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Objectives

¢ Learn about biomedical ontologies
e History
e Design principles, formalisms and tools
e What are they?
e What are they used for?

¢ Work with biomedical ontologies
e Search
e Analyze
e Extend
e Use for data integration
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Outline

¢ Historical perspective

¢ Introduction to biomedical terminologies through
an example

¢ Biomedical terms as names for biomedical classes

¢ Terminological relations as a surrogate for
ontological relations




Historical perspective




Why biomedical terminologies?

¢ To support a theory of diseases

¢ To classify diseases

¢ To support epidemiology

¢ To Index and retrieve information
¢ To serve as a reference




To support a theory of diseases

¢ Hippocrates
e Dismisses superstition

e Four humors
= Blood
= Phlegm
= Yellow bile
= Black bile

¢ Thomas Sydenham (1624-1689)

e Medical observations on the history
and cure of acute diseases (1676)




To classify diseases (and plants)

¢ Carolus Linnaeus (1707-1778)
e Genera Plantarum (1737)
e Genera Morborum (1763)

¢ Francois Boissier de La Croix
a.k.a. F. B. de Sauvages (1706-1767)
e Methodus Foliorum (1751)
e Nosologia Methodica (1763/68)

¢ William Cullen (1710-1790)
e Synopsis Nosologiae Methodicae (1785)
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... to diseases

¢ Four categories (W. Cullen)

Fevers

Nervous disorders
Cachexias

|_ocal diseases

“The distinction of the genera of diseases,
the distinction of the species of each, and
often even that of the varieties, | hold to be
a necessary foundation of every plan of
physic, whether dogmatical or empirical.”
— William Cullen, Edinburgh, 1785
Synopsis Nosologia Methodicae

(Cited by Chris Chute)




To support epidemiology
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¢ John Graunt (1620-1674) OBSERVATIONS

Mantiened ina J‘nil-;--.ring Iko EX,

e Analyzes the vital statistics Bills of Monliy,
of the citizens of London oy F0HN GRAVNT,
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+ William Farr (1807-1883) et

e Medical statistician
e Improves Cullen’s classification
e Contributes to creating ICD

¢ Jacques Berthillon (1851-1922)

e Chief of the statistical services (Paris)
e Classification of causes of death (161 rubrics)
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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.

— William Farr
First annual report.
London, Registrar General of England and Wales, 1839, p. 99.




To Index and retrieve information

¢ Biomedical literature
e MEDLINE (15M citations from 4600 journals)
e Manually indexed
e Medical Subject Headings (MeSH)

¢ Genome
e Model organism databases (Fly, Mouse, Yeast, ...)

e Manually / semi-automatically curated
e Gene Ontology




MEDLINE and MeSH

™ 1: T Hist Meurosci. 2004 Mar, 13(13:51-101. Related Adicles, Links

MetaPress

Black bile and psychomotor retardation: shades of melancholia in Dante's Inferno.

Widmer DA,
Metmorial Sloan-Fettening Cancer Center, Mew York, ITY 10017, US A widmerd@imskec. org

The history of melancholy depression iz rich with inages of movement retardation and mental dysfinction. The recent restoration
of peychomotor symptorms to the diagnostic termmnology of affective disorder 13 not novel to the students of medieval melancholia,
The mowve back to the biology of this psychomotor dysfunction with the technical advances m brain immaging in recent years only
echoes centunies-old writings on the centrality of movement changes in the deprezsive condiion. The Inferno, the first cantica of
Dante Alghien's Commedia, has a wonderful abundance of allusions to the inportance of psychomotor symptoms m describing
the depressed individual. Slowed steps, garbled speech, frozen tears, these and tmany other images keep the physical
manifestations of psychomotor suffering in the foreftont of the reader's mund. Considering Medieval and Eenaissance writings on
melancholy suffering, it 13 fithing that Dante shows a bodily illness reflected in the hellish torments wsited on the damned. From the
souls of the sullen to those of the wiclent, the panorama of psychomotor symptoms plays a promnent role in the poem as well as
i1 the medical and lterary prose of succeeding centunes.

