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EPIWORK is a project sponsored by the Future and Emerging Technologies 

program of the European Community proposing a multidisciplinary research 

effort aimed at developing the appropriate framework of tools and 

knowledge needed for the design of epidemic forecast infrastructures.   

The huge flow of quantitative social, demographic and behavioral data 

becoming available nowadays motivates the development of innovative 

technologies that can improve the traditional disease-surveillance systems, 

providing faster and better-localized detection capabilities. Improved ICT 

techniques and methodologies, supporting inter-linkage and integration of 

datasets, can change the way epidemic processes are modeled. For the 

first time, ICT and computation enable the study of epidemic in a 

comprehensive fashion addressing the complexity inherent to the biological, 

social and behavioral aspects of health related problems.  In this context, 

the EPIWORK project proposes a visionary research aimed at giving scientific 

foundations to the development of the needed modeling, computational 

and ICT tools such as mathematical and computational methods to predict 

the disease spreading in complex social systems, the development of large 

scale, data-driven computational models with a high level of realism, the 

design and implementation of original data-collection schemes through 

innovative Web and ICT applications, the setting up of a computational 

platform for epidemic research and data sharing to generate fruitful 

synergies between research communities and countries. 

Developing the framework for 
an epidemic forecast 
infrastructure 

The vision 
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The challenges Infectious diseases remain a serious medical burden all around the world with 

15 million deaths per year estimated to be directly related to infectious 

diseases. The emergence of new diseases such as HIV/AIDS, the severe acute 

respiratory syndrome (SARS) and, most recently, the rise of the new influenza 

pandemic represent a few examples of the serious problems that the public 

health and medical science research need to address.  

While for centuries mankind seemed helpless against these sudden 

epidemics, in recent time our ability to control future epidemic outbreaks is to 

a high degree facilitated by the advances in modern science. The cures for a 

number of dangerous pathogens are available and thank to the genetic 

revolution new drugs to prevent and reduce the health consequences of new 

epidemics can be developed and manufactured faster than ever before. The 

vaccine against the new influenza A(H1N1) has been developed rapidly to 

be available only a few months after the beginning of the epidemic. On the 

global scale, the World Health Organization and other agencies have put in 

place cooperative infrastructures for disease control and surveillance that, 

primarily during the early phase of the new influenza outbreak, allowed a 

timely identification and track of the emerging disease evolution and spread, 

enabling the alert of national and international health services and the 

deployment of containment and mitigation measures.  

On the other hand, the increasing population of urban areas, the massive 

interconnectivity among world regions and the human mobility are factors 

that accelerate the spread and diffusion of old and new diseases. In this 

context, diseases and epidemics can have far reaching effects on a very 

short time scale. As a result, we demand ever-increasing predictive power to 

anticipate future outbreaks and evaluate associate risks. The ability to 

forecast how a disease might spread on the local and global level (as much 

accurately as we can do for the weather) is essential for the identification 

and development of appropriate control strategies.  

In this perspective, computational power and ICT advances allow us for the 

first time to ambitiously imagine the creation of computational epidemic 

forecast infrastructures able to provide reliable, detailed and quantitatively 

accurate predictions of global epidemic spread.  
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Progress beyond 
the state-of-the-art 

“The spread of epidemics is indeed 
inevitably entangled with human 

behavior, social contacts and 
population mobility. A qualitative 

change in the ways we model 
epidemic contagion processes is 

occurring.” 

Modeling and 
theoretical 
foundations. 

A limitation in epidemic modeling 

and forecast is the large gap 

between the classical 

epidemiology theory, dominated 

by stylized models, and the 

theoretical understanding of the 

many complex facets 

encountered in the realistic 

description of epidemics. Epidemic 

models usually don’t take into 

account the multi-scale complexity 

of the population-disease-

environment system and the 

dynamical aspects of contacts 

and mobility of individuals, as well 

as other time-dependent features 

such as seasonal effects and other 

external environmental drivers, 

generally not included in the 

model formulation. Analogously, 

the complexity added by the 

interaction between pathogen 

and host, vaccination procedures, 

short and long-term immunity and 

re-infection mechanism have been 

investigated only at the level of 

very simple compartmental 

models. The mathematical 

epidemiologists and modelers in 

the consortium intend to finally lay 

the foundation of new models 

stylized enough as to remain 

analytically tractable, yet 

nevertheless accurate to simulate 

realistic heterogeneous epidemic 

processes. 

