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in addition to a substantial burden due to infections 
with carbapenem-resistant or colistin-resistant bacteria, 
Portugal and Malta had a substantial burden due to MRSA 
infections. In Ireland, vancomycin-resistant E faecalis and 
E faecium caused a higher proportion of the total burden 
than in other countries. In Spain and Slovenia, a higher 
proportion of their burden estimates were due to 
antibiotic-resistant S pneumoniae infections than in other 
countries.

The burden of infections with antibiotic-resistant 
bacteria was focused in the southern and eastern part of 
the EU and EEA (figure 4). In Croatia, Bulgaria, and 
Hungary more than 40% of the burden was due to 
infections with carbapenem-resistant or colistin-resistant 
bacteria, but the total burden in these countries was similar 
to the EU and EEA average. More detailed information on 
results per country is shown in the appendix (pp 222–55).

The estimated age-standardised number of cases of 
infections with antibiotic-resistant bacteria was 239 238 
(95% UI 215 544–262 951) in 2007, which increased to 
602 609 (524 237–686 497) in 2015 (table 2). The median 
number of attributable deaths increased from 11 144 
(9999–12 407) in 2007 to 27 249 (23 544–31 471) in 2015. The 
burden of carbapenem-resistant K pneumoniae increased 
the most (by 6·16 times) in terms of number of infect
ions and number of deaths, followed by carbapenem-
resistant E coli, third-generation cephalosporin-resistant 
E coli, and third-generation cephalosporin-resistant 
K pneumoniae. The number of deaths attributable to 
third-generation cephalosporin-resistant E coli infections 
increased by 4·12 times during 2007–15, increasing to 
8750 (7505–10 262).

Although the EU and EEA population-weighted pro-​
portion of MRSA among S aureus isolates report
ed to EARS-Net decreased from 26·6% in 2007 
(Diaz Högberg L, European Centre for Disease Prevention 
and Control, personal communication) to 16·8% in 2015, 
our study found that the estimated incidence of MRSA 
infections increased by 1·28 times (95% UI 1·11–1·47). 
The estimated age-specific incidence of MRSA in 2007 
and 2015 showed that incidence mainly increased in 
infants and in people aged 55 years or older; appendix 
p 217). In adults, the estimated incidence decreased during 
2007–15, although this decrease was not significant.

Discussion
To our knowledge, this study is the first to estimate the 
burden of all types of infections with antibiotic-resistant 
bacteria expressed in DALYs. We aimed to provide reliable 
data for population health indicators, through a com
prehensive and evidence-based approach, for planning, 
prioritisation, and to inform policy for control and 
prevention of this increasing public health threat. 
Moreover, DALYs allow for comparisons with the burden 
of other diseases and our incidence-based approach helps 
to assess the effect of future prevention and control 
interventions.16

Our findings show that all age groups are affected by 
infections with antibiotic-resistant bacteria, although 
their burden is significantly higher among infants than in 
any other age group. Among adults, the burden increases 
with age, suggesting that the ageing EU and EEA 
population could result in an increasing burden. In adults 
and young adults, a higher proportion of the burden was 
caused by infections with carbapenem-resistant and 
colistin-resistant bacteria. This finding might be due to a 
lower risk of complications after an infection in this age 
group in general, except for patients who are often 
admitted to hospital and have difficult-to-treat infections 
because of carbapenem or colistin resistance.

Our finding of 170 DALYs per 100 000 population is 
similar to the combined burden of three major infectious 
diseases (influenza, tuberculosis, and HIV), which was 
183 DALYs per 100 000 population.17 We estimated that 
about 75% of the total burden of infections with antibiotic-
resistant bacteria in EU and EEA countries (ie, 127 DALYs 
per 100 000 population) were associated with health care. 

Figure 4: Model estimates of the burden of infections with selected antibiotic-resistant bacteria of public 
health importance in DALYs per 100 000 population, EU and European Economic Area, 2015
Greece did not report data on S pneumoniae isolates to the European Antimicrobial Resistance Surveillance 
Network in 2015. DALYs=disability-adjusted life-years.
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This estimation would mean, if compared with a previous 
study on the burden of health-care-associated infections in 
the EU and EEA,10 that 25% (127 of 501 DALYs per 100 000) 
of the burden of health-care-associated infections is due to 
such infections with antibiotic-resistant bacteria selected 
for our study. However, given the differences in the data 
sources and methods used to estimate the incidence of 
infections, this comparison should be considered with 
caution.

