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Task 4.1. Objectives

The OHEJP COHESIVE project aims to improve efficiency on
outbreak management, surveillance and risk assessments in a
One-Health approach at Miember State level.

The goal can be achieved by

Integrating information on pathogens
from the human and veterinarian side,
present at
Member State level




Task 4.1. Information

Information under consideration in COHESIVE are:

« WGS data produced by analysis of pathogens by the Member
State laboratories

 Metadata, such as the minimum epi-data associated with a
pathogen.

Moreover, additional useful metadata sources will be considered




Task 4.1. Information: WGS data - ;'5.,.@\

m Analysis results
Raw data
De novo assembly
Typing (e.g.,MLST, cgMLST)
Etc.

m Metadata of analysis
Format
Tools: parameters and versions

Quality




Task 4.1. Information: Metadata:

m What: pathogen species

m Matrix (source of isolation):
cheese, blood, water

m When, Where:
sample collection date
and place




Task 4.1. Feasibility study




Task 4.1. Feasibility study

The main activity is to analyze at MS level
the feasibility of such integration.

Countries under evaluation Species for pilot

Italy Listeria
The Netherlands Listeria and HEV
Norway Listeria

On each Member State,
the integration of national systems will be analyzed.




Task 4.1. Steps of the feasibility study at MS level

« Choice of pathogen species
« List of the involved organizations
« List of all the useful information sources,

« A prototype system is used to let the Member State
evaluate the expected improvements:

a) Evaluate integration of the systems
b) Evaluate the possibility to provide EU harmonized output.
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Task 4.1. Prototype Information System

« A WEB based information system with
HIGHLY FLEXIBLE database schema

* Provide a concrete example of the
systems integration

« Just for evaluation of improvements on
outbreak investigation and surveillance.

* Itis up tothe Member State to
implement a final system (or to decide
that it is not needed).




Task 4.1. Prototype Information System

Member State willing to participate chooses to fill the CIS with real data, link to existing
data, anonymized or random data, during evaluation exercise.

Member State willing to participate decides to test the CIS systemjust as a passive
archive of information or as an active one, i.e., it can perform the bioinformatics analysis
on the integrated data.

The outputs of the integrated system
will be designed to be as compatible
as possible with EFSA/ECDC
systems.




4.1.2. COHESIVE prototype information system (CIS).
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CIS — data component ' CMDBuild

Based on CMDBuild
http://www.cmdbuild.org/

an open source environment for
configuring highly customized
applications

No software development needed for
 New tables

* New table fields

* New tables relationships

* New views

* New form fields magement code | penm e | e | e

Multitenant

Any specific organization need can be
easily incorporated



http://www.cmdbuild.org/

CIS additional components

Data component

Fg

The CMDBuild system has

'; "."f. CMD Uildﬁ been extended in order to:




CIS additional components

Data component

Calculation engine
component

W

nexciflow

The CMDBuild system has
been extended in order to:

Integrate a calculation node
based on Nextflow in order to
perform bioinformatics analysis



CIS additional components

Data component

The CMDBuild system has
been extended in order to:

Calculation engine
Component )
Integrate a calculation node

based on Nextflow in order to
perform bioinformatics analysis

Dashboard
component

Integrate dashboard combining
WGS analysis with metadata and
GIS (GrapeTree, Openstreetmap,
Phylocanvas)




CIS Architecture for Analysis

JEMKINS

write results into [allocate nextflow jobs jreturn execution status

COHESIVE NEXTFLOW-NODE ‘ execute nextflow workflows / read job definitions

write job definitions jwrite analysis results

SHARED-FS




CIS Architecture for Analysis

Execute an analysis and import results

«Sen/ers
«Users «sefvice» «FS» «sernvice» Nextflow Executor
User Cohesive SharedFs Jenkins Cohesive Node

"

