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Rapport in het kort

Huidige en toekomstige ziektelast van infectieziekten in Europa
Het European Centre for Disease Prevention and Control (ECDC) in Stockholm
werkt aan een methode om de huidige en toekomstige ziektelast van
infectieziekten te bepalen. De ziektelast is de hoeveelheid jaren van gezondheid
die verloren gaan. Het is de bedoeling om tot een methode te komen waarmee
alle lidstaten van de Europese Unie plus Noorwegen, IJsland en Liechtenstein de
ziektelast in kaart kunnen brengen. Hiermee kunnen gegevens en
ontwikkelingen daarin beter met elkaar worden vergeleken. Met kennis over de
ziektelast kan beter worden afgewogen welke infectieziekten in het Europese
beleid de meeste aandacht behoeven.
Om tot een goed onderbouwde aanpak te komen heeft het RIVM een overzicht
gemaakt van methodologische vraagstukken en de voor- en nadelen van diverse
methoden. Daarnaast is beschreven welke gegevens nodig zijn om de ziektelast
van infectieziekten te kunnen bepalen. Ook zijn diverse kwesties beschreven die
van invloed kunnen zijn op ziektelastschattingen. Voorbeelden zijn
onderrapportage, effecten van (preventieve) interventies, zoals medische
therapieën, screenings- of vaccinatieprogramma’s, en langetermijngevolgen van
infecties, zoals kanker en andere chronische ziekten. Daarnaast zijn bepaalde
ontwikkelingen meegenomen die van invloed kunnen zijn op de toekomstige
ziektelast. Het gaat hierbij onder andere om de samenstelling van de bevolking
(leeftijden) en ontwikkelingen in de samenleving (zoals reisgedrag waardoor
infectieziekten zich kunnen verspreiden).
Op basis van dit overzicht is in 2011 een methode voorgesteld waarbij onder
andere de ziekteverwekker centraal staat en niet de aandoening. Bovendien
kunnen de effecten van ziekte en sterfte op de ziektelast tezamen in één getal
worden weergegeven in plaats van apart. Het RIVM heeft een leidende rol in
deze keuze gehad, in samenwerking met een consortium van enkele landen.

Trefwoorden: Infectieziekten, ziekelast, DALY, Europa
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Abstract

Current and future burden of communicable diseases in Europe
The European Centre for Disease Prevention and Control (ECDC) in Stockholm is
working on a method to determine the current and future burden of
communicable diseases. The disease burden is the amount of years of health
lost. The aim is to develop a method that allows all Member States of the
European Union plus Norway, Iceland and Liechtenstein to map their disease
burden. With this method, data and trends therein can be better compared with
each other. With knowledge about the disease burden the choice on which
infectious diseases in European policies require most attention can be
betterbalanced.
To achieve a well-founded approach the RIVM has made an overview of
methodological issues, and the pros and cons of various methods. In addition,
the data necessary to determine the disease burden of infectious diseases are
described. Also various issues that may affect disease burden estimates are
described. Examples include underreporting, effects of (preventive)
interventions, such as medical therapies, screening or immunisation
programmes, and long-term consequences of infection, such as cancer and
other chronic diseases. In addition, certain developments that could affect the
future disease burden are taken into account. These include the composition of
the population (ages) and developments in society (such as travel behaviour
through which infectious diseases can spread).
On the basis of this overview a method has been proposed in 2011, in which the
pathogen is central and not the disease. Furthermore, the effects of disease and
death on the burden of disease together are expressed in a single number
rather than separately. The RIVM has had a leading role in this choice, in
collaboration with a consortium of several countries.
Keywords: Infectious diseases, disease burden, DALY, Europe
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Summary

The European Centre for Infectious Disease Prevention and Control has initiated
a call to develop a methodology to measure the current and future burden of
communicable diseases in the EU Member States (MS) and EEA/EFTA countries,
leading to the BCoDE-project. In the current report we present and discuss
methodological issues and data needs that can be used to measure the current
and future burden of infectious disease in the EU MS and EEA/EFTA countries.
The development, implementation and further improvement of the methodology
will be the subject of future work packages.
Background details resulting in the development of the BCoDE project are
presented in chapter 1, with an additional description of the different steps to be
taken within this project.
Existing methods for measuring the effects of morbidity and mortality and
expressing them in a single metric are presented and discussed in chapter 2,
together with demographic changes and potential methods to measure such
changes. Also, we present different modelling approaches that are used to study
the interaction of demography and epidemics.
Findings from previously conducted studies using transmission models, burden
of diseases studies and full economic studies are discussed in chapter 3,
analysing their potentials and limitations, and the area in which the different
methodologies have been applied, as well as the potential limitations
experienced.
In chapter 4 the focus is on data requirements and data availability. First, an
introduction to the existing databases and their usefulness for burden of
infectious diseases calculations is given. Second, the availability of such data is
described in detail. Third, we discuss the biggest problem concerning data
availability and quality, namely underestimation, and analyse potential solutions
to correct for underestimation, such as using sero-epidemiological data for
assessing incidence and prevalence and estimating multiplication factors of the
surveillance pyramid. Another section focuses on issues having an impact on
future burden of disease calculations. These are intervention measures, such as
screening programme, vaccination, and other preventive measures, sequelae
triggered by previous infections, with particular focus on cancer, and
demographic changes. We close the chapter with sections dedicated to data
comparability across countries and to particular regional differences and issues.
In chapter 5 potential factors influencing the dynamics of infectious diseases are
discussed. All factors complicating the prediction of future disease burden, and
therefore requesting the use of mathematical models.
Keywords:
Burden of disease, Health-adjusted life years, HALY, DALY, QALY, WTP,
incidence, prevalence, surveillance, transmission model; dynamic model;
mathematical model
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1

Background of study

Mirjam Kretzschmar1,2
1.) Center for Infectious Disease Control, National Institute for Public Health and the
Environment, Bilthoven, The Netherlands
2.) Julius Center for Health Sciences and Primary Care, University Medical Center
Utrecht, Utrecht, The Netherlands

1.1

Introduction
The European Centre for Infectious Disease Prevention and Control has a
responsibility to identify, assess and communicate current and emerging trends
on human health from infectious diseases (European Parliament and the Council
of the European Union (2004)). As one of the elements to fulfil this
responsibility, the ECDC has produced the Annual Epidemiological Report on
Communicable Diseases (Amato-Gauci and Ammon, 2007). However, as
diseases and their consequences are heterogeneous in terms of morbidity and
mortality, it is difficult to get an overall estimate of disease burden. Composite
health measures could be useful to gain insight in the current burden and
expected trends to guide public health policy and action. In 2006/2007, the
Dutch National Institute for Public Health and the environment (RIVM)
conducted a pilot study on behalf of ECDC to illustrate the potential of the
burden of disease concept, to explore data availability and quality and to
stimulate debate (Van Lier and Havelaar, 2007; Van Lier, Havelaar et al., 2007).
In 2008 the ECDC expressed the wish to launch a full burden of disease study
that resulted in a call for proposals and towards the selection of the current
study to be conducted by several European institutes under the lead of RIVM.
The aim of the current study is to first develop a methodology (current report)
and then measure and report on the current and future burden of communicable
diseases in the EU MS and EEA/EFTA countries (to be conducted in the following
work packages) whereby considering the impact of public health interventions,
emerging trends (demographic change and climate change) and the burden of
sequelae and other diseases which may be consequences of infections including
infection-associated cancers. The focus of the current report is the collection of
detailed information allowing to set up a protocol for the methodology of burden
of diseases calculations to be used in the future burden of disease studies
conducted in Work Packages 2-4.

1.1.1

Composite health measures to estimate public health impact of various
conditions
In their landmark studies conducted for WHO, Murray & Lopez (Murray and
Lopez, 1997) assessed the global burden of disease for a whole spectrum of
diseases including conditions as diverse as mental illness, accidents, and chronic
and infectious diseases. To compare the impact of these conditions on
population health and mortality, they developed a first approach for using
composite measures to assess the impact of adverse health events on quality of
life and life expectancy at the population level. The basic idea of their approach
is that the impact of every adverse event on health can be measured by two
quantities, namely the number of life years lost due to premature death and the
number of life years spent with disability as compared to the ideal healthy life
expectancy. The ideal – or optimal – life expectancy is taken as the average life
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expectancy as measured in the country with the highest observed life
expectancy, possibly adjusted to account for regional effects by taking a
European country or a country from the developing world as a reference.
Starting from this reference point, the impact of a condition on life expectancy
can be measured by looking at age dependent cause of death data for
individuals with a given condition. Quantifying the number of life years lost due
to disability requires a measurement of the impact of health conditions on
quality of life as perceived by those who are not yet afflicted. Various methods
exist to measure the perceived impact on quality of life, all of which lead to
numerically different estimates, but roughly similar rankings of health
conditions. The initial analyses of Murray & Lopez were refined in response to a
critical assessment of their methodology and an updated study with long-term
projections of the relative impact of different groups of health conditions on the
global burden of diseases was published recently (Murray, Ezzati et al., 2003;
Mathers and Loncar, 2006). One of the striking conclusions of this analysis was
the large and increasing contribution of HIV/AIDS on the global burden of
disease in the time period 2010-2030. Even though progress has been made in
the development of methods for estimating the burden of disease, these
methods do not yet take the dynamic nature of infectious disease transmission
and epidemiology into account in a systematic way, and sequelae associated
with previously acquired infections are in most cases not considered adequately.
1.1.2

Difficulties in using composite health measures for infectious diseases
There are a number of difficulties in computing disease burden for infectious
diseases. The foremost problem is the inherently dependent nature of the data
due to either direct or indirect transmission of infection or due to common
localised (in space and time) sources of infection. Computations of disability
adjusted life years (DALYs) are based on the assumption of independence of
individual life histories. Clearly this condition is violated for infectious diseases,
meaning that risks of morbidity and mortality for an infectious disease are not
distributed evenly within a population and cannot be predicted solely by the
usual determinants such as age, sex, social economic status, etc. Instead, the
intrinsic dynamics of infectious disease transmission have to be taken into
account, which (a) is specific for every (class of) pathogens, (b) depends on
individual behaviour but also population prevalence, and (c) can display
fluctuations in time or space that cannot easily be taken into account by broad
summary measures. Acquired immunity following previous exposure(s) impacts
the size of the susceptible population, resulting in non-linear relationships
between infection pressure and disease incidence. In addition, preventive and
intervention measures have not only direct but also indirect effects (via herd
immunity) on the burden of infectious disease and therefore the relationship
between intervention effort and impact of disease burden is not a linear
relationship. In other words, when assessing the burden of an infectious disease
and the possible impact of an intervention on that burden, one cannot restrict
considerations to symptomatic disease, but one also has to consider the impact
of asymptomatic and subclinical infections, which in themselves do not
contribute to morbidity and mortality, but do so indirectly by contributing to
continued transmission of the infection and boosting the immune status of the
population. How can the impact of these subclinical and mostly undiagnosed and
unreported infections be assessed?
However, and this is the third major obstacle in defining the contribution of
infectious disease to the overall disease burden, symptomatic as well as
asymptomatic infection may lead to long-term chronic disease and adverse
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sequelae, which often might not be recognised as being originally caused by an
infection (Zou 2001). For example, chronic infection with hepatitis B and C virus
may lead to serious liver disease and mortality from liver carcinoma, which is in
mortality records not easily traced back to the infection with the virus. For
certain chronic conditions a strong association with an earlier infection has been
established; for example Helicobacter pylori, which was recognised as an agent
causing gastric carcinoma. Similarly, infection with human papilloma virus has
been established in the last decade as a necessary precursor of cervical cancer,
thus making it possible to attribute the entire burden of disease caused by
cervical cancer to earlier infection with HPV. However, for many infectious
diseases the possible relationships with later chronic sequelae are not as clearly
established and therefore attributing long term morbidity and/or mortality from
those sequelae to their infectious cause may be difficult.
1.1.3

Impact of time scales and time evolution (demography)
The dynamics of infectious disease transmission occur over widely differing time
scales depending on the pathogen. These time scales are characterized by the
typical serial interval and its distribution. The serial interval can be accurately
measured for infections with a complete case ascertainment and good
information about the date of symptom onset or date of infection. For infections
with a long and variable serial interval, information about incubation time
distributions and variations in viral or bacterial load is important for estimating
the time evolution of an epidemic and the time scale over which transmission
takes place. Clearly, infections that spread over the time scale of the average
generation time of a population will be closely linked to changes in demography,
social and behaviour changes and the implementation of preventive measures.
On the one hand, infectious disease can influence a population’s demography by
impacting on mortality and therefore average life expectancy, or by influencing
fertility rates. HIV, infection with H pylori, M tuberculosis, measles and HPV
infection are good examples of the former influence, Chlamydia infection of the
latter. On the other hand, demography also influences the transmission of
infectious disease by determining the relative sizes of susceptible and vulnerable
populations. For example, in populations with below-replacement fertility, the
circulation of childhood infections might be reduced and adverse effects of
vaccination magnified due to the shifts in the age distribution of the population
(Manfredi and Williams, 2004). Severe impacts of infectious disease on the
demography of entire nations have been observed as a consequence of AIDS in
sub-Saharan Africa, and high under-5 mortality due to many vaccine
preventable diseases is a strong factor shaping the demography of developing
countries. In the industrialised world the influence of infectious disease on
demography is more subtle and often restricted to high-risk groups (e.g.
HIV/AIDS in men who have sex with men (MSM) and injecting drug users,
mortality due to hepatitis B and C infections, cervical cancer after HPV
infection). However, there might be an important impact of the aging of
populations for infectious disease control. The aging immune system is less
efficient in dealing with many pathogens and therefore, for many infections,
symptoms occur more frequently and are more severe if the infection is
contracted at an older age. In addition, effective prevention programmes such
as mass vaccination tend to increase the average age at which exposure to
infection takes place and therefore increase the probability of severe
complications. Examples include the risk of contracting hepatitis A infection as
an adult, the increased risk of severe complications when contracting measles
for unvaccinated persons, the risk of contracting rubella for unvaccinated
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pregnant women, and higher rates of symptomatic infection for some newly
emerging infections such as Q-fever and West Nile Virus infection. For some
infections, reactivation of latent infections acquired at a young age may occur at
an older age due to changes in the functioning of the immune system. This
mechanism accounts for a considerable fraction of current cases of tuberculosis,
and plays a role in the incidence of Herpes zoster, which is typically a disease of
old age. Furthermore, specific infections (in particular among the elderly, the
very young, or those with suboptimal immune defences) may increase
susceptibility to acquiring a superinfection, for example influenza infection
followed by infection with S. pneumonia. This interaction of (susceptibility to)
infections poses additional challenges for the attribution of disease burdens to
specific pathogens. Finally, demographic turnover in populations leads to shifts
in the immune status of entire populations, which in turn leads to an increasing
risk of observing large outbreaks in possibly vulnerable population groups.
Again, hepatitis A virus serves as a good example of this development in
European countries.
These examples show that estimating the current burden of an infectious
disease and projecting that burden into the future requires an analysis of links
between the demographic and epidemic dynamics of a population over the time
period of at least one generation. There are few infectious diseases for which the
epidemiological situation has remained even remotely stable over the time span
of the last 50 years, not only due to the implementation of large scale
prevention programmes, but also due to enormous changes in mobility patterns
and lifestyles. At present the methods used in burden of disease calculations
rest on several steady state assumptions. One assumption is that the age
distribution of a population is stable over time; a second assumption is that the
distributions of risk factors have remained stable over time. Concerning
infectious diseases, for infections on a short time scale it is assumed that annual
averages are constant over time, whereas for infections on a longer time scale
the assumption is of an endemic steady state.
1.1.4

Impact of intervention (indirect effects on transmission dynamics, pathogen
evaluation)
Intervention and prevention of infectious disease mostly serves two goals: the
first is the protection or treatment of the individual at risk of being infected; the
second goal is the interruption of the transmission chain with the consequent
protection of other individuals from becoming infected. The latter refers to the
so-called indirect effects of intervention, which can be large or small depending
on the specific dynamic properties of the infectious disease. Accounting for these
indirect effects when estimating the effects of intervention requires a dynamic
description of the transmission process, because indirect effects tend to be nonlinear functions of the intervention effort. If the endemic level of an infection is
high above the elimination threshold, even large intervention efforts might
produce only small effects, whereas if the endemic level is near the threshold of
elimination a large impact on transmission may result from small efforts. Thus,
estimating what the burden of infectious disease might have been over a long
time period in which the intervention was implemented, possibly with changes in
strategies and coverage, is an intricate problem and similarly extrapolation to
the future burden is difficult. We do not quite understand why we observe
incidences of certain childhood infections such as pertussis at present, even
though we have information on vaccination schedules, coverage and efficacy
spanning many decades. Transmission dynamic models can be used to shed
some light on these dynamics and to generate estimates for numbers of
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infections prevented, but it is a formidable task to design such a model even for
a single infection. Nevertheless, such models have been used in combination
with health-economic models to analyse the impact of interventions on quality
adjusted life years and the associated healthcare costs.
However, the effectiveness of an intervention is often endangered by the ability
of pathogens to escape the evolutionary pressures of antibiotic or antiviral
treatment. Antimicrobial resistance has become a serious problem in the
treatment of many nosocomial and other pathogens as witnessed by the
increasing prevalence of MRSA, among others. The increasing incidence of multiresistant tuberculosis is a serious problem in many Eastern European countries,
particularly in combination with a high prevalence of HIV in certain risk groups.
The dynamics of treatment strategies and adherence to treatment in interaction
with the evolutionary capabilities of pathogens preclude any long-term
predictions of the effects of large scale interventions on the burden of disease
for these infections. Similarly, vaccination can exert evolutionary pressure on a
pathogen leading to changes in the competitive abilities of a strain and
eventually strain replacement. Again, long-term prediction and estimation of the
effects of vaccination on disease burden is fraught with uncertainty. Additionally
the development of new medications, as was the case for HIV in recent decades,
could lead to increased survival time subsequent to disease onset, with as a
consequence longer periods of virus spreading but with lower viral loads in
infectious persons.
1.1.5

Future changes in infectious disease epidemiology (climate change, social and
behavioural changes)
Societies and lifestyles have changed enormously over the last decades and are
bound to change even further given the rapid developments in technology.
Mobility patterns have changed, traditional roles have changed, leading to
changes in typical contact patterns, population densities have increased and
migration is increasingly important in determining a country’s epidemiological
situation. In addition, it is expected that climate change will have a major
impact on the distribution of infectious diseases within the coming century
(Campbell-Lendrum and Woodruff, 2006). One can only speculate about the
changes in the epidemiology of infectious diseases that lie ahead. In Europe,
awareness is increasing that pathogens that up to now were limited to more
tropical climates may cause major outbreaks or even become endemic in
countries within the temperate climate zone. Examples include recent outbreaks
of chikungunya virus in Italy, increasing risks of the spread of West Nile virus
and Hantavirus in temperate regions, and the expanding habitats of the
pathogens causing tick borne encephalitis and lyme disease. Also, changes in
agricultural production systems and other contact patterns with animals lead to
changing risks of zoonotic infections or emerging infections from zoonotic
origins.

1.1.6

Research needs and directions for developing methodology
The above deliberations show that calculating the burden of infectious disease
poses fundamentally different questions than for chronic disease and that
methodology is required that still has to be developed. Approaches used in
mathematical modelling and health economy in recent years can serve as a
starting point for developing this methodology. (Edmunds, Medley et al., 1999)
delineate the requirements for a good health economic analysis of vaccination
programmes and stress the need to use transmission dynamic models to
estimate the indirect effects of vaccination. Similarly, for assessing the best
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screening strategies, Welte et al. (2005) show that a combination of
transmission dynamic modelling with Markov models as commonly used in
decision analyses and cost effectiveness analyses leads to the best results. We
claim that the same applies to burden of disease studies. There is an urgent
need for research in order to combine methods that are used in different fields
to deal with the specific requirements posed by the dynamic nature of infectious
disease epidemiology. Furthermore, we see a need for discussion of important
questions regarding discounting, age- and sex-weighting, and also comparisons
between infectious diseases occurring frequently but with mild impacts on health
and rare infections with severe health consequences for the individual.
1.1.7

Political implications
Burden of disease calculations and their implications have a political component,
because they may influence the allocation of resources to certain diseases and
interventions, and therefore to the most strongly afflicted countries. These
political implications have to be kept in mind when interpreting results from
burden of disease studies, but they should not influence the development of
methodological tools and study implementation. However, limitations of burden
of disease studies have to be kept in mind when interpreting the results, and
other considerations may play a role when allocating funds and defining public
health priorities. In particular, burden of disease studies cannot take account of
infections that are considered a serious threat for the future, but that at present
do not cause a significant burden of disease. Discussions concerning the
prioritisation of public health actions and funds should take place at a later
stage, taking into consideration other factors such as social values, public and
peer perceptions, politics and markets. These discussions should not influence
the decisions made in the current stage of a project designed to further develop
the burden of disease methodology.

1.2

Scope and objective
Building on the ECDC/RIVM pilot study on the burden of communicable diseases
in Europe, and referring to other initiatives such as the methodology developed
by WHO for their Global Burden of Disease Study, the aim of this four-year
project is to develop a methodology and then measure and report on the current
and future burden of communicable diseases in the EU MS and EEA/EFTA
countries for as many as feasible of the communicable diseases and related
conditions and health issues specified under Decision 2119/98/EC of the
European Parliament and of the Council and other conditions listed below. This
project should also consider how to measure the impact of public health
interventions, the effects of emerging trends including demographic change and
global climate change and the burden of other diseases that may be
consequences of infections, including infection-associated cancers.
The specific aims of workpackage 1 as described in the current report were

to develop a methodology and a methodological protocol (not presented
in the current report) to generate evidence-based, realistic and reliable
estimates of the burden of communicable diseases and related
conditions on societies, healthcare systems and economies of EU MS and
EEA/EFTA countries;

to consider, propose and begin developing suitable pathogen-specific
models which allow to model the current disease burden and also opt to
estimate the future impact of those pathogens on population health in
the EU MS and EEA/EFTA countries. For future disease burden estimates

Page 16 of 194

RIVM Report 210474001

emerging trends should in particular include demographic changes and
intervention options (e.g. vaccination).
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2

Methods

2.1

Valuing health effects: the different methods
The term burden of disease (BoD) is used to quantify the impact of a disease on
a geographical region, or population. Because diseases affect patients and
populations in various ways, a multitude of indicators can be used to quantify
BoD. Measures often used as first indicators of health problems are incidence or
prevalence estimates. Although such measures are suitable for following trends
in time or for indicating a health problem due to a particular disease, such
measures lack information about the symptoms and severities of different
diseases and are therefore insufficient metrics for comparison of their impact on
public health. To compare different hazards in their impact on population health,
a single metric that captures and weights the distinct symptoms, severities,
chronic sequelae and incidence of morbidity, and mortality associated with each
hazard is required. Both monetary and non-monetary integrated measures exist
for valuing health effects. A common foundation of these measures is that for
each health state associated with a particular disease, the integrated measure of
choice is computed, which is then summed over all such health states weighted
by the likelihood of each state. If identical methodology is used and the same
perspective taken, such an integrated measure allows comparison between
public health concerns.
Section 2.1 presents both non-monetary and monetary integrated measures of
disease burden and discusses their usefulness for the present study.

2.1.1

Burden of Disease and Summary Measures of Population Health – An Overview
Paulo Pinheiro1*, Dietrich Plass1*, Marie-Josée Mangen2, Alexander Krämer1
1.) School of Public Health, University of Bielefeld, Bielefeld, Germany
2.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
* Paulo Pinheiro and Dietrich Plass contributed equally to this chapter.

2.1.1.1

Introduction
Quantitative assessments of the health status of a population have always been
an important source of information to support health policy decision-making and
priority-setting processes. A commonly used approach to indicate the average
level of population health and its distribution has been the characterisation of
the epidemiology of diseases and injuries, and their causes and risk factors.
Here, one major branch of work has traditionally focused on the identification of
mortality patterns based on death and cause of death statistics. This, in turn,
has often translated into the practice that mortality and its derivative life
expectancy have widely been used as surrogates to inform about the health
status of a population and to identify the most important health problems in a
population. However, there is increasing awareness that the demographic,
epidemiological and risk patterns in virtually all populations across the world
have fundamentally changed over the last decades. These changes, labelled
demographic, epidemiological, or risk transition (Omran, 1971; Smith, 1988;
Rowland, 2003), are apparently having a fundamental impact on the health
status of a population: The observation of for example falling death and birth
rates, increasing life expectancies, and shifting disease patterns towards noncommunicable conditions in nearly all populations throughout the world has
raised the question of whether the ageing of populations has been accompanied
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by benefits in the quality of life. Several hypotheses on the burden of disease on
health in ageing populations have been postulated and scenarios ranging from a
compression to an expansion of the lifetime burden due to morbidity have been
presented (Nusselder, 2003). To empirically approach the question of whether
gains in life expectancy are accompanied by improvements in a population’s
health, assessment of the impact of non-fatal health outcomes on health has
become an issue of major concern. In consideration of the growing importance
of non-communicable diseases and their usually non-fatal impact on health, it
has been concluded that mortality and cause of death statistics have
increasingly become inaccurate measures if used exclusively as surrogates for
describing the overall health status of a population (for an updated discussion
on health statistics see Murray (2007)). One approach to meet the need for new
methods for assessing a population’s health status has been the development of
measures that combine information on mortality and non-fatal health outcomes.
Such measures are usually referred to as composite measures or summary
measures of population health and have become key measures in many current
burden of disease assessments.
This chapter aims (a) to give an overview of recent burden of disease
developments and (b) to introduce the basic concepts and applications of
measures from the summary measures of population health group. The first part
of the chapter roughly outlines the framework for the use of summary measures
of population health and therefore addresses the burden of disease approach.
The second and larger section of this chapter is dedicated to describing the
summary measures of population health. A major focus is on the DisabilityAdjusted Life Year (DALY) measure which has become an established outcome
indicator in burden of disease studies, although it is only one of the two most
prominent Health-Adjusted Life Year (HALY) methodologies. The other
prominent HALY, the so-called Quality-Adjusted Life Year (QALY) measure –
more prominent in the school of health economists – is also briefly discussed
within this section. The final section of this chapter summarises the potentials
and limitations of both measures and concludes with implications for the
methodological development for burden of infectious diseases assessments.
2.1.1.2

Burden of Disease – Definition
Obviously, there is no unambiguous understanding of the burden of disease
concept in the literature. In a broader sense, ‘burden of disease’, or sometimes
‘burden of ill-health’ (e.g. (Smith, Corvalan et al., 1999; Allender and Rayner,
2007; Balakrishnan, Allender et al., 2009)) is frequently used to subsume a
wide range of different approaches that aim to assess the impact of events that
are hazardous to various dimensions of human life including health. This rather
unspecific use of burden of disease as a technical term can be supported by the
fact that numerous definitions are available in the literature. Several definitions
are provided in e.g. (Lipscomb, Gotay et al., 2005; Merson, Black et al., 2006;
Kirch, 2008). Among the large number of attempts to define burden of disease,
a definition given by the Connecticut Department of Public Health in 1999
appears to be useful in determining some key characteristics of a burden of
disease approach: Burden of disease is
a general term used in public health and epidemiological literature to
identify the cumulative effect of a broad range of harmful disease
consequences on a community, including the health, social, and
economic costs to the individual and to society. (Connecticut
Department of Public Health, 1999)
This definition plausibly illustrates that, in general, a burden of disease
framework (a) targets the identification of consequences resulting from disease
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events, (b) might not be restricted to the impact on health but also relates to
effects on social and economic realities, and (c) is related to communities or
populations, as opposed to individuals. This rather unspecific understanding of
burden of disease allows for assessment of the impact of diseases on a
population with a wide range of outcomes from virtually all areas of life, and
enables many different disciplines, e.g. epidemiology, social sciences, or
economic sciences, to develop their particular burden of disease approach by
use of their routine methodologies and indicators. As a consequence, the burden
of disease understanding might be associated with a particular approach which,
in turn, could hamper a uniform understanding and use of the burden of disease
terminology.
However, the understanding of burden of disease has in the recent past been
increasingly associated with a particular approach jointly developed by the
World Bank, the World Health Organization (WHO) and the Harvard School of
Public Health in the late 1980s: The Global Burden of Disease Project. A main
objective of this ground-breaking study was to generate a comprehensive and
internally consistent, thus comparable set of estimates of mortality and
morbidity by age, sex, and regions of the world (Murray and Lopez, 1996). First
estimates were made for the year 1990. In addition, the Global Burden of
Disease Project provided the public health community with a fundamentally new
conceptual and methodological framework, which was developed for integrating,
validating, analysing, and disseminating partial and fragmented information on
the health of populations (e.g. Murray, 1994). As a result of the rapid
dissemination and general acceptance of this particular burden of disease
technique, although its results and its relevance for public health have been
discussed critically (e.g. Anand and Hanson, 1997; Arnesen and Nord, 1999),
understanding of the concept of burden of disease has since then become
narrowed and predominantly associated with the WHO Global Burden of Disease
approach. According to Colin Mathers:
BOD analysis provides a standardized framework for integrating all
available information on mortality, causes of death, individual health
status, and condition-specific epidemiology to provide an overview of the
levels of population health and the causes of loss of health. (Mathers,
2006)
Using this definition, burden of disease can be considered as a conceptual and
methodological approach that (a) aims at a consistent and comprehensive
assessment of disease and injury consequences, (b) aims at an assessment of
population health in terms of health losses by use of a common metric for
mortality and morbidity outcomes. To meet these objectives, the WHO Global
Burden of Disease framework included the development of methods to assess
the quality of available data and to estimate non-available data, the integration
of information on non-fatal health outcomes with information on premature
death into summary measures of population health and the development of a
new metric, the Disability-Adjusted Life Year (DALY), to summarize the disease
burden (Murray and Lopez, 1996 Murray and Lopez, 1997). The Global Burden
of Disease Project is an on-going effort and since the original 1990 Global
Burden of Diseases Study there have been some major revisions of the
methodology resulting in improved updates of the global burden of disease (e.g.
Mathers, Bernard et al., 2003; Lopez, Mathers et al., 2006a; World Health
Organization 2008).
Burden of disease estimates have in recent years been increasingly accepted
and used in public health as an additional source to inform on the level of health
in a given population. The annual number of publications that include ‘burden of
disease’ in the title or the abstract and that are listed in PubMed (the most
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popular database for accessing articles on life sciences and biomedical topics)
has continuously increased since the publication of the results from the Global
Burden of Disease Project in 1996 (Murray, 1996) (see Figure 2.1). Burden of
disease estimates have been presented for many populations and with different
spatial resolutions, from local (e.g. Andra Pradesh (Mahapatra, 2002)), through
national (e.g. US, the Netherlands, South Africa (Melse, Essink-Bot et al., 2000;
Bradshaw, Groenewald et al., 2003; Michaud, McKenna et al. 2006)), to
supranational levels (e.g. WHO (World Health Organization, 2002)).Additionally,
estimates are available for the burden related to selected diseases and risk
factors (e.g. chikungunya, dengue, food borne pathogens (Van Lier, Havelaar et
al., 2007; Krishnamoorthy, Harichandrakumar et al., 2009; Luz, Grinsztejn et
al., 2009).
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Figure 2.1: Number of PubMed listed publications with ‘burden of disease’ in title
or abstract (date of query: 29.12.2009)
Also, the listed PubMed articles indicated that a major part of these studies were
based on the WHO Global Burden of Disease approach that made use of DALYs
as measure of disease burden. The following sections therefore provide a
detailed description of the main concepts and methods that are of relevance to
the development of the DALY measure. In addition, the next section gives an
introduction to the Summary Measures of Population Health (Murray, Mathers et
al., 2002a), as DALYs are a frequently used member of this group of indicators.
2.1.1.3

The Global Burden of Disease Project
The burden of disease concept that had in the past been increasingly used to
assess the health status of a population was initially introduced by Murray and
Lopez in the first Global Burden of Disease study. This study was jointly
conducted by the World Health Organisation, the World Bank and the Harvard
School of Public Health in the late 1980s (Murray and Lopez, 1996). Based on
best estimates, the main aims of this study were (a) to globally assess and (b)
to describe the amount and the distribution of the burden due to diseases and
injuries in a comprehensive and comparable way. Furthermore, the study aimed
to evaluate and determine the distribution of the burden attributable to a
selected set of well-known risk factors. Through identification of epidemiological
and demographic trends, it was also envisaged to extrapolate the current
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burden into the future to identify trends and potential upcoming threats.
Additionally, the Global Burden of Disease (GBD) study was designed to allow
for an economic appraisal through application of cost-effectiveness analyses to
calculate the monetary burden that could be avoided through the
implementation of various intervention strategies (Shih, Carter et al., 2009). For
detailed information about the GBD concept see Murray and Lopez, 1996.
To ensure comparability and comprehensiveness, the GBD study developed the
Disability Adjusted Life Year (DALY) measure which is a member of the
Summary Measures of Population Health (SMPH) group to present the overall
health situation of the world population in a single index. The following section
will outline some basic concepts of SMPHs and present some commonly used
SMPHs.
2.1.1.4

Summary Measures of Population Health
Policy decision-making processes require comprehensive information on disease
patterns in a given population. In the past, health policy decision-making
processes were mainly driven by indicators such as disease-specific incidence,
prevalence or mortality, representing only a single component of the overall
burden of disease (Field and Gold, 1998; Begg, Vos et al., 2008). Furthermore,
the increasing relevance of chronic diseases for the world’s population requires
assessment of the health outcomes resulting from sequelae of non-fatal
conditions rather than simply counting non-fatal diseases.
In the last two decades, extensive international effort has been put into the
development, calculation, use and promotion of Summary Measures of
Population Health (Murray, Mathers et al., 2002a; Robine, Jagger et al., 2003).
SMPH combine information on mortality and non-fatal health outcomes, and
present the burden as a single numerical index (Field and Gold, 1998) to provide
a comprehensive overview of the health of a population. The family of SMPH can
broadly be divided into two major groups. The first group consists of the Health
Expectancies (HE) measures (e.g. Healthy Life Years (HLY)), which typically
assess the average number of years that an individual is expected to live in full
health. HEs summarize total life expectancy as equivalent years of full health by
taking into account years lived in states less than full health (Mathers, 2002).
The second group consists of the Health Gaps (HG) measures (e.g. DALY). A HG
describes losses of health in a population by quantifying the difference between
the current health status of a population and some ideal health goal (Murray,
Mathers et al., 2002b). The following sections and Table 2.1 provide a rough
outline of the health expectancy measures and present in detail the Disability
Adjusted Life Year (DALY) as a key measure in the HG family.

2.1.1.4.1

Health Expectancies
Health Expectancy (HE) measures estimate the time that a person is expected
to live in various health states (Mathers, 2002). Technically, HE can be related
to dichotomous or polytomous health conditions, to equivalent good health or to
disability. One commonly used measure of the HE family is the Healthy Life
Years (HLY) measure, also known as Disability Free Life Expectancy (DFLE).
Other frequently used HE measures are the Disability Adjusted Life Expectancy
(DALE) and the Health Adjusted Life Expectancy (HALE).

2.1.1.4.1.1 Health Life Years (HLY)
The life expectancy of a population has widely been used as an indicator for the
health of a population. However, life expectancies do not provide any
information about the quality of life as they are based on mortality data. To
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incorporate some information on the health status of a population, the Healthy
Life Year (HLY) measure was introduced by Sanders and developed by Sullivan
in the 1970s (Sanders, 1964; Sullivan, 1966; Sullivan, 1971). The Healthy Life
Years (HLY) measure was later integrated into the core set of the European
Union’s structural indicators presented by the Organisation of Economic
Cooperation and Development (OECD) (European Commission, 2012).
Technically, HLYs are calculated by the Sullivan method which is based on
mortality data and on the age-specific prevalence of self-perceived disability
(resulting from health surveys) in a population (Sullivan, 1971). HLYs allow the
comparison of health expectancy estimates over time and between different
populations. Additionally, the HLY indicator is simple to calculate and is readily
interpretable. One main limitation of this measure is that it is non-diseasespecific; it does not allow for any causal attribution of health expectancies to
different diseases. Also, changes in health expectancies in general show a
limited elasticity as they are insensitive to small changes in a population’s
health. Even bigger changes usually result in small gains in health expectancy
(Mathers, 2003).
2.1.1.4.1.2 Disability Adjusted Life Expectancy / Health Adjusted Life Expectancy
The Disability Adjusted Life Expectancy (DALE) and the synonymously used
Health Adjusted Life Expectancy (HALE) were introduced by WHO in late 1990s
(Mathers, Sadana et al., 2000). WHO presented estimates of DALEs for
191 countries and also updated these using information provided by the Global
Burden of Disease study and national surveys. The DALE measure was
developed to allow the inclusion of graduated states of reduced health.
DALEs/HALEs are calculated based on the Sullivan method and include seven
severity levels of disability using disability weights obtained from preference
exercises of the GBD study (Mathers, 2002). A major difference with the HLY is
the inclusion of graduation disability levels through the use of severity weighting
functions (Barendregt, 2003).
2.1.1.4.1.3 Quality Adjusted Life Years (QALY)
In the QALY approach, each health state is assigned a value (called a utility)
that reflects the desirability of that health state; health states are valued
between 0 (for death) and 1 (for perfect health). The QALY loss associated with
an adverse health state is measured as the difference between QALYs with and
without the condition (Krupnick, 2004; Drummond, Sculpher et al., 2005). A
number of different instruments (e.g. SF-36, EuroQoL EQ-5D, QWB, HUI) have
been developed to estimate utility values for health states by defining different
sets of descriptive domains that comprise quality-of-life (e.g. mobility, self-care
ability, pain, anxiety). However, different instruments estimate different utility
weights for the same health state (Gold, Stevenson et al., 2002).
2.1.1.4.2

Health Gaps
Health Gap (HG) measures estimate the difference between some ideal health
state and the current health of a given population. The predominantly used HG
measure is the Disability Adjusted Life Year (DALY).

2.1.1.4.2.1 Disability Adjusted Life Years (DALY)
The main idea behind the framework of the Disability Adjusted Life Years, as a
comprehensive measure of health losses, was to incorporate both mortality and
non-fatal health outcomes into a single measurement unit (Murray and Lopez,
1996). Another main objective of the DALY was to develop a comprehensive and
comparable unit of measurement for describing the burden of disease pattern of
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all countries in the world. A basic assumption toward meeting this objective was
to treat like events equally to ensure comparability between different
populations. So, for example, the loss of a finger in Zimbabwe should contribute
to the same burden as the loss of a finger in Turkey (Murray, 1994). Although
the original GBD DALY measure, its components and methodology have been
debated in the literature and in various international forums (e.g. Anand and
Hanson, 1997; Anand and Hanson, 1998; Arnesen and Kapiriri, 2004), it was
subsequently established in various national and sub-national Burden of Disease
(BoD) studies (e.g. national studies: USA, the Netherlands, South Africa,
Zimbabwe (Melse, Essink-Bot et al., 2000; Bradshaw, Groenewald et al., 2003;
Chapman, Hansen et al., 2006; Michaud, McKenna et al., 2006); e.g. regional
studies Los Angeles, London, Andra Pradesh (Kominski, Simon et al., 2002;
Mahapatra, 2002; Dodhia and Phillips, 2008)). DALY belong to the family of
health gap measures in which health losses are calculated based on the gap
between current health status and some ideally set health goal. Thus, one DALY
represents a loss of one year of life lived in perfect health (Mathers, 2006).
DALY as a summary measure of population health uses time as a unit of
measurement for calculating the disease burden in a given population. With time
chosen as the unit of measurement, DALYs can be based on both incidence and
prevalence data (at least for the morbidity part of the burden). For fatal health
outcomes, the incidence approach is the only possibility for calculating the
burden due to premature death. For non-fatal health outcomes, it is possible to
use incidence as well as prevalence approaches (Murray, 1994). It has been
argued that estimates of the morbidity component can lead to different amounts
of DALYs if the structure and dynamics of a population or a disease are not
constant over time. For this reason, it was decided to calculate GBD DALYs
based on an incidence perspective to achieve higher sensitivity with respect to
trends in the burden of disease (Murray, 1994). Technically, the DALY, as
developed for the WHO GBD study, is calculated as the sum of Years of Life Lost
due to premature death (YLL) and Years of Life Lost due to disability (YLD).
Thus, YLLs represent the fatal outcomes whereas YLDs account for non-fatal
health outcomes based on the concept of disability.
2.1.1.4.2.2 Years of Life Lost (YLL)
In general, YLLs can be calculated using various methods resulting in different
numbers of years of healthy life lost due to premature death. Estimating YLLs
requires the definition of a population health goal. To a certain degree, the
selection of this health goal is arbitrary and depends on the objectives of the
burden of disease study and on the improvements in a population’s health that
can be achieved. A health goal may represent a potential limit to healthy life or
a given life-expectancy in ideal health. YLLs are then measured as the difference
in years between the age-dependent health goal and the age of death. The
following sections present some examples of various techniques for deriving
YLLs.
Potential Years of Life Lost (PYLL)
Potential Years of Life Lost (PYLL) are derived from a potential limit of life that is
assumed for every individual in the population. For example, every individual
may be expected to achieve at least 65 years of age. The formula for calculating
the PYLL in a given population contains dx, (representing deaths at age x) and L
(the potential limit to life). Thus PYLLs are calculated by subtracting the age of
death from the potential limit.
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One major advantage of the PYLL is the simplicity in calculating the years lost
due to premature death. A crucial feature of the PYLL concept is the setting of
the potential limit to life. Using a limit of 65 years of age can, for example, lead
to underestimation of the burden especially in the elderly population. Deaths
occurring over the limit of 65 years of age are not assessed by this approach
and do not contribute to the overall burden. Also, interventions considering the
group 65 and more years of age achieve no benefit when measured with PYLL.
In the context of the GDB study, it was argued that even though the concept
fulfils the requirement of an egalitarian treatment of death occurring at all ages,
it has a major disadvantage in not accounting for deaths over the potential limit
(Murray, 1994; Murray and Lopez, 1996) and thus was considered to be
unsuitable for the study.
Period Expected Years of Life Lost (PEYLL)
Period Expected Years of Life Lost (PEYLL) use a local period life expectancy as
reference and have mainly been used in cost-effectiveness analyses (Murray,
1994). The basic idea in calculating PEYLL is to construct a life table based on
the age- and sex-specific death rates in a given time period to compute life
expectancies, and then to sum up the remaining life expectancies of the
deceased members of the population. The basic formula for PEYLL contains l
(representing the last age group in the life table), dx (number of deaths at each
age x) and ex (the life expectancy at age x). Thus, the PEYLL are calculated by
multiplying deaths at each age with the local period life expectancy at the given
age.

Regarding the GBD objectives, it was noted that this concept does not conform
to the strategy of treating like events as equal because local life expectancy
differs across different populations, thus, deaths at the same age in different
populations do not contribute the same burden (Murray, 1994; Murray and
Lopez, 1996).
Cohort Expected Years of Life Lost (CEYLL)
Cohort Expected Years of Life Lost (CEYLL) follow an idea that is basically similar
to the PEYLL, but are calculated based on a cohort life expectancy. Cohort life
expectancy is estimated by forecasting mortality based on trends in past
mortality. Thus the formula for CEYLL contains analogous components to the
PEYLL measure but differs from PEYLL in that cohort life expectancies are used
instead of cohort life tables. In the formula exc represents the estimated cohort
life expectancy.

