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University of Bordeaux – Environment 

➔ La ville de Bordeaux (Sud Ouest France),  site classé UNESCO 

➔  50,000++ students, about 6,000 from abroad
➔  6,000 staff members

➔ Among wide campus in Europe (260 acres)
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Source: google®
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Material: RWS, medico-administrative data, digital data
Methods: traditional epi/pharmacoepi, ML and semantics-driven

-Real Word Data Use
-Signal Detection

-Use & Misuse of Medical Drugs, 
Devices & Care in RWS

-Safety & Effectiveness of Medical 
Drugs, Devices & Care in RWS

-Care policies and mediatisation 

characteristics and determinants 

-Care policies and mediatisation 

consequences on health and economics

Team AHeaD : Assessing Health in a Digitalizing 
Real-World Setting : Pharmacopi and beyond



ISPED: Institut de Santé Publique, Epidémiologie et 
Développement

➔ Dir.: Pr. Mathoulin-Pelissier

➔ 2021-22 : ~1000 étudiants
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➔ 9 majors Master Degrees
➔ 22 DU / DIU
➔ 20 years Distance Learning 

Master  in « Public Health Data Science » 
interdisciplinary

Épidemiology + Statistics + Informatics (Digital 
Public Health Graduate Program)

Master 2 Information System and IT 
Technologies for Health (SITIS)

F. Mougin - fleur.mougin@u-bordeaux.fr 

http://www.isped.u-bordeaux.fr/Formation/MasterenSantePublique/M2SITIS.aspx 

mailto:fleur.mougin@u-bordeaux.fr
http://www.isped.u-bordeaux.fr/Formation/MasterenSantePublique/M2SITIS.aspx


 

Digital Health



Digital Health : example of indicators 



AI for Good

Digital Health : example of indicators 



Digital Health : definition 
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A broad term applied to a range of digital tools to record, 
organize, store, analyze, link, and share information—
text, images, signals—for use in observing, assessing, 
learning, managing, and improving the healthcare of 
individuals and populations. 

Digital health technologies encompass a broad range 
of tools, including "mobile health (Health), health 
information technology (IT), wearable devices, 
telehealth and telemedicine, and personalized 
medicine. Digital health technologies use computing 
platforms, connectivity, software, and sensors for 
health care and related uses."

SOURCE: U.S. FDA. n.d. What is Digital Health? https://www.fda.gov/medical-devic-es/digital-health-center-excellence/what-digital-health



Abernethy, A., L. Adams, M. Barrett, C. Bechtel, P. Brennan, A. 
Butte, J. Faulkner, E. Fontaine, S. Friedhoff, J. Halamka, M. Howell, 
K. Johnson, P. Lee, P. Long, D. McGraw, R. Miller, J. Perlin, D. 
Rucker, L. Sandy, L. Savage, L. Stump, P. Tang, E. Topol, R. 
Tuckson, and K. Valdes. 2022. The Promise of Digital Health: Then, 
Now, and the Future. NAM Perspectives. Discussion Paper, National 
Academy of Medicine, Washington, DC. 
https://doi.org/10.31478/202206e.

Digital Health : ecosystem 
Evolving applications of digital technology in health 



Digital Public Health 
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 Context: Public Health

 Enabling population level health

 Collecting, processing, analyzing and 
reporting health related data

 Manual and repetitive tasks

 Opportunities

 Increase of digital data availability

 Standardization of coding systems

 Advances in Artificial Intelligence and 
ICT technology

 Issues and Challenges

 Heterogeneity & about 80% of 
unstructured data

 Implicit and imprecise meaning of data

 Enabling trustworthy public health 
decision from meaningful data

 ==> Digital Public Health

 Relying on ICT technology

 Automated collecting and health data 
processing

 Use of Medical Coding Systems and 
Terminologies: knowledge resources



Health Information System in the Health System

Système de pilotage

Système opérant

Données

Informations

Système d’information

Aide à la décision

Gouvernance

 Médicaments 
et les 

technologies 
sanitaires

Ressources 
Humaines

Prestation 
des services 

de santé 

Financement 
du système de 

santé

Health 
System

Informatio
n sanitaire

Peripheral

Regional

National
Courtesy AP. Koumamba



Digital Health in the global south 

AP. Koumamba, PhD thesis in health informatics, 
Join degree betwee Univ. Bordeaux FR & ED 
Sciences de la Santé Gabon, 2021



Digital Health in the global south 

- A lack of digitalised information system in many (French speaking) countries in Africa 
(Bagayoko, 2010)

- Only 6.6% of countries in Africa have a digitalised Electronic health record (Palé, 2018)

- Relying heavily on manual data processing and integration

??? ??? Incomplètes

Non structurées

Imprécises

etc..