! !
) |
select samples and start pipeline_

write the job json definition

! !
| |
I I
| |
I I
| |
> I
return pipeline execution card | |
| |
: :_' discover the new job definition :
I = I
\ \ execute job 'process-nextflow-template’_ |
| | -
| | write results into defined output folder
I I
| |
| | return job execution status
I I
: :J write job status into json definition :
| [ |
| update pipeline execution card | |
] I
watch pipeline status N : : :
- | [ |
look at results - : : :
- i 1 i
i i | | |
trigger results import > \ X \
| | | |
| write the import json definition ! B |
i - i
! ' _ discover the new job definition !
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! ! execute job 'process-impert-template'
I I
! ! load results into 'analysis results folder'
| |
I . I
! load results into DB !
| |
: : return pipeline execution status
I I I
! | write job status inte json definition |
| . . . i-‘ |
| update pipeline execution card | |
| T |
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Choose an attribute
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Choose an attribute
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Analysis: New SARS-CoV-2 clustering method

Research article | Open Access | Published: 30 October 2021

SARS-CoV-2 surveillance in Italy through
phylogenomic inferences based on Hamming distances
derived from pan-SNPs, -MNPs and -InDels

Adriano Di Pasquale, Nicolas Radomski &, lolanda Mangone, Paolo Caliskri, Alessio Lorusso & Cesare
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Flexibility.INNUENDO analysis import

{
"result patterns": [{
"method": "fastq",
"step": "OSQ_rawreads",
"pattern": ".*reads_num_length_num_bp report.tab$"
s
{
"method": "spades",
"step": "2AS_denovo",
"pattern": ".*.*polished.fasta$"
s
{
"method": "mlst",
"step": "A4TY_MLST",
"pattern": ".*mlst report.txt$"
s
{
"method": "chewbbaca",
"step": "A4TY_cgMLST",
"pattern": ".*results alleles.tsv$"
}
]




Analysis: Hashed based cgMLST
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ATGTCAAACCAGTATTTTCGATCCAAAGTTGAAGATTTTCTCGCTAAATTCTAY
ATCGTCAAACCAGTATTTTCATCCAAACTTCAAGATTTTCTCOGCTAAATTCTAY
ATGTCAAACGAGTATTTTGATCCAAAGTTGAAGATTTTCTCGCTAAATTCTAY
ATOGTCAAACCAGTATTTTCGATCCAAAGTTCGAAGATTTTCTCOGCTAAATTCT AL
ATCGTCAAACCAGTATTTTCATCCAAACTTCAAGATTTTCTCOGCTAAATTCTAY
ATGTCAAACGAGTATTTTGATCCAAAGTTGAAGATTTTCTCGCTAAATTCTAY
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Task 4.1. Steps of the feasibility study at MS level

Choice of pathogen species
« List of the involved organizations
« List of all the useful information sources,

« A prototype system is used to let the Member State evaluate
the expected improvements:

a) Evaluate integration of the systems
b) Evaluate the possibility to provide EU harmonized output.




CIS E-R diagram. Import from different sources

T_FONTE
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CIS E-R diagram. Import from different sources

SAMPLING PLACE - SOURCE - I METHOD OF AMNALYSIS I
i A A A - sources

0

ANALISYS
|__MATERIALMATRIX |
A |
pathogens
[ SPECIES J
A
F‘ATHDGENT 8
SPECIES
/- TATRIX alélsi% IES OF ORIGIN/ metadata
ISOLATE -.—l AMNALYSIS RESULT |

TYPE OF ISOLATE:
- Bacteria isolate,

- Virus Isolate,

- DNA, WGS

- Raw data File analysis
- Fasta File

results



Import different codes for the same sample

Sample Matrix Source
Samplel Pizz kaa muzzarele a Naples Lab
pummarol ngopp 8
Samplel Pizza margherita National Organization SOUICES
Samplel Pizza EU Organization
SAMPLING PLACE = SOURCE —- I METHOD OF ANALYSIS rﬁ@gens
A A A A A '

0

ANALISYS I
MEEE!&! IMATRIX ] metadata
|

SPECIES

PATHOGEN
SPECIES

WGS
11:_ IES OF ORIGIN/ analysis

results

/ IT!ATRI}(
| ISOLATE I-—I AMNALYSIS RESULT I




Import different coding systems

MTX Code Matrix Source

Codel Pizz kaa muzzarel e a pummarol Naples coding system
ngopp

Cod-2.1 Pizza Margherita SO XXX

Cod-2 Pizza SO XXX

Cod-2: Pizza
o Cod-2.1:Pizza Margherita
o Cod-2.2:Pizza Capricciosa

CROSS_TABLE_FOR_MATRI |

MAT_1_CD VARCHAR(100)