Similar to the PYLL measure, this concept does not conform to the strategy of
treating like events equal, because different communities will have different
cohort life expectancies. This concept has mainly been used for estimating
benefits in cost-effectiveness analyses when comparing interventions across
different cohorts (Murray, 1994; Murray and Lopez, 1996).
Standard Expected Years of Life Lost (SEYLL)
The Standard Expected Years of Life Lost (SEYLL) was used in the GBD study to
assess the burden due to premature death in a population. SEYLL reflect the
DALY component that estimates the impact of fatal events on population health.
SEYLL are calculated by comparing the mortality pattern observed in a
population with hypothetical life expectancies in a standard population.
Technically, SEYLL are calculated with reference to a model life table (West
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Level 26). Here, years of life lost due to premature death are counted by
multiplying the number of deaths by the remaining life expectancy at the age of
death in the standard cohort. The standard West Level 26 model life table uses a
life expectancy at birth of 82.5 years for women and 80 years for men. These
values were chosen for the first GBD study because the highest life expectancy
at that time was observed in Japanese women (about 82 years). The variable e*
represents the life expectancy of the ideal standard population (West Level 26
model life table) in the formula below.
∗

SEYLL use a sex-specific difference of 2.5 years of life expectancy at birth for
the standard population, even though male and female average life expectancies
at birth differ by about 7 years in real populations. For the GBD study it was
argued that differences in life expectancies between males and females are
mainly due to biological and behavioural factors. In order to approach the
behavioural factors, it was decided to restrict the sex-specific gap in the life
expectancy to biological factors only. So, for example, deaths of young males
from injury and higher levels of risky behaviour (e.g. smoking, risky lifestyle)
were excluded when deriving differences in life expectancy in the standard
population (Murray, 1994; Murray and Lopez, 1996). It was then assumed,
based on the literature, that the biological gap in life expectancy at birth
between males and females is 2 to 3 years.
Conclusions
The various YLL measures presented here produce differing amounts of burden
due to premature mortality. Thus, the decision about which YLL measure to use
has to be made according to the objectives of the BoD study. First, one has to
decide whether to use the concept of a potential limit to life or the concept of
life expectancies for the given population. This is dependent on the idea that one
has about the health goal for a given population. When using life expectancies, a
background mortality rate for all age groups is accepted; however, this would
not be the case when using the potential limit to life approach. Furthermore, one
has to define the health goal, be it for the potential limit to life or the life
expectancies for all age groups. Also, specifications for the sexes have to be
considered. The concept of measuring years of life lost due to premature death
permits a high level of flexibility and offers a high degree of freedom for burden
of disease assessments. Thus, YLLs are not a fixed measure but adaptable to
different scenarios.
2.1.1.4.2.3 Years of Life Lost Due to Disability (YLD)
Years of Life Lost due to Disability (YLD), also known as Years Lived with
Disability, is the DALY component that aims at assessing the impact of non-fatal
health outcomes on population health. The inclusion of non-fatal health
outcomes into a health measure for burden of disease assessments requires
decisions to be made regarding concepts and methods that define and quantify
living in a worse than ideal health state. The International Classification of
Impairments, Disabilities and Handicaps (ICIDH), introduced in 1975 by WHO, is
a useful approach for defining non-fatal health outcomes. The ICIDH
classification defines three principal dimensions of health limitations:
impairment, disability and handicap. According to the ICIDH definitions,
impairment can be understood as limitations at the level of the organ system,
such as the loss of a finger, for example. Disability further describes the impact
of a missing finger for the individual, such as impairment of the motor function
of the hand. Handicap is than defined as a disadvantage for the individual,
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accounting for consequences in his social environment. For the calculation of
YLD in the GBD study, the disability dimension from the ICIDH classification was
chosen to reflect non-fatal health outcomes resulting as sequelae of
impairments due to diseases and injuries (Murray, 1994). The disability concept
was considered suitable for the GBD study because it defines limitations in
functional capacity and does not take environmental and social factors into
account. These characteristics were believed to offer the best match to the GBD
objective of global comparability of data between different countries with
differing socioeconomic environments. It was argued that measuring handicaps
would result in disparities because similar health events in different
environments might correspond to varying amounts of YLD. To make
comparisons of the severity of different diseases possible, disability weights
were derived in the first GBD study for more than 100 disease- and injuryspecific conditions.
A simplified formula for calculating YLD is presented below. The formula contains
l (representing the number of incident cases), DW (the disability weight), and L
(the duration of the disease) (Murray, Lopez et al., 2001).
∗
∗
Although the basic formula employs incidence as the disease-specific
epidemiological variable, YLDs can also be calculated using prevalence data.
2.1.1.4.2.4 Incidence vs. prevalence perspective
Another crucial decision in the development of the original GBD DALY measure
concerned the epidemiological input data, namely the question of whether
incidence or prevalence information should be incorporated in the DALY
estimates. It was concluded that both incidence and prevalence approaches are
possible. However, in the GBD study the incidence approach was favoured;
using incidence data on disability for computation of the DALYs should result in a
higher level of consistency because mortality in DALYs is also estimated by
incident deaths (Murray, 1994). Furthermore, the incidence approach seems to
be more sensitive to epidemiological trends in a given population. In addition,
the incidence approach was considered to be more attractive due to better
availability of incidence compared with prevalence data. It can be concluded that
similar to the YLL measure, the YLD measure permits a high degree of flexibility
for burden of disease assessments.
These disability weights and other possible adjustments to both YLDs and YLLs
represent the so- called social value choices.
2.1.1.4.2.5 International Classification of Functioning, Disability and Health (ICF)
The non-fatal health outcome concept in the original YLD is based on definitions
from the ICIDH classification of the WHO. The ICIDH classification has since
been developed and replaced by a new system, the International Classification
of Functioning, Disability and Health (ICF), to change the perspective from
concepts focused on disease consequences to concepts that also include
resources. The main objective of the ICF was to provide a standard framework
for describing health and health-related states (Üstün, 2002). The ICF can be
seen as a classification of ‘components of health’ which can be both resourceand deficiency-orientated, and therefore it supplements the ICIDH approach by
adding dimensions of activity, participation and environmental factors.
Furthermore, the ICF system is complementary to the International
Classification of Diseases (ICD). For future burden of disease assessments, ICF
is highly useful for providing a contemporary view on non-fatal health outcomes.
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Table 2.1: Summary Measures of Population Health - An Overview
Disability Adjusted Life Year (DALY) as developed by WHO
SMPH Type
Health gap
Unit of measurement
Years of life lost in a population due to premature death and
disability, referring to an arbitrarily predefined health goal
Sum of Standard Expected Years of Life Lost (SEYLL) and
Years of Life Lost due to Disability (YLD)
Health dimension under consideration
Disability, i.e. loss of functional capacity
Information on mortality
Yes, SEYLL
Information on non-fatal health outcomes?
Yes, YLD
Disease-specific approach?
Yes, conditions can be linked to for example ICD-classification
Characteristics of the measurement
DALYs developed for assessments in the Global Burden of
Disease (GBD) Study
Internally consistent set of DALY estimates
Comparability of DALY estimates between populations and
diseases, and over time
Comprehensive set of disease and injury causes, nothing is
left out in principle
Includes 108 specific disease and injury conditions classified
in a tree structure with four levels of disaggregation. First
level comprises the so-called Group I, II, and III conditions:
Communicable diseases, non-communicable diseases and
injuries.
Like events are treated equally, i.e. like events contribute to
the same amount of DALYs independently from the
individual’s environment.
Individual characteristics restricted to age and sex
Data requirements
See SEYLL and YLD
Value choices
Age-weighting
Sex-specific weights
Time discounting
Disability weights
Health goal
Used e.g. in …
WHO GBD studies (e.g. Murray and Lopez, 1996; Jamison,
Breman et al., 2006)
More than 20 national BoD studies (e.g. USA, Mexico, Chile,
Turkey, Brazil, Australia, Singapore, Iran, Peru, Netherlands,
South Africa, Zimbabwe (Lozano, Murray et al., 1995; Melse,
Essink-Bot et al., 2000; Fundação Nacional de Saúde Ministério da Saúde de Brazil, 2002; Bradshaw, Groenewald et
al., 2003; Ministry of Health, Refik Sysam Hygiene Center
Presidency et al., 2004; Chapman, Hansen et al., 2006;
Michaud, McKenna et al., 2006; Ministerio de Salud del Perú,
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-

-

Limitations
-

2006; Begg, Vos et al., 2007; Ministry of Health in Singapore,
2009; Naghavi, Abolhassani et al., 2009))
Several local burden of disease analysis (e.g. Andra Pradesh,
London, Los Angeles (Kominski, Simon et al., 2002;
Mahapatra, 2002; Dodhia and Phillips, 2008))
Disease and risk factor specific assessments (e.g.
Chikungunya, dengue, food borne pathogens, lead, vitamin A,
stroke, hepatitis C, climate change (Nojilana, Norman et al.,
2007; Norman, Mathee et al., 2007; Van Lier and Havelaar,
2007; Zhang, Bi et al., 2007; Khealani and Wasay, 2008;
Krishnamoorthy, Harichandrakumar et al., 2009; Luz,
Grinsztejn et al., 2009; Mühlberger, Schwarzer et al., 2009))

No co-morbidity
Comparative Risk Assessment restricts the attribution of
DALYs only to single risk factors
Standard Expected Years of Life Lost (SEYLL)
SMPH Type
Health gap
Unit of measurement
Years of life lost in a population due to premature death
Health dimension under consideration
n.a.
Information on mortality
Yes
Information on non-fatal health outcomes?
No
Disease-specific approach?
Yes, conditions can be linked to for example ICD-classification
Characteristics of the measurement
SEYLLs calculate the time of life lost due to premature death with
regard to a standard cohort life expectancy at each age (West
Level 26). For the ideal standard, the expectations of life at each age
are based on a model life-table which has a life expectancy at birth for
females of 82.5 years and for males at 80 years.
Data requirements
Mortality data, life table, population data, causes of death
Value choices
Age-weighting
Time discounting
Health goal
Used e.g. in …
As part of DALYs reflecting the impact of premature mortality
(see above)
SEYLL Calculations in Italy (Mariotti, D'Errigo et al., 2003) and
Serbia (Vlajinac, Sipetic et al., 2006)
Limitations
No information on non-fatal health outcomes when exclusively
used for burden of disease estimates
Health goal from the first global burden of disease study
Sex-specific difference of 2.5 years in the life expectancy at
birth in the reference cohort does not fit with observed values.
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Potential Years of Life Lost (PYLL)
SMPH Type
Health gap
Unit of measurement
Years of life lost in a population due to premature death
Health dimension under consideration
n.a.
Information on mortality
Yes
Information on non-fatal health outcomes?
No
Disease-specific approach?
Yes, conditions can be linked to for example ICD-classification.
Characteristics of the measurement
PYLLs calculate the time of life lost due to premature death with
regard to a potential limit to life. The choice of limit of life is arbitrary,
the range of limits that have been used is from 60-85 years.
Data requirements
Mortality data, life table, population data, causes of death
Value choices
Potential limit of healthy life
Used e.g. in …
PYLL calculations for e.g. Ireland, Denmark, Switzerland, Australia
(Lam 2004; Gutjahr and Gmel, 2005; Johansen, Smith et al., 2005;
O'Lorcain, Walsh et al., 2007)
Limitations
Deaths beyond the potential limit do not contribute to the burden and
conclusively health gains in the population above the age limit cannot
be assessed.
Years of Life Lost Due to Disability / Years Lived with Disability (YLD)
SMPH Type
Health gap
Unit of measurement
Years of life lost in a population due to disability
Health dimension under consideration
Disability, i.e. loss of functional capacity
Information on mortality
No
Information on non-fatal health outcomes?
Yes
Disease-specific approach?
Yes, conditions can be linked to for example ICD-classification
Characteristics of the measurement
YLD calculate the time of life lived in health states less than ideal.
Disability i.e. loss of functional capacity is the outcome of choice.
Epidemiology of disability is disease-related. Health state valuation is
assessed via use of person trade-off (PTO) technique in expert panels.
Disability weights derived from PTO range between 0 (equivalent to
full health) and 1 (equivalent to death) for 108 conditions in GBD
Study.
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Data requirements
Incidence, Disability weights (now only available for the Netherlands,
Estonia and WHO), duration of disease
Value choices
Age-weighting
Sex-specific weights
Time discounting
Disability weights
Used e.g. in …
As part of GBD-DALYs reflecting impact of non-fatal health
outcomes (see above)
Exclusive YLD estimates mainly used for neuropsychiatric
disorders (Ustün and Chisholm, 2001; Walter, Kunst et al.,
2009)
Limitations
Disability weights were developed to meet objectives of the GBDstudy, thus showing little sensitivity to cultural, spatial, or social
realities. Disability concept in the GBD Study does not consider
environmental aspects. Laymen perspective is not considered in the
GBD disability weights.
Healthy Life Years (HLY) / Disability Free Life Expectancy (DHLE)
SMPH Type
Health expectancy
Unit of measurement
Life Expectancy free of disability in a population
Health dimension under consideration
Disability, either self-rated (e.g. ADL/IADL) or expert-rated (e.g.
when qualifying an individual for statutory insurance benefits)
Information on mortality
Yes, Total Life Expectancy
Information on non-fatal health outcomes?
Yes, Healthy Life expectancy
But only moderate to severe disability
Disease-specific approach?
No
Characteristics of the measurement
HLY/DFLE calculated by Sullivan-Method. Requires the buildup of a period life table and information on the age-specific
prevalence of the population in healthy and unhealthy states.
Method applies dichotomous valuation to the states of ill
health.
Intended use for comparisons and regional and national
planning
Data requirements
Mortality data, prevalence of population in an unhealthy state
Value choices
n.a.
Used e.g. in …
Component of EU structural indicators' core set (Jagger, Gillies
et al., 2008)
Regional and national estimates (North-Rhine Westphalia,
China, Spain, Belgium, GBD), for subpopulations (Murray and
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Lopez, 1997; Gispert, Puig et al., 2003; Liu, Chen et al.,
2009; Pinheiro and Kramer, 2009)
Limitations
Dichotomous valuations in the Sullivan-method make the health
expectancy measure dependent on the variation in the threshold that
is usually arbitrarily defined. Cross-national comparability and
comparisons over time might be restricted and require the use of an
identical concept and valuating of the state of ill health. Non diseasespecific approach. Health expectancy approach usually does not
assess small changes of a population's health status.
Disability Adjusted Life Expectancy (DALE)
SMPH Type
Health expectancy
Unit of measurement
Life Expectancy adjusted to the disability in a population
Health dimension under consideration
Disability, i.e. loss of functional capacity
Information on mortality
Yes, Total Life Expectancy
Information on non-fatal health outcomes?
Yes, Healthy Life Expectancy
Disease-specific approach?
Theoretically yes, conditions can be linked to GBD-classification.
Characteristics of the measurement
Summary measure used within GBD study. DALE calculated by
Sullivan-method applying a graduated valuation of disability.
Calculated with data from GBD including its information on disability
weights.
Data requirements
Mortality data, prevalence of disability, severity of disability
Value choices
Disability weights
Used in …
Global Burden of Disease Study (Murray and Lopez, 1997; Mathers,
Vos et al., 2001)
Limitations
Not qualified to quantify the causes of health losses, cannot quantify
the potential for health gain. Does not assess small changes of a
population's health status.
Quality Adjusted Life Years (QALY)
SMPH Type
Health expectancy
Unit of measurement
Is a product of survival time and quality of time.
QALYs are in general expressed in QALYs gained by comparing
two populations.
Health dimension under consideration
Health related quality of life associated with certain health states
Information on mortality
Yes, standardised life expectancy of the population under study (i.e.
general population, drugs users, etc)
Information on non-fatal health outcomes?
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Yes, through quality of life associated with non-fatal health outcomes
Disease-specific approach?
No, is based on health state descriptions, which might be linked
indirectly into a disease-specific approach.
Characteristics of the measurement
Developed by economists, operations researchers and
psychologists
Preference-based measure
Intended use for evaluation and planning for interventions
Comparing of interventions
Primary use for cost-utility analysis*
Uses cost-utility ratio which describes the incremental price of
obtaining a unit of health effect
Utilities may differ from country to country/region to region
Utilities may be derived directly, or indirectly.
Depending on the methodology chosen are the health states
described by individual patients and valued by samples from
the general population (utility weights)
Data requirements
Expected time in a stage; time to event or event probabilities; utility
weights (all factors of a natural history model)
Value choices
If then applied, also age-weighting
If then applied, sex-specific weights
Time discounting
Utility weights
Used e.g. in …
Routinely used in economic evaluation of medical care, technology
and public health interventions
Limitations
Value sets derived from different countries are inadequate to
cross-national comparisons
Resources and time intensive
Note:
* A cost-utility analysis (CUA) in which the ratio is expressed as incremental costs per
obtained HALY, is also sometimes referred to as weighted cost-effectiveness analysis, or
even just as a cost-effectiveness analysis (CEA).

2.1.1.5

Social value choices

2.1.1.5.1

Introduction
Different diseases have differing impacts on an individual’s quality of life. To
capture various dimensions of health, a number of health measurement systems
such as the Quality of Well-Being Scale (QWB), the Health Utility Index (HUI),
EuroQol (EQ-5D) and the Years of Healthy Life, have been developed for QALY.
For example, EQ-5D estimates health status by combining self-rating scales for
mobility, self-care, usual activities, pain/discomfort and anxiety/depression. For
the DALY calculation, disease-specific disability weights were derived to quantify
the impact of disease on health; disability weights range from 0 (representing a
state equivalent to perfect health) to 1 (representing a state equivalent to
death) (Field and Gold, 1998). In contrast, health states are valued between 0
(for death) and 1 (for perfect health) in the QALY approach.
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Integration of social value choices in SMPH appears crucial to make outcomes
comparable, but this has been highly debated in the field of research on burden
of disease. Due to the availability of a wide range of concepts and techniques, a
large number of differing severity weights for health states are currently in use
(Melse, Essink-Bot et al., 2000; Schwarzinger, Stouthard et al., 2003; Lai,
Rätsep et al., 2009). The high degree of variability in severity weights available
limits their comparability and, as a consequence, comparability between findings
from different burden of disease assessments. It has been concluded that even
when using an identical technique, the weights generated by different
respondent groups (e.g., lay people and health professionals) deviate from each
other (Van Lier and Havelaar, 2007). The next sections outline several major
techniques that have been developed for generating values in burden of disease
assessments.
2.1.1.5.2

Generating weights
Values used for defining disability/utility weights for various health states can be
derived by a number of techniques. Standard gamble (SG), time trade-off
(TTO), and rating or visual analogue scales (RAS, VAS) methods are commonly
used to define severity weights for the QALY measure (Gold, Stevenson et al.,
2002). For the calculation of DALYs in the GBD study, the person trade-off (PTO)
technique was used (Murray and Lopez, 1996) to derive the disability weights.

2.1.1.5.2.1 Standard Gamble (SG)
The Standard Gamble (SG) method is the classical method for deriving
individuals’ preferences incorporating uncertainty as an element of the decisionmaking process (Torrance, 1986). Using the standard gambling technique, a
scenario of a particular health state is presented to the respondents. The
respondent has to choose either to remain in the presented health state for the
rest of their lives or to receive some kind of intervention with an arbitrary
probability of dying and another probability of getting well and living the rest of
their lives in optimal health. If the respondent decides to remain in the
presented health state, the gamble is made more attractive by raising the
chance of getting well again. If they choose the gamble, the chances of getting
well are reduced. After completing this first step, respondents are continuously
asked to make these two choices in different scenarios. After reaching a point of
indifference, the respondent is unable to further choose between the two
possibilities. At this point it is possible to derive a utility scale number. This
value situates the health scenario in the first alternative in relation to the health
scenario in the second alternative. Thus, it is possible to derive sets of utility
weights for different health states (Field and Gold, 1998; Essink-Bot and Bonsel,
2002; Gold, Stevenson et al., 2002).
2.1.1.5.2.2 Rating or visual analogue scales (RAS, VAS)
An alternative method for deriving severity values for health states is to ask an
individual to indicate the relative desirability of the health state on a scale
ranging from 0 to 1, with 0 representing death and 1 representing a state
equivalent to full health. Analogue rating scales are widely used for generating
health state preferences. For instance, the RAS and VAS techniques are used in
the Quality of Well Being Scale (QWB) and EuroQol (EQ-5D) systems (Field and
Gold, 1998).
2.1.1.5.2.3 Time Trade-Off method (TTO)
Another technique for assessing weights for different health states is the Time
Trade-Off (TTO) method developed by Torrance and colleagues (Torrance,
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1976). In this exercise, respondents are asked whether they would like to spend
the rest of their lives in a described health state, or to live a shorter amount of
time but in a state of excellent health. As in the Standard Gamble method,
respondents can choose between these two scenarios. If the respondent decides
to remain in the worse health state for a longer time, the fraction of time will be
prolonged in the alternative scenario. If the respondent decides to live for a
shorter time in an excellent health state, the fraction of time will be reduced. As
in the SG method, continuous use of the TTO exercise leads to a point of
indifference in which the remaining lifetime in the worse health state becomes
equivalent to less time in an excellent health state. This point of indifference is
then used in an equation that allows for calculation of severity weights for
different health states (Field and Gold, 1998).
2.1.1.5.2.4 Person Trade-Off Method (PTO)
Preference values can also be derived by two forms of the Person Trade-Off
(PTO) method. In the first exercise, as conducted by Murray and colleagues in
the first Global Burden of Disease study (Murray and Lopez, 1996;),
respondents were asked to trade off the life extension of people in different
health states. They are first asked to trade off the life extension of healthy
individuals with that of individuals in a presented health state that is assumed to
be less than excellent health. In a second PTO exercise, the respondents are
asked to trade off raising the quality of life of people in a state worse than full
health with extending the life of people in an excellent health state for one year.
The respondents are then asked to share their preference weights for the first
and second PTO exercise in private. Afterwards, all respondents see the results
of the valuation of the other participants and discuss why the reasons for their
choices. After the discussion respondents may revise their weights (Murray,
1994; Murray and Lopez, 1996). In the European context another form of the
PTO method was developed. This method trades off between preventing a
number of incident cases of a rapidly fatal disease and preventing a number of
incident cases of a chronic disease state. For example, respondents are asked
how many cases of chronic disease should be averted to be equivalent to the
prevention of 100 rapidly fatal cases. If the number is 1000 the disability weight
for this disease would be 0.1 (Nord, 2002).
2.1.1.5.3

Generating disability weights for the Global Burden of Disease study
In the context of the GBD study, disability weights were derived using two
different techniques. An early first set of disability weights used in DALY
calculations was based on four domains: procreation, occupation, education, and
recreation. Based on these four domains and on aspects and instrumental
activities of daily living, six classes of disability were defined, and severity
weights for each class were derived by public health practitioners using a rating
scale method (Murray and Lopez, 1996). These disability weights invoked a lot
of criticism due to misleading formulation of disability classes, impossible
reproduction in national burden of disease studies, overestimation of mild
diseases and the non-deliberate decision making process. This led to a revision
of the disability weights and the implementation of the Person Trade-Off Method
(Murray, 1994; Murray and Lopez, 1996).

2.1.1.5.3.1 Person Trade-Off Method in the GBD study
In the first GBD study, Murray and colleagues used the PTO method to derive
disability weights for diseases and their sequelae. Doing the PTO exercise,
health care professionals had to choose between prolonging the life of healthy
individuals or prolonging the life of disabled individuals. In a second stage they
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were asked to choose between prolonging the life of healthy individuals and
improving the quality of life of disabled people. Both exercises were repeated
until a point of indifference was reached.
Because the results derived from the PTO method had to be developed to reach
a consensus, participants were required to attend a discussion group consisting
of eight to ten people to review their estimates. During discussion participants
were given the opportunity to explain why they had chosen their set of values.
After discussion, participants had the opportunity to revise their weights in
private. Completion of the PTO method resulted in a set of internally consistent
disability weights for 22 indicator conditions1. Participants were then asked to
rank the indicator conditions without looking at their PTO results. As this ranking
possibly differed from that obtained using the results from the first PTO
exercise, participants were again given the opportunity to revise their ranking,
generating a new ranking for the 22 indicator conditions.
Disability weights for more than 100 diseases were derived from these
22 indicator conditions. The weights were then used in the subsequent GBD
studies in 2000, 2002 and 2004. For the next GBD study, in 2005, disability
weights essential for the calculation of DALYs will be revised. The reliance on
expert panels rather than on community samples, the use of the person tradeoff method for selecting cardinal values for health states and the use of
unstandardized and ad hoc methods have all been criticised. The main objective
of the revision is to react to the various criticisms and to present a transparent,
rigorous and standardised approach for generating disability weights (World
Health Organization Regional Office for Europe, 2009).
2.1.1.5.4

Direct versus indirect elicitation of utility weights
Utility weights are either directly or indirectly elicited. If directly elicited,
preferences from either patients or the general public are obtained, using one of
the earlier described techniques such as SG, TTO, PTA or VAS. However, the
choice of respondent group – patients or general public – may influence the
resulting values. There are a number of studies indicating that patients with
first-hand experience tend to place higher values on dysfunctional health states
than do members of the general population; this discrepancy is even stronger
when patients value their own health state (Brazier, Ratcliffe et al., 2007). Poor
descriptions of health states (for the general population), use of different
internal standards, and response shift and adaptation are the main contributing
factors for these observed differences (Brazier, Ratcliffe et al., 2007).
In the case of indirect utility weight assessment, patients are required to tick the
dimensions on validated questionnaires such as HUI, EQ-5D, SF-36, etc, to
describe their health/health state (thus, a health state descriptive system),
which are then valuated using general population preferences. The algorithm for
assigning values to each health state is obtained from a sample of the adult
general population using one of the earlier described techniques, such as SG,
TTO or VAS (Brazier, Ratcliffe et al., 2007).

1

The 22 indicator conditions are blindness, severe sore throat, active psychosis, infertility, paraplegia, fracture

of radius in a stiff cast, mild mental retardation, down syndrome without cardiac malformation, dementia,
below the knee amputation, severe anemia, quadriplegia, unipolar major depression, severe migraine,
deafness, recto-vaginal fistula, watery diarrhea, two standard deviation below weight/height, rheumatoid
arthritis, vitiligo on face, erectile dysfunction and angina.
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2.1.1.5.5

Age weighting
The idea of integrating an age weighting function into a summary measure of
population health and into the DALY measure in particular is based on the
observation that people in general give different preferences regarding time
lived at different ages. For example, it was noted that individuals may value
their own health at various ages differently. Also, individuals usually give
greater importance to years lived in adult life, arguing that young and elderly
people often depend on the physical, emotional and financial support of the rest
of society. BoD estimates include unequally distributed values of time lost due to
premature death and disability when age weighting is included in the formula.
For the first Global Burden of Disease study, estimates included an age
weighting function. This decision was made in order to best fit a human capital
theory (for more details see Murray, 1994). Technically, GBD age weights were
derived using a modified Delphi method. The results of the Delphi exercise were
integrated into an exponential function to capture the increase and decrease of
the value of life lived at different ages. In the age weighting function C and β
represent constants:
A value for β of 0.04 was chosen for the first GBD study to match age
preferences derived from the literature and the Delphi exercises. The C constant
(0.1658) was included to avoid alterations in the overall burden due to unequal
age weights (Murray, 1994; Murray and Lopez, 1996; Arnesen and Nord, 1999;
Gold, Stevenson et al., 2002).

2.1.1.5.6

Time preference (discounting)
The DALY measure additionally permits incorporation of a social value based on
an individual’s time preference. Discounting benefits over time is concept
commonly used in the field of economics. The principle of discounting is based
on the common observation that people prefer to receive benefits now rather
than in the future and therefore discount benefits over time. People usually
value goods or services higher today than in the future and so prefer to choose
benefits today rather than at a future time. Since the first GBD study there has
been an on-going debate regarding the use of time discounting in DALY
estimates. If the concept of discounting is included into DALYs, a decision has to
be made about the rate that should be used to discount DALYs. The GBD
estimates were based on a three percent time discount rate (Murray and Lopez,
1996). However, there are several national and sub-national studies that did not
include any discount rate (Lai, Habicht et al., 2009). The use or no use of
discount rates, or using different discount rates, obviously impacts on the
burden estimates and in turn might result in limited or no comparability among
the generated DALYs or with the DALYs used in the GBD study.

2.1.1.5.7

Preference-based relevance criterion for minimal disease
Several of the infectious diseases under study result in temporary health states
of short duration with an anticipated and observed minor impact on individual
health-related quality of life. Consequently their impact on an individual’s
health-related quality of life is minor, irrespective if measured as disability
weights or as utility weights. However, the high prevalence of these minimally
severe diseases triggered by infectious agents can collectively result in a high
BoD, and therefore may get policy priority above severe, but less frequently
occurring diseases (Haagsma, Havelaar et al., 2008). A potential solution to this
problem would be the application of a preference-based relevance criterion
(Bonsel, Janssen et al., 2003; Haagsma, Havelaar et al., 2008).
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Haagsma et al. (2008) used as outcome criterion the median of the estimated
disability weight derived using the time trade-off technique (TTO), which was
constrained to be greater than 0. Consequently only health states for which at
least 50% of a panel of judges was willing to trade off time in order to be
restored to full health were regarded as being relevant (Haagsma, Havelaar et
al., 2008).
To demonstrate the impact of using or not using this preference-based
relevance criterion, Haagsma et al. (2008) estimated the BoD for five
pathogens: Norovirus, Rotavirus, Thermophilic Campylobacter spp, Salmonella
spp and STEC O157. For all five pathogens the estimated BoD was reduced
when applying a relevance criterion. Especially for Norovirus and Rotavirus –
both infections resulting only in gastroenteritis symptoms, in the majority of
cases short-duration and self-limiting – the reduction was significant; a decrease
of 94% and 78%, respectively (Haagsma, Havelaar et al., 2008).
To our knowledge, the relevance criterion has so far only applied for BoD
estimates and cost-utilities studies using DALYs (Haagsma, Havelaar et al.,
2008; Mangen, Van Duynhoven et al., 2010). However, the same problem
applies for QALYs and very mild health states in which persons remain only for a
short time. For this type of health state, the value obtained when using a VASscore is less than 100% and would therefore be considered as having an impact
on current quality of life. However, when using TTO to value this type of health
state, a high percentage of the same people (patients or general public) were
not willing to trade off time. Therefore the question arises: why not also apply a
relevance criterion when working with QALY?
2.1.1.5.8

Conclusions
Although DALYs and QALYs were developed for distinct purposes (for an
overview see Gold et al. (2002)) both methods are suitable as a measure of
disease burden for analyses of infectious diseases. They are based upon the
assumption that a life-year is the appropriate unit for measuring health; as a
result, the valuation of permanent disability and mortality are linearly valued by
age of patient. However, HALYs do not capture non-health effects and therefore
HALY impacts cannot be compared with other non-health projects (as would be
the case if all effects would be expressed in monetary values).
Differences of opinion and legitimate arguments remain regarding which
measure is preferable. For example, DALY proponents criticize the use of selfassessment in QALYs, particularly for cross-country comparisons, but many in
the HALY community are critical of expert-driven DALY disability weights and the
inability to compute DALYs for health states other than those already estimated.
As shown in the previous chapter, when used for burden of disease assessments
in a population DALYs offer several degrees of freedom for adjusting the
measure to the objectives of a given burden of disease study. Similar degrees of
freedom apply for QALY estimates.
With DALYs different decisions have to be made regarding the social value
choices. One main aspect is the definition of a health goal. Particularly for the
numerous methods used to compute YLLs, the first decision has to be made with
respect to a potential limit to life or to derive YLLs by using life expectancies. In
addition, an adequate value for the potential limit to life and a suitable life table
have to be identified. For the BCoDE study a decision is needed to use the West
Level 26 model life table to ensure comparability to WHO DALYs or to use some
European standard for comparisons in the European context. Having defined a
life table the question arises of how to deal with the gender gap. There are
different concepts that influence how the gap between the ideal female and
male life expectancies is determined. As the first GBD study used a ‘biological’
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difference of 2.5 years, one option is to stick to this gap to ensure
comparability. Alternatively, there is the possibility to use the gender difference
as it is observed, including gender-specific risks and lifestyles.
YLD estimates depend strongly on the disability weights. The appropriateness of
disability weights is further linked to the objectives of the underlying study.
Using the GBD disability weights ensures comparability to WHO estimates.
Building new disability weights for infectious diseases could lead to more
sensitive results, but reduce comparability to existing data. If generating new
disability weights is an option for the BCoDE project, the question arises of
whom to ask about the preferences. Different scenarios with lay people, health
professionals or survey data are possible solutions and will likely result in the
generation of different disability weights. Furthermore, the concept behind nonfatal health outcomes has to be clearly defined according to the objectives of the
study.
Another decision to be made is whether or not to include age-weighting and
discounting, as well as relevance criteria in the case of minimally severe
diseases. To clearly indicate the possible impacts of discounting, age-weighting
and the relevance criterion, estimates with and without these features should be
presented in the BCoDE study.
Because the DALY measure is a disease-specific SMPH, but a single infectious
agent can lead to a number of different sequelae, the burden calculated in the
BCoDE study should concentrate on infectious agents and the resulting
sequelae. It will then be possible to calculate the burden due to infectious
agents and the attributable burden arising from their various sequelae. Thus for
infectious diseases the burden should be calculated using an infectious agent
approach rather than the disease-specific one originally used in the GBD study.
For reasons of consistency and feasibility the BCoDE study should be based on
the incidence approach. Using the incidence approach also allows retention of
WHO methodology and thus maintains comparability of results to GBD data.
Inclusion of information regarding infectious disease dynamics, assessment of
some kind of ‘potential’ or ‘invisible’ burden of a population, for example by
estimating a ‘transmittable’ burden, could be a perspective for further
methodological development. This perspective would reveal the hidden disease
burden and would permit estimation of the amount of burden that is potentially
transmitted by infected, non-diseased people. Such estimates could also be
helpful for the calculation of various future burden scenarios.
Bearing in mind the number of options available for adjusting the original GBD
DALY, one should not omit the question of comparability of results obtained
using the chosen estimates. GBD results are widely used in the area of BoD
research and thus one objective of the BCoDE study could be to evaluate the
comparability of data with that from the GBD approach. Also, it is very
important to have a clear view on the level of comparability that should be
achieved with the study (e.g. number and spectrum of diseases, cross-national
comparisons, comparisons over time).
Finally, the development of an adequate SMPH depends on the main objectives
of the burden of disease assessment. Clearly defined aims will lead to the choice
of the best adapted measure and thus significantly contribute to producing the
best estimates of disease burden.
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2.1.2

Monetary integrated measures of disease burden: Short overview with potentials
and limitations and a comparison to HALYs
Marie-Josée Mangen1
1.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
HALY measures are non-monetary integrated measures of disease burden that
express the intangible costs of mortality and morbidity in a single metric and are
therefore suitable measures to use when comparing or prioritising public health
hazards (including infectious diseases), and when conducting economic
evaluations. However, by using HALYs the comparisons to other potential
projects are limited to a single sector – namely public health – presuming the
same methodology was applied and the same perspective was taken. A
comparison of projects between sectors, for example building a bridge versus
educating people versus offering a mass vaccination, is only possible if a costbenefit analysis is applied (Belli, Anderson et al., 2001). But, in order to conduct
a cost-benefit analysis, all effects – both monetary and non-monetary – would
need to be expressed in monetary units. Several methods exist to additionally
express non-monetary costs such as the intangible costs of pain, suffering and
premature mortality in monetary units. These are briefly discussed next.

2.1.2.1

Monetary integrated measures used to measure the intangible costs of pain,
suffering and premature death
There are three general approaches for characterising the public health impact
of (infectious) diseases in monetary terms (Drummond, Sculpher et al., 2005).
They are (1) human capital, which measures a person’s production in the
market place; (2) revealed preferences; and (3) stated preferences of
willingness-to-pay (WTP).
In the human capital approach, the benefit of a health programme is measured
according to how it helps patients return to, or increase, their productive output.
The human capital approach makes no attempt to include intangible costs such
as pain and suffering and is restricted to the impacts on labour productivity (e.g.
lost income) (Drummond, Sculpher et al., 2005). This approach is not
considered to be a measure of individual or social welfare. Opportunity costs of
time and the replacement cost approach are two methods usually used to value
the time for non-market activities (e.g. keeping a household) (Drummond,
Sculpher et al., 2005).
WTP, which is estimated through revealed or stated preference studies,
measures what individuals would be willing to pay to obtain health
improvements or to avoid adverse health states, or less commonly, what
individuals would be willing to accept (WTA) for a health decline (Krupnick,
2004; Drummond, Sculpher et al., 2005). In contrast with the human capital
approach, the WTP approach is based on the trade-offs that individuals must
make between health and other goods and is therefore consistent with the
theoretical foundation of welfare economics (Drummond, Sculpher et al., 2005).
WTP can be measured by evaluating the trade-offs people actually make
(revealed preferences) or by presenting people with hypothetical choices (stated
preferences) (Krupnick, 2004; Drummond, Sculpher et al., 2005).
Revealed preference studies utilize data from real-world situations to estimate
WTP. For example, an economist might examine the differences in wages
between jobs with low and high risks for a particular injury to measure the
implicit valuation of the change in risk. In stated preference studies,
respondents are presented with hypothetical scenarios in which they are asked
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how much they would pay for reductions in the risk of death or other adverse
health states (Krupnick, 2004). Stated preference studies can be designed for a
specific health state, but rely on a hypothetical construct and therefore describe
the intention of the individual to make particular choices.
The most well-known WTP measure is the VSL (Value of Statistical Life), a
practical estimation that is not intended to place a monetary value on life itself,
but which refers to what an average individual in a population is willing to pay to
avoid the risk of premature death. However, WTP is a function of ability to pay
and therefore results may reflect wealth and benefit. Reported values for the
VSL vary widely between and within countries; one landmark study found a
range of $0.7 million to $20.8 million (Viscusi and Aldy, 2003).
A complicating factor in the economic evaluation of infectious diseases is that
severe cases and fatalities are more likely to occur in immuno-compromised
individuals, such as children and the elderly. Their WTP may differ from the WTP
of an average population (Krupnick, 2001). The WTP of poor and rich people,
not equally spread within and between regions/countries, can also differ,
complicating economic evaluations.
WTP is preferred by economists because, unlike HALYs, it is consistent with
welfare theory and can be easily compared to non-health care sectors (one
cannot use HALYs to compare health impacts to environmental impacts).
However, the methodology is complex, time-consuming and expensive, and WTP
remains controversial, especially with respect to the valuation of mortality. It is
nonetheless a widely used technique, particularly in cost-benefit analysis.
2.1.2.2

Economic flow of associated monetary costs due to adverse health
Another approach used to express the ‘monetary’ burden of disease is the Cost
of Illness (COI) method. We include this methodology for the sake of
completeness. However, the COI approach, in contrast with HALYs and WTP,
does not measure intangible costs (‘pain and suffering’) but traces only the
economic flow associated with an adverse health outcome through the
quantification of measurable monetary costs and is therefore applicable for a
burden of disease study that is supposed to measure the public health impact of
infectious diseases in the population.
Nevertheless, the COI methodology does provide a fairly reliable minimum
estimate of the financial costs associated with disease. If applied in conjunction
with the previously discussed WTP (as a monetary measure to express
intangible costs) or HALY methods, both of which capture the intangible costs of
adverse health states missing from COI, an additional dimension can be
measured and the conduction of full economic evaluations are possible.
There are four components to COI: 1) Direct Healthcare Costs (DHC), which
include primary medical services such as physician consultations, hospitalisation,
and drugs; 2) Indirect Healthcare Costs (IHC), which is the offset in future
health care costs due to premature death, a controversial and rarely computed
measure; 3) Direct Non-Healthcare Costs (DNHC), which include such items as
travel costs and informal care (e.g. by family members); and 4) Indirect NonHealth Care Costs (INHC), which include productivity losses due to lost work and
the costs of special education due to chronic disability. Most COI studies,
however, include either DHC or DHC, and INHC.
It should be noted that there are significant differences in health care systems
between countries, which complicates the transferability of COI values.
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2.1.2.3

Comparing HALYs, WTP and COI
Each of the three major integrated measures has certain potentials and
limitations and there is no preferable choice for all scenarios. Each measure
provides a different perspective on the public health risk of infectious diseases.
HALYs are widely accepted in the medical profession and simple to understand,
but there are concerns about the underlying assumptions; they are also not
comparable with monetary costs. Further disagreement exists concerning the
use of DALYs or QALYs as the preferred approach. Although WTP is conceptually
most consistent with economic theory, obtaining estimates is resource-intensive.
WTP results are not easily generalisable, are controversial especially in relation
to the valuation of mortality and exist only for very few health states. Although
COI is not a welfare measure, it is relatively straightforward to compute, has
broad coverage and provides an accounting of impacts on the economy, which is
useful information for economists and policymakers. While HALYs can be used to
compare results to other health issues or programmes and can be used with COI
in cost-effectiveness analysis, WTP can be used with COI in cost-benefit analysis
to compare impacts more generally to projects outside of health.

2.2

How to quantify burden of disease?
In section 2.1 we presented various existing methodologies for valuing the
impact of pain, suffering and premature death, and expressing them in a single
metric. In the following section, we discuss the necessary decisions that have to
be made to choose the appropriate measure and methodology for estimating the
burden of communicable diseases.