Poor Data Quality in most of the developing countries



Digital Health in the global south 

Illustration of the collecting and integration of data: 
implementation of DHIS2 in Tanzania



 

Digital Health in global 
south: challenges



Lack of appropriate IT infrastructure and digitalized 
data
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Samuel Taylor Coleridge, The Rime of the Ancient 
Mariner. It contains the famous verse, “Water, 
water, everywhere, nor any drop to drink 



Interoperability Issues 
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Source: https://www.euspa.europa.euSource: https://www.pexels.com/

Source: http://www.bueker.net

Standard: 1 435 mm



Interoperability Issues 
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Handling and integrating 
health data from the 
peripheral systems

Defining and computing 
national key health 
indicators

Dealing with private and 
other side health systems

Koumamba AP, Ngoungou EB, Engohang-Ndong J, Ibinga E, Ondzigue Mbenga R, Diallo G 
From Real-world Individuals’ Data to National Health Indicators: Multiphase Pilot Study in 
GabonJMIR Formative Research. 24/08/2022:35176 (forthcoming/in press)



Dealing with lack of Health Literacy and Fake News

Ismaila, . O., SOME , B. M. J. ., BENEDIKTER, R. ., & DIALLO , G. . (2022). Improving health literacy in rural Africa through mobile phones: a 
systematic literature review. Journal of Health Informatics in Africa, 8(1), 26–31. https://doi.org/10.12856/JHIA-2021-v8-i1-312

It is recognized that access to healthcare information is possibly the single 
most cost effective and achievable strategy for sustainable improvement of 
healthcare (R. Smith.1997)

Literacy rate for sub-Saharan Africa was 65 % in 2017. One third of the 
people aged 15 and above were unable to read and write (UNESCO,2018)

Health literacy implies the achievement of a level 
of knowledge, personal skills and confidence to 
take action to improve personal and community 
health by changing personal lifestyles and living 
conditions [World Health Organization]

How to Deal with the many Local Languages?



Accessing to Evidences and Recommendations



Accessing to Evidences and Recommendations

==> Needs for Natural Language Processing methods and tools
for meaningful information extraction
















COVID-19: Transmission, 
prevention, and potential 
therapeutic opportunities 

Abstract 

The novel coronavirus disease 
(COVID-19) pandemic, caused by 
severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), 
remains a global challenge. Despite 
intense research efforts worldwide, an 
effective vaccine and viable treatment 
options have eluded investigators. 
Therefore, infection prevention, early 
viral detection and identification of 
successful treatment protocols 
provide the best approach in 
controlling disease spread. In this 
review, current therapeutic options, 
preventive methods and transmission 
routes of COVID-19 are discussed.  

Source: PubMed



Health Professional Capacity Building

Continuing professional 
development (CPD)

Computer survival Kit for 
health professional

Dedicated advanced 
courses in health 
informatics for future 
experts of the field



Dealing with Biases, Privacy and Ethical Issues

Do we have right processing the data?

How to take into account missing/in-
balanced data

Are data representative of the population under 
study? Ex. The MIMIC-III database

How to respect/protect patient privacy/will

Data access and maintenance ?

Case of international projects



Dealing with Biases, Privacy and Ethical Issues



 

Digital Health in global 
south: opportunities



Increase of Computation Power and Storage

320 TO at IMSP !!! 



Development and Adoption of Mobile Technologies
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Smartphone owners, has almost doubled between 2016 
(336 million) and 2020 (660 million) in Sub-Saharan 
Africa (SSA)

Various level of connection
2G, 3G, ...5G



Data Vs Metadata : Ontology & Linked Open Data
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➔ Data need to be contextualised in order to be understood and reusable 
➔ It is achieved by using some standardised resources: (meta)data, data 

that describe other data

Talk about things not strings: annotate the data

Google Knowledge
Graph

Ontology: a formal and shared conceptualisation
expressed in machine processable language, OWL, RDF/RDFS

Knowledge Graph
mainly describes real world entities and their interrelations, organized in a 

graph… covers various topical domains [Paulheim, 2016]



