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Abstract: The proposal of new analytical techniques hasegliidnovative methodological
developments in public health interventions. Thelgd this work is show advances in the
development of a large scale system for spaceximalization, monitoring, modeling and
analysis of epidemic data using a Grid platforme Thsulting virtual laboratory, dubbed
IntegraEPI, is expected to provide better epideimiecasting and to define better strategies
to fight the spread of a disease, in which new famn-level interventions could be
evaluated and iteratively refined using computati@imulations, with tangible benefits for
real-world epidemic prevention and control efforts.
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Introduction

Conventional epidemiology of infectious diseaseunags extensive collections of
population, health and disease patterns data, bhsasvelata related to environmental
factors and social conditions. An epidemiologiagtmay focus on a particular region
or a particular outbreak, or it may take as itarthehe epidemiology of a condition
across a wide area. The range and amount of dgtared will, therefore, vary
depending on the type of study. Moreover, lack afadquality control, lack of
definition about the contents to be stored, storhgéerogeneity and resource
availability are some problems that must be soteeallow more precise and thorough
studies in epidemiologic vigilance. Furthermorealgtical studies to identify risk
factors related to epidemic development are evéigtused by health agencies [1][2].
These studies need several types of data, suchoaefprenced disease cases, space-
temporal environmental data relevant to the epidgmnévention and population data
based on demographic and geographic informatidm teiritory expressiveness.
Considering this scenario, we present in this pagmne advances in the
development of a large scale system for spaceitisuglization, monitoring, modeling
and analysis of epidemic data studies using a @atform [3]. This system, dubbed
IntegraEPI, is capable to provide the integratibheterogeneous databases related to
epidemic analysis and to make available analytawad computational methods to
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increase the predicting capability of the publiathesystem, in order to optimize its
activities and resources when dealing with epidesuibreak and prevention.

Particularly, in this work we concentrate ourselireshe data available in two
areas in Brazil: the S&o Paulo State metropoliestal region known as “Baixada
Santista”, composed of nine cities, and a nortleeagtity of Sdo Paulo State named
Ribeirdo PretoThus, all the conceived systems and infrastructimggemented were
initially tested for these Metropolitan regionsrefally incorporating the diversity of
the geographic spatial characteristics of the miegions. In order to be able to show
the system capability in monitoring an epidemic, wark with the local public health
system natification data. In this paper we focusepidemic models for the Dengue
fever which is a common disease in Brazil.

This paper is organized as follows: the need forid infrastructure is discussed
in section 1. The general IntegraEPI architectsiqgrésented in section 2. The services
that compose the architecture are detailed in stibas 2.1, 2.2 and 2.3, and section 3
contains our final remarks.

1. Why developing a Grid-Enabled System?

On the beginning of this project many technologidatisions were made and the
choice of developing grid-based applications wasleneonsidering the real nature of
the class of applications we should deploy.

In fact, the first feature which IntegraEPI wouldvie to implement is the
capability to integrate several health databasesagung epidemiologic information
with statistical and geographic databases. Sudbdages contain the necessary data to
detect the patterns present on the disease nttificprocess, considering external
factors like socio-economic and environmental cbods. The use of grid services to
integrate these databases provides transparerdiraptified access for geographically
distributed databases as if they would be a siagieunique virtual database.

Another major reason for developing the IntegraBRIdules as grid-based
applications is the forecasting capability providgtthe epidemical model simulations,
which would require large computational power. ThigraEPI simulator module is a
parameter sweep application, and this type of aafitin is especially well-suited for
the Grid. The large number of simulations and tmeunt of computing power needed
justify the Grid as the platform of choice to implent the system.

In front of this scenario we have chosen the Globngkit 4 (GT4) middleware
[12] to deploy a Grid platform over which the IntaBPI modules would be
implemented. The Globus Toolkit 4 is composed ofesal services designed for
computational grids which provides, for instanagnsparent data access [6] and
resource virtualization [3][4] in a geographicatlistributed heterogeneous system. In
the next section we should discuss the Integralteim architecture and its main
features.

2. The IntegraEPI Architecture

The IntegraEPI system architecture is based orOgpen Grid Services Architecture
(OGSA) specification [5and is organized as shown in Figure 1. In factetlaee three
main services which were developed: the data iatEgr service Integra-GISE



(IntegraEPI-Grid Data Integration Service) []1D], the simulation service Integra-
Model and the analysis service Integra-Analysis [9]
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Figure 1. The Integra-EPI System Architecture.