2.2.1

A brief outline of necessary decisions and methodological options to derive BoD
measures accounting for effects on duration and quality of life
Nikolai Mühlberger1, Beate Jahn1,, Ruth Schwarzer1, , Petra Schnell-Inderst1,
Johannes Wurm1, Uwe Siebert1,2,3
1.) Institute of Public Health, Medical Decision Making and Health
Technology Assessment, Department of Public Health, Information
Systems and Health Technology Assessment, UMIT - University for
Health Sciences, Medical Informatics and Technology, Hall i.T., Austria
2.) Cardiovascular Research Program, Institute for Technology Assessment
and Department of Radiology, Massachusetts General Hospital, Harvard
Medical School, Boston, MA, USA
3.) Centre for Health Decision Science, Department of Health Policy and
Management, Harvard School of Public Health, Boston, MA, USA
Burden of disease (BoD) is meant to quantify the impact of a disease on a
geographical region, or population. Objectives of BoD assessments are the
prioritisation of diseases and public health interventions, and comparisons
across regions or populations (Murray and Lopez, 1996; Murray, Lopez et al.,
2001; Preedy and Watson, 2010).
Because diseases vary in frequency and affect patients and populations in
various ways, a multitude of epidemiologic frequency and health outcome
measures could be used to quantify BoD. The spectrum of potential BoD
indicators ranges from simple surrogate parameters such as incidence,
prevalence, mortality, etc. to complex summary measures integrating several
aspects of BoD such as length of life, quality of life and resource use (e.g. cost
of illness measures and willingness-to-pay measures (Iburg and KamperJorgensen, 2002; National Centre for Health Statistics (NCHS), 2003)).
Theoretically, a BoD measure could even incorporate ethical problems caused by
a disease (e.g. Morrow and Bryant, 1995; Gold, Stevenson et al., 2002). The
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most frequently used category of BoD measure is health adjusted life-time
measures, also referred to as HALY measures (health-adjusted life years) (Gold,
Stevenson et al., 2002). HALY measures account for disease effects on length
and quality of life, which are the two main patient-relevant health aspects. The
most widely known HALY measures are the QALY (quality-adjusted life years)
and the DALY (disability-adjusted life years) measures. Whereas the QALY has
its foundations in economic evaluations of health care interventions (Gold,
Stevenson et al., 2002; Weinstein, Torrance et al., 2009), the DALY was
specifically developed as a BoD measure for the WHO Global Burden of Disease
(GBD) study (Murray, 1994; Murray and Lopez, 1994; Murray and Acharya,
1997; Mathers, Vos et al., 2001; Mathers, Bernard et al., 2003; Lopez, Mathers
et al., 2006b; Airoldi and Morton, 2009).
The GBD study has proved that the DALY in its original form allows for largescale across country and disease comparisons. However, as also was shown, it is
not appropriate for assessing the burden of all diseases, at least not in its
original form. For diseases with severe long-term sequelae and varying
incidence (non-steady state conditions) in particular, BoD estimates derived
from the original DALY approach may be strongly biased (Anand and Hanson,
1997; Mühlberger, Schwarzer et al., 2009). This weakness has triggered a new
debate regarding which measure should be used to appropriately assess BoD,
and which method should be used to generate this measure (Murray and Lopez,
1996; Murray and Acharya, 1997; Murray and Lopez, 1997; Williams, 1999;
Murray and Lopez, 2000; Gold, Stevenson et al., 2002; Mathers and Loncar,
2006; Sassi, 2006; Siebert, Conrads-Frank et al., 2009).
The method applied to generate a BoD measure is of crucial importance,
because it strongly affects the magnitude, informational value and comparability
of the measure. It is important to note that even BoD measures of the same
name may differ in methodological respects (Murray, Salomon et al., 2000;
National Centre for Health Statistics (NCHS), 2003; Preedy and Watson, 2010).
BoD assessments using the same outcome measure could easily produce
different results, if the methodologies used to generate the measure are
different (e.g. with or without inclusion of long-term sequelae, incidence vs.
prevalence perspective, different ways to combine BoD components, etc.
(Murray and Lopez, 1996Murray, Salomon et al., 2000; Wagener, Molla et al.,
2001; Barendregt, 2002). Methodological variation can be found at both the
macro and micro level. In general, summary health measures are more likely to
be methodologically heterogeneous because the number of methodological
options increases with the complexity of a measure. When planning a BoD
study, decisions regarding how a BoD measure is generated might be more
important than the choice of the BoD measure itself (National Centre for Health
Statistics (NCHS), 2003; Mühlberger, Schwarzer et al., 2009).
In the following, we point out basic decisions and choices that need to be made
in order to select a BoD measure or definition. Emphasis is put on the
presentation of different basic methodological approaches for the generation of
HALY measures. This should further explain why BoD measures of the same
type or name may not be comparable and why the decisions regarding how a
BoD measure is generated are so important. In a final step, the presented
methodological approaches are compared and evaluated with respect to
applicability and feasibility.
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Decisions needed to select a BoD measure or definition:
1. What components of BoD should to be considered?
Choice of BoD components:
Incidence, prevalence, mortality, length of life, quality of life, direct cost,
indirect cost, ethical, legal and social implication (ELSI), etc.
2. Should the selected BoD components be integrated into a summary
measure, and what type of summary measure should be used?
Choices of SMPH:
HALY (DALY, QALY), WTP, Other
3. What methodological approach should be used to derive a summary
measure of BoD or single BoD components?
Choice of basic methodological approaches for HALY measures (see also
Table 2.2)2
a. Original DALY approach (GBD Approach): Approach applied in
the GBD Project (Murray and Lopez, 1994; Murray and Lopez, 1996;
Murray and Acharya, 1997). Sums up years of life lost (YLL) due to
incident premature deaths and years of life lost due to disability
(YLD) by incident disease cases. Cross-sectional, multi-cohort
consideration assuming standard healthy life expectancy and a
steady state. Approximates prevalence-based estimation if the
steady state assumption holds. Apart from some exceptions,
estimates do not include the burden caused by long-term sequelae
of a disease. These are rather regarded as separate disease entities
with diverse aetiology (see Figure 2.2).
Pros: Minimum complexity and data requirement, Approximates prevalencebased estimation if steady state assumption holds
Cons: Steady state assumption often unrealistic (especially for communicable
diseases); in case of long-term sequelae, disease-specific BoD is
underestimated.
b. Additive DALY approach: Similar to original DALY approach,
however, with addition of DALYs caused by long-term sequelae of a
disease, which were treated as separate disease entities in the
original DALY approach. The fraction of these separate disease
entities that has to be added to the original DALY estimate can be
determined via attributable fractions (e.g. Mühlberger, Schwarzer et
al., 2009)). However, the assessment of attributable fractions
requires additional studies. Cross-sectional, multi-cohort
consideration assuming standard healthy life expectancy and steady
state. Approximates prevalence-based estimation if steady
state assumption holds. It does not consider time-to-event and
competing risks (see Figure 2.2).
Pros: Minimum complexity and moderate data requirement (additional need for
attributable fractions), Approximates prevalence-based estimation if steady
state assumption holds
Cons: Steady state assumption often unrealistic (especially for communicable
diseases), No consideration of time-to-event and competing risks
c. Extended DALY approach (Outcome tree approach): Similar to
original DALY approach, however, with crude modelling extension to
account for long-term sequelae, which are projected to the
present and treated like acute events. Partly, longitudinal multi-

2

Labeling of these approaches is suggested by the authors and is open to debate
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cohort consideration assuming standard healthy life expectancy and
steady state (e.g., Van Lier and Havelar (2007)) (see Figure 2.2).
Pros: Moderate complexity and data requirement
Cons: No consideration of time-to-event and competing risks
d. Incident cases modelling approach: This approach focuses
exclusively on incident disease cases. BoD is derived by modelling
the fate of these cases over their remaining lifetime and contrasting
the modelled life-expectancy or quality adjusted life-expectancy
against the respective expectancies of a standard population without
the disease. Longitudinal, single- or multi-cohort consideration
(closed or open cohort) that requires a valid natural history
model and assumption of healthy LE. Modelling outcome:
Incremental HALY(incremental QALY or DALY) (Siebert, 2003;
Weinstein, Torrance et al., 2009) (see Figure 2.2).
Pros: Estimates are compatible with results from economic models. Once the
model is set up, BoD estimation can easily be repeated whenever new incidence
data become available. Time-to-event and competing risks are considered by
the model.
Cons: Maximum model complexity, high data requirement (actual incidence
data plus large number of parameters for natural history model) and uncertain
assumptions
e. Prevalence-based BoD estimation approach: Within this
approach several methodological variants are possible. The
most extreme is to sum up all losses of lifetime and qualityof-life due to prevalent disease or premature death within a
fixed period of time, including lifetime lost in that period due
to earlier deaths (‘prevalent death’). Cross-sectional, multicohort consideration that requires detailed disease-stagespecific prevalence data and assumptions regarding healthy
life expectancy. Modelling is needed only to estimate lifetime
losses in the fixed observation period due to earlier deaths
(‘prevalent deaths’). In this approach, years of life lost due to
disability (YLD) during a period of time are calculated from diseasestage-specific prevalence data. Because prevalence data have to be
assessed for each clinical stage of the disease, this approach
requires much more time and effort than the incidence-based
approximation of the original DALY approach. In return, the
approach does not depend on steady state conditions. Under steady
state conditions the incidence-based YLD estimation should closely
approximate the prevalence-based estimate (see Figure 2.2).
Pros: Minimum need for modelling and simplifying assumptions
Cons: Maximum need for empirical data (in particular, disease-stage-specific
prevalence data).

Page 46 of 194

RIVM Report 210474001

Table 2.2: Comparison of basic methodological approaches to generate HALY measures
Extent of
Consideratio
Inclusion of Population
complexity
n of timeburden due base
and data
to-event
to longrequirement term
sequelae
Original DALY
approach

+

no*

Additive DALY
approach

++

Yes

Extended DALY
approach

+++

Yes

Incident cases
modelling approach
(HALY)

++++

Yes

Prevalence-based BoD
estimation approach
(HALY)

++++

Yes

crosssectional,
multi-cohort
crosssectional,
multi-cohort
crosssectional,
multi-cohort
longitudinal,
multi- or
single-cohort

crosssectional,
multi-cohort

Consideratio
n of
competing
risks and
background
mortality

Compatibilit
y of
estimate
with data
from GBD
project

Applicability
of approach

n.a.

no

yes

prioritisation
+ comparison

No

no

yes

prioritisation
+ comparison

No

no

?

prioritisation
+ comparison

Yes

yes

no (see timeto-event and
competing
event)

n.a.

n.a.

under steady
statecondition

prioritisation
+ comparison
+ forecasting
+ economic
evaluation
prioritisation
+ comparison

Legend
n.a. = not applicable;
DALY = disability adjusted life year; HALY = health adjusted life year (DALY or QALY)
* Apart from some exceptions, long-term sequelae were not associated with the infectious agent.
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Figure 2.2 shows Lexis diagrams, which are plots of a population's life
experience (birth, onset of disease, end of disease, death etc.) in time vs. age.
Each grey line represents an individual's life, which ends in death (circle). An
individual may at some time experience an acute infectious disease (bold line)
which might lead to sequelae (dotted line). According to the various
methodological approaches for defining HALY measures, mortality cases and
durations of diseases (acute infectious, sequelae) that contribute to the HALY
measure are coloured red. Lower and upper limits of the observation period [t,
t+1] are represented by bold vertical lines.

b)

Age

Age

a)

t

t+1

Time

t

t+1

t

t+1

Time

e)

Age

Age

c,d)

t

t+1

Time

Time

Legend
Lifetime of one patient
Time the patient suffers acute disease
Time the patient suffers acute disease and patient contributes to ‘Burden of Disease’
Time the patient experiences long-term sequelae
Time the patient experiences long-term sequelae and patient contributes to ‘Burden of Disease’
Death of patient (
caused by disease,
caused be sequelae)
Death that contributes to ‘Burden of Disease’
Figure 2.2: Graphical presentation of the basic methodological approaches for
HALY measures
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2.3

Measuring human demography
Eric Fevre1 and Cheryl Gibbons1
1.) Institute of Immunology & infection Research, University of Edinburgh,
Edinburgh, United Kingdom

2.3.1

Demographic Data
Understanding the demographic picture of a population is important for
estimating disease burden and therefore for planning health services and
allocating resources. In Europe, demographic data are most frequently collected
directly and routinely by national and regional authorities through the registers
for births, death and marriages, as well as through censuses which take place
every ten years. Such information is often passed on to larger political bodies
including European commission who disseminate European demographic data
through the network Eurostat3.

2.3.2

Current European statistics
The combined population of the 27 European Union (EU) member states is
approximately 500 million people (Council of Europe, 2005). The highest
contributors to this total are Germany with ~82.2 million, France with
~63.8 million (metropolitan France 61.9 million), UK with ~ 61.2 million, Italy
with ~60 million and Spain with ~45.3 million people (Eurostat, 2008).
Fertility
The current actual fertility rate averaged across member states of the EU is
1.5 children per woman, which is below the so called replacement rate of 2.1
(Muenz, 2007). Only Iceland and Ireland have had fertility rates as high as 2.1
in the past 5 years, and only Belgium, Denmark, France, Finland, Iceland,
Ireland, Luxemburg, the Netherlands, Norway, Sweden and the United Kingdom
and have had consistently higher fertility rates higher than 1.5. For the
countries with the lowest fertility rates (including Bulgaria, Slovenia, Slovakia,
and Poland), rates have increased in most recent years. The fertility rate did not
drop below 1 for any EU or EEA/EFTA country, which is the point at which the
population would begin to diminish (Eurostat, 2010).
Gender Bias
There are approximately 105 females per 100 males in the EU (2008 figures).
The greatest gender bias is seen in Estonia (117.2 women to 100 men), Latvia
(116.9), and Lithuania (114.8). The number of females to male is approximately
equal in Ireland (100.3 females to 100 males), Norway (100.8), Switzerland,
Malta, Denmark and Sweden (101 females to 100 males). The situation in
Iceland is unique since there are more males (100) than females (96.1)
(Eurostat, 2010).
Mortality
The average European life expectancy is approximately 75 years for men and
82 years for women (Oeppen and Vaupel, 2002) (2006 figures). In men this
ranges from 65 years in Latvia and Lithuania, to 79 years in Iceland and
Switzerland, and in women life expectancy ranges from 76 years in Latvia and
Bulgaria, to 84 years in France, Italy, Spain and Switzerland (2006 figures). The
overall European trend is that life expectancies are increasing for both men and
women (Eurostat, 2010).

3

http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home
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2.3.3

Changing European demography
The study of population dynamics has shown that the demographic make-up of
Europe is changing in terms of age and population structure. Figure 2.3
illustrates the shrinking and aging of indigenous European populations using
population pyramids which are a useful method of depicting the static nature of
a population.
The age structure of a population has an impact on the disease burden profile
that might be expected in the European Community. An ‘excess’ of elderly in a
population tends to indicate a greater incidence of chronic diseases and cancers,
and, depending on the metric used, a higher per-person burden from infectious
diseases as these groups have a less robust immune response. The elderly are
also less physiologically able to deal with an infectious episode, or may suffer
higher co-morbidity due to infections (though this may not be the case for all
diseases). In addition, an ageing population may see a certain infectious disease
profile, with, for example, reactivation of latent TB infection in later life and
reactivation of Varicella-zoster virus (VZV) (shingles).
Importantly, the spatial distribution of population changes is heterogeneous
across the EU. Some countries (e.g. Ireland, Iceland) continue to see strong
growth4, and many new member states are experiencing much lower population
growth than the current EU average. Country-level statistics also mask changes at
sub-national levels, which may be significant.
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Source: Images: http://www.china-europe-usa.com Data: United Nations Population Division (2005), World Population Prospects, 2004 Revision

Figure 2.3: Changing population structure in Europe, 1950-2050
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2.3.4

Reasons for demographic change in Europe
Migration
Migration is having a major impact on both regional and local demography in the
EU (Feld, 2000). Current positive population growth in the EU is largely due to
immigration, which, on top of the many social impacts, may have significant
disease-related consequences. Mobile, migrant populations tend to be young,
but may remain over a period of decades. Migrant workers may also arrive with
existing sequelae and infections and may come from countries with higher risks
of transmission of infectious diseases such as HIV and TB (Rieder, Zellweger et
al., 1994). In addition, migrants may be susceptible to endemic European
diseases and they may not have received the appropriate vaccination prior to
entering Europe. It is also possible that migrant groups are not represented in
demographic studies and therefore disease burden within those groups
underestimated. Migration thus has implications for disease transmission as well
as detection of infections in these higher risk groups (Romero-Ortuno, 2004).
Changing trends and ideas
Over the past few decades, various societal ideas have developed which may be
partly responsible for changing European demographic trends. Divorce for
example, although it has always been acceptable in some cultures, is becoming
more acceptable in many other communities and societies, and, likewise,
childbirth outside marriage. Postponement of childbearing until later in life has
been observed in many European countries and may in fact be the cause of
lowered fertility rates (Sobotka, 2004). Additionally, promotion of healthy living,
improved diets and exercise may be contributing to life longevity in the elderly
and higher life expectancies.

2.3.5

Demography and burden
Regarding estimating burden of disease, there are some important
considerations for the research community to understand. In some cases, these
require access to demographic modelling expertise in tandem with diseasespecific expertise. Firstly, the time scale of burden projections is very important.
Given the issues of ageing and migration, temporal scales of a generation or
more should be considered and historical trends in disease incidence should be
considered to account for diseases in younger groups that produce sequelae in
older age groups.
The European Union is changing, with new states joining; these political changes
affect the projections that might be made, particularly given the very different
economic and demographic circumstances in some of those countries.

2.4

Modelling disease burden

2.4.1

Time scales of transmission, incubation period and occurrence of chronic
infections for different infectious diseases
Mirjam Kretzschmar1,2
1. Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
2. Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
Dynamics of infectious diseases are among others determined by biological
factors relating to transmission routes and probabilities and disease progression.
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In the context of burden estimation we are interested in the time scales on
which transmission dynamics takes place, the time between infection and
occurrence of sequelae and the proportions of infections that lead to clinical
infections, to severe complications, to chronic infection etc. As time scales are
often related to transmission routes, we would like to classify infectious diseases
according to their transmission routes and resulting dynamic characteristics in
order to adjust the calculation of disease burden to the specific characteristics of
each class of infectious diseases (see Table 2.3).
2.4.1.1

Within host time scales
Once a host individual is infected, the clinical course of the infection is an
autonomous process determined by the reproduction of the pathogen and the
immune response. These are characterised by the incubation period (time from
infection to onset of symptoms), the latent period (time from infection to onset
of infectiousness) and the infectious period (time during which others can be
infected). The bacterial or viral loads determine the transmission probability per
contact and the probability that an infection manifests itself by clinical
symptoms. Infections can have an acute course (short time scale with usually
high bacterial or viral loads) and a chronic course (long time scale with usually
low bacterial or viral loads). Often an acute phase of infection is followed by a
chronic phase, which in turn can lead to complications and sequelae.
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Table 2.3: A classification of infectious diseases by transmission category and
route (adapted from Madigan and Martinko (2006))
Category
Transmission route
Infectious diseases
Person-to-person
airborne transmission of
S. pneumoniae, diphtheria,
microbial diseases
diseases
measles, pertussis,
influenza, etc.
S. aureaus, hepatitis A,
direct contact transmission
hepatitis C
of diseases (faecal-oral,
blood-borne)
sexually transmitted
Chlamydia, gonorrhoea,
infections
HIV, syphilis, hepatitis B,
etc.
Animal-transmitted
Rabies, Hantavirus, Q fever
Animal-transmitted,
arthropodArthropod-transmitted
Malaria, dengue, yellow
transmitted, and
diseases
fever, chikungunya, WNV,
soil-borne microbial
Lyme, etc.
diseases
Soil-borne diseases
Tetanus
waterborne
Wastewater treatment,
Legionella, Cholera,
microbial diseases
water purification
Cryptosporidia, Gardia,
typhoid fever
Foodborne microbial Food poisoning
Staphylococci, Clostridium
diseases
Food infection
Salmonella, E Coli 157,
Campylobacter, Listeria,
2.4.1.2

Time scales of transmission
The time scale of transmission of person-to-person transmitted infection is
determined by the duration of the latent period and the contact behaviour of the
infected person. Together they determine the serial interval or generation
interval. The serial interval is usually defined as the time between onset of
symptoms of an index case and onset of symptoms of a secondary case (see
Figure 2.4). This definition is used because onset of symptoms can be observed.
A theoretically more satisfactory definition is time between infection of the index
case and time of infection of the secondary case. Here we use the term
‘generation interval’ for the latter and distinguish it from the serial interval. Of
course the serial interval is related to the generation interval by a convolution
with the latent period distribution.
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Figure 2.4: Time intervals for infectious diseases
We find that many airborne and foodborne infections are transmitted on short
time scales (generation/serial interval < 1 year), while sexually transmitted
infections typically evolve on longer time scales (generation/serial intervals of
> 1 year). The latter is due to long asymptomatic and/or chronic phases of
infection (examples HIV, hepatitis B). In zoonoses and vector borne infections
time scales depend strongly on the dynamics of the animal and vector
populations involved (Table 2.4).
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Table 2.4: Incubation periods, infectious periods and serial intervals for a
number of infectious diseases (from Richardson et al. (2001))
Infectious disease
Incubation
Duration of
Serial interval
period
infectiousness
Campylobacter
1 – 10 days
Not known
1 – 3 weeks
enteritidis
Chickenpox
11 – 20 days
-4 to +5 days
10 – 23 days
Cryptosporidiasis
1 – 14 days
Not known
Not known
Haemophylus
4 – 5 days
Not known
1 – 52 days
influenzae
Hepatitis A
25 – 50 days
- 14 to +8 days 20 – 32 days
Influenza5
1 – 3 days
Not known
1 – 26 days
Measles
6 – 19 days
-2 to +? Days
6 – 18 days
Meningococcal
Not known
Not known
Outbreaks: 1 –
disease
31 days
Households: 1 –
39 days
Mumps
15 – 24 days
Not known
10 – 31 days
Pertussis
5 – 21 days
Not known
4 – 56 days
Rubella
15 – 20 days
Not known
15 – 23 days
Salmonellosis
4 – 5 days
Not known
Not known
Shigellosis
1 – 6 days
Not known
Not known
Tuberculosis
1 – 12 months
< 2 weeks
Not known
Typhoid fever
5 – 34 days
> 2 weeks
Not known
2.4.1.3

Patterns of transmission dynamics on the population level
The transmission dynamics of an infectious disease on the population level is
determined by the interaction of disease specific time intervals of latent and
infectious periods, the contact patterns in the host population that lead to
transmission, and environmental factors (climate). Possible dynamic regimes are

Endemic steady state: If the prevalence is constant over time the infectious
disease is in endemic steady state. Implicitly a steady state assumption is at
the basis of burden of disease calculations, if time dependent changes are
not modelled. Many sexually transmitted infections are present in
populations at endemic steady state (chlamydia, gonorrhea, hepatitis B,
HPV).

Periodic increases of incidence: besides annual seasonal peaks that can be
observed for many respiratory infections (influenza, RSV) and
gastrointestinal infections, some infectious diseases display cycles with
longer than annual periods. A classic example is measles in the prevaccination era, where bi- or tri-annual cycles were observed. Recently,
long-term cycles have been described for syphilis (Grenfell and Bjornstad,
2005) and pertussis (De Greeff, Dekkers et al., 2009).

Recurrent epidemics: some infectious diseases occur in outbreaks, either
because interventions have almost succeeded in eliminating them from the
population (measles in countries with high vaccination coverage, polio), or
because there is a propensity for locally limited smaller clusters as observed
with infections transmitted via the environment (foodborne, waterborne)
such as salmonella and campylobacter infections.

5

Many more recent estimates available, depends on strain and population
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For newly emerging infections many dynamic patterns are possible, but in
the beginning phase incidence and prevalence may increase over a longer
time period. This has been the characteristic pattern for HIV, which has a
slow dynamic but has been increasing in prevalence over a period of almost
3 decades.
Natural dynamics are influenced and changed by large-scale intervention
measures. The incidence and prevalence of many infections is controlled by
vaccination (measles, polio, etc.) and treatment (antiretroviral treatment for
AIDS). Treatment in turn leads to changes in transmission dynamics due to
development of antibiotic of antiviral resistance (TB).

2.4.1.4

Manifestations (clinical symptoms and sequelae)
The occurrence and severity of clinical symptoms are often age-dependent,
because they are strongly influenced by the immune response of the host. The
immune response depends on the maturation and senescence of the immune
system, and on previous challenges of the immune system with a pathogen or a
vaccine.
A large proportion of subclinical cases of infection leads to underreporting of
incidence of infection, yet these cases can contribute to onward transmission.
For many infections sero-epidemiology provides tools for determining the
amount of circulation of a pathogen in the population and hence for estimating
the gap between notification of clinical cases and occurrence of infection in the
population. For other infections with long asymptomatic incubation periods (HIV)
estimating the incidence is also problematic. Reported incidences depend
strongly on testing and treatment options in a country. Finally, genetic factors
also may be responsible for determining whether or not an infection manifests
itself in clinical symptoms.

2.4.2

Mathematical models studying interaction of demography and epidemics
Mirjam Kretzschmar1,2
1.) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
2.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
Demography and the epidemiology of infectious diseases are closely related
because many of the relevant parameters determining transmission are agedependent. Also, when estimating the burden of disease of an infection we want
to estimate the number of life years lost or spent with disabilities. Therefore, we
need to have insight into the demographic processes and how best to describe
them mathematically.
For an estimation of the burden of disease we describe the life trajectory of an
individual in terms of years spent in full health Lh, years spent with disabilities Ld
and years lost to premature death Lm (Figure 2.5). The life expectancy at birth
L0 is given as

L0  Lh  Ld  Lm

In the computation of QALYs, healthy years are weighted as 1, disability related
life years with some weight factor w (with 0 ≤ w ≤ 1), and life years lost to
death as 0. DALYs are then given by L0 – QALYs.
The question remains of how to sum up QALYs and DALYs over the population.
Eventually we would like to be able to do this for populations with changing
demography and possibly transient epidemic dynamics. We therefore need to
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develop an integrated model for the aging of populations with disease-related
disabilities and death.
Figure 2.5 shows a typical life course with a healthy period, a period with
disability and a period with life years lost due to premature death. QALYs and
DALYs differ in the weights used and in the way these weights are measured,
but conceptually they are complementary measures.

DALYs
QALYs

w = wi

w=1
healthy life years

birth

infection

w=0

YLD

YLL

death

Life expectancy
at birth L

QALYs gained
= DALYs prevented

Figure 2.5: QALYs vs. DALYs
2.4.2.1

Demographic models
The basic demographic model was developed by McKendrick and Von Foerster
and can be formulated as a system of partial differential equations with
boundary conditions(Keyfitz ,1977).

n n

   (t , a )n(t , a )
t a
t



0

t

n(t ,0)   n(t , a )  (a )da   n(0, a )da
n(0, a )   (a)
Here n(t,a) is the density of the population at time t over age a, μ(a) is the agedependent mortality rate, β(a) is the age-dependent fertility rate, and Φ(a) is
the age distribution of the population at time t=0. For this model it can be
shown that for birth and death rates constant in time the population age
distribution converges to a stable age distribution. In case mortality is not agedependent, the stable age distribution is an exponential distribution. The latter
resembles typical age distributions in developing countries with increasing
population size. If the model is discretised into a finite number of age classes,
aging and birth and death can be captured in a so-called Leslie matrix that
describes the transitions between age classes (Caswell, 1989). The life course of
Page 58 of 194

RIVM Report 210474001

individual of the population can be visualized in a Lexis diagram (Figure 2.6).
Figure 2.7 illustrates the concepts of incidence based and prevalence based
disease burden.

healthy
ill
dead

Maximum life expectancy

Age

Life histories

+

+

+

+

age specific
intervention
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births

2009
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Time

epidemic

Figure 2.6: The Lexis diagram is a visualisation developed in demography to
describe events occurring by time and age (according to Keiding, 1990).

Page 59 of 194

RIVM Report 210474001

Maximum life expectancy

Age

+

+

+

+

healthy
ill
dead

+
2009

2010

Time

Figure 2.7: A Lexis diagram representation of incidence-based versus
prevalence-based burden calculations.
In incidence-based calculations the burden is considered for all incident cases
that occur in a given time period irrespective of when the sequelae of infection
occur. In a prevalence-based approach the burden due to various sequelae
observed in a given time period is attributed to incident cases that occurred
earlier.
In epidemiological models age structure has been implemented in various ways,
either as continuous time using partial differential equations, or in so-called
‘realistic age structured models’ with discrete age classes. The ‘RAS’ models
have been used extensively to describe the dynamics of childhood infections,
where age- and time-dependent contact patterns determine the temporal
fluctuations in incidence (Schenzle, 1984; Dietz and Schenzle, 1985; Metcalf,
Bjornstad et al., 2009). In order to correctly assess the impact of demographic
developments on infectious disease dynamics, age-structured dynamic
transmission models are required. In general, in the European region the
demographic development tends towards decreasing fecundity, decreasing
mortality resulting in increased life expectancy and strong migration effects.
However, there are large differences in these developments between European
countries, regions and even within countries. The first studies to look at the
impact of such demographic developments on infectious disease dynamics have
been published (Manfredi and Williams, 2004; Williams and Manfredi, 2004). We
propose to develop a framework based on the McKendrick-von Foerster
equations for modelling the impact of demographic changes on disease burden.
This is also the basis for the DisMod II model developed by WHO (M'Kendrick,
1925; Barendregt, Van Oortmarssen et al., 2003). These authors implemented
an explicit solution of a variant of the McKendrick-von Foerster equations in
discrete time steps.
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Many processes in the natural history and transmission of infectious diseases
are age-dependent, which implies that demographic change will impact on the
burden of infectious diseases. Reasons for age-dependence of clinical
manifestation are the maturation of the immune system in young children and
senescence of the immune system with older age. Some examples of effects of
these age dependencies are the increased risk of developing chronic hepatitis B
infection for children who are infected perinatally, higher morbidity and mortality
for some respiratory and gastrointestinal infections in young children and
increased mortality from respiratory infections in elderly people. Also, some
infections have higher proportions of symptomatic and/or severe cases in older
age groups even if transmission is evenly spread among age groups; examples
are Q fever, legionellosis and chikungunya. For other infections the severe
infections occur mainly in young children; a prominent example is pertussis
infection. In addition, disease progression is often age-dependent and leads to
faster progression in older age. For example, for HIV/AIDS it has been shown
that the average duration of the incubation period decreases with age whereas it
is independent of many other risk factors. The same holds for other long-term
complications of infectious diseases such as some cancers that are causally
linked to infectious agents.
Besides biological effects of age, social interactions and contacts leading to
transmission are also highly age-dependent. From surveys on sexual behaviour
and contact patterns we know that both sexual activity and social contact rates
have clear age-dependent patterns showing that there is a strong tendency to
mix within one’s own age group, with clear peaks of contact rates in young
adults with respect to sexual partnerships and children and adolescents with
respect to social and conversational contacts (Johnson, Mercer et al., 2001;
Mossong, Hens et al., 2008). These contact patterns shape how infections
spread in populations and will be influenced by demographic and social changes.
While in developing countries infectious diseases have a strong impact on the
demography by inducing high rates of mortality in young children and also in
young adults (HIV/AIDS), in the developed world the impact of infectious
disease on demography is more subtle. Mortality from infectious diseases in the
Western world is low as a consequence, in part, of well-established national
immunisation programmes. Less is known up to now regarding the burden on
mortality due to cancers that can at least partially be attributed to infectious
diseases. Although the link between persistent HPV infection and cervical cancer
is now well established, for other cancers the evidence for infections as causal
factors is not as clear. Therefore, we might at present still underestimate the
burden on mortality that can be ascribed to infectious diseases in Europe. One
of the aims of this project is to better quantify this burden.
Demography influences the occurrence of infectious diseases in two ways.
Firstly, due to changing age distributions, those age groups who are more
vulnerable to certain infections might increase or decrease in size, therefore
impacting on the incidence and prevalence of those infections. Secondly, due to
the aging of cohorts that are especially afflicted by certain infectious diseases,
peaks in prevalence might move towards the older and more vulnerable age
groups. An example of the effect of changing age distributions is the occurrence
of severe respiratory infections in the elderly (and other infections that are
linked to older age in aging populations). Example of the cohort aging effects
are the aging of HIV-infected populations and also the aging of first generation
migrant populations who are often have higher prevalence of chronic hepatitis B
and C infections. Aging and cohort effects also play important roles in
determining the immune status of a population. Effects of vaccination in
childhood may wane with increasing age; immunity acquired by natural infection
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might also wane with age and need regular boosting by exposure to the
pathogen to remain intact. If vaccination reduces the frequency of boosting
events, this might lead to a resurgence of symptomatic infection in older age
groups (e.g. varicella zoster). Also, cohort effects may play a role, if those
cohorts who are immune either via natural infection or via vaccination then age
and are replaced by susceptible cohorts. They might remain susceptible as a
consequence of a reduced force of infection (e.g. hepatitis A) or a cessation of
vaccination (e.g. smallpox).
First generation migrant populations play a particular role in the demographic
process because they differ in health care related behaviour, they might acquire
infection in their countries of origin where they are exposed to different infection
risks and they have a different age distribution, fecundity and mortality
compared with the autochthonous population. Therefore, when estimating the
burden of infectious disease, migrant populations often play a key role in
determining the incidence and prevalence of certain infectious diseases
(Marschall, Kretzschmar et al., 2008). This also implies that prevention and
interventions in one country will affect prevalence and incidence in another
country, a phenomenon that cannot be neglected in a closely-knit community
such as the European Union.
2.4.2.2

Methodology for calculating disease burden
We separate the process into two parts, namely the transmission of infection in
the population and the progression of infection and disease on the individual
level. We assume that once an individual is infected, the process of disease
progression and eventual death is an autonomous process that is not influenced
by the incidence or prevalence of the infection in the population. We describe
the transmission of infection using an age-structured population model. In the
first instance, we assume that the force of infection λ(t,a) is not dependent on
the prevalence of infection in the population, but is a known function of time and
age. It describes the risk of a susceptible individual to become infected per time
unit. We assume that once an individual is infected he/she moves through a
disease progression model with an internal time variable τ. The probability that
an individual is in a certain disease state depends on the age at infection and
the time since infection τ, and the contribution to disease burden from that
individual can be expressed as a weighted sum of possible outcomes attached to
that individual. In addition, there is a certain rate of dying prematurely that also
depends on age and time since infection (individuals enter the compartment
M(t,a)). Alternatively, individuals recover fully and enter the compartment
R(t,a), where they either remain (lifelong immunity) or can be reinfected
(waning or partial immunity). Finally, all individuals (also those who died
prematurely) leave the population according to a disease independent death
rate μ(a) (see Figure 2.8).
To compute the contribution of an infected individual to disease burden we
assume that the individual goes through the stages of possible disease
outcomes according to probabilities that will be estimated from the literature
(see Figure 2.9). Time since infection is only influential in its interaction with
background mortality and discounting. In that sense, background mortality is a
discounting factor that depends on the age of the individual.
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S(t,a)
Incidence of infection
λ(t,a)(S(t,a)+qR(t,a))

I(t,a,τ)
Disease related death

R(t,a)
Recovery/immunity/
secondary susceptible

M(t,a)

Death after living entire
healthy life span
Figure 2.8: A simple flow scheme of the demographic transitions birth, infection,
recovery/immunity, premature death due to infection and background mortality
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Note: We assume that all disease burden emanating from one infected individual can be
computed at the time of infection, taking into account the transition probabilities,
durations of stages and weights attached to each stage. Transitions into death
compartments are equivalen to transition into M(t,a).

Figure 2.9: A generic outcome tree
We denote by s(t,a) the density of susceptible individuals, by i(t,a,τ) the density
of infected individuals with age of infection τ, by r(t,a) the density of recovered
and immune individuals, and by m(t,a) the density of those who died
prematurely. By L we denote the maximum life span of individuals. Then we can
formulate the following linear system of partial differential equations.

s s

  (t , a ) s (t , a)   (t , a ) s (t , a)
t a
i i i


 ( (a, )   (a, ))i (t , a, )   (t , a )i (t , a, )
t a 
L
r r

   (a, )i (t , a, )d   (t , a )r (t , a )  q (t , a) r (t , a)
t a 0
L
m m

   (a, )i (t , a, )d   (t , a )m(t , a )
0
t a
i (t , a,0)   (t , a )( s (t , a )  qr (t , a ))
t



0

t

s (t ,0)   n(t , a )  (a)da   n(0, a) da
n(0, a)   (a )
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Here σ(a,τ) denotes the rate of fully recovering from the infection, and α(a,τ)
the additional mortality due to infection. Infection encompasses all possible
stages of disease resulting from the infectious event at τ=0, thus it includes
every state that is defined in the outcome tree or disease progression model
(Figure 2.9). For the sake of completeness we include the possibility for
recovered individuals to become re-infected, where their susceptibility is
reduced by a factor q with 0 ≤ q ≤ 1. In the following we assume q = 0, i.e. no
reinfection of recovered individuals.
This system of equations can in principle be solved explicitly and can be solved
numerically using standard numerical algorithms. The age of infection (or time
since infection) τ links the population model to the disease progression model
described by the outcome tree. If the outcomes and additional mortality are not
dependent on the time since infection, this model can be simplified to a model
that does not depend on τ.
Discounting and weight functions can be added to the population model when
integrating to obtain certain summary variables.
In this model formulation the incidence is given by

i (t , a,0)   (t , a ) s (t , a )

The age-dependent prevalence of disease stage d(t,a) is given by
a

d (t , a)   i (t , a, ) p( )d
0

where p(τ) is the probability to be in stage d at disease age τ.
The age-dependent sero-prevalence is given by

I (t , a )  r (t , a )

with
a

I (t , a)   i(t , a, )d

.
The years of life lost due to the infection as computed as
0

L

YLL(t )   m(t , a)da

.
Note that YLL depends on calendar time. Similarly, years lived with disability –
also time dependent - can be computed as
0

YLD(t )  

L

0



La

0

i(t , a   , ) w( )dda

with a weight function w(τ).
The incidence-based DALYs ascribed to this infection are then given by

DALY (t )  

L

0



L a

0

L

i(t , a   , ) w( )dda   m(t , a)da
0

The prevalence-based DALYs ascribed to this infection are then given by

DALY (t )  

L

0

L

 i(t   , a, )w( )dad  

L

0

m(t , a)da

Age weighting functions can be incorporated into the integrals above as age
dependent factors.
For application of this framework we have to use statistical methods for fitting
the solution of the above system of equations to available data about incidence,
prevalence of certain disease stages, sero-prevalence, and mortality. We will
explore whether a Bayesian framework such as the evidence synthesis approach
developed for estimating incidence and prevalence of HIV (Sweeting, De Angelis
et al., 2008; De Angelis, Sweeting et al., 2009) might be suitable for our
purposes.
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2.4.2.3

Conclusions/Questions

Which stages do we have to take into account in the population model?

What should we assume about recovery, immunity and waning of immunity?

How do we combine incidence-based and prevalence-based approaches to
best estimate the burden of infectious diseases in various categories? Can
we base an estimate on incidence and then use prevalence for validation?

For infections with short time scales, the incidence approach seems
appropriate; for infections with long time scales, the prevalence approach
works better. For both we need sero-epidemiology to estimate
underestimation.

How do we deal with demographic changes over long time periods? This
is relevant for infectious disease with long chronic stages.

How do we take changing population immunity into account (due to
increased hygiene, changing contact patterns, etc.)?

How do we deal with the impact of migration?

How do we deal with population heterogeneity (subpopulations with
higher than average prevalence and incidence)?

Can we use mortality monitoring for estimating the disease burden of
respiratory and gastrointestinal infections?

2.4.3

Impact of time trends and the time span of data collection on disease burden
estimates of infectious diseases
Marie-Josee Mangen1, Mirjam Kretzschmar1,2
1.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
2.) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
Both prevalence and incidence data can be used to estimate the disease burden
related to infectious diseases. If using prevalence data, the estimate represents
the disease burden of persons with disease x in the population in year I; if using
incidence data the estimate represents the disease burden of persons infected
by the infectious agent y in year i. However, depending on the incubation time
(time span between infection and the occurrence of symptoms) – a factor that
varies widely depending on the triggering agent – the estimated disease burden
associated with infections occurring in year i might occur in year i and/or in any
of the following years (i+n). There are examples of infectious agents for which
the incubation period is only a few days, e.g. influenza; whereas for other
infections it might be years before illness occurs e.g. HIV/AIDS. For some other
infectious agents most cases are asymptomatic (no symptoms), but a few
infected persons will develop sequelae later in life. An example is infection with
human papillomavirus (HPV); infections are mostly asymptomatic and self-limiting, but
a small percentage of women develop cervical cancer later in life. Therefore the
question arises as to what extent burden estimates for infections with such
differences in their epidemiology are comparable? And if these estimates are
indeed comparable, does this also hold when applying time discounting?
Related to these questions of differing time scales of disease progression is the
question of the possible impact of time trends on burden estimates. Time trends
will have an influence on both incidence and prevalence data, but possibly in
different ways and on differing time scales for different infections. The question
then arises as to what the appropriate time frame of data collection is for
burden estimates. Should we use long-term averages (~ 10 years), or is a
short-term average of 1 to 3 years a better representation of the situation under
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study? Using short-term or long-term average data is strongly influenced by the
incubation period of the infectious agent and of the observed trend over the
years as is demonstrated in the following section.
To demonstrate the impact of the duration of incubation period and time trends
in incidence on potential results of disease burden estimates, we compare the
following scenarios:
a) Infection and symptoms occur in the same year (incubation period less
than year);
b) Infection for which symptomatic sequalae occur after 10 years;
For the sake of simplicity we assume that there are no asymptomatic infections.
The observed trend in incidence of (symptomatic) infections and/or sequelae
over consecutive years might be either:
i) constant
ii) monotone increasing or decreasing over the years, a so-called upwards
or downwards trend
iii) seasonal or multi-annual fluctuation over the years, e.g. seasonal
influenza.
In the following we discuss how these types of time trends impact on disease
burden estimates based on incidence and prevalence, for infections with short
and long incubation periods.
2.4.3.1

Constant time trend
Assuming a constant time trend over years, it doesn’t matter if we use a longterm average or a short-term average, as both give similar results (see
Figure 2.10).
For an infectious agent ya with an incubation period of less than one year, both
infection and symptoms occur in the same year; thus incidence data as well as
prevalence data report current burden associated with current infections. Hence
results are always similar, independent of whether one uses a short- or longterm average, and independent of whether incidence or prevalence data are
used (see Figure 2.10.a). If infections and symptoms are indeed restricted to
this one single year, then time discounting is not an issue we need to consider.
b.) Infection with symptoms occurring

a.) Infection and symptoms in same year
# cases
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Green ‘cans’ represent the number of cases with symptoms; these cases
occur in the same year as the infection (a.) or 10 years later (b.) as
indicated by the dashed arrow;
The long-term average (ø) is highlighted by a light blue oval for
incidence, and by a light green oval for prevalence;
The short-term average (ø) is represented by a blue oval for incidence
and a khaki/green oval for prevalence;

Figure 2.10: Assuming a constant time trend for an infection having symptoms
in the same year (a.) and for an infection in which symptoms occur only after
10 years (b.)
For an infectious agent yb with an incubation period of more than one year (in
the current example, ~10 years), the long-term averages of both incidence and
prevalence are similar to the short-term average, see Figure 2.10.b), Prevalence
data report the current burden but are linked to earlier infections, whereas
incidence data report the future burden related to current infections. The
estimated disease burden is the same as long as no time discounting is applied.
With time discounting it matters whether one considers infections that occurred
in the past or sequelae that will occur in the future.
2.4.3.2

Downwards or upwards sloping time trend
Assuming that the number of infections – and consequently also the cases with
symptoms – is decreasing over the years, the long-term average would always
result in higher numbers than a short-term average close to current date. The
short-term average is closer to reality, whereas the long-term average lags
behind. Consequently, using a long-term average would always result in an
overestimation of the disease burden (see Figure 2.11a, b). This applies for both
incidence and prevalence data (see Figure 2.11a, b).
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For explications see notes from Figure 2.10
Figure 2.11: Assuming a downwards (upwards) time trend for an infection
having symptoms in the same year (a. and c.) and for an infection for which
symptoms occur only after 10 years (b. and d.)
For an infectious agent yb with an incubation period longer than one year (in the
current example ~ 10 years), using prevalence data instead of incidence data
would lead to an additional overestimation (see Figure 2.11.b). This is because
prevalence data report the current burden related to previous and not to current
infections. Incidence data are closer to the current number of infections, and
might therefore be a better choice, at least when the aim is the evaluation of
the future burden of disease and intervention effects in the population. Using
prevalence data in such an evaluation would overestimate the potential benefit.
The difference between both estimates will be even larger when applying time
discounting.
This does not apply for an infectious agent ya with an incubation period of less
than one year (see Figure 2.11a); here only the long-term average would lead
to an overestimation.
The situation and argumentation for infections with increasing time trends are
analogous but reversed (see Figure 2.11c, d). All estimates will be
underestimates, and especially for infections with a long time scale, the future
burden will be underestimated.
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2.4.3.3

Strong fluctuation over the years
If there are strong seasonal or multi-annual fluctuations over the years, with or
without an underlying trend, considering only short-term averages might result
in biased incidence and prevalence estimates (see Figure 2.12). Here long-term
averages might be more representative for computing disease burden for both
incidence- and prevalence-based estimates (see Figure 2.12b).

a.) Infection and illness symptoms in same year
# cases

b.) Infection with symptoms occurring after 10
years

# cases
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Figure 2.12: Assuming strong fluctuations over the years for an infection having
symptoms in the same year (a.) and for an infection for which symptoms occur
only after 10 years (b.)
For an infectious agent ya with an incubation period of less than one year, both
infection and symptoms occur in the same year. Therefore incidence data as
well as prevalence data report current burden associated with current infections.
Using long-term averages should lead to similar results as short-term averages
for both incidence and prevalence data (see Figure 2.12a). For an infectious
agent yb with an incubation period of longer than one year, using long-term
averages should result in a similar disease burden as estimates based on shortterm averages for both incidence- and prevalence-based estimates (see
Figure 2.12b). In both cases, prevalence data report the current burden linked
to earlier infections, whereas incidence data report the future burden related to
current infections. However, if time discounting is applied, results will differ.
Summary
-

-

-
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In the absence of time trends, incidence-based and prevalencebased methods should lead to the same results for infections
with short and long incubation periods.
Estimates based on prevalence and incidence data give different
interpretations, as using the former relates burden to past
infections and using the latter estimates future burden. When
used to evaluate potential interventions, conclusions would be
the same as long as time discounting is not applied.
If there is a monotonous decreasing time trend in incidence,
long-term averages will overestimate disease burden and
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-

-

-

-

consequently potential benefits, if used in evaluations (and viceversa for increasing time trends in incidence).
In the case of decreasing time trends, for infectious agents with
an incubation period of more than one year, or sequelae
becoming manifest after more than one year, using prevalence
data will lead to a higher estimate than if using incidence data
(overestimation), with the consequence of overestimating
potential benefits of the intervention (and vice-versa for
increasing time trends). This difference will be even greater
when applying time discounting.
For infections with fluctuating time trends over one or several
years, the long-term average is more representative of the
infection dynamics.
If using long-term averages, then prevalence and incidence data
should lead to the same results although the interpretation
might be slightly different. When used for the evaluation of
potential interventions, conclusions would be the same as long
as time discounting is not applied.
If the aim is the evaluation of potential future interventions to
reduce the number of infections and their associated (future)
disease burden, incidence data is the appropriate choice,
independent of the application of time discounting. Prevalence
data, however, might be the appropriate choice if the aim is the
potential reduction of the current disease burden, or the disease
burden associated with currently infected persons.
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3

Review of completed studies

3.1

Existing BoD models in use by international governmental organisations
Marie-Josée Mangen1, Dietrich Plass2, Paulo Pinheiro2
1) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
2) School of Public Health, University of Bielefeld, Bielefeld, Germany
According to their role, the World Health Organization (WHO) gathers data and
statistics on health6. In the early 1990s WHO made a first attempt at assessing
the impact of mortality and loss of health due to diseases, injuries and risk
factors using DALYs, which has been in further development since then. A large
amount of data is needed to calculate DALYs and to assess the burden due to
both mortality and non-fatal health outcomes. Various epidemiological
indicators, such as condition-specific mortality, incidence or prevalence and
duration of disease are needed to estimate the YLLs and YLDs (Mathers, Vos et
al., 2001). Such information can be acquired by using databases maintained by
national public health institutes, health-care based databases, or to conducting
studies to collect representative data. The availability and quality of health data,
though having improved significantly over the last decades, is still lacking and
therefore many issues in public health cannot be addressed. Both developing
and developed countries face problems of data quality and availability. To
approach these difficulties, modelling epidemiological data is an option for
imputing missing data and for evaluating the quality of available data.
Mathematical modelling was done in the GBD studies. As a result, various tools
(e.g. DisMod, see section 3.1.1) that support the identification of a disease’s
epidemiology have been developed. Several of these underlying spreadsheets7
suitable for estimation of, for example, Years Lost due to Disability (YLD), Years
of Life Lost (YLL), Disability-Adjusted Life Years (DALY), are in the public domain
and are freely available for use in national and regional BoD estimations.
The multi-national Organisation for Economic Co-operation and Development
(OECD) has statistics and indicators on health status available for 30 countries8,
in particular for mortality including life expectancy, causes of mortality and
potential years of life lost, but also some morbidity-related information such as
perceived health status, cancer, etc. In addition, OECD holds health expenditure
data and other economic data suitable for validating public health policies, but
does not use HALYs or similar measures.
The European Union (EU) presents information and data on health-related issues
in their so-called Health-EU portal9. Besides statistics on mortality (e.g. life
expectancy, infant mortality, etc) and some information regarding morbidity,
they also report prevalence data on perceived general health, self-reported
chronic morbidity data, prevalence of chronic illnesses and also health life years
(HLY). This measure is explained in section 2.1.1.
6

http://www.who.int/research/en; accessed on 24-02-2014.

