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A need for ,IT-biotics¢

* DebuglT

— Detecting and Eliminating Bacteria UsinG Information
Technology

— Using ‘'semantic linked data’ to exploit distributed clinical
data
* Acquire new knowledge
— Through advanced data mining
* Apply knowledge in decision support
— Antibiotics choice, drug dosages

« Apply knowledge in monitoring
— Analyze current & predict future outcomes / trends
— Discover patient safety patterns

o000 »
: , , debugIT
Slide 3 Medinfo 2010 Daniel Schober ‘




The DebuglIT project: general architecture
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Using Ontologies in DebugIT

* Provide semantic identifiers
— Allow crosstalk within Interoperability Platform
— Used in SPARQL querying to express research questions
— Provide formal meaning exploitable by logic reasoners

 Integrate access to heterogeneous CIS
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DCO coverage

Competency question Implied Classes
“What percentage of — Patient
Escherichia coli cases, - Case
cultured from urine samples, — Disease
is resistant to the — Microorganism
combination of — Antimicrobial drug
trimethoprim/sulfametoxazol — Treatments
(TMP/SMX) or trimethoprim — Microbial Culture
over a period x?” — Sampling

— Diagnostic procedure
— Time
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DCO ontology

 OWL-DL (description logics)
— Reasoner for autoclassification & consistency checks during OE
— Reasoner infers multiple parenthood

* Reusing BioTop
— Ensure a rigid modeling view
— Provides reuseable constraints (bridges tc

e Concepts harvested from
— Hospital CDR schemata

— Competency questions from clinical use case
» Datadriven bottom up

— Domain terminologies in use
* Via UMLS or OLS
« Ontology modularisation tools (A.Rector)
 HL7 v3 based
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ACROMYMS:
(GEI newy Competency Question) CDR: Clinical Data Repositpry
e e Competency Gluestion
DCO: DebuglT Core Ontology
Gcan 2 for new classes and relations) NS Marmespace
7 Q0 Operational Ontalogy
RL: Representational Uinit {class or property)
Generate list of potential RUs UML: Unified Modelling Language
for DO inclusion LUMLS: Unified Medical Language System

lterate through list

iflist not ermpty

svn-update local repository
Check availability in 2O and O0s and
decide on namespace of new concepts

ifconcept available ~, if NS not correct
/L\\ferifgr it entity sits in appropriate namespace/; Mowe into correct namespace or ﬂle)

if concept not availakble if MS correct \I/

warify natural language definition
MOTE: Highthroughput impor of existing terminaologies {looking at CDR instances via SPARGL)
has already happened atthis stage \J/

\I/ Werify if in and outgoing relations {logical class definitionsfrestrictions) correctly reflect usage of class within CQ
falign node-edge-path to CQ and definition text grammar)

Decide inwhat modulefMEfile RUshould be added

\L, if relational embedding is appropriate
Look for example instances by launching SPARGL query on CDR endpoint.
Based on the amount of existing underlying data and its quality, it relational embedding is not appropriate

decide ifto be included pre or postcoordinated

(Add appropriate direct links via new relations or indirect relations via new bridge classes>

it pre-coordinated inclusion ﬁclude concept as RTJ\\,/

s (class ar relation) J
if post-coordinated inclusion ( Check consistency by running HermiT DL reasoner
Include required atomic RUs (Add 1D, natural language definition and metadata) if rminar inconsistencies exist . . . .
to build logical class definitions I [rassively inconsistent
in a compositional way FRemove inconcistencies Revert ta running version
Add mappings to suitable external artefact g
(e.g. snomed via umls) Prot el i g
rotege 'Explanations plugin' . . .
itDCO is consistent
i Pl helps discovering entailments and
(Add logical definitionsfrestrictions and disjoints) iron out faulty staternents
R Save and svh commit updated DCO file

add log what has been done

If refactoring needs to take place check on usage and decide ifidioms can he deleted or retired {if needed notify Forum)

Ifto he deleted, check usage, save 1Ds in mapping in ontology metadata
Check on compliance with HLY RIM based models




Reusing external domain vocabularies

SKOS mappings

for to
* Diseases - SNOMED CT findings
« Human anatomy - Foundational Model of Anatomy
- Bacteria = Uniprot NEWT taxonomy

* Drugs, antibiotics -> WHO ATC codes
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DCO disease-pattern example