Complexity of the population-

disease-environment system 

Contact patterns among 

individuals over which the disease 

spreads are highly heterogeneous, 

so that the variations in people’s 

interacting behavior become a 

crucial determinant of individual 

risk. The project research effort will 

be aimed to determine how 

heterogeneities due to population 

aggregations and spatial 

structuring control the epidemic 

size and the extinction threshold as 

well as competition and evolution 

between pathogen strains. The 

project will also focus on the 

interplay between seasonality and 

pathogen competition and 

evolution, and how these aspects 

affect the epidemic evolution. 

These results will allow a new take 

on the design of vaccination 

intervention, and on the effect of 

re-infection thresholds and 

pathogen dynamics. Each of these 

results and the new model 

structures will change parameter 

estimation methods and the 

project will develop new tools for 

estimating key parameters on real 

data and evaluating the prediction 

quality of the models. 

The structure of interacting 

populations on many 

magnitude and spatial scales 

Another shortcoming of the present 

state of the art in epidemic 

modeling is represented by the 

lack of understanding and 

characterization of the complex 

structure of meta-population 

models. Large-scale models of 

epidemic evolutions in fact are 

crucially dependent on the ability 

to quantify the topological and 

dynamical features of human 

mobility network and spatially 

structured models. This, in turn, 
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requires the development of 

theoretical frameworks providing 

order parameters, the identification 

and extraction of universal features 

and the quantification of differences 

and similarities on an international, 

national and regional level. Despite 

considerable effort and advances in 

study of human transportation 

networks, no systematic 

investigation of traffic networks 

incorporating all spatial scales exists 

today. As such, our understanding of 

human mobility within 

heterogeneous and spatially 

structured populations is limited. The 

project envisions overcoming two of 

the most challenging aspects of 

complexity, in this context, namely 

the structure of interacting 

populations on many magnitude 

and spatial scales beyond and 

within international, interregional, 

intercultural and linguistic 

boundaries, and their effective 

interaction by means of multi-length 

scale transportation and mobility 

network. The proposed research will 

provide a first principles construction 

of the meta-population description 

that goes beyond the usual 

identifiable structured contexts such 

as cities, town and villages, or – on a 

smaller case – schools, workplaces, 

homes. The complexity of the techno-

social systems makes these intuitive 

modules opaque and arbitrary and 

the project will work on defining novel 

community structure identification 

algorithms to identify the effective 

community structure in multi-scale 

mobility networks. 

Network-network duality 

framework 

The combination of results on contact 

patterns among individuals and meta-

population structures represents 

another major conceptual and 

theoretical advance proposed by the 

project: the understanding of human 

interactions in a network-network 

duality ansatz. The static properties of 

contact network are strongly 

influenced by the way individuals 

behave as agents in a spatially 

structured meta-population. 

Contemporary research on disease 

dynamics has so far not succeeded in 

merging these two aspects. We 

anticipate bridging this gap in a 

network-network duality framework. 

The key result is in the understanding 

of the reciprocal impact of social 

networks and mobility networks. In this 

approach we plan to develop 

mathematical tools and theoretical 

frameworks that allow the 

development of models in which 

social contact networks and mobility 

networks are modeled simultaneously. 

 

Data-driven 
computational 
platform. 

Modeling platform 

The computational approach to the 

realistic modeling of infectious 

diseases is a research area that 

requires a multidisciplinary effort 

aimed at capturing the complexity 

underlying the interaction between 

biology, individuals, society and 

environment. The research agenda of 

Epiwork has a twofold approach to 

face this aspect: 

• The collaboration of 

epidemiologists, computational 

modelers and physicists will allow 

tackling foundational issues 

related to complexity and 

predictability in computational 

epidemiology 

• The development and 

implementation of a modeling 

platform available through the 

web to a wide range of users to 

simulate epidemics by explicitly 

including the complexity of the 

real world. 