In 2013, the US Centers for Disease Control and 
Prevention published the first estimates of the burden of 
infections with antibiotic-resistant bacteria in the USA, 
based on 2011 national surveillance data.18 Our study 
estimated a 2·6 times higher incidence of infect
ions with antibiotic-resistant bacteria (131 cases per 
100 000 population), although attributable mortality was 
only 1·22 times higher in our study. This increase is due 
to our conservative approach when defining case fatality 
of infections with antibiotic-resistant bacteria. The 
structures and resources that are available for the 
prevention and control of infections with antibiotic-
resistant bacteria might have also caused differences, 
particularly in health care.

In 2016, a study19 estimated the morbidity and mortality 
associated with antibiotic-resistant bacteria in France 

based on 2012 EARS-Net data. We used a similar 
methodology and found a similar incidence for France. 
Nevertheless, we estimated fewer MRSA infections, which 
can partly be explained by the decreasing trends in MRSA 
infections in France between 2012 and 2015, and much 
fewer carbapenem-resistant P aeruginosa infections (fewer 
than 50% of the number in the French study). We also 
estimated half the number of attributable deaths as in the 
French study, because of the reduced case fatality 
proportion stemming from our literature review.

Between 2007 and 2015, the burden increased for all 
antibiotic-resistant bacteria. The proportion of the DALYs 
due to all carbapenem-resistant bacteria combined 
increased from 18% (56 150 of 311 715) in 2007 to 
28% (185 421 of 678 845) in 2015, and the proportion of the 
DALYs due to carbapenem-resistant K pneumoniae and 
carbapenem-resistant E coli combined doubled from 
4·3% (13 515 of 311 715) in 2007 to 8·79% (57 536 of 678 845) 
in 2015, reflecting the emergence and rapid increase of 
carbapenem-resistant K pneumoniae infections in the EU 
and EEA during this period.

We were initially surprised to find that the incidence of 
MRSA infections increased between 2007 and 2015, given 
that the proportion of MRSA over meticillin-susceptible 
S aureus had decreased. This increase could be because of 

Median number of infections Median number of attributable deaths Factor increase in 
attributable deaths 
between 2007 and 2015

2007 2015 2007 2015

Third-generation cephalosporin-resistant 
Escherichia coli*†

70 276 
(63 113–77 778)

285 758 
(246 318–328 828)

2139 
(1901–2420)

8750 
(7505–10 262)

4·12 
(3·29–5·13)

Meticillin-resistant Staphylococcus 
aureus

112 782 
(103 186–122 006)

143 947 
(127 592–161 158)

5340 
(4952–5723)

6810 
(6096–7559)

1·28 
(1·11–1·47)

Carbapenem-resistant Pseudomonas 
aeruginosa

17 972 
(15 685–20 170)

59 529 
(51 237–68 238)

1216 
(1000–1469)

4008 
(3235–4898)

3·29 
(2·41–4·46)

Third-generation cephalosporin–resistant 
Klebsiella pneumoniae* †

16 474 
(15 097–17 825)

64 980 
(58 360–72 048)

891 
(830–950)

3508 
(3197–3824)

3·95 
(3·51–4·43)

Carbapenem-resistant K pneumoniae 2535 
(2125–2952)

15 910 
(13 352–18 377)

341 
(288–404)

2094 
(1779–2460)

6·16 
(4·78–8·04)

Vancomycin-resistant Enterococcus 
faecalis and Enterococcus faecium

8277 
(6699–9950)

15 917 
(12 900–19 092)

538 
(452–652)

1065 
(874–1283)

1·95 
(1·47–2·58)

Multidrug-resistant P aeruginosa‡ 5603 
(4796–6430)

8749 
(7470–10 044)

357 
(281–439)

556 
(447–681)

1·55 
(1·11–2·17)

Penicillin-resistant Streptococcus 
pneumoniae§

2183 
(2033–2355)

2817 
(2552–3104)

134 
(126–143)

171 
(159–184)

1·28 
(1·15–1·42)

Penicillin-resistant and 
macrolide-resistant S pneumoniae¶

1916 
(1782–2075)

2386 
(2173–2648)

118 
(110–126)

145 
(135–158)

1·25 
(1·12–1·40)