MAT_2 CD VARCHARZ(100)

0

sources

0

pathogens
SOURCE ] metadata
i
MATRIX
B AT CD  VARCHARIIOD <ple
SOURCE  MNUMBER(1})  <ki> WGS
»MATD  NUMBER(3 analysis

DESCRIPTION VARCHAR2(00)
PARENT_CD  WARCHARZ{100) <fic2>

results




Task 4.1. Steps of the feasibility study at MS level

1. Choice of pathogen species
1. List of the involved organizations
1. List of all the useful information sources,

1. A prototype system is used to let the Member State evaluate
the expected improvements:

a) Evaluate integration of the systems
b) Evaluate the possibility to provide EU harmonized output.




Harmonization

MTX Code Matrix Source

Codel Pizz kaa muzzarel e a pummarol Naples coding system
ngopp €

Cod-2.1 Pizza Margherita SO XXX €

Cod-2 Pizza SO XXX

cis

COHESIVE
Prototype
Information

OUTBREAK

INVESTIGATION SURVEILLANCE

FoodChainLab




Harmonization

Basic approach:

Mapping between terms =) (EFSA FOODEX)
Other possible approaches:

Ontologies =) (FOODON)




Ontologies: a bridge between
COHESIVE and ORION

EJP ORION provides frameworks for

FoodOn Product Type

semantic data annotation using s |
ontologies of relevance for surveillance  ree manstomaion frocess N T ehysical siate, shape o Form
is a/ -! a \sn \uwul of gk e aauer has qunry/

data, SUCh aS — s . | \Tm l \ / / Ofganism{l‘hxonomy
FoodOn, GenEpIO and HSO (health  #ese ressss meesess | Fesemesee %Wd“:m‘xrmm
surveillance ontology). o wm,// L] b oy

. Food Container or Wrapping 'yw : su;m:ge SPK L"Eézo‘”.‘c’e
Data annotated manually or using Food Packing Medium Partof Plant or Animal

automated tools (LexMapr) will be
Inserted in CIS and can promote
knowledge discovery via machine
learning, and interoperability
across sectors.




Ontologies: a bridge between
COHESIVE and ORION

EJP ORION provides frameworks for

FoodOn Product Type

semantic data annotation using s |
ontologies of relevance for surveillance o manstomason process N T/ ehysicai siate, shape or Form
is a/ -! a \lsa ‘\ou!pul of gk - acaa has quary/'

data, such as o e N L o mcray
FoodOn, GenEpiO and HSO (health  freeess  process —— g %% Wn::s.::;::::rmﬁr;&
surveillance ontology). R sm,,,// U £ b

. Food Container or Wrapping 'yw‘" w;“n?o";a spi\ I.“Eﬁe
Data annotated manually or using Food Packing Medium Partof Plant or Animal

automated tools (LexMapr) will be
Inserted in CIS and can promote

knowledge discovery via machine MTX Code  Matrix Source
learnmg’ and mteroperablllty Codel Pizz kaa muzzarel e a pummarol Naples coding system
acCross sectors. > ngopp

Cod-2.1 Pizza Margherita SO XXX

Cod-2 Pizza SO XXX




Ontologies: a bridge between
COHESIVE and ORION

EJP ORION provides frameworks for

FoodOn Product Type

semantic data annotation using e | T
ontologies of relevance for surveillance e mesemsoneocss | N Tl enysicaisiste; shape o o
data, such as P il e s ) L o mcray
. Cooking Preservation Treatment
FoodOn, GenEpIO and HSO (health  #ese ressss meesess | Fesemesee %mnwh::xmrmm
surveillance ontology). e i W,WK/ Qﬁ % =
. Food Container or Wrapping ':7'"”" : w;"n?o";a 5”& L“Eﬁe

Data annotated manually or using Food Packing Medium Part of Plant or Anima
automated tools (LexMapr) will be
Inserted in CIS and can promote
knowledge discovery via machine MTX Code Matrix FoodOn Code Source
Iearning, and interoperability Codel Pizz kaa muzzarele a FO-code-102 Naples coding
across sectors. » pummarol ngopp system