On the foundational issues, the 

envisioned work will provide a basic 

understanding of the predictive time 

scale as a function of information 

available on the system and its initial 

conditions. The project will leverage on 

‘’Theory/models
/data are 
integrated in a 
large scale 
computational 
approach to be 
validated on 
epidemiological 
data‘’ 
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will determine the number of 

disease-carrying individuals that will 

spread the disease both in agent 

based models and stochastic 

meta-populations models.  

The final aim is to provide a flexible 

and user-friendly tool for the 

simulation of a case study, test and 

validation of specific assumption 

on the spread of a disease, 

understanding of observed 

epidemic patterns, study of 

effectiveness and results of 

different intervention strategies, 

analysis of risk through model 

scenarios, forecast of newly 

emerging infectious diseases. The 

platform will be informed and 

tested by the consortium 

epidemiologists and public health 

professionals and is also envisioned 

as scenario and training tool for 

public health workers and policy 

makers, fostering the use of 

computational modeling of 

infectious diseases. The consortium 

has expert working in protection 

agencies and ongoing 

collaborations with the crisis room 

the collaboration of 

epidemiologists, physicists and 

modelers. This will allow the 

assessment of issues concerning 

the complexity and predictability 

of epidemic spreading patterns 

resulting from multi-scale and 

agent-based computational 

models by integrating techniques 

used in information theory and 

statistical physics while at the same 

time considering the relevant 

epidemiological parameters, the 

plausible uncertainties and data 

bias. The modeling platform will 

integrate models, real data and 

visualization techniques to perform 

simulations and provide access to 

state-of-the art computational 

modeling to a wide audience of 

both experts and non-experts. In 

particular, transportation data on 

the mobility of individuals need to 

be integrated in epidemic models, 

as the human mobility is the key 

factor in inter-population disease 

spreading. We plan to include 

data of the commuting of 

individuals and long range 

travelling fluxes (airliners, railways) 

in order to define coupling fluxes 

among subpopulations in different 

geographical areas. These fluxes 

The final aim is to provide a 
flexible and user-friendly tool 

for the simulation of a case 
study, test and validation of 
specific assumption on the 

spread of a disease, 
understanding of observed 
epidemic patterns, study of 
effectiveness and results of 

different intervention 
strategies.  
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byline 

Lorem Ipsum 

and pandemic exercises across 

Europe and we will leverage on 

these activities to propose our 

computational platform as a 

predictive or scenario drawing tool 

in these contexts. This will allow the 

exploitation of research synergies 

and the eventual nucleation of a 

large-scale computational 

infrastructure for epidemic 

modeling in realistic complex 

techno-social systems. This is one of 

the basic component towards the 

construction of a large scale 

European epidemic forecast 

infrastructure. 

 

Information platform 

Another limiting factor toward 

realistic epidemic forecast is the 

difficulty in assimilating and 

integrating the ever increasing 

wealth of datasets needed to 

support the modeling approach 

and to extract knowledge and 

pattern from multiple data sources. 

As of today, data are generally 

gathered according to different 

standards and usually collected by 

national census bureau, health 

institutes and centers for disease 

control without coordination. The 

situation is even more cumbersome 

for scientific experiments or 

targeted epidemiological data 

acquisition. The project envisions a 

unified and integrated approach 

for management of these 

resources, with the design and 

implementation of an Epidemic 

Marketplace Platform, publically 

available on the web. The project is 

defining a simple reference format 

that will facilitate the navigation 

and use of the datasets. This 

information platform will provide 

the community with an 

unprecedented tool in the 

epidemic research field with the 

following enabling features: 

• It will support the sharing and 

management of epidemic 

datasets and resources as well 

as their rating, annotation and 

selection. 

• It will be used as an on-line 

social networking site that will 

serve researchers, practitioners 

and educators all over the 

world to foster a virtual 

community for epidemic 

research. 

• It will support the exchange of 

resources as well user 

interactions. Based on some of 

the Web 2.0 characteristics, 

users will become active 

participants, generating 

information and providing data 

for sharing and collaborating 

on-line, rather than being 

satisfied with a passive 

information consumer/viewer 

role. 

• It will create and exchange 

point connecting modelers 

who search for data for 

deriving their models and those 

who have data and search for 

the help of modelers on 

interpreting their data. 

