 22 of the systems providing data included
central lineeassociated bloodstream infections, and 19 (86.3%) included ventilator-associated pneumonia
and catheter-associated urinary tract infections; incidence density was the most frequent indicator.
Regarding surgical site infections, the most frequent procedures included were hip prosthesis, colon
surgery and caesarean section (21/22, 95.5%).
Conclusions: Publicly available information about the methods and indicators of the surveillance system
is frequently lacking. Despite the efforts of European Centre for Disease Control and Prevention (ECDC)
and other organizations, wide heterogeneity in procedures and indicators still exists. M. Nú~nez-Nú~nez,
Clin Microbiol Infect 2018;24:105
© 2017 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
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creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Healthcare-associated infections (HAIs) are well recognized
causes of avoidable morbidity, mortality, and costs of care [1].
Additionally, the emergence and spread of antimicrobial resistance
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(AMR) is now considered a global public health threat (http://ec.
europa.eu/dgs/health_consumer/docs/communication_amr_2011_
748_es.pdf and https://ecdc.europa.eu/sites/portal/files/media/en/
publications/Publications/0909_TER_The_Bacterial_Challenge_
Time_to_React.pdf). HAIs and AMR are intrinsically related andmay
act synergistically within hospitals. Surveillance of HAIs and AMR
are key parts of any control strategy [2]. Surveillance data have
been traditionally used to detect problems, prioritize resources,
evaluate control programmes and provide feedback. Appropriate
descriptions of the methodology used and assessment of quality of
data are critical to adequately interpret the information provided
by surveillance; however, to our knowledge, the public availability
of methodologic information of the surveillance systems and their
appropriateness have not been systemically reviewed. Additionally,
during the last decades, surveillance data have been increasingly
used and demanded for benchmarking and public reporting [3],
which is controversial as a result of heterogeneity in methodology,
inadequate control of confounders and different quality of data.
Significant methodologic heterogeneity in surveillance activities
was demonstrated by the European Centre for Disease Control and
Prevention (ECDC) in 2008 (http://ecdc.europa.eu/en/publications/
publications/0812_sur_annual_epidemiological_report_2008.pdf).
In 2009, the European Council recommended to establish or
strengthen active surveillance systems at national or regional level
(http://ec.europa.eu/health/patient_safety/docs/council_2009_en.
pdf). ECDC is leading a huge effort through the establishment of
HAI-Net, a network of national and regional networks collecting
surveillance data across Europe. Despite these efforts, heteroge-
neity in national surveillance methods and activities might still be
important among European countries.

An additional potential result of surveillance activities might be
to inform the burden of specific syndromes caused by resistant
pathogens (e.g. the incidence rate of pneumonia caused by
carbapenemase-producing Enterobacteriaceae) in order to better
identify priorities for research. Additionally, identification of pa-
tients' features would contribute to more efficient recruitment in
randomized controlled trials by choosing sites with higher rates
and patient population at higher risk of the target infections. To our
knowledge, whether present surveillance systems provide useful
information for these purposes has not been analysed.

The objectives of this work were: (a) to catalogue, review and
summarize the information publicly available from active, official
surveillance systems in European countries or regions; (b) to
identify the main differences in methodologic aspects and in-
dicators used; and (c) to analyse the potential gaps to inform next
steps in harmonization processes. This study was performed under
the auspices of EPI-Net, an epidemiologic network for AMR and
HAIs formed as an outcome of the COMBACTE-MAGNET project,
funded by the Innovative Medicines Initiative.

Methods

A systematic scientific and grey literature search and review of
surveillance systems forHAIs and/or AMRdeveloped or endorsed by
official institutions inEuropewasperformed. The studyprotocol and
methodology, which followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guideline [4], has
been previously published [5]. The SUSPIRE protocol was registered
in the International Prospective Register of Systematic Reviews
(PROSPERO) on 12 February 2016 under protocol CRD42016033867.