7

www.who.int/healthinfo/global_burden_disease/tools_software/en/; accessed on 24-02-2014.

8

http://www.oecd-ilibrary.org/social-issues-migration-health/data/oecd-health-statistics_health-data-

en;jsessionid=app0i15qqa9jb.x-oecd-live-02; accessed on 24-02-2014
9

http://ec.europa.eu/health/index_en.htm; accessed on 24-02-2014.
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3.1.1

DisMod

3.1.1.1

Methodology
As the main objective of the GBD study was to present comprehensive and
comparable disease patterns for all countries of the world and for numerous
conditions, a large amount of data was needed. To achieve these objectives
Barendregt and colleagues developed modelling software called DisMod in which
they made use of the causal relationships between various epidemiological
variables (Murray and Lopez, 1994; Murray and Lopez, 1996; Barendregt,
Van Oortmarssen et al., 2003). The first version of DisMod was based on a set
of differential equations that incorporated information on age-specific incidence,
remission, case-fatality and all causes mortality. Numerical solutions of the
equations containing these transition hazards allowed other epidemiological
variables such as prevalence and disease-specific mortality to be computed. The
first version of DisMod was restricted to the use of incidence, remission, casefatality and all-cause mortality as input information.
To achieve a higher degree of freedom when choosing input variables, DisMod II
was developed within the framework of the 2000 GBD study. The main objective
of this software was again to allow comprehensive calculation of the
epidemiology for the wide range of diseases used in the GBD study.
Furthermore, the software aimed to confirm available data on disease
epidemiology for internal consistency (Mathers, Vos et al., 2001; Barendregt,
Van Oortmarssen et al., 2003). The new version was enhanced by an interactive
interface and different input variable scenarios.
The conceptual model of the software is based on a multi-state life table. The
model consists of four states (healthy people, diseased people, deaths due to
the disease, deaths due to other causes) and four transition-hazards (incidence,
remission, mortality, and case fatality) (Mathers, Vos et al., 2001) and permits
estimation of the complete epidemiology of a given disease. The basic model is
shown in Figure 3.1.

Figure 3.1: The conceptual disease model (according to Barendregt, 2003)
For the description of the epidemiology of a specific disease, DisMod II offers
seven different input variables. These input variables are incidence, prevalence,
remission, case fatality, duration, mortality, and relative risk mortality. For
complete disease modelling with DisMod II empirical data for at least three of
these seven input variables are required. In addition, total mortality and
demographic data for the population under investigation are needed. DisMod II
then models the remaining four variables. The software is based on a set of
differential equations that apply to different combinations of at least three input
variables. For modelling disease epidemiology, DisMod II calculates the
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parameters starting with a cohort of 1000 people at the age of zero years and
operates up to the highest considered age group.
The three basic equations contain S (representing the number of healthy
people), C (the number of diseased people) and D (the number of deaths). The
epidemiological variables in the equations are: i (representing incidence), r
(remission) and f (the case fatality ratio):
1
2
3
Next, a set of intermediate variables is defined for simplification of the three
basic equations:
2

2

2

Using these intermediate variables permits calculation of the number of people
in the various disease stages:

From these values, prevalence and mortality can be derived by first calculating
person-years at risk (PYa):
7
0.5
The prevalence proportion ca can then be derived as:
0.5

8

Disease specific mortality ba can be derived as:
9
For the calculation of disease duration, mortality from all other causes is
needed. As this is done in equation 9, the total hazard to leave the disease
stage is described in the following equation:
Thus, the probability to stay in the disease state at d = 0 is one.
In the next step the incidence of one of the three hazards has to be established.
For the first year the following equations describe the calculation:
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The following two equations describe the durations in subsequent years:

The total duration is further described by the equation containing k
(representing the number of years):
,

DisMod II also permits the adjustment and smoothing of input variables as well
as the presentation of uncertainty in the estimated output variables through the
use of confidence intervals.
Furthermore, DisMod II is designed not only to compute variables based on
steady state assumptions but also functions in a dynamic mode. Using the
dynamic mode it is possible to include past trends on the transition hazards
(incidence, remission and case fatality).
3.1.1.2

3.1.1.3

Conclusions
DisMod II has widely been used for estimating the epidemiology of various
diseases in many national Burden of Disease studies (e.g. Naghavi et al.
(2009)). When using DisMod II for infectious diseases, there is a need to
evaluate if the software is specifically applicable to these conditions. Different
health states and the main characteristics of communicable diseases are not
included in the basic model of the software and will presumably have to be
taken into account in future. For instance, the basic model does not include
states such as ‘immune’, ‘infected’ and ‘chronic development’, or the transition
hazards for these states. It needs to be discussed if such information should be
included for modelling infectious diseases in DisMod II in the future.
Furthermore, if the basic equations are modified in favour of infectious diseases,
concerns arise regarding the comparability of communicable and noncommunicable diseases. One possibility could therefore be to further develop
modelling software based on DisMod II, that allows for refined infectious disease
modelling and ensures the comparability of different health conditions.
Future perspectives
Concurrently with the next updates of the Global Burden of Disease Study for
the year 2005, the Institute of Health Metrics and Evaluation at the University of
Washington provided a revised version of DisMod, called DisMod III. The newest
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iteration of this generic modelling software has been redesigned and is now
using a full Bayesian approach. Additional to the features of DisMod II, the new
version allows the determination of common age patterns for diseases and the
presentation of accurate uncertainty intervals
(http://winthrop.ihme.washington.edu/public/ accessed on 24-02-2014).
The new DisMod III version as far as available will run as a web-based
application. Thus, users can directly analyse their data from their internet
browser, without installing any program. Additionally, DisMod will be opensource software, allowing for further code development by other researchers
(ibid.).

3.2

Some examples of transmission models in BoD studies and/or economic
studies
Marie-Josée Mangen1, Mirjam Kretzschmar1,2
1) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
2) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
Most disease burden and/or economic studies measuring the impact of illness in
HALYs use either prevalence or incidence data as a starting point, and link these
data either directly to the corresponding health-related weights or use various
types of models (up to sophisticated natural history models) to estimate the
corresponding HALYs (see also the findings presented in section 3.3). These
estimates allow questions to be addressed such as: what is/was the disease
burden linked to a particular infectious agent, or to a particular health
state/disease? How does a new treatment (or measure) compare to care as
usual? Which of several treatments (measures) is the best?
If one of these measures is applied to an infectious agent, the situation is a bit
more complex than if applied to a non-infectious agent. In the case of noninfectious agents, the measure or treatment affects only the person treated. In
the case of infectious agents, measures/treatment do not only influence the
targeted person’s susceptibility to infection or illness, but depending on the goal
of the measure might also affect individuals with whom the targeted person has
contact. Intervention and prevention measures for an infectious disease either
may protect or treat individuals at risk (so-called direct effects), or can interrupt
transmission, therefore protecting not only the treated individual but also other
individuals from becoming infected (so-called indirect effects). For example,
vaccination not only prevents infection/illness in the vaccinated person, but also
indirectly prevents infection of his future contacts because transmission is either
stopped due to vaccination, or at least reduced (lower viral load), depending on
the vaccine. For the second goal, transmission models linked to health economic
models provide the more accurate technique for answering questions regarding
which treatments/measures are best. This was also stressed by Edmunds et al.
(1999), who recommend the use of dynamic transmission models in health
economic analyses of vaccination programmes, in order that the indirect effects
of vaccination can be taken into account. Similarly, for assessment of the best
screening strategies, Welte et al. (2005) showed that combining transmission
dynamic modelling with Markov models (commonly used in decision analyses
and cost effectiveness analyses) leads to the best results.
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However, the number of studies that have used such transmission models linked
to economic evaluations of disease burden is rather limited. Nevertheless, a
number of interesting studies exist. Examples of modelling person-to-person
transmission are found in e.g. Welte, Kretzschmar et al. (2000); Welte, Postma
et al. (2005); Dasbach, Elbasha et al. (2006); Jit, Choi et al. (2008); Kim,
Brisson et al. (2008) and Brisson, Van de Velde et al. (2009).
A large number of studies have modelled transmission routes involving other
than-person-to-person contacts. However, only in a few cases have the
outcomes been linked to HALY estimation or to full economic analysis. Roth et
al. (2003) is one of the few examples in which transmission other than personto-person has been modelled. These authors modelled the effect of brucellosis
vaccination in livestock, demonstrating that brucellosis was consequently
reduced in both humans and animals. They modified and extended an existing
susceptible–infected–recovered models of brucellosis transmission (GonzalezGuzman and Naulin, 1994) to include animal-to-human transmission.

3.3

Use of composite health measures in health economic assessments of
infectious diseases and interventions
Beate Jahn1, Nikolai Mühlberger1, Marie-Josée J. Mangen2, Ruth Schwarzer1,
Petra Schnell-Inderst1, Johannes Wurm1, G. Ardine de Wit2, Uwe Siebert1,4,5
1.) Institute of Public Health, Medical Decision Making and Health
Technology Assessment, Department of Public Health, Information
Systems and Health Technology Assessment, UMIT - University for
Health Sciences, Medical Informatics and Technology, Hall i.T., Austria
2.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
3.) Center for Prevention and Health Services Research, National Institute
for Public Health and the Environment, Bilthoven, The Netherlands
4.) Cardiovascular Research Program, Institute for Technology Assessment
and Department of Radiology, Massachusetts General Hospital, Harvard
Medical School, Boston, MA, USA
5.) Centre for Health Decision Science, Department of Health Policy and
Management, Harvard School of Public Health, Boston, MA, USA

3.3.1

Objectives and Research Questions
To give an overview of the methodological approaches of HALYs – composite
health measures (CHM) used in published health economic assessments of
infectious disease – and to derive recommendations for future development and
application of HALYs. The defined research questions are as follows:
1) Which HALYs are used in full economic evaluations of infectious diseases?
2) Which factors determine the specific use and application of the identified
HALYs in defined categories of infectious diseases?
To inform project partners, further information regarding modelling techniques
and discounting is summarised below.
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3.3.2

Methods
Systematic Literature Review
We performed a systematic literature review of published full economic
evaluations of infectious diseases. Based on this review, we evaluated the use
and the rationale for application of CHMs.
Inclusion Criteria
Population: No restriction; Intervention: No restriction; Comparator: No
restriction; Disease: Infectious diseases; Study type: Full economic evaluation
as defined by NHS EED; Publication type: Full article published, peer-reviewed;
Time limits: Entire time span of the database (i.e. by default); Language: No
restrictions other than database-specific; No limiters on humans
Search Criteria
We focused on the Economic Evaluation Database of the National Health Service
(NHS EED), via the OVID platform (Database abbreviation: CLEED, 1995present). This database, hosted by the University of York (UK), operates the
Center for Reviews and Dissemination (CRD), and also provides a database
platform to search in NHS EED. NHS EED presents bibliographic data and
appraisals of economic evaluations concerning measures in health care. NHS
EED is unique in offering information on the quality of the original study in terms
of structured abstracts composed by health economic experts. The search
syntax comprised infectious diseases using appropriate MeSH-Terms and free
text in the subject heading and title fields.
Selection Criteria and Process
Our aim was to take advantage of the expert reviewed, standardised structured
abstract. However, due to delays in the appraisal process by NHS EED there are
some references that lack the structured abstract. Because of missing options in
the NHS EED database to further restrict the search results beyond those set by
default, we used the label ‘this is not an economic evaluation’ assigned by NHS
EED to exclude all references without the structured abstract. For this purpose,
we applied the search query "<B>" NOT "economic" in EndNote. Finally, after
the exclusion of duplicates, we drew a random sample from the remaining
references.
Quality Assessment
We refrained from applying a quality assessment on the studies identified due to
the strict process of quality control already implemented in NHS EED by CRD
health economists and the so-called Quality Assurance Group chaired by Michael
Drummond.
Extraction of Information
We developed a standardised assessment form for the extraction of information
from the structured abstract. The following main categories and indicators were
chosen: (1) study identifiers (Endnote RecNum, Author, Country, Year, Title,
Journal) (2) simulation model (Transmission modelled, simulation study,
dynamic cohorts/open population modelled, simulated subjects, model type of
economic evaluation) (3) potential stratification criteria (diseases
considered, economic study type, technology application, time horizon of
economic evaluation, perspective) (4) discount rate (Cost and/or health
effects discounted, etc.) (5) Information on use of CHMs
Data synthesis
The extracted information is systematically reported in evidence tables,
frequency tables and graphics.
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3.3.3

Results
Our search in NHS EED yielded 1,742 full economic evaluations, of which
1,258 provided a structured abstract. Using the random number generator in
Excel we extracted a random sample of 101 studies. Three studies were
excluded because they did not fulfil the selection criteria.
1) Composite Health Measures: Overview and Determinants for
Application
Most (60%) of the economic evaluations applied simulation techniques. CHMs
were reported in 25 (42%) of these studies; only one ‘non-simulation’ study
reported a CHM. Types of CHM applied in simulation studies were: QALY (20;
77%), DALY (1; 4%), WTP (2; 7%) OTHER (4; 15%; major outcomes averted
and disease specific outcome score).The range of study types included CostEffectiveness Analysis (CEA) (68), CEA and Cost-Utility Analysis (22), CostBenefit-Analysis (CBA) (1); CBA and CEA (2) and Cost-Minimisation-Analysis
(5). The majority of the studies presented results for the third party payer or for
the societal perspective. Evaluated technologies and the applied CHMs are
presented in Figure 3.2 and Figure 3.3.

Evaluated Technologies in Economic Evaluations

Other; 3
Prevention Other; 18

Screening; 17

Diagnosis; 11
Prevention
Vaccination; 16

Treatment; 33

Figure 3.2: Evaluated Technologies in Economic Evaluations
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CHM per Technology Type in Simulation Studies
100%
80%
60%

CHM used
no CHM

40%
20%
0%
Screening

Diagnosis

Treatment

Prevention
Vaccination

Prevention
Other

Other

Note: The following categories were combined: Screening aggregates
‘Screening’, ‘Screening, treatment’ and ‘Screening, treatment and primary
prevention’; Diagnosis: ‘Diagnosis’ and ‘Diagnosis and Treatment’; Other:
‘Other’ and ‘Other non-prevention measure’.
Figure 3.3: CHM per Technology Type in Simulation Studies
Further potential determinants of the use of CHMs – the publication year and the
country of the study – are displayed in Figure 3.4 and Table 3.1.
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Figure 3.4: Frequency of the Use of CHMs by Publication Year
Table 3.1: Distribution of the Use of CHMs by National Income Level
Countries
High
income
Upper
middle
income
Lower
middle
income
Low
income
Total

Studies using
CHMs

% of all Studies using
CHMs

Total No.
Studies

23

27,1%

85

0

0%

5

2

33,3%

6

1

50%

2

26

26,5%

98

Note: Income categories were defined according to the World Bank list of
economies (July 2009)10 as follows: High income: $11,906 or more; Upper
middle income: $3.856-$11,905; Lower middle income: $976-$3,855; Low
income: $975 or less.
2) Modelling Approaches for Economic Evaluations and Disease
Transmission
Approximately half of the identified simulation studies (N = 28) used a decision
analytic model, 17 used Markov models, and 12 used decision trees. The terms
‘decision analytic model’ or ‘decision model’ were used in the structured
abstract, but the model technique itself was not specified in detail. In two
10

http://www.iqla.org/joining/World-Bank_Classification-List_2009.pdf (accessed: Jan 2010).
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instances, the authors described the model as an epidemiological cohort model.
In another instance, the approach was described as a stochastic simulation
model. The majority of simulation studies did not incorporate a transmission
model (71.7%; N = 43). In 13 cases there was evidence that transmission
and/or interaction had been modelled (21,7%; N = 13). Four studies provided
insufficient information for classification (see Figure 3.5).
Transmission Models in Simulation Studies
100%

80%

60%

Transmission Model
No Transmission Model
not clearly defined

40%

20%

0%
Screening

Diagnosis

Treatment

Prevention
Vaccination

Prevention
Other

Other

Note: A detailed category description is given in Figure 3.3:
Figure 3.5: Transmission Models in Simulation Studies
3) Discounting
23.5% of all studies applied the same discount rate; 10.2% discounted only
costs, and 1% used different discount rates for health effects and costs.
63% of the studies did not discount the outcomes, but some of these studies
focused on short time horizons. For health effects the most frequently used
discount rate was 3%, varying between a minimum of 2.5% and a maximum of
6%.
The most frequent discount rate for costs was 3%, but this varied between 3%
and 8%.
3.3.4

Discussion
98 economic evaluations were retrieved for review from the sample (101 out of
1258) and information on study characteristics and the use of composite health
measures was extracted.
1) Composite Health Measures and Determinants for Application
An ideal health outcome measure for economic evaluation should permit
morbidity and mortality to be simultaneously described (Gold, Siegel et al.,
1996).
In our analysis, the majority of the studies reported health outcomes measured
as QALYs. Only one study reported the use of DALYs, and in two studies WTP
was applied. These three measures permit comparisons to be made across
illnesses, interventions and populations. Composite measures that do not meet
these characteristic were also reported; these were: major outcomes averted
and disease-specific outcome scores. No innovative methodological approaches
were reported.
These results are comparable to e.g. Kim and Goldie’s systematic review of costeffectiveness studies on vaccination programmes (Kim and Goldie, 2008). They
reviewed a final set of 276 cost-effectiveness studies and reported the following
distribution of health measures used in these studies: QALY 26.1%, DALY 7.2%,
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LYG 23.9%, Death averted 6.5%, Cases prevented 29.3%, Hospitalisation
avoided 1.8%, Others 5.1%. The ‘Others’ category includes simpler types of
health outcome measures (illness day avoided, proportion seroconverted and
lost workdays avoided) and cases in which the outcome types were not clearly
stated (Kim, personal communication). The use of composite measures other
than QALY and DALY was not observed. There was a time trend indicating that
the main health outcome measures in vaccine CEAs are moving away from the
number of cases prevented towards quality-adjusted and unadjusted life-years
gained, and more complex models are being reported. In high-income country
settings, the most commonly used measure was QALYs gained, with DALYs
averted the most common measure in studies involving low- to middle-income
countries.
In the review of Bilcke and Beutels (Bilcke and Beutels, 2009) on the cost
effectiveness of rotavirus vaccination, the majority of extracted analyses
reported DALYs (9 out of 19), with five studies reporting QALYs. This distribution
may be disease-specific and determined by data availability or by source of
funding. In agreement with Kim and Goldie, the authors state that QALYs tended
to be used in cost-utility analyses pertaining to high-income countries, and
DALYs for middle- and low-income countries.
Due to the small number of studies in our review that reported composite
measures other than QALY, further quantitative analysis of the determinants of
the specific use and application of different CHMs cannot be carried out. An
increasing use of CHM appears evident in our sample, as well as a predominant
number of studies conducted in high-income countries. Half of the simulation
studies that evaluated prevention technologies reported CHMs. Only 20% of the
simulation studies that evaluated treatment of infectious diseases reported
CHMs.
QALYs, DALYs, their similarities, differences and inter-changeability have been
discussed in recent publications (Gold, Stevenson et al., 2002; Airoldi and
Morton, 2009) as well as in section 2.1 of this study report. Under certain
assumptions both HALY measures are interchangeable. However, QALYs were
developed primarily for the use in CEA. DALYs were developed to quantify the
burden of disease and disability in populations. Both measures are used to
prioritize resource allocation based on different methodological foundations. In
the DALY measure, health-related quality of life weights (dis-utilities) are
attached to specific diseases, and these are generated by experts. In contrast,
in the QALY measure, the quality of life utility weights that are attached to
health states are based on patient or community preferences. However, most
important and independent of a specific HALY or CHM is the transparency of the
results with respect to the impact of each component, the analysis of
uncertainty and the interpretation of the results within the context of decision
making.
2) Limitations
It must be noted that due to limited resources only a small sample of studies
(98/1742) was extracted and that we used the NHS EED database only. Data
were extracted from structured abstracts retrieved from NHS EED without
reading the full text.
An NHS EED structured abstract provides a comprehensive overview of
economic evaluations. However, not all authors provided sufficient information
on perspective, modelling assumptions, time horizon or applied discounting
rates. The classification of ‘transmission model’ was not always clearly stated by
the author.
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3) Remarks on the NHS EED Database
The NHS EED database has the following advantageous features: included
studies are peer reviewed and quality assessed, and essential information about
the study is reported using a standardised structured abstract. The disadvantage
of the NHS EED database is that the inclusion criteria are ‘economic evaluations
of health technologies’ and ‘outcome evaluation studies’, and therefore with
respect to. infectious diseases may not fully cover relevant studies evaluating
interventions made outside this area. It appeared that studies of person-toperson microbial diseases (e.g. HIV/AIDS, influenza, heliobacter pylori, etc.)
comprise the majority of the hits, whereas infectious diseases transmitted via
other routes e.g. animal-transmitted, waterborne microbial diseases and
foodborne diseases appeared underrepresented. At least on first sight, we could
not find several of our predefined key papers in these fields.
Further research should focus on limiting factors for the use of CHM in economic
evaluation (e.g. availability of data, time horizon of evaluation) to improve
future application.
3.3.5

Conclusion and Recommendations
1) Main Components of Composite Health Measures
Health outcome measures for economic evaluation should at minimum integrate
the two dimensions that are most relevant from a patient’s perspective:
duration and quality of life (QoL). The quality of life component of such a
composite health measure is especially important if non-fatal health
consequences of various kinds and severity have to be considered. If derived
using the same methodology, composite health measures integrating duration
and quality of life allow for comparisons of the effectiveness of evaluated
interventions and the burden of disease across all disease areas. The most
frequently used composite health measure integrating duration and quality of
life is quality-adjusted life years (QALY), and less frequently, disability-adjusted
life years (DALY) and willingness-to-pay approaches (WTP) are applied. The WTP
approach combines health benefits expressed in monetary units. These
measures have the advantage that they can be used in both benefit-risk
evaluation and cost-effectiveness analysis (Mathers, Vos et al., 2001; Gold,
Stevenson et al., 2002; Iburg and Kamper-Jorgensen, 2002; National Centre for
Health Statistics (NCHS), 2003; Sassi, 2006; Preedy and Watson, 2010).
2) Reporting Composite Health Measures
Because the integration of different outcome dimensions requires the use of
diverse assumptions about population preferences, the components of
composite health measures should be reported in disaggregated form as well
(Murray, Salomon et al., 2000). This is especially desirable if an intervention
affects the integrated dimensions in opposite directions (e.g., increase in life
expectancy combined with decrease in quality of life, or vice-versa). In the case
of DALYs, disaggregated reporting would be straightforward since DALYs by
definition are the sum of years of life lost from premature death (YLL) and years
of ‘healthy’ life lost by being in a state of poor health or disability (YLD) (Murray
and Acharya, 1997). In the case of QALYs, which represent a sum of quality
weighted time periods, disaggregating the integrated health dimensions is less
straightforward. However, if gains in life years and quality-adjusted life years
are both assessed, comparable average quality of life weights can be derived by
division of the two quantities (QoL = QALYs gained/Life years gained).
Alternatively, weights for the main health states and the time spent in these
health states could be reported. Considering their high degree of aggregation,
health benefits combined in monetary units (WTP) seem least suited for
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disaggregated reporting of the underlying health dimensions (National Centre
for Health Statistics (NCHS, 2003).
3) Additional Components of Composite Health Measures
Because economic evaluations focus on the medical and economic consequences
of an intervention or disease, other factors that might be relevant from a
decision maker’s or society’s perspective are not integrated into the health or
economic outcome measures of economic studies. For example, ethical aspects
like fairness and equality are not considered in the DALY or the conventional
QALY measures. Such aspects can be factored into these composite measures
by applying specific weights accounting for these aspects (Morrow and Bryant,
1995; Gold, Stevenson et al., 2002). However, in order to preserve
transparency, more complex composite measures should not replace the
reporting of less complex composite measures or their disaggregated
components but should be presented in addition.
Similarly, years of life are normally used in a nonweighted way as the cardinal
value scale in the calculation of DALYs and QALYs. Although this practice should
continue for reasons of transparency and comparability, additional analyses may
consider time preferences in a more realistic way, such as the incorporation of
risk attitude coefficients to calculate the actuary value of life years (Murray and
Acharya, 2002).
4) Consistency of Methods and Comparability of Outcome Measures
Regardless of which composite health measure is chosen, the results of
economic or burden of disease assessments are only comparable if consistent
methods are applied across all evaluations (Lopez, Mathers et al., 2006b). This
is especially true in the case of complex outcome measures. The implementation
of standardised methods would be an important step on the way to reliable
data. If possible, methods implemented by ECDC should be compatible with
established and generally accepted methods in public health and economic
evaluation, in order to allow for ease of data sharing.
5) Further Methodological Decisions and Next Steps
Amongst others, the following issues need to be included in methodological
discussion:

the method of synthesis of outcome

if utilities are used, the way they are derived

age-dependent weights

discounting

the appropriate modelling technique to estimate long-term effects of
infectious diseases (transmission models needed?)
In addition, evaluations in health care require sufficient and reliable information
on incidence and prevalence of infectious diseases.
ECDC should perform a prioritisation of the infectious diseases most relevant for
a burden of disease assessment.
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4

Data requirements and availability

Laura Murianni1, Silvia Longhi1
1.) UCSC, Rome, Italy
The first aim of this chapter is to provide a comprehensive overview of the
existing networks, databases and datasets that hold relevant data necessary for
estimating the European burden of infectious disease. Secondly, additional
information regarding these networks, databases and datasets is presented,
including details of data stratification by age, gender and time; the countryspecific surveillance systems used to collect the data; and data type, whether
incidence or prevalence, and if incidence refers to hospitalisation or laboratoryconfirmed or general practitioner (GP) cases. Thirdly, problems related to
interpretation of the available data are described; in particular issues of underreporting and differential reporting rates between countries, between diseases
and between societal groups. The use of community-based surveys including
sero-epidemiological surveys for estimating ‘true’ incidence and prevalence of
infection is discussed as a method for the estimation of under-reporting rates. In
addition, various methods for correction for under-reporting, including
multiplication factors, are discussed based on the concept of the surveillance
pyramid (in which only a small fraction of cases are actually reported). We
describe the impact of interventions such as screening programmes and
vaccination on the observed incidence and prevalence of specific infectious
diseases. Also examined are the sequelae of infectious diseases, their
importance in determining disease burden, the degree of association between
infections and certain sequelae, and the possible effects of interventions and
treatment on the occurrence of sequelae. Another important issue discussed in
this chapter is the impact of certain infectious diseases on demographic change
and vice-versa. The final issue discussed is that of possible European regional
differences in data collection and surveillance and inter-country comparability of
the final burden measure.
4.1

The different data sources and their restrictions

4.1.1

Surveillance data
Silvia Longhi1, Chiara de Waure1, Silvio Capizzi1
1.) Institute of Hygiene, Catholic University of the Sacred Heart, Rome,
Italy

4.1.1.1

Surveillance in general
Disease surveillance may be active or passive, with routine data collection often
relying on passive reporting of cases. Passive surveillance systems rely not only
on cases presenting to healthcare facilities (clinics, general practitioners (GPs),
and hospitals), but also on healthcare professionals submitting disease data so
that the information is ascertained. In addition, pathogen-specific surveillance
systems rely on physicians requesting a sample from the patient, having the
sample tested in a laboratory and again ascertaining the results of laboratory
findings. Despite most pathogen-specific disease incidence estimates being
based on reported laboratory-confirmed cases of specific pathogens, the
requested tests are not always standardised across laboratories, nor are
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laboratory-confirmed cases always reported to the surveillance system. These
problems might be largely overcome in a more advanced surveillance system.
Active surveillance is also important, particularly in an outbreak situation in
which there would be heightened surveillance in the community, at healthcare
facilities and by laboratories.
Between countries, national surveillance systems and methods are fairly
heterogeneous in terms of type of surveillance (compulsory versus voluntary
system, comprehensive versus sentinel, active versus passive, case-based
versus aggregated reporting), the population covered, and the source of data
(physician, laboratory, hospital or other sources).
Collated surveillance data can be observed over time to determine the presence
of trends.

4.1.1.2

TESSy: the European surveillance system
The origins of TESSy
ECDC is working to standardize European surveillance and harmonise reporting
from all sources to create a more accurate, understandable, user-friendly and
accessible Europe-wide information system. As there are numerous surveillance
networks in Europe that have all been developed independently of one another
and often in incomparable forms, it became clear that there is a need for
unification and homogeneity in terms of function and data quality.
As a first step in this direction, the Decision 2119/98/EC (European Parliament
and Council of the European Union 1998) of the European Parliament and the
Council laid the foundation for EU-wide surveillance in 1998, setting up a
network for the epidemiological surveillance and control of communicable
diseases.
Subsequently in 2002, the Commission Decision 2002/253/EC (Commission of
the European Communities 2002) laid down case definitions for reporting
communicable diseases. These have been revised jointly with the Member
States and the Commission in 2008 (Commission Decision 2008/426/EC:
European Parliament and Council (2008)) to improve uniform reporting from the
regional, national and EU levels, which will allow better comparability of
surveillance data across Europe.
On the back of such Commission decisions, and in order to aggregate data from
various surveillance networks across Europe to create a more accurate,
understandable, user-friendly and accessible Europe-wide information system;
the ECDC have developed the European Surveillance System known as TESSy,
which is a system for infectious disease indicator-based surveillance at the
European level.
TESSy is intended to be a highly flexible metadata-driven tool to improve the
collection, validation, storage, analysis and dissemination of surveillance data
from the EU Member States (MS) and EEA countries. Its aims are to provide
comparable information on infectious diseases between countries and to give an
overview of the current status of infectious diseases in Europe, assisting in the
detection of trends over time.
The development of this centralised data collection system (TESSy) is intended
to lead to better standardisation of structures, to improve data comparability
and hence to provide added value for all EU Member States and EEA/EFTA
countries.
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Tessy aims
TESSy was launched at the end of January 2008 with the aims of:
o Standardising data collection on infectious diseases surveillance
o Providing a ‘one-stop shop’ for reporting and retrieving data for the MS
o Standardising basic reports based on surveillance data
o Providing a consistent and easily available overview of the current situation
in the EU
Data submission to TESSy
Data are collected nationally from the surveillance systems of all 27 EU Member
State (MS) and three EEA/EFTA countries. Each MS is expected to validate and
then upload all requested available data to TESSy, following data collection
schedules commonly agreed between ECDC and the main national contact points
for surveillance in each MS (European Centre for Disease Prevention and
Control).
A network of experts, nominated by competent bodies for surveillance in the
MS, was established and made responsible for TESSy data submission. Experts
are national contacts (for epidemiology and IT-related matters in surveillance),
or disease-specific contacts for surveillance (usually an epidemiologist, a
laboratory expert and an additional expert, if relevant for disease) and they
have different kinds of data access to TESSy. Frequency of reporting for
different diseases spans from quarterly to annual data requests, although TESSy
is technically available to receive data at any time.
For submitting data, TESSy also requests that TESSy in-country representatives
provide further details of the following issues;
o Data sources
o Legal character: compulsory vs. voluntary
o Report type (notification and/or laboratory)
o Case definition
o Coverage (national or not)
o Comments on the reports
All additional information is considered by TESSy in the analysis of data and in
deciding whether the data are comparable or not (European Centre for Disease
Prevention and Control).
Improvements in TESSy
To achieve the goals of surveillance standardisation and the harmonisation of
data collection, it was agreed in 2008 to implement case definitions at the EU
level (Commission Decision 2008/426/EC: European Parliament and Council
(2008)). These definitions are not intended to be used for clinical or laboratory
diagnosis or for the management of cases, but to be used by MS for reporting to
the ECDC and thus the case definitions need to be implemented in national
reporting systems.
In addition, the definition of a set of common variables applicable to all diseases
was set. Standardisation was needed at the European level, not only to better
understand an epidemic, but also to ensure that all countries have a minimum
of data available to help design or improve interventions. In the past, some
variables have not been systematically collected by all countries.
TESSy variables: system-related and epidemiological
When referring to the set of variables included in TESSy, a distinction can be
made between system-related variables and epidemiological variables. Systemrelated variables (those inherent in the configuration of the system) and
epidemiological variables (those used to describe cases according to person,
time, place and case definition) are described in Table 4.1 and Table 4.2,
respectively. Figure 4.1 is a screenshot of the TESSy webpage showing some of
the variables.
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Table 4.1 - System-Related Variable Names and Descriptions
Variable name
Description
RecordID
Unique identifier for each record within and across the
national surveillance system – MS selected and
generated
RecordType

RecordTypeVersion
Subject
Status
DataSource
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Structure and format of the data (case-based reporting
and aggregate reporting). The system supports both
case-based and aggregated data to allow all countries
uploading available data. For example, if historical data
are sent in aggregated form and more recent data are
case-based, the results will be combined before being
reported.
Version of the record type (updated with changes to the
data structure) by number
Disease specific
Status of reporting New/Update or Delete; optional with
New/Update as default
Specifies the surveillance system. Each DataSource
corresponds to a full profile of the related surveillance
system that collected the data and from which the data
will then be exported. As stated before, it contains
information about system type, the legal basis for data
collection, data collected, the case definition used to
report cases to ECDC, type of coverage and similar
information [8]. DataSource can also be updated when
the surveillance systems’ scope and functions change. It
is thus important that DataSource’s profile in TESSy is
regularly updated with the latest information regarding
basic characteristics of the reported data (European
Centre for Disease Prevention and Control). If separate
notification surveillance systems exist in different
regions of the country, all data can be submitted by the
Member State through separate TESSy DataSources; in
this case, the system automatically adds up data that
were submitted for the same time-period and in relation
to the same type of data (‘notification’ or ‘laboratory’)
(European Centre for Disease Prevention and Control).
In the case that both notification and laboratory data are
available for a particular disease, but record-linkage is
not possible, different datasets can be uploaded without
TESSy aggregating the data.
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Table 4.2 - Epidemiological Variable Names and Descriptions
Variable name
Description
People:
Age

Gender
Outcome

Time:
DateOfOnset

Age of the person in years as reported in the national
system. Age can be calculated from date of birth (at
time of notification).
Gender of the infected person
Refers to the vital status of the person related to the
infection – Coded as: alive, deceased, not applicable
and unknown.
Day that first symptoms appeared. Not applicable in
asymptomatic cases.

DateOfDiagnosis

Date of first clinical or lab diagnosis.

DateOfNotification

When the case is notified for the first time to the
place of notification.

DateUsedForStatistics

Date used by the national surveillance
institute/organisation in national case-reports and
other official statistics. This date accords with the
date that is used for national reports concerning all
diseases. It is of utmost importance and one of the
few compulsory variables to ensure the comparability
of national and international reporting.

Place:
ReportingCountry
Case classification:
CaseClassification
ClinicalCriteria
LabResult

EpiLinked

Identifies the country that reports the case. Coding:
ISO codes – included by default.
Indicates the case classification according to the EU
case definition.
Criteria met for the clinical picture of the disease not applicable for asymptomatic cases.
Criteria met for the laboratory diagnosis of the
disease - used to classify a case as confirmed or
probable.
Criteria met for the epidemiological link of the
disease (European Centre for Disease Prevention and
Control 2008).
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Figure 4.1: Example of TESSy webpage with examples of variables

Enhances surveillance
For selected priority diseases or disease groups ‘enhanced surveillance’ is
required. This involves an additional set of variables that enables a higher level
of analysis to be carried out. For example, the dataset for HIV/AIDS includes
several dates; date of onset of infection, date of HIV diagnosis, date of report of
HIV diagnosis (date of notification), date of AIDS diagnosis, date of report of
AIDS diagnosis, date of death and date of report of death. The use of ‘date of
diagnosis’ has some important implications for the interpretation of trends. This
date can provide a more accurate picture of trends for HIV/AIDS, but also
depends on national reporting patterns and reporting delays which are known to
differ widely between countries (European Centre for Disease Prevention and
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Control and WHO Regional Office for Europe 2009). Furthermore, in 2008 it was
agreed to start collecting data on probable country of infection.

Figure 4.2: List of variables in the new TESSy format for the 2009 collection of
HIV/AIDS data for 2008 (Source: ECDC)
Data flow
The process that data goes through before being published and made available
on-line consists of two phases known as the ‘upload’ and the ‘publish’ stage (see
Figure 4.3). Firstly, the provider (the TESSy in-country representative
responsible for identifying and uploading epidemiological surveillance data)
uploads the data. TESSy then validates the contents automatically through a
verification process which improves the quality of the data. This is then
displayed for the approval of the provider in phase 2.
In the second phase, the provider is given the opportunity to review the
validated results and either approve or reject them before final submission. If
the data are approved, the information is stored in the data warehouse and
made available for reports and queries(European Centre for Disease Prevention
and Control 2009).
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Figure 4.3: TESSy data flow (Source: ECDC)

Updating TESSy
As previously mentioned, the TESSy in-country representatives are responsible
for identifying and uploading epidemiological surveillance data. They are also
charged with the responsibility of updating the data with new information, or
adding new cases to the previously-reported reporting period. In these
instances, the surveillance system must keep track of all changes including:

New cases
Updates of existing cases
o Deletion of cases
In addition, the surveillance system must keep track of data sent to TESSy in
order to identify which cases have been updated, which are new cases, and
which have been deleted since the last data submission. For this purpose, all
data is versioned, meaning that it is possible to review previous states of data in
special reports (European Centre for Disease Prevention and Control, 2009).
These rules are in place in order that the system can be frequently updated
without losing completeness.
Data collection: main products
The following reports are among those based on TESSy data collection:
o HIV/AIDS surveillance in Europe report 2008 (European Centre for Disease
Prevention and Control and WHO Regional Office for Europe, 2009)
o Annual epidemiological report on communicable diseases in Europe 2009
(European Centre for Disease Prevention and Control, 2009)
o Tuberculosis surveillance report 2007 (European Centre for Disease
Prevention and Control and WHO Regional Office for Europe, 2009)
o Overview of surveillance of influenza 2009/2010 in the EU/EEA (European
Centre for Disease Prevention and Control, 2009)
o
o

HIV/AIDS surveillance in Europe report 2008 (European Centre for Disease
Prevention and Control and WHO Regional Office for Europe 2009)
This report provides an overview of the HIV and AIDS surveillance data in the
48 countries of the WHO European Region. Three types of data are collected:
HIV case-based, HIV aggregated, and AIDS case-based. Data are presented in
absolute numbers and as rates (per million population) as appropriate.
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Because some countries have no national HIV/AIDS data or have only recently
established or substantially modified the national reporting systems, the data
collected are not complete and do not represent all cases of HIV and AIDS.
Thus, the problem is not due to TESSy, but to incomplete reporting and nonreporting from a few countries that cannot provide such highly specific datasets.
As previously mentioned, in the 2008 data collection a new pilot variable
‘probable country of infection’ was implemented.
Annual epidemiological report on communicable diseases in Europe 2009
(European Centre for Disease Prevention and Control, 2009)
This report is based on data collected in 2007 from the surveillance systems of
the Member States. Data were validated and uploaded by MS using the TESSy
online system. With regards to Vaccine Preventable Diseases (VPD), TESSy is
currently collecting a minimum amount of core data for each (basic surveillance)
to provide a basic picture of the epidemiology of the disease in each Member
State. The core set of indicators can thus be compared across countries
according to disease, time, place and person (European Centre for Disease
Prevention and Control, 2009), as is shown in Figure 4.4.

