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Background

Situation by Country, Territory & Area
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In-depth: Excess mortality

Excess mortality refers to the number of deaths from all causes above

and beyond what d have expected to see under ‘normal’
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total conditions. In this c
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Looking at excess mortality is helpful for understanding the total impact

114,744 of the pandemic on deaths - both direct and indirect. |t helps us

62900 understand the direct impact by capturing deaths caused by COVID-19

| that were not correctly diagnosed and reported, for example because no
16,568 test for the virus was conducted. It helps us understand the indirect
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Background
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What are the problems?
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large, complex, multi-dimensional, =
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diverse, disintegrated, and non-
interpretable by machine, data insight | -:‘:zistﬁ:
to be drawn manually gk

11083 N

Result:

obstruct computer assisted reasoning,
a core to Al

“find all people p who are related to someone r who has been diagnosed with COVID-19 and has not yet been tested.”
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Turning data into knowledge, and essentially
the value is not a trivial problem either for
humans or machines




We advocate for

Machine empowerment

User empowerment

UP

Knowledge Graph
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What is Knowledge Graph?

A manifestation of an
intelligent Web of Data

informed by an ontology¥.

Ontology is a structured vocabulary
consists of human and computer
interpretable terms and relations that
represent entities and relationships
using a formal KR language.

HyperlLink Artifacts

HyperData

HyperText
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Entity Definition
Knowledge Graph

or Ontology

(Classes & Properties)

Entity Description
Knowledge Graph
(Instances)

Document Text
(Literal Sentences)

~

Document



What is Knowledge Graph?

SEMANTIC Al
APPLICATION
KG can be seen as a
Database: that can be queried CONCEPTUAL AND
LINGUISTIC MODEL
Graph: that can be analyzed as
a network of data =
Knowledge base: new facts can
. (VIRTUAL)
be inferred ATk chket
CONTENT &
DATA LAYER

Ontology Summit 2022, March 9, 2022
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Why knowledge graph?

Turns "strings" to "things”

Patient
“True”
Enables the explicit expression of human knowledge Y . Y
\_J 4 Pe
g :
Helps in connecting various pieces of data scattered across the data silos ., hadCovidTest |*YPe
\ i mostRecentTestResult
Facilitates the easy fusion and development of context .«r ype
. . .. . - isTé-i-tﬂesil-ftl-'qr N
Enables the creation of comprehensive knowledge base by linking various hascender ./
." haslllilalagnusis
/ isDiagnosisOf
resources Male s MildAndVeryMikd
. type ' COVID-19
A tool to extract insight from data by interlinking and analyzing Y PClassr

p0000001Diagnosis  tYPE

A tool to visualize various aspects of a Thing

A tool to form a backbone for Al and analytics platforms
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KG usage: a quick review

* Web search

* Question answering system
* Data integration

e Data collection and analysis
* Data visualization

* Machine learning and advanced analytics



CODO Is an open source project

(https://www.isibang.ac.in/~bisu/covid19project.html)
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CODO:

an Ontology for collection and analysis of
multi-paradigm COviD-19 data




CODO Goals

* To serve as an explicit ontology for use by data and service providers to publish
COVID-19 data as a FAIR data

* To provide a standards-based reusable vocabulary for the use of various
organizations (e.g., government agencies, hospitals) to annotate and describe
COVID-19 information

* To facilitate the development and offer of distributed, heterogeneous, semantic
services and applications.
* E.g., Policy and decision support system (Should we continue the lockdown?)

* Analytics (What are the drugs found to be the most effective in treating COVID-19? Which was
the most prevalent comorbidity among the COVID-19 deceased patients?)



CODO Use cases

* Knowledge Graph creation
* Annotation of COVID-19 literature

* Application design

* Assistive system to medical practitioners,

e.g., COVID-19 risk detection system

* Trace and combat the disease
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CODO coverage

Contact tracing

Diagnosis

Disease and Comorbidity
Symptoms

Treatment

Drug

Vaccination

Cases, resources, tests

Preventive measure and responses

Weather situation

Ontology Summit 2022, March 9, 2022
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CODO design methodology

* Followed a hybrid method (utilizing

YAMO[11] and Agile methods) :

Competency questions

« Bottom-up and Top-down approach i. Find all People p who are related to someone r who has
been diagnosed with COVID-19 and who has not yet

 Story driven development been tested.

