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Introduction
The main research effort of the Epiwork project is aimed at developing the appropriate
framework of tools and knowledge needed for the design and implementation of modeling,
computational and ICT tools to forecast epidemic scenarios with a high level of realism and
based on data-driven computational models.
Key to the development of such an epidemic forecast infrastructure at the European level is a
computational platform that can provide the access to the state-of-the-art modeling
approaches to perform data-driven simulations of epidemic out-breaks. Presently, only a few
computational tools are available for assessing scenarios, predicting epidemic evolutions, and
managing health emergencies that can benefit a broad audience of users including policy
makers and health institutions. The existing tools described above thus offer the opportunity
to use highly sophisticated data-driven approaches at the expense of flexibility and ease of use
by non-experts on the one hand, or very simplified models with user-friendly GUIs and no
specific computational requirements on the other. The approach described in the following
aims at optimizing the balance of complex and sophisticated data-driven epidemic modeling
at the global scale while maintaining an accessible computational speed and overall flexibility
in the description of the simulation scenario, including the compartmental model, transition
rates, intervention measures, and outbreak conditions by means of a user-friendly GUI.
In the scope of Work Package 4 – Epidemic Modeling Platform, a platform for the
computational modeling of infectious disease spread has been designed and implemented.
The result is a publicly available software system, called “GLEAMviz”
(http://www.gleamviz.org) that simulates the spread of emerging human-to-human infectious
diseases across the world. This software, as will be described in detail in the following, is a
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 the
effectiveness and results of different intervention strategies, analysis of risk through model
scenarios, forecast of newly emerging infectious diseases.
The complete description of all the components of GLEAMviz has been previously given in
various deliverables: D4.2, D4.3, D4.4
In this final report we will:
1. briefly describe the software system mentioning the features that have been developed
in the last period of the project
2. the present usage of the platform
3. the real-world application that have been performed in the past and that are going to be
performed in the next future
4. the most relevant academic papers published during the whole duration of the project.
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1.	
  The	
  GLEAMviz	
  computational	
  platform:	
  new	
  features	
  
The GLEAMviz tool comprises three components:
- the client application
- the proxy middleware
- the simulation engine.
The latter two components constitute the GLEAMviz server.
GLEaMviz client
client

GLEaMviz server
proxy

simulation
engine
GLEaMsim
GLEaMsim
core
wrapper

(GLEaM)

GLEAMviz client, server and middleware

The simulation engine leverages on the Global Epidemic and Mobility (GLEaM) framework,
a stochastic computational scheme that integrates worldwide high-resolution demographic
and mobility data to simulate disease spread on the global scale.
The GLEAMviz design aims at maximizing flexibility in defining the disease compartmental
model and configuring the simulation scenario; it allows the user to set a variety of
parameters including: compartment-specific features, transition values, and environmental
effects. The output is a dynamic map and a corresponding set of charts that quantitatively
describe the geo-temporal evolution of the disease.
The software is designed as a client-server system. The multi-platform client, which can be
installed on the user's local machine, is used to set up simulations that will be executed on the
server, thus avoiding specific requirements for large computational capabilities on the user
side. The communication between server and client is implemented using a standard "XML
over HTTP" protocol, following the REST paradigm.
The following Figure describes the GLEAMviz usage workflow, form the definition of a
simulation to the visualization its output.

6

EPIWORK D4.6

CLIENT

SERVER
1 Design'the'compartmental'model'of'
the'infectious'disease,'and'configure
the'world6wide'epidemic'spreading
in'the'Simulation*Builder*