Carbapenem-resistant E coli 543 
(442–647)

2616 
(2283–2960)

29·2 
(22·2–37·6)

141 
(118–163)

4·76 
(3·51–6·90)

Overall 239 238 
(215 544–262 951)

602 609 
(524 237–686 497)

11 144 
(9999–12 407)

27 249 
(23 544–31 471)

2·46 
(1·01–3·00)

Data are median (95% uncertainty interval) and are age-standardised. Note that only bacteria under surveillance in both 2007 and 2015 are included in this analysis. *Excluding 
isolates resistant to colistin or carbapenems. †In 2015, most of the third-generation cephalosporin-resistant E coli (88·6%) and K pneumoniae (85·3%) isolates reported to EARS-Net 
produced an extended-spectrum β-lactamase.9 ‡Resistance to three or more antibiotic groups as marker of multidrug resistance. §Excluding isolates resistant to macrolides. 
¶Excluding isolates resistant to penicillins, but not to macrolides.

Table 2: Estimated annual burden of infections with selected antibiotic-resistant bacteria of public health importance, age-group standardised, EU and 
European Economic Area, 2007–15
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the increased reporting of S aureus BSI overall from 
30 027 cases in 2007 to 45 364 cases in 2015. Further 
analysis of the age group-specific incidence of MRSA 
infections in 2007 and 2015 showed that the increase was 
mainly seen in infants and people aged 55 years or older 
(appendix p 217). The elderly population is more vulnerable 
to MRSA infections20 and this population has grown since 
2007; the improvement of neonatal services, leading to an 
increased survival of at-risk infants, might have also 
contributed to further increasing the size of the population 
at risk for MRSA infection. Studies in Sweden,21 Finland,22 
and Norway,23 have also found that incidence of MRSA did 
not decrease in these countries.

Italy and Greece have the greatest burden of infections 
due to antibiotic-resistant bacteria or a combined 
21·3% (171 899 of 874 541) of the EU and EEA total DALYs 
per 100 000 population and 36·2% (319 019 of 874 541) of 
EU and EEA DALYs per 100 000 population due to 
carbapenem-resistant or colistin-resistant bacteria. Even if 
one considers its large and ageing population, it is notable 
that about a third of the deaths due to infections with 
antibiotic-resistant bacteria in the EU and EEA were in 
Italy. Italy has published its National Action Plan on 
Antimicrobial Resistance 2017–20,24 which includes targets 
for the reduction of antibiotic use and the control of health-
care-associated infections. Greece published its National 
Action Plan (known as Procrustes) in 2010, which outlined 
the best practices for monitoring and preventing infections 
due to carbapenem-resistant Gram-negative bacteria.25 
Given that, in 2015, most of the burden in Greece was due 
to infections with carbapenem-resistant or colistin-
resistant bacteria (overall case fatality proportion of 8·80), 
there is an urgent need to expand the measures to contain 
carbapenem-resistant bacteria in this country.

Our results are consistent with the European survey 
on carbapenemase-producing Enterobacteriaceae, which 
highlighted the geographical heterogeneity of carba-​
penemase-producing Enterobacteriaceae in the EU and 
EEA, and the endemic situation in Italy and Greece,26 
where the incidence of such infections per 100 000 patient-
days was the highest of all EU and EEA countries.27 
Grundmann and colleagues27 reported a ratio of 
11 to one for K pneumoniae to E coli carbapenemase-
producing bacteria; our study also found a higher number 
of carbapenem-resistant K pneumoniae than carbapenem-
resistant E coli (ratio six to one).

Considering that, in our study, a large proportion of 
the burden was due to health-care-associated blood
stream, respiratory tract, or surgical site infections, and 
that more than half of health-care-associated infections 
are considered preventable,28 reducing the burden of 
antibiotic-resistant bacteria in the EU and EEA through 
enhanced infection prevention and control measures 
could be an achievable goal. ECDC recently published 
guidance on infection prevention and control measures 
and tools for the prevention of the spread of carbapenem-
resistant Enterobacteriaceae in hospitals or other 

health-care settings.29 Stewardship interventions can be 
successful at safely reducing unnecessary use of 
antibiotics in hospitals.30

A substantial proportion of the burden of infections with 
antibiotic-resistant bacteria in the EU and EEA in 2015 was 
estimated to have been due to community-associated 
infections. This finding suggests that antimicrobial 
stewardship targeting prescribers and infection prevention 
and control interventions in primary care would also be 
necessary to reduce the burden of these infections in the 
EU and EEA.