Figure 4.4: Overview of the main characteristics of VPD surveillance systems by
disease in the EU and EEA/EFTA countries (Source: TESSy, 2007 data)
Tuberculosis surveillance report 2007 (European Centre for Disease Prevention
and Control and WHO Regional Office for Europe, 2009)
Since 1st January 2008, the responsibility of tuberculosis (TB) surveillance in
Europe has been handled by ECDC and the WHO Regional Office for Europe. The
aim of this collaboration is to ensure a high quality of standardised TB data
covering all 53 countries in the WHO European Region. The TESSy platform has
been used to validate and process data from the EU and EEA/EFTA countries,
whereas the Centralized Information System for Infectious Diseases (CISID)
platform of WHO has been used to validate and process data from the other
countries.
By 2008, all EU and EEA/EFTA countries were reporting individual clinical and
demographic data on TB cases to TESSy. Of these, 29 countries included data
on anti-TB drug susceptibility testing and 21 included data on outcomes for
2006 (European Centre for Disease Prevention and Control and WHO Regional
Office for Europe, 2009).
Overview of surveillance of influenza 2009/2010 in the EU/EEA (European
Centre for Disease Prevention and Control, 2009)
With regards to both seasonal and pandemic influenza surveillance, TESSy has
introduced additional new components to collect a wider range of data (see
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Figure 4.5). Moreover, influenza-related data is requested to be uploaded to
TESSy once per week with specific emphasis on:
o Surveillance of influenza-like illness (ILI) or acute respiratory infection (ARI)
clinical and virological data (data on age group are optional);
o Surveillance of severe acute respiratory infection (SARI) and fatal cases
related to pandemic influenza in the EU/EEA – data on probable, confirmed
and fatal cases of SARI;
o Aggregate reporting of cases and deaths due to pandemic influenza in the
EU/EEA - aggregate weekly data (optionally broken down by age group) of
cases and deaths in probable and confirmed cases.

Figure 4.5: Influenza surveillance components
European Dedicated Surveillance Networks (DSNs)
TESSy was developed to take over data collection activities previously carried
out by the Dedicated Surveillance Networks (DSN) (European Centre for Disease
Prevention and Control, 2007; Amato-Gauci and Ammon, 2008; European
Centre for Disease Prevention and Control, 2009), and at present provides
European experts with a single system for surveillance of the 49 priority
diseases listed in the Commission Decision 2008/426/EC (European Parliament
and Council, 2008).
Previously, 17 European DSNs were solely responsible for data collection for a
variety of diseases. They received data from all Member States who were
requested to submit data individually to each disease-specific DSN, each using
different file specifications. Varying DSNs differed in scope and coverage,
objectives, and structure of organisation and they developed separate reporting
rules and procedures, variable data validity checks and all had their own
separate report layouts.
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Figure 4.6: Dedicated Surveillance Networks in Europe
Therefore, a growing need for a coordinated approach towards surveillance at
the European regional level marked the change from the project-based approach
of the DSNs (that were mainly led by the Commission), to a more harmonised
and sustainable one, led by the ECDC.
Data collected by the DSN have been (partially) handed over to the ECDC
database system after evaluation and assessment of each network. The
evaluation started in 2006 and was completed in 2009
It must be noted that national surveillance systems differ substantially, from
sentinel to statutory systems and as a result do not always provide comparable
information; in addition, availability varies among the different regions.
4.1.2

Incidence and prevalence
Chiara de Waure1, Silvio Capizzi1, Caterina Rizzo2, Elisabetta Franco3, Cristina
Meleleo3, Cheryl Gibbons4 and Eric Fevre4
1.) Public Health Institute, UCSC, Rome Italy
2.) National Institute of Public Health (Istituto Superiore di Sanità - ISS),
Rome, Italy
3.) Public Health Institute, Tor Vergata, Rome Italy
4.) Institute of Immunology & infection Research, University of Edinburgh,
Edinburgh, United Kingdom
A bibliographic search of the 49 communicable diseases (CDs) listed in the ECDC
Report 2009 (European Centre for Disease Prevention and Control, 2009) was
carried out to find available data sources and information (including incidence
and prevalence rates) for all EU and EEA/EFTA nations. An aim of this section
was to retrieve age-stratified information as the ECDC report 2009 defined agestratified data for age groups 0-4, 5-14, 15-24, 25-44, 45-64, 65+ whenever
possible.
The search began by first consulting the ECDC report 2009 and then analysing
available European databanks in order to describe missing age distribution data,
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according to country and year. More specifically, existing European surveillance
systems/networks were investigated to determine data availability for each
disease; these included mandatory notification systems, other national
surveillance systems and ad hoc studies aimed at evaluating incidence and
prevalence. A critical discussion of data sources was also carried out to identify
the best method for studying the burden of disease. Moreover, the discussion of
data sources gave insight into the nature of under-reporting and the best
approaches to deal with it.
The evaluation of mortality data and possible proxy measures of the incidence
and prevalence of CDs (hospitalisations, etc.) will be discussed in the following
paragraphs.
4.1.2.1

Main findings: available and missing data
Denominators
According to the ECDC report, past and current population data stratified by age
is available for each country from the European database EUROSTAT (Eurostat,
2010). After consulting this database we noted that population data are
available from 1949 to 2008, with sex and country information and age grouped
into 5-year age bands from birth to 99 years of age.
Numerators
Detailed consideration of each CD will follow. However, it should be noted that
well-known databanks of CDs are available including the Centralized Information
System for Infectious Diseases (CISID) (Centralized Information System for
Infectious Diseases (CISID), 2010) which is managed by the World Health
Organization European Regional Office. The CISID covers all CDs and allows
consultation of data from 1980 to 2009 for all WHO European Region countries;
however, information on age distribution is not included. ECDC also provides
(from 2007) an annual report describing the incidence, the age and sex
distribution, and the seasonality of CDs in Europe, derived from data retrieved
from various national surveillance systems.
It should also be noted that most data are concerned with incident cases
because of the specific issue. Thus, the data described here are relative to
incident cases if not otherwise specified. One of the most significant flaws of CD
surveillance in Europe is the heterogeneity of the data collection systems across
European countries. This is illustrated by the observation that various European
networks have been established throughout the years, but only a small number
of these networks are collecting thorough data on incident cases. Moreover, for
some existing networks/databases the collection of age data is still not
standardised; thus, national sources have been directly consulted to draft the
ECDC report.
In the following section a list of significant infectious diseases in EU/EEA
countries, and corresponding information on the data available is provided11.

4.1.2.2

Available data for the different infectious disease under study

4.1.2.2.1

Childhood diseases preventable by vaccination
a. Diphtheria
Data on diphtheria diffusion in Europe in 2007 are included in ECDC Report 2009
(European Centre for Disease Prevention and Control, 2009). These data
comprise incidence, age, sex and type of surveillance. All European countries
11

Additional information is available on request from the editors.
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have a national mandatory notification system, except for Belgium, France and
the United Kingdom, which have voluntary surveillance systems. Belgium has a
system of Reference Laboratories, in France there are National Reference
Centres, and the United Kingdom has a system called Diphtheria Surveillance
System (European Centre for Disease Prevention and Control, 2009). The
DIPNET network (DIPNET, 2012), launched on 1 November 2006, is a 38-month
programme bringing together 25 EU partner countries (24 EU Member States
and Turkey) and collaborating countries beyond Europe in a global dedicated
surveillance network for diphtheria and related infections caused by
Corynebacterium diphtheriae and Corynebacterium ulcerans (DIPNET 2012).
DIPNET integrates both epidemiological and microbiological features of
diphtheria and also includes other infections caused by potentially toxigenic
corynebacteria (Neal and Efstratiou, 2007), as most current cases are caused by
C. ulcerans or C. pseudotuberculosis and are linked to contact with animals
(Bonmarin, Guiso et al., 2009). At present diphtheria appears to be under
control in Europe with few cases being notified by only a few countries, and the
surveillance systems seem to be reliable. Only in Latvia epidemics seem to
persist, with 190 cases and 17 deaths occurring between 2002-2008 (Lucenko,
Paberza et al., 2009).
b. Infections with haemophilus influenza group B.
The surveillance of H. influenzae is currently coordinated by the Surveillance
Unit of the ECDC.
The epidemiological component of the former EU-IBIS network (European Union
Invasive Bacterial Infections Surveillance Network, 2006) has been integrated
into the EU database developed by ECDC (TESSy), whereas the laboratory
component has been outsourced to a consortium of European laboratory
experts.
For invasive bacterial infections, a more detailed set of variables based on the
former EU-IBIS dataset has been incorporated in TESSy in order to better define
the laboratory information collected (enhanced surveillance). Unfortunately,
available data on H. influenzae group B incidence are patchy and greatly depend
on the quality of the national surveillance systems. National surveillance
systems and methods are quite heterogeneous in terms of type of surveillance
(compulsory versus voluntary system, comprehensive versus sentinel, active
versus passive surveillance, case-based versus aggregated reporting), the
population covered, and source of data (physician, laboratory, hospital and
other sources). Differences in incidence observed between countries may be a
result of differences between surveillance systems, and they are certainly partly
due to variation in the methods used for confirming suspected cases.
c. Measles
Measles surveillance data are submitted monthly to the European surveillance
network for vaccine-preventable diseases (EUVAC.NET) (EU-VAC.NET, 2012)
hub from the national public health or surveillance institutions of each of the
network’s participating countries: the 27 EU member states together with
Croatia, Iceland, Norway, Switzerland, and Turkey. EUVAC.NET works closely
with the European Centre for Disease Prevention and Control (ECDC). Data on
cases meeting the requirements for national surveillance are collected; these
include clinical cases, laboratory-confirmed, hospitalised and epidemiologically
linked cases. All 32 countries provided case-based data. Data collected in
EUVAC.NET are obtained from national mandatory notification systems in
31 countries with only Belgium providing data collected through a nonmandatory notification system. Quarterly updated measles surveillance reports
can be found on the EUVAC.NET web site (EU-VAC.NET, 2012), which also
provides schematically and updated vaccination schedules of the EU Member
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states, as well as Switzerland, Norway, Iceland (the latest update is available at:
http://www.euvac.net/graphics/euvac/pdf/2009_third.pdf). Reported measles
cases, laboratory-confirmed and epidemiologically linked cases are presented by
country, age, vaccine status, whether/not hospitalised and whether/not
imported. During the third quarter of 2009 there were a total of 1,015 reported
measles cases in the 32 countries, giving a crude incidence of 0.17 per
100,000 inhabitants. During this quarter, those hospitalised in connection with
measles represented 52% of all cases with known hospitalisation status and two
persons died of respiratory complications associated with measles. The general
overview of results reveals a highly heterogeneous situation because of different
reporting procedures; some countries reported only laboratory-confirmed and
epidemiologically-linked cases, whereas others reported clinical cases without
laboratory confirmation (Muscat, Bang et al., 2009). EUVAC.NET also collects
information on imported cases, outbreaks and mortality due to measles in
different EU countries. Epidemiological data for measles in Europe are also are
included in ECDC Report 2009 (European Centre for Disease Prevention and
Control, 2009).
d. Mumps
The latest data on mumps epidemiology in Europe are included in the ECDC
report 2009 (European Centre for Disease Prevention and Control, 2009). The
report presents data collected in 2007, including incidence, age, sex and type of
surveillance information for all European Countries except France, Germany, the
Netherlands and Liechtenstein. Despite mumps incidence in 2007 being the
lowest reported since 1995, it is still one of the vaccine-preventable diseases
that continues to have a high notification rate across Europe. This may be due,
at least in part, to a greater acceptance of the MMR vaccine two-dose schedule
or to an increasing uptake of MMR vaccination in several former ‘high incidence’
countries in recent years. National surveillance systems and methods are fairly
heterogeneous in terms of type of surveillance (compulsory versus voluntary
system, comprehensive versus sentinel, active versus passive surveillance,
case-based versus aggregated reporting), the population covered and the source
of data. The overall notification rate of reported mumps cases in the EU is 4.27
per 100,000.
e. Pertussis
The most recently available data on the epidemiology of pertussis in Europe are
included in the ECDC Report 2009 (European Centre for Disease Prevention and
Control, 2009). This report describes incidence data stratified by age and sex,
and type of surveillance data collected in 2007, for all European countries except
Germany. There are national mandatory notification systems in all countries,
except Belgium, Germany, France and the United Kingdom, in which voluntary
surveillance systems are in place (excluding Germany). Belgium has a sentinel
laboratory network and reference laboratories, France has a system of national
reference centres and a sentinel network, and the United Kingdom has a system
called the Pertussis Surveillance System (European Centre for Disease
Prevention and Control, 2009). Sweden has recently published the results of ten
years’ surveillance of pertussis, from one of the few examples of a surveillance
system dedicated to pertussis (Swedish Institute for Infectious Disease Control,
2008). EUVAC.NET is a network that collects information about vaccination
status, hospitalisation and mortality from 2003 to 2007 for the European
countries (except for Belgium, Germany, Denmark, Spain, France, Italy,
Luxembourg and the Netherlands) (EU-VAC.NET, 2012). A surveillance study
carried out by EUVAC-NET between 1998 and 2002 for 16 European countries
shows the important differences and critical situations between the various
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national surveillance systems and highlights the difficulties in comparing data
(Tozzi, Pandolfi et al., 2007).
Pertussis incidence rates among adolescents and adults have sharply increased.
Official notification data certainly underestimate the real burden of the disease,
as many cases are not notified and are often not diagnosed.
f. Rubella (Congenital Rubella syndrome)
The latest data regarding rubella and congenital rubella syndrome are collected
within the EUVAC.NET hub (see section 1c). The 2008 rubella epidemiological
report is available on its web site (EU-VAC.NET, 2012) as is the rubella
surveillance report for the period 2000-2007; this report also includes data on
congenital rubella syndrome (CRS) surveillance systems. 25 countries conducted
surveillance for rubella based on a mandatory notification system covering the
total population, and had data available at national level.
Regarding CRS surveillance there was a heterogeneous situation across EU
countries (Austria established such a reporting system in 2007 and Luxembourg
in 2004). Germany conducted surveillance for rubella at the regional level; there
was no operating rubella surveillance in Belgium; and Denmark conducted
rubella surveillance based on a mandatory notification system only in the case of
pregnancy. In Italy, cases of rubella among pregnant women became statutory
notifiable in 2005 to distinguish them from other notified rubella cases and
France implemented a well-developed and comprehensive voluntary laboratorybased reporting system for rubella among pregnant women and newborns. In
Switzerland, only laboratory-confirmed cases among pregnant women and
newborns were included in the mandatory notification system during the study
period. Supplementary surveillance systems were used in six countries: Ireland,
Italy, Greece, Malta and Switzerland have sentinel systems, and the UK has a
voluntary laboratory-based reporting system that has been established for over
30 years. Comparisons of number of rubella cases between countries should be
made with caution because of dissimilar surveillance sensitivities, completeness
of reporting and different reporting procedure, in that some countries report
only laboratory-confirmed cases whereas others report clinical cases without
laboratory confirmation.
g. Polio
In 1988 the Polio Global Eradication Initiative was launched by the World Health
Organisation (WHO). At present polio transmission continues in only a few nonEuropean countries. The WHO Region of the Americas was declared polio-free in
1994, the WHO Western Pacific Region in 2000, and the WHO European Region
in 2002.
No cases of polio disease were reported in any of the 29 reporting EU and
EEA/EFTA countries in 2007 (no report was obtained from Liechtenstein) (World
Health Organization, 2008; European Centre for Disease Prevention and Control,
2009).
Through migration and tourism to the EU one can assume that vaccine-derived
polioviruses may be found at least temporarily in sewage water in EU countries.
Therefore, maintaining a high overall vaccination coverage and continued clinical
and environmental surveillance remain essential.
h. Tetanus
European tetanus data in 2007 are discussed in the ECDC Report 2009
(European Centre for Disease Prevention and Control, 2009). The Report covers
all European countries except Austria, Finland, Germany and the Netherlands,
and provides incidence, age, sex and type of surveillance. All European countries
have a national mandatory system except the United Kingdom, which has a
voluntary surveillance system. In Europe, the overall notification rate remains
very low at 0.03 per 100,000 in 2007, but nevertheless tetanus continues to
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represent a substantial health burden in the world even if cases of disease are
only sporadic in industrialised countries. The few cases reported are probably
related to waning immunity in elderly people which clearly shows the need to
maintain high vaccination rates in all age groups (European Centre for Disease
Prevention and Control, 2009).
i. Meningococcal disease (men A and C)
In the ECDC report 2009, all countries except Liechtenstein reported data on
invasive meningococcal diseases. All data were case-based and stratified by age
group (0-4; 5-14; 15-24; 25-44; 45-64; ≥ 65 years), except for Bulgaria.
At the European level, a surveillance network for invasive meningococcal
diseases began in 1999 as part of the European Union Invasive Bacterial
Infections Surveillance (EU-IBIS) project (European Union Invasive Bacterial
Infections Surveillance Network, 2001; European Union Invasive Bacterial
Infections Surveillance Network, 2006). Data collected by the system are based
upon the standard case definitions adopted by the European Commission
(Commission of the European Communities, 2002) although for most analyses,
laboratory-diagnosed probable and confirmed cases are also included.
Participants are requested to submit data regarding cases of meningococcal
disease at six-monthly intervals together with a minimum set of data including
patient age. Data are available for the age classes < 1 year, 1-4, 5-9, 10-14,
15-19, 20-24, 25-44, 45-64, ≥ 65. Countries participating in the network
include the European member states (Austria, Belgium, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Spain,
Slovak Republic, Slovenia, Sweden and the UK) and Iceland and Norway. The
same EU-IBIS network was built upon established networks including the
European Monitoring Group for Meningococci (EMGM) and the Bacterial
Meningitis in Europe surveillance network. Originally the network collected data
from 16 EU and 3 non-EU countries; at present the total number of countries
involved in the network is 27 of which 20 have provided comparable data in the
period 1999-2004.
Meningococcal diseases are notifiable in most countries but clinicians’
notifications are likely to be poorly specific even though they are mandatory.
Laboratory confirmation of meningococcal disease is highly specific but
sensitivity is lower, because of difficulties in isolating the micro-organism
(Trotter, Samuelsson et al., 2005). Notifications are mandatory in almost all
countries except Belgium which has reference laboratories and a sentinel
laboratory network. Along with notifications and laboratory-based data, official
death registrations and hospital discharge data can be taken into account for the
analysis of meningococcal disease epidemiology (Trotter, Samuelsson et al.,
2005).
Various methods to account for under-reporting have been developed: one of
the most frequently employed is the capture-recapture method which combines
data collected from different sources (Hubert and Desenclos, 1993; Panella
Noguera, Orcau Palau et al., 1998; Jansson, Arneborn et al., 2005) to estimate
the true number of cases of the disease. Data arising from these kinds of studies
may be useful for understanding the burden of meningococcal disease.
4.1.2.2.2

Sexually transmitted and blood borne disease
a. Chlamydia trachomatis, Gonorrhoea, Syphilis
Chlamydia Trachomatis, gonorrhoea and syphilis data are collected by the
network European Surveillance of Sexually Transmitted Infections (ESSTI)
(European Commission, 2008). This network collects data from 25 participating
countries (Austria, Belgium, Denmark, Finland, France, Germany, Greece,
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Iceland, Ireland, Italy, Malta, the Netherlands, Norway, Portugal, Spain,
Sweden, United Kingdom, Cyprus, Czech Republic, Poland, Slovakia, Slovenia,
Turkey, Estonia and Latvia) and covers from the period 1998-2007. All countries
are asked to provide aggregated data for each infection by gender and age
group (< 15, 15-19, 20-24, 25-34, 35-44, 45+ years); some countries provide
data for additional narrower age groups. This network is affected by
heterogeneity in the surveillance systems used by each country and rates are
not calculated for countries with sentinel surveillance systems. The ESSTI
system, despite not providing thorough data, is still useful as the data dates
back about 10 years, and the presence of mainly universal systems reporting
country data (Table 4.3). However, six EU and EEA/EFTA member states
(Bulgaria, Hungary, Lichtenstein, Lithuania, Luxembourg, and Romania) are not
included in the network and case definitions are not completely comparable
across nations because of the presence of both case-based and laboratory-based
systems.
Compulsory notification is required for chlamydia, syphilis and gonorrhoea in
most EEA/EFTA member states. However, chlamydia, syphilis and gonorrhoea
are voluntarily notified in Belgium (sentinel laboratory network), France
(national reference centres), Netherlands (national coverage of STI clinics,
SOAP) and Spain (microbiological information system) (European Centre for
Disease Prevention and Control, 2009) and therefore no information about
mandatory notifications is available for those countries not reporting data to
ECDC. Notification data are not completely reliable owing to the problem of
under-notification shared by several countries. Ad hoc sentinel systems also
exist in different countries. National surveillance systems appear heterogeneous,
with a mixture of voluntary and mandatory reporting, sentinel and national
coverage, clinical and laboratory reporting; thus, there is significant variation
across countries in terms of coverage, completeness and data
representativeness. Prevalence studies tailored for young adults without a high
risk profile, or for specific groups (such as blood donors) may be (Center for
Disease Control and Prevention, 2004; Abularach and Anderson, 2005; Macleod,
Salisbury et al., 2005; Steen, Hjortdahl et al., 2005; Veldhuijzen, Van Bergen et
al., 2005; Bakken, Skjeldestad et al., 2007; Offergeld, Ritter et al., 2007; Baud,
Jaton et al., 2008; Alim, Artan et al., 2009; Orellana, Gomez et al., 2009)
eligible for adjusting for under-reporting.
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Table 4.3: ESSTI features

Note: In red nations joining the ESSTI but not the EEA/EFTA; in yellow EEA/EFTA MSs not participating in ESSTI
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b. HIV infection /AIDS
HIV/AIDS surveillance in Europe was coordinated by EuroHIV until 2008
(European Centre for Disease Prevention and Control and WHO Regional Office
for Europe, 2009). Upon the end of this project, ECDC and the WHO Regional
Office agreed to continue surveillance activities in a joint European surveillance
network for HIV/AIDS collecting data from all 27 EU/EEA countries through
TESSy. Three types of data are collected: HIV case-based, HIV aggregated, and
AIDS case-based. All EU and EEA/EFTA Member States (except Austria, Finland,
France, Italy, Latvia, Luxembourg, the Netherlands, Slovenia, Ireland and UK)
have mandatory notification systems for newly diagnosed cases of HIV. For
AIDS case-based data all EU and EEA/EFTA MS (except Belgium, Finland,
Germany, Latvia, Luxembourg, the Netherlands, Ireland and UK) report data
collected with mandatory notification systems to ECDC/WHO. The EU network
collects data on HIV/AIDS cases by age, country, mode of transmission, and HIV
laboratory testing and all data are described in the 2008 ECDC WHO report.
HIV/AIDS rates varied widely between the three geographical areas in Europe.
Notification rates underestimate the true incidence of the disease and the
proportion notified depends heavily on HIV testing patterns among high-risk
populations, access to voluntary counselling and testing, and access to
treatment and care, all of which may vary from country to country (European
Centre for Disease Prevention and Control/WHO Regional Office for Europe,
2009) 12.
c. Hepatitis B and Hepatitis C
Hepatitis B
The ECDC Report 2009 includes data on hepatitis B cases (incidence, age, sex
and type of surveillance) in 2007 for all European countries except the Czech
Republic and the United Kingdom. All European countries have a mandatory
notification system, except for the United Kingdom. In addition, some countries
have national surveillance systems; Italy (SEIEVA), Belgium (Sentinel
Laboratory Network) and France (National Reference Centres) (European Centre
for Disease Prevention and Control, 2009). The network Eurohep.net holds the
same information for 2003. Eurohep.net (Eurohep.net, 2012) also analysed data
for the five-year period 1997-2001 including: total number of hospitalised cases,
hospitalisation days, deaths, cirrhosis cases, hepatocellular carcinoma, liver
transplants and proportion of those HBV-related. In five countries (Bulgaria,
Czech Republic, Hungary, Romania and Slovakia) it is compulsory to record the
incidence of hospital admission for hospitalisations and hepatitis B cases. The
only available data on the number of days hospitalised for chronic hepatitis B
are from Austria during 2001 and the only available data on the proportion of
HBV-related hepatocellular cancer cases are from Italy. Data concerning liver
transplants due to hepatitis B are collected in Slovenia, Slovakia and the United
Kingdom (Eurohep.net, 2012).
Distribution patterns and risk groups differ widely across Europe. Hence,
interpretation of trends is hampered by these differences and also by differences
between surveillance systems. This, together with the high rate of asymptomatic
cases, means that the data that in its current state cannot really be compared
across countries (European Centre for Disease Prevention and Control, 2009;
SEIEVA, 2012).
Hepatitis C

12

Euro HIV http://www.eurohiv.org/
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Data on hepatitis C in Europe in 2007 are included in ECDC Report 2009 for all
countries, and information on incidence, age, sex and type of surveillance is
provided. All European countries have a mandatory notification system except
Spain, France and the United Kingdom. Most countries have implemented
surveillance systems including: Italy (SEIEVA), Belgium (sentinel laboratory
network), France (national reference centres), Spain (microbiological
information system) and the United Kingdom (hepatitis C surveillance system).
Interpretation of the trends is hampered by differences in surveillance systems,
from which data are difficult to compare across countries. Hence, surveillance
data cannot as yet be used to describe the true incidence or trends in the
disease; an additional problem is due to the high frequency of asymptomatic
infection (European Centre for Disease Prevention and Control, 2009; SEIEVA,
2012).
4.1.2.2.3

Food and water borne diseases and diseases of environmental origin
a. Campylobacteriosis
An international surveillance network for human gastrointestinal infections
(Enter-net) (Enter-Net, 2012) collects data from all 27 EU countries and
Norway. This network has produced quarterly and annual reports from 1993 to
2007, after which the coordination was finally transferred to ECDC. It provides
data on campylobacteriosis for 2005, 2006 and 2007 with stratification by age
group (< 1, 1-5, 6-14, 15-64, > 65) and is case-based data. The system is
laboratory-based and depends on the microbiologists responsible for national
reference services in every country. Information about age and sex is also
retrieved (Fisher, 1999).
The ECDC Food and Water-borne Diseases and Zoonoses surveillance system
(FWD) (Food- and Waterborne Diseases and Zoonoses Programme) was set up
in 2006 and at present covers 20 diseases: anthrax, botulism, brucellosis,
campylobacteriosis, cholera, cryptosporidiosis, echinococcosis, giardiasis,
hepatitis A, leptospirosis, listeriosis, salmonellosis, shigellosis, toxoplasmosis,
trichinellosis, tularaemia, typhoid/paratyphoid fever, variant Creutzfeldt-Jakob
disease (vCJD), VTEC/STEC (verotoxin/shigatoxin producing E. coli) infection,
and yersiniosis. In 2008, FWD surveillance focused on six priority diseases;
salmonellosis, campylobacteriosis, VTEC/STEC infection, listeriosis, shigellosis
and yersiniosis. The numbers of confirmed campylobacteriosis cases identified
by national surveillance centres in EU Member States and EEA/EFTA are
available, stratified by age, until 2008. The FWD programme works closely with
EFSA (European Food Safety Agency) and ZCC (Zoonoses Collaboration Center,
Denmark).
The Basic Surveillance Network (BSN) (Ternhag, Tegnell et al., 2004) collects
data on 47 communicable diseases already present in the national databases of
25 countries; data are case-based and updated monthly and include information
on age and sex. Classification of cases is specified (possible, probable,
confirmed), based on the EU case definitions and if case-based data are
unavailable, aggregated data are collected.
The Community Summary Report on Trends and Sources of Zoonoses and
Zoonotic Agents in the European Union in 2008 (European Food Safety Authority
(EFSA), 2010) shows data, on a mandatory basis, for 15 diseases, including
campylobacteriosis and collects data on human-zoonotic cases from all
27 Member States plus Norway, Iceland and Liechtenstein. Data for the report
are provided by ECDC (TESSy) for 2007-2008. Data include incidence stratified
by age group (0-4, 5-14, 15-24, 25-44, 45-64, ≥65 years), sex distribution,
seasonality and type of surveillance. No surveillance system for
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campylobacteriosis existed in Greece or Portugal as of 2008. Reports with agespecific data are available from all countries reporting data except for Latvia.
Campylobacteriosis is notifiable in all countries but on a voluntary basis in
Belgium, Spain, France, Italy, the Netherlands and the United Kingdom.
Notification systems have been in place for many years, although some
countries (Cyprus and Ireland) have only implemented them relatively recently.
Diagnosis of human infections is generally done by culture from human stool
samples (European Food Safety Authority (EFSA), 2010). Notifications are
inclined to be underestimated.
Specific publications, such as the European Survey on Campylobacter
surveillance and diagnosis 2001 (Takkinen, Ammon et al. 2003) could be taken
into account to assess the burden of disease and correct for under-reporting.
Data from surveillance systems already in place may need to be improved in
quality (timeliness, completeness), and in the harmonisation of typing schemes
and primary laboratory settings.
b. Cryptosporidiosis
In 2005, the Basic Surveillance Network (BSN) (Ternhag, Tegnell et al., 2004)
collected Cryptosporidium data from 16 countries; data are case-based, updated
monthly and include information on age and sex.
Alongside BSN, other European networks collecting data on Cryptosporidium
cases are Crypnet (Med-Vet-Net, 2009) and the Food and Water-borne Diseases
and Zoonoses surveillance system (FWD) (Food- and Waterborne Diseases and
Zoonoses Programme). Crypnet aims to implement the detection and
identification of Cryptosporidium, from which population and high risk groups
data can be retrieved. Information is available for Denmark, England, France,
Germany, Italy, the Netherlands, Spain and Sweden. The Food and Water-borne
Diseases and Zoonoses (FWD) system covers 20 diseases including
cryptosporidiosis.
Notification of Cryptosporidium is mandatory in several countries but despite
this there is still likely to be a high level of underestimation of disease burden
due to asymptomatic infection in the community. General population seroprevalence studies are unlikely to be useful since healthy people have often
asymptomatic infection and recover spontaneously and are therefore less
important for the evaluation of disease burden (Frost, Fea et al., 2000; Frost,
Muller et al., 2001; Frost, Muller et al., 2002; Garvey and McKeown, 2009;
Huhulescu, Kiss et al., 2009). Prevalence studies of specific groups at high risk,
like HIV patients (Cotte, Rabodonirina et al., 1993; Brandonisio, Maggi et al.,
1999) may be useful for evaluating the burden of disease in symptomatic cases.
Several national surveillance systems exist, such as the Outbreak System
(which collects outbreaks and cluster cases information) and the Microbiological
Information System (based on the voluntary weekly reports of microbiological
diagnoses carried out by laboratories) in Spain (Semenza and Nichols, 2007). In
the United Kingdom, the national Health Protection Agency (HPA), through
CoSurv regularly collects laboratory reports of cryptosporidiosis (Semenza and
Nichols, 2007). Surveillance systems of outbreaks might be useful sources to aid
understanding of the incidence of the diseases.
c. Infection with Enterohaemorrhagic E. coli
The international surveillance network for human gastrointestinal infections
(Enter-net) (see above for network details (Fisher, 2004; Enter-Net, 2012)),
was established to cover infections with Salmonella, verocytotoxin-producing
Escherichia coli O157 (VTEC) and Campylobacter. Enter-net collects data from
all the 27 countries of the EU, plus Australia, Canada, Japan, South Africa,
Switzerland and Norway. The Enter-net surveillance hub is fed regularly by an
agreed subset of national data electronically transferred. Collected data include
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the microbiological and epidemiological features of all sporadic and outbreak
cases identified by national reference laboratories. Data within the network are
comparable over time, because surveillance systems have been relatively stable
in the time period covered, but are not comparable between countries. The
Enter-net network has produced quarterly and annual reports from 1993 to
2007. Since 2007, the Food and Water-borne Diseases and Zoonoses
surveillance system (FWD) (Food- and Waterborne Diseases and Zoonoses
Programme) set up in 2006, has covered 20 diseases including VTEC/STEC
(verotoxin/shigatoxin producing E. coli) infections which since 2008 have been
considered priorities. Along with the Enter-net and FWD surveillance systems,
the European Food Safety Authority (EFSA) (European Food Safety Authority
(EFSA), 2010), established and funded by the European Community in 2002,
collects data on a mandatory basis for 15 zoonotic agents including
verotoxigenic E. coli. Data on VTEC infections are collected on a mandatory
basis; VTEC is in fact a notifiable disease in humans in Norway, Iceland and
most EU member states except the United Kingdom, and information regarding
notifications is missing from Liechtenstein. In France, only cases with hemolytic
uremic syndrome (HUS) are notified. Despite the voluntary nature of VTEC
reporting in the United Kingdom, the majority of laboratories test for the
organism. The diagnosis of human infection is done by culture from human stool
samples. It should be noted that no surveillance system exists in Portugal and
that the Czech Republic did not report VTEC data in 2008.
Significant under-reporting of Enterohaemorrhagic E. coli infection occurs,
particularly in mild symptomatic cases. Temporal trends in the incidence of
infection are difficult to interpret for some countries, because of changes in
laboratory systems and management. Existing data are therefore not directly
comparable between countries because of differences in applied analytical
methods. Nationally, various sentinel systems exist (some being laboratorybased) and elsewhere clinical HUS cases provide relatively stable baseline data
for comparisons over time (Havelaar, Van Duynhoven et al., 2004; Sisti,
Benedetti et al., 2004; Carroll, Gibson et al., 2005; Eklund, Nuorti et al., 2005;
Van Duynhoven, Friesema et al., 2008).
d. Listeriosis
Data on listeriosis in Europe in 2007 are included in ECDC Report 2009 for all
countries and include incidence, age, sex, and type of surveillance. All European
countries have a mandatory notification system except Belgium, France, Spain,
and the United Kingdom. In addition, some countries have national surveillance
systems (Belgium, France, the Netherlands, and the United Kingdom have a
sentinel laboratory network and France and the United Kingdom have hospitalbased surveillance). There appears to be a significant increasing trend in the
listeriosis notification rate in the EU from 2003 to 2006. However, this should be
treated with caution because interpretation of the case definitions and the
specific surveillance systems differ across European countries (European Centre
for Disease Prevention and Control, 2009).

e. Salmonellosis
Data on salmonellosis in Europe in 2007 are included in ECDC Report 2009 for
all countries, and include incidence, age, sex, and type of surveillance. Enter-net
is a network that collects data from all European countries plus Australia,
Canada, Japan, South Africa, Switzerland and Norway. Enter-net contains
information until 2006 only because in 2007 coordination was transferred to
ECDC (through TESSy). Data are collected from all 27 EU/EEA countries via the
mandatory notification system present in all countries. Belgium, France, Italy,
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the Netherlands, Spain and the United Kingdom also have sentinel laboratory
networks, and in Luxembourg, hospital-based surveillance. There is a continuing
high notification rate for Salmonellosis in European countries (34 cases per
100,000 population). Differences between countries in some cases are
significant and again demonstrate the difficulties of comparison. Salmonella was
the cause of a number of outbreaks at multinational, national and sub-national
levels in 2006 (European Centre for Disease Prevention and Control, 2009).
f. Shigellosis
Data about Shigellosis diffusion in Europe in 2007 are included in ECDC Report
2009 and collect incidence, age, sex and type of surveillance (European Centre
for Disease Prevention and Control, 2009). All European countries have a
mandatory notification system except Denmark, France, Italy and Liechtenstein.
Several countries have national surveillance systems including Belgium, France,
Italy and Spain (sentinel laboratory networks), and Luxembourg (hospital-based
surveillance). There appears to have been a decreasing trend in the shigellosis
notification rate in the EU from 2005 to 2007. The proportion of imported versus
domestically acquired cases differed substantially between countries (European
Centre for Disease Prevention and Control, 2009).
g. Hepatitis A
Data on hepatitis A in Europe in 2007 are included in ECDC Report 2009 for all
countries and include incidence, age, sex, and type of surveillance (European
Centre for Disease Prevention and Control, 2009). Eurohep.net is a network
maintaining data from all European countries except Denmark, Spain, Finland,
France, Ireland, Iceland, Portugal and Sweden. This network collects information
about incidence, age, sex, residence and type of surveillance for 2003. An
analysis was performed for the five-year period 1997-2001 using data on: total
number of hospitalised cases, hospitalisation days, deaths, liver transplants and
proportion of those HAV-related. Although 18 out of 22 countries (82%) have
data on hospital admissions for acute hepatitis A, only 15 countries (68%)
supplied complete data on hospitalised cases and only 7 (32%) on
hospitalisation days. 19 out of 22 countries (86%) have data sources on
mortality due to hepatitis A, but only 16 (73%) have complete accessible data
(Bonanni, Boccalini et al., 2007).
Regarding the total number of liver transplants, only 11 out of 22 countries
(50%) have available data, and only three countries (Slovenia, Slovakia and
England/Wales) have data on the proportion of liver transplants due to
hepatitis A. All countries have mandatory notification systems except Belgium,
which has a sentinel laboratory network and the United Kingdom, which has a
hepatitis A surveillance system. Italy and France have notification systems
constituted respectively by SEIEVA and a group of national reference centres.
The epidemiological picture varies greatly across countries. Notification rates
underestimate the true incidence of disease, due to the high frequency of
asymptomatic infections (Eurohep.net, 2012; SEIEVA, 2012).
h. Brucellosis
The 2008 Community Summary Report on Trends and Sources of Zoonoses and
Zoonotic Agents in the European Union (European Food Safety Authority (EFSA),
2010) contains data on brucellosis in humans for all EU and EEA/EFTA member
states (except Denmark) providing incidence, type of surveillance and, for some
countries, age data. Brucellosis in humans is notifiable; on a mandatory basis in
Iceland, Liechtenstein and Norway, and a voluntary basis in Belgium, Spain,
France, Italy and the Netherlands. The United Kingdom has a specific
surveillance system (European Food Safety Authority (EFSA), 2010). National
surveillance systems are in place in several countries (such as Bulgaria, in which
an active surveillance system for dairy factory employees and persons
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considered at risk after outbreaks in ruminants has been established (Russo,
Pasquali et al., 2009) and the United Kingdom) and could probably be taken into
consideration in the estimation of disease burden. Several sero-prevalence
studies carried out in the general population are available (Torre, Ribera et al.,
1997; Aggad and Boukraa, 2006; Tzaneva, Ivanova et al., 2009), together with
specific surveillance studies that could be very useful for investigation of the
burden of the disease (Afifi, Earhart et al., 2005).
4.1.2.2.4

Diseases transmitted by non-conventional agents: Transmissible Spongiform
Encephalopathies (TSE) including Variant Creutzfeldt-Jakob disease (vCJD)
a. Transmissible Spongiform Encephalopathies (TSE)
This group encompasses numerous diseases with varying disease burdens; the
better understood and more common conditions include: inherited TSEs
(Creutzfeldt-Jakob disease (CJD), Gerstmann-Straussler-Scheinker Syndrome
(GSS), fatal familial insomnia (FFI)); environmental or acquired TSEs (iatrogenic
CJD, variant Creutzfeldt-Jakob disease (vCJD)); and sporadic CJD.
The symptoms of most TSEs are very similar but the incubation times and rates
of progression are variable. vCJD is considered unusual as it primarily affects
younger individuals (median age of onset 24-28 years for vCJD, compared with
60-64 years for sporadic CJD (Collins, Lawson et al., 2004) and therefore age
can sometimes be used as a diagnostic tool.
Despite age being an important feature of TSE epidemiology and sometimes
serving as a diagnostic tool, much of the available data are in summarised form
(i.e. not stratified by age). In addition, several data sources combine TSE data
to give an ‘all-type TSE’ score as diagnosis is often uncertain. In some other
data sources, TSEs (mostly CJD and vCJD) are considered individually with the
rest grouped together; this can lead to confusion when estimating disease
burden.
It is also important to note that the incidence of cases/infection is often
considered to also indicate the incidence of mortality because TSE infections,
once symptomatic, are known to be inevitably fatal. Hospitalisation data are
generally unavailable, but is it assumed that some time will be spent in hospital
but the length of time will vary between European countries, depending on the
individual countries’ healthcare system.
Mandatory reporting for CJD exists in most EU EEA/EFTA countries with the
United Kingdom (UK) remaining voluntary. In the UK, the National CreutzfeldtJakob Disease Surveillance Unit (NCJDRSU) and Spongiform Encephalopathy
Advisory Committee (The National Creutzfeldt-Jakob Disease Research &
Surveillance Unit (NCJDRSU), 2012) (UK) collect national mortality rates,
diagnosis (probable or confirmed) and referrals for sporadic, iatrogenic, familial,
GSS and vCJD (1990-present).
A major source of data on TSEs is the European and Allied Countries Study
Group of CJD (EUROCJD / NEUROCJD) (European Creutzfeldt Jakob Disease
Surveillance Network, 2012), funded by the European Commission. It
encompasses two projects, namely: EUROCJD (started 1993) which compares
data from national registries in Australia, Austria, Canada, France, Germany,
Italy, the Netherlands, Slovakia, Spain, Switzerland and the United Kingdom,
and NEUROCJD (started 1998 to encompass more EU member states), including
Belgium, Denmark, Finland, Greece, Iceland, Ireland, Israel, Norway and
Portugal. See Table 4.4. Both projects are co-ordinated by the National CJD
Surveillance Unit based in Edinburgh (The National Creutzfeldt-Jakob Disease
Research & Surveillance Unit (NCJDRSU), 2012). The results of TSE cases and
mortality rates are classified by aetiological type (sporadic CJD, iatrogenic CJD,
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familial (FFI) and variant CJD), by diagnostic criteria (definite or probable) and
by case status (dead or alive), but data are neither age- nor gender-stratified.