Information sources and searching strategies

Two independent strategies were followed. First, peer-
reviewed literature (PubMed, EMBASE and Scopus) was
systematically searched. References from the retrieved articles
were also reviewed for potential additional articles. No language
restrictions were applied. An example for the search strategy
designed for the peer-reviewed literature for AMR is ‘Antimi-
crobial resistan*’ OR ‘Antibiotic resistan*’ OR ‘Multidrug resistan*’
AND Surveillance NOT reviews AND (‘last 10 years’[PDat]);
((Surveillance [MeSH Terms]) AND Spain [MeSH Terms]) AND
‘Antimicrobial resistan*’; ‘epidemiology’[Mesh] AND ‘antimicro-
bial resistance’ NOT animals.

Second, a comprehensive grey literature search included Goo-
gle search engine and websites from the ministries of health,
healthcare services, institutes of public health, European Centre
for Disease Prevention and Control (ECDC), World Health Organi-
zation (WHO), scientific societies in the field (including the Eu-
ropean Society of Clinical Microbiology and Infectious Diseases
(ESCMID), the International Society for Infectious Diseases (ISID),
the International Epidemiological Association (IEA), the European
Society of Intensive Care Medicine (ESICM) and the European
Respiratory Society (ERS)). The search strategy used the following
terms in English and local languages: ‘Antimicrobial resistance’
AND/OR ‘Hospital-associated’ OR ‘Hospital-acquired’ OR ‘Nosoco-
mial’ AND ‘Surveillance’ AND ‘epidemiology’ OR ‘prevalence’ OR
‘incidence.’ The time period was until 31 October 2016. Also, after
the data were reviewed, the national representatives of the Eu-
ropean Committee on Infection Control (EUCIC) of ESCMID were
consulted as an additional source to help us find specific publicly
available documents that might have been missed with our search
strategy and to help us with the translation of specific terms. Only
data from publicly available information were included in the
review.

Eligibility criteria

We selected information related to 32 European countries,
including the 28 European Union member states and the four
countries from the European Free Trade Association (Iceland,
Liechtenstein, Norway and Switzerland).

A HAIs or AMR surveillance system was defined as a struc-
tured and systematic procedure to measure the prevalence or
incidence cases of HAIs and/or AMR, performed continuously or
periodically, with a defined methodology and specified in-
dicators. The inclusion criteria were: data were reported for at
least a 1-year period since 2006; the methodology was publicly
available for review; and the system was promoted or endorsed
by a regional, national or transnational official health organiza-
tions or scientific society. Surveillance systems referring their
methodology to transnational systems (like those promoted by
ECDC) were included.

Exclusion criteria were: systems exclusively declaring or noti-
fying individual cases of a specific disease or pathogen (e.g.
compulsory reporting of individual cases) not to be reported as a
proportion of cases, or cases per person or person-days at risk
(rates); systems providing only animal, environmental or food data;
surveillance data promoted by private companies; and outbreak
reports. Regional systems using the same methodology as national
systems were also excluded.

Three independent reviewers (MNN, MDN and NBR) performed
a two-step selection process. Titles and abstracts of the retrieved
documents were initially assessed and nonrelevant documents
excluded. For data from the grey literature, executive summaries,
tables of contents and documents (whichever was available) were
screened. The full text of potentially eligible documents was then
obtained and assessed for relevance or duplication against pre-
defined selection criteria. When available, national experts were
contacted to clarify protocol details.
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Table 1
Features of 42 national and regional surveillance systems on antimicrobial resis-
tance included in review

Characteristic Variable n (%)

Source of data Laboratory only 33 (78.5)
Laboratory and patients' charts 8 (19.0)
Unknown/not reported 1 (2.3)

Duplicates policy Duplicates excluded 25 (59.5)
Case definition Isolates from clinical samples 22 (52.3)

Infections 10 (23.8)
Unknown/not reported 10 (23.8)

Indicators Proportion of resistant isolatesa 27 (64.2)
Cumulative incidencea 11 (26.1)
Incidence densitya 12 (28.5)
Unknown/not reported 8 (19.0)

Pathogens specified Streptococcus pneumoniae 32 (76.1)
Staphylococcus aureus 41 (97.6)
Enterococcus spp. 31 (73.8)
Escherichia coli 38 (90.4)
Klebsiella pneumoniae 36 (85.7)
Pseudomonas aeruginosa 34 (80.9)
Acinetobacter baumannii 35 (83.3)
Clostridium difficile 22 (52.3)

a Not mutually exclusive.
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Data extraction and analysis

Data extraction was limited to publicly available information
and was performed by the same authors. Disagreements were
resolved by review and consensus with other coauthors (JRB and
ET).

