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Initiation of the project

 Funding by the European Centre for Disease Prevention and Control

 Project lasted 6 years

 Initiated by ECDC Director Zsuzsanna Jakab

• Jakab Z. Why a burden of disease study?. Euro Surveill. 2007;12(12):pii=750. https://doi.org/10.2807/esm.12.12.00750-en

• van Lier EA, Havelaar AH (2007) Disease burden of infectious diseases in Europe: a pilot study. RIVM report 215011001. Bilthoven: National Institute 

for Public Health and the Environment (RIVM), Available: http://www.rivm.nl/bibliotheek/rapporten/215011001.pdf

• van Lier EA, Havelaar AH, Nanda A (2007) The burden of infectious diseases in Europe: a pilot study. Euro Surveill 12(12): E3–4.

https://doi.org/10.2807/esm.12.12.00750-en
http://www.rivm.nl/bibliotheek/rapporten/215011001.pdf
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Burden of Communicable Diseases in Europe project (BCoDE)

The BCoDE study will allow assessment of the comparative impact of 

infectious diseases

Objective: to introduce an evidence-based approach to health description

Objective: to foster an overview of surveillance data quality and availability

Objective: to facilitate the communication of complex information to decision 

makers

Objective: to provide a tool for planning and prioritisation
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Apples and pears

Choice of a common currency

to compare impact of diseases and 

their sequelae

Disability-adjusted life years (DALYs)

• Kretzschmar M, Mangen MJ, Pinheiro P, Jahn B, Fèvre EM, Longhi S, Lai T, Havelaar AH, Stein C, Cassini A, Kramarz P; BCoDE consortium. New methodology for 

estimating the burden of infectious diseases in Europe. PLoS Med. 2012;9(4):e1001205. 

• Mangen MJ, Plass D, Havelaar AH, Gibbons CL, Cassini A, Mühlberger N, van Lier A, Haagsma JA, Brooke RJ, Lai T, de Waure C, Kramarz P, Kretzschmar ME; BCoDE 

consortium. The pathogen- and incidence-based DALY approach: an appropriate [corrected] methodology for estimating the burden of infectious diseases. PLoS

One. 2013 Nov 20;8(11):e79740. Erratum in: PLoS One. 2013;8(12).
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Disability weights
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depression

common cold

concussion
moderate gastroenteritis

inflammatory bowel 

disease

kidney failure

• Haagsma JA, Polinder S, Cassini A, Colzani E, Havelaar AH. Review of disability weight studies: comparison of 
methodological choices and values. Population health metrics. 2014;12:20.

• Haagsma JA, Maertens de Noordhout C, Polinder S, Vos T, Havelaar AH, Cassini A, et al. Assessing disability 
weights based on the responses of 30,660 people from four European countries. Population health metrics. 
2015;13:10.

• Salomon JA, Haagsma JA, Davis A, de Noordhout CM, Polinder S, Havelaar AH, Cassini A, et al. Disability 
weights for the Global Burden of Disease 2013 study. The Lancet Global health. 2015 Nov;3(11):e712-23.

• Maertens de Noordhout C, Devleesschauwer B, Salomon JA, Turner H, Cassini A, Colzani E, et al. Disability 
weights for infectious diseases in four European countries: comparison between countries and across respondent 
characteristics. Eur J Public Health. 2018 Feb 1;28(1):124-33.
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How is a disease represented?

•An outcome tree is a qualitative 

representation of the progression of a 

disease in time by ordering relevant health 

outcomes following infection and illustrating 

their conditional dependency.