Our study has several limitations. The disease models 
were based on the data retrieved from systematic literature 
reviews, which varied in availability, quality, and 
representativeness of evidence. We did not grade the 
strength of evidence supporting each parameter estimate 
on the basis of the statistical analysis methods used in the 
clinical outcome studies. Moreover, death from an 
infection with antibiotic-resistant bacteria is the result of 
many factors that are related to the pathogen, patient, and 
therapy, in particular regarding the delay in the 
administration of appropriate antibiotic therapy.4 We did 
not adjust our models for age-specific risks, co-infections, 
appropriateness of antibiotic therapy, or for type of care, 
assuming common transition probabilities for all 
subgroups. However, to cover uncertainties related to 
the different patient case-mix, we considered studies 
focusing on specific populations for inclusion in the 
parameters of the disease models (appendix pp 168–90), 
and included when pertinent.

In the appendix (p 203), we list the limitations related to 
the method of estimating the incidence of infections from 
EARS-Net data, including frequency of susceptibility 
testing and representativeness of participating laboratories 
(geographical, type of hospital, and case-mix of patients). 
ECDC is currently working with countries in the evaluation 
of all factors affecting the EARS-Net country coverage. We 
also list limitations related to the factors used for converting 
the number of BSIs to other types of infection (appendix 
p 203), including the different time span of the ECDC 
point prevalence survey (2011–12) and EARS-Net, applica
tion of data from the point prevalence survey to 
community-associated infections, dependence of health-
care-associated infections on the day of measurement, and 
estimation of non-BSIs (might have been affected by the 
case-mix of patients and could differ between hospitals). 
Finally, we defined multidrug-resistant isolates (appendix 
p 196) on the basis of antibiotic groups frequently used for 
empirical treatment of BSI as included in EARS-Net. 
Nevertheless, our definition might not reflect the available 
options for treatment in each individual case.

The strength of this study is the high quality of the 
surveillance data sources. EARS-Net and ECDC point 
prevalence survey 2011–12 are the most comprehensive, 
standardised, multi-country surveillance initiatives to date 
for antibiotic-resistant bacteria and health-care-associated 
infections. Another strength was the use of systematic 
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literature reviews to determine the best available estimates 
of attributable mortality, attributable length of stay, and 
attributable short-term and long-term complications of 
infections.

To our knowledge, this study estimated for the first time 
the burden of five types of infection with antibiotic-
resistant bacteria in the EU and EEA expressed in DALYs 
and provided reliable EU and EEA and country-specific 
profiles for 2015 data.

The estimated burden of infections with antibiotic-
resistant bacteria in the EU and EEA is substantial 
compared with that of other infectious diseases, and has 
increased since 2007. Strategies to prevent and control 
antibiotic-resistant bacteria require coordination at EU and 
EEA and global level. However, our study showed that the 
contribution of various antibiotic-resistant bacteria to the 
overall burden varies greatly between countries, thus 
highlighting the need for prevention and control strategies 
that are tailored to the needs of each country in the EU and 
EEA. Our study also showed that most of the burden of 
infections with antibiotic-resistant bacteria in the EU and 
EEA was health care associated, thus emphasising the 
need to urgently address antimicrobial resistance as a 
patient safety issue and the need for alternative treatment 
options for patients with such infections who have co-
morbidities or are otherwise vulnerable (eg, because of 
their poor immune system or age).

Future studies should include estimates of the burden of 
infections due to other antibiotic-resistant bacteria 
of public health importance, such as drug-resistant 
Mycobacterium tuberculosis, drug-resistant Salmonella spp, 
and drug-resistant Neisseria gonorrhoeae, to give a more 
comprehensive estimate of the burden of antimicrobial 
resistance. In the long term, research should be done to 
better understand the factors underlying the estimations 
of EARS-Net country coverage, such as catchment 
population, patient case-mix, laboratory capacity, and the 
appropriateness and frequency of collection of blood 
cultures.
Contributors
AC, DLM, LDH, and DP conceived the study. AC, LDH, DP, AQ, AH, 
GSS, MC-C, MEK, BD, MC, DAO, TCO, MJS, CS, and DLM designed 
the study. All authors acquired and analysed the data. AC, LDH, 
DP, AQ, AH, GSS, MC-C, MEK, BD, MC, DAO, TCO, MJS, CS, and 
DLM interpreted the findings. AC wrote the first draft of the manuscript. 
AC, LDH, DP, AQ, AH, GSS, MC-C, MEK, BD, MC, DAO, TCO, MJS, CS, 
and DLM drafted subsequent versions. All authors critically reviewed this 
report and approved the final version.