MMeSH Terms:
* Depressive Disorder/tustory™®
¢ History of Medicine, Mediewal
¢+ Human
+ Ttaly
# Literature, IMedievalhistory™
¢ Medicine in Literature™

+ Poetrylustory™ NE%GMI :
¢ Paychomotor Disordersfhustory™ P u b Ed of M E::l iz?flg




Mouse Genome Database and GO

Entrez Gene

™ 1: Nf2 neurofibromatosis 2 [Mfis
GenelD: 18016 Locus tag
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To serve as a reference

¢ Reference terminology/ontology
e Universally needed
e Developed independently of any purposes
e Reusable by many applications

¢ Examples
e VA National Drug File (NDF)
e Foundational Model of Anatomy (FMA)
e SNOMED CT



Anatomy in Biomedicine

Physiology

Clinical medicine

Biomedical literature

Biomedical research




Administrative terminologies

¢ Coding patient records
e International Classification of Primary Care (ICPC)
e SNOMED
e Read Codes

¢ Reporting claims to health insurance companies
e Current Procedural Terminology (CPT)
e International Classification of Diseases (ICD-9 CM)

e Healthcare Common Procedure Coding System
(HCPCS)




(courtesy of J. Rogers)

4¥n'o'pS|s— EmTree

Nosologiae
Methodicae MeSH

ICD ICD9
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Biomedical ontology in PubMed

Number of articles in PubMed/MEDLINE on Ontology vs. Controlled vocabulary

O Ontology or ontologies (*) As of
m Both 2008/02/20

Partial coverage
O Controlled vocabulary [excluding DSM] 1Eor 2007. due tg a

slight lag in the
indexing process)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
year

[Bodenreider, YBMI 2008]




Biomedical ontologies in PubMed

Proportion of citations in PubMed/MEDLINE by ontology

@ GO

B NCI Thesaurus
O FMA

B UMLS

B SNOMED

O MeSH

B LOINC

1998 1999 2000 2001 2002 2005 2006 2007

[Bodenreider, YBMI 2008]




Introduction to biomedical

terminologies through an example




Guy’s Hospital, London




Thomas Addison (1795-1860)




Addison’s disease

& Addison's disease IS a rare
endocrine disorder

& Addison's disease occurs

when the adrenal glands | Gorex medulis
gkt left
do not produce enough of adrenal /a el

the hormone cortisol

¢ For this reason, the
disease IS sometimes
called chronic adrenal
Insufficiency, or
hypocortisolism




Adrenal insufficiency Clinical variants

¢ Primary / Secondary

e Primary: lesion of the
adrenal glands themselves

e Secondary: inadequate
secretion of ACTH by the
pituitary gland

¢ Acute / Chronic

¢ Isolated / Polyendocrine
deficiency syndrome

Fitumtary gland

Parathyroid gland
Thyraid gland

'\_'II
i
l
1 Thymus gk:
5 ymus gland

Ovary
(femala)

Tests
imala}

adam.com




Addison’s disease: Symptoms

¢ Fatigue
¢ \Weakness
¢ Low blood pressure

¢ Pigmentation of the skin (exposed and non-
exposed parts of the body)




AD In medical vocabularies

¢ Synonyms: different terms

e Addisonian syndrome

e Bronzed disease

e Addison melanoderma
Asthenia pigmentosa
Primary adrenal deficiency
Primary adrenal insufficiency
Primary adrenocortical insufficiency

Chronic adrenocortical insufficiency |
¢ Contexts: different hierarchies

%

NLM

eponym

symptoms

clinical
variants




Internal Classification of Diseases

CHAPTER 4

Endocrine, nutritional and metabolic diseases (E00-E90)

Disorders of other endocrine glands (E20-E35)

E27 Other disorders of adrenal gland
E27.0 Other adrenocortical overactivity
Overproduction of ACTH. not associated with Cushing's disease
Premature adrenarche
Excludes]:Cushing's syndrome (E24 -)
Primary adrenocortical insufficiency
Addison's disease
Adrenocortical msufficiency NOS
Autoimmune adrenalitis
Excludes]: Addison only phenotype adrencleukodystrophy (E71.428)
amyloidosis (E83)
tuberculous Addison's disease (A18.7)
Waterhouse-Friderichsen syndrome (A39.1)
Addisonian crisis
Adrenal crisis
Adrenocortical crisis
E27.2 Drug-induced adrenocortical insufficiency
Code first (T36-T20) to identify drug
E27.4 Other and unspecified adrenocortical insufficiency