2 Submit'the'simulation'for'
execution'by'the'Engine'on'
the'server

3 Inspect'all'simulations'and'retrieve'
their'results'in'the'Simulation
Manager
.

4 Inspect'the'results'of'a'simulation'in'
the'interactive'Visualization

GLEAMviz usage workflow

The GLEAMviz server and middleware
The GLEAMviz server is composed by the proxy middleware and the simulation engine.
Users interact with the GLEAMviz system by means of the client application, which provides
graphical user-interfaces for designing and managing the simulations, as well as visualizing
the results. The clients, however, do not themselves run the simulations. Instead they establish
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a connection with the GLEAMviz proxy middleware to request the execution of a simulation
by the server.
The GLEAMviz simulation engine uses a stochastic meta-population approach (already
described in D4.1 – Simulation Framework) that considers data-driven schemes for the shortrange and long-range mobility of individuals at the inter-population level, coupled with
coarse- grained techniques to describe the infection dynamics within each subpopulation. The
basic mechanism for epidemic propagation occurs at multiple scales. Individuals interact
within each subpopulation and may contract the disease if an outbreak is taking place in that
subpopulation. By travelling while infected, individuals can carry the pathogen to a noninfected region of the world, thus starting a new outbreak and shaping the spatial spread of the
disease. The simulation engine consists of a core that executes the simulations and a wrapper
that prepares the execution based on the configuration relayed from the client by the
GLEAMviz proxy middleware. The engine can perform either single-run or multi-run
simulations (each with the same configuration but with a different random seed, whose results
are then aggregated and statistically analyzed by the wrapper code). The simulation engine
writes the results to files and uses lock files to signal its status to the middleware component.
The engine component is coded as a Python program with additional modules; all the
computational expensive tasks are then performed by embedded FORTRAN routines directly
callable by the main program.
The GLEAMviz proxy middleware is the server component that mediates between clients
and simulation engines, handling the user management and the simulation requests, and
controlling the engine's execution. The client users are authenticated on an LDAP directory,
which is kept synchronized with the Epidemic Marketplace data platform. The middleware
component
implementation
is
based
on
the
Django
Web
framework
(https://www.djangoproject.com/) and the PostgreSQL database (http://www.postgresql.org/)
and is designed in a way that makes the GLEAMviz server potentially suitable for interfacing
with various client types.
The current implementation of the server component of the GLEAMviz computational
platform allows for a flexible and scalable infrastructure. The optimized engine code
implements the GLEAM model with simulations running approximately ten times faster
than with the previous version.
The GLEAMviz client
The software system presented above is operated through the GLEAMviz client, which
provides the user interface: the part of the tool actually experienced on the user side.
The GLEAMviz client integrates different modules that allow the management of the entire
process flow from the definition of the model to the visualization of the results.
The GLEAMviz client is a desktop application by which users interact with the GLEAMviz
tool. It provides GUIs for its main functions: 1) the full definition of a simulation including
the design of a compartmental models that defines the infection dynamics and the
configuration of the simulation parameters; 2) the submission and retrieval of the simulation
to the server for execution; 3) the visualization of the simulation results with different
options; and 4) the management of the user’s collection of simulations
The client can be installed on recent versions of the Microsoft Windows and Mac OS X
operating systems; a client version not including the 3D globe visualization (see below) is
available for the Linux operating system.
The Simulation Builder GUI is used to design a simulation, from the compartmental model to
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the global settings and optional time-dependent exceptions. Those three components are
organized by means of tabbed panels.
The Model Builder provides a visual modeling tool for designing arbitrary compartmental
models, ranging from simple SIR models to complex compartmentalization in which multiple
interventions can be considered along with disease-associated complications and other effects.
A snapshot of the Model Builder window is shown in the following Figure.

GLEaM Model Builder

This allows the user to model many kinds of human-to-human infectious diseases, in
particular respiratory and influenza-like diseases. Models can be exported to XML files and
stored locally, allowing the user to load a model later, modify it, and share it with other users.
The diagram representation can be exported as a PDF or SVG file for use in documentation or
publications. A few examples of compartmental models are available for download from the
Simulator website.
The Settings panel is used to conﬁgure the simulation’s general parameters, which deﬁne the
basic scenario for the simulation that will be run by the GLEAMviz server. Users have now
multiple choices for implementing local human mobility (data based models, gravity
models, radiation models, etc.).
The Exceptions panel, with a new redesigned interface, allows the setting of disease models
and interventions that can be geographically dependent (and for specific time period).
Once the execution of a simulation is finished and the results have been retrieved from the
server, the client can display the results in the form of an interactive visualization of the geotemporal evolution of the epidemic. This visualization consists of a temporal and geographic
mapping of the results accompanied by a set of graphs (see Figure below).
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GLEAM Geographic mapping visualization