Burden of AMR Collaborative Group
Reinhild Strauss, Karl Mertens, Thomas Struyf, Boudewijn Catry, 
Katrien Latour, Ivan Nikolaev Ivanov, Prof Elina Georgieva Dobreva, 
Prof Arjana Tambić Andrašević, Silvija Soprek, Prof Ana Budimir, 
Niki Paphitou, Helena Žemličková, Stefan Schytte Olsen, 
Ute Wolff Sönksen, Pille Märtin, Marina Ivanova, Outi Lyytikäinen, 
Jari Jalava, Bruno Coignard, Tim Eckmanns, Muna Abu Sin, 
Sebastian Haller, George L Daikos, Achilleas Gikas, Sotirios Tsiodras, 
Flora Kontopidou, Ákos Tóth, Ágnes Hajdu, Ólafur Guðlaugsson, 
Prof Karl G Kristinsson, Stephen Murchan, Karen Burns, 
Patrizio Pezzotti Dsstat, Carlo Gagliotti, Uga Dumpis, Agnė Liuimienė, 
Monique Perrin, Prof Michael A Borg, Sabine C de Greeff, 

Jos C M Monen, Mayke B G Koek, Petter Elstrøm, Dorota Żabicka, 
Aleksander Deptuła, Prof Waleria Hryniewicz, Prof Manuela Caniça, 
Paulo Jorge Nogueira, Paulo André Fernandes, Vera Manageiro, 
Gabriel Adrian Popescu, Roxana Ioana Serban, Eva Schréterová, 
Slavka Litvová, Prof Mária Štefkovičová, Jana Kolman, Prof Irena Klavs, 
Aleš Korošec, Belén Aracil, Angel Asensio, María Pérez-Vázquez, 
Hanna Billström, Sofie Larsson, Jacqui S Reilly, Alan Johnson, 
Susan Hopkins.