Each one of the IntegraEPI services cover an irapbispect of an epidemic
surveillance system, such as: the integration oferbgeneous, geographically
distributed populational and disease notificatiaatdases, a simulation service based
on epidemiological models for prediction of the tfmoming trends related the
transmission of a particular disease over a cipufation and, at last, statistical tools to
analyze and visualize the status of such diseagesh make possible the inference of
risk indicators and to establish epidemiologicaégolds to trigger alerts if some risk
situation is detected.

Due to the interoperability provided by the usgiifl services and the definition
of a Common Data Model, the IntegraEPI servicesaate to interact with each other.
The integrated data provided by the IntegraEPI-GIB&y be used by both the
simulation service Integra-Model and the analysesvise Integra-Analysis for
estimator inference and detection of risk situatiofit the same time, the simulation
module can use any of the analysis tools providgdintegra-Analysis to study
simulated patterns. Such interoperability allowarge degree of flexibility for service
composition and implementation.

In the same figure we can see (on the middle) thobu3 Toolkit components
which provide services used by IntegraEPlI modulesh sas reliable file transfer,
replica location service, security and authorizatimanagers, execution manager
components, information services and common runtiameponents.

After this brief system description, we should dis in the following
subsections, the IntegraEPI main components in iohetal.



2.1. Grid Data Integration Service (Integra-GISE)

The data integration service INTEGRA-GISE was dewetl to obtain data from
multiple data sources through a single point ofeasc Particularly, this service
provides an efficient management of the availaldmputational resources. It also
makes use of the grid security infra-structure anidjue login to access multiple data
sources.

Similarly as presented in the general IntegraEPBhitecture, the Integra-GISE
architecture is divided into layers composed by garvices and resources. The Figure
2 illustrates the GISE architecture, its layers emhponents.

In the simulation and analysis modules, the Intefiasystem needs to access
different data types like maps, epidemic data, gmagc information and social-
economics data. The required data are geographuiatributed in many DBMS such
as PostgreSQL, SQL Server, and Oracle. The GISEcsgprovides the necessary data
to other IntegraEPl modules in a transparent marimeimplementing a set of grid
data services. In particular, several problems wemsidered when designing and
implementing this module:

a) The number of sources of data is large, compiigastill more issues
related with the conflict resolution.

b) The available data sources vary dynamically.réloee the addition and
removal of data sources should be made with minirmpact in relation to integrated
schemas.

¢) The sources of data can have different commmaticapabilities. The sources
of data to be integrated through a grid can varsiofple archives up to parallel
DBMS.

For the Integra-GISE we have used the OGSA-DAI (Of&rid Service
Architecture - Data Access Integration) [8] sersi¢provided with GT4). The OGSA-
DAl services provide wrappers to access data frifferent sources.
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Figure 2. The layers and components of Integra-GISE ardhitec

Together with the Integra-GISE service we have etgglemented a Metadata
Catalogue Service (MCS) (which also access unaeylgiatabases using OGSA-DAI
services) to provide information about the systesmadsources which are available
through database schemas. Two types of schemasserttpe Canonic Data Model of
the Integra-GISE service: local data base sche@SE-LOCAL-SCHEMA) and
integrated schemas (GISE-INTEGRATED-SCHEMA). Theegnated schemas may
reference several local data base schemas.

The Integra-GISE client layer supplies the necgsseomponents and
interfaces used by final users. The layer is comgasf the local schema manager,
integrated schema generator and the query editothérmore, in this layer it is also
implemented the Integration Helper, which is usedthe user to solve syntactic
conflicts in the process of generating integrawtemas. It is worth noting that, in the
Integra-GISE architecture, integrated schemasemergted manually.

The Client Layer builds the query operation throubgh Query Editor and
Publisher, forwarding it to the Integration Sergideayer (Mediator). The mediator
represents the key element of this integrationitacture since it is responsible to split



a single query into the many subqueries neededdesa the diverse local databases
which were referenced by the GISE-INTEGRATED-SCHEMA&e mediator is also
responsible for gathering the partial results msingle result set.

When the client application submits a query to Ereda Integration Module,
some operations are required to process the qukeeyfirst step for query resolution is
to fetch into the MCS all the information (schemaalated to the local databases
referenced at the GISE-INTEGRATED-SCHEMA.