The geographic mapping involves a zoomable multi-scale map on which the cells of the
population layer are colored according to the number of new cases of the quantity that is
being displayed. The color coding of the map represents the number of cases on a particular
day.
The time evolution of the epidemic can be shown as a movie, or in the form of daily states by
moving forward or backward by one day at a time. For single-run simulations it is also
possible to show the airline transportation of the ‘seeding’ individuals by drawing the
traveling edge between the origin and destination cities.
Beside the geographical map, the Map Window displays a set of charts. For each pair of
charts the top one shows the number of new individuals per 1,000 over time (incidence), and
the other shows the cumulative number of new individuals per 1,000 over time (size). For
multi-run simulations, median values and corresponding 95% confidence intervals are shown.
The user can choose the context for which the corresponding charts show incidence and size
data. The currently selected day is marked by a vertical line.
The latest version of GLEAMviz, now downloadable from gleamviz.org features some extra
data visualizations:
•

•
•

Additional demographic and health-related information in the city info popups:
• Average number of hospital beds per 1000 inhabitants
• Average number of physicians per 1000 inhabitants
• Average distribution of the population into age brackets
Visualization of the cumulative individual transitions on the map as an alternative option
to new transitions.
Intuitive highlight of the census basins associated to each city/airport.

10 EPIWORK D4.6

Users can also visualize on the geographical mapping the additional data layers, regarding
population and healthcare indicators. The latest version also features major improvement to
the simulation engine and enhancement to the data visualization settings.

In terms of available visualizations, we would like to remind the reader that the latest version
of GLEAMviz includes the possibility to use the SPATO algorithm and visualization
approach to visualize the results of a simulation by displaying the spreading of a global-scale
epidemic upon a shortest-path representation of the airline transportation network (see figure
below), with different rescaling options. The same simulation can thus be visualized
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simultaneously in terms of geographical mapping and in terms of topological network
representation.

In addition to the default map visualization and the SPATO (http://www.spato.net)
visualization it is also possible to access a third visualization option, where the disease
spreading is displayed on a 3D representation of the Earth (see figure below).

All the new features have been documented in the updated version of the manual, which can
be
found
at
the
following
address:
http://www.gleamviz.org/simulator/GLEAMviz_client_manual_v4_2.pdf

12 EPIWORK D4.6
Extension of the GLEAMviz platform to ABM integration
The computational platform is now also able to provide a European wide Agent Based model
(described in: M Ajelli, B Goncalves, D Balcan, V Colizza, H Hu, JJ Ramasco, S Merler, A
Vespignani, Comparing large-scale computational approaches to epidemic modeling: agentbased versus structured metapopulation models, BMC Infectious Diseases 10, 190 (2010)).
The GLEAMviz system is being extended in order to allow the execution of integrated
simulations, which use the detailed agent-based model developed by the FBK team for a
European country while taking advantage of the GLEAM approach on a global scale. Users
will be able to perform those simulations by using an extended version of the GLEAMviz
client, choosing the countries and the compartmental models by means of the client GUI and
visualizing the results as for a standard GLEAMviz simulation (geographic mapping, charts,
etc.). The first integration task has been carried on using a standard flu-like compartmental
model and the agent-based computational program by Fondazione Bruno Kessler, however
the platform has thus now the capability to facilitate the plug in of models developed by
research community outside of the consortium. This approach will lever on the open source
collaboration system and will make the computational platform a live tool where all research
groups working in the area can integrate their modeling effort. This will help European
member countries to develop highly detailed agent-based models tailored for a local region
(i.e. a particular European country) to dynamically interact with the global-scale simulator. In
order to do that, the teams involved in this task have developed appropriate APIs to allow
externally defined realistic models to interact dynamically with the simulation engine,
exchanging synchronized information about all the simulation parameters at the interaction
boundaries. Synchronized simulation data include the number of individuals in each
compartmentalization who are located in each shared census area or who are travelling
through the airline transportation network from/to the region simulated by the local-scale
model, etc. The Deliverable D4.7 focuses on the technical analysis of the requirements for the
extended platform and the specification and documentation of the protocols detailing the APIs
for the global-scale/local-scale modeling software interaction. We will then implement the
extensions and set up an integrated computational infrastructure by interfacing the
computational infrastructure with the agent based model developed by independent groups
which have expressed the interest to integrate their models in the Epiwork platform.

