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Chapter 9 

BIOPORTAL 
 

 
 

The BioPortal project was initiated in 2003 by the University of Arizona 
Artificial Intelligence Lab and its collaborators in the New York State 
Department of Health and the California Department of Health Services to 
develop an infectious disease surveillance system. The project has been 
sponsored by NSF, DHS, DoD, Arizona Department of Health Services, and 
Kansas State University’s BioSecurity Center, under the guidance of a federal 
inter-agency working group named the Infectious Disease Informatics Working 
Committee (IDIWC). Its partners include all the original collaborators as 

National Taiwan University. 

hospital ED free-text chief complaints (both in English and Chinese) as well 

and in-house developed innovative clustering-based techniques for retro-
spective and prospective data analysis. The analyses results are displayed via 

analysis module can be used to aid in the understanding of infectious disease 
transmission processes. 

 

and BioDefense, Integrated Series in Information Systems 21, DOI 10.1007/978-1-4419-1278-7_9, 

access to a variety of distributed infectious disease data sources including 

West Nile Virus, foot-and-mouth disease, and live stock syndromes. Figure 9-1 

visualization of lab-generated gene sequence information. Its social network 

The BioPortal system provides distributed, cross-jurisdictional access to 

shows the BioPortal system architecture. This portal system provides Web-based 

datasets concerning several major infectious diseases, including Botulism, 

Spatio-Temporal Visualizer (STV). BioPortal also supports analysis and 

well as the USGS, University of California, Davis, University of Utah, the 

as other epidemiological data. It features advanced spatial-temporal data 

Arizona Department of Health Services, Kansas State University, and the 

analysis methods that include industry standard hotspot analysis algorithms 
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The BioPortal system aims to improve the ability of public health 
practitioners to detect, and maintain situational awareness of outbreaks of 
emerging diseases and bioterrorist attacks, allowing for more timely and 
efficient deployment of resources for further investigation and response 
measures. 

 
 
 
 

(a) BioPortal information sharing and data access infrastructure. 
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(b) BioPortal system architecture with epidemiological data and gene sequence data integrated. 
 

Figure 9-1. BioPortal system architecture. 

1. BIOPORTAL DATA COLLECTION 

ED chief complaint data in the free-text format are provided by the Arizona 
Department of Health Services and several hospitals in a batch mode for 
syndrome classification. Various disease-specific case reports for both human 
and animal diseases are another source of data for BioPortal. It also makes use 
of surveillance datasets such as dead bird sightings and mosquito control 
information. The system’s communication backbones, initially for data 
acquisition from New York or California disease datasets, consist of several 
messaging adaptors that can be customized to interoperate with various 
messaging systems. Participating syndromic data providers can link to the 
BioPortal data repository via the PHINMS and an XML/HL7 compatible 
network. 

2. BIOPORTAL DATA ANALYSIS 

BioPortal provides automatic syndrome classification capabilities based 
on free-text chief complaints. One method recently developed uses a concept 
ontology derived from the UMLS (Lu et al., 2008). For each chief complaint 
(CC), the method first standardizes the CC into one or more medical concepts 
in the UMLS. These concepts are then mapped into existing symptom groups 
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using a set of rules constructed from a symptom grouping table. For symptoms 
not in the table, a Weighted Semantic Similarity Score algorithm, which 
measures the semantic similarity between the target symptoms and existing 
symptom groups, is used to determine the best symptom group for the target 
symptom. The ontology-enhanced CC classification method has also been 
extended to handle CCs in Chinese. 

BioPortal supports hotspot analysis using various methods for detecting 
unusual spatial and temporal clusters of events. A hotspot is a condition 
indicating some form of clustering in a spatial distribution. Hotspot analysis 
facilitates disease outbreak detection and predictive modeling based on 
historical spatial-temporal data and in turn uses them for predictive purposes. 

SaTScan is made available as part of the BioPortal system through a 
simple Web interface and STV. BioPortal also supports the Nearest Neighbor 
Hierarchical Clustering method, and two new methods (Risk-Adjusted Support 
Vector Clustering, and Prospective Support Vector Clustering) developed in-

version of SaTScan that is incorporated in the BioPortal system uses the 
Bernoulli method. The distribution of baseline observations (or controls) and 
the distribution of new observations (or cases) are compared and circular 
clusters are identified where the proportion of new observations is significantly 
higher than the proportion of new observations outside the circle. RSVC is a 
clustering-based, spatio-temporal hotspot analysis algorithm developed at the 
Artificial Intelligence Laboratory of the University of Arizona. It combines the 
power of support vector machines (SVM) with the risk adjustment approach 

(data under normal conditions) to find the emerging at risk area. In addition, 

clustering routine (RNNH) combines the hierarchical clustering capabilities 
with kernel density interpolation techniques. 