Distinction between pathological disposition, process & structure

SbearerCOf

'/F"ath c-;\*
\\tru-:tu//-

I

Sinheresin

TN
[ Pathol iy

ShasOufcome

IrealizafionOF

Jhaslocus! anatom
- Qﬂﬂh

Shaslocus

Pathol

-.\\Dlﬁpn/

_{ Process

Slide 10

Medinfo 2010

Daniel Schober




DCO content (statistics)

Ontology elements & axioms | Overall | DCO BioTop
Classes 1281 965 375
Object Properties (relations) /8 3 74
Datatype Properties 11 10 0
Subclass Axioms 1494 1050 444
Equivalent Class Axioms 197 98 99
Disjoint Axioms 76 1 75
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Artificial Intelligence helping DCO modelling

e Reasoner infers new facts from given statements
e E.g. enrich ‘Sample’ Class hierarchy by inference

e discover and classify ‘Samples’ that are
‘BodyLiquidSamples’
e Reasoner alerts on faulty class definitions
* Inconsistent class definitions are highlighted

e DL semantics used to spot and avoid modelling errors

... two examples ...

o000 »
. , debugIT
Slide 12 Medinfo 2010 Daniel Schober ‘



Inference of new facts

(BloodSample is a BodyLiquidSample)

Stated Facts

BodyLiquidSample = BodyLiquid =
@ Sample ~— @ Blood
and derivesFrom some BodyLiquid ~ @ BloodSerum
) - CerebrospinalFluid
BloodSample = ----- @ Sputum
.Samhle - @ Urine

and derivesFrom some Blood

Asserted Hierarchy (flat list) Inferred Hierarchy (more structure)
¥ 8 Sample V& Sample

----- ~ BloodSample P>~ V-O)BodyLiquidSample
----- ©BloodSerumSample | Logics Reasoner > - BloodSample
----- eEud_yquuulSample -~ BloodSerumSample
p @ DerivedSample & SputumSample
----- O FecesSample ~ p- S UrineSample
----- & OrganSample »-- @ DerivedSample
----- & SputumSample ~ @ FecesSample
----- @ SwabSample -~ & OrganSample
t---ETlguESample - SwabhSample
b & UrineSample b S TissueSample
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Autodetecting inconsistent classes

Class Annotations | C

8 i ;i , Annotations; 'disk diffusion susceptibilty test'
f: £:+ @ Annotations (some annotations are hidden) \uJ
¥ concentration Al [oR
-~ ©drug concentration’ - "C0201180"
- @ minimum inhibitory concentration' =
@ 'drug dose' S
> Ofrequency "359872008"
- 'inspired oxygen fraction’ ; o0
»-- 'laboratory analysis finding' lakel @lxlo it
? :PW&WTE "disk diffusion susceptibility test" v
b Osize ‘
»-- @ temperature [Po—— T,
- Oweight Description: 'disk diffusion susceptibity test
- 'route of administration’ Equivalent classes ("*\,
8 i @ ‘antimicrobial susceptibility test
- 'test result’ :
and "has outcome' some (result
@ time stamp’ ‘and encodes some ‘inhibito zone sue')

" ‘‘‘‘ .quahtyreglon - T ceccscensccnscsnscenscenccenecens ry cecmeee ",,"v'i,"""",f'.",,"v'i,"""",f'.",,"v'if""'",f'.",,"v'i,"v(_;_"'
b @ ‘canonicity region’ .Nothlng T, -
>-~-.cleve|0pmenta|regwn ' ' ' o

© taxon region Superclasses
‘hacteria growth region v
> 'clinical score region’
»-@ culture condition region' Inherited anonymous classes
b ‘diagnosis evidence region' : —
V-0 'laboratory procedure’ ©'has participant’ some sample.
V 0 'measurement of substance in sample’ ||| ®'laboratory procedure’
~ : urine dipstick test' 7 and has_participant some 'hacterial cell’
-0 'urine leukocyte esterase test’ Y TSR T
@ 'urine nitrite test Al @ has partlmpant some antibiotic
v--‘--e ‘microbiology procedure’ . preceded by some mlcrohlologlcal culture procedure
----- v--@ "antimicrobial susceptibility test’ O has
. : pamcnpant some (sample
éldl.sk.dnffus!on'sqsceptibimy test and has_proper_part some ‘hacterial cell)
- "minimum inhibitory concentration suscept
...... , : o .has . participant some {amount.of-matter
® hactanal saruyplay and hearerOf some "antibiotic role']
> 'microbial stain analysis'
»--@ ‘microbiological culture procedure’ . ‘has outcome’ some antibiogram
¥--@ 'microbiological susceptibility region’ L
Leintarmadiata v
G
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Contents = =

o & Ontolagies Class: 'antimicrobial susceptibility test’