2.	
  The	
  present	
  usage	
  of	
  the	
  platform	
  
Besides many previous events (see Deliverable D4.4) featuring the usage of the GLEAMviz
simulator application, we presently have about 2000 valid users.
Since October 2012, on the public server about 6500 simulations have been performed.
The GLEAMviz simulator software is also being used by the Joint Research Center of the
European Commission located in Ispra, which has been provided a full server setup without
the limitations of the public version. We are also in touch with the WHO for future
preparedness plans.
GLEAMviz has also been used as a didactic tool in the following events:
The 2013 Summer Institute in Statistics and Modeling in Infectious Diseases (SISMID).
University of Washington in Seattle, Seattle.
July 8-24, 2013.
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Complexity in Social Sistems
Master’s Degree in Complex Systems Physics
University of Torino
April 25th – June 20th 2013
The 2012 Summer Institute in Statistics and Modeling in Infectious Diseases (SISMID).
University of Washington in Seattle, Seattle.
July 15-19, 2012.
Master's class: From Data to Decision.
British Columbia Center for Disease Control, Vancouver.
May 30-June 1st, 2012.
“Dynamics of networks and epidemic spreading“, Summer School on Mathematical
Modeling in Population Biology.
International Center for Theoretical Physics ICTP-Brazil, Sao Paulo, Brazil
Spring 2012
Workshop Evolution and Spread of Diseases.
Mathematical Biosciences Institute, Ohio State University,
19-23 March 2012.

3.	
  The	
  real-‐world	
  application	
  that	
  have	
  been	
  performed	
  in	
  the	
  past	
  
and	
  that	
  are	
  going	
  to	
  be	
  performed	
  in	
  the	
  next	
  future	
  	