_ ii. Give me the primary reasons i for the maximum
* Test driven development number of COVID-19 patients p.
o . iii. Give me the most prevalent symptoms s of Severe
* Rapid interactions COVID-19 d.

Refactoring

For methodology details, see [references 12 & 13]




Materials
consulted

e COVID-19 clinical management
protocol, guidelines, etc.

* Government bulletins, circulars,
etc.

* Websites:
https://www.who.int/,
https://www.cdc.gov/, etc.

e Literature

* Vocabularies, like SNOMED CT,
schema.org, etc.

|Case

16
17
18
19
20
21

* Datasets

23
24

26
27
28
29
30

Date
19-Mar
21-Mar
21-Mar
21-Mar
21-Mar
21-Mar
22-Mar
22-Mar
22-Mar
22-Mar
22-Mar
23-Mar
23-Mar
23-Mar
23-Mar
23-Mar

COVID-19
Suspects

|

* ASYMPTOMATIC direct

* SYMPTOMATIC individuals or Contacts of confirmed cascs
MPTOMATIC health care workers (HCWs)
Severe Acute Respiratory lliness (SARI)

or HCWs d without ad

(to be tested within day S to day 14 of contact)

protective

¥

]

For Moderate/Severe cases ADMIT at l‘c\'cl-'z and TEST

MILD Disease MODERATE Disease SEVERE Disease
Fever, Cough, Malaise, FEVER = 100° F with or without Cough, Sore Throat, Myalgia, ARDS
Sore Throat without Difficulty in Breathing. th MODS
Shortness of Breath PLUS ¢ Shock

ANY ONE of the following: YBP < 60 mmHg
1. Respiratory Rate > 24/min,
2. SpO, < 95% in room air
3. Altered um — Dr / Confusion / Stupor
4. Infiltrates on chest X-ray
5. Altered Liver F Test / Renal F Test
For Asymptomatic contacts or HCWs TEST without Ad: For Mild S ic Cases ADMIT at Level-1 and TEST:

Test POSITIVE
Moderate / Severe Case

available

+ Conditional Home
Isolation, if facility

Isolation at Level-3
Paracetamol

Oral Fluids

Look for danger signs
Hydroxychloroquine
for High Risk group

53
39
21
31

35

36
27
51
22

38
41
30

Female
Male
Male
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Male
Female

[ DISCHARGE & Advice Home Isolation for 7 days ]
3

+ Waorsening of mental state

Repeat Tost after 5 days, for 4 Send to Level-4 |
& Plan for Discharge, if Strong Look for other | ,*
admitted in Level-1 ctiology, if still NEGATIVE * Oxygenation
7 * Paracctamol
7 * MDI (avoid nebulization)
’ + Hydroxychloroguine
« Afebrile for 3 days | [+ Fever resolved Where Symptoms and | | * Anticoagulation, LMWH
+ 10 days passed from ||  within 3 days low SpO; prolonged * Chest X-Ray, ECG, ABG,
onset of symptoms ||+ Sp0.>95% for next ||+ Resolution of clinical [ | €BC, LFT, RFT, D-Dimer
2 days S s e PT, APTT, Ferritin, Trop-T
* Nonced of oxygen ||+ Sp0,>95% without 4
= 10 days passed from oxygen for 3 * Respiratory failure requiri
onset of symptoms consecutive days hanical ventilation oe
Z Pl * Hypotension requiring

+ Multi-Organ Dysfuncti
In Severe Cases including lmy d, HIV pts., l
oy ip & Mali
e N SR N 1 Refertoicu |
City State Cluster Reason
Madikeri in K Karnataka From Middle East Dubai

Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Chikballarpur Karnataka
Mysore Karnataka
Dharwad Karnataka
Gowribidanu Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Mangalore bi Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka
Bangalore-Ur Karnataka

From United Kingdom
From the rest of Europe
From the rest of Europe
From Middle East

From Middle East

From Middle East

From Middle East

From the rest of Europe
From the rest of Europe
From United Kingdom
From Middle East

From Middle East

From Middle East

From United Kingdom
Frem the rest of Europe

\VILLPD ./ /DIy OUUUJU)