•Several variables need to input the outcome 

tree
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Representing progression of diseases: building 

outcome trees

Infection
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Representing progression of diseases: building 

outcome trees
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infection

Infection Symptomatic infection
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Representing progression of diseases: building 

outcome trees
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Representing progression of diseases: building 

outcome trees
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Representing progression of diseases: building 

outcome trees
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Representing progression of diseases: building 

outcome trees
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Calculating DALYs: the BCoDE toolkit

• User-friendly, stand-alone & free

• Flexible 

• No age weighting

• Incidence-based approach

• Pathogen-based

• Time discounting as an option

• Monte Carlo simulations

• Option to choose number of 

iterations

http://ecdc.europa.eu/en/healthtopics/burden_of_

communicable_diseases/Pages/Tool.aspx

Colzani E and Cassini A, 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(1):e0170662.

http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/Pages/Tool.aspx
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How is a disease represented?

Several variables need to input the outcome tree:

• Health outcomes

• Percentage that develop the health outcome

• Duration of health outcomes

• Disability weights

• …and finally: Number of cases
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Estimating incidence



Slide | 16

COST Action – BCoDE

Ranking of diseases: notified cases to ECDC
1

2
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4

5
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7

8
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17
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19

20
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23

24

25

26

Chlamydia

Campylobacteriosis

Salmonellosis

Tuberculosis 

Gonococcal infections

HIV

Toxoplasmosis (congenital and acquired)

Giardiasis

Pertussis

Mumps

Syphilis

Rubella

Invasive pneumococcal infections

Measles

Hepatitis A

Cryptosporidiosis

Shigellosis

Infection with VTEC/STEC

Legionnaires'disease

Invasive meningococcal disease

HBV 

Q fever

Invasive Haemophilus influenza disease

Listeriosis

Tetanus

Diphtheria

Not all diseases are reported case-based
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Iceberg ahead…
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…but it`s only the tip!
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The surveillance pyramid: the issue of under-

estimation in surveillance

Community

Healthcare

Gibbons CL, Mangen MJ, Plass D, Havelaar AH, Brooke RJ, Kramarz P, Peterson KL, Stuurman AL, Cassini A, Fèvre EM, Kretzschmar ME; Burden of Communicable 

diseases in Europe (BCoDE) consortium. Measuring underreporting and under-ascertainment in infectious disease datasets: a comparison of methods. BMC Public 

Health. 2014 Feb 11;14(1):147. 
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Assessing data availability and quality

20



Slide | 21

COST Action – BCoDE

21

Assessing rates and correcting for under-estimation
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Estimated incidence
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Results from BCoDE 2009-2013 (no time discounting)

23

Cassini A, Colzani E, Pini A, Mangen M-JJ, Plass D, McDonald SA, 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. 

Eurosurveillance. 2018;23(16):17-00454.



Slide | 24

COST Action – BCoDE

Is it possible to estimate the burden of HAIs?

• HAIs are always associated with comorbidities that contribute to 

morbidity and mortality

• Administrative hospital discharge data do not accurately reflect the 

burden of HAIs

• The burden of HAIs has not been studied adequately despite a 

significant proportion being preventable

24
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Methodology builds on a number of studies + specific 

adjustments 

25

• Attributable mortality, sequelae and length of stay: Systematic review of the literature. Berlin: RKI; 2016. 

http://www.rki.de/DE/Content/Institut/OrgEinheiten/Abt3/FG37/Research_Report_BHAI.pdf?__blob=publicati

onFile

• Incidence data: Age-group and sex prevalent number of HAIs from the PPS converted into annual incidence 

rates applying the Rhame and Sudderth formula. Point prevalence survey of Healthcare-associated infections 

and antimicrobial use in European acute care hospitals. Stockholm: ECDC; 2013.

• Adjusting for impact of co-morbidities on life expectancy: Standard life expectancy table. McCabe score 

stratification of cases according to remaining life expectancy; comparison with standard life expectancy

http://www.rki.de/DE/Content/Institut/OrgEinheiten/Abt3/FG37/Research_Report_BHAI.pdf?__blob=publicationFile
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26

(estimated from ECDC point

prevalence survey 2011-2012)

– Age-group and sex prevalent number of HAIs from the PPS was converted into annual incidence rates 

applying the Rhame and Sudderth formula

– 2.6 million annual number of cases of HAIs estimated in the EU/EEA (95% UI: 1,624,140 - 4,084,550)