3. BIOPORTAL VISUALIZATION, INFORMATION 
DISSEMINATION, AND REPORTING 

portal. This application allows the user to explore the incidence of infectious 
diseases. The portal allows the user to: (1) select a disease of concern and 
access-related databases; (2) narrow the scope by time-frame and geographic 
area of interest; (3) view a variety of data aggregations; and (4) perform 
hotspot analysis to focus attention on critical areas. 

from CrimeStat®. It clusters points with consideration for baseline information 

Neighbor Hierarchical clustering (NNH) routine in CrimeStat identifies groups 
BioPortal uses the RNNH algorithm provided by CrimeStat® III. The Nearest 

of incidents that are spatially close. It clusters points together and then proceeds 

Figure 9-2 shows the screenshot of the interactive Web-based surveillance 

to group the clusters together. The Risk-adjusted Nearest Neighbor Hierarchical 

house (discussed in Chapter 4 ) (Chang et al., 2005; Zeng et al., 2004a). The 
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Figure 9-2. Interactive Web-based BioPortal surveillance portal. 
 
Monitored disease incidence time series are shown on the surveillance 

view (Figure 9-3). The dashboard is integrated with time series detection 
capability and the BioPortal hotspot analysis and visualization tools. Detected 

BioPortal makes available a visualization environment called the Spatial-
Temporal Visualizer (STV), which allows users to interactively explore spatial 
and temporal patterns, based on an integrated tool set consisting of a GIS 
view, a timeline tool, and a periodic pattern tool (Hu et al., 2005). 

 
 
 
 
 

abnormalities are alerted on the upper panel. 

dashboard for the participating hospitals and other healthcare organizations to 
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Figure 9-3. BioPortal syndromic surveillance dashboard integrated with time series detection 
capability and the hotspot analysis and visualization tools. 

 
Figure 9-4 illustrates how these three views can be used to explore an 

infectious disease dataset. The GIS view displays cases and sightings on a 
map. The user can select multiple datasets to be shown on the map in different 
layers using the checkboxes (e.g., disease cases, natural land features, and 
land-use elements). Through the periodic view the user can identify periodic 
temporal patterns (e.g., which months or weeks have an unusually high number 
of cases). The unit of time for aggregation can also be set as days or hours. The 
timeline view provides a timeline along with a hierarchical display of the 
data elements, organized as a tree. 
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A new sequence-based phylogenetic tree visualizer has been recently 
developed for diseases such as the foot-and-mouth disease, for which gene 
sequence information is available (Figure 9-5). Phylogenetic tree analysis 
examines the DNA of pathogens to determine the genetic relationship 
between various strains, and to identify possible sources or mutation. The 
results of an analysis can be drawn as a phylogenetic tree showing the 
hierarchical hypothesized evolutionary relationships (phylogeny) between 
organisms. Each member in a branch is assumed to be descended from a 
common ancestor. The module color-codes outbreak occurrences based on 
distance in genetic space to help predict distribution of virus strains, and aids 
in more efficient vaccine distribution (Thurmond et al., 2007). 

Examining social networks is a useful epidemiological tool for under-
standing the progression of the spread of infectious diseases such as sexually 
transmitted diseases. The SNA module in the BioPortal  system  incorporates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9-5. BioPortal phylogenetic tree analysis (source: BioPortal Web page). 
 

The BioPortal system also provides Social Network Analysis (SNA) 
capability for epidemic transmission process investigations (Figure 9-6). 
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Figure 9-6. Social network analysis to analyze the SARS epidemic in Taiwan in 2003 (Chen et al., 
2007). 

 
geographical locations, which might be high risk areas such as hospitals, into 
social networks to examine the role of such locations in infectious disease 

to maintain situational awareness and target incident investigation and 

to analyze the SARS epidemic in Taiwan in 2003. 
Data confidentiality, security, and access control are among the key research 

and development issues for the BioPortal project. An access control mechanism 
is implemented based on data confidentiality and user access privileges. For 
example, access privileges to the zip code and county level of individual 

The project also developed various Memoranda of Understanding (MOUs) 
for data sharing among different local and state agencies. 

patient records may be granted to selected public health epidemiologists. 