Table 4.4: EU and EEA/EFTA countries represented/not by the European and
Allied Countries Study Group of CJD (EUROCJD / NEUROCJD) (European
Creutzfeldt Jakob Disease Surveillance Network, 2012)
Countries not represented by
EuroCJD Countries
NeuroCJD countries
either group
Austria, France, Germany,
Italy, the Netherlands,
Slovakia, Spain,
Switzerland, UK (n = 9)

Belgium, Denmark, Finland,
Greece, Iceland, Ireland,
Norway and Portugal (n = 8)

Bulgaria, Cyprus, Czech
republic, Estonia, Hungary,
Liechtenstein, Latvia, Lithuania,
Luxemburg, Malta, Romania,
Slovenia, Sweden (n = 13)

The WHO database Centralized Information System for Infectious Diseases
(CISID) collects data on numerous diseases including TSEs for all EU and EEA
countries, for most years; however, the available data (number of cases and
incidence of cases per 100,000 population) are not stratified by aetiological
type, diagnostic criteria, age or sex. Data for all-type TSE (non-specified) dating
back to 1998 are on the whole available. Importantly, CISID provides some
information for countries who are not members of EuroCJD or NeuroCJD,
although there are still no available data for Romania.
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) provide data
including the number of vCJD probable and confirmed European cases and
mortality incidence per 100,000 population for the years 2007 (2009 project)
and 2005 (2007 project). Additional information is given including the age of
each patient and blood donating/receiving status. According to ECDC report
2009, overall EU mortality was 0.02 per 100,000 population which was lower
than in 2006. The report also suggested that vCJD had peaked in 2000 and
incidence has been falling ever since.
Published literature on human European TSE surveillance tends to focus on vCJD
(Pocchiari, 2009; Barbot, Castro et al., 2010; Heath, Cooper et al., 2010),
sporadic CJD (Mahillo-Fernandez, De Pedro-Cuesta et al., 2008; Klug, Wand et
al., 2009), multiple TSEs and others (Glatzel, Rogivue et al., 2002; Collins,
Lawson et al., 2004; Ladogana, Puopolo et al., 2005; Heinemann, Krasnianski et
al., 2007; Clewley, Kelly et al., 2009).
b. Variant Creutzfeldt-Jakob disease (vCJD)
vCJD is sometimes considered separately from other TSEs as it is a relatively
new disease and is an epidemic of unknown magnitude. Data are collected and
disseminated by EuroCJD and NeuroCJD (European Creutzfeldt Jakob Disease
Surveillance Network, 2012), ECDC reports (European Centre for Disease
Prevention and Control, 2007; European Centre for Disease Prevention and
Control, 2009) and are found in a number of published papers. Again, case data
are unlikely to be stratified by age or sex.
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There is much speculation over the future burden of disease, with some
researchers predicting a second peak in vCJD mortality (Clewley, Kelly et al.,
2009; Pocchiari, 2009) as vCJD is known to have a very long incubation period.
4.1.2.2.5

Air-borne diseases
a. Tuberculosis (TB)
Because of the importance placed on tuberculosis surveillance and control by the
millennium development goals, TB surveillance has now been heightened and
additional information is being captured. Sources of TB data tend not only to
include case numbers, mortality rates and incidence per 100,000 population, but
often provide more extensive details on age and gender, whether cases were of
national or foreign origin, co-morbidity with HIV, multi-drug resistant TB
(MDRTB) and extreme drug resistant TB (XDRTB), DOTS (treatment adherence),
and treatment outcome.
Notification of TB is mandatory in most EU and EEA countries but voluntary
reporting exists in France and Belgium.
The surveillance network EuroTB (EuroTB, 2010), which is jointly coordinated by
European Centre for Disease Prevention and Control (ECDC) and World Health
Organisation - Europe division (WHO/EURO), collects extensive European
tuberculosis data. Country profiles are available for all EU and EEA/EFTA
countries providing graphs and tables of case notification data, drug resistance
statistics, treatment adherence, whether cases were foreign-born or not, and
age and gender of cases, up to 2006. In addition, annual reports published in
the period 1995-2006 contain information on general trends in Europe, and
extensive tabulated data for each country. An example is Surveillance of
Tuberculosis in Europe – EuroTB 2005 (EuroTB 2007) (published 2007) which
was produced in collaboration with the WHO European regional office, the
European Commission and the Institut de Veille Sanitaire, Saint-Maurice,
France. Frequent EuroTB publications and newsletters also provide information
and useful summaries of findings.
Most recently, the European Centre for Disease Prevention and Control (ECDC)
and the WHO Regional Office for Europe have worked together to compile a
report of tuberculosis (TB) surveillance data in Europe (European Centre for
Disease Prevention and Control and WHO Regional Office for Europe, 2010). In
2008 (published 2010), 26 European Union (EU) countries (all except Austria)
and two countries of the European Economic Area (EEA) (Iceland and Norway)
participated. The report includes vast amounts of data on incidence, prevalence
and varied additional information. For a similar report for 2007 (published
2009), all EU and EEA countries participated (European Centre for Disease
Prevention and Control and WHO Regional Office for Europe, 2009).
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) are useful sources
of data that include: the total number (confirmed plus non-confirmed) of cases,
confirmed cases only, and the incidence per 100,000 population, with additional
details on age and gender, co-infection, case origin (national or foreign-born),
multi-drug-resistance, treatment outcome, and seasonality.
The European Commission has summarised and tabulated data from EuroTB in a
short report entitled European commission, health and consumers directorate
general (European Commission and Health and consumers directorate general,
2009). This report was last updated in 2009 and summarises case numbers and
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the incidence of TB per 100,000 population for each EU/EEA country, for the
years 1998-2007 inclusive. Data are not stratified by age or gender.
The Global TB database (World Health Organization, 2010) is a useful tool for
estimating incidence, prevalence, deaths, treatment success, DOTS population
coverage in both the general and HIV-positive populations for all EU and EEA
countries excluding Liechtenstein. It was created and is currently maintained by
the World Health Organisation (WHO).
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
reports data from all EU/EEA countries including the case notification rate, the
percentage DOTS coverage per country for most years and most countries post1998 (fewer data before then) and treatment success of new and longer
infections both sputum- and culture-positive per country. These data are not
stratified by age or gender.
b. Pneumococcal and Invasive Pneumococcal Disease (IPD)
Pneumococci cause bacterial respiratory tract infections in all age groups that
can progress to more serious conditions including pneumococcal pneumonia,
meningitis or acute otitis media. The more serious conditions are referred to as
Invasive Pneumococcal Disease (IPD). Reporting is compulsory in most EU and
EEA countries, with voluntary reporting existing in Belgium, France, and Spain.
The ECDC 2009 report (European Centre for Disease Prevention and Control,
2009) summarises the total number of cases, the number of confirmed cases,
and the notification rate per 100,000 population for the year 2007 for each
country. Additional information available include age and gender distributions
and seasonality.
Notification rates vary widely between EU/EEA countries (ranging from 0.0 to
20.4 per 100,000) (European Antimicrobial Resistance Surveillance System,
2009), also reported in The burden of paediatric IPD in Europe (McIntosh,
Fritzell et al., 2007) (100-fold variance in some regions) and elsewhere (Reinert,
2004). This may be due to under-reporting (a lack of consistency in reporting in
and between various age bands), differences in reporting methods, varying
disease definitions, antibiotic prescribing and disparities in blood-culturing
practices; there also could be real differences in variability in pneumococcal
carriage, transmission, exposure and susceptibility (McIntosh, Fritzell et al.,
2007).
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
provides the number of cases and incidence of cases per 100,000 population for
several countries, but these data are incomplete (for certain years and certain
countries). Furthermore, this system does not provide any information on age or
gender, or specify the kind of IPD (pneumonia, meningitis, acute otitis media).
There are very few networks operating to collect data on this disease. The
network Pnc EURO (Pebody, Hellenbrand et al., 2006) collected data from 20002003 and there is published literature from this group.
Most other available data have been gathered from scientific papers and
published reports. Many studies discuss antibiotic resistance because of its rapid
increase in EU/EEA and its significant effect on morbidity and mortality. During
the 10-year period 1987–1997 penicillin resistant pneumococcal strains
increased from less than 4% to more than 48% in France, and similarly during
the period 1979-1989 in Spain, in which incidence increased from 6% to 44.3%
(Cartwright, 2002).
Surveillance of Pneumococcal and Invasive Pneumococcal Disease has changed
over the past few years following the introduction of routine childhood
vaccination in many countries. This should be taken into account when
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considering the previous and future burden of disease. Several studies in the
published literature focus on vaccine coverage and efficacy, and the percentage
reduction of disease or mortality attributable to vaccination (Rückinger, van der
Linden et al., 2009; Hanquet, Perrocheau et al., 2010).
c. Legionellosis disease
Between 2000 and 2002, Legionnaires’ notifications increased in many European
countries due to not only to enhanced surveillance and improved diagnosis, but
also to increased travel-associated infections and local community outbreaks.
Outbreaks or clusters are common in hospital situations where infections have
been attributed to contaminated hot- or cold-water systems, and to cooling
towers. Whirlpool spas have also been the cause of outbreaks (Joseph, 2004).
Information is gathered by compulsory notification that exists in most EU
EEA/EFTA countries, except Belgium and the United Kingdom where notifications
are voluntary.
The European Working Group for Legionella Infections (EWGLI) and the
European Surveillance Scheme for Travel Associated Legionnaires’ Disease
(EWGLINET) (EWGLINET, 2012) are very useful sources of information regarding
Legionellosis. Monthly reports are published online for 2007, 2008 and 2009;
these describe case numbers and additional information including cases per
reporting country and country visited by cases, and any clusters of disease. The
website also allows access to various tabulated information including; Cases by
Month of Onset and Year of Onset, Cases by Age Group and Gender, Cases by
Year of Onset and Main Method of Diagnosis, Cases by Year of Onset and
Country of Report, and Cases by Year of Onset and Country of Travel.
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
provides data for most countries in the period 1998-2008 and covers number of
cases and incidence of cases per 100,000 population. These data are not
stratified by age or sex.
The European Commission has summarised and tabulated data in a short report
entitled European commission, health and consumers directorate general
(European Commission and Health and consumers directorate general, 2009).
This report, last updated in 2009, summarises data from ECDC and Eurostat
including case numbers and incidence of Legionellosis per 100,000 population
for each EU/EEA country for years 1998-2007 inclusive. Results summaries are
not stratified by age or gender.
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) included data on
Legionellosis. Total cases, confirmed cases and notification rates per
100,000 population, in addition to information on age, gender and seasonality
are reported.
d. Influenza
There are various surveillance networks for seasonal, pandemic and avian
influenza and notifications are compulsory in some EU EEA/EFTA countries
including Cyprus, Spain, Finland, Greece, Hungary, Iceland, Latvia, Lithuania,
Malta, Norway, Poland, Romania, and Slovakia.
Influenza is expected to be vastly under-reported in all countries because many
people do not seek medical advice if they have mild symptoms, or for other
reasons.
i) Seasonal Influenza in EU/EEA
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The European Influenza Surveillance Network (EISN) (European Centre for
Disease Prevention and Control, 2012) formerly known as the European
Influenza Surveillance Scheme (EISS) is an influenza surveillance network now
run by the European Centre for Disease Prevention and Control. This group
publishes the Weekly Influenza Surveillance Overview (WISO) (European Centre
for Disease Prevention and Control, 2012) which includes data on all influenzalike cases per 100,000 population, anti-viral resistance and virological
surveillance for all EU and EEA countries except Liechtenstein. In addition,
annual seasonal influenza reports for the seasons 2000-01 to 2006-07 have
been published.
The WHO European regional office maintains EuroFlu.org (EuroFlu, 2010), an
influenza surveillance network. This network gathers much of the information on
influenza for all EU EEA/EFTA countries except Liechtenstein, publishing weekly
bulletins throughout the influenza season 2009-2010, back to 2000-2001.
Annual reports are also published (2006-2007, 2005-06, 2004-05, 2003-04)
using data from EISS/EISN in which the epidemiological and virological activity
of influenza, the number of positive swabs, and other collated sentinel and nonsentinel virological data are assessed. Various other bulletins for country-specific
information are also available on this website.
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) contain virological
and resistance data on seasonal influenza.
ii) Pandemic Influenza
EuroFlu and ECDC collect information on pandemic influenza. An overall/annual
report is yet to be published as data are still being gathered. However, the
weekly Influenza Surveillance Overview (WISO) (European Centre for Disease
Prevention and Control, 2012) and other weekly bulletins provide updates
exclusively on H1N1 prevalence/incidence in the EU/EEA. Various peer-reviewed
publications are expected to become available in the coming years.

iii) Avian Influenza
The WHO Statistical Information System (WHOSIS) (World Health Organization,
2012) publishes data in World Health Statistics WHO reports (2005-2009
inclusive) for all EU/EEA countries except Liechtenstein. Reports include the
number of reported cases for H5N1 influenza in Europe.
The ECDC 2006 report concludes that there were several reported outbreaks of
H5N1 avian influenza cases in animals in the EU during 2007. This said, there
were no human cases but surveillance continues. Outbreaks were reported in
Czech Republic, France, Germany, Hungary, Poland, Romania and the UK in
domestic and wild birds.
4.1.2.2.6

Serious imported diseases
a. Malaria
Malaria is almost exclusively imported into the EU/EEA with only a few recorded
cases of autochthonous malaria. There are four well described species of
Plasmodium; falciparum, vivax, ovale and malariae, with P. falciparum being
associated with more severe illness. Because malaria is a serious condition,
those infected (particularly Europeans with no prior immunity) are likely to seek
medical advice. However, there is a degree of under-reporting, particularly for
long-lived low-level infections.
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Compulsory notifications are in place in most EU EEA/EFTA countries but with
voluntary reporting in Belgium.
TropNetEurop (TropNet, 2009) is a useful sentinel surveillance network
compiling data collected in network member countries (Austria, Belgium, Czech
Republic, Germany, Finland, France, Greece, Iceland, Italy, the Netherlands,
Norway, Poland, Portugal, Spain, Sweden, Switzerland and the UK). Frequent
reports (several per year) are available in the period 2000-2009 and information
is provided on; number of cases and Plasmodium species in each member
country, mean/median age of patient, travel destination and duration, patient
classification (Europeans in EU, European expats, foreign visitors,
immigrants/refugees), chemoprophylaxis behaviours (Y/N) in European patients,
hospitalisation status and percentage mortality. An extended report also exists;
however, this is only available to TropNetEurop members.
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) report results
comparable to the TropNetEurop results.
The European Commission has summarized and tabulated data from Eurostat
and ECDC in a report entitled European commission, health and consumers
directorate general (European Commission and Health and consumers
directorate general, 2009). Case numbers and the incidence of malaria per
100,000 population for all EU/EEA countries except Liechtenstein, for the years
1997 through 2006 inclusive are available. These data are not stratified by age
or gender.
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
provides data for most countries (excepting Cyprus, Iceland, Finland and Latvia)
from 1998 through 2008 inclusive. Data include mortality rates (France, the UK,
Germany, Portugal and Italy are among the highest), imported cases, imported
P. falciparum, total malaria cases and autochthonous malaria of which there
have been cases in France (one case in 2006) and Italy (two cases in 1997, two
cases in 2007).
b. Viral Haemorrhagic fevers (VHF)
This group contains many different diseases, some of which are endemic within
the EU/EEA (various hanta viruses including Puumala virus and Dobrava virus,
Crimean-Congo haemorrhagic fever and others), some are imported (dengue,
Ebola, chikungunya), and some are both endemic and imported (West Nile
fever). The overall number of VHF cases in Europe remains low and hence VHFs
are considered rare.
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
provides data (number of cases and incidence per 100,000 population) for the
following individual VHFs: Crimean-Congo haemorrhagic fever (CCHF), data for
most EU/EEA countries (no data before 1998); Dengue, data for most EU/EEA
countries (few data before 2000); Ebola-Marburg, data for some EU/EEA
countries (many data missing); Hanta, most EU/EEA countries (few data before
1998); Omsk haemorrhagic fever, some EU/EEA countries (data incomplete);
Rift Valley fever, some EU/EEA countries (much data missing); Tick-born
encephalitis (TBE), some data on some EU/EEA countries (much data missing);
West Nile fever (combining indigenous and imported cases).
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
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Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) describe combined
VHF cases and overall notification rates. The ECDC 2009 report noted 45 cases
of VHF (33 confirmed) in 2007, occurring in seven EU and EEA/EFTA member
states, giving an overall notification rate of 0.007 per 100,000. The highest
reported VHF in 2009 was hanta virus whereas in 2007 it was Crimean Congo
Haemorrhagic fever (CCFH). West Nile Fever was considered separately and in
the ECDC 2009 report, a total of 11 confirmed cases across the EU/EEA in 2007
were reported: France (two cases), Hungary (four cases), UK (one case),
Romania (four cases).
TropNetEurop (TropNet, 2009) is a useful sentinel surveillance network
compiling dengue case data collected in network member countries (Austria,
Belgium, Czech Republic, Germany, Finland, France, Greece, Iceland, Italy, the
Netherlands, Norway, Poland, Portugal, Spain, Sweden, Switzerland and UK).
Annual surveillance reports for imported dengue in member countries are
available for the years 2000 through 2009. Other combined data from all
member countries include: number of cases and frequency of disease, travel
destination, patient classification (Europeans in EU, European expats, foreign
visitors, and immigrants/refugees), diagnosis (probable/confirmed), symptom
distribution, and % mortality. There is an extended report available to
TropNetEurop members only.
The European Network for Diagnostics of Imported Viral Diseases (ENIVD)
(ENIVD, 2012) is in cooperation with and funded by ECDC, and has collaborated
with TropNetEurop. Historical cases and references to publications describing
cases of imported VHF (1998-2009) are described. In addition, studies of
imported cases in Europe (dengue and chikungunya) are ongoing as the burden
is believed to be underestimated. All EU/EEA countries have representing
institutes in this network except Iceland, Liechtenstein and Malta.
Wildlife-Related Emerging Diseases and Zoonoses (WiREDZ) is a special interest
group of Med-Vet-Net (Med-Vet-Net, 2012) that collects surveillance data on
Hanta virus, West Nile and other flaviviruses in Europe. Although no data are
available as of yet on their website, this may be useful in the future. This is also
true of Arbo-zoonet (Arbo-zoo-net, 2010), a European Commission research
framework that addresses issues of imported VHF.
Many of the other data on VHF come from the published literature on various
diseases including CCHF, chikungunya (CHIKV) (autochthonous Rezza, Nicoletti
et al., 2007), imported (Depoortere and Coulombier, 2006; Krastinova,
Quatresous et al., 2006), lassa and others.
c. West Nile Fever
West Nile fever is both an endemic and imported viral haemorrhagic fever in the
European Union and is of particular importance (threat) when considering the
North American outbreak. Notification of the disease is mandatory in most
countries (however, voluntary reporting in Belgium, France, Ireland and the
UK).
The main data sources for West Nile fever virus are as aforementioned; CISID,
the ECDC annual epidemiological report on communicable diseases in Europe
2009 and 2007, and research groups’ published papers. There is still a paucity
of data and literature regarding this disease in the European setting.
4.1.2.2.7

Zoonotic diseases
a. Q-Fever
Q-fever is a zoonotic disease reported to occur in most EU EEA/EFTA countries.
The disease can affect major occupational groups including farm workers, those
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working with wild animals, abattoir workers, other communities exposed to farm
animals (in particular, cattle, sheep and goats, and parturient cats) and those
eating unpasteurised milk and cheese. A vaccine is available for animals;
vaccination may lead to a decrease in human disease if the uptake and efficacy
is high.
Compulsory notifications are in place in most EU/EEA countries, but voluntary
reporting exists in Belgium and the United Kingdom.
Two previous European Centre for Disease Prevention and Control (ECDC)
reports entitled Annual epidemiological report on communicable diseases in
Europe 2009 (European Centre for Disease Prevention and Control, 2009) and
Annual epidemiological report on communicable diseases in Europe 2007
(European Centre for Disease Prevention and Control, 2007) provide case
notification data.
The Centralized Information System for Infectious Diseases (CISID) - WHO
Europe (Centralized Information System for Infectious Diseases (CISID), 2010)
covers the number of cases and incidence of cases per 100,000 population.
There are data missing for some years, but generally reporting has improved
from 2002 onwards Data are not stratified by age or gender. No data exist for
Cyprus, Portugal and Germany.
Med-Vet-Net(Med-Vet-Net, 2012) is a European network for zoonotic disease
research with partners in Denmark, France, Germany, Hungary, Italy, the
Netherlands, Poland, Spain, Switzerland and the UK. The network is developing
improved diagnosis techniques (in animals) which may help case surveillance in
humans, and they also publish annual reports. To date neither incidence nor
prevalence data are available online, but this may change in future.
Numerous publications describing local epidemiology and outbreaks exist. There
have been numerous sporadic outbreaks in Europe including: an outbreak
among veterinarian students in Slovenia (Grilc, Socan et al., 2007), an outbreak
among migrant farm workers (Pollock, Mellor et al., 2007), an outbreak among
workers of a meat processing factory (Donaghy, Prempeh et al., 2006), an
outbreak in residential areas near farmland (Gilsdorf, Kroh et al., 2008), and
various other outbreaks reported in the published literature.
4.1.3

Hospitalisation databases
Laura Muriani1
1.) Public Health Institute, UCSC, Rome Italy
Our aim is to understand if and how hospital administrative databases could
contribute to the data needed for conducting a burden of infectious diseases in
Europe study. An understanding of hospital administrative databases is a
necessary first step for determining if inter-country health care systems are
comparable. After a thorough search of the literature, some interesting points
have been discovered, especially concerning several OECD and WHO countries.
First, Moise provides a basic overview of the main hospital administrative
datasets potentially available in several OECD countries (Australia, Belgium,
Canada, Denmark, Finland, France, UK, Italy, Sweden and the United States)
(Moise, 2001). These data are part of a bigger OECD project investigating
changes in cross-national treatment of age-related diseases and how these
changes affect health outcomes. The database ‘Hospital Discharge Data’ (HDD)
has been developed as a monitoring tool used by policymakers and planners to
track hospital activity. This dataset is used to conduct epidemiological, political
and economy-related research.
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In Tables 4.5a,b, and Table 4.6a,b, Hospital Discharge Data (HDD) are
summarised. Information concerning infectious diseases, the description of
patient characteristics and the possibility of investigating health outcomes and
costs is displayed. In the tables, descriptions of inpatient databases, the
capacity to link to other sources of data, the case mix (DRG) systems used, and
outpatient and ambulatory care data are also provided. In many cases, it is not
possible to link inpatient data to data on ambulatory and out-patient care.
Several countries began using the Diagnosis Related Groups (DRG) system in
1990 for the collection of abstract information. DRGs in the United States
classify all human diseases according to the affected organ system, the surgical
procedures performed on the patient, morbidity, and sex of the patient. DRGs
are also baskets of diagnostic and treatment procedures of health services
grouped together by statistical analysis in order to facilitate the public payment
process of health care financing (McClellan, 1996). In addition, DRGs are used
for a much wider range of objectives, including increasing transparency,
inducing efficiency and supporting the management of hospitals. To identify
diagnostic and treatment procedures from inpatient data, further investigation is
needed.
Limits to this kind of data source are linked to the need for complementary
sources of data to bridge the gaps where the detailed information needed to
study specific infectious disease is lacking.
The International Classification of Diseases (ICD) has been adopted as a method
for categorising morbidity and mortality in a number of countries and in
international organisations including European Commission (EC), OECD, and
WHO. The coding systems for diseases and procedures are more consistent
across countries, with most countries using ICD 9/ICD 9 CM, or having switched
to ICD 10/ICD 10 CM in the past few years. Although it is good classification
system, the cause of illness or mortality for certain infectious diseases may be
misclassified if there is confusion over the primary or secondary (or vice-versa)
cause.
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Table 4.5.a: General Administrative Data Sources
Coverage
DRG (Case
Country
Principal
Mix)
data set and
System
Time Period

Belgium
(BE)

Denmark
(DK)

Finland
(FI)

Résumé
Clinique
Minimum &
Résumé
Financier
Minimum
(RCM-RFM)
1988 - 1997

All Patients
Diagnosis
Related
Group
(APDRG –
version 10)

Includes all
patients
discharged from
15 - 75 hospitals
per year
(teaching and
general, public
and private)

Representative
-ness

All hospital stays

National
Patient
Register 1978
– 1998

Nord DRG
(Nordic
countries
version of
DRG) 1987 1998

Includes all
inpatients
discharged from
Danish public
hospitals.

All individuals
residing in DK
(and persons
visiting DK)

Hospital
Discharge
Register 1987
- 1997

NordDRG
(Nordic
countries
version of
DRG) -can
be used from
1997
onwards.

Includes all
patients
discharged from
public hospitals in
FI, private
facilities not
included

All individuals
residing in
FI(and persons
visiting FI)
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Linkage
capacity
(follow
patients
over time)
Yes, but can
only follow
patient for
multiple
stays in same
hospital. IHE
- mortality
data;
Yes, based
on patient ID
possible to
link with
registers on
operations
and cancer.
Also with
Cause of
Death
Register

Yes

Age

Sex

Place of
residence

Yes

Yes

Postal Code

Mutuality code,
private
insurance status

Yes

County,
municipality

Yes, by linking
to other
population
registers. Not
possible to view
whether patient
has
supplementary
insurance.

Yes

County,
municipality,
parish

Yes, by linking
to other
population
registers

Yes

Yes

Other socio
economic
characteristics
, availability of
supplemental
insurance
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France
(FR)

Données PMSI
1994 - 1997

Groupe
Homogéne
de Malades
(Adapted
from US
classification
using
weights
reflecting
French
clinical)

England

Hospital
Episode
Statistics
1989 - 1998

Healthcare
Resource
Groups

Population
admitted to
public hospitals

Oxford Record
Linkage Study
1968 - 1986

No DRG
system

Population in the
Oxford area

Italy
(IT)

Sweden
(SE)

Schede di
Dimissione
Ospedaliera
(SDO) 1993 ?; MOD
ISTAT prior to
1993

Hospital
Discharge
Register 1987
- 1997

Raggruppam
enti
Omogenei di
Diagnosi
(based on
U.S. DRG
vers. 10)
NordDRG
(Nordic
countries
version of
DRG) -can
be used from
1997
onwards.

Public database
(includes most
public hospitals);
cost data base
(includes
40 public
hospitals)

Public and
private hospitals
(all individuals
residing in FR);
Cost data base

No

Yes

Public hospitals

No

Yes

Includes all
patients
discharged from
Italian hospitals.

All individuals
residing in Italy

Includes all
patients
discharged from
public hospitals in
SE, private
facilities not
included

All individuals
residing in SE
(and persons
visiting SE)

Yes

In national
database,
regional
code (dép.)

No

Yes

Yes

No

Yes

Yes

Yes

Yes

To be
investigated,
linked
with Census

Yes

Yes

Yes

Region

Marital status

Yes

Yes

Yes

County,
municipalit
y, parish

Yes, by linking
to other
population
registers
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Table 4.5.b: General Administrative Data Sources
Country
Diagn Diagnoses Procedure Procedure
code
osis
code

Belgium
(BE)

Denmark
(DK)

Finland
(FI)

France
(FR)
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ICD 9

ICD 8
up to
1993;
ICD 10
since
1994

Primary
diagnosis+
xx
additional
diagnoses

Primary
diagnosis +
an
indefinite
number of
secondary
diagnoses

ICD 9

Primary
diagnosis +
XX
secondary
diagnoses

ICD 9

Primary
diagnosis +
50 possible
secondary
diagnoses

ICD 9 CM

SKS code;
NOMESCO

NOMESCO

ICD 9CM

Primary
procedure+
i unlimited
number of
additional
procedures
Primary
procedure+
indefinite
number of
secondary
procedures
(only surgical
interventions
are
coded)
Primary
procedure+
xx possible
secondary
procedures
Primary
procedure +
50 possible
secondary
procedures

Length
of stay

Yes

Costs/Fees

Fee billing
information
(divided into
70 categories)

Way of
entry

Yes

Way of
exit
Dischar
ge)

Yes

Yes

No

Yes

Yes

Yes

Yes, prices
and
fees for
procedures
bought
by
municipalities

Yes

Yes

Yes

Yes, for the
cost
base,
disaggregated

Yes

Yes

Hospital
Identifica
tion

Other
informa
tion

Yes

Number
of days
in ICU,
type of
departm
ent

Yes
(hospital
and
departmen
t
where
patient
was
treated)

Yes

Yes, with
SAE
hospital
survey

No

No

ICU use
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England

Italy
(IT)

Sweden
(SE)

ICD 9

Yes

Yes

ICD 9

Primary
diagnosis +
3
possible
secondary
diagnoses

ICD 9 CM

ICD 9
(19871996;
ICD 10
since
1997

Primary
diagnosis +
5 secondar
y
diagnoses;
Primary
diagnosis +
7 secondar
y
diagnoses
(depends
on how
daggeraste
risk
codes are
used.)

Surgery
codes
only,
Swedish
classificatio
n;
Surgery
codes
only,
NOMESCO
(Nordic
classificatio
n)

To be
investigated

Primary surgical
procedure +
3 possible
secondary
surgical
procedures

8 procedure
codes,
none specified
as
primary;
12 procedure
codes,
none specified
as
primary

Yes

Yes

Yes

No

Yes

Yes

Yes (Total cost
of
stay)

Yes

Yes

Yes
(hospital
code and
U.S.L.
code local
health
unit)

No

Yes
(home,
another
departm
ent)

Yes
(home,
another
departm
ent)

Yes

Type of
departm
ent
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Table 4.6.a: General Administrative Data Sources
Country
Inpatient data information
Inpatie Rehospitalis
ation or
nt
mortali other
outcomes
ty
Résumé Clinique Minimum
Financier Minimum

Belgium
(BE)

Yes

Possibility
of linkage
with:

Outpatient and ambulatory care
information

Types of information and
services captured

Costs/fees

et Résumé

Rehospitalisation is available if
patient is rehospitalised in
same hospital.

CIES-INAMI
All ambulatory care
services covered by
mutuelles. Information
is available within each
mutualité. A national
level single source of
information will not be
available until 2000 (see
previous).

Pharmaceutical data information
Type of info.,
services captured,
Costs
drug consumption
and codes
Résumé Clinique Minimum et Résumé
Financier Minimum

Yes (billed
charges)

Anatomical
Therapeutic
Chemical code
(ATC)

Total costs by
ATC
are available.
Includes
amounts billed
fee-for service.

Primary procedure
+ an
indefinite number
of secondary
procedures (no
diagnosis)

No

No

National Patient Register
Denmark
(DK)
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Yes

Yes, however it is not possible
to imply a relationship with
the outcome of a previous
admission.

No information
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Table 4.6.b: General Administrative Data Sources
Country
Outpatient Information

Pharmaceutical
Information
Cos
Drug
ts
consump
tion and
codes

Principal
data set

Procedure
information

Type of
inform
ation

Costs
/Fee
s

Finland

Finnish
hospital
Discharge
Register

No information

No

No

No

No

France

Données
PMSI

No

No

No

No

England

Hospital
Episode
Statistics
Oxford
Record
Linkage
Study
Schede di
Dimission
e
Ospedalie
ra (SDO

No,
administrative
coding in claims
data with no
linkage possible
No information

Italy

Includes
information on
whether or not
a patient was
admitted to a
hospital and the
number of days

No

No

No

No

No

Health Outcomes
Information
Mortality
Rehospitalis
ations or
other
outcomes
information
Mortality
Yes
(1 and 7 day
mortality), in
hospital
mortality
over time
Inpatient
No
mortality; no
link with
death
registry
No
No

Possibility of Linkage
with:
Other data
Other
sets
outcom
e
informa
tion
No

Yes, linkage

Yes

In-hospital
mortality
(includes
information
on results of
autopsy)

Yes

No, except
local specific
data

No

No

No

No other
linkage
possible

No
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Sweden
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Hospital
Discharge
Register

in a hospital
Project has
been initiated to
develop
registers for
out-patient
care.

No

No

No

No

Can be
linked with
Cause of
Death
Register
(COD)

Yes

Unique
personal ID
allows
linkage
to other
registers
(MI, Cancer,
Stroke, Hip,
Fractures,
Diabetes)
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Inpatient data are comprehensive for a large number of countries (see also
World Health Organization Regional Office for Europe (2009)). Over the last 10
to 15 years the availability and the quality of data from population-based health
surveys in Europe has greatly improved, particularly for the countries of Central
and Eastern Europe. Nevertheless the design, quality of data and comparability
across countries, nations and cultures remain a significant challenge. Research
using such data must deal with data quality and validity limitations that arise
because the data are not created for research purposes (De Coster, Quan et al.,
2006). Compared with the chart data, administrative data indicate a lower
prevalence for ten co-morbidities, a higher prevalence for three and a similar
prevalence for four (Quan, Parsons et al., 2002).
Therefore WHO and EU have started various activities to harmonise the methods
and instruments used in health surveys.
Specific state/province level datasets are likely to provide more detailed
information, involving linkage possibilities not always available at the
central/federal level. This limitation is mainly due to many hospitals or local
level governments sending summarised reports of hospital discharges to central
agencies. Information is also lost if the collection system at the regional level
differs from that at the central level (e.g. different /older coding systems).
Comparison of trends in these datasets is only possible for those countries with
more historical data and with identically formatted data. A large group of
countries has comparable data from 2004 to 2006, and these countries can be
found on the European Hospital Morbidity Database (HMDB) (World Health
Organization Regional Office for Europe, 2009) which is maintained by the World
Health Organization Regional Office for Europe. Countries include; Austria,
Belgium, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, the Netherlands, Norway,
Poland, Portugal, Slovakia, Slovenia, Spain and Switzerland. An analysis of these
datasets should bear in mind that for most countries, data are used for the
planning public financing of health care. In other countries both private and
public hospital stays may be covered and sometimes these data may only
represent part of the population.
Looking at the HMDB database there are two ways of analysing the hospital
dataset: (a) comparisons between various diseases in a selected country, and
(b) comparisons between countries for a selected group of diseases. This
database contains HDDs by detailed diagnosis, the number of hospital
admissions/discharges, average length of stay and day-cases by diagnosis, age
(five-year classes) and sex, which were submitted by European countries to the
WHO Regional Office for Europe. The data presented are as provided by the
individual countries, and may contain coding errors and be influenced by specific
national practices of applying ICD codes for certain reasons for hospitalisation.
Morbidity data have been collected by WHO for many years but are limited to
certain infectious diseases and are generally not disaggregated by age and sex.
If more specific data are needed for a disease/condition or age group
(particularly for international comparisons), no single international source of
data is available. The experiences of the Hospital Data Project (Magee, 2003)
were taken into account as well; results to date look promising.
The WHO database contains hospitalisation data for the period 1999-2008. The
codes used for diagnosis and procedures are ICD-9-CM, ICD-10CM and ISMHT
(International Shortlist for Hospital Morbidity Tabulation) in Austria, Belgium,
Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, the Netherlands, Norway, Poland,
Portugal, Slovakia, Slovenia, Spain, Switzerland and the United Kingdom.
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The HMDB can assist in carrying out analysis of hospital activities in a single
country by comparing various indicators between all diseases and therefore
make comparisons between countries.
The limits of this database are the same as previously discussed. Depending on
the country, the coverage of reported data may differ. Often data cover only
public hospitals or data include only those patients covered by a national health
insurance system. Some countries register discharges that are based on
treatment episodes (consultant episodes, department discharges), and not all
multi-episode cases can be combined into one discharge record. To estimate the
completeness of reported data, the total number of discharges in submitted HDD
data files were compared with the total number of hospital admissions reported
independently to the European ‘health for all’ database of WHO/Europe (World
Health Organization Regional Office for Europe, 2010). The sources for the latter
figure are national healthcare statistics, which are supposed to have complete
coverage. Estimated in this way, coverage is typically about 80-90% for the
majority of countries.
In the literature there is much evidence (e.g. from the United States and from
certain European countries such as Denmark) indicating that hospitalisations are
considered a dimension of the infectious disease burden involving an array of
factors: secular trends in hospitalisation, changing case management practices,
demographic changes, and trends in the variety of infectious diseases occurring
(Simonsen, Conn et al., 1998; McBean and Rajamani, 2001; Yuan, Basso et al.,
2001; Curns, Holman et al., 2005; Fry, Shay et al., 2005; Thrane, Sondergaard
et al., 2005; Demma, Holman et al., 2006; Helms, Simonsen et al., 2006).
Putting aside the peculiarities of the individual national datasets, one important
question remains: Is it possible to analyse each admission for a patient? In
many cases, especially for privacy policy, it is not possible to study an
individual’s health path, but only the number of events, including discharges in a
period of time without distinction among first, second, or tenth visit to the
hospital. This makes locating data on sequelae more difficult.
Inpatient infectious disease datasets are less appropriate than outpatient
datasets for capturing treatments patterns. Normally other specific data sources
for this information can be found, such as: registers, surveys or ad hoc studies.
These could be very useful to complement hospital administrative databases.
4.1.4

Antimicrobial resistance
Alies van Lier1, Mirjam Kretzschmar1,2
1.) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
2.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
Antimicrobial resistance is increasingly recognised as a public health concern
(Jansen, Van der Bruggen et al., 2006). The principal mechanism driving the
development of resistance is to be found in the selection pressure exerted by
antibiotics, which are often injudiciously or inappropriately prescribed
(De Kruijff, Van der Meer et al., 2005). Delayed effective therapy will lead to
longer hospital stays and sometimes drastic interventions are needed (such as
isolation). Possible effects of antimicrobial resistance on disease burden
estimates can be a higher incidence or more severe disease due to a higher
virulence, or prolongation of duration of disease or a higher mortality due to
fewer available treatment options. In the ECDC/EMEA joint technical report ‘The
bacterial challenge: time to react; A call to narrow the gap between multidrugPage 128 of 194
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resistant bacteria in the EU and the development of new antibacterial agents’
the estimated burden due to a number of antibiotic-resistant bacteria was
presented (Table 4.7) (ECDC/EMEA Joint Working Group, 2009).
The European Antimicrobial Resistance Surveillance System (European
Antimicrobial Resistance Surveillance System), an international network of
surveillance systems, is the main source of information for the occurrence of
antimicrobial resistance in Europe. The objective of EARSS is to collect
comparable and validated antimicrobial susceptibility data for public health
action. EARSS performs on-going surveillance of antimicrobial susceptibility in
Streptococcus pneumoniae, Staphylococcus aureus, Escherichia coli,
Enterococcus faecalis/faecium, Klebsiella pneumoniae and Pseudomonas
aeruginosa causing invasive infections and monitors variations of antimicrobial
resistance over time and place (European Antimicrobial Resistance Surveillance
System, 2009).
The project ‘Burden of resistance and disease in European nations’ (Burden of
Resistance and Disease in European Nations, 2010) was launched because of
the lack of data on health and economic impact of antibiotic-resistant
microorganisms in hospital settings (Kaier, Wilson et al., 2008).
Enter-net was the international surveillance network for human gastrointestinal
infections. The network conducted international surveillance of salmonellosis and
verocytotoxin producing Escherichia coli (VTEC) O157, including antimicrobial
resistance. Since 2 October 2007 the Enter-net network has been subsumed into
the ECDC Food- and waterborne disease unit in Stockholm.
EuroTB (EuroTB, 2010) is the dedicated surveillance network for tuberculosis in
Europe and includes surveillance of anti drug resistance. From January 2008
onwards ECDC and WHO/EURO jointly coordinate the activities of EuroTB
(EuroTB, 2010).
The European Surveillance of Antimicrobial Consumption (European Surveillance
of Antimicrobial Consumption, 2012) collects information on antimicrobial
consumption in Europe.
Antiviral resistance
In the area of antiviral resistance, WHO and its HIV ResNet group of experts and
organisations have developed a Global strategy for prevention and assessment
of HIV drug resistance. The strategy aims to build evidence on the scale of HIV
drug resistance and equip and prepare countries with knowledge, skills and
systems to respond should drug-resistant HIV epidemics emerge(World Health
Organization).
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Table 4.7: Estimated yearly human burden of infections due to the selected
antibiotic-resistant bacteria and percentage of this burden due to bloodstream
infections, EU Member States, Iceland and Norway, 2007. Source: (ECDC/EMEA
Joint Working Group, 2009)
No. extra
Antibiotic-resistant bacteriaa
No. cases of
No. extra
deaths
infection
hospital
(% from
(four
days
main types)b bloodstream (% from
bloodstream
(%
infections)
infections)
bloodstream
infections)
Antibiotic-resistant Grampositive bacteria
171,200
5,400
1,050,000
Methicillin-resistant
(12%)
(37%)
(16%)
Staphylococcus aureus
(MRSA)
Vancomycin-resistant
18,100 (9%) 1,500
111,000
Enterococcus faecium
(28%)
(22%)
Penicillin-resistant
–
3,500 (27%)
–f
Streptococcus pneumoniaec
Sub-total
192,800
6,900
1,161,000
(12%)
(35%)
(16%)
Antibiotic-resistant Gramnegative bacteria
32,500 (27%) 5,100
358,000
Third-generation
(52%)
(27%)
cephalosporin-resistant
Escherichia colid
Third-generation
2,900
208,000
cephalosporin-resistant
18,900 (27%)
(52%)
(27%)
Klebsiella pneumoniae
Carbapenem-resistant
141,900 (3%) 10,200
809,000
Pseudomonas aeruginosae
(7%)
(3%)
Sub-total
193,300
18,200
1,375,000
(9%)
(27%)
(13%)
Total
386,100
25,100
2,536,000
(11%)
(29%)
(14%)
a
Data on antimicrobial resistance for Klebsiella sp. other than K.
pneumoniae, Enterobacter spp. and Acinetobacter spp. were not available from
EARSS. Although coagulase-negative staphylococci as well as beta-haemolytic
and viridans streptococci are among the ten most common bacteria isolated
from blood cultures (Biedenbach, Moet et al., 2004), they were excluded from
the study because reliable resistance data are not available for these bacteria.
b
Bloodstream infections, lower respiratory tract infections, skin and soft
tissue infections and urinary tract infections
c
Most fully penicillin-resistant Streptococcus pneumoniae isolates are
resistant to both penicillin and macrolides.
d
Resistant to cefotaxime or ceftriaxone or ceftazidime.
e
Resistant to imipenem or meropenem.
f
-, could not be calculated.
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4.1.5

Sero-epidemiological data
Cheryl Gibbons1 and Eric Fèvre1
1.) Institute of Immunology & infection Research, University of Edinburgh,
Edinburgh, United Kingdom

4.1.5.1

Serology – What is it?
Serology is the study of blood serum but the term is often used to refer to the
study of antibodies in blood serum. Antibodies against a particular disease are
produced by one’s immune system following natural exposure or successful
vaccination, and tests can be carried out to measure antibody level. Antibody
levels can vary depending on age, on the number of exposures/doses of
vaccine, on the presence of underlying health issues and within certain
genetically distinct populations, as well as for other reasons. An antibody titre
threshold, above which individuals are considered to be sero-positive, is often
calculated in order that background antibody levels can be identified and true
exposure and/or protection determined. Just as antibody levels can increase
over time with repeated exposure, levels can wane in the absence of exposure.

4.1.5.2

The pros of Serological Data
Serological surveillance is an important tool. Data can be used to measure the
past and present community-level risk of disease, to measure the outcome of a
vaccination programme (e.g. has the vaccine worked in the community?), to
assess vaccine coverage (e.g. what proportion of the community has been
successfully vaccinated?) and for considering herd immunity.
Serological data can be used to quantify disease burden by supplementing other
available data and can even be compared to existing data sources to validate
the extent of exposure in the community. In the absence of data collected by
other means, sero-data may solely determine disease burden through
estimation of prevalence or cumulative incidence. Sero-data may help to
determine if sequelae are likely (are higher antibody titres indicative of
prolonged disease or complications?) and can even be used to estimate the
proportion of a community who have these sequelae based on estimates made
in the literature.
Serological surveys can be very informative for detecting underlying disease,
asymptomatic infections and therefore for estimating under-reporting. This was
described by Nardone and Miller (Nardone and Miller, 2004), who suggested that
50% of rubella cases were subclinical following serological surveillance in
Europe. Serological surveillance can therefore be considered as a method for
avoiding the drawbacks of passive reporting and also for avoiding misdiagnosis
when the clinical pictures of two diseases are similar (e.g. Q-fever is often
misdiagnosed as influenza owing to ‘flu-like’ symptoms. They are distinguishable
by serology).