The data collected included the scope, population covered,
quality assessment and dates of the information available; for AMR
systems, pathogens, antimicrobials, definitions, inclusion criteria,
risk factors and indicators; for HAI surveillance systems in intensive
care units (ICUs), risk factors, indicators for device-related in-
fections (central lineeassociated bloodstream infections (CLABSI),
ventilator-associated pneumonia (VAP) and catheter-associated
urinary tract infection) and outcome data; and for surgical site in-
fections (SSI), inclusion of urgent interventions, antibiotic prophy-
laxis, procedure indicators and the interventions included.
Variables for which information was not specified or was not
available were computed as ‘not reported/unknown.’

We did not seek ethical approval for this study because the data
collected are not linked to individuals. The data are shown in a
descriptive manner and stratified whenever possible by country or
region, scope, population, settings and major outcome (HAI and/or
AMR control).

Results

We detected 112 surveillance programmes or activities from 27
countries or regions. After reviewing the available data, 56 sur-
veillance programmes were included (Supplementary Table S1).
Information was not publicly available for the surveillance systems
in 12 (21.4%) countries: Bulgaria, Cyprus, Czech Republic, Estonia,
Iceland, Latvia, Liechtenstein, Luxembourg, Malta, Poland, Romania
and Slovenia.

Of the 56 surveillance systems included, 33 (58.9%) target HAIs
and 45 (80.3%) target AMR; 22 target both. The general features of
the systems are shown in Supplementary Table S2. In summary, the
coverage of the systems was national in 35, regional in 17 and
transnational in four. Among the national systems, eight (22.5%)
were focused on HAI only, 16 (45.7%) in AMR only and 11 (31.4%) in
both; external quality audits were applied or recommended in 13
systems (37.1%), and some type of internal quality assessment was
reported in five (14.2%).

Surveillance systems for AMR

Data were available for 42 systems from 20 countries, and for
the four transnational systems. The features of the 46 national,
regional and transnational system are specified in Supplementary
Table S3; the aggregated data for the 42 regional and national
systems are summarized in Table 1. Among the latter, information
about the susceptibility interpretative criteria used was available
for 26 systems (61.9%); among these, the European Committee for
Antimicrobial Susceptibility Testing (EUCAST) breakpoints were
used in 22 (84.6%); in nine of them, Clinical Laboratory Standards
Institute (CLSI) breakpoints were used for some pathogens; and in 3
(11.5%) and 1 (3.8%), local and CLSI criteria were the only ones used,
respectively.

Data on the indicators used were available in 34 systems
(80.9%). Among them, the most frequent indicator was the per-
centage of resistant isolates to specific drugs (27 systems, 79.4%;
64.2% of all systems); this was the only indicator in 16 (47.0%; 38.0%
of all systems); 18 (52.9%; 42.8% of all systems) included indicators
based on incidence (either as cumulative incidence or incidence
density) as indicators. It is also important to note that outcome data
were not included in any system.
Regarding the pathogens, most of the systems included data on
Streptococcus pneumoniae, Staphylococcus aureus, Enterococcus spp.,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and
Acinetobacter baumannii. Supplementary Tables S4 and S5 show the
antibiotics considered per pathogen in each system, and the
aggregated data are summarized in Table 2. As regards specific
mechanisms of resistance, 11 countries (55%) had at least one sur-
veillance system reporting actively data on extended-spectrum b-
lactamase-producing Enterobacteriaceae and nine (45%) on
carbapenemase-producing Enterobacteriaceae. Clostridium difficile
was also included in most of them. Overall, there was a marked
heterogeneity regarding the types of microbiologic samples
considered (Supplementary Tables S4 and S5).

Surveillance of HAI in ICUs

A description of key features and indicators used in each sur-
veillance system of HAIs in ICU patients is provided in
Supplementary Table S6. Overall, 32 systems plus one transnational
system were included. Information about indicators was provided
in 22 systems (68.6%). The most frequent indicators specified for
device-related infections were density of incidence (all 22
providing information about indicators for CLABSI, and 19 (86.3%)
for VAP and complicated urinary tract infection); 14 systems
(63.6%) also included the device utilization rates. When all systems
were considered, individual predisposing factors were collected in
20 systems overall (62.5%); as outcome measures, 16 (48.5%)
included mortality during ICU stay, and four (12.1%) also included
the length of ICU stay.

