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London Bills of Mortality
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Limitations of existing classifications

“The advantages of a uniform statistical nomenclature, however imperfect, are so 
obvious, that it is surprising no attention has been paid to its enforcement in Bills 
of Mortality. Each disease has, in many instances, been denoted by three or four 
terms, and each term has been applied to as many different diseases: vague, 
inconvenient names have been employed, or complications have been registered 
instead of primary diseases. The nomenclature is of as much importance in this 
department of inquiry as weights and measures in the physical sciences, and 
should be settled without delay.”
– William Farr
First annual report.
London, Registrar General of England and Wales, 1839, p. 99.
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Outline

 Biomedical ontologies
 What they are
 What they are for

 Ontologies and biosurveillance
 Support for text mining
 Controlled vocabulary
 Data aggregation
 Data integration
 Reasoning

 Ontology in action in a biosurveillance system –
BioCaster



Biomedical ontologies

What they are
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Overview

 Structural perspective
 What are they (vs. what are they for)?

 “High-impact” biomedical ontologies
 International Classification of Diseases (ICD)
 Logical Observation Identifiers, Names and Codes (LOINC)
 SNOMED Clinical Terms
 Foundational Model of Anatomy
 Gene Ontology
 RxNorm
 Medical Subject Headings (MeSH)
 NCI Thesaurus
 Unified Medical Language System (UMLS)

[J. Cimino, YBMI 2006]



International Classification of 
Diseases
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ICD  Characteristics (1)

Current version: ICD-10
Type: Classification
Domain: Disorders
Developer: World Health Organization (WHO)
 Funding: WHO
Availability

 Publicly available: No
 Repositories: UMLS  [ICD9-CM in NCBO BioPortal]

URL: http://www.who.int/classifications/icd/en/

http://www.who.int/classifications/icd/en/�


Lister Hill National Center for Biomedical Communications 9

ICD  Characteristics (2)

Number of
 Concepts: 12,318
 Terms: 1 per concept (tabular)

Major organizing principles:
 Tree (single inheritance hierarchy)
 No explicit classification criteria

 Idiosyncratic inclusion/exclusion mechanism

 .8 slots for Not elsewhere classified (NEC)
 .9 slots for Not otherwise specified (NOS)

 Formalism: Proprietary format
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ICD  Top level
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ICD  Example

 Idiosyncratic inclusion/exclusion criteria
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ICD  Example

Not elsewhere classified (NEC)
Not otherwise specified (NOS)



Logical Observation Identifiers, 
Names and Codes (LOINC)
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LOINC  Characteristics (1)

Current version: 2.27 (July 2009)
Type: Controlled terminology*
Domain: Laboratory and clinical observations
Developer: Regenstrief Institute
 Funding: NLM
Availability

 Publicly available: Yes
 Repositories: UMLS

 URL: www.regenstrief.org/loinc/loinc.htm

http://www.regenstrief.org/loinc/loinc.htm�
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LOINC  Characteristics (2)

 Number of
 Concepts: 50k active codes (2.18)
 Terms: n/a*

 Major organizing principles:
 No hierarchical structure among the main codes
 6 axes

 Component (analyte [+ challenge] [+ adjustments])
 Property
 Timing
 System
 Scale
 [Method]

 Formalism: “DL-like”
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LOINC  Example

 Sodium:SCnc:-Pt:Ser/Plas:Qn
[the molar concentration of sodium is measured in 
the plasma (or serum), with quantitative result]

Axis Value
Component Sodium

Property SCnc – Substance Concentration (per volume)

Timing Pt – Point in time (Random)

System Ser/Plas – Serum or Plasma

Scale Qn – Quantitative

Method --



SNOMED Clinical Terms
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SNOMED CT  Characteristics (1)

Current version: January 31, 2009 (2 annual 
releases)

Type: Reference terminology / ontology
Domain: Clinical medicine
Developer: IHTSDO
 Funding: IHTSDO
Availability

 Publicly available: Yes* (in member countries)
 Repositories: UMLS

URL: http://www.ihtsdo.org/

http://www.ihtsdo.org/�
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SNOMED CT  Characteristics (2)

Number of
 Concepts: 311,313 active concepts (Jan. 31, 2008)
 Terms: 794,061 active “descriptions”

Major organizing principles:
 Utility for clinical medicine (e.g., assertional + 

definitional knowledge)
 Model of meaning (incomplete)
 Rich set of associative relationships
 Small proportion of defined concepts (many primitives)

 Formalism: Description logics (KRSS)
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SNOMED CT  Top level
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SNOMED CT  Example



RxNorm
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RxNorm  Characteristics (1)

Current version: July 6, 2009 (monthly releases)
Type: Controlled terminology
Domain: Drug names
Developer: NLM
 Funding: NLM
Availability

 Publicly available: Yes*
 Repositories: UMLS

URL: http://www.nlm.nih.gov/research/umls/rxnorm/

http://www.nlm.nih.gov/research/umls/rxnorm/�
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RxNorm  Characteristics (2)