Cassini A and Plachouras D, Eckmanns T, Abu Sin M, Blank H-P, Ducomble 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 medicine. 2016;13(10):e1002150.
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27

(estimated from ECDC point

prevalence survey 2011-2012)

(estimated by inserting number 

of cases in BCODE toolkit)

DALYsCases

– 2.6 million annual number of cases of HAIs are associated with more than 91,000 deaths (76,000 to 

108,000)

– Incidence and prevalence do not provide the full picture

Cassini A and Plachouras D, Eckmanns T, Abu Sin M, Blank H-P, Ducomble 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 medicine. 2016;13(10):e1002150.
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Objectives of the study

28

To provide estimates of:

• Incidence

• Attributable deaths

• Attributable length of hospital stay

• Impact on the health of the population

of infections with antibiotic-resistant bacteria

To refresh previous estimates (“Time to react”) and improve methodology

• Based on EARS-Net data 2015

• All EU/EEA countries



Slide | 29

COST Action – BCoDE

Estimating incidence

1. EARS-Net age-group and sex-specific number of cases, per country. Unknown age and sex 

were re-distributed

2. National designated collaborator provided a country coverage factor for each bacterium

29

Population 

coverage

Second adjustmentFirst adjustment

Cleaning the 

data
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30

Estimated population 

country coverage per 

organism
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Estimating incidence

1. EARS-Net age-group and sex-specific number of cases, per country. Unknown age and sex 

were re-distributed

2. National designated collaborator provided a country coverage factor for each bacterium

3. Applying a BSI to non-BSI ratio – from PPS 2011-2012 

(except for S. pneumoniae)

31

Population 

coverage

Second adjustment

Other types 

of infection

Third adjustmentFirst adjustment

Cleaning the 

data
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Estimating incidence

1. EARS-Net age-group and sex-specific number of cases, per country. Unknown age and sex 
were re-distributed

2. National designated collaborator provided a country coverage factor for each bacterium

3. Applying a BSI to non-BSI ratio – from PPS 2011-2012 
(except for S. pneumoniae)

4. Reduce the number of non-BSIs according to risk of S-BSI 
(to avoid double-counting)

32

Reducing 

cases

Fourth adjustment

Population 

coverage

Second adjustment

Other types 

of infection

Third adjustmentFirst adjustment

Cleaning the 

data
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Determining attributable mortality and attributable 

length of stay

33

>360 

publications 

identified

Systematic literature review

• Infection type specific

• Bug-drug specific

All papers 

were scored

Criteria scoring

• Study type

• Sample size

• Representativeness

• Matching 

• Controlling for confounders

Final disease 

models

Final decisions

• Built on consensus

• Baseline models from HAIs

Staphylococcus 

aureus 

Enterococcus 

faecalis  and E. faecium

3GCRKP CRKP ColRKP 3GCREC CREC ColREC MDRACI CRACI ColRACI MDRPA CRPA ColRPA MRSA VRE PRSP PMRSP

BSI

Case fatality proportion (%) 7.1-20.3 14.4-19 20-51.3 32-88.8 17.1 (9.5-26) 20-51.3 32-88.8 7.1-32.9 7.1-34 7.1-34 7.1-35.2 7.1-38.7 7.1-38.7 17.9 (14.4-21.8) 22.9 (21.8-23.8) 15.7-20.3 15.7-20.3

Duration (days) 5.87-11.5 9.28 (9.20–9.35) 15-35 15-39.1 6-18.5 15-35 15-39.1 5.87-20.1 5.87-20.1 5.87-20.1 14.87-21.5 14.87-21.5 14.87-21.5 8.99-14.62 6.97-18.3 Baseline Baseline

RESP

Case fatality proportion (%) 3.6 (2.7-4.5) Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline 2.7-9.8 2.7-10.5 2.7-10.5 Baseline Baseline Baseline Baseline