Therefore, the Integra-GISE Service first invokdése tMCS service for
obtaining the Integrated Schema. The Integratecr8ahis a XML-based document
containing information about the related databased as a brief description of them,
the databases ID, the databases alias, as welkgsdh fields the integration occurs.

After the selection of the local databases assetiatith the query, some
specific information is still needed to build alllsqueries with the correct syntax. The
Data Integration Service then fetches the desoriptif each individual database
(GISE-LOCAL-SCHEMA) in the MCS. Each GISE-LOCAL-SENA is a XML
document describing an individual data source.

All the subqueries are executed through the prdper access services and the
resulting data sets are joined on a defragmentatfoness, which can also use the
Synonym Dictionary to resolve any database stratturdata type conflict, and so the
resultant integrated data set is delivered as glesiXML Document to the caller
application.

Therefore, environmental, socio-economical, epidéogical, biological,
weather and relief data would be retrieved by seis/iice which virtualizes the access
to several databases on the grid. Thus, the In@f8& importance relies on the data
gathering mechanism needed to provide the neceslsaayfor Integra-Analysis and
Integra-Model services, which will be presentethia following subsections.

2.2. The Analysis Service (Integra-Analysis)

The analysis module Integra-Analysis is used fatisptemporal data analysis, through
a friendly user interface which provides considerahnalysis flexibility. This
analytical tool, in the first place, was developedupport a whole set of visualization
tools, methods of spatio-temporal cluster detecfienarea of data, analysis methods
of temporal series (self-correlation and spectmalysis) and methods of spatial
interpolation for environmental and by area datgufe 3 shows a particular analysis
aimed at the detection of “hot zones” of Dengueaging in Ribeirdo Preto city. The
distribution of urban Dengue fever cases over flyemap with several clusters of
infected individuals can be visualized in (a). Tigprove the analysis process we can
use theguadrat analysisnethod in (b), in which the city map is dividedarsquares to
visualize the ‘hot regions’ of the city where thgidemic spreading is more critical.
After identifying those regions, the analysis meadisl also capable in (c) to display the
most suspicious risk places for mosquito reprodactn the neighborhood (Military
Police headquarters, junkyards, airports and cemastefor instance). Another
visualization tool can be used (d) to identify dihg over a real city image the most
affected area of that cluster and the possibleeplanf disease spreading due to
historical data or behavioral analysis, which heigslth agents to act in a more
accurate way in the Dengue counter-attack.
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Figure 3. The analysis module features visualized in a ti@plication. This figure illustrates (in a
clockwise direction) a monitoring analysis of Dergocases in Ribeirdo Preto, a “hot zone” analysis, a
analysis considering strategic points (junkyardsjsed terrains) and special landed properties (nmisge
clubs, public places), and the visualization shawigal Dengue fever cases.

In a second moment these analysis tools may usedhatively for calibration of
both the simulation model and to define threshodiisted to alarm and risk indicators,
Dengue epidemic dissemination and population soaidterability. Moreover, this
module is able to construct environmental indicateith a scoring methodology to

stratify areas in the cities by different levels ridk for Dengue occurrence and
transmission.

2.3. The Simulation Service (Integra-Model)

The main goal of the simulation module is to acfoeecasting tool for disease
spreading through the simulation of epidemiologicadels based on individual-based
networks [7]. This module is used to test the eaffic of several control measures
combining richly structuralized GIS networks of timenicipal districts, describing the
urban structure in multiple scales. It also consdeealistic estimates and
parameterized populational mobility and interatfivimodels, as well as disease
progress among its hosts.

Generally, this service is capable to collect infation through the Integra-
GISE integration service and build a virtual citheve a disease model will be applied
to verify the possible scenarios of disease spnggalinong a virtual population. In this
way, the provided data is processed to define tiaress location of every infected
person in the population network. The addition&kistructural information gathered is
used to infer the susceptibility of the population populational zones, considering
poverty, educational level, socio-economical dasawall to build the simulation



scenario. Therefore, the most important featureged by this simulation service is
the capability to provide a substrate to repretiemteality of a given municipal district
as a “virtual city”.

In this world build from the information provided Integra-GISE, aspects like
weather, relief, demographical density, social saiiadexes, historical epidemiologic
data, hydrography, urban or rural limits and plaséh large probability or tendency
for the development of some type of vector agemt ewnsidered. The data are
transformed into model parameters to be submitted Bag-of-TasKs(BoT) job on
the grid, via the Globus Toolkit service WS-GRAM.