4.1.5.3

The Cons of Serological Data – Comparability of data
Serological data come with many provisos. One of the most crucial
considerations when collecting serological data from different sources is whether
the data are comparable or not. As tests are carried out in different laboratories
in different countries, using different assays under different conditions, various
measures must be employed to allow inter-laboratory comparability of assay
results (e.g. centralised reference laboratories). If such measures are not taken,
data may be unreliable, of poor quality and incomparable.
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a. Standardisation of assay protocol
It is intuitive that if two laboratories are using the same ELISA protocol, the
difference in results when testing identical samples will be minimal.
Unfortunately, there are various protocols and various commercial kits available
for all diseases tested in Europe which suggests that some systematic variation
in results should be expected.
Furthermore, it was noted that during a serological survey of pertussis in Europe
(Giammanco, Chiarini et al., 2003), different laboratories serial diluted samples
to different strengths. This may hide true antibody titres (as determined by a
reference laboratory under standardised conditions) and over-dilution could
mean that true exposures are incorrectly considered to fall below the threshold
of sero-positivity/immune protection and thus are not detected.
Ideally protocols should be standardised; however, it is nevertheless possible to
pool data from different sources that have been produced using differing
protocols. The European Sero-epidemiology Network 2 (ESEN-2) (European
Sero-Epidemiology Network 2) has developed a method of recalculating local
serology units to create a common, comparable unitage for diphtheria,
hepatitis A virus, hepatitis B virus, measles, mumps pertussis, rubella, varicella
zoster virus (Andrews, Pebody et al., 2000; Von Hunolstein, Aggerbeck et al.,
2000; Giammanco, Chiarini et al., 2003; Kafatos, Andrews et al., 2005; Pebody,
Gay et al., 2005; Kafatos, Anastassopoulou et al., 2007; Anastassopoulou,
Kafatos et al., 2009). This was done by sending a panel of identical sera to all
collaborating laboratories in Europe and then comparing the local ELISA results
with that of a centralised reference laboratory. The ELISA results from the
reference laboratory were taken to be the gold standard, and thus the over- or
underestimation of local titre was adjusted for with reference to the gold
standard.
Without standardising, the utility of serology for determining disease burden is
reduced.
b. Selection of optimal antibody markers
For any disease, there may be several markers of infection and different
serological markers will produce varying optical densities (OD). It should also be
remembered that the OD value of a sero-positive individual using the optimal
sero-epidemiological marker for one disease will not equal the same value for a
different disease also using the corresponding optimal marker. There may be
several options of markers for diseases, but the selection of the most
appropriate serological marker is important and appropriateness is based on
various factors. The marker must first of all be specific to that infection so that
there is no cross-reactivity and other infections are not accidentally detected
causing an over-estimation of incidence (in the case of pertussis, antibodies
against pertussis toxin (PT) were chosen as the pertussis marker because the
toxin is exclusively an antigenic component of B. pertussis and not of any other
Bordetella infection (Giammanco, Chiarini et al., 2003)). It is additionally useful
to be able to distinguish between old and new infections to reduce confusion
over incidence or prevalence. It is also helpful if the marker degradation rate is
low.
However, even if a good maker is chosen, problems may still arise because
some populations are genetically distinct and therefore will produce inconsistent
antibody titres as compared with members of a different population who have
experienced the same dose of infection. Therefore, country-distinct profiles and
standardising serological methods at the country level as described above are
important to permit accurate and fair data comparisons. Similarly, countryspecific and age-standardised (as titres vary with age) sero-conversion and
sero-reversion (waning or antibody decay) profiles would be useful.
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c. Correctly determining cut-off points
Accurate thresholds for sero-positivity, above which individuals are considered
infected, previously infected or are immune, are important for correctly
quantifying prevalence and incidence (Giammanco, Chiarini et al., 2003). If the
threshold is set higher than the real threshold, then many cases may be missed
and the true burden of disease underestimated. Additionally, when using
serological surveys to determine vaccine coverage and herd immunity, if a cutoff point is below the true threshold, many sero-negative individuals would be
classified as sero-positive leading to an underestimation of vaccine coverage and
lower herd immunity, and hence a higher unrecognised disease risk.
Some communities may have genetic factors or environmental exposures that
mean a higher/lower background antibody level than expected. Therefore,
population-specific thresholds must be determined.
d. Sample selection
Serological surveys can be carried out within a sample of the entire population
or among specific groups. If the goal is to describe the disease burden in the
population at large, the sample must be randomly selected and represent the
population as a whole by showing no age, gender, or minority group bias.
However, governments will often only screen high risk groups, who are expected
to have a higher disease incidence in comparison to the general population, and
therefore care must be taken not to overlook this fact when drawing conclusions
of serological surveys. Unless serological data are being generated de novo
through surveys, the choice of existing data to use must be considered with
great care.
In a serological survey conducted for hepatitis C in Australia, Amin et al. (2004)
estimated sero-prevalence to be significantly higher than the sero-prevalence
estimated by mathematical modelling. This was because the majority of
individuals in the reporting group for the serological surveys were intravenous
drug users (IDUs). Despite this, the study showed that hepatitis C seroprevalence was significantly higher than the notification rate, indicating possible
under-reporting.
To test whether the incidence predicted by serological data is correct or not, it is
useful to compare it to other clinical case data.
e. Immunisation versus infection
As mentioned above, sero-surveys can be used to estimate vaccine coverage in
a population where an intervention programme is in place. However, if the
researcher wishes to describe sero-prevalence rather than vaccine coverage in a
population that has been partially immunised, the usefulness of sero-surveys
decreases. This can be seen in tuberculosis sero-surveys in which the high
incidence of a positive response to antibodies may be due either to BCG
immunisation or to infection, without distinction. Thus, using serological data as
a marker of disease burden may be most appropriate for those diseases for
which there is no routine vaccination.

4.1.5.4

Data Sources
There are various sources of serological data. Certain institutes – typically
governments – routinely screen for certain diseases and as mentioned above,
sometimes screen either exclusively or more often within ‘high-risk’ groups. In
other instances, data are actively sought by research groups and thus results of
serological surveys can be found in published literature. In addition, data may
be collected by a network or international group encompassing various
institutes.
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There are more serological data collected for some diseases compared with
other diseases. Table 4.8 below describes the groups of diseases that are most
likely to have existing serological data. For a more extensive but not exhaustive
list of data sources, please contact the editors13.
Table 4.8: Overview of diseases groups with available serological data
Which diseases tend to have
more serological data?

Examples of
Diseases

Types of Institutes
Reporting

Those that are vaccine-preventable
(monitoring immunisation
programmes and vaccine coverage)

Diphtheria, Measles,
Mumps, Rubella,
Hepatitis A,
Hepatitis B,
Pneumococcal disease
HIV, Hepatitis B and C,
VHF, Q-fever

Local and EU regional reference
laboratories, governments,
international networks,
research groups

Those for which the gold standard
for diagnosis is serology

Those that are routinely screened
for in donated blood

HIV, Hepatitis B and C

Those believed to be underreported/misdiagnosed

Salmonella,
Campylobacter, Qfever, Influenza, VHF

Local and EU regional reference
laboratories, governments,
international networks,
research groups
Local and EU regional reference
laboratories, governments,
international networks,
research groups
Research groups

The following networks gather serological data as well as publish their findings:
a) European Sero-Epidemiology network 2 (ESEN2)
The European Sero-Epidemiology network 2 (ESEN2) (European SeroEpidemiology Network 2) is a network that aims to collect and compare
serological results regarding vaccine-preventable diseases across Europe. In
recent years, the network has expanded to include more member countries and
to cover eight diseases: diphtheria, hepatitis A virus, hepatitis B virus, measles,
mumps pertussis, rubella, varicella zoster virus. A great deal of literature has
been published by the group, including papers describing the standardisation of
assays for the mentioned diseases, disease surveillance and the analysis of
sero-prevalence data.

b) European Network for Diagnostics of "Imported" Viral Diseases (ENIVD)
The European Network for Diagnostics of ‘Imported’ Viral Diseases (ENIVD)
(ENIVD, 2012) is an established EU-wide network for the diagnosis of rare,
imported viral infections including viral haemorrhagic fever (VHF) infections.
Two ongoing projects of particular relevance are the studies on imported dengue
and chikungunya into Europe. ENVID has also published some findings from
serological surveillance including a cross-sectional survey on hantavirus seroprevalence in Canton St. Gallen, Switzerland, a chikungunya outbreak in
Reunion, France which was confirmed by serology (Schultze, Fierz et al., 2007),

13

A spreadsheet summarizing the various sources is available on request from the editors.
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a sero-survey for WNF in horses in southern France (Durand, Dauphin et al.,
2005), as well as others (Paquet, Quatresous et al., 2006).
c) Med-Vet-Net
Med-Vet-Net (Med-Vet-Net, 2012) is a European network for zoonoses research
that integrates veterinary, medical and food scientists focusing on food safety.
The aim of the network is to improve research on the prevention and control of
zoonoses, including food-borne diseases. The network collects serological data
and publishes reports and papers on findings including population-based serosurveys of campylobacter and salmonella in Europe (Simonsen, Strid et al.,
2008; Med-Vet-Net, 2010).
d) Arbo-zoo-net
Arbo-zoo-net (Arbo-zoo-net, 2010) is an EC research framework with projects
addressing issues of imported VHF, in particular WNV, RVFV, CCHFV. The
network collects surveillance data including some human and animal serology
but despite this, the network has published few relevant papers and no results
are available online.
e) Other sources
Other sources of data include national reference laboratories and EU reference
laboratories specific for certain diseases. Because for certain diseases the gold
standard for diagnosis is serology, laboratories gather this information routinely.
There is a considerable volume of literature on sero-epidemiological disease data
in Europe. Data have been gathered from networks and reference laboratories,
as well as research groups.
Blood banks provide an opportunity to study the sero-prevalence of disease
within blood donating populations. Various studies have made use of blood
banks (Struve, Giesecke et al., 1992; Offergeld, Ritter et al., 2007), although
there are regulatory and ethical issues involved in use of such samples.
4.1.6

Availability of census and other statistics across the European Union
Cheryl Gibbons1 and Eric Fevre1
1.) Institute of Immunology & infection Research, University of Edinburgh,
Edinburgh, United Kingdom

4.1.6.1

What is a census? Uses and limitations
A census is the official enumeration of all people and households within a
population. Typically carried out by governments and international
organisations, censuses provide a source of reliable demographic, economic and
social data which can be used by various institutes including central, regional
and international organisations, governments, health authorities, businesses,
and research groups (Office for National Statistics United Kingdom, 2012).
Typically, censuses in Europe are carried out every 10 years as recommended
by the United Nations (United Nations Economic Commission for Europe and
Statistical Offices for the European Communities (EUROSTAT), 2006); the last
one took place in 2001, and the next is due in 2011 (Office for National
Statistics United Kingdom, 2012).
a. Advantages of census and other statistical data
Census data are required to make informed decisions concerning the allocation
of resources and services, to carry out market research, to understand trends
and changes in trends, to identify minority groups, to solve important socioeconomic questions and to quantify risk or disease burden, among many other
uses. In terms of quantifying disease burden, census data provide a
denominator for calculating disease incidence, rates, risk, and ratios for
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comparison of statistics (particularly between different diseases and across
different countries). It is also useful for comparing regional statistics to the
country-wide norms which may help identify any variance in demographic rates
or to find disease clusters.
b. Disadvantages of census and other statistical data
Up-to-date, accurate and comprehensive records are therefore very valuable.
However, a successful census involves a great deal of cooperation and planning
and it is very costly, factors that are major drawbacks of this type of data
collection. It was recently estimated by the UK Office of National Statistics that a
UK-wide census costs approximately £255 million (Office for National Statistics
United Kingdom, 2012). Another limitation is that not all records are complete
and not all countries complete their censuses. In a statement by Mr. Olli Rehn,
the European Commissioner for Enlargement, it was announced that Bosnia and
Herzegovina will not be contributing to the 2011 census that the entire EU, the
Western Balkan countries and many other European States will be part of (Rehn,
2010). It is said this country has not adopted the law on the Census of
Population, Households and Dwellings (European Union, 2008) which is not in
accordance with EU requirements and international standards. The implications
are that there will be no accurate statistical records and that Bosnia and
Herzegovina may distance itself from the EU.
4.1.6.2

Types of data and data sources
There are great volumes of census and other statistical data available for all EU
and EEA/EFTA countries on the internet and elsewhere. Such data are commonly
collected by central and regional governments as well as larger political bodies
including the European Commission (EC), and are then disseminated through
various internet networks.
Below are some key sources of European census and other statistical data.
a. European Commission (EU) – Eurostat (Eurostat 2010)
The most comprehensive compilation of European census and other statistical
data is the European Commission network Eurostat. The main goal of this
organisation is to pool together and disseminate reliable, comparable data
produced by all EU and EEA/EFTA member states. There are various policies and
guidelines produced by the European Commission and Eurostat to ensure the
greatest comparability and highest possible quality of data, and therefore data
quality depends on consistently accurate and efficient data collection, as well as
national and regional adherence to legislation and specified methodology.
Although data are assumed comparable at the national and European levels, it is
not certain whether local scale analysis would be possible. Data may not be
detailed enough at the local level and national-level data may not reflect local
clusters of minority groups or other spatial differentiations.
National (2001 and 1991/90) and regional (2002) census data are available for
all EU and EEA/EFTA countries, and are grouped as different categories:
population structure (e.g. broken down into population by sex, age, marital and
co-habitation status, country of citizenship), active population (e.g. population
by sex, age, current economical activity, employment status, citizenship,
(female) employed persons aged 15 and over by sex, age group, detailed
industry, detailed occupation, citizenship, family situation, current activity
status, economical activity and age of the youngest child), education (e.g.
population (aged 15-74) by sex, age, citizenship, and highest level of
educational attainment, economical activity, occupation and highest educational
level completed), households (e.g. population (aged 15 and over, living in
private households) by sex, age, type of household and household status, family
and non-family status, current activity, family nuclei by type, number of resident
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children in the family, current economic activity of parents, presence of other
persons in the household, households by size, citizenship composition), and
dwellings (e.g. private households by type of household, tenure status and type
of living quarters, number of living quarters, private households and occupants
by type of living quarters, occupied conventional dwellings by number of rooms
and type of ownership, number of occupants, presence of comfort
characteristics).
Other statistics provided regarding this network include: population and
population projections, international migration and asylum, health, education
and training, labour market, living conditions and welfare, crime and criminal
justice, age/sex-specific birth-, death-, infant mortality-, and fertility rates, life
expectancy and gender ratios, as well as a great many other detailed statistics.
Such information will be invaluable for detailed disease modelling, and for
identifying trends, risk and risk groups within Europe.
b. Organisation for economic co-operation and development (OECD) (Demographic and Social Statistics) (Organisation for Economic Cooperation and Development (OECD), 2012)
The Organisation for economic co-operation and development (OECD), another
multi-national organisation, also collects statistics on demographic, migration
and population for their 30 OECD member countries (some of which are
members of the EU).
c. United Nations Statistical Division - (Demographic and Social
Statistics) (United Nations Statistics Division, 2009)
This site contains a great volume of pooled data from all countries of the world
including records of population and housing censuses. Useful data are contained
within the annual ‘Demographic Yearbooks,’ for which 2007 is the most recent.
The collection includes data on population size and composition, births, deaths,
marriage and divorce, economic activity, educational attainment, household
characteristics, housing, ethnicity and language, and others.
d. Country-Specific data sources
All countries within the European Union (EU) and European Economic Area
(EEA)/ European Free Trade Association (EFTA) have a national statistics agency
and maintain websites in English (except Liechtenstein-German only) that
contain detailed national data and census data. These agencies are listed in
Table 4.9.
For some countries in the Eastern bloc, there are fewer historical data than
others.
The online catalogue Cessda (Council of European Social Science Data Archives,
2012 ) and website Mediera (Mediera, 2012) pools together census data from
various European data sources including Eurostat and other European statistics
agencies to form a useful but not exhaustive database of information.
There are various other independent country-specific records of census data
available on the internet including Online Historical Population Reports (OHPR)
(UK data) (Volkstellingen 2009) and others. The website breathingearth.net
(BreathingEarth, 2009) provides a quick interactive representation of birth and
death rates, the data for which is generated by CIA World factbook (Central
Intelligence Agency (CIA), 2010).
The national statistical agencies holding national census data for all EU and EEA
countries are listed in Table 4.9. Additional national statistical institutes (NSI)
and other national authorities are listed on the Eurostat website (Eurostat,
2010).

Page 137 of 194

RIVM Report 210474001

Table 4.9: EU/EEA Statistical Agencies
Country

National Statistics Agency and website

Austria

Statistics Austria
http://www.statistik.at/web_en/statistics/index.html
Statistics Belgium (economie)
http://statbel.fgov.be/en/statistics/figures/index.jsp
National Statistical Institute
http://www.nsi.bg/index_en.htm
Statistical Service of the Republic of Cyprus
http://www.mof.gov.cy/mof/cystat/statistics.nsf/index_en/index_en
Czech Statistical Office
http://www.czso.cz/eng/redakce.nsf/i/home
Statistics Denmark
http://www.dst.dk/homeuk.aspx
Statistics Estonia
http://www.stat.ee/
Statistics Finland
http://www.stat.fi/index_en.html
Institut National de la Statistque et des Etudes Economiques (INSEE)(National Institute of Statistics and Economic Studies)
http://www/omsee/fr/en
Statistisches Bundesamt Deutschland – (Federal Statistical Office)
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/EN/Navi
gation/Homepage__NT.psml
National Statistical Service of Greece / General Secretariat of National
Statistical Service in Greece
http://www.statistics.gr/portal/page/portal/ESYE
Hungarian Central Statistical Office
http://portal.ksh.hu/portal/page?_pageid=38,119919&_dad=portal&_schem
a=PORTAL
Statistics Iceland
http://www.statice.is/
Central Statistics Office Ireland
http://www.cso.ie/
National Institute of Statistics
http://www.istat.it/english/
Bureau of Statistics National Statistical Office of Liechtenstein
http://www.as.llv.li/ (available in German only)
Latvijas Statistika ( statistical office Latvia)
http://www.csb.gov.lv/?lng=en

Belgium
Bulgaria
Cyprus
Czech
Republic
Denmark
Estonia
Finland
France

Germany

Greece

Hungary

Iceland
Ireland
Italy
Liechtenstei
n
Latvia
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4.2

Approaches to correct for under-reporting
Cheryl Gibbons1, Eric Fevre1, Alies van Lier2, Arie Havelaar2
1.) Institute of Immunology & infection Research, University of Edinburgh,
Edinburgh, United Kingdom
2.) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands

4.2.1

Introduction
Under-reporting and under-ascertainment of data generate a degree of
uncertainty when estimating disease burden. During a recent pilot study of the
burden of infectious diseases in Europe, Van Lier et al. (2007) suggested that
the true burden of disease was likely not fully represented by raw, nonmanipulated datasets owing to the probability of underestimation for all diseases
and countries. It therefore seems crucial to identify areas of underestimation in
order for methods of correction to be employed and the true burden of disease
determined.
There is now a move to differentiate more clearly between the terms underascertainment and under-reporting. Under-ascertainment is used to refer more
specifically to cases or exposures in the community that never seek any
healthcare advice and therefore are not enumerated by any notification or
surveillance system. Under-reporting refers more specifically to cases that seek
healthcare advice but whose infection status is misdiagnosed, misclassified,
miscounted or information summarised and therefore full details are not passed
on to national statistical bodies who collect such information. In short; underascertainment occurs at the community level and under-reporting occurs within
the institute-level and involves physicians, hospitals, laboratories, governments
and networks.

4.2.2

Where under-reporting / under-ascertainment exists

4.2.2.1

The ‘ice-berg’ analogy
The impact of infectious diseases on society can be measured at different levels
and is often represented by the ‘iceberg’ metaphor (see Figure 4.7). Illness at
different levels of the iceberg may differ greatly, as can the availability of data
and also the degree of under-reporting and under-ascertainment. The
magnitude of under-reporting and under-ascertainment can vary greatly
between diseases as well as between countries or even within the same country
at different time periods or between regions.
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Mortality
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Figure 4.7: The ‘iceberg’ of the burden of infectious diseases in society. Source:
(HPA 2005)
4.2.2.2

Morbidity
The iceberg analogy is useful, but it is currently incomplete since for example, it
assumes that the unreported morbidity burden is all in the community.
However, by distinguishing between under-reporting and under-ascertainment,
a failure to report data is now widely acknowledged to occur at the healthcare
institutional level as well as in the community. Under-ascertainment of
community morbidity data occurs for a variety of reasons including sociological
(lack of healthcare access of certain occupational, ethnic, migrant, age groups;
illness is considered taboo or embarrassing) and epidemiological (symptoms are
transient) explanations. Under-reporting is known to occur at various healthcare
levels including GPs, hospitals, laboratories and tertiary health care providers as
they do not always report and pass on their data up the chain to the national
statistical agencies that collect data. Under-reporting of morbidity data may be
due to personal reasons (no incentive to report or disseminate data), or
economical or technical reasons (no compulsory reporting, lack of reliable
diagnostic tools (leading to no diagnosis or to misdiagnosis), inpatient and
outpatient data quality may differ, complicated or laborious reporting systems,
lack of knowledge of reporting system (Abdool Karim and Dilraj, 1996). This
may result in misdiagnosed, miscounted, incomplete or summarised data that is
often missing additional information such as age, sex, concurrent infections, and
burden of sequelae (Scholten, De Vlas et al., 2008).

4.2.2.3

Mortality
There is the expectation that in a European context, mortality events are likely
to be accurately reported. However, scientists are rather sceptical because
according to their knowledge, the number of deaths is quite well reported, but
there is considerable misclassification of the causes of death. Unfortunately,
there are provisos and complications leading to the under-ascertainment of
detailed secondary and tertiary causes of mortality. Additional details relating to
conditions and possible sequelae that an individual died with (e.g. underlying
causes) but not necessarily of (i.e. the primary cause of death) are frequently
missing or not included in summaries. Therefore, under-reporting of mortality
data is also an issue to address.
Justification for correcting for under-reporting and under-ascertainment

4.2.3

Determining the extent of and correcting for under-reporting and underascertainment of disease burden is in general justified as it produces more
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accurate estimates that are expected to be closer to the true burden. Correction
is particularly valid if the existing data are of poor quality or inaccessible, if
there is a high expectation of significant under-reporting and ascertainment, and
if project resources are sufficient (time and budget).
The magnitude of under-reporting and under-ascertainment varies between
diseases and thus correcting offers the potential advantage of improving the
comparability of burden. Because corrected (manipulated) data tend to produce
better, more informative estimates (with a degree of uncertainty), corrected
data assist policy-makers in the making of better informed decisions. This said,
it is vital that equal efforts are made to correct estimates for different diseases
in order that the new estimates are truly comparable and not biased.
As the purpose of the Burden of Communicable Disease project (BCoDE) is to
produce the best possible disease burden estimates, it is therefore considered
relevant and important to correct for underestimation. However, given the
limitations of this project in terms of time and budget, the choice of correction
method is still subject to further discussion.
4.2.4

Methods of correction used in the past
Various methods for the correction of underestimation and under-ascertainment
are available. Several methods that account for under-reporting and underascertainment such as multiplication factors and modelling have been applied to
existing disease data to calculate new estimates. Other methods, including
population-based studies and serological surveys, have been used to generate
alternative measures of disease incidence within the community without the use
of existing data.
Regardless of the primary method of correction (population-based study, serosurveillance, multiplication factors, or others), some degree of mathematical
modelling and regression is often necessary as a secondary step for validating
estimates and converting into a comparable format.

4.2.4.1

Population-based studies
Population-based studies actively search for community disease incidence
usually within a randomly chosen sample of the population (cross-section), or
within a cohort followed up over a given time period. The community-based
incidence described in such a study can be compared to incidence as reported by
the authorities, which should then provide an idea of the magnitude of underascertainment. Population-based studies are a useful method for gaining
information on community level under-reporting for those diseases that are selflimiting or mild (often gastrointestinal infections) and for diseases that are
asymptomatic and thus prompt no health-seeking behaviour (certain silent
sexually transmitted infections (STIs) including gonorrhoea and chlamydia).
Population-studies can also be useful for estimating the under-reporting of
infections diagnosed at the physician, hospital and laboratory level, for which
information has not been passed on to the relevant collecting agencies.

Past Studies
One type of population-based study is the cross-sectional telephone survey; this
involves interviewing a randomly chosen sample of the total population to
determine community opinions, habits, preferences, and in this instance,
disease incidence. When the subject is disease incidence, the questions asked
tend to point towards a diagnosis of disease (determining if an individual is or
has recently been a case, within a given time period), the severity of the
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disease, whether or not they sought healthcare advice, and other additional
information. In a recent retrospective cross-section telephone survey conducted
in Canada by Henson et al. (2008), the incidence of gastrointestinal disease was
estimated. Other parameters including hospital and physician visits, house calls,
laboratory test, medication and days of work missed helped to build up the
larger epidemiological picture. Regression analysis was used to analyse the
survey findings and modelling was used as a secondary step to estimate the
monetary burden.
Similar studies were conducted by Majowcz et al. (2004) in a single city in
Canada, and by Thomas et al. (2008) in three locations across Canada, both
studies attempted to estimate the burden of gastrointestinal disease. Other
examples of cross-sectional telephone surveys include a study that assessed the
level of influenza vaccination coverage during two consecutive influenza seasons
(2002/2003 and 2003/2004) in six European countries (Szucs and Müller,
2005), a study that used computer-assisted telephone interviews to assess the
lifetime and recent history of STIs and BBV in Australia (Grulich, De Visser et
al., 2003), and again for gastrointestinal disease in USA (Imhoff, Morse et al.,
2004) and Ireland/Northern Ireland (Fitzgerald, Scallan et al., 2004).
The postal questionnaire is similar to the telephone survey except that
correspondence is conducted via post. Again the questions are concerned with a
particular outcome and certain answers serve to classify an individual as a case
(or as a possible, probable or definite case) or a non-case. A prospective
community-cohort study combined with a GP-cohort study was used in the
United Kingdom (Sethi, Wheeler et al., 1999; Wheeler, Sethi et al., 1999) and in
the Netherlands (De Wit, Koopmans et al., 2001a; De Wit, Koopmans et al.,
2001b) to estimate GE incidence at the different layers of the surveillance
pyramid. Initially a baseline survey of an invited but randomly chosen cohort
was carried out and then weekly cards were sent to report on any
gastrointestinal symptoms. Stool samples were also obtained if diarrhoea was
present in order that pathogens could be identified. Prospective studies
targeting specific syndromes, followed by etiological studies and with a
registration of outcomes are the most viable methods available to provide
information on incidence, aetiologies, multipliers and outcomes, although this
type of study is probably the most expensive.
Another approach is the detailed analysis of large outbreaks and the use or nonuse of medical care services to estimate the relationship between the levels of
e.g. a pathogen-specific GE reporting pyramid. Combining such information with
surveillance data gives an extrapolation of the number of cases in the general
population. Outbreak situations might not be comparable to sporadic cases
occurring in the population, however. Differences in the susceptibility of
subpopulations, in the size of doses and in other key areas can lead to
differences in clinical symptoms, and therefore in the likelihood of seeking
medical care.
Face-to-face interviews using a similar type of questionnaire as described above
have also been used. Examples include a population-based study of chlamydia in
China (Parish, Laumann et al., 2003) that used a computer-aided questionnaire
and required participants to provide a urine sample and an in-person door-todoor survey of HIV and STIs in Slovenia (Klavs, Rodrigues et al., 2009).
Another variant of the population-based study that can help to correct for
under-ascertainment is described by Hsieh et al.(2009). A cohort of patients
diagnosed as having urethritis, cervicitis, or gonorrhoea in various health
centres in Taiwan were interviewed and retested for gonorrhoea; results showed
that 42% of positive gonorrhoea cases had not been reported to the National
Gonorrhoea Notification Disease System (NGNDS). The main reasons cited for
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this under-ascertainment were that samples had not been obtained, clinicians
were afraid to invade the privacy of patients and clinicians did not know that the
disease was notifiable.
Case-control studies in the population can also be used to estimate outcomes of
disease for specific pathogens. Case-control studies are performed for several
purposes, such as determining risk factors and attributing illnesses to foods and
are usually conducted for laboratory-confirmed cases, but can be applied to
various of the previously discussed approaches. Case-control studies are
conducted either as a prospective or a retrospective study, mostly relying on
self-reporting. Self-reported symptoms should ideally be confirmed by medical
examination to correct for over-reporting (Hannu, Mattila et al., 2002).
Limitations
Despite population-based studies having the advantage of locating unreported
or unascertained cases, there are certain limitations to this type of study. The
most important limitation is the possibility of bias of which there are many
types. Sampling bias due to non-random sampling of a population is a potential
issue, which would result in the study not being representative of the entire
population. Certain ethnic, migrant, age, occupational or other groups may not
be included in the study because they are unregistered, not locatable, do not
have access to a telephone (in the case of telephone surveys), or cannot read or
write in the language of the study. There also may be a responder bias because
only certain types of people will agree to participate in the study which again
may lead to the sample not representing the entire population. Measurement
bias may also be important in terms of the case definition; if the case definition
is too general or too specific, this could greatly increase or decrease the
incidence of disease. In addition, the interviewer may interpret the answers of
the interviewees in a biased way or indeed the respondents may recall disease
occurrence in a biased way.
4.2.4.2

Serological surveillance (Population-based)
A serological survey is a tool for calculating true exposure rates and the
incidence of morbidity within the community(Nardone and Miller, 2004), as well
as for estimating the degree of under-ascertainment. Serological surveys are
also considered as another variant of the community-based study. Underreported cases can be estimated by comparing the number of sero-positive and
hence exposed individuals (sero-prevalence), to the number of reported cases
(incidence/prevalence). The existence of antibodies against a particular
pathogen and therefore being sero-positive does not necessarily mean the
individual is currently infected or diseased, but rather that serology tends to
reflect the cumulative lifetime exposure.

Past studies
A bibliographic review of the literature using search engines was performed, the
results of which are summarised in Table 4.10. This list is not exhaustive but it
quickly identifies the diseases for which sero-surveys are more and less
commonly conducted. A large number of serological surveys have taken place in
Europe, covering a variety of diseases, with the aim of estimating true exposure
levels by determining serological prevalence (see Table 4.10).
A great number of past serological studies has focused on HIV, hepatitis B and
C. This is primarily because they are of high surveillance priority, they are easily
and routinely screened for in donated blood and in high risk groups and the gold
standard of diagnosis is serology.
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Table 4.10: Summary of some findings from literature search of serological
surveys, categorising examples by disease group
Disease

Types of data collection

CHILDHOOD DISEASES PREVENTABLE BY VACCINATION
Diphtheria
Pertussis

Measles, Mumps,
Rubella

Tetanus

Plenty sero-epidemiological data available; Routine data collection by ESEN-2,
national surveillance, national reference labs and research groups etc important to monitor for vaccine coverage (Andrews, Pebody et al., 2000;
Edmunds, Pebody et al., 2000; Pebody, Edmunds et al., 2000;
Von Hunolstein, Aggerbeck et al., 2000; De Melker, Pebody et al., 2001;
Gabutti, Rota et al., 2002; Giammanco, Chiarini et al., 2003; Nardone,
Pebody et al., 2003; De Zoysa and Efstratiou, 2004; Nardone and Miller,
2004; Kafatos, Andrews et al., 2005; Pebody, Gay et al., 2005; Hardelid,
Cortina-Borja et al., 2009). Calculating antibody waning and infected (but
vaccinated) individuals (Teunis, Van der Heijden et al., 2002; De Melker,
Versteegh et al., 2006).
Few data available

SEXUALLY TRANSMITTED AND BLOOD BORNE DISEASES
Chlamydia
Trachomatis
Gonorrhoea

HIVinfection/AIDS

Syphilis
Hepatitis B

Hepatitis C

Few serological studies available; Serological data from research only; Gold
standard test by microscopy (not serology)
Plenty sero-epidemiological studies available; Routine sero-data collected
(since serology gold standard for diagnosis), particulary co-infections and
amoung risk groups. Screening donated blood (Cazein, Hamers et al., 1996;
Garcia-Calleja, Zaniewski et al., 2004; Offergeld, Ritter et al., 2007;
Raykhert, Miskinis et al., 2008; Alim, Artan et al., 2009; Judd, Rhodes et al.,
2009).
Few sero-epidemiological data available; Tends to be used as research tool.
Gold standard test by microscopy (not serology) (Offergeld, Ritter et al.,
2007; Alim, Artan et al., 2009).
Plenty sero-epidemiological data available; Routine data collection by ESEN-2
(HEP-B), national surveillance, national reference labs etc -particularly in high
risk groups; Screening of blood donations; Additional studies by research
groups (Struve, Giesecke et al., 1992; Amin, Gidding et al., 2004; Mossong,
Putz et al., 2006; Kafatos, Anastassopoulou et al., 2007; Offergeld, Ritter et
al., 2007; Alim, Artan et al., 2009)

FOOD BORNE DISEASES
Listeria
Salmonella
Shigella

Hepatitis A

Brucella
Campylobacter
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Few sero-epidemiological data available; Listeria antibodies cross-react with
other gram positive bacteria.
Some research studies; Gold standard for diagnosis not serology; Few serosurveys in humans, various studies in animal (for food industry- particularly
pig farms) (Simonsen, Strid et al., 2008)
No sero-epidemiological data
Plenty sero-epidemiological data available, Routine data collection by ESEN-2,
national surveillance, national reference labs etc - important to monitor
vaccine coverage (Mossong, Putz et al., 2006; Dal Maso, Lise et al., 2008;
Anastassopoulou, Kafatos et al., 2009).
Research groups carry out studies. Numerous studies in animals, few in
humans (Baud, Peter et al., 2009).
Few human sero-epidemiological data; Some animal data available (Med-VetNet 2010)
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Cryptosporidium

Research groups carry out studies. Few sero-epidemiological data (Frost, Fea
et al., 2000; Frost, Craun et al., 2005; Kozisek, Craun et al., 2008)

Enterohemorragic
E. Coli

Few data available as cross-reactivity with other bacteria

DISEASES TRANSMITTED BY NON-CONVENTIONAL AGENTS
vCJD and all CJD

No sero-epidemiological data

AIR-BORNE DISEASES

Legionellosis

Tuberculosis
Invasive
Pneumococcal
(IPD)

Influenza

Some sero-epidemiological data; Routine during outbreaks but antigen
detection in urine more commonly used than serology (low specificity).
Research looking at donated blood. (Rudbeck, Molbak et al., 2008; Wedege,
Bergdal et al., 2009)
Some research of BCG vaccine coverage, TB/HIV coinfections, Tuberculosis in
animals; Serology of limited use- presence of antibody may mean past or
latent infection, vaccination or cross-reactive with other mycobacterium.
(Raykhert, Miskinis et al., 2008)
An increase in research studies now following introduction of vaccine, but still
relatively few sero-epidemiological data
In routine diagnosis - virus detection rather than serology preferred. Some
research data- (Avian flu-screening birds, seasonal and pandemic flu
screening humans and animals (pigs)) carried out by research groups. Some
antibodies cross-react with different strains of influenza. Vaccine coverage
monitored by healthcare systems. Likely more pandemic flu data to come.
(Puzelli, Di Trani et al., 2005; Blank, Schwenkglenks et al., 2008; Van Reeth,
Brown et al., 2008; Miller, Hoschler et al., 2010)

SERIOUS IMPORTED DISEASES

Malaria

Serological data available from research groups only (less common and useful
in European setting); Gold standard of malaria diagnosis is by microscopy
(not serology). (Drakeley, Corran et al., 2005; Corran, Coleman et al., 2007)

Some sero-epidemiological data available; Various research groups and
networks are collecting data. Perceived to be rare so little routine blood
Viral
screening; If a case is suspected of having VHF, diagnosis by clinical picture,
haemorrhagic
serology or pcr. (Durand, Dauphin et al., 2005; Paquet, Quatresous et al.,
fevers
2006; Schultze, Fierz et al., 2007; Spataro, Scoglio et al., 2008; Hukic,
Nikolic et al., 2010)
ZOONOTIC DISEASE
Some sero-epidemiological data available carried out by research groups
mainly Not much known on this disease and hence is often misdiagnosed.
Gold standard is serology. Many animal studies (Rey, Obadia et al., 2000;
Q-fever
Reid and Malone, 2004; Cardenosa, Sanfeliu et al., 2006; Donaghy, Prempeh
et al., 2006; Loukaides, Hadjichristodoulou et al., 2006; Pollock, Mellor et al.,
2007)
N.B. This list is not exclusive, but intended only to provide an overview of past
studies and data availability.
Numerous studies have also been carried out for other diseases including viral
haemorrhagic fevers (VHF) and Q-fever, for which the gold standard of
diagnosis is also serology. However, as they are considered rare and of lower
Page 145 of 194

RIVM Report 210474001

threat in Europe, serological surveys of VHF and Q-fever tend to be conducted
by research groups as opposed to local, national, or international governments
and organisations and as a result of limited resources, study sample sizes are
often smaller and within particular minority groups (not the general population),
or are have a restricted local focus.
Research groups throughout Europe have performed serological surveys of other
diseases for which serology is more a novel, research approach, including
salmonella (Simonsen, Strid et al., 2008), campylobacter (Med-Vet-Net, 2010),
Bbrucella (Baud, Peter et al., 2009), cryptosporidium (Frost, Fea et al., 2000;
Frost, Craun et al., 2005; Kozisek, Craun et al., 2008), and syphilis (Offergeld,
Ritter et al., 2007), among others.
Serological surveys among animal populations as a measure of animal disease
and as a proxy for human disease have been carried out for salmonella, brucella
(Melzer, Lohse et al., 2007), campylobacter, tuberculosis, influenza, Q-fever,
and others. Studies are mainly conducted by research groups but some data are
collected by surveillance networks and interest groups including European
Surveillance Network for Influenza in Pigs (ESNIP) 2 (ESNIP2 2007), and MedVet-Net (Med-Vet-Net, 2012) (campylobacter, salmonella). The Med-Vet-Net
studies were in humans.
Lastly, serological surveys of vaccine preventable diseases are common and ongoing, with the aims of predicting vaccine efficacy and coverage and hence
identify regions of low herd immunity and potential outbreak threat. However, it
is often difficult to differentiate antibodies generated as a result of natural
exposure from those resulting from vaccination.
This said however, the incidence of pertussis has been calculated using seroepidemiological methods in the Netherlands where childhood vaccinations are
carried out. This particular study (De Melker, Versteegh et al., 2006) used
antibody titres of anti-pertussis toxin (a marker for recent infection) that were
derived from a longitudinal study. Mathematical modelling incorporating the
sero-conversion rates and the standard rate of antibody waning (calculated
elsewhere (Teunis, Van der Heijden et al., 2002)) to estimate the time since
infection. Because the age of vaccination is also known, those naturally infected
(as indicated by high antibody titres) in age groups for which immunity is
expected to have waned following earlier vaccination, the incidence in those
naturally exposed could be estimated.
In a subsequent study the incidence of pertussis was estimated for five
European countries again using similar sero-epidemiological approaches
(Kretzschmar, Teunis et al., 2010).
It also may be possible to estimate the number of naturally exposed individuals
within a vaccinated population by taking the total number of sero-positives and
subtracting the total number of vaccinated. By comparing this estimate to the
number of reported cases, to the extent of under-reporting can be calculated.
This method, however, is likely to be complicated and the estimate surrounded
by a great deal of uncertainty.
Limitations
Unfortunately, there are several limitations to using serological surveys for
determining under-reporting.
Firstly, not all diseases have robust serological tests with reasonable sensitivity
and specificity available. Examples include diseases with antibodies that crossreact with other diseases including listeria, enterohemorragic E. coli and other
bacteria. Thus, past serological surveys have been largely limited to a handful of
diseases. Another technical point is that for some diseases, numerous exposures
may be needed in order to make a serological response and for others,
asymptomatic infection may result in sero-positivity. Each disease must
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therefore be considered on a case-by-case basis to formalise and determine
what serological titres mean in terms of number of exposures and disease
burden.
A second limitation is that antibodies resulting from natural exposure to a
pathogen cannot always be distinguished from antibodies resulting from
vaccination. Therefore serological surveys of diseases which are vaccinated for
within the community, including tuberculosis (BCG vaccine), measles, rubella,
and other childhood vaccine-preventable diseases, may not be very useful. As
already mentioned, distinguishing between old and current infections is often
difficult, meaning that what is measured by sero-surveys is sero-prevalence or
cumulative lifetime incidence.
A third drawback is that the vast majority of existing serological surveys have
been carried out by research groups who, because of time and resource
limitations, conduct studies within small samples of the population that may not
be representative of the whole population. A large number of surveys have been
(purposefully) carried out in high-risk groups (e.g. serological surveys of
Hepatitis C among intravenous-drug users) who would be expected to have a
higher disease burden than the general population. Such data cannot be used to
predict disease burden for the population at large. In addition, research groups
may use different tests and serological methods or employ different seropositivity thresholds which may reduce the potential to compare sero-burdens.
An additional drawback is that although routine serological testing takes place
for various diseases in donated blood, the sero-prevalence of such diseases
including HIV, Hepatitis B and C and other data from blood banks or national
reference laboratories, are not often collated and published.
Lastly, there are very few European networks collecting and disseminating
serological surveillance data, two of which include the European Commissionfunded network European Sero-Epidemiology network 2 (ESEN2) (European
Sero-Epidemiology Network 2) which collects serological results of vaccinepreventable diseases, and European Network for Diagnostics of ‘Imported’ Viral
Diseases (ENIVD) (ENIVD, 2012), a network collecting serological surveillance
data on rare, imported viral infections including viral haemorrhagic fever (VHF)
infections.
4.2.4.3

Better national surveillance systems
Under-reporting and under-ascertainment of data could be avoided if better
surveillance systems were in place. Infectious disease surveillance is heavily
reliant on the national notification system (Thacker and Berkelman, 1988) and
other health care systems and hence it may be appealing to invest in improving
such systems. However, this is likely to be very difficult, costly and an
unrealistic ideal, and in addition would not help to correct historic datasets.
A frequently used method to determine the extent of and correct for underascertainment is to use existing national surveillance data and employ capturerecapture methods. The capture-recapture method of gathering data from
various sources (including the national records, hospital and clinic records,
public health registries) and matching personal identification numbers from
different data sources can help to identify unascertained cases. Using a
combination of analytical techniques such as log-linear modelling may be useful
in this setting.
In addition to morbidity, underestimated mortality can also be calculated by
capture-recapture analysis and in a study of underestimated pertussis deaths in
England (1994-1999) it was suggested that 46 deaths were attributable to
pertussis but only 33 had been identified, classified correctly and reported to the
relevant authorities (Crowcroft, Andrews et al., 2002).
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This novel method was also used to estimate disease outcomes of food-borne
diseases in Denmark. Registry-based, matched cohort studies were carried out
(Helms, Vastrup et al., 2003; Helms, Simonsen et al., 2006) and for every
laboratory-confirmed case, a control was selected. Pre-existing illness (comorbidity) was controlled for and using medical history information extracted
from different medical registries, excess mortality associated with infections
(Helms, Vastrup et al., 2003), and the risk of hospitalisation associated with
severe gastroenteritis, complications and long-term sequelae were estimated.
This type of information can be compared to the reported incidence and the
magnitude of under-ascertainment estimated.
Some examples of studies using the capture-recapture method are listed in
Table 4.11.
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Table 4.11: Summary of studies using the capture-recapture method
Disease

Location

correction method

Capture-recapture methods
AIDS (Acin, Gomez et al.,
2003), tuberculosis (TB)
(Pillaye and Clarke, 2003;
Baussano, Bugiani et al.,
2006; Guernier, Guegan et
al., 2006; Crofts, Pebody et
al., 2008), meningococcal
disease (Jansson, Arneborn
et al., 2005; De Greeff,
Spanjaard et al., 2006),
pneumococci (TrijbelsSmeulders, Gerards et al.,
2002; Jansson, Arneborn et
al., 2005), group B
streptococcal, giardiasis
Capture–recapture methods
(Hoque, Hope et al., 2005),
and analysis (CR/CRC); logsalmonellosis (Jansson,
linear model; Lincoln-Peterson
Spain, UK, the Netherlands,
Arneborn et al., 2005),
Capture Recapture method;
Sweden, Italy, England, Wales,
hepatitis A (Matin, Grant et
Chandra Sekar Deming
Ukraine, French Guiana, USA,
al., 2006), tetanus (Sutter,
capture-recapture method;
Australia, New Zealand.
Cochi et al., 1990), varicella
the Workbook and Spectrum
(chickenpox) (Goldman,
method
2003), pertussis (Sutter and
Cochi, 1992; Shaikh, Guris
et al., 1998; Crowcroft,
Andrews et al., 2002),
measles (Davis, Strebel et
al., 1993; McGilchrist,
McDonnell et al., 1996),
sexually transmitted disease
(Rubin, Umbach et al.,
1992), gonorrhoea (Reintjes,
Termorshuizen et al., 1999),
syphilis (Reintjes,
Termorshuizen et al., 1999),
malaria (Van Hest, Smit et
al., 2002)
N.B. This list is not exclusive, but intended only to provide some examples of
studies using the capture-recapture method.
4.2.4.4