Affiliations
Federal Ministry for Health and Women, Vienna, Austria (R Strauss PhD); 
Sciensano, Brussels, Belgium (Karl Mertens PhD, T Struyf MSc, 
B Catry PhD, K Latour MSc); National Center of Infectious and Parasitic 
Diseases, Sofia, Bulgaria (Prof I Nikolaev Ivanov PhD, 
Prof E Georgieva Dobreva PhD); University Hospital for Infectious 
Diseases, Zagreb, Croatia (Prof A Tambić Andrašević PhD, S Soprek MD); 
School of Medicine, University Hospital Centre Zagreb, University of 
Zagreb, Croatia (Prof A Budimir PhD); American Medical Center, Nicosia, 
Cyprus (N Paphitou MD); National Institute of Public Health, Prague, 
Czech Republic (H Žemličková PhD); University Hospital and Faculty of 
Medicine, Charles University, Hradec Králové, Czech Republic 
(H Žemličková); Statens Serum Institute, Copenhagen, Denmark 
(S Schytte Olsen BA, U Wolff Sönksen MD). West-Tallinn Central 
Hospital, Tallinn, Estonia and Health Board, Tallinn, Estonia 
(P Märtin MD); East-Tallinn Central Hospital, Tallinn, Estonia 
(Marina Ivanova MD); National Institute for Health and Welfare (THL), 
Helsinki, Finland (O Lyytikäinen PhD, J Jalava PhD); French Public Health 
Agency, Paris, France (B Coignard MD); Robert Koch Institute, Berlin, 
Germany (T Eckmanns MD, M Abu Sin MD, S Haller MD); National and 
Kapodistrian University of Athens, Athens, Greece (Prof G L Daikos MD); 
University Hospital of Heraklion, Crete, Greece (A Gikas PhD); National & 
Kapodistrian University of Athens Medical School, Athens, Greece 
(S Tsiodras); Hellenic Centre for Disease Control and Prevention, Athens, 
Greece (S Tsiodras, F Kontopidou PhD); National Public Health Institute, 
Budapest, Hungary (Á Tóth PhD); Ministry of Human Capacities, 
Budapest, Hungary (Á Hajdu MD); Landspitali University Hospital, 
Iceland and University of Iceland (Ó Guðlaugsson MD, 
Prof K G Kristinsson PhD); Health Protection Surveillance Centre, Dublin, 
Ireland (S Murchan MSc, K Burns MD); Istituto Superiore di Sanità, 
Rome, Italy (P Pezzotti DStat); Regional Agency for Health and Social Care 
of Emilia-Romagna, Bologna, Italy (C Gagliotti MD); Pauls Stradins 
Clinical University Hospital, University of Latvia, Riga, Latvia 
(Prof U Dumpis PhD); Center of Public Health Technologies, Institute of 
Hygiene, Vilnius, Lithuania (A Liuimienė MSc); National Health 
Laboratory, Luxembourg, Luxembourg (M Perrin MD); Mater Dei 
Hospital, Malta and University of Malta, Msida, Malta 
(Prof MA Borg PhD); National Institute for Public Health and the 
Environment (RIVM), Bilthoven, Netherlands (S C de Greeff PhD, 
J C M Monen MSc, M B G Koek PhD); Norwegian Institute of Public 
Health, Oslo, Norway (P Elstrøm MPH); National Medicines Institute, 
Warsaw, Poland (D Żabicka PhD); Nicolaus Copernicus University, Torun, 
Poland (A Deptuła PhD); Ludwik Rydygier Collegium Medicum, 
Bydgoszcz, Poland (A Deptuła); National Medicines Institute, Warsaw, 
Poland (Prof W Hryniewicz PhD); Directorate-General of Health, Lisbon, 
Portugal (P Jorge Nogueira PhD, P André Fernandes MD); National 
Institute of Health Dr Ricardo Jorge, Lisbon, Portugal (Prof M Caniça PhD, 
Vera Manageiro PhD); National Institute for Infectious Diseases 
“Prof.Dr.Matei Bals”, Bucharest, Romania (Prof G Adrian Popescu PhD); 
National Institute of Public Health, Bucharest, Romania 
(R Ioana Serban PhD); Louis Pasteur University Hospital, Košice, Slovakia 
(E Schréterová MD); Public Health Authority, Trenčín, Slovakia 
(S Litvová PhD); Public Health Authority and Alexander Dubček 
University, Trenčín, Slovakia (Prof M Štefkovičová PhD); National Institute 
of Public Health, Ljubljana, Slovenia (J Kolman MD, Prof Irena Klavs PhD, 
A Korošec MSc); Hospital Universitario Puerta de Hierro-Majadahonda, 
Madrid, Spain (A Asensio PhD); Instituto de Salud Carlos III, Madrid, 
Spain (B Aracil PhD, M Pérez-Vázquez PhD); The Public Health Agency of 
Sweden, Stockholm, Sweden (H Billström PhD, S Larsson MSc); Health 
Protection Scotland, Glasgow, UK (Prof JS Reilly PhD); Glasgow 
Caledonian University, Glasgow, UK (Prof JS Reilly); and Public Health 
England, London, UK (Prof A Johnson PhD, S Hopkins MD).



Articles

www.thelancet.com/infection   Published online November 5, 2018   http://dx.doi.org/10.1016/S1473-3099(18)30605-4	 11

Declaration of interests
ATA reports consultancy fees from Xellia Pharmaceuticals and Fidelta in 
the 36 months before submission of this manuscript. DŻ reports a grant 
from the Ministry of Health of the Republic of Poland for the National 
Program for Antibiotic Protection. KGK reports that Landspitali University 
Hospital received grants from GlaxoSmithKline Vaccines to study the 
effects of pneumococcal vaccination in Iceland. GLD reports grants from 
Pfizer and Gilead Sciences, and honoraria from Pfizer, Achaogen, MSD, 
and Rempex, outside the submitted work. GAP reports personal fees from 
Angelini Pharmaceuticals, outside the submitted work. All other authors 
declare no competing interests.