Data Vs Metadata : Ontology & Linked Open Data

04/10/202230

Sep. 2011



Data Vs Metadata : Ontology & Linked Open Data
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➔ Available at https://schema.org/docs/full.html

…

Example

Source: schema.org

Various Coding systems and vocabularies: ATC, MeSH, ICD9, ICD10, etc
Online repositories: BioPortal, UMLS, OBO 

https://schema.org/docs/full.html


Data Vs Metadata : Ontology & Linked Open Data
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➔ Unified Medical Language System (UMLS)
➔ Integration of more than 160 biomedical 

resources: terminologies and ontologies, 
more than 2 millions concepts
› A Metathesaurus, a Semantic Network 

and a Specialist Lexicon
› Each concept of the metathesaurus has 

a unique identifier, the CUI (e.g., 
C3192263 is the cui of vemurafenebid)

➔ NCBO BioPortal
› Biomedical Ontologies Repository
› 775 Ontologies, 9,408,786 Classes  

(concepts)
› Some mappings between classes are 

handled



Social Networks and Online Information



Wearable Sensors for Health and Telehealth



 

Digital Health in global 
south: implementation



“Recent AI” Development and increasing interest

Source:https://medium.com/



AI-based Digital Health Solutions



● Drud dev is a costly 
process both financially 
and in terms of time

● Bringing a new drug to market 
takes 10 to 15 years or more ~2 
billion € for a treatment

● 3 phases pour le processus et 
une phase post-market

● Drug repositioning is a promising 
alternative

1. Finding new uses for existing drugs

2. With Covid-19, we observe that this avenue has been 
exploited

3. Emblematic example: Sildenafil (anti hypertension) 
repositioned against sexual disorders (Viagra)

Drug Development Using Data Science 



Drug Development Using Data Science 



Drug Development using data science 

Subject

Predicat

Object

Triplet based models
(example RDF)

[0.51354 ,0.23987 ,1.5486 ,3.6546 ,4.7811]

P(S, O)



Drug Development using data science 

Example of the Google Knowledge Graph



Neuro-symbolic XAI for Computational Drug Repurposing
In 
Proceedings of the 13th International Joint Conference on Knowl
edge Discovery, Knowledge Engineering and Knowledge Manag
ement - KEOD,
 220-225, 2021

Drug Development using data science 

https://www.scitepress.org/ProceedingsDetails.aspx?ID=JDqOJjKtlGo=&t=1
https://www.scitepress.org/ProceedingsDetails.aspx?ID=JDqOJjKtlGo=&t=1
https://www.scitepress.org/ProceedingsDetails.aspx?ID=JDqOJjKtlGo=&t=1


Drug Development using data science : the OREGANO KG 



❖ Couples of drug-target

❖ Need to verify the results in a lab

❖ Preliminary results:

➢ 20% of hit@10: Spironolactone and Gluthatione Synthetase

Drug Development Using Data Science 



Mobile Technology and Voice Processing  for Health

Example of resource

Mozilla Common Voice project

More than 20,000 hours of voice recording

https://commonvoice.mozilla.org/



Mobile Technology and Voice Processing

Example of initiative for global south

The Viamo 3 2 1 service
https://viamo.io/ 

https://viamo.io/


Fake News Detection in Online Sources

Aim: to develop an automatic detector for anti-vaccine messages to counteract the negative impact that anti-vaccine messages have on the public 
health

Method:

A deep learning network that leverages both visual and textual information. A new semantic- and task-level attention mechanism was created to 
help our model to focus on the essential contents of a post that signal anti-vaccine messages. The proposed model, which consists of three 
branches, can generate comprehensive fused features for predictions

Dataset: 

A real-world social media dataset that consists of more than 30,000 samples was collected from Instagram between January 2016 and October 
2019

Results: 97% testing accuracy and outperforms other relevant models, demonstrating that it can detect a large amount of anti-vaccine messages 
posted daily

Z. Wang, Z. Yin and Y. A. Argyris, "Detecting Medical Misinformation on Social Media Using Multimodal Deep 
Learning," in IEEE Journal of Biomedical and Health Informatics, vol. 25, no. 6, pp. 2193-2203, June 2021, doi: 
10.1109/JBHI.2020.3037027.