Cod-2.1 Pizza Margherita FO-code-102 SO XXX

Cod-2 Pizza FO-code-1 SO XXX




Ontologies: a bridge between
COHESIVE and ORION

EJP ORION provides frameworks for

FoodOn Product Type

semantic data annotation using e | e
ontologies of relevance for surveillance ‘ssmesomaonpess | N T 7 e s s
data, such as e T S T, B o oy
FOOdon, Gen EDIO and HSO (health Process Process Proce:zjacemto/ Food Product %mg’%’zﬂpmofhg‘_sistgfg’%‘;lvn?g%?g%r
surveillance ontology). e // U = s
Data annotated manually or using oo Basking MeaTum Part Bf PIant ar ARImSI
automated tools (LexMapr) will be
Inserted in CIS and can promote
know'edge discovery Via machine MTX Code Matrix FoodOn Code Source
learning, and interoperability Codel Pizz kaa muzzarelea , FO-code-102 Naples coding
across sectors. pummarol ngopp system
Cod-2.1 Pizza Margherita FO-code-102 SO XXX
Cod-2 Pizza FO-code-1 SO XXX




Stepl: Ontologies — Lexmapr
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Step2: Ontologies — neo4;

Using open source technologies we

imported into Neo4j the FoodOn
ontology in order to build the first
iteration of the Knowledge Graph.

*

https://github.com/neo4j-contrib/neo4j-apoc-

apoc-procedures (*)
neosemantics

procedures

https://github.com/neo4j-labs/neosemantics

N—

@neoy)



https://github.com/neo4j-contrib/neo4j-apoc-procedures
https://github.com/neo4j-contrib/neo4j-apoc-procedures
https://github.com/neo4j-labs/neosemantics

Step2: Ontologies — neo4;

Using open source technologies we

imported into Neo4j the FoodOn
ontology in order to build the first
iteration of the Knowledge Graph.

*

apoc-procedures (*)
neosemantics

https://qithub.com/neo4j-contrib/neo4j-apoc-procedures

https://github.com/neo4j-labs/neosemantics

N—

@neoy)



https://github.com/neo4j-contrib/neo4j-apoc-procedures
https://github.com/neo4j-contrib/neo4j-apoc-procedures
https://github.com/neo4j-labs/neosemantics

Result: Ontologies — Query (ver. 1)

select samples where

;
. ,l sampling date is 2018
oo and

sampling place is Italy

=K
' —¢:| and
. clonal complex is CC8

metadata




Result: Ontologies — Query (ver. 2)

select samples where

sampling date is 2018
and
sampling place is Italy

and
clonal complex is CCS8

and

samples.foodoncode

Sub class of

"dairy product".foodoncode

N~

@yneoy]
N~

WGS

metadata



Future Ontologies and Queries

select samples where
V1i

- : sampling date is 2018

- and

i sampling place is Italy

. clonal complex is CCS8 -

: WGS

and

samples.foodoncode i metadata
Sub class of —

"dairy product".foodoncode @DGOAJ
()

GOterm
FoodOn

has relationship w
GO _0140657:ATPase activity GO

v (*)http://www.ontobee.org/ontology/GO

and



http://www.ontobee.org/ontology/GO

Simple use case

Samples grouped by Samples grouped by
Matrix code «Jarget Foodon terms»

in CIS
59

(EOODON 03542735} M| dairy food product 111
Yogurt 11 (FOODON _00001256)
(FOODON_03301502) meat food product 222
Beef steak 200 (FOODON_00001006)

(FOODON 03311663)

Sausages 22
(FOODON 03542143)




Status of Feasibility studies




Status of Feasibility studies

Country

Metadata
Harmonization

Italy

The Netherlands

WGS Analysis
Harmonization

N
4
)

Norway

" R
-_—
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Italian Feasibility study - Italilan One-Health JointDB

IRIDA ARIES

https://irida.iss.i
s
o
WGS
Listeria based prototype of the <~
Italian One-Health JointDB Internet

metadata

using federated servers

Fed. Server

:

Alleles
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https://irida.iss.it/
https://genpat.izs.it/

DEMO

Demo: https://cohesive.izs.it

Manual: https://cohesive.izs.it/wiki/user/

Software: https://github.com/orgs/genpat-it/
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https://cohesive.izs.it/wiki/user/
https://github.com/orgs/genpat-it/
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Thank you for your
attention!

, @OneHealthEJP
in /company/h2020-One-Health-EJP

@ OneHealthEJP.eu
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