Surveillance of SSI

The features of the 32 systems for SSI plus the transnational
ECDC programme are shown in Supplementary Table S6. Data
about stratification according to risk were provided by 19 systems
(57.6%) and included the National Nosocomial Infections Surveil-
lance risk index in all of them. Urgent procedures were included in
17 (51.5%), and data on antibiotic prophylaxis were collected in 16
(48.5%). For the 22 surveillance systems providing the type of in-
terventions, the most commonly included were: hip prosthesis,
colon surgery and caesarean section in 21 systems (95.5%); chole-
cystectomy in 20 (90.9%); knee prosthesis in 19 (86.4%); coronary



Table 2
Drugs or drug families included in 42 national and regional antimicrobial resistance surveillance systems

Pathogen Antimicrobial agent n (%)

Streptococcus pneumoniae Penicillin 24 (58.1)
Cefotaxime/ceftriaxone 19 (45.2)
Fluroquinolones 19 (45.2)
Macrolides 21 (50.0)

Staphylococcus aureus Oxacillin 34 (80.9)
Fluroquinolones 19 (45.2)
Vancomycin 22 (52.3)
Linezolid 18 (42.8)
Aminoglycosides 15 (35.7)

Enterococcus spp. Ampicillin 26 (61.9)
Vancomycin 30 (71.4)
Aminoglycosides 18 (42.8)

Escherichia coli/Klebsiella pneumoniae Amoxicillin/clavulanate 24 (57.1)
Third-generation cephalosporins 29 (69.0)
Carbapenems 28 (66.6)
Fluoroquinolones 24 (57.1)
Aminoglycosides 21 (50.0)

Pseudomonas aeruginosa Ceftazidime/cefepime 28 (66.6)
Carbapenems 28 (66.6)
Piperacillin/tazobactam 26 (61.9)
Fluoroquinolones 25 (59.5)
Aminoglycosides 23 (54.7)

Acinetobacter baumannii Carbapenems 26 (61.9)
Colistin 26 (61.9)
Tigecycline 14 (33.3)
Sulbactam 14 (33.3)
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artery bypass grafting in 18 (81.8%); cardiac valve replacement in 13
(59.1%); and laminectomy in nine (40.9%). Data on procedure in-
dicators such as checklist were included only in 17 systems overall
(51.5%).

Discussion

The most important findings in this systematic review of sur-
veillance systems for HAIs and AMR in Europe are: (a) publicly
available information on important methodologic aspects and in-
dicators measured are frequently lacking; (b) methodologic het-
erogeneity across countries or regions was found in many aspects;
and (c) in the case of AMR, there is a low frequency of systems
including indicators based on incidence and clinical information.

Nevertheless, the data reported suggest important improve-
ments in the homogeneity of surveillance activities with regard to
previous reports (http://ec.europa.eu/dgs/health_consumer/docs/
communication_amr_2011_748_es.pdf), probably as a conse-
quence of ECDC activities. Firstly, the number of countries or re-
gions with comprehensive systems has increased; in 2008, only 16
(50%) of 32 countries had surveillance programmes for SSI and ten
(31.2%) for ICU-acquired infections. Secondly, for ICU infections and
SSI, the indicators are reasonably homogeneous. However, there are
still important differences in the surgical procedures included in
each country or region, which might be primarily be related to
specific objectives, requirements in a given geographical area and,
on many occasions, in the resources available in each hospital.

The inclusion of most procedures is voluntary in many systems.
Additionally, surveillance of adherence to process indicators is still
lacking in most surveillance protocols. Implementation of suc-
cessful prevention bundles, including assessment of the adherence
to the measures included in the bundle, has been associated with
reduced rates of CLABSI and SSI [6,7], but some studies have found
contradictory results [8]. Such activities have a strong rationale but
require more resources. Homogeneous inclusion of such indicators
in national or regional systems would benefit from guidance and
consensus on the specific indicators, definitions and monitoring
system. We did not collect information about other types of HAIs
such as CLABSI, complicated urinary tract infection or healthcare-
associated pneumonia outside ICUs. Information about these in-
fections is being collected within the HAI-Net module for point
prevalence surveys performed yearly [9].