  
As described in the Deliverable 4.5, data gathered for the 2009 H1N1 influenza crisis
represented an unprecedented opportunity to validate real-time model predictions and define
the main success criteria for different approaches. The data gathered during the course of the
pandemic have been used to compare with the estimates calculated by the models,
representing an unprecedented opportunity to validate and assess the results obtained by
computational and modeling approaches. With the emergence of the novel H1N1 virus in
2009, the model offered the opportunity to study the spread of the pandemic in real time, and
thus evaluate specific public-health actions and provide stochastic forecasts of its future
unfolding. The basic model parameters (transmissibility and seasonality) were obtained with a
Monte Carlo Maximum Likelihood (MCML)-based approach using the chronological data on
the pandemic invasion up to 18 June 2009. The obtained estimates were used to generate a
large number of nominally identically initialized numerical stochastic simulations of the
global progression of the H1N1 pandemic after 18 June 2009. Thus, based on the early data of
the H1N1 pandemic up to June 2009, the model allowed the stochastic forecasting of the
activity peak of the fall/winter wave in the northern hemisphere, along with other quantities of
interest. The forecasts were published in September 2009 [Balcan D, Hu H, Gonçalves B,
Bajardi P, Poletto C, Ramasco JJ, Paolotti D, Perra N, Tizzoni M, Van den Broeck W,
Colizza V, Vespignani A: Seasonal transmission potential and activity peaks of the new
influenza A/H1N1: a Monte Carlo likelihood analysis based on human mobility. BMC Med
2009, 7:45], well before the peak weeks of epidemic activity in the northern hemisphere.
Successively, in the following two years, the model’s predictions have been validated by
comparing them with real-life data collected from surveillance and virologic sources in 48
countries in the northern hemisphere during the course of the pandemic. These data allowed
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independent validation of the obtained results and also allowed the accuracy of the model to
be tested. Specifically, we considered the validity of the predicted peak time of the fall wave
in the northern hemisphere, the clinical attack rate, and the effectiveness of vaccination.
Furthermore, we analyzed results at a finer spatial resolution to ascertain the validity of the
model on scales smaller than country level. Using the surveillance data, the timing of the
pandemic activity peak was found to fall within the prediction interval for 87% of the
countries. In the 13% of the cases falling outside the 95% reference range, the offset with
respect to the confidence interval was, at most, 2 weeks at the country level.
Data collected by Influenzanet, the WP5 European Network of influenza surveillance
platforms, are also an unprecedented opportunity to use the GLEAM model and the whole
framework developed during the Epiwork four years to carry out real-time prediction of
seasonal influenza. The aim of the work is to use the first weeks of data collection at the
beginning of the influenza season to predict the peek of the seasonal epidemic. Now that the
project is about to end, on July 2013, the Influenzanet network is composed by ten countries
covering the whole western part of Europe (Germany is not officially a member of the
network but the Robert Koch Institute team in charge of Grippeweb is about to write a letter
of intent to exchange data with Influenzanet) and we hope we will capable of predicting the
peek for the influenza season 2013-14 in all the ten countries. The model validation work
carried out during the past years has allowed the fine tuning of the computational tools which
are now ready to be face the challenge of predicting in real time the unfolding of seasonal
influenza in Western Europe. Moreover, given the agreement in place with Flu Near You
Flutracking, the platform for influenza surveillance respectively in the United States and
Australia, and we will be able to carry out the same task also in the United States and, next
summer, in Australia (see the periodic scientific report for more details).

4.	
   The	
   most	
   relevant	
   academic	
   papers	
   published	
   during	
   the	
   whole	
  
duration	
  of	
  the	
  project.	
  
•

Real-time numerical forecast of global epidemic spreading: case study of 2009 A/H1N1pdm
Michele Tizzoni, Paolo Bajardi, Chiara Poletto, José J. Ramasco, Duygu Balcan, Bruno
Gonçalves, Nicola Perra, Vittoria Colizza, Alessandro Vespignani.
BMC Medicine 10, 165 (2012).

•

•

The GLEaMviz computational tool, a publicly available software to explore realistic
epidemic spreading scenarios at the global scale
W. Van den Broeck, C. Gioannini, B. Gonçalves, M. Quaggiotto, V. Colizza, A. Vespignani
BMC Infectious Diseases 11, 37 (2011).
Human Mobility Networks, Travel Restrictions, and the Global Spread of 2009 H1N1
Pandemic
P. Bajardi, C. Poletto, J. J. Ramasco, M. Tizzoni, V. Colizza, A. Vespignani
PLoS ONE 6(1): e16591 (2011).

•

Modeling the spatial spread of infectious diseases: The GLobal Epidemic and Mobility
computational model
D.Balcan, B. Gonçalves, H. Hu, J. J. Ramasco, V. Colizza, A. Vespignani
Journal of Computational Science 1, 132-145 (2010).
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•

Comparing large-scale computational approaches to epidemic modeling: agent-based versus
structured metapopulation models
M. Ajelli, B. Gonçalves, D. Balcan, V. Colizza, H. Hu, J.J. Ramasco, S. Merler, A.
Vespignani
BMC Infectious Diseases 10, 190 (2010).