* AR . o . _

.l Cf;;gf;‘igm) http://www.debugit.eufontology/1.0/dco. owl #&ntimicrobialSusceptibilityTest

o 2l Object Properties (87) Asserted Class Hierarchy

* All Data Properties (8) + 'diagnostic procedure’
dco + 'labaoratory procedure’

+ 'microbiclogy procedure’

* Classes (861) + 'antimicrobial susceptibility test'

* Ohject Properties {26) ® 'disk diffusion susceptibility test’

® [Data Properties (3) " ‘minimum inhibitory concentration susceptibility test’
biotop Annotations (8)

® Classes (343) o ® CI0: "C1p97258"

® Object Praoperties (61) o definition: ""'Test methods designed to determing a microorganism’ s susceptibility to being killed by an antibiotic" (HL?

= Version 3.00"

® adapted empirical therapy prococal
* ‘admission to hospital department’
¢ 'admission to hospital

* ‘admission to intensive care unit’

* ‘admitter role’

¢ 'adult organism’

¢ '3dult region’

¢ 'adverse event diagnosing' Superclasses (5)

e vent microtiology procecture Use CNL for Ontology Evaluation

* '3erobic bacterial culture procedure’ 'has gutcome’ some antibiogram

L]
. L L
* ‘age guality ® ‘'has participant' some antibiotc -~ ===
L]
L

le

nl: “AntimicrobialSusceptibilityTests"

=g: "AntimicrobialSusceptibilityTest”

51D: "14788002"

synonym: "antibiogram procedure”

comment: "Taboy Link to SampleCollection and to SampleSource 1
[abel: "antimicrobial susceptibility test"

- & & & 8 @

Sl ‘has participant’ some (‘amount of substance' and {'bearer of some reagent role'))

* Iallergy to EII'n.D>l<II3I||Ir'|. . ‘nreceded by' some 'bacterial culture procedure’
¢ 'allergy to anti-infective agent

s 'allergy to antibacterial drug' Usage (11) A o
¢ 'gllergy to ciprofloxacin’ L . 4 S
. 'allergi to dflug' ® M goptext "Every AntimicrobialSusceptibilityTest hasOutcomes an Antibiogram,” */ v
o "allergy to fosfomydin’ ® M geetext: "Every AntimicrobialSusceptibilityTest hasParticipants an AmountOfSubstance that bearerOfs a ReagentRole." */
, - = ® [ acetext: "Every AntimicrobialSusceptibilityTest hasParticipants an Anfibiotic,” */ .
¢ 'slleray to lomefloxacin I

| Fertig 4

ff,‘Startl J 4 @ @ @ e @ o E i J _}C:'l,ngram...l ') DebuglT_&.., ”@DWLDD:—... ) CDokume, . _}D:'I,P.CEDwIDocl J DE ‘ 100% ' T ‘ﬁ@ Q‘Q.'B %‘E@ 12:54




DCO usage in SPARQL querying

“ Select all UrineSample antibiograms for E.Coli on Trimethoprim with
result = susceptible for patients with Urinary Tract Infection ”

PREFIX dco: <http://www.debugit.eu/ontology/1.0/dco.owl#>
CONSTRUCT {
_:therapy a dco:TreatingUrinaryTractinfection;
biotop:hasPatient _:patient.

_:urineSampling a dco:UrineSampleCollection;
biotop:hasParticipant _:patient;
dco:hasOutcome _:urineSpecimen.

_:culturing  adco:MicrobiologicalCultureProcedure;
biotop:hasParticipant _:urineSpecimen;
dco:hasOutcome [ a dco:Result; biotop:encodes _:bacteriaName ].

_:bacteriaName biotop:qualityLocated [ a biotop:SpeciesEscherichiaColiRegion ].