There seems to be more heterogeneity in surveillance activ-
ities for AMR. In 2000, Monnet [10] reviewed the international
AMR surveillance initiatives in Europe, and detected four sup-
ported by public funding (WHO Antimicrobial Resistance Infor-
mation Bank [WHO/AR], European Antimicrobial Surveillance
System [EARSS], International Surveillance Program for Emerging
Antimicrobial Resistance [INSPEAR] and European Surveillance of
Antibiotic Resistanec [ESAR]) and two with corporate funding
(Surveillance NetworkTM [TSNTM] and SENTRY ). As in 2016, all
countries participated in EARS-Net (the continuation of EARSS)
and some also in the WHO initiatives (Global Antimicrobial
Resistance Surveillance System [GLASS] and Central Asian and
Eastern European Surveillance of Antimicrobial Resistance
[CAESAR]). However, only a few collect incidence-based in-
dicators, and even fewer collect data on specific infections and
risk factors. The information provided by EARS-Net is of the
utmost importance from many perspectives, but it should be
noted that it is a population-based system, it does not provide
incidence rates and it does not differentiate between nosocomial
and community-onset episodes; in fact, incorrect interpretations
of these data may be misleading, as some authors recently sug-
gested when analysing the conclusions obtained with extrapo-
lation of the EARS-Net data (among other sources of information)
to predict the expected burden of disease cause by resistant
bacteria in future years [11]. Also, information about the type of
infections caused by the resistant bacteria, outcomes and specific
risk factors are usually lacking. As a consequence, the information
about the real burden of specific infections caused by AMR
pathogens or their health impact is limited. The increasing
availability of automated information may improve this in the
near future [12], but again, guidance is needed to help decide the
data to collect and the operational definitions.

The use of surveillance data for benchmarking is unavoidable
despite all the present limitations of the systems. Therefore, the
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centres may be reluctant to provide real data to national or regional
systems, but quality assessment of the data are mostly lacking. One
of the biggest problems of many systems is the fact that reporting
results is performed yearly, which makes them useless in terms of
real-time action. Therefore, such surveillance systems would need
to be able to provide data within an appropriate time frame, or
ideally in real time.

We were surprised to find difficulties in accessing the protocols
of HAI and AMR surveillance activities in many countries. For some
countries the protocols could not be found, and in many others the
protocols were not detailed enough. Therefore, the fact that for
many datawe could not obtain information is one of the limitations
of this review. While the available information strongly suggests
that more homogeneity is needed, we acknowledge that part of the
observed heterogeneity in the methodology of surveillance might
actually be more related to inadequate public reporting of detailed
information. Nevertheless, this also reflects a lack of transparency
in the procedures recommended and performed in many areas. The
fact that surveillance data are not frequently made public further
challenges the collection of informative data.

Finally, the information provided by the surveillance systems
with the reported methodologies does not seem to be useful for the
design of future randomized trials with older or newer drugs. If
there is a drug potentially useful against several pathogens which
are causing different types of infections, it would be useful to know
which of those infections is more frequent, in which populations
they predominantly occur and which are their clinical implications
in order to decide the priority target for a trial, and to decide in
which regions or countries and patient population the trial should
be performed. We do think that surveillance may provide useful
information in this regard, so that research investments may be
efficiently aimed at the real problems. Of course, such efforts
require more resources, and therefore the feasibility and sustain-
ability is to be considered. This is one of the areas in which EPI-Net
is working and will try to help and build a complementary sur-
veillance structure to fill this need.

This study has limitations that should be considered when
interpreting the data. Firstly, despite the fact that we used different
sources of information, we may have been unable to find or
adequately interpret relevant publicly available information about
some surveillance systems. Secondly, as already noted, available
information was sometimes not detailed enough, which may not
reflect problems in our study's methodology but in the reporting of
the data. Finally, the structured format used to collect the data
might not have been able to perfectly capture the information
provided in some systems.

In summary, while some harmonization has been reached, there
is much room for improvement in surveillance systems in European
countries regarding the quality of surveillance and the homoge-
neity of indicators and procedures.
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