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Clinical data is becoming Big Data

Medical knowledge doubles every 2 
months (2020)

Whole genomes by < 600€

TBs of medical image are 
produced on daily basis

Even more data will come from 
portable medical devices

Clinical data:
The Population Health Database

Medical image



The future of genomic data generation 

DNA sequencing prices are in the range 
on many current conventional tests.

By 2023 about 80% of omics data will be
generated in the context of healthcare
(not research)

Tonsillectomy 
(2000€)

Chemotheraphy
(4000€)

Transfusion 
(4000€)

Sanger known 
mutations 
(1100€)

Cost of genomic sequencing



Genomic data in health care and solutions for its management

Bioinformatician and 
biostatistician teams

• No scalability
• Expensive
• Long response times
• Lack of experts
• Inequity

• Expensive (pay per use)
• GDPR non compliant
• Inequity

Our solution: corporative software
• Equity
• Scalability
• Affordable
• End user: geneticist (clinician)
• GDPR compliant

Commercial software



Use of genomic data in the public health 
system requires sustainability

• Routine genomic analysis (diagnosis, treatment recommendation) 
must be done with tools for end users, which involves hiding the 
complexity of the analysis to the clinician (geneticist)

• A solution for the management of genomic data must be integrated
the same way other analyses of the health system are. 

• GDPR compliance and data reusability
• Genomic data must be stored in the system, linked to clinical data the 

same way that other data are for further potential prospective clinical 
studies

• User: clinician (not bioinformatician)
The same way that a 

radiologist do not need a 

physicist or an engineer to 

interpret a radiography…

A geneticist should be 

able of interpreting a 

genome with the proper 

application
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Clinician-friendly software

: :

The four levels of diagnosis 
Hospital Virgen del Rocío: 
Diagnosis circuit for Rare 
Diseases. > 1000 diagnosis per 
year with no intervention of 
bioinformatics.
To be extended to the SAS



Beyond rare diseases diagnosis: 
Personalized Medicine in cancer

Therapy 1

Therapy 2

Therapy 3

Enhanced use of biomarkers
Genomic

biomarkers

Other 
therapies

New therapies
Clinical trial

Result

+

Biomarker 1

Therapy 1 Therapy 2

Biomarker 2

Therapy 3

Biomarker 3

EGFR                                 ALK                                        ROS   …..

70%

30%

+

Patient genomic data analysis allows one-
step association of biomarkers with 

therapies and enables the detection of new 
actionable biomarkers, or clinical trials 

compatible with patients saving time and 
cost  and increasing treatment success

Cheaper than the conventional clinical circuit!!



First wave: SARS-CoV-2 genomic sequencing initiatives 
in Spain and Andalusia. Previous efforts in Spain: SeqCOVID

http://seqcovid.csic.es/es/

Previous efforts in Andalusia: covseq project

http://clinbioinfosspa.es/projects/covseq

The pandemics as an opportunity to 
build and test a clinical circuit of 
genome sequencing. 
SARS-CoV-2 sequences are:
• Small and manageable
• Not sensitive data



Beyond human genomes:
A clinical circuit of SARS-CoV-2 WGS

Implementation: WHO recommendation, Ponencia de Alertas y Planes de Preparación y 
Respuesta y por la Comisión de Salud Pública del Consejo Interterritorial, Instrucción
Consejería de Salud y Familias.

Rapid implementation 
because of the 
experience of the 
CovSeq project



Beyond human genomes:
A clinical circuit of SARS-CoV-2 WGS

Area Bioinformática (FPS)Hospital Virgen del Rocío

Hospital San Cecilio



Results so far

More than 5000 SARS-CoV-2 whole 
genomes sequenced (28/6/2021)

New tools: MMP-virus. 
Keeps track of all the variants in 
Andalucia, accessible from all the 
hospitals



SIEGA: Sistema Integrado de Epidemiología 
Genómica de Andalucía

Integral One-Health control of environmental pathogens that can be 
transmitted to humans. 
Currently includes Salmonella, Listeria and Campylobacter. Recently 
West Nile Virus has been added



The two tiers of personalized medicine:
Primary and secondary use of genomic data to generate new knowledge

Primary use: use of patient genomic 
data for precision diagnosis (typically 
RDs) and treatment recommendation
(typically cancer).

