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Transmissible disease +
Introduction of a microbe in the body

Microbes

Bacteria, virus, parasite, ...
Examples

Virus: VIH, flu, Ebola, Varicella, ...

Bacteria: Meningococcus, S. aureus, C Trachomatis

Parasite: Malaria, ...



TRANSMISSION

o Direct

o Airborne

Skin (hand carriage)

* Blood (HIV, hepatitis C...)
o Sexually (HIV)
» At birth

e Indirect (intermediate vector) :
» Inanimate (water, food, soil, objects)

o Animate, insect bits (malaria, zika),

animal (rabies)




Study of diseases in populations

Study of the factors at the origin of diseases

= Populations # Individuals



PUBLIC HEALTH: ACTIONS TO FIGHT AN
EPIDEMICS

o Medical actions :
» Vaccination
» Disinfection
» Antibiotics
» Isolation, quarantine

o Other actions
» Hygiene
» School closure, transport limitation
» Masks




MOTIVATION FOR MODELLING

o Disease transmission is a dynamic and
mechanistic process

o Collected data 1s partial

Need to take 1nto account unobserved
phenomenon (eg. transmission)

=> Consider the problem as whole

wikipedia

o Experiments: carrying out studies in
populations

o Expensive
o Sometimes not feasible (ethics)
=> in silico experiments



MODELLING THE TRANSMISSION
@ OF INFECTIOUS DISEASES
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REFERENCE: THE SIR MODEL

o Disease with lifelong immunity
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EXTENSION — MEASLE

o Structured on age + « incubation » state
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HOMOGENEOUS MIXING ... AN UNREALISTIC
HYPOTHESIS

Ailr borne transmission

Sexual network
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ALTERNATIVE APPROACH — AGENT BASED
MODELLING

Individuals are specifically modelled. The global dynamics is then
studied.

Ferguson et al, Nature 2006




OBJECTIVES OF MODELLING

Better understand phenomenon at stake

Transmission routes, at risk behaviors, nature' . St.\ca\
history of disease Stat

Anticipate the impact of interventions,
optimization
Eg. Influenza pandemics
o School closure?
o Transport limitation?
o If vaccine available, who should be vaccinated ir * =8
priority? Babies? Elderly" Health care wor!-- \atlo
Support for decision making (in real time)
Public health

Prescription

This Diseass 1 Highly




MODELLING AND
©® COMPUTATIONAL CHALLENGES
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1) POPULATION VS INDIVIDUALS, A MATTER OF

SIZE

o Example hospital model

” Community

E HOSPI(&I

L
(Bonhoeffer et al, PNAS 1997)
(Bergstrom et al, PNAS 2004)

4 differential equations,
~10 parameters

Network of contact in the ICU

@ AP1 HCW Contact transmission risk:
@ Patient || —high
@ AP2 HCW i
—medium
@ Peripatetic HCW —low

Peripatetic health-care workers
as potential superspreaders

Laura Temime, Lulla Opatowski, Yohan Pannet, Christian Brun-Buisson , Pierre Yves B
and Didier Guillemot

18420-18428 | PNAS | October27,2009 | vol.106 | no.43 www.pnas.org/cgi/doi/10.1073 /pnas

~25 agents, 4 different types, >30
parameters, time step: 1 min




... AND A MATTER OF AVAILABLE DATA!
HOSPITAL: REAL NETWORKS

o Ibird study : log-censors carried by all health care workers and
patients in Berck hospital for 4 months

” o 800 individuals followed up for 4
months

o Nasal and rectal swabs collected
every week => 6623 nasal swabs and
2497 stool samples

o >1,350,104 proximity signals of 30

Guillemot et al. sec eq. to 167,107 days of contacts
between participants.




DATA ANALYSIS
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2) INDIVIDUAL BASED SIMULATION OF HPV
TRANSMISSION TO ASSESS THE IMPACT OF VACCINATION

Human papillomavirus, sexual transmission
Vaccine available (protects against HPV16 & HPV18)
Model :

Sexually active heterosexual population between 15 and 30 years
Introduction of vaccination scenarios in 13 year-old girls

Sexual behavior
characteristics

Infectious state o
characteristics (V & NV) * Virgin

* Susceptible « Single
* Infected
e 1 1
 Immunized following R
infection
* Vaccinated ’

\



Parameterization
e N

1 Data from sociological PCallli)ratlon:
HPV. Natura studies: Sexual revalence as a
history behaviors function of age (pre-
\ y vaccine era)
Simulation

Individual data
infectious state, age,
gender ...

Simulation of scenarios

~30 parameters
80,000 individuals
5000 weeks

l Execution time: 10 min ‘

on cC Omput er evalenceé for 18-24yo, high
Prevalence by age for >100 simulations fteraction, vaccination
o5 genotype NV verage 60%

ﬂl factor(type)
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3) MAJOR CHALLENGE: MULTI-SCALE PROCESS

Population Between-host transmission (heterogeneous)
Public health policies

Colonization/infection of ecosystems
Individuals (gut, skin, naso-, oro-pharynx)

Infection
Immunity
Drug exposure (vaccine, antibiotics)

Genetic evolution :

Cell, _ Mutations, genes transfer
microorganism
Ecology of pathogens:

Colonies, cellular organization
Interactions, competition and synergy




ECOLOGICAL COMPLEXITY
CO-INHABITANTS IN THE RESPIRATORY TRACT

o Commensal bacteria

* S. pneumoniae (~100
serotypes)

S. aureus

H. Influenzae

N. meningitidis
M. Catarrhalis ...

Nasal cavity

Nasopharynx

Oropharynx

* Respiratory viruses
* Respiratory Syncytial
virus
* Influenza A, B
* Rhinoviruses
« Adenoviruses
« Coronaviruses

* Parainfluenza viruses ... .

Laryngopharynx




BACTERIAL AND VIRAL INTERACTIONS INT HE
RESPIRATORY TRACT

7 $ aureus ” M. catarrhalis

In pandemics most fatalities were due to a secondary
bacterial infection : S. pneumoniae, S. aureus, H

Influenzae or N meningitidis ‘

Bosch et al, PLoS Pathogens 201



INCLUDE MORE INDIVIDUAL RISK FACTORS:

MICROBIOTA?

Multi-dimensional data

16S rDNA \
COl , Srieatand

CHARLIPROJECT " for all individuals
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CHALLENGES
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Population | Between-host transmission (heterogeneous) |||

1) Formalizing different complexity levels

- Microbiology

- Host / pathogen interaction

-  Between-host transmission

[
[
[
[
Individ |
. —
[

Immunity
Drug exposure (vaccineI 2) Data integration and model
Multiple ecosys%ems

parameter estimation

- - -  Biological experiments
I Genetic evolution : 9 P

Cell, I Mutations, genes transf| - Epidemiological investigations
microorganism |
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