Duration (days) 7-14 13.6-18.1 13.6-18.1 13.6-18.1 Baseline 13.6-18.1 13.6-18.1 Baseline Baseline Baseline 10-17 15-22 15-22 Baseline Baseline Baseline Baseline

UTI

Case fatality proportion (%) 0 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline N/A N/A

Duration (days) 7 (4-11) 7 (5-12) 7.5 (4-14) 7.5 (4-14) 7 (5-12) 7.5 (4-14) 7.5 (4-14) 8 (4-11) 8 (4-11) 8 (4-11) 8 (4-11) 8 (4-11) 8 (4-11) Baseline Baseline N/A N/A

SSI

Case fatality proportion (%) 0.9<65; 3.6>64 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline N/A N/A

Duration (days) 8.5 (0-15.2) Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline N/A N/A

OTHER

Case fatality proportion (%) 0 Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline Baseline 0 0

Duration (days) 6 (3-11) 12 (8-21) 12 (6-27) 12 (6-27) 12 (8-21) 12 (6-27) 12 (6-27) 14.5 (9-19) 14.5 (9-19) 14.5 (9-19) 14.5 (9-19) 14 (9-19) 14.5 (9-19) 12 (8-19) Baseline 5-10 5-10

Streptococcus pneumoniae 
Baseline model

Klebsiella pneumoniae  Escherichia coli Acinetobacter  spp. Pseudomonas aeruginosa
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671 689 infections with antibiotic-resistant bacteria

33 110 attributable deaths

170 DALYs per 100 000 population

• 63% of cases were HAI representing 75% of total burden (DALYs)

• 70% due to 4 top-ranking antibiotic-resistant bacteria

• 39% due to carbapenem- and/or colistin resistance

34

Estimated burden of infections with antibiotic-resistant 

bacteria, EU/EEA, 2015

Cassini A, Hogberg LD, Plachouras D, Quattrocchi A, Hoxha A, Simonsen GS, et al. Attributable deaths and disability-adjusted life-years caused by infections with 

antibiotic-resistant bacteria in the EU and the European Economic Area in 2015: a population-level modelling analysis. Lancet Infect Dis. 2019;19(1):56-66.



Slide | 35

COST Action – BCoDE

Burden of AMR is comparable to the combined burden 

of influenza, TB & HIV/AIDS

35

Adapted from: 
Cassini A, et al. Eurosurveillance 2018;23(16):pii=17-00454
Cassini A., et al. PLoS Med 2016;13(10): e1002150.
Cassini, A., et al. Lancet Infect Dis. 2019 Feb;19(2):129-130.
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Burden of HAIs
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account for twice the burden

of 31 other infectious diseases

2.6 million annual number of cases of HAIs are associated with more 

than 91,000 deaths (76,000 to 108,000)

Adapted from: 
Cassini A, et al. Eurosurveillance 2018;23(16):pii=17-00454
Cassini A., et al. PLoS Med 2016;13(10): e1002150.
Cassini, A., et al. Lancet Infect Dis. 2019 Feb;19(2):129-130.
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Impact on action
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Ranking of diseases: all positions change

38
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Splitting the population

39
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Burden and outbreaks
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Campylobacteriosis has the highest impact amongst FWD

Cassini A, Colzani E, Kramarz P, Kretzschmar M, Takkinen J. Impact of food and water-borne diseases on European population health. Current Opinion in Food Science. 

2016;12:21-9. 
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Quadratic correlation between vaccination coverage and burden of measles in 

different Member States

R-squared=0.76; p<0.05 

Colzani E, McDonald SA, Carrillo-Santisteve P, Busana MC, Lopalco P, Cassini A. Impact of measles national vaccination coverage on burden of measles across 29 

Member States of the European Union and European Economic Area, 2006-2011. Vaccine. 2014 Feb 13. pii: S0264-410X(14)00157-1.
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Tick-borne encephalitis in Slovenia

Fafangel M, Cassini A, Colzani E, Klavs I, Grgic Vitek M, Ucakar V, et al. Estimating the annual burden of tick-borne encephalitis to inform vaccination policy, Slovenia, 

2009 to 2013. Euro Surveill. 2017;22(16).
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Tick-borne encephalitis in Slovenia

• Fafangel M, Cassini A, Colzani E, Klavs I, Grgic Vitek M, Ucakar V, et al. Estimating the annual burden of tick-borne encephalitis to inform vaccination policy, Slovenia, 

2009 to 2013. Euro Surveill. 2017;22(16).