_:susceptibilityTestl a dco:AntimicrobialSusceptibility Test;
biotop:precededBy _:culturing;

dco:hasParticipant [ adco:Trimethoprim ];

dco:hasOutcome [ a dco:Result; biotop:encodes ?susceptibilityl ] .

?susceptibilityl  a dco:MicrobiologicalSusceptibility;
biotop:qualityLocated [ a ?resultl ].

[...] }
WHERE { DDO mappings go here }
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Semantically rich Ontology used in practice
— Practical SPARQL guery building
— Covering use case requirements

DL-reasoning helps ontology engineering
— DL limitation justified for smaller ontologies
— For larger models use rule-based reasoning

Some domain modeling issues

— Time modeling
» TimeQuality classes vs. xsd dateTime datatype properties
* Intervals: Episode of care, Patient Stay

— Qualities & quality regions
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Resources & Acknowledgements

Resources

« Ontology sources
— http://www.imbi.uni-freiburg.de/~schober/dco/
* TermBrowser
— http://www.imbi.uni-freiburg.de/~schober/dco _owlDoc/
« Simplifications & reviews on
http://www.imbi.uni-freiburg.de/~schober/Simplifications/
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In the Hospital kitchen I was approached by a
member of the feared ‘Antibiotics Resistance’ ...

Fesst | Hey kid! Wama be a Superbug..”
Stick some of _f_h__1§ into YOUur genome ...
Even penicillin wont be able fo ham you..!




UML Use Case diagram illustrating Ontology usage in

formalisation steps for competency question

rewritten quantitatively:

CQ1: 1 an empirical antibiotherapy confirmed by an antibiogram (ABG)?"

“What is the % of empirical antibiotherapies confirmed by an antibiogram?*

Using operational ontologies and DCO: B

CONSTRUCT{[

ao:percentageOf [a dco:EmpiricalAntibioticTherapy),
ao:percentageThat [a dco:ConfirmedEmpiricalAntibioticTherapy);
guexhasyalue ?percentage; quexhasUnit units:percent]}
WHERE {[ (same expression as in Where clause]}

<percentage of> <empirical antibiotherapy= B]
<that= <confirmed hy= <antihiogram=

%1_.0—(_\- State CLINICAL QUESTION in natural language -) -
PhycianiClinical Community _ /,’\ .
LT " Gtate CLINCALANALYSIS QUERYVDCO,00 ==
Clinical Resparcher Is<include>»
e
(\_ QUERY BUILDER TOOL ) ------------
01|  or ey

S

A State general data set queryvia DCO

A i . For a SPARGL query example we refer to the dco website referenced.
The guery can be checked by an N3 rule engine
Data Miner|
* * e ———— T e B e
Qor| 1 i State LOCAL DATA SET QUERY (2.9.0n HUG CDR) via DCO DDO Binding Sy O 8 BPARQL query example we
A e i T refer to the dco website referenced.
Local Data Managpr <<include>»  /
<7777 QueryRewiting EMPIRICAUTARGETED ANTIBIOTIC THERAPYRULES ™
ece00 »
: , , debugIT
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A tripartite granular disease model

PathologicalStructure (Disorder)
e.g. PneumoniaStructure

has realisation

PathologicalDisposition (Disease)

¢ PathologicalProcess
e.g. Pneumonia

e.g. PneumoniaProcess

N

realisation of

ece00 »
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A tripartite disease model (detail)

E [ . [ . E 1 .
& © ‘pathological | " ‘pathological | _ @ ‘pathological
j @ organ structure’ disposition' e process'
V ‘% J{
* @ ‘pathological
structure of |u... | © inflammation J
5 \ E‘. ‘pneumonia & i
" lung part " structure’ [ © pneumonia J
* & “lung tissue’ ‘ B # & bacterial

pneumonia’
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Slide 23

Enhance coverage

Refinement of DCO structure
— Addressing drugs dosages & disease therapies

— Use rectors Snomed CT modularisation algorithm to extract
relevant SNOMED CT IDs form DCO-provided seed list

Evaluation

Publish and distribute
— E.g. on Bioportal

Medinfo 2010 Daniel Schober
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UML Diagram Standard for Visualizing Processes

- UML Activity diagram
— DCO Engineering
 Kickoff phase
— C:\Programme\ArgoUML\initial_phase onto-dev_debug-it.emf