Draft ICD-10-CM Tabular Page 180 June 2003




Medical Subject Headings

MeSH Tree Structures

Endocrine Dizeazes [C19]
Adrenal Gland Diseases [C19.053]
Adrenal Gland Hypofunction [C19 053 264]
P bddizon's Disease [(C19.053 264 263
Adrenoleukcodystrophy [(019.05% 264 270]
Hypoaldosteronsm [C19 053 264 450]

Trmunelogic Diseases [C20]
Autotnmune Dhiseases [C20.111]
P Lddison's Disease [C20.111 163]
Anermua, Hemeolytic, Autornmune [C20.111.175]
Ant-Clomenilar Basement Membrane Diseaze [C20.111.190]
Antphospholipid Svndrome [C20.111.197]
Arthritis, Bheumatotd [C20.111.199] +
Autonmtmune Dhiseases of the Mervous System [C20.111.258] +




SNOMED CT

| +m adrenal cortical hypofunction
-’rnnilnq site
enal cortex structure




Biomedical terms as names

for biomedical classes




Terms reflecting valid classes

Pulmonary anthrax
BRCAL protein
Coronary artery
Coronary artery bypass

Non-insulin dependent diabetes mellitus
Non-Hodgkin lymphoma

Non-steroidal anti-inflammatory drugs
Non-opioid analgesics

Non-invasive medical procedure




Issues

¢ Multiple terms for a class

¢ Multiple classes for a term

¢ Presence of non-ontological features in terms
¢ Composite terms




Multiple terms for a class

¢ Synonymy

- Left coronary artery
;= LCA :
: = Arteria coronaria sinistra. :

- Abdominal swellingé
- Swollen abdomen

= Posttransfusion hepatitis
: = Posttransfusion viral hepatltls

= Addison’s disease
;= Primary adrenocortlcal

Insufficiency

= Addison’s disease
;= Primary adrenocortlcal

Insufficiency

vs. Waterhouse-Friderichsen Syndrome




Multiple classes for a term

¢ Polysemy

¢ Truncated terms

Calcium .
: = Calcium

: m  Calcium measurement :




Non-ontological features In terms

¢ Epistemological features

= Gallbladder calculus without mention of cholecystitis
Diarrhea of presumed infectious origin
Replacement of unspecified heart valve




Ontology vs. Epistemology

¢ Ontology ¢ Epistemology
e Invariants in reality e Knowledge about such
= Classes (universals) entities
= Relations between them
e Theory of reality e Perception of reality

Bone metastasis

diagnosed by CT scan

Sone metastasis < Bone metastasis

diagnosed by Tc99m bone scintiscan




Composite terms

¢ Sentence-like terms
e Several classes and their relations
e May contain epistemological features

= Tuberculosis of adrenal glands, tubercle bacilli not found (in sputum) by

microscopy, but found by bacterial culture




More composite terms

= Nontraffic accident involving being accidentally pushed from motor vehicle,
except off-road motor vehicle, while in motion, not on public highway, driver of
motor vehicle injured

Determine whether the elder patient and caretaker have a functional social
support network to assist the patient in performing activities of daily living and
In obtaining health care, transportation, therapy, medications, community
resource information, financial advice, and assistance with personal problems

Telephone call by a physician to patient or for consultation or medical
management or for coordinating medical management with other health care
professionals (eg, nurses, therapists, social workers, nutritionists, physicians,
pharmacists); complex or lengthy (eg, lengthy counseling session with anxious
or distraught patient, detailed or prolonged discussion with family members
regarding seriously ill patient, lengthy communication necessary to coordinate
complex services of several different health professionals workina on different




Terminological relations as a

surrogate for ontological relations




Issues

¢ Lack of explicit classificatory principle
¢ Underspecification of the relations

¢ Thesaurus relations

¢ Limited depth in hierarchies “by design”