Domestic help
Amsterdam in Ne
Edinburgh in Scot
Mecca in Saudi Ar
Dubai

Dubai

Mother
Switzerland and
Germany

London

Dubai

Dubai

Dubai

London

Spouse

13-07- Integrated Disease Surveillance Version
Programme
Contact with COVID-19
case
Type of Contact
/ \ Contac
— t
Low risk contact High risk contaj tracing
»

Self monitoring for Quarantine at home or designated

symptoms for 14 facility for 14 days from the date of

days after last last exposure
J. / \ Clinical
case
r— Contact should be advised fo Active monitoring managsme
immediately call State help-line for 14 days after
number if develops any last exposure
symptoms

If thel contact isfbecomes Asymptomatic contacts of a
symptomatic during the confirmed case should be tested

observation/self monitoring period,
immediately izolate and test.

once between day 5 and day 10 of
coming in contact

| |
| Jaboratory Test resplt |
No symptom du‘ring Release from contact tracing
s ohservation/quarantine |
neriod

19



https://www.who.int/
https://www.cdc.gov/

CODO: an Ontology for collection and analysis of COviD-19 data

Release 2021-11-01T10:00:00

This version:

http://w3id.org/codo/1.3 Browse
. — https://w3id.org/codo

Latest version:
CODO Vl ¢ 3 COHSIStS Of http://w3id.org/codo/1.3

Previous version: Also, available from
# Of ClaSSGS: 83 http://www.isibang.ac.in/ns/codo/1.0

Authors: https://github.com/biswanathdutta/CODO

. . Biswanath Dutta (Indian Statistical Institute, India)

# of Ob] ect property: 73 Michael DeBellis (Semantic Web Consultant, USA)

Publisher:

# of data property: 48 Indian Statistical Institute

Download serialization:

Format | JSON LD § Format RDF/XML | Format N Triples
License:

License https://creativecommons.org/licenses/by/4.0/
Visualization:

Visualize with WebVowl

Cite as:
Dutta, B. and DeBellis, M. (2020). CODOQO: an ontology for collection and analysis of COVID-19 data. In
Proc. of 12th Int. Conf. on Knowledge Engineering and Ontology Development (KEOD), Lisboa, Portugal,
2-4 November 2020, vol. 2, pp. 76-85 (ISBN 978-989-758-474-9, ISSN 2184-3228) (DOI: https://doi.org
/10.5220/0010112500760085).
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CO DO V13 [some glimpses (1 of 3)] i :A‘ge;:wv