• As collaborations evolve, 

through direct trustful sharing of 

data, the platform will also 
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Real time Monitoring Infrastructure based 
on Social Web and Web 2.0 techniques.   

serve as a format for discussion 

and the organization of 

meetings that will guide the 

community into uncovering the 

necessities of sharing data 

between providers and 

modelers. 

The Epidemic Marketplace will 

support a distributed Architecture, 

secured access to data and data 

analysis and simulation in grid 

environment.  

ICT monitoring and 
reporting system. 

Data represents an obstacle to 

progress not only because it is 

scattered across different 

repositories, different formats, 

standard and classification, but 

also because its rate of acquisition 

and experimental design is limited. 

Real time surveillance data are 

crucial to rapidly identify public 

health emergencies, understand 

global trends and driving factors, 

feed realistic data-driven models to 

assess the impact on the 

population, optimize the allocation 

of resources and devise mitigation 

and containment measures to 

reduce economic, 

communication, transportation 

and – more in general – social 

disruption. In general, existing 

disease surveillance systems (GP 

sentinel) have several important 

limitations, in particular in their 

inability to provide information in 

real time and on patterns of 

household transmission and in their 

lack of uniform standards for 

clinical definitions, that vary 

considerably between countries 

and even between reporters. 

Moreover, age-stratified rates of 

physician consultation may vary 

widely with different health care 

and health insurance systems. 

Especially for diseases as influenza-

like-illness, only a minor (and 

unknown) fraction of all infected 

individuals sees a doctor and 

frequently only after a 

considerable delay, when a 

complication has occurred or in 

case a doctor’s certificate is 

required (e.g. in Sweden such a 

certificate is not required until after 

1 week). Reporting rate may 

change unpredictably during an 

epidemic, making extrapolations of 

those statistics to the general 

population uncertain. Moreover, in 

many European countries the 

recruitment of sentinel GPs does 

not ensure proper sampling so that 

the geographic distribution of 

reporters does not faithfully 

represent the distribution of 

inhabitants, further complicating 

the attribution of observed cases to 

the population at risk. Existing 

surveillance systems also lack the 

flexibility to cope with new variants 

of existing pathogens that may 

result in atypical symptoms. These 

systems are also very vulnerable in 
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the case of high prevalence and 

socially disruptive epidemics due to 

the limited capacity of hospitals 

and health care centers which 

induce biases in the number of visits 

per sentinel physician. In all cases, 

these limitations are crucially 

undermining the development of 

real-time data-driven modeling 

and forecast capabilities. 

The project intends to overcome 

the limitation of the state of the art 

surveillance systems by proposing 

an innovative ICT approach based 

on Web 2.0 tools. Starting from the 

successful experiences of internet-

based monitoring systems (IMS) in 

the Netherlands and in Portugal, 

that displayed high values in 

surveillance, epidemiological 

analysis and participant 

recruitment, the project plans to 

deploy an innovative real-time 

surveillance system across 

European countries. The system, 

based on the Portuguese team 

platform, has already been 

deployed in Italy at the beginning 

of the winter season 2008-2009 

and has been exported to the 

United Kingdom during the early 

phase of the new influenza 

A(H1N1) outbreak. The IMS is 

based on the participation of 

the population to collect 

real-time information on the 

distribution of diseases by 

means of Web services. 

The collaborative 

participation of users is 

achieved through 

targeted 

communication and 

recruitment. Graphic 

representation, 

processing and 

analysis of data on 

the progression of the 

disease, is provided in real time.  

Database contents of the local IMS 

are being designed to be 

consistent and have information 

with a standard nomenclature. 

Surveillance data gathered locally 

in each participating country is 

collected in a centralized 

database that will provide and 

easy-to-access, reliable and 

extensive source of 

epidemiological data.  

In addition, the project considers 

mobile telephone as enabling 

access technology so that larger 

fractions of the population can be 

involved in the real time data 

acquisition. The proposed IMS 

foresees for the first time the 

collaboration of epidemiologists 

and public health practitioners with 

modelers. The epidemiology teams 

will take care of defining “golden 

standard” for different diseases in 

order to have unified data across 

European countries. While 

influenza-like illness (ILI) are used in 

the early deployment of the 

system, the final IMS will consider 

other diseases and infections. 