Explicit classificatory principle

Foundational Anatomical entity
Model of

Anatomy

patia

: dimension ]
Physical L Non-physical
anatomical entity anatomical entity

Mass

Material physical + Non-material physical
anatomical entity anatomical entity

nheren

) D shape
Anatomical \ . _ Body Anat. Anat. Anat.
structure substance space/ \surface point
3D 2D 1D oD




No explicit classificatory principle |[&&

3. El Diseases [(]
= Bacterial Infections and M\
= Virus Diseases [C02] +
o Parasitic Diseases [C03] +
+ Neoplasms [C04] +
o Musculoskeletal Diseases [C05] +
o Digestive System Diseases [C06] +
¢ Stomatognathic Diseases [C07
r Tract Diseases [CO8] +
o Otorhinolarynoologic Diseases [C09] +
> Nervous System Diseases [C10] + |Ocati0n
¢ Eve Diseases [C11] +
2 Urologic and Male Genital Diseases [C12] +
= Female Genital Diseases and

agent/cause

2 Cardiovascular Diseases [C14
¢ Hemic and L ymphatic Thseaszes [C15] +

stage in life

< Skin and Connective Tissue Diseases [C17] +

¢ Nutritional and Metaholic Diseases [C18] +

¢ Endocrine Diseases [C19] +

o Immunologic Diseases [C20] +

o Disorders of Environmental Origin [C21] +

= Animal Diseases [C22] +

2 Pathological Conditions, Sions and Symptoms [C23] +




Certain infectious and parasitic diseases

Neoplasms

Diseases of the blood and blood-forming organs and certain disorders involving the
Immune mechanism

Endocrine, nutritional, and metabolic diseases

Mental and behavioral disorders

Diseases of nervous system

Diseases of the eye and adnexa

Diseases of the ear and mastoid process

Diseases of circulatory system

Diseases of respiratory system

Diseases of digestive system

Diseases of the skin and subcutaneous tissue

Diseases of the musculoskeletal system and connective tissue

Diseases of the genitourinary system

Pregnancy, childbirth, and the puerperium

Certain conditions originating in the newborn (perinatal) period
Congenital malformations, deformations and chromosomal abnormalities
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
Injury, poisoning and certain other consequences of external causes

External causes of morbidity

Factors influencing health status and contact with health service




Attribute

Body structure

Clinical finding
Context-dependent categories
Environments and geographical locations
Events

Observable entity

Organism

Pharmaceutical / biologic product
Physical force

Physical object

Procedure

Qualifier value

Social context

Special concept

Specimen

Staging and scales

Substance




Fully specified relations

Viral meningitis In SNOMED CT
Fully cefined by
I%}IE: 3
I viral infections of the central nervous system
IMinfective meningitis
Causative agent
E-[]wirus
(70 LI
Associated maorpholooy
=W inflammation
Finding site
#-[]meninges structure




Underspecification of the relations

Diseases

PN

CNS diseases Virus diseases

Meningitis CNS viral diseases

~_—

Viral meningitis




Thesaurus relations

¢ Addison’s disease
e Due to auto-immunity in 80% of the cases
e Other causes include tuberculosis

Autoimmune diseases

Isa

Addison’s disease Addison’s disease

Relations used to create hierarchical structures
vs. hierarchical relations




Endocrine Diseases [(C19]
Adrenal Gland Dhiseases [(C159.0535]
Adrenal Gland Hypofunction [C19. 053 264
P Addizon's Dizease [C19.053.264 263]
Adrenoleukodystrophy [(C19 053 264 270
Hypoaldosteromsm [C19 053 264 4807

Tmmunolooic Thiseases [(C20]
Automrmmune Diseazes [C20.111]
P i ddizon's Disease [C020.111.163]
Anerma, Hemolytic, Autotmmune [C20.111.175]
Anti-tFlomerilar Basement Membrane Dizeasze [(C20. 111 150]
Antiphospholipd Svwndrome [C20.111.1597]
Arthrts, Bhewmatord [C20.111.19%9] +

{

L2l 2vevely ISuI:ut_l,Ipe higrarchy | " \ ,-)

L adrenal cortical ypofunction -
Brliddison's disease.
-l Addison's disease due to autoimmunity

-l Addison's disease with adrenoleucodystrophy
-l8 polyglandular autoimmune syndrome, type 1
| tuberculous Addison's disease