\ & . Cluster

~~~~~ - ContactCluster

----- - () DiseaseCluster

~~~~~ - () GeographicCluster
~~~~~ ‘. @) TimeCluster

> . Organization

v @ Person

»-- {1 HealthCareProfessional

----- @ SecurityGuard

Equivalent To o

»-- @ BodilyFunction ¢ Person
} © Cluiical fiading (fnding) and (hasCloseRelationship some 'Diagnosed With COVID-19")
}

@ COVID-19Variant and (hadCovidTest value false)

v-- () Diagnosis
’ ) & Qcovnmsomnosas SubClass Of €9

------ - &3 MildCovid-19 o .
Untested for COVID-19
------ & Moderate COVID-19 riestedior

------ e Severe COVID-19

General class axioms o

SubClass Of (Anonymaus Ancestor)

.'diagnosed with variant' some 'Coronavirus variant'

@ Person
and (hadCovidTest value false)

Ontology Summit 2022, March 9, 2022

(https://bit.ly/36Qbu50) 21



CO DO V 1 . 3 [some glimpses (2 of 3)]
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CO DO V13 [some glimpses (3 of3)]
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CODO Knowledge Graph

Primarily with the following two goals:

1. Transforming COVID-19 data as FAIR Semantic data

2. CODO ontology evaluation

o "
/O % ole. %
Findable Accessible | nteroperable Re-usable



’cl codo:hasMember ?p.
12 7p codo:isMemberOf 2cl.
13 7p codo:travelledFrom ?place,
[]WHERE {

D eve | O p I I I e nt ?p codo:clusterString ?cs.
BINI

(IF (CONTAINS(?cs, ' le East'), codo:MiddleEastCluster,

I
F N3(?cs, 'From USA'), codo:USACluster,
F INS(?cs, 'From South America'), codo:SouthAmericaCluster,
S(?cs, 'Fror '), codo:ReatOfEurcpeCluster,
[

 Dataset collection 2 comns,

« Karnataka COVID-10 data (Obtained from | = (om

(
(
(
AINS(
(
(
(

tates'), codo:SouthernStatesCluster,

cs, ! ongregation from 13 o 18th March in Delhi'), codo:TJCongregationl3thTol8thClustar,

i ?cs, 'Fror
https://covid19.karnataka.gov.in/govt_bu | = (OF (CHNTALIS(cs, *Fuom bana
lletin/en) ,
(IF (CONTAINS(?Cs, 'Domest qVE 1151 y Absent'), codo:DomesticTravelHistoryAbsentCluscer,
(IF (CONTAINS(?cs, ' 1 Hi Y 1TravelHistoryAbsentCluster,
(IF (CONTAINS(?cs, 'From United Kingdom'), codo:UnitedKingdomCluster, owliNothing)))))))))))))1))))))))))) AS 2¢l)

7cl codo:hasLocation 7place,

FILTER(?cl != owl:Nothing)

* Data processing let ((results
(spargl:run-spargl "SELECT ?p ?rs WHERE {’p codo:reasonString 2rs.
FILTER(REGEX(?rs, 'Contact of P\\\\d+-\\\\d+'))}" :results-format :lists)))
loop for result in results do
 Data transformation (let* ((patient-upi (first result))
(patient-value (part->terse patient-upi))
(rs-upi (second result))
(rs (upi->value rs-upi)))
e KG prOdUCtiOn (multiple-value-bind (matched-p ids) (match-re "\\d+-\\d+" rs)
(let* ((id-string-list (split-re "-" ids))
(first-id-num (parse-integer (first id-string-list)))
(last-id-num (parse-integer (second id-string-list))))

s

fIann £ar id _dindav fram firct id nim +a 1acéd id nim

Ontology Summit 2022, March 9, 2022
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CODO KG size

ﬁaf_i'l".f'\a'l'“

travelled from

CODO KG consists of (as of
March 8, 2022)

e #of axioms: 1151495

» #of individuals: 89511
(patients (75759), cases,
vaccination count, weather, o822
preventive measures, etc.) | |

* #of classes: 185

F
]
&

has city

[
—

* #of object properties: 116 fasecasnne % a1,

— .'r_l"'_‘s_*""*-'fﬁbe.- .

» #of data properties: 95 ~ Wi

'{ japu:‘lﬁ (5]
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CODO KG Query

#Show the patients with the possible
reasons of catching COVID-19. Also,

display the relationships between the
patients, if any.

SELECT 7?p ?r 7?1
WHERE {

?p rdf:type schema:Patient.

”?

P
codo:suspectedReasonOfCatchingCovid
-19 7?r.

OPTIONAL{?p codo:hasRelationship
?1.}

} LIMIT 150

L1y uda FaasElger-

: Infected rem

Co-
Passenger-

Infected
Co-
Passenger-

has relationships

suspected reasons of catel —  |nfegteq

Co-
ASSENger-
1458

Type

-

oted
Co-
Senger-
4315

Infected
Co-
Passenger-

Close contact

Exposure Via Congregatio Exposure Via

Congregation-

(

fected
Co-
isenger-
8811

pr—
oted
Co-
Senger-
833

eoted
Co-
senger-
3339

eoted
Co-
senger-
521




SELECT ?p ?tf ?tt
WHERE { i
?p rdf:type schema:Patient.
?p codo:travelledFrom ?tf.

OPTIONAL{?p codo:travelledTo ?tt.} =) = N N\N&@ L 7 i
} LIMIT 2000 =N W, dy 2 .. o /8
= Aol s

e RNl .

\\\\\

2 - 19 S AN W
p [N L - .\)ﬂ

&\ =

1\

=N\
/i( =

 } 1 W
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Experience/ challenges

* Data availability (e.g., clinical data)
* Most of the datasets are not directly consumable, not suitable to the graph
* This made the data transformation complicated, time consuming

* Inconsistent data (e.g., sometimes P1342, sometimes 1342. Sometimes P132-

P134 and sometimes "P132 and P133 and P134”)

* Typo errors
* Data misplacement

* Spelling errors (mostly the place names and this complicates the linkage with the external
resources)



Further research

CODO 1.4 (Expected to publish soon)

* Mapping and reuse of other related schema

SPARQL endpoint for schema and data service

* Improvement of our current data integration procedure (made
some progress)

* Applications

* APl development
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Thank you!!!

Collaboration!!!
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