Secondary use: use clinical data (eHR)  along with 
structured genomic data for preventive medicine and 
knowledge generation (e.g. biomarker discovery, etc.)
Andalusian Population Health Database, with over 
13M people since 2001.
Aim: facilitating RWD / RWE studies within the 
Andalusian Public Health System (SSPA)Widely implemented Poorly implemented



GDPR and conventional clinical data 
management for secondary data analysis

“Ley Orgánica 3/2018, de 5 de diciembre, de Protección de 

Datos Personales y garantía de los derechos digitales” GDPR 

compliant,  replaces the old LOPD since 25 May 2018.

(https://www.boe.es/eli/es/lo/2018/12/05/3)

Processing of “data concerning health,” “genetic data,” and “biometric data” is 

prohibited unless one of several conditions applies: 

• data subject gives “explicit consent” (conventional for prospective studies)

• or processing is necessary for reasons of public interest in the area of 

public health (covers retrospective studies)



The Population Health Database (BPS)

A comprehensive 
repository with all the 
clinical information (EHRs) 
of more tan 13 million 
patients of the Andalusian 
Public Health System.

BPS is used for secondary 
data analysis



The paradox: Data + knowledge and 
computing + expertise are separated 

Relevant 

question
Relevant 

analysis

DATA

Health system                 Firewall                     World



Problems with secondary analysis of clinical Big Data
Solution: data anonymization and extraction

DATA

DATA

?

Analysis



Risk: patient re-identification. 
Many examples show that anonymized data can be re-identified

https://www.theguardian.com/technology/2017/aug/01/data-browsing-habits-brokers
Studies have shown that de-identified hospital 

discharge data could be re-identified using basic 

demographic attributes.



Problems with secondary analysis of clinical Big Data
Solution: Bring the algorithm to the data

DATA

Aggregated 
results with 
no personal 
data

Algorithms and 
software using 
personal data

Algorithms 
and software 
generation

Bringing the 
algorithm to the 
data and not vice 
versa



Infrastructures for secure secondary data 
analysis

SAS

Ethics

committee

SAS

The current RWE Project and the future SAS Big Data Infrastructure

Requirements:

• Research project

• Approval ethics 
committee

• Evaluation of impact 
in data protection 
(EIPD)

1

1

2

2

3

3



Systematic drug repurposing in SARS-CoV-2 with 
machine learning and mechanistic models

Funded by the ISCIII

Marina Esteban-Medina

María Peña-Chilet

Carlos Loucera

Kinza Rian

Matias M Falco

Joaquin Dopazo



Machine learning and potential causal 
relationships

Machine learning is used to detect potential causal relationships between known 

drug targets and the activity of COVID-19 hallmarks



Systematic RWE validation of the 
protective potential of drugs in COVID-19

Real world evidence of the use of drugs prescribed for other reasons and mortality 
rate of COVID-19 hospitalized in a large retrospective cohort of 15,968 Andalusian 
patients hospitalized between February and November 2020

Age
Gender
Comorbilities
Vaccines
Other treatments
…

Survival
Drug 1
Drug 2
…

….



Whole cycle from the hypothesis to the validation: 
data science (big data + AI) with no experiments

1. Modeling Biological 
knowledge

2. Learning from genomic 
big data

3. Real World Evidence 
Validation 

A new paradigm of 
knowledge generation



Integral data management plan
1 Hereditary diseases
2 Cancer
3 Infectious diseases
4 Microbiome

5 Medical image
6 Wearables

7 Environmental pathogens

8 Data for secondary use

9 Knowledge generated

10 Secondary findings
11 Life style recommendations

Big Data project Bioinformatics / Big data area



Transformación del sistema de salud

Alta capacidad 
secuenciación

+

Bioinformática

Personalización 
tratamientos

Prevención de la 
enfermedad

Predicción de la 
evolución de la 

enfermedad 

Participación del 
paciente: mejor 

atención

Profesionales con 
formación 

especializada

Fortalecimiento 
tejido 

bioinformático

Desarrollo 
aplicaciones 

biomédicas TI

Ecosistema 
PPP 

innovación

Primera BBDD 
clínica + 

genómica

Participación 
IMPaCT

Redes 
internacionales (EU 

1Mgenomes)



Clinical Bioinformatics Area, Fundación Progreso y Salud, 
Hospital Virgen del Rocío, Sevilla, Spain;
Computational Systems Medicine, IBIS, Sevilla, Spain
and ...the FPS/ELIXIR-ES and the BiER (CIBERER)

@xdopazo

@ClinicalBioinfo

Follow us on twitter
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