Acknowledgments
MC, DAO, and TCO alone are responsible for the views expressed in 
this Article; these views do not necessarily represent the views, 
decisions, or policies of the Organisation for Economic Co-operation and 
Development (OECD). We acknowledge the work done by the staff at the 
participating clinical microbiology laboratories and at the national 
health-care services that provided data to EARS-Net. We thank all of the 
hospitals that participated in the ECDC point prevalence survey 2011–12 
and, in particular, the hospital staff that collected, validated, and entered 
the data during the survey, and the national teams that coordinated the 
survey in each participating country. We also thank Victoria Simpkin 
(OECD, Paris, France) for help during the initial literature reviews; 
Annalisa Pantosti (Istituto Superiore di Sanità, Rome, Italy), 
Maria Luisa Moro (Regional Agency for Health and Social Care of 
Emilia-Romagna, Bologna, Italy), José Campos Marqués, 
Jesús Oteo Iglesias (Instituto de Salud Carlos III, Madrid, Spain), 
Ines Noll, and Marcel Feig (Robert Koch Institute, Berlin, Germany) 
for their advice on the quality of EARS-Net data; and Ole Heuer for his 
support and work in shaping the EARS-Net surveillance network.

References
1	 European Commission. A European one health action plan against 

antimicrobial resistance (AMR). 2017. https://ec.europa.eu/health/
amr/sites/amr/files/amr_action_plan_2017_en.pdf (accessed 
Feb 12, 2018).

2	 WHO. Global Action Plan on Antimicrobial Resistance. 
Geneva: WHO; 2015. http://apps.who.int/iris/bitstream/
handle/10665/193736/9789241509763_eng.pdf?sequence=1 (accessed 
Feb 12, 2018).

3	 Wernli D, Jorgensen PS, Harbarth S, et al. Antimicrobial resistance: 
the complex challenge of measurement to inform policy and the 
public. PLoS Med 2017; 14: e1002378.

4	 de Kraker ME, Stewardson AJ, Harbarth S. Will 10 million people 
die a year due to antimicrobial resistance by 2050? PLoS Med 2016; 
13: e1002184.

5	 Stewardson AJ, Allignol A, Beyersmann J, et al. The health 
and economic burden of bloodstream infections caused by 
antimicrobial-susceptible and non-susceptible Enterobacteriaceae 
and Staphylococcus aureus in European hospitals, 2010 and 2011: 
a multicentre retrospective cohort study. Euro Surveill 2016; 21: 30319.

6	 ECDC, CVMP. ECDC, EFSA and EMA Joint Scientific Opinion on 
a list of outcome indicators as regards surveillance of antimicrobial 
resistance and antimicrobial consumption in humans and 
food-producing animals. EFSA J 2017; 15: e05017.

7	 Kretzschmar M, Mangen MJ, Pinheiro P, et al. New methodology 
for estimating the burden of infectious diseases in Europe. 
PLoS Med 2012; 9: e1001205.

8	 Murray CJ, Ezzati M, Flaxman AD, et al. GBD 2010: 
design, definitions, and metrics. Lancet 2012; 380: 2063–66.

9	 Haagsma JA, Maertens de Noordhout C, Polinder S, et al. 
Assessing disability weights based on the responses of 30 660 people 
from four European countries. Popul Health Metr 2015; 13: 10.

10	 Cassini A, Plachouras D, Eckmanns T, et al. Burden of 
six healthcare-associated infections on European population health: 
estimating incidence-based disability-adjusted life years through a 
population prevalence-based modelling study. PLoS Med 2016; 
13: e1002150.

11	 ECDC. Point prevalence survey of healthcare-associated infections 
and antimicrobial use in European acute care hospitals. 2013. 
https://ecdc.europa.eu/sites/portal/files/media/en/publications/
Publications/healthcare-associated-infections-antimicrobial-use-
PPS.pdf (accessed Oct 16, 2016).

12	 ECDC and EMEA Joint Working Group. ECDC/EMEA Joint 
Technical Report. The bacterial challenge: time to react. 2009. 
https://ecdc.europa.eu/sites/portal/files/media/en/publications/
Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.
pdf (accessed May 16, 2018).

13	 Eurostat. Revision of the European standard p opulation. Report of 
Eurostat’s task force. 2013. http://ec.europa.eu/eurostat/
documents/3859598/5926869/KS-RA-13-028-EN.PDF/e713fa79-1add-
44e8-b23d-5e8fa09b3f8f (accessed Nov 23, 2017).

14	 ECDC BCoDE toolkit, European Centre for Disease Prevention and 
Control. 2015. 14. https://ecdc.europa.eu/en/publications-data/
toolkit-application-calculate-dalys (accessed Oct 25, 2018).