Accidents in MeSH

Environmment and Fublic Health [(503]
Public Health [503 850]
P Accidents [(G03.850.110]
Accident Prevention [GOE 850 110.060] +
Arcidental Falls [(G03.850.110.0357
Accidents, Awation [G05 B50. 110 185]
Arcidents, Home [G03 850, 110.2057
Acoidents, Occupational [(G02 820, 110 2501 +
Accidents, Eadiation [(G03 250 110 285]
Accidents, Trathc [(G03 850 110 320
Drowring [G02. 850.110.500] +




Limited depth in hierarchies “by design”

¢ Term identifier (code) used to record the position
In the hierarchy

e Limited number of digits available
e May hide part of the structure

¢ Terminologies: ICD, SNOMED, ...

E84 Cystic fibrosis

Includes: mucoviscidosis
E84.0 Cystic fibrosis with pulmonary manifestations
Use additional code to identify any infectious organism present, such as:
Pseudomonas (B96.5)
Meconium ileus in cvstic fibrosis
Excludesl: meconium ileus not due to Cystic fibrosis (P75)
Cvstic fibrosis with gastrointestinal manifestations
Excludes2:meconium ileus in cystic fibrosis (E84.1)
Cystic fibrosis with other manifestations




Cystic fibrosis in ICD

E84 Cystic fibrosis

Includes: mucoviscidosis

E84.0 Cystic fibrosis with pulmonary manifestations
Use additional code to identify any infectious organism present, such as:

Pseudomonas (B96.5)

E84.1 Meconium ileus in cvstic fibrosis
Excludes]: meconium ileus not due to Cystic fibrosis (P75)

E84.2 Cystic fibrosis with gastrointestinal manifestations
Excludes?:meconium 1leus in cystic fibrosis (E84.1)

E84.8 Cystic fibrosis with other manifestations

CF
w. other

Meconium ileus CF Meconium ileus
in CF w. other in CF




Conclusions




Conclusions ®

¢ Biomedical terms

e reflect some aspects of biomedical reality

= Although the primary concern of terminology is naming, not
reflecting reality

e often convey additional features (e.g., epistemology)

¢ Biomedical terminology tends to offset part of the
complexity
e but often reflects utility




Conclusions ©

¢ Biomedical terminologies can help populate
biomedical ontologies

¢ Resources needed
e Linguistic analysis of terms

e Statistical analysis of terms in a corpus / annotation
database (dependence relations)

e Manual curation
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Overview

¢ Definitions
e Ontologies vs. other artifacts
e Kinds of ontologies

¢ Some principles of formal ontology
e Top-level categories
e Categories of relationships

¢ Formalisms and tools



Definitions




Introduction

Concept

Ogden-Richards




Definitions

¢ The What guestion

e Objects in the world
= With their properties
= With their relations to other objects

e Also: events, Processes, and states

¢ Explicit specification of a conceptualization
e Support software applications

¢ Domain ontology reflects
e Underlying reality
e Theory of the domain




Examples of use

¢ Natural language processing

¢ Access to heterogeneous sources of information
(e.g., Semantic Web)

¢ Systems engineering

¢ Interoperability




Ontology vs. other artifacts

¢ Ontology
e Defining types of things and their relations

¢ Terminology

e Naming things in a domain
¢ Thesaurus

e Organizing things for a given purpose
¢ Classification

e Placing things into (arbitrary) classes

¢ Knowledge bases .
] [Smith, KR-MED 2006]
e Assertional knowledge [Chute, JAMIA 2000]




(Controlled) Terminology

¢ Objective: naming things
¢ Example: Current Procedural Terminology (CPT)

¢ Shared understanding
e Agreement on what terms to use
o Utility-driven (arbitrary)

Telephone call by a physician to patient or for consultation or medical management or for
coordinating medical management with other health care professionals (eg, nurses,
therapists, social workers, nutritionists, physicians, pharmacists); complex or lengthy (eg,
lengthy counseling session with anxious or distraught patient, detailed or prolonged
discussion with family members regarding seriously ill patient, lengthy communication
necessary to coordinate complex services of several different health professionals working
on different

e

NLM




Thesaurus

¢ Objective: organize things for a purpose

e e.g., Information retrieval
= Organization by relatedness

¢ Example: Medical Subject Headings (MeSH)
e Indexing/retrieval of biomedical articles