NLP Based Digital Health Solution

Electronic Health Record data processing using NLP technics

Example of a recent development  at Google

Medical Natural Language Processing

https://www.youtube.com/watch?v=oyhpIWa9w1Y&ab_channel=GoogleCloudTech 

https://www.youtube.com/watch?v=oyhpIWa9w1Y&ab_channel=GoogleCloudTech


1, n

1, n

Prestations de soins

1, n

Terminologie
d’interface # Id_Prest

Id_Service

Niveau de production et de 
structuration sémantique des 
données

Niveaux décisionnel et 
d’utilisation des données

Pays

# Id_Pays

Région sanitaire

# Id_Reg
Id_pays

Département sanitaire

# Id_Depart
Id_Reg

Structure de soins
# Id_Struct
Id_Depart

Service de soins

# Id_Service
Id_Struct

1, n

1, n

Niveau relationnel des 
données

From Individual Data to National Indicators : pilot 
study in Gabon

From PhD thesis of A.P. Koumamba



From PhD thesis of A.P. Koumamba

Pays

# Id_Pays

Région sanitaire

# Id_Reg
Id_pays

Département sanitaire

# Id_Depart
Id_Reg

Structure de soins
# Id_Struct
Id_Depart

Service de soins

# Id_Service
Id_Struct

SELECT*
                FROM     
         

Id_Reg
Id_Depart
Id_Struct

Id_Service
Id_Prest
date_

age_patient
genre

diagnostic
Prescription

.

.

.

From Individual Data to National Indicators : pilot 
study in Gabon



PATIENT-Covid19 : Pré diAgnostic eT suIvi dE coNTacts de Covid-
19

Université de Bordeaux, Fr

Université Assane Seck de Ziguinchor, Sn

Club GuinéeDev, Gn
Fondation A la Source de la Vie (ASV), Gn
Université Gamal Abdel Nasser Conakry, Gn

OOAS – Bobo Dioulasso, BF
Université Nazi Boni, Bobo Dioulasso, BF

DiGIT Sarl Cameroun, Ca
Université Yaoundé 1, Ca

Université des Science de la Santé Libreville, Ga



PATIENT-Covid19 Mobile Apps (Android)

Technology and AI methods: intelligent chatbot (NLP), local languages, etc.



Enabling Public Health Decision Making: Stroke & 
Myocardial infarction emergency case

53

thrombolysis

180 min

percutaneous coronary intervention

90 min

Myocardial Infarction
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General 
Census 

Data

Dataset 1
One year of site-
to-site traffic for 
1666 sites on an 

hourly basis

Dataset 2
Fine-grained mobility 
data (antenna) on a 

rolling 2-week basis for 
about 300,000 randomly 

sampled users

Dataset 3
One year of coarse-

grained (123 
arrondissement level) 
mobility data for about 

150,000 randomly 
sampled users

Senegal Geolocalised 
Hospital Directory

Incidence Rate of the
 Ermergency Diseases

Anonymised data from 9 million mobile customers in Senegal

user_id, timestamp, site_id
1, 2013-03-18 21:30:00, 716
1, 2013-03-18 21:40:00, 718
1, 2013-03-19 20:40:00, 716
1, 2013-03-19 20:40:00, 716
1, 2013-03-19 20:40:00, 716
1, 2013-03-19 20:40:00, 716
1, 2013-03-19 21:00:00, 716
1, 2013-03-19 21:30:00, 718
1, 2013-03-20 09:10:00, 705
1, 2013-03-21 13:00:00, 705

Contextual 
Data

Enabling Public Health Decision Making: Emergency 
Case



Enabling Public Health Decision Making: emergency 
case



Highlighting risky zones: areas where people are at 
high risk in case of Stroke or Myocardial Infarction

Estimated incident cases of 
strokes from different areas (432)  

Grey < 5 victims, 
Yellow 5 to 25

Estimated incident cases of Myocardial
 Infarction from different areas  (4241)

Grey < 5 victims,
Yellow 5 to 25, 
Orange 26 to 50, 
Red 51 to 100

Enabling Public Health Decision Making: emergency 
case



 

Digital Health in global 
south: Take Home 

Messages



Some Key Points to Take into Account

Enabling digital health needs accessing to patient data
Requires ethical  approval and consent

Collect data ones and reuse them

Standardize/contextualize data (coding systems, 
terminologies, etc.)

Take into account local context: languages, literacy, 
technology, etc.

Co-design solutions to increase their adoption by end-
users

For global south: GUI adapted to “low tech”

Digital Health is by definition Multidisciplinary  
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