« DCO OE, when receiving new clinical question
— C:\Programme\ArgoUML\DCO_OEactivityUML.qif

 UML Use Case diagram

— Ontology usage in CQ 8 querying
—  C:\Programme\ArgoUML\HansExamplesUseCase8UML.qif

.... Find all these diagrams in the DCO Design principle documents !
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Types of ontologies within DebuglT

DebuglIT Core Ontology (DCO)

- Clinical domain of discourse
- medical domain of infectious diseases =

- OWL-DL

Operational ontologies (O0)

- Implementation & module crosstalk
- query building, statistics, analysis, evidences, maths, units, ...
- OWL-Full

Data Definition Ontologies (DDO)
- Describing hospital specific CIS Data model

o000 »
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Modeling a female patient

DDO

Describing real world
(independent of data)




Generating SPARQL queries for clinical data integration

Data Mining Module

Clinical Data
Clinical Data sitory
Clinical Data Repository

ecee »
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DCO coverage

Administrative patient care level
— provider institutions, clinical episode
* Individual patient level
— personal attributes
* Clinical level
— diseases, findings, adverse reactions, anatomical entities
« Microbiological level
— pathogens, culture, antibiograms, specific treatment
« Geospatial level
— bedroom, surgery room, common shared facilities
- Epidemics
« Molecular level both on pro- and eukaryotes
— genes, proteins
« Evolution
— mutagenesis, prokaryote gene transfer

o000 »
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Reasoning example

 Given statements:

Blood: Superclass a —>gets exploited by reasoner
BodyLiquid

BodyLiquidSample: Equivalent
Sample and derivesFrom some BodyLiquid ->gets exploited by reasoner

BloodSample: Equivalent
Sample and derivesFrom some Blood —>gets autoclassified by reasoner

* Inferred statement: >BloodSample’ is a ‘BodyLiquidSample’
BloodSample: Equivalent

Sample and derivesFrom some Blood

Superclass

BodyLigquidSample

o000 »
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DL reasoner maintains multiple parenthood

Enriching the Sample hierarchy by auto-classifying
BodyLiquidSamples

E.g. from the given facts ...

— BloodC BodyLiquid
— BodyLiquidSample = Sample n 3 derivesFrom.BodyLiquid
— BloodSample = Sample n 3 derivesFrom.Blood

... the reasoner infers that ...

— BloodSamplec BodyLiquidSample
... enriching the taxonomy
This is also done for all other samples

o000 »
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DCO evaluation

 Ultimate overall evaluation

« Can clinicians
— run the overall system ?
— build queries and understand results ?
« Can data miner
— create data set results ?
— do data mining and formalize quality criteria for results ?

« DCO internal evaluation
« Fitness for use tested by ability to answer CQ

« Evaluate validity of assertions by
— Reasoners
— Graphical and textual representations to domain experts
— Serialization of modules into Constrained Natural Languages (CNL)

o000 »
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The use of the DebuglIT ontologies in overall IP

DO: DCO/MEO
LO: DDO
Clinical Data
Repository
DO: DCO/MEO
DO: DCO/MEO J 00: AO/CAO
Clinical Monitoring System Clinical ﬁfnalysis
Information Service
System
DO: DCO/MEO J
DO: Domain Ontology EE L L
ystem
DCO: DebugIT Core Ontology
MEO: Medical Evidence Ontology
LO: Local Qntology 5O: DCO/MEOD
0O: Operational Ontology DO: DCO/MEO ) 00: AO/CAO
AO: Analysis Ontolo i
CAO: Clixical Anal sgg Ontolo N o dae M thorng
) y gy Repository Workbench

fil http://www.siqlk/pdf/siqn50. pdf
o000 »
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http://www.sign.ac.uk/pdf/sign50.pdf

Ontology role in UKLR view

WP2

Clinical Data Patier_lt #123 suspected
‘ Repositor to be infected by MRSA
P repreysents after heart transplant
patient data
knowledge _
& beliefs Semantic ID;
MRSA is defined as SA
for which methicillin has
WP1 . no toxic effect’,
Ontologies
represent
‘ invariant
Clinical meaning
Activity WP4 Semantic IDs

Medical
Knowledge
Repository

“The risk of antibiotic
resistance after thoracic

_ surgery is estimated at x“
basis for

clinical
decisions




Integrating heterogenous clinical data

1. Clinical IS

2. Local clinical 1M

3. Local wrapper, data &
model transformation
Use of cntology to service (incl. Data

normalise content quality, security, etc.)