15	 Colzani E, Cassini A, Lewandowski D, et al. A software tool for 
estimation of burden of infectious diseases in Europe using incidence-
based disability adjusted life years. PLoS One 2017; 12: e0170662.

16	 Mangen MJ, Plass D, Havelaar AH, et al. The pathogen- and 
incidence-based DALY approach: an appropriate [corrected] 
methodology for estimating the burden of infectious diseases. 
PLoS One 2013; 8: e79740.

17	 Cassini A, Colzani E, Pini A, et al. Impact of infectious diseases on 
population health using incidence-based disability-adjusted life years 
(DALYs): results from the Burden of Communicable Diseases in 
Europe study, European Union and European Economic Area 
countries, 2009 to 2013. Euro Surveill 2018; 23: 17–00454.

18	 CDC. Antibiotic resistance threats in the United States. Atlanta, GA: 
US Department of Health and Human Services, Center of Disease 
and Infection Control, 2013.

19	 Colomb-Cotinat M, Lacoste J, Brun-Buisson C, Jarlier V, Coignard B, 
Vaux S. Estimating the morbidity and mortality associated with 
infections due to multidrug-resistant bacteria (MDRB), France, 2012. 
Antimicrob Resist Infect Control 2016; 5: 56.

20	 Crnich CJ. Impact and management of MRSA in the long-term care 
setting. Curr Transl Geriatr Exp Gerontol Rep 2013; 2: 125–35.

21	 Public Health Agency of Sweden and National Veterinary Institute. 
Swedres-Svarm 2016. Consumption of antibiotics and occurrence of 
resistance in Sweden. https://www.folkhalsomyndigheten.se/
contentassets/d118ac95c12d4c11b3e61d34ee6d2332/swedres-
svarm-2016-16124.pdf (accessed Jan 15, 2018).

22	 Sarvikivi E, Ollgren J, Lyytikäinen O. Trends and outcome of 
healthcare-associated and community-onset bloodstream infections 
due to Staphylococcus aureus in Finland 2004–2015. European 
Scientific Conference on Applied Infectious Disease Epidemiology; 
Stockholm; Nov 6–8, 2017.

23	 Di Ruscio F, Bjornholt JV, Leegaard TM, Moen AEF, de Blasio BF. 
MRSA infections in Norway: a study of the temporal evolution, 
2006–2015. PLoS One 2017; 12: e0179771.

24	 Ministero della Salute. Piano Nazionale di Contrasto 
dell’Antimicrobico-Resistenza (PNCAR) 2017–2020. 2017. 
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2660_allegato.
pdf (accessed Feb 12, 2018).

25	 Hellenic Center for Disease Control & Prevention. Action Plan 
“Procrustes”. 2010. https://bit.ly/2qnfB0d (accessed Feb 12, 2018).

26	 Albiger B, Glasner C, Struelens MJ, Grundmann H, Monnet DL, 
European Survey of Carbapenemase-Producing Enterobacteriaceae 
working group. Carbapenemase-producing Enterobacteriaceae in 
Europe: assessment by national experts from 38 countries, 
May 2015. Euro Surveill 2015; 20: 30062.

27	 Grundmann H, Glasner C, Albiger B, et al. Occurrence of 
carbapenemase-producing Klebsiella pneumoniae and Escherichia coli 
in the European survey of carbapenemase-producing 
Enterobacteriaceae (EuSCAPE): a prospective, multinational study. 
Lancet Infect Dis 2017; 17: 153–63.

28	 Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, 
Brennan PJ. Estimating the proportion of healthcare-associated 
infections that are reasonably preventable and the related mortality 
and costs. Infect Control Hosp Epidemiol 2011; 32: 101–14.

29	 Magiorakos AP, Burns K, Rodriguez Bano J, et al. 
Infection prevention and control measures and tools for the 
prevention of entry of carbapenem-resistant Enterobacteriaceae into 
healthcare settings: guidance from the European Centre for Disease 
Prevention and Control. Antimicrob Resist Infect Control 2017; 6: 113.

30	 Davey P, Marwick CA, Scott CL, et al. Interventions to improve 
antibiotic prescribing practices for hospital inpatients. 
Cochrane Database Syst Rev 2017; 2: CD003543.


