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Background
COVID-19 Seasonal Influenza RSV infection

Virus SARS-CoV-2 
Influenza viruses 

(A/H1N1, A/H3N2, 
B/Victoria, and B/Yamagata)

Respiratory syncytial virus
(RSV-A and RSV-B)

Cases 770m1 (confirmed, until Sept 2023) 
3.4b2 (estimated, until 2021 Nov) 54.5m3 (2017) 33m4 (U5, 2019) 

1.5m*5 (65+, 2015)

Deaths 6m1 (confirmed, until Sept 2023) 
15.1m2 (estimated, until 2021 Nov) 145k3 (2017) 101k4 (U5, 2019) 

14k5 (65+, 2015)

Mutation rate 0.81–1.08 × 10–3

substitutions/site/year6
3.87-4.84 × 10–3

substitutions/site/year6
10–3 to 10–4

substitutions/site/year7

*in industrialized countries



Viral evolution

Studies Impact
• Genomic analysis
• Benefited from three developments 8 : 
1. Increasing availability and quality of viral 

genome sequences; 
2. Growth in computer processing power; 

and 
3. Development of sophisticated statistical 

methods.



Objectives

1. To explore influenza viruses’ mutations over time, and its impact on severity of disease and immune escape

2. To identify the emerging variants of SARS-CoV-2 by using machine learning algorithms

3. To identify the emerging variants of influenza viruses by using machine learning algorithms

Exploratory 1. To explore the minimal requirements for identification of emerging SARS-CoV-2 variants in 
waste-water samples

Exploratory 2. To identify the mutational changes in human respiratory syncytial virus by using ML algorithm

Y1

Y2

Y3



Methodology

3. Using ML algorithm for 
detection of variants 

2. 
Adaptations 

of the existing 
ML algorithm

Sequencing  + 
clinical data

1. Influenza 
mutations 

analysis

>7m SARS-
CoV-2 

(Europe)

>42k 
of RSV

>34k 
influenza 
(Europe)

>11k 
Waste
water

GISAID* 
database

• L. Josset
• Virology expertise
• Clinical data

Genepii (HCL)

• F. Sannino & F. 
Conventi

• Machine learning

Experimental 
physics team in 

Napoli, INFN

• V. Marechal
• Waste-water data 

(France) and analysis
Obepine

GISAID: Global Initiative on Sharing All Influenza Data
ML: Machine learning



Mutation analysis of influenza

Mutations overtime 

34,885 
sequences 

from GISAID 
for Europe 

region

Fluserver tool 
to identified 
the mutation 

sites

Clinical data from HCL Lyon

Hospitalization 
status

Vaccination 
status

Mutations associated with
Severity of disease Immune escape



Machine 
Learning 
Algorithm

SARS-CoV-2

Influenza

New ML 
architectures 

(Recurrent Neural 
Networks, 

Autoencoders, 
Deep bidirectional 

transformers)

Waste-water 
surveillance 

genomic 
data

Human 
respiratory 

syncytial 
virus (RSV)

Proof-of-concept ML algorithm on 
SARS-CoV-2 evolution in UK 9

• Early identification of Alpha, 
Delta, and Delta plus 

• Levenshtein distance on 
spike protein to detect 
dominant variants, and 
persistency to detect 
emerging variants



Early variant 
identification

Machine 
Learning

Virology

Epidemiology

Experimental 
Physics

Theoretical 
Physics

Existing or 
new 

pathogens
Early 

identification
Prompt 

management
Reduction of 

morbidity and 
mortality
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