• Fafangel M, Grgic Vitek M, Klavs I. Letter to the editor: Applying incidence-based disability-adjusted life years (DALYs) disease burden estimates to foster change in 

national vaccination policy, Slovenia, 2017 to 2018. Euro Surveill. 2018;23(27).
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Estimated burden of AMR, age-group standardised, EU/EEA, 2015

46
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Burden of AMR, per 

country – carbapenem-

resistance

47

63% of cases were HAI representing 75% of total 
burden (DALYs)

70% due to 4 top-ranking antibiotic-resistant bacteria

39% due to carbapenem- and/or colistin resistance
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Total number of deaths more than doubled

Increase in number of deaths due to:

• CRKP x6

• 3GCREC x4

From 2007 to 2015
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La risposta: PNCAR
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… And Decrease Healthcare 

Expenditure
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Implementation cost Savings in healthcare expenditure

Note: columns show the median value across 33 OECD and EU countries; whiskers show min and max values

Decrease in annual hospital costs caused by infections

Courtesy of Michele Cecchini, OECD (Michele.CECCHINI@oecd.org) 

mailto:Michele.CECCHINI@oecd.org
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"Although some policies require 

major investments and involve 

complex implementation, a number 

of policies such as hygiene 

interventions can be effectively 

implemented in resource-constrained 

settings."

"The first intervention would be to 

improve hygiene in healthcare 

facilities, including promotion of hand 

hygiene and better hospital hygiene."
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Investing 1.5 Euros per capita per year in a package 3 of mixed public health 

interventions would avoid about 27 000 deaths per year in EU/EEA countries. 

Package 1, for hospitals: hand 

hygiene, antibiotic stewardship 

programmes and enhanced 

environmental hygiene =     85%

Package 2, for community settings: 

delayed antibiotic prescriptions, mass 

media campaigns and the use of rapid 

diagnostic tests =      23% 

Package 3, mix of interventions =     

73% 

Savings of 3, 0.7 and 2 Euros per 

capita per year 

Source: OECD & ECDC (2019): Antimicrobial Resistance, Tackling the Burden in the European Union. Briefing note for EU/EEA countries.
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Visualisation of data
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Ranking of diseases: all positions change

54
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DALYs per 100,000 total population or age-group adjusted?
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Splitting the population

56
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Making sense of the general results

57
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Personal burden vs. population burden

58
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Burden and outbreaks
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Contribution of incidence and mortality to the burden of HAIs

60

Burden of HAIs in EU/EEA Member 

States – 2011-2012

Diameter of bubble reflects DALYs per 

100,000.

Cassini A and Plachouras D, Eckmanns T, Abu Sin M, Blank H-P, Ducomble 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 medicine. 2016;13(10):e1002150.
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Burden of AMR is comparable to the combined burden 

of influenza, TB & HIV/AIDS

61

Adapted from: 
Cassini A, et al. Eurosurveillance 2018;23(16):pii=17-00454
Cassini A., et al. PLoS Med 2016;13(10): e1002150.
Cassini, A., et al. Lancet Infect Dis. 2019 Feb;19(2):129-130.
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Burden of HAIs
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Adapted from: 
Cassini A, et al. Eurosurveillance 2018;23(16):pii=17-00454
Cassini A., et al. PLoS Med 2016;13(10): e1002150.
Cassini, A., et al. Lancet Infect Dis. 2019 Feb;19(2):129-130.
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Estimated burden of AMR, age-group standardised, EU/EEA, 2015

63
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Burden of AMR, per 

country – carbapenem-

resistance

64
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Large number of people involved
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