mitigation efforts more effectively. Social Network Analysis was also employed 

transmission, and to identify potential bridges between locations. This helps 
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4. CASE STUDY: FOOT-AND-MOUTH DISEASE 
SITUATIONAL AWARENESS 

contagious infectious animal diseases in the world. BioPortal plays an important 
role in the collaborative efforts with the FMD Laboratory at the University 
of California, Davis, for developing global real time surveillance for foot-and-
mouth disease. The FMD BioPortal focuses on: (1) gathering global FMD 

evolution; and (4) evaluating and testing FMD surveillance methodologies. 
FMD BioPortal integrates information and data related to foot-and-mouth 

disease from public sources and collects proprietary or confidential data 
through secure specific routing structures. Major data sources include the 

FAO (Food and Agriculture Organization of the United Nations) and OIE 
(World Organisation for Animal Health), and GenBank sequence data. 

Analytical and visualization tools for data summarization and trend detection 
can be selected and invoked through the FMD BioPortal Web-based platform as 
illustrated in Figure 9-7. The BioPortal infrastructure provides generic support 
for summarizing and visualizing FMD-related data with prominent spatial and 
temporal data elements through the Spatial-Temporal Visualizer (STV) (an 

A major enhancement to STV developed specifically for FMD BioPortal 
is the phylogenetic tree visualization that allows the incorporation of genomic 
information visualization in addition to the existing spatial and temporal data 
visualization capabilities (Figure 9-9). The phylogenetic tree visualization is 
used to display temporal-spatial genomic variation of FMD isolates and 
allows user-driven evaluation of differences in genomic variation over time 
and geographic location. 

Intelligence Lab at the University of Arizona and the FMD Lab at UC Davis 
to collect open source FMD breaking news. A team of epidemiologists from 
different countries at the FMD Lab reviews more than 40 Web sites daily 
and sends out the selected news items in a summary format to a listserv. An 
automatic FMD related news collection and classification system was 
recently developed by the AI Lab at the University of Arizona. 

 
 
 
 
 
 

example is shown in Figure 9-8). 

Foot-and-Mouth Disease (FMD) is considered to be one of the most 

World Reference Laboratory at Pirbright, animal surveillance data from 

data; (2) identifying surrogates of risks; (3) modeling and predicting FMD virus 

In addition, FMD News monitoring is an ongoing effort by the Artificial 
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Figure 9-7. FMD BioPortal for accessing analytical and visualization tools (source: FMD 
BioPortal Web site). 

Figure 9-8. Visualization of FMD geographical distribution (source: FMD BioPortal Web site). 
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Figure 9-9. FMD phylogenetic tree visualization (source: FMD BioPortal Web site). 

5. FURTHER READINGS 

We provide the following project link and some key readings for the 
readers who might be interested in learning more details about the BioPortal 
project. 

 
 

Project link: 

http://biocomputingcorp.com/bphome.html 
http://ai.arizona.edu/research/bioportal/index.htm 
 
Important readings:  

1. Hu, P., D. Zeng, H. Chen, C. Larson, W. Chang, C. Tseng, and J. Ma 
(2007). “System for Infectious Disease Information Sharing and 
Analysis: Design and Evaluation,” IEEE Transactions on Information 
Technology in Biomedicine, Vol. 11, No. 4. 

2. Lu, H.-M., D. Zeng, L. Trujillo, K. Komatsu, and H. Chen (2008). 
“Ontology-Enhanced Automatic Chief Complaint Classification for 
Syndromic Surveillance,” Journal of Biomedical Informatics, Vol. 41, 
No. 2, pp 340–356. 
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3. Chang, W., D. Zeng, and H. Chen (2008). “A Stack-Based Prospective 

Vol. 45, No. 4, pp 697–713. 
 Zhang, Y.L., Y. Dang, Y.-D. Chen, H. Chen, M. Thurmond, C.-C. King, 

D. Zeng, C. Larson (2008). “BioPortal Infectious Disease Informatics 

of International Conference on Digital Government Research, pp 
393–394. 

research: disease surveillance and situational awareness,” in proceedings 

Spatio-Temporal Data Analysis Approach,” Decision Support Systems, 

 

4.


	Chapter 10
	ESSENCE
	1. ESSENCE DATA COLLECTION
	2. ESSENCE DATA ANALYSIS AND SYSTEM EVALUATION
	3. ESSENCE INTERFACE, INFORMATION DISSEMINATION, AND REPORTING
	4. FURTHER READINGS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