4. Local CDR standard
Debug Debug Debug Debug % Enﬂmﬂ“ﬁed Emﬂrding
to the ontology and
homogeneous accoring
to the information model)

5. Local COR

Federated Federated Federated Federated
engine engine engine engine
(N i —r LT

Use of ontology 1o
e e e 6. Mediation & Query

express result mechanism

Virtual CDR

| 7. Result set

debugitcore I} 33L endpaint
W ESPARGL endpaint
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Ontologies within the Interoperability platform

/ * Raw data: \

— Different formats:
Text: different document formats, different languages
Structured: different encodings

4 )
 Refined data
— Texts mapped to Structure
— uniform data format
— uniform semantics

o000 »
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Decision Support & Monitoring

+ Decision support tools apply generated knowledge (antibiotics choice,

dose)
* Monitoring tools analyze current & predict future outcomes

DTB

o BRG]

> R <cison Suppo SR

— I

RDF
collect, distribute, think, decide plan, schedule,

communicate,
listen
->Information

-
Slide 37

- Reasoning

Act

- Workflow
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OO usage - in a

“Percent of Cases with E.Coli resistant to Trimethoprim ?”

PREFIX dco: <http://www.debugit.eu/ontology/1.0/dco.owl#>

PREFIX units: <http://sweet.jpl.nasa.gov/2.0/sciUnits.owl#>

PREFIX ao: <http://www.agfa.com/w3c/2009/AnalysisOntology#>

PREFIX cao: <http://www.agfa.com/w3c/2009/ClinicalAnalysisOntology#>

PREFIX quex: <http://eulersharp.sourceforge.net/2003/03swap/quantitiesExtension#>

CONSTRUCT {
[ a quex:Percentage;
ao:percentageOf [ a cao:EColi];
ao:percentageThat [ # a cao:Ecoli;

cao:resistantTo [ a dco:Trimethoprim]];
guex:hasValue ?percentage;
guex:hasUnit units:percent].

}
WHERE {

[ /[ same as in construct clause
}

o000 »
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DCO in decision support and monitoring

Rule-based knowledge generation
« IF DCO fact set (proposition pl & p2)
THEN proposition p3 (conclusion)

m id
EColi vs Fluoroquinolone
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- Execution of a dataset query on a local CDR consists of
the following activities (Figure 9):

- The flow starts when a dataset query Is received.
- The dataset query Is executed.

[ ]
Execution of data query on local CDR

}WHERE { W/
<<IMO>>
}

CONSTRUCT {
<«<DCO>>

Data query (DCO, IMO)

d Data query
) (IMO->DCO) ) Result set (DCO)
Receive data query Execute data query Result set (DCO Apply local data policy

N

RDF graph (DCO)

J
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Figure 9 - Execution of a data query on alocal CDR Activity Diagram
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Using Baysian Belief probablistics in rules to

bind analog (probability) to boolean values

T-Rule #1

\{\(Q_UHﬂ/ryTractlnfectlon) event:indicationBelief ?belief. ?belief math:equalTo
1.0 } => { ({dco:UrinaryTractinfection e:boolean e:T} {dco:Fever e:boolean e:T} )
e:conditional 0.88} 7\ /1

X 7 =

\

{ (dcoyUrinaryTractinfection) event/indicationBelief 2belief. ?belief math:equalTo
:T} {dco:Fever e:boolean e:F})

T-Rule #2

relationshys with True or False” structures and
attaching believes to them. Furthermore the
rules expressing medical knowledge make use
of built-ins of the eye reasoner.
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Decision Support and Monitoring example

« Scenario <reguesting prediction of future trends of resistance>

« Goal: Dr Larou, a physician requests prediction on future trends of
resistance

« Precondition: Information on the selected bacterium & antibiotic is
available

« MainFlow: Dr. Larou selects a bacterium whose resistance should be
evaluated, the target antibiotic, the decision support outcome
(prediction on outcome of therapy), time frame as basis for projection

« He sets conditions (constraints) for decision support (e.g. patient’s
condition and / or current other therapies)

* He executes decision support

« Postcondition: An analytic result (prediction) is compiled and
displayed
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N3 query result set