¢ Relations used 1n hierarchies
vs. hierarchical relations




Thesaurus vs. ontology

]
I
|
I
I
I
I
I
¥

Autoimmune Diseases

Is generally a

\ 4

Addison’s disease

Tuberculous

Addison’s disease

Addison’s disease
due to autoimmunity




Classification

¢ Objective: placing things into classes

¢ Characteristics
e Single inheritance (tree)
e ldiosyncratic inclusion/exclusion criteria

Insulin-dependent diabetes mellitus
See before E10 for subdivisions ]
Includes: diabetes (mellitus):
- brittle
+Juvenile-onset
+ ketosis-prone
- type 1
Excludes: diahetes mellitus {in):
+ malnutrition- r|-|:|’r|-d { E12.- 3
' III-'IIII:|1':I|I PY0.2 ::I
+ pregnancy, c hlIrlLur’rh and the puerperium { 024.- )
glycosuria:
- NOS { BREL )
+ renal { E74.8
|rr|[_|:||r|—'|‘] glucose 1'||||—'r:|r|| e { R73.0)
postsurgical hypoins IJ||r|:||—'rr||:|| E 10.1 3




Classification

¢ Characteristics (continued)

e Everything must be classified, including
= When there is no specific slot (NEC)
= When there is insufficient information (NOS)

Cystic fibrosis

Includes: mucoviscidasis

Cystic fibrosis with pulmonary manifestations

Cystic fibrosis with intestinal manifestations

Meconium lleus+ { P7F5* 3

Excludes:meconium obstruction in cases where cystic fibrosis is
known not to be present { P76.0 )

Cystic fibrosis with other manifestations

Cystic fibrosis with combined manifestations

Cystic fibrosis, unspecified




Knowledge Bases

¢ Objective: represent knowledge needed for a given
application

¢ Example: drug knowledge bases
¢ Assertional knowledge

e Vs. definitional knowledge in ontologies
e Often probabilistic

¢ Examples of assertions
e Indications of a drug
e Signs and symptoms of a disease




Fuzzy borders

¢ Some ontologies also collect names
e FMA

¢ Some terminologies also provide formal
definitions

e SNOMED CT

¢ Some terminologies/ontologies include both
definitional and assertional knowledge

e SNOMED CT




Types of resources

¢ Lexical resources ¢ Ontological resources

e Collections of lexical items e Collections of

e Additional information = Kinds of entities
= Part of speech (substances, qualities,

: : rocesses
= Spelling variants P ) )
= relations among them

e Useful for entity e Useful for relation
recognition extraction

e UMLS SPECIALIST e UMLS Semantic Network,
Lexicon, WordNet BioTop

¢ Terminological resources
e Collections lexical items + identifiers

e Useful for entity resolution
e UMLS Metathesaurus




The Knowledge Semantics Continuum

Medication Lists TAMBIS
DDI Lists

Thesauri:
BT/NT,
Parent/Child,

Informal Is-A Sy ¥ RDF(S) Ontylog

Catalog

Ti /
sl OWL  IEEE SUO
glossary

MeSH,
Gene Ontology,
UMLS Meta

EcoCyc

Expressive

Terminologies Ontologies
Ontology Dimensions based on McGuinness and Finin




Kinds of ontologies

Upper Level
Ontology

Application ontologies

Domain
Ontology




Ontology-related issues

¢ Creation
¢ Merging
¢ Alignment
¢ Validation




Formal Ontological Principles




Formal ontological distinctions

¢ Universal vs. individual
4 Continuant vs. occurent
¢ Independent vs. dependent




Universal vs. Individual

¢ Universal = category ¢ Individual = instance

¢ Synonyms ¢ Synonyms
e Kind, Type, (Class) e Particular, Token

¢ Examples ¢ Examples
e eyeball e my right eyeball
e Dblood pressure e my blood pressure (132/79)

e conference e AMIA Annual Symposium
2003

Instantiation




Continuant vs. Occurrent

¢ Continuant = Continuesto @ Occurrent = Unfolds
exist through time through time

¢ Synonyms ¢ Synonyms
e Substance e Process
¢ Examples ¢ Examples
e tennis racquet e tennis tournament

e mitochondrion e metabolism
e Insulin production e producing insulin




Independent vs. Dependent

¢ Independent = Can exist ¢ Dependent = Require
without support from support from other entities
other entities for its existence