Multiplication factors
Multiplication factors are commonly applied to the reported number of cases of a
particular disease in order to better estimate the true disease burden.
Multiplication factors are developed by comparing incidence or exposure in the
general population (determined by community-based or serological studies) with
notified case data (including the incidence of hospitalisation, laboratory
confirmed cases, general practitioner cases, and deaths attributable to the
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disease). Multiplication factors must be disease-specific (as the extent of underreporting differs for different diseases), country-specific (owing to variation in
disease exposure, health-care systems, the availability of treatment, as well as
cultural, social and technical differences) and age-specific (for many diseases,
under-reporting is disproportionately distributed across age groups), possibly
gender-specific and even in some instances strain-specific. (Consider the
example of seasonal influenza, of which varying seasonal strains will cause
varying degrees of symptomatic disease with associated health-seeking
behaviour. Thus, the community burden for those strains causing milder
symptoms that do not induce considerable health-seeking behaviour will be
underrepresented to a larger extent). It is understood that this is an ideal and
may not be completely feasible.
In a study by Mead et al.(Mead, Slutsker et al., 1999), multiplication factors
were used to correct for under-reporting or under-ascertainment at the
community level, in hospitalisation data, and in mortality data. Multiplication
factors borrowed from previous studies were used to estimate true illness in the
community, where the degree of under-ascertainment of illnesses caused by
Salmonella and other non-bloody diarrhoeal pathogens was 38-fold and the
degree of under-reporting of illnesses caused by E. coli 0157:H7 and other
bloody diarrhoeal pathogens was 20- fold. For pathogens that usually cause
severe conditions, the degree of under-reporting was twofold since it is
considered more likely that such cases present to healthcare facilities.
Hospitalisation data and mortality data were doubled to account for underreporting, a lower figure than that applied to account for under-ascertained
community data because it was believed that once a case in the healthcare
system, there is a higher probability of it being reported.
In a second study by Van Damme et al. (1995), a multiplication factor of 6 was
applied to reported Hepatitis B case data for all 30 EU and EEA/EFTA countries
to calculate the ‘true’ incidence of Hepatitis B exposure in the community. This
was calculated by assuming a factor of 2 to correct for under-reporting, and a
factor of 3 to correct for asymptomatic cases (it is stated in this paper that twothirds of infections are asymptomatic).
Multiplication factors are a quick and easy method, but do not take into
consideration certain vital inter-country differences. For example, has the
reported data already been adjusted? How good are the data collection and
reporting systems as well as the diagnostic approaches in a particular country?
Is a notifiable disease? As aforementioned, whenever possible it is preferable to
locate country- and disease-specific correction methods, and if variation is
expected according to time period, age and gender, then it is preferable to
conduct differentiated corrections based on these variables.
4.2.4.5

Mathematical models or frameworks
Mathematical and regression models are used in some capacity in almost all
methods for the correction of under-reporting and under-ascertainment.
Modelling may in some instances be considered as a secondary step, after the
statistical analysis of results obtained using a telephone, postal or serological
survey (considered the primary method of correction). In other studies, a
modelling framework or process (other than statistical analysis) is used as the
primary or sole method of correction by predicting the new burden estimate is
differing situations or local foci as parameters vary. Modelling frameworks might
make use of previously reported prevalence, incidence or mortality data for
example to generate a new value of burden that corrects and accounts for
underestimation. This can then be compared to the reported data to understand
the magnitude of under-reporting and under-ascertainment.
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In addition to regression models that estimate the magnitude of
underestimation with univariate or multivariate analysis identifying variables
associated with reporting and ascertainment, decision tree models and agespecific disease curves have also been used.
As an example, the decision tree model approach was applied to estimate
under-detected cases of rabies in Tanzania (Cleaveland, Fevre et al., 2002) and
Trypanosoma brucei rhodesiense sleeping sickness cases in Uganda (Odiit,
Coleman et al., 2005). It is assumed that with modification of the model
parameters, this quantitative framework could be applied to a range of other
diseases. In the latter mentioned project, a deterministic model was also
developed to estimate the proportion of undetected cases that sought
healthcare.
Age-specific disease curves describe the incidence of disease according to age,
and can also identify ages at which significant under-reporting occurs. Two
studies that used this method (Fallah and Kharazmi, 2007; Fallah and Kharazmi,
2008) also used regression as a secondary step.
It seems clear that some aspects of modelling are vital to correct for
underestimation of disease burden. As the BCoDE project progresses, it will be
necessary to fully investigate existing and available models to decide whether or
not they are suitable for this project and if they are relevant in the European
context. It must also be discussed if a single disease-specific model is
appropriate for all European countries, or if country- or region-specific models
are preferable.
Mathematical models already exist for predicting or estimating the community
burden of various diseases in a variety of countries. The use of existing disease
models could be advantageous in that it would avoid the need to develop new
models, a process which is often complex and time-consuming. However, it may
be necessary to develop new models to arrive at the best estimate of disease
burden and hence correct for under-reporting and under-ascertainment.
4.2.4.6

Capture-recapture methods and log linear models
The capture-recapture method of gathering data from various sources and
eliminating duplicates has been utilised in combination with analytical
techniques including log-linear models and others to correct for underascertainment. There are numerous previous studies particularly concerned with
correcting for under-reporting of morbidity data.
Underestimated mortality can also be calculated using capture-recapture
analysis. In a study of underestimated pertussis deaths in England (1994-1999),
it was suggested that 46 deaths were attributable to pertussis but only 33 had
been identified, classified correctly and reported to the relevant authorities
(Crowcroft, Andrews et al., 2002).
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4.2.5

Finding the best correction method
As mentioned above, various methods exist for correcting under-reporting of
disease data. It is believed that correction methods should be country- and
disease-specific because of differences in reporting between countries and
between diseases. Therefore, in order to select the most appropriate method for
correction, time must be spent gathering information and evidence so that an
informed, evidence-based decision can be made. One can make use of
experience and methods currently carried out by country-specific national health
agencies, and also of examples described in previous studies and the published
literature.

4.2.5.1

Gathering evidence and background research
The first step is to gather evidence and examples of instances in which underreporting and under-ascertainment have been identified and corrected for. It is
vital that evidence-based reasoning is at the centre of decisions made regarding
the methods of correction to use. There are various search strategies; the first
being to ask the in-country representatives of national health authorities and of
TESSy; the second is to search for previous studies in the published literature.
PART 1: PROTOCOL QUESTIONNAIRE
Contacting National Health Authorities
The first step will be to determine whether or not notification data, data
presented in annual reports, or other country-specific data is already adjusted to
correct for under-reporting, and therefore a Protocol Questionnaire should be
produced to be completed by the in-country health agency contact, or the
country field study representative following discussions with the former. If it is
found from the questionnaire that data are indeed adjusted, further information
must be sought, including: which methods of correction are used, the reasoning
behind the decision for choosing such methods, to which diseases are they
applied and at which institutional level is the correction factor applied. With
regards to this latter point, institutional level refers to: (level 1) local collecting
system (general practitioners, hospitals and other health units); (level 2) the
regional collecting department; (level 3) the national collecting and reporting
department/office; and (level 4) the international collecting and reporting
department which may include the World Health Organisation (WHO) or ECDC’s
TESSy. It is possible that at each level some correction is carried out and
therefore this information should be determined.
As the BCoDE in-country representatives will be contacting the agents of their
national health authorities to obtain disease data, asking additional questions
regarding under-reporting should be feasible. The experience of these persons
could inform on and help determine the most appropriate approach for
correction of under-reporting and furthermore this exercise may highlight the
importance of this initial search for evidence if for example it is found that intercountry notification data are not comparable. It may be the case that at a
national institute in a particular country may publish data that have already
been corrected for under-reporting, whereas a second reporting institute in a
different country publishes only non-manipulated data. It is vital to obtain this
information from the in-country health board representatives to clarify if it is
raw or adjusted data that are being dealt with.
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Contacting National TESSy Representatives
Similar to the above, during the investigation of disease data the pilot study
country representatives could contact their in-country TESSy representative.
Similar questions and points as mentioned above can then be discussed with
any information recorded and sent to the central group. Some experience and
information on pitfalls is also available from the ECDC surveillance system
TESSy.
PART 2: SYSTEMATIC PROTOCOL TO OBTAIN INFORMATION FROM THE
LITERATURE
Review of Published Literature
An extensive systematic review of the literature should be conducted to find
what studies have been done at both the sub-country level and the international
level for each of the CDs to be addressed in the project. The most important
studies are likely to be community-based studies (serological surveys,
community-based telephone surveys, close analysis of outbreaks) that provide
information about the background level of exposure or infection (including those
persons with mild symptoms that do not seek health care). In addition, those
studies that identify under-reporting or under-ascertainment and studies that
give examples of correction factors will also be useful. Comparisons between
data sources are essential to achieve a good understanding of the level of
under-reporting present.
4.2.5.2

Decision making
Once all the evidence is collected, an informed committee decision as to the
most appropriate country- and disease-specific method will be made.

4.2.6

Conclusion
Under-reporting and under-ascertainment downplays the magnitude of true
disease burden and reduces the efficiency of the notification system and
surveillance potential (Brabazon, O'Farrell et al., 2008). Hence this issue must
be addressed in this project.
With regards to correcting for under-reporting and under-ascertainment,
modelling and capture-recapture analysis are frequently used. However this is
likely to be very labour intensive and expensive and thus, in phase two of the
project, it should be debated whether it is appropriate to undertake such
activities for individual specific diseases, or whether to instead focus on a larger
scale, in which case applying multiplication factors may be more suitable. In
previous studies, some common groups of diseases are sexually transmitted
diseases, gastro-intestinal diseases or infectious intestinal diseases, notifiable
infectious diseases, or infectious diseases. In addition, studies infrequently
consider under-reporting at the European level, with the majority of papers
examining under-reporting at the country level or even sub-country level
(Eurostat, 2010).
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4.3

Interventions, Sequelae and other Specific aspects of infectious
diseases

4.3.1

Sequelae of infectious diseases (e.g. cancers and other chronic diseases) where
applicable
Alies van Lier1, Elisabetta Franco2, Arie Havelaar1,3
1.)
Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
2.)
Department of Public Health, “Tor Vergata” University, Rome, Italy
3.)
IRAS, University of Utrecht, Utrecht, the Netherlands

4.3.1.1

Sequelae of infectious diseases - cancers
There are growing indications that infectious diseases contribute significantly to
the development of chronic diseases, mainly cancer (Mueller, 1995; Cassell,
1998; Persing and Prendergast, 1999; Kuper, Adami et al., 2000; Herrera,
Benitez-Bribiesca et al., 2005). Infections can have a direct influence on cellular
processes involved in cancer aetiology and can cause chronic inflammation,
which indirectly increases the chance of cancer development (Balkwill, Charles
et al., 2005; Vogelmann and Amieva, 2007).
This can have substantial implications for the diagnosis, treatment and
prevention of cancer (Cassell, 1998; Smolinski, Hamburg et al., 2003) and also
means that the disease burden attributed to infectious agents has been
underestimated in the past.
Parkin estimated the global percentage of new cancer cases attributable to
infection at 17.8% or 1.9 million cases in 2002 (7.7% in developed countries
versus 26.3% in developing countries) (Parkin, 2006). For the Netherlands, this
percentage was estimated to be a maximum of 3.5% (Van Lier, Van Kranen et
al., 2008). In these analyses, all infectious agents that were classified as
carcinogenic or probably carcinogenic to humans by the International Agency for
Research on Cancer (IARC) were included:
a. Carcinogenic to humans (group 1):
hepatitis B virus (HBV), hepatitis C virus (HCV), certain types of
human papillomavirus (HPV), Helicobacter pylori (Hp), EpsteinBarr virus (EBV), human immunodeficiency virus type I (HIV-1),
human T-cell lymphotropic virus type I (HTLV-1), Schistosoma
haematobium and Opisthorchis viverrini
b.

Probably carcinogenic to humans (group 2A):
Kaposi sarcoma herpesvirus or human herpes virus 8 (HHV-8),
and Clonorchis sinensis
Infectious agents causing the largest number of cancer cases are Helicobacter
pylori (stomach cancer), human papilloma virus (mainly cervical cancer) and
hepatitis B and C virus (liver cancer) (see Figure 4.8) (Parkin, 2006). In the
future, new infectious agents that can lead to cancer might be discovered
(Zur Hausen, 2009). Examples are the recent findings that the Merkel cell
polyomavirus might be a contributing factor in the pathogenesis of Merkel cell
carcinoma (Feng, Shuda et al., 2008) and that the xenotropic murine leukemia
virus-related virus (XMRV) might be associated with prostate cancer (Schlaberg,
Choe et al., 2009).
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Figure 4.8: Estimated percentage of all cancer cases caused by infection, per
infectious agent; worldwide, in developing countries and in developed countries.
Source: (Parkin, 2006)
Where relevant, cancer will be included as an outcome in outcome trees (see
section 4.3.1.3). Data on the incidence in the period 1998-2002 of certain types
of cancer are freely available (http://www-dep.iarc.fr/CI5_IX_frame.htm)
(Curado, Edwards et al., 2007). However, for some countries there is no
information on cancer incidence at all, and for other countries there is only
information for specific regions and not at the national level (see Table 4.12).
For this latter group, the possibility of deriving a national estimate must be
explored first. Attributable fractions as used by Parkin (2006) can be used to
estimate the number of infection-attributable cancer cases for each of the
various infectious agents.
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Table 4.12: Mean cancer incidence 1998-2002 (Source: International Agency for Research on Cancer (Curado, Edwards, et al. 2007))
HPV

HTLV

HIV/HHV8

B-cell lymphoma §

Kaposi sarcoma (C46)

lymphoma (C91.5)

Adult T-cell leukemia/

Hodgkin lymphoma (C81)

Nasopharynx (C11)

Burkitt lymphoma (C83.7)

(C82-C85, C96, C88)

Non-Hodgkin lymphoma ‡

Stomach (C16) ||

Oropharynx (C09-C10)

Mouth (C01-C06)

→

Anus (C21)

cancer type

EBV

1

Penis (C60)

Attributable

Hp

Vulva/vagina (C51-C52)

HCV

Cervix (C53)

HBV

→

Liver (C22)

Infectious agent

EU-27
Austria

785

529

169

104

370

193

1589

986

*

34

155

*

4

Belgium

†

†

†

†

45

†

†

†

†

†

*

†

†

*

†

*
*

Bulgaria

610

1030

13

45

73

269

111

1916

397

*

68

187

*

9

*

Cyprus

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Czech Republic

804

1083

24

68

76

429

250

1816

1087

*

55

266

*

10

*

48

88

299

143

501

799

*

19

123

*

10

*
*

0

0
Denmark

284

404

11
1

Estonia

66

154

42

8

12

66

28

446

132

*

4

32

*

2

Finland

343

158

91

20

33

186

41

769

925

*

16

135

*

18

*

France

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

Germany

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

Greece

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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Hungary

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Ireland

91

186

46

21

29

117

29

467

483

*

13

90

*

4

*
*

Italy

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*
*

Latvia

113

196

49

13

18

86

40

682

157

*

10

50

*

2

Lithuania

144

480

61

21

17

133

67

1053

236

*

14

90

*

4

*

Luxembourg

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Malta

10

11

12

2

3

12

3

47

50

*

8

10

*

3

*

the Netherlands

303

676

28

93

105

745

250

2124

2287

*

69

370

*

40

*

Poland

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

Portugal

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

Romania

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Slovakia

342

533

85

22

36

339

196

1000

393

*

27

121

*

4

*

Slovenia

117

201

46

8

13

125

88

479

220

*

10

42

*

1

*

Spain

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

Sweden

391

447

19

76

118

315

121

1053

1405

*

35

174

*

27

*

†

†

†

†

†

†

*

†

†

*

†

*

9

2
United Kingdom

†

†

†

EEA/EFTA
Iceland

5

15

3

2

3

9

1

37

35

*

2

8

*

3

*

Liechtenstein

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Norway

128

305

90

25

50

163

60

603

714

*

14

101

*

8

*

Switzerland

†

†

†

†

†

†

†

†

†

*

†

†

*

†

*

*
no data
† no national data, only specific region(s)
||
the number of non-cardia stomach cancer cases is not available, can be estimated: 80% for males and 88% for females (Parkin, 2006)
(the total number for stomach cancer is presented in this table)
‡
the number of MALT-lymphoma cases is not available; can be estimated as 5% of the total number of non-Hodgkin lymphoma (Parkin,
2006) (the total number for non-Hodgkin lymphoma is presented in this table)
§
the number of B-cell lymphoma cases is not available; can be estimated by calculating 0.36% of the estimated number of HIV-cases in a
country (Parkin, 2006)
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4.3.1.2

Other chronic diseases
Infectious diseases may evolve in chronic diseases, other than cancer, or cause
more or less severe sequelae. Sequelae such as congenital infection,
meningitides, encephalitis, herpes zoster, Guillain Barré Syndrome (GBS),
Inflammatory Bowel Disease (IBD), Irritable Bowel syndrome (IBS), end-stage
renal disease, and liver cirrhosis may severely worsen quality of life and may
have a large public health impact. Moreover, infectious diseases are also
associated indirectly with many types of chronic diseases found in developed
countries. In a general way, inflammation caused by infection is probably
responsible for part of the risk of developing cardiovascular disease (Danesh,
Collins et al., 1997; Leinonen and Saikku, 2002). Infection with certain chronic
persistent microbes is also thought to promote or amplify some human
autoimmune diseases (Munz, Lunemann et al., 2009). Where relevant, sequelae
will be included as an outcome in the outcome tree (see section 4.3.1.3).

4.3.1.3

Outcome trees
Possible health outcomes of infectious diseases range from acute self-limiting
disease to chronic disabilities or even death. To assess the burden of disease
and the cost of illness for specific pathogens, the various disease outcomes
following infection need to be defined. These outcomes can be described in the
form of an outcome tree. An outcome tree gives a qualitative representation of
disease progression over time by ordering all relevant health states following
infection and illustrating their conditional dependency.
Construction of outcome trees implies making choices on which outcomes to
include and exclude from the analysis. It is first important to consider the
strength of evidence for a causal relationship; this can be qualitatively ranked
into five categories (Mitchell, Sivitz et al., 2007):
1.)
Sufficient evidence of a causal relationship
The evidence is sufficient to conclude that there is a causal relationship between
exposure to a specific agent and a specific health outcome in humans. The
evidence is supported by experimental data and fulfils the guidelines for
sufficient evidence of an association (defined below). The evidence must be
biologically plausible and must satisfy several of the guidelines used to assess
causality, such as strength of association, a dose-response relationship,
consistency of association, and a temporal relationship.
2.)
Sufficient evidence of an association
The evidence from available studies is sufficient to conclude that there is an
association. A consistent association has been observed between exposure to a
specific agent and a specific health outcome in human studies in which chance
and bias, including confounding, could be ruled out with reasonable confidence.
For example, several high-quality studies report consistent associations and are
sufficiently free of bias, including adequate control for confounding.
3.)
Limited or suggestive evidence of an association
The evidence from available studies suggests an association between exposure
to a specific agent and a specific health outcome in human studies, but the body
of evidence is limited by the inability to rule out chance and bias, including
confounding, with confidence. For example, at least one high-quality study
reports an association that is sufficiently free of bias, including adequate control
for confounding. Other corroborating studies provide support for the association,
but they are not sufficiently free of bias, including confounding. Alternatively,
several studies of lower quality show consistent associations and the results are
probably not due to bias, including confounding.

Page 158 of 194

RIVM Report 210474001

Inadequate or insufficient evidence to determine whether an association
exists
The evidence from available studies is of insufficient quantity, quality, or
consistency to permit conclusions regarding the existence of an association
between exposure to a specific agent and a specific health outcome in humans.
5.)
Limited or suggestive evidence of no association
Evidence from well-conducted studies is consistent in not showing an association
between exposure to a specific agent and a specific health outcome after
exposure of any magnitude. A conclusion of no association is inevitably limited
to the conditions, magnitudes of exposure, and length of observation in the
available studies. The possibility of a very small increase in risk after exposure
cannot be excluded (Mitchell, Sivitz et al., 2007).
Outcomes that contribute little to the final result (because they are extremely
rare and/or because their severity is very low) could be excluded. Furthermore,
construction of the outcome tree is usually guided in part by data availability. As
scientific knowledge continues to grow, new outcomes may be causally linked to
particular pathogens and the outcome tree may need to be updated, possibly
increasing the burden of disease attributed to that pathogen.
For each of the selected pathogens a first draft of the outcome tree will be
prepared by one of the consortium members in which only outcomes with
sufficient evidence of a causal relationship or an association will be included
(first two categories). All outcome trees will be discussed in the Disease Specific
Programs (DSPs) of ECDC:
1.) Is the outcome tree complete? Is there sufficient evidence of a causal
relationship or at least an association for each of the selected outcomes?
2.) Are there extremely rare outcomes or outcomes with very low severity
that can be excluded because they will contribute little to the final
result?
3.) Which data sources give the best estimates for the outcome incidence
(or prevalence) and related mortality, duration and severity? We are
mainly interested in (conditional) probabilities and the covariates that
affect such probabilities.
After this discussion, a final outcome tree for each of the pathogens will be
composed and subsequently used for the disease burden estimates within the
BCoDE project.
4.)

4.3.2

Data on intervention and treatment coverage and effectiveness where applicable
Elisabetta Franco1, Cristina Meleleo1
1.) Department of Public Health, “Tor Vergata” University, Rome, Italy

4.3.2.1

Medical preventive intervention

4.3.2.1.1

Active immunoprophylaxis for vaccine preventable diseases
Data are available for most countries from the literature and/or from official
sources.
Comparable incidence data from European countries are available from
EUVAC.NET (EU-VAC.NET 2012) and comparable coverage rates can be obtained
from the VENICE project (VENICE 2007). Data on the effectiveness of
interventions are available from the literature for most of the currently used
vaccines.
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4.3.2.1.2

Passive immunoprophylaxis
Few data are available from the literature; most reports refer to the use of
hepatitis B specific immunoglobulin.

4.3.2.1.3

Chemoprophylaxis
Few recent data are available from the literature; most reports refer to malaria
chemoprophylaxis for travellers and its cost-effectiveness (Pistone,
Schwarzinger, et al. 2008). The public health implications of meningococcal
chemoprophylaxis have also been recently discussed (Giovanetti, 2009). Besides
HIV infection preventive measures (discussed together with treatment),
chemoprophylaxis of infectious diseases is not a major point.

4.3.2.1.4

Screening
Screening is generally performed for HIV and hepatitis (HBV, HCV) in blood
donors and risk groups. European data on antenatal HIV screening policies were
obtained in 2007 (Deblonde, Claeys et al., 2007) and show that policies are in
place in most EU countries. Screening for cervical cancer and specifically for
Human Papillomavirus (HPV) infection is becoming more and more frequent,
following recommendation of the gynaecological societies (Cox and Cuzick,
2006). The impact of the introduction of HPV vaccination on screening frequency
and modalities is under evaluation.

4.3.2.2

Environmental and behavioural preventive measures
Sanitation, control of water and sewage, disinfection and sterilisation, evaluation
and prevention of biological risks, correct application of universal preventive
measures, and food hygiene are the basis for the decrease in many infectious
diseases.
Knowledge of infection transmission pathways and public health culture allow
many occasions of contamination and infection to be avoided.

4.3.2.3

Therapy

4.3.2.3.1

Anti-microbial treatment
The European Surveillance of Antimicrobial Consumption (ESAC) (European
Surveillance of Antimicrobial Consumption, 2012) recently assessed the
proportion of parenteral treatment of the total outpatient antibiotic use in
Europe (Coenen, Muller et al., 2009). The European Commission warned that
the overuse and misuse of antibiotics have accelerated the development and
spread of resistant micro-organisms, with consequent serious danger to public
health (European Commission, 2012). Particular attention must be given to the
emergence of M. tuberculosis strains that have become resistant to most current
drugs (European Commission and Health and consumers directorate general,
2009).

4.3.2.3.2

Anti-viral treatment
Recommendations for antiviral treatments of infectious diseases have been
issued by expert groups from scientific societies and European authorities.
Symptomatic supportive treatments
Rehydration for gastro-enteric diseases, especially in children, can make the
difference between mild disease and death. Drugs against fever, pain, cough
may contribute to a better quality of life. In severe cases supportive measures
up to intensive therapy may be needed.

4.3.2.3.3
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4.4

Regional differences
Regional differences are evident in Europe with respect to data availability as
well as for disease-specific issues of under-reporting. Within this section, specific
issues affecting Eastern European countries are discussed, although this is not
the only region of difference in Europe.

4.4.1

Specific aspects and problems in Eastern European countries
Taavi Lai (1)
(1) Department of Public Health, University of Tartu, Estonia
Data availability
One of the most commonly used databases of health statistics that also covers
all Eastern-European countries is Health for all database
(http://www.euro.who.int/HFADB). This database is provided and maintained by
the World Health Organisation European Regional Office and it holds data from
all European countries including Former Soviet Union (FSU) countries. The latter
may prove important in relation to migration effects of infectious diseases in EU.
Information on infectious diseases is also provided by various ECDC surveillance
and epidemiology reviews, such as the latest Annual Epidemiological Report on
Communicable Diseases in Europe 2008(European Centre for Disease Prevention
and Control, 2009) and its earlier versions (European Centre for Disease
Prevention and Control, 2007).
There are also region-specific databases available. An example is a co-operation
project for communicable disease control in Northern Europe called EpiNorth
(EpiNorth, 2012) that encompasses surveillance data for a wide range of
infectious diseases and countries from Northern, Eastern and Central Europe.
Research databases that collate information on specific infectious diseases are
also available. In the case of HIV/AIDS the most notable is a collection of
reports and databases provided by WHO/UNAIDS (UNAIDS). For TB a good
example is EuroTB project (EuroTB, 2010) funded by EC.
According to available data, the main public health concerns for Eastern
European countries in the field of infectious disease are currently HIV/AIDS and
tuberculosis, but different types of hepatitis, STDs and pertussis also pose some
concern.
The latter is also reflected by the fact that HIV and TB have the best literature
coverage in the international scientific literature compared to other infectious
diseases in Eastern Europe. According to a recent study, Estonia was ranked
second in EU in terms of number of published infectious disease papers, after
taking into account population size and GDP per capita (Ramos, Masia et al.,
2009).
HIV
The HIV epidemic in Eastern Europe started significantly later compared with
Western Europe, and even though the first increase in HIV incidence was
similarly witnessed among MSM, the main population group for the HIV epidemic
in this region was IDUs (Downs, Heisterkamp et al., 1997; Dehne, Khodakevich
et al., 1999; Hamers, Infuso et al., 2003). However, HIV epidemiology has
significant historic sub-regional variation inside Central and Eastern Europe. As
an example, in 2001 the post-communist countries Poland and Slovakia had HIV
incidence rates of 14.3 and 1.5 per million, respectively, and the main
contributing population group was IDU and people having heterosexual
intercourse, respectively (Hamers and Downs, 2003).
There are also differences in the sero-prevalence of various HIV strains in
Central and Eastern Europe; although HIV subtype B is prevalent in Western and
Central Europe, subtype A is prevalent in Eastern Europe (Balode, Ferdats et al.,
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2004; Zetterberg, Ustina et al., 2004; Babic, Poljak et al., 2006). However, once
again sub-regional and even within-country variation can be seen. For example,
in Estonia the Eastern European HIV subtype had a prevalence of only 8%
among new HIV cases during the height of incidence in 2001-2002 and the most
prevalent strain was found to be a recombinant previously described only in
African countries. More interestingly, subtype A was mostly contained in a rather
small geographical area and the prevalent strain occurred throughout the rest of
the country, possibly indicating two distinct introductions of HIV to Estonia
(Zetterberg, Ustina et al., 2004).
A 2008 Swedish study found that an increase in HIV incidence in 2001 was
mainly caused by increased detection rates of secondary cases and not by
importation of infection from outbreaks in nearby countries (Skar, Sylvan et al.,
2008). However, in the EU as a whole, heterosexual intercourse is the main
mode of HIV transmission (53%) but about 40% of cases are persons
originating from countries with general epidemics (European Centre for Disease
Prevention and Control, 2009).
It is also noteworthy that while Western European countries are currently seeing
a decline in AIDS incidence, it is on the rise in Eastern European countries and
that AIDS incidence in new EU member states has a slow declining trend
(Van de Laar, Likatavicius et al., 2008).
The latest data from Eastern Europe also show that the proportion of HIVinfected women is rising continually, which may signal the increasing importance
of heterosexual transmission compared with current IDU prevalence (Burruano
and Kruglov, 2009).
TB
Tuberculosis incidence peaked in Eastern European countries around the year
2000 as it did for many other diseases. In Latvia, the highest TB incidence was
recorded in 1998 (~91 TB cases per 100,000) whereas for new EU member
states it reached 54 cases per 100,000 on average. Recent years have seen a
rapid decline in TB incidence especially in Eastern European countries, but the
gap between old and new EU members is still about 30 cases per 100,000 (9
and 39 cases per 100,000 for old and new member states, respectively) (World
Health Organization Regional Office for Europe, 2010)14.
One of the major concerns regarding TB is the high proportion of multidrug- and
extensively drug-resistant (MDR and XDR respectively) TB strains in former
Soviet Union (FSU) countries (Falzon, Infuso et al., 2006; Falzon and AitBelghiti, 2007; Hollo, Amato-Gauci et al., 2009; Wright, Zignol et al., 2009).
Thus, the Baltic countries have the highest MDR levels (ranging from 10-21%)
in the EU, whereas in other EU countries the MDR proportion of all TB cases
ranges from 0-4% in 2007 (Falzon, Infuso et al., 2006). It is also troublesome
that levels of MDR-TB are slowly increasing in the FSU countries (particularly in
some regions of Russia). Secondly, the ECDC Annual Epidemiological Report on
Communicable Diseases in Europe 2008 also indicates that for a number of
Western European countries, more than half of new TB cases were diagnosed in
‘foreign-born’ persons. And thirdly, HIV-positive persons among those who are
infected with TB is rising in many European countries as well; in Estonia it
increased from 0.1% in 1999 to 2.9% in 2003 (Falzon and Ait-Belghiti, 2007)
and has increased further to 10% in 2007 (Lai, Habicht et al., 2009).
Data gaps
Eastern European countries provide infectious disease surveillance data to
international databases at least at the minimum necessary level using
14

Health For All database http://www.euro.who.int/HFADB
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comprehensive surveillance systems as described in ECDC’s Annual
Epidemiological Report on Communicable Diseases in Europe 2008. However,
depending on the disease, not all cases can be detected by the surveillance
systems. As an example, a comparison of all available epidemiological and
surveillance data in Estonia indicated that up to 50% of the HIV positive
population may not be aware of their HIV status (Lai, Rätsep et al., 2009),
therefore leading to under-reporting of disease.
As indicated by many of the sources referenced here, the biggest data problems
(and not only in Eastern Europe) are related to the level of aggregation of the
available data, and if (and how) various data sources can be linked for e.g.
investigation of co-infections of HIV-TB-Hepatitis C etc. However, at moment the
best solutions for bridging these possible gaps lie in data interpolation between
country and study settings and if need be, in the imputation of missing data.
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5

Complication factors when predicting disease burden of
infectious diseases into the future

Marie-Josée Mangen1*, Paulo Pinheiro2*, Dietrich Plass2, Mirjam Kretzschmar1,3
and Alexander Krämer2
1.) Julius Center for Health Sciences and Primary Care, University Medical
Center Utrecht, Utrecht, The Netherlands
2.) School of Public Health, University of Bielefeld, Bielefeld Germany
3.) Center for Infectious Disease Control, National Institute for Public Health
and the Environment, Bilthoven, The Netherlands
* Marie-Josée Mangen and Paulo Pinheiro contributed equally to this chapter
Medical interventions and therapies, climate change and other environmental
and social changes can all influence the epidemiology of infectious diseases.
These factors develop a dynamic that influences transmission of the various
infectious agents in time and in other dimensions and are therefore complicating
factors when predicting the future disease burden.
5.1

Impact due to medical interventions and therapies
Medical interventions and therapies can have an impact on infectious disease
epidemiology by either interrupting transmission or reducing the transmission of
infectious agents. Such measures prevent infections/illness in treated persons,
but if transmission is interrupted/disturbed, infection of future contacts of these
treated persons is also avoided; this is so-called herd immunity. Example
medical interventions include: active immunoprophylaxis for vaccine preventable
diseases, passive immunoprophylaxis (e.g. the use of Hepatitis B specific
immunoglobulin), chemoprophylaxis (e.g. malaria chemoprophylaxis for
travellers) and screening (e.g. blood donors, HPV in women). Medical therapies
that have some degree of impact on infectious disease epidemiology include
anti-microbial treatment, anti-viral treatment, and symptomatic supportive
treatments. All of these interventions/therapies are complicating factors that
have to be considered when predicting the future disease burden. Mathematic
modelling can also assist here (see section 2.4).

5.2

Impact of climate change on infectious disease epidemiology
There is growing consensus among the scientific community that the release of
vast quantities of greenhouse gases into the atmosphere – partly due to human
activity – will cause a marked increase in the global average temperature within
the next decades (McMichael, Woodruff et al., 2006; Patz and Olson, 2006; Torn
and Harte, 2006). Global warming is associated with increases in sea level and
changes in other climate characteristics such as the spatial and temporal
distribution of precipitation (McMichael, Woodruff et al., 2006). It is projected
that there will be an increase of the global average annual rainfall with high
variability in the rainfall patterns among various regions of the world, with some
regions becoming drier but with precipitation events becoming more severe in
others (McMichael, Campbell-Lendrum et al., 2004; McMichael, Woodruff et al.,
2006). Global warming and changes in the seasonality and intensity of
precipitation will result in a higher frequency of extreme weather events such as
heat waves, floods, droughts, and storms. Today, climate change is considered
to be the greatest challenge facing the world because of its severe implications
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for the socioeconomic development of many societies and its negative impact on
the health and well-being of most of the global population (McMichael, Woodruff
et al., 2006; Eisenberg, Desai et al., 2007). The effects of climate change on
health are manifold, but are so far difficult to compile because they affect many
socioeconomic, environmental and biological determinants of health. Some of
these mechanisms could result in health benefits (i.e. lower cold-related
mortality and greater crop yields in temperate zones (better nutrition)), but
modelling work has demonstrated that these benefits are far outweighed by the
increased risk of other health threats, for instance infectious diseases
(McMichael, Campbell-Lendrum et al., 2004). However, there is still a high level
of uncertainty involved in predicting the impact of climate change on health
(McMichael, Campbell-Lendrum et al., 2004).
As a first approach, the potential health impacts of climate change can be
broadly classified into direct and indirect effects. Direct effects refer to health
outcomes that can be directly attributed to a climate risk factor, e.g. thermal
stress and cardiovascular and respiratory diseases, and natural disasters and
unintentional injuries (Patz and Olson, 2006). Describing and estimating the
indirect effects of changes in temperature and weather on health poses more of
a challenge, as the health outcomes result from a complex and interdependent
web of causation. Depending on the health outcome, the pathogenic processes
here include alterations and interactions of a mix of risk factors from different
areas of life, including ecological, social, economic, demographic,
microbiological, and medical determinants. For instance, health outcomes might
be indirectly mediated through disturbances of ecosystems subsequently
affecting the range and activity of vectors, infective parasites, infectious agents
and non-human reservoir species (Patz, Daszak et al., 2004; McMichael,
Woodruff et al., 2006), and through changes in food productivity, water quantity
and quality, or other living conditions (Patz, Daszak et al., 2004). For example,
cholera, campylobacter and salmonella bacteria multiply best at higher
temperatures (McMichael, Woodruff et al., 2006); cholera multiplies best in
water, whereas campylobacter and salmonella multiply best in the animal gut
and in food. Both show a seasonal pattern of incidence, with higher incidence
rates observed during warmer seasons (McMichael, Woodruff et al., 2006).
Therefore, the association of warmer temperatures with water- and food-borne
diseases suggests that the rates of such diseases are likely to increase with
global warming.
Short-term climatic variation resulting in the occurrence of infectious disease –
in particular, vector-borne diseases – was recently observed all over the world.
McMichael provides a few examples in his review (McMichael, Woodruff et al.,
2006). Malaria outbreaks in south Asia and south America were related to the
ENSO cycle; ENSO-related climatic variation in Australia was linked to Ross
River virus outbreaks. El Nino and La Nina events are linked with dengue
outbreaks. The most important pathways through which climate change can
influence infectious disease agents, vector organisms, non-human reservoir
species and rate of pathogen replication, either directly or indirectly are
summarised in Figure 5.1. The focus of this figure is on infectious diseases;
other health effects linked to climate change are therefore not represented.
The various pathways listed in Figure 5.1 have to be taken into consideration
when estimating the future disease burden. They may either directly or
indirectly influence disease transmission dynamics in future years. However, an
affected population might be able to mitigate and adapt to the effects of climate
change.
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With direct or
indirect impact on
infectious agents
Extreme weather
events

Temporary effects on
food yields for human*
and for vector-pathogenhosts**
(Temporary) impairment
of hygiene conditions***

affects regional
climate:

Global
climate
change

- temperature
- heatwaves

Effects on
ecosystems (land &
sea), and on
particular species

Microbialproliferation:
Food- and
waterpoisoning (e.g
Campylobacter spp);
Changes in vectorpathogen-host relations
incl. their geographical
expansion

- precipitation
-extreme weather

Sealevel rise

Impaired food
production (agriculture &
fishery)*

Environmental
degradation
Displacement****

* Leading to human malnutrition, with as a consequence higher susceptibility to
infectious agents and, if infected, risk of severe illness.
** Temporary increase of food might result also in a temporary rise of e.g. the
rodent population carrying vectors affecting human health (Weiss and
McMichael, 2004).
*** Impaired hygiene conditions facilitate the (re)-emergence of various
infectious agents.
**** Displacement is often linked to poverty, malnutrition and poor hygiene. All
are factors facilitating the (re)-emergency of pathogens and, if infected, the risk
of severe illness.
Note: The figure is derived from McMichael et al. (2004; 2006) but has been
adapted for infectious diseases.
Figure 5.1: Pathways through which climate change directly or indirectly
influences infectious disease epidemiology

5.3

Impact of other societal changes, such as consequences of globalisation
Societal changes have occurred ever since individuals built communities and
societies and shared common patterns of relationships and interdependency.
The dynamics of societal changes have largely varied, and have often been
triggered by innovation or the introduction of new goods, techniques, and
insights. In the last century, industrialisation has had a profound impact on the
development and structure of many societies. Furthermore, societal changes
have always influenced the health of populations. For instance, the observance
of marked increases in life expectancy during the last century can partially be
attributed to multiple, often indirect effects of industrialisation. Today, much of
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the transformation occurring in most societies is often labelled and approached
with the concept of globalisation. Initially being seen a more or less economic
process, globalisation is now recognised as an extremely complex phenomenon.
It is understood as the global integration of not only economic, but also cultural,
environmental, social and political processes on all spatial levels and the
establishment of transnational structures as a result of intensified cross-national
exchange and interactions.
It is difficult to provide an overview of and to predict the effects of globalisation
on population health due to the multiplicity of potential determinants and to a
lack of data. Much of what is known today about the effects of globalisation on
health is therefore mainly based on conclusions drawn from conceptual
frameworks of this topic. Important health determinants that have been
identified include governance, occupational and health service structures,
population demography, mobility and migration, increasing long-distance trade,
food and water availability and security, human-induced changes of landscapes
(e.g. forest clearance), sanitation, education, social equity and support and the
quality of the environment (Patz, Daszak et al., 2004; Weiss and McMichael,
2004; Jones, Patel et al., 2008). Future health scenarios that result from the
changing patterns of these determinants are projected in two perspectives, i.e.
both to the benefits for and to the threats to population health.
Some of these determinants influence – either directly or indirectly –disease
transmission dynamics and consequently human health, and should therefore be
considered when estimating future disease burden. The most important
determinant is discussed below.

Migration is seen as one of the major drivers for emerging
infectious diseases (Jones, Patel et al., 2008), of which there are
various types:
i. Migration due to social disruption from war and conflict,
in which people mostly end up in places with poor
hygiene and infrastructure, as well as insufficient food
supply. All are factors influencing the re-emergence of
infectious diseases, and due to high population density,
favouring the spread of various diseases between people
and their hosts (Weiss and McMichael, 2004).
ii. Another form of migration is rural-to-urban migration
that results in high density areas, and in some regions of
the world in peri-urban slums, which are unhealthy
landscapes favouring the emergence of certain infectious
diseases (Weiss and McMichael, 2004). Dengue fever is
an example, because its mosquito vector rapidly
multiplies in such environments (Weiss and McMichael,
2004). Another effect of urbanisation is the breakdown
in traditional family and social structures, leading to
greater personal mobility and extended and changeable
social networks, all factors facilitating the spread of
sexually transmitted diseases (Weiss and McMichael,
2004).
iii. Migration towards uncultivated environments, or the
expansion of towns into uncultivated environments,
results in new contacts between wild fauna and humans
and their livestock, increasing the risk of acquiring
cross-species infection (Weiss and McMichael, 2004)
such as the Nipah virus, which crossed over from fruit
bats to pigs and then to pig farmers.
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Mobility, as favoured by for example new infrastructure projects,
but also long-distance travel of both people and food products,
favours the rapid spread, if already occurring, of new emerging
infections (Weiss and McMichael, 2004).
Behavioural changes in humans; for example, the increased
demand for exotic and wild animals increases the risk of new
emerging infections (Weiss and McMichael, 2004).
Agriculture is another environmental determinant having an
impact on infectious diseases (Patz, Daszak et al., 2004; Weiss
and McMichael, 2004; Eisenberg, Desai et al., 2007; Yasuoka
and Levins, 2007).
i. Intensification of meat production has led in recent years
to new infections (Weiss and McMichael, 2004). The
most prominent example is vCJD. Although closed and
intensive farming of a single species is known to reduce
the risk of cross-species infection, once infection occurs,
and if concentrated, large epidemics can result.
ii. Deforestation, land exploitation and pollution are other
factors changing the micro climate and consequently the
ecology and living conditions for host pathogens and
infectious agents. For example, in Thailand large-scale
deforestation resulted in a decrease in malaria incidence,
whereas in other areas various agriculture activities
following deforestation resulted in an increase of malaria
(Yasuoka and Levins, 2007).
Technological advances in medicine and public health are
another major driver of infectious diseases (Weiss and
McMichael, 2004; Jones, Patel et al., 2008). Multi-drug
resistance and the spread of infections in hospitals (so-called
nosocomial infections), for example due to needles, are by far
the most effective medical vector for infectious diseases (Weiss
and McMichael, 2004). A factor with an unknown effect is the
use of biological medicines produced from animal-cell
substrates; this is a potential hazard for introducing new
infections.
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