Number of
 Concepts: 93k (June 2008)
 Terms: 105k

Major organizing principles:
 Generic vs. brand
 Combinations of Ingredient / Form / Dose
 No hierarchical structure
 Links to all major US drug information sources
 No clinical information

 Formalism: UMLS RRF format
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RxNorm  Normalized form

Ingredient

Dose form

Strength

Ingredient

IngredientStrength Dose form

Strength

4mg/ml

Ingredient

Fluoxetine

Dose form

Oral Solution

Semantic clinical drug component

Semantic clinical drug

Semantic clinical drug form
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Rx Norm  Generic vs. Brand

 Generic
 Ingredient

(IN)
 Clinical drug form

(SCDF)
 Clinical drug component

(SCDC)
 Clinical drug

(SCD)

 Brand
 Brand name

(BN)
 Branded drug form

(SBDF)
 Branded drug component

(SBDC)
 Branded drug

(SBD)
tradename_of
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RxNorm  Relations among drug entities
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Recap
Name Scope # concepts Median Subs. Hier Version

SNOMED CT Clinical medicine
(patient records) 310,314 2 yes July 31, 2007

LOINC Clinical observations 
and laboratory tests 46,406 3 no

Version 2.21
(no “natural language” 
names)

FMA Human anatomical 
structures ~72,000 ? yes (not yet in the UMLS)

Gene Ontology Functional annotation 
of gene products 22,546 1 yes Jan. 2, 2007

RxNorm Standard names for 
prescription drugs 93,426 1 no Aug. 31, 2007

NCI Thesaurus
Cancer research, 
clinical care, public 
information

58,868 2 yes 2007_05E

ICD-10
Diseases and 
conditions
(health statistics)

12,318 1 no 1998 (tabular)

MeSH
Biomedicine 
(descriptors for 
indexing the literature)

24,767 5 no Aug. 27, 2007

UMLS .
Terminology 
integration in the life 
sciences

1,4 M 2 n/a 2007AC (English 
only)

[Bodenreider, YBMI 2008]



Biomedical ontologies

What they are for
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Overview

 Functional perspective
 What are they for (vs. what are they)?

 “High-impact” biomedical ontologies
 3 major categories of use

 Knowledge management (indexing and retrieval of data and 
information, access to information, mapping among 
ontologies)

 Data integration, exchange and semantic interoperability
 Decision support and reasoning (data selection and 

aggregation, decision support, natural language processing 
applications, knowledge discovery).

[Bodenreider, YBMI 2008]



Biomedical ontologies

Needs for biosurveillance
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Needs for biosurveillance

 Support for text mining
Controlled vocabulary
Aggregation
Data integration
Reasoning
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Support for text mining

Lexical resources
 Identify mentions in text

 Lexical variants

Terminological resources
 Identify concepts

 Synonyms

Ontological resources
 Identify relations, Semantic interpretation

 Domain knowledge
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Controlled vocabulary

Coded information
 Storage
 Processing

 Standardize
 Definitions
 Usage
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Data aggregation

Granularity mismatch
 Data recorded
 Data needed for making decisions

Aggregation along hierarchies
 Subsumption hierarchies (isa)
 Ad hoc linearizations (e.g., ICD for mortality / 

morbidity)
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Data integration

Datasets annotated in reference to multiple 
ontologies

Establish correspondence between equivalent 
concepts across ontologies (and datasets)

Role of terminology integration systems
 UMLS, RxNorm
 NCBO ontology services
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Reasoning

Description Logics
Reasoning services (DL classifiers)

 Instance classification



Ontology in action in a 
biosurveillance system

BioCaster
http://biocaster.org/

http://biocaster.nii.ac.jp/�
http://biocaster.nii.ac.jp/�
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http://biocaster.org/

http://biocaster.org/�
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BioCaster

 “Ontology-based text mining system for detecting 
and tracking the distribution of infectious disease 
outbreaks from linguistic signals on the Web”

 In operation since 2006
 Scans 1700 RSS feeds
 4 stages

 topic classification
 named entity recognition (NER)
 disease/location detection
 event recognition



Lister Hill National Center for Biomedical Communications 41

BioCaster

BioCaster ontology
 Vocabulary for Named Entity Recognition

 Bridges between layman’s terms and biomedical concepts
 Multi-lingual (8 languages)

 Knowledge about
 Infectious diseases (e.g., causal agent, manifestations, 

associated syndrome)

 Mappings to reference terminologies

http://biocaster.nii.ac.jp/index.php?mod=ontology&task=view&type=DISEASE&id=14121

http://biocaster.nii.ac.jp/index.php?mod=ontology&task=view&type=DISEASE&id=14121�
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BioCaster ontology
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BioCaster ontology  Cholera
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BioCaster ontology  Cholera
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BioCaster ontology  Cholera
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