¢ Examples ¢ Examples
e Virus e Vviral infection
e molecule e DNA binding
e plant e food




Formal ontology Upper level

Universals
(classes)

Particulars
(instances)

Thing

/\

Continuant Occurent

N

Independent Dependent
continuant continuant




Formal ontological distinctions

¢ Basic distinctions in many top-level ontologies
e Generic: BFO, DOLCE
e Biomedical: BioTop, UMLS Semantic Network

¢ Condition the relations between various types of
entities

e Relations
= Between instances (e.g., part_of [at time])
= Between classes (e.g., isa, part_of [atemporal])
= Between one instance and one class (instance_of)

[Smith, Genome Biology 2005]




Formal ontology In practice

¢ Provides foundational classes and relations
e Upper level ontologies
e Relation ontology

¢ Provides a framework for analyzing entities and
relations




Examples




General ontologies

¢ OpenCyc @
e General ontology

e Cycorp, Inc (D. Lenat & al.)
e Over 1M hand-coded assertions
e http://www.opencyc.org

¢ WordNet
e Electronic lexical database
e Princeton University (G. Miller & al.)
e Over 100,000 synsets
e http://wordnet.princeton.edu/

2dordNel




Top level iIn OpenCyc

Mathematical or
computational thing

Set or collection

" Collection

Intangible individual

PartiallyTangible

A 4

Tangible thing

#$genls
#3isa




Top level iIn WordNet

Abstraction

Activity

Entity

Event

Group

Location

Natural phenomenon
Possession
Psychological feature
Shape

State




GALEN

¢ Generalised Architecture for Languages,
Encyclopaedias, and Nomenclatures in Medicine

¢ European Union project (A. Rector & al.)
¢ Over 25,000 concepts (primitives)

¢ http://www.opengalen.org




Top level in GALEN

DomainCategory

Arbitrarily

Conjuncted ModifierConcept

Phenomenon

Generalised
Structure

Generalised
Process

Generalised
Substance

SubstanceOr @ GeneralLevel
PhysicalStructure OfSpecification
@ StateOr @
Quantity




UMLS Semantic Network

¢ Definitional knowledge In the biomedical domain
¢ NLM (A. McCray & al.)

¢ Content
e 135 semantic types
e 54 types of relationship
e 6700 semantic relations

¢ http://semanticnetwork.nlm.nih.gov




Top level In the Semantic Network

Conceptual Entity Physical object Phenomenon or P@




Differences between ontologies

Examples




Granularity, plesionymy

Epilepsy, Generalized

: Seizure Disorder, Generalized

Epilepsy, Grand Mal
: Tonic-Clonic Epilepsy

: Seizure Disorder, Tonic Clonic :

WordNet

generalized epilepsy




Differing categorization

UMLS WordNet

[Natural Phenomenon or Process] phenomenon

~. —

[Biologic Function] process

~ —

[Pathologic Function] natural process

o~ —

[Disease or Syndrome] decay

Falth
dis. dJder

Health

: Dental Caries :
i Dental cavity, NOS L

: : 5 : : caries
: Tooth caries = Dental Caries ——

: i dental caries
R : tooth decay




Formalisms and Tools




Ontology and Formalism

& Frames

¢ Description logics
e OWL DL

¢ First-order logic

¢ OBO Format
e Conversionto OWL DL




Tools for ontology developers

¢ Protege rotéaé
Publicly available protege

Fram?S_ and DL http://protege.stanford.edu/
Classifier

Supports many file formats (import/export)

Large community of users

Well supported

http://protege.stanford.edu/ )BO - Edi

¢ OBO-Edit [] The OBO Ontology Editor

e Specific to the biomedical/OBO community
e Simpler than Protégé (“tool for biologists™)
e http://oboedit.org/
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Overview

¢ Structural perspective [J. Cimino, YBMI 2006]
e 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 (UMLYS)