_*skO0 quex:hasNumerator _:sk1.
_:sk1 fos:hasMember _:sk2.
_:sk2 a cao:EColi. _:sk2 cao:resistantTo _:sk3.
_ssk3 a dco:Trimethoprim.
_:sk2 cao:resistantTo _:sk4.
_:sk4 a dco:Co-Trimoxazole.
_ssk2 cao:resistantTo (_:sk5 _:sk6).
_:sk5 a dco:Trimethoprim. _:sk6 a dco:Sulfamethoxazole.
_ssk1 fos:counts 6.
_:skO quex:hasDenominator _:sk7.
_:sk7 fos:hasMember _:sk8. _:sk8 a cao:EColi.
_ssk7 fos:counts 21.
_sskO quex:hasPercentage _:sk9.
_:sk9 quex:hasValue 28.6. _:sk9 quex:hasUnit _:sk10.
_2sk10 units:hasSymbol "%".

= E.Coliresistant to TMP, Cotri, TMP/SMX = 6; E.Coli total = 21 — 28,6%
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Ontological issues

— Time
* TimeQuality classes vs. xsd dateTime datatype properties
* Intervals: Episode of care, Patient Stay
— ‘Adapted therapy’ (process modifications)
— Intervals
« Episode of care, Patient Stay
— Complexity
* Quality & quality regions (not applicable to time)
— Infectious disease - state vs. condition/disposition
— Compound drugs & prescribed dosages
— Functions vs. Process
— Roles
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Ontology publication

« Latest DCO available in svn

— http://www.greeninghealthcare.org/repository/debuqit/trunk/src/on
toloqy/dco.owl

 TermBrowser (owlDoc generated HTML serialisation)
—  http://www.imbi.uni-freiburg.de/~schober/dco _owlDoc/

« TaxBrowser
— http://infoserv1.ukl.uni-freiburg.de/DebuglTBrowser/

... putin ols, OBO lib, TONES
(http://owl.cs.manchester.ac.uk/repository/browser )... ?
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http://www.greeninghealthcare.org/repository/debugit/trunk
http://www.greeninghealthcare.org/repository/debugit/trunk/src/ontology/dco.owl
http://www.greeninghealthcare.org/repository/debugit/trunk/src/ontology/dco.owl
http://www.greeninghealthcare.org/repository/debugit/trunk/src/ontology/dco.owl
http://www.imbi.uni-freiburg.de/~schober/dco_owlDoc/
http://www.imbi.uni-freiburg.de/~schober/dco_owlDoc/
http://www.imbi.uni-freiburg.de/~schober/dco_owlDoc/
http://infoserv1.ukl.uni-freiburg.de/DebugITBrowser/
http://infoserv1.ukl.uni-freiburg.de/DebugITBrowser/
http://infoserv1.ukl.uni-freiburg.de/DebugITBrowser/

Increasing human readability of DCO class definitions

Omit logics-specific symbolism:
From

HeparinBiosynthesis =
(HeparinMetabolism 1 (Biosynthesis M
3 acts_on. Heparin))

to Manchester OWL Syntax

HeparinBiosynthesis
SubClassOf HeparinMetabolism
SubClassOf (Biosynthesis AND acts_on SOME Heparin)

or Attempto Controlled English (CNL)

“Every HeparinBiosynthesis is a HeparinMetabolism.
Every HeparinBiosynthesis is a Biosynthesis that acts_on a Heparin.”
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DCO structure Example: Bacterial antibiogram analysis

Definition :
The interpretation of the Antibiogram. The interpretation of the result of the AntimicrobialSusceptibility Test

Formal Definition: (Conceptual Lego™ in Protege 4.x)

Superclasses

& 'diagnostic procedure’

" 'has participant’ some antibiogram

@ '‘preceded by" some “antimicrobial susceptibility test'
) 'processual part of some 'episode of care’

" ’has outcome’ some (result
and encodes some ‘microbiological susceptibility’)

Inferred anonymous superclasses

@ 'has locus’ some (‘hearer of some service delivery location role’
" hasResultDateTime exactly 1 dateTime
0 hearer of some ‘test result’

@ 'health care activity
and ‘hearer of some ‘diagnostic role’

O 'processual entity”
and 'has agent' some {immaterial nonphysical entity’
or immaterial physical entity’

or 'material entity'
Y
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