It is worth noting that the Integra-Model servieecapable to adapt itself to the
reality of a given city, just needing to be paragneed with the data (fetched by
Integra-GISE) of the metropolitan region under gtudince the inter-individual
interactions modeled remain unaltered.

Thus, with a single model we can simulate the bieihaf a disease considering
various distinct scenarios, and every single diseall have its simulator which needs
to be built in a modular and parameterized way. fabeis that every infectious disease
has its particular rules, transitions and modusapdi. Therefore, a specific canonic
data model is necessary for every disease modeideaon Integra-EPI system.

The simulator itself is a parameter-sweep appboatin which an independent
task is generated for each different set of pararaein abag-of-taskapproach. The
model for the dengue fever is in advanced stagkewélopment and it is being used for
testing the Integra-Model service. The dengue fewmdel is described in the
following.

The main assumption of our approach is that thegaeriransition rules are
defined by two sets of states, each one represgpritie behavior of a distinct
population. In the language of state-variable mmdble humans are defined by a SEIR
(Susceptible, Exposed, Infective and Recovered)eiadiich, when in the exposed
state, the individual is infected but still notenfive [7]. The mosquito population is
represented by a different SEI (Susceptible, Exgppasrl Infective) model as shown in
Figure 4.

HUMAN

VECTOR

Figure 4. The schematic model of dengue spreading represgtiie stages of the disease for both
populations, wheréhick edgesepresent the interaction among populations (mtsdpite) and the thin ones
the internal state transitions in each population.

2 In this work we use the terms “Bag-of-Tasks” andrdémeter-Sweep” interchangeably.



The dengue model has a singular characteristitrdift from other models
based in cellular automata: the use of two overtapnteracting automata cellular
grids to represent the human and the vector (Aeggypti mosquito) populations.
Therefore, the neighborhood of each individual hadifferent meaning and is not
defined around each individual cell in the sameupaton but at an equivalent position
at the overlapping population, i.e. a neighborhob@& human cell is defined by the
mosquitoes (vector) population and vice-versa. Hpiscial characteristic allows for
the possibility of a human host both being locatifected by a vector and to infect
another mosquito. This interaction (a bite), howewever occurs directly among the
neighbors of a same population, because a humanonigybecome infected by the
Aedes aegypti bite and a mosquito only becomestiedeby biting an infective human.
Therefore, we propose a novel framework to modelspread of a dengue outbreak.
Besides defining internal state transition rulasefach iterative population (human and
mosquitoes), we define iterative rules betweenehes cellular automata (Figure 5),
reflecting the interaction between populations.

vector

local interactions

human

Figure 5. The local and global effects are shown in thisuféeg Thepointed squaresepresent the
mosquitoes affected by the local and global huméective influence. The same type of effects odogrin
this bottom-up direction for human-vector interan8 also occurs for the vector-humans interactica op-
down direction at each simulation time-step. We sa@ also in this figure a schematic representatidhe
neighborhoodf a single element.

To build the virtual city used in simulations sealeénterrelated layers are used
to map city features, like the demographic densilief, hydrography and weather
information. Therefore, considering the urban Denfaver model [7], each population
(human and mosquitoes) should have their own cterstics modeled. However, it is
worth noting that some layers are more useful tmdns than to mosquitoes and vice-
versa. In general, using the Integra-Model serwee,expect to be able to identify
different levels of risk for a particular diseasecarrence and transmission, for a
predefined city or metropolitan area, considerimg populational groups living in the
city. Our model serves as a local strategic comptdgnto other simulation models
developed to identify epidemiological interactianighin a given county or city.



3. Concluding Remarks

The essential proposal of this research projeit eontribute for the modernization of
the epidemiologic monitoring system by comparingutes of detailed simulations with
the observed experimental data related to the dipgaf a disease, considering both
temporal and geographic aspects. Particularly, tihglementation over a
computational grid platform open completely newspectives for gathering data on
large populations and - as a consequence - alloatifstation of large scale
Metropolitan epidemiology studies. Other advantaafethis technology are the small
deployment cost and high processing and storagecitegs. These advantages become
even more important when considering the deploynedts of mainframes or
supercomputers for countries like Brazil.

Finally, it is important to emphasize that the etpd results to be obtained
during the development of this project do not apghely to epidemics. There is a
whole class of the public health problems of spatiad temporal nature, over which
simulating, detecting, monitoring and visualizirgtterns is part of the response to the
problem.
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