International Classification of

Diseases




ICD Characteristics (1)

¢ Current version: ICD-10

¢ Type: Classification

¢ Domain: Disorders

¢ Developer: World Health Organization (WHO)
¢ Funding: WHO

¢ Availability
e Publicly available: No
e Repositories: UMLS [ICD9-CM in NCBO BioPortal]

¢ URL.: http://www.who.int/classifications/icd/en/
%

NLM




ICD Characteristics (2)

¢ Number of
e Concepts: 12,318
e Terms: 1 per concept (tabular)
¢ Major organizing principles:
e Tree (single inheritance hierarchy)

e No explicit classification criteria
= ldiosyncratic inclusion/exclusion mechanism

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

¢ Formalism: Proprietary format
e

NLM



ICD Top level

A00-B99 Certain infectious and parasitic diseases
Coo0-D48 Meoplasms

DEO0-DE9 Diseases of the blood and blood-forming organs and certain disorders invalving the
immune mechanism

EOO-ESO Endocrine, nutritional and metabolic diseases
FOO-F99 Mental and behawvioural disorders
G00-599 Diseases of the nervous system
HOO-HE9 Diseases of the eye and adnexa
HE60-H9E Diseases of the ear and mastoid process
I00-199 Diseases of the circulatory system
Joo-Jog Diseases of the respiratary system
KOO-K93 Dizeases of the digestive system
LOO-L99 Diseases of the skin and subcutaneous tissue
MO0-r99 Dizeases of the musculoskeletal system and connective tissue
MOO-N99 Diseases of the genitourinary system
Q00-099 Pregnancy, childbirth and the puerperium
POO-PO& Certain conditions originating in the perinatal period
00-099 Congenital malformations, deformations and chromosomal abnarmalities
ROO-R99 Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
S00-T98 Injury, poisoning and certain other consequences of external causes
VO1-v08 External causes of morbidity and mortality
Z00-299 Factors influencing health status and contact with health services
Loo-u9g Codes for special purposes
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ICD Example

¢ ldiosyncratic inclusion/exclusion criteria

Insulin-dependent diabetes mellitus

See before E10 for subdivisions ]

Includes: diabetes (mellitus):
- hbrittle
- Juvenile-onset
- ketosis-prone
- type I

Excludes: diabetes mellitus {in}:
+ malnutrition-related { E12.-
- neonatal { P70.2 0
- pregnancy, childbirth and the puerperium { 024.-
glycosuria:
- NOS { RB1 )
- renal { E74.8 )
impaired glucose tolerance { B73.0 )
postsurgical hypoinsulinaemia ( EG9.1 3




ICD Example

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

Cystic fibrosis

Includes: mucoviscidasis

Cystic fibrosis with pulmonary manifestations

Cystic fibrosis with intestinal manifestations

Meconium ileus+ { PYE* 3

Excludes: meconium obstruction in cases where cystic fibrosis is
known not to be present { P76.0 3

Cystic fibrosis with other manifestations

Cystic fibrosis with combined manifestations

Cystic fibrosis, unspecified




Logical Observation Identifiers,

Names and Codes (LOINC)




LOINC Characteristics (1)

¢ Current version: 2.22 (Dec. 2007)

¢ Type: Controlled terminology*

¢ Domain: Laboratory and clinical observations
¢ Developer: Regenstrief Institute

¢ Funding: NLM

¢ Availability
e Publicly available: Yes
e Repositories: UMLS
¢ URL: www.regenstrief.org/loinc/loinc.htm

%
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LOINC Characteristics (2)

¢ Number of
e Concepts: 50k active codes (2.18)
e Terms: n/a*
¢ Major organizing principles:
e No hierarchical structure among the main codes

e 0 axes
Component (analyte [+ challenge] [+ adjustments])
Property
Timing
System
Scale
[Method]

¢ Formalism: “DL-like”




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 Concen-tration (per volume)

Timing Pt — Point in time (Random)
System Ser/Plas — Serum or Plasma
Scale Qn — Quantitative

Method




SNOMED Clinical Terms




SNOMED CT Characteristics (1)

¢ Current version: January 31, 2008 (2 annual
releases)