Population-based real-time 

monitoring, under development in 

Sweden, promises further 

refinement of patient-initiated 

disease reporting using state-of-

the-art telecommunication and 

Internet techniques, guaranteeing 

the link to the underlying 

population that generates the 

cases. The project will provide 

also the first comparative 

assessment of various surveillance 

methods. By performing truly 

population-based disease 

surveillance (in a controlled 

sample of the population) in 

parallel with the IMS surveillance 

program, we will be able to shed 

better light on the issue of 

systematic errors in rates. Ideally, 

the validation effort will result in 

correction factors that will allow 

us to re-calibrate the IMS data. 



 9 Epiwork – Developing the framework for an epidemic forecast infrastructure 

The project revolves around six 

distinct scientific work packages  

(WP1-WP6) aimed at providing a 

virtuous feedback cycle between 

tool development, data collection, 

analysis and modeling. Parallel 

scheduling of the work packages is 

necessary to jump-start the cycle 

and the Inter-WP validation. The 

research plan is structured so as to 

foster a fruitful interplay between 

the various components of the 

project. WP1 and WP2 are aimed 

at exploring theoretical issues in the 

area of epidemic modeling in 

complex, multi-scale systems, 

structured populations and in the 

presence of the dynamical 

interplay between social and 

technological factors, seasonality 

and climate, health policies 

implementations, WP3 and WP4 

are devoted to the collection and 

sharing of data on a 

computational platform and have 

a two way continuous exchange 

with WP1 and WP2 of data and 

algorithms. WP5 and WP6 is aimed 

at developing, set-up and 

deployment of innovative web 

monitoring and data gathering 

tools that provide a continuous 

stream of data to WP3-WP4 and is 

informed by constant feedback on 

the modeling needs in terms of 

data gathering by WP1 and WP2. 

The common research agenda of 

the consortium teams, which work 

in a coordinated way on the 

various tasks, favors a closer 

interchange of ideas and 

knowledge among the groups and 

the various components of the 

project in a truly interdisciplinary 

collective effort. 

Each WP includes several core 

disciplines expertise and it is 

anchored to the epidemiology 

area by the presence of 

mathematical biologists, 

Overall Strategy 
and general 
description 



 

 

 
The project description readily 

conveys the need for a wide 

variety of skills competencies, 

ranging from complex systems 

theory and computational 

modeling to computer science, 

statistical physics and 

epidemiology. The consortium 

consists of 12 teams in 8 different 

countries that provide these 

competencies and that have skills 

and expertise that are 

documented by numerous 

publications and participation and 

leadership roles in previous 

European network projects. 

1. ISI – Institute for Scientific 
Interchange Foundation (Italy) 

2. FGC-IGC – Fundaçao Calouste 
Gulbenkian - Instituto 
Gulbenkian de Ciência, 
(Portugal) 

3. TAU – Tel Aviv University (Israel) 

epidemiologists and public health 

experts. These groups will provide 

the main research questions, the 

basic disease parameters choices 

and the relevant complex features 

of epidemiological systems as well 

as their contribution in the 

development of cross-fertilized and 

novel approaches targeted in the 

WPs. WP7 is management. This 

project is initiated by a group of 

senior scientists, working at the best 

research institutions in Europe. The 

Institute of Scientific Interchange 

(ISI), Turin, provides the 

management of the project and 

the coordination of the consortium. 

Finally, WP8 is devoted to outreach 

and dissemination activities. 

4. MPG – Max Planck Institute for 
Dynamics and Self-
Organization (Germany) 

5. AIBV – Acquisto Inter BV (The 
Netherlands) 

6. London School of Hygiene and 
Tropical Medicine (UK) 

7. SMI – The Swedish Institute for 
Infectious Disease Control 
(Sweden) 

8. KULeuven – Katholieke 
Universiteit Leuven (Belgium) 

9. BIU – Bar Llan University (Israle) 

10. FBK – Fondazione Bruno Kessler 
(Italy) 

11. CREATE-NET – Center for 
Research and 
Telecommunication 
Experimentation for NETworked 
communities 

12. FFCUL – Faculty of Sciences 
University of Lisbon 

 The consortium 