•

•

Multiscale mobility networks and the spatial spreading of infectious diseases.
D.Balcan, V. Colizza, B. Gonçalves, H. Hu, J. J. Ramasco, A. Vespignani
Proc Natl Acad Sci U S A 106, 21484-21489 (2009).
Modeling the critical care demand and antibiotics resources needed during the Fall 2009
wave of influenza A(H1N1) pandemic.
D. Balcan, V. Colizza, A.C. Singer, C. Chouaid, H. Hu, B. Gonçalves, P. Bajardi, C. Poletto,
J.J. Ramasco, N. Perra, M. Tizzoni, D. Paolotti, W. Van den Broeck, A. J. Valleron, A.
Vespignani.
PLoS Currents: Influenza. 2009 Dic 4:RRN1133.

•

Estimate of Novel Influenza A/H1N1 cases in Mexico at the early stage of the pandemic
with a spatially structured epidemic model
V. Colizza, A. Vespignani, N. Perra, C. Poletto, B. Gonçalves, H. Hu, D. Balcan, D. Paolotti,
W. Van den Broeck, M. Tizzoni, P. Bajardi, J.J. Ramasco.
PLoS Currents: Influenza. 2009 Nov 11:RRN1129.

•

Modeling vaccination campaigns and the Fall/Winter 2009 activity of the new A(H1N1)
influenza in the Northern Hemisphere
P. Bajardi, C. Poletto, D. Balcan, H. Hu, B. Goncalves, J. J. Ramasco, D. Paolotti, N. Perra,
M. Tizzoni, W. Van den Broeck, V. Colizza, A. Vespignani
Emerging Health Threats Journal 2:e11 (2009)

•

Seasonal transmission potential and activity peaks of the new influenza A(H1N1): a Monte
Carlo likelihood analysis based on human mobility
D. Balcan, H. Hu, B. Goncalves, P. Bajardi, C. Poletto, J. J. Ramasco, D. Paolotti, N. Perra,
M. Tizzoni, W. Van den Broeck, V. Colizza, A. Vespignani
BMC Medicine 7, 45 (2009)

•

Predicting the Behavior of Techno-Social Systems
A. Vespignani
Science 325, 425 (2009)

•

S. Merler and M. Ajelli, The role of population heterogeneity and human mobility in the
spread of pandemic influenza, Proceeding of the Royal Society B, 277:557-565, 2010

•

P. Poletti, M. Ajelli, S. Merler, The effect of risk perception on the 2009 H1N1 pandemic
influenza dynamics, PLoS ONE, 6(2): e16460, 2011.

•

M. Ajelli , L. Fumanelli, P. Manfredi, S. Merler, Spatiotemporal dynamics of viral hepatitis
A in Italy. Theoretical Population Biology, 79:1-11, 2011.
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F. Iozzi, F. Trusiano, M. Chinazzi, F. C. Billari, E. Zagheni, S. Merler, Marco Ajelli, E. Del
Fava, P. Manfredi, Little Italy: an agent-based approach to the estimation of contact patterns.
Fitting predicted matrices to serological data. PLoS Computational Biology, 6(12):
e1001021, 2010.

•

S. Merler and M. Ajelli. Human mobility and population heterogeneity in the spread of
an epidemic. Procedia Computer Science, 1(1):2231-2238, 2010.

•

P. Poletti, B. Caprile, M. Ajelli, S. Merler. Uncoordinated Human responses During
Epidemic Outbreaks. In P. Manfredi, A. D’Onofrio (eds), Modeling the Interplay Between
Human Behavior and the Spread of Infectious Diseases. Springer, 2013

•

L. Fumanelli, M. Ajelli, P. Manfredi, A. Vespignani, S. Merler. Inferring the Structure of
Social Contacts from Demographic Data in the Analysis of Infectious Diseases Spread.
PLoS Computational Biology, 8(9): e1002673, 2012.

•

P. Poletti, M. Ajelli, S. Merler. Risk perception and effectiveness of uncoordinated
behavioral responses in an emerging epidemic. Mathematical Biosciences, 238(2):80-89,
2012.
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