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0 Steps in a modeling project

1. Development of the study concept and question
2. Literature review

3. Data collection

4. Construction of model framework

5. Model analyses and selection

6. Model validation

7. Manuscript writing and submission
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0 Development of the study concept

 What is your question?
* Why s it interesting?
* Whoisinterested? '

* Can it be narrowed down to a question

about specific quantitative relationships?

Introduction



Literature review

Who has tried to answer this before and how did they

o Empirical studies

o Modeling studies

your guestion?
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Background
Acces to health services i difficult to define. I is 2 mul-
tidimensional process that in addition to the quality of

care, invobres geographical accessibility. availability of the
right type of cate for those who need it, financial access.
ity and acceptability of service 1], Gengraphic accessi.

Rility, the distance that mast be traveled in order to use
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Introduction

What do you need to characterize?

o Spatial and/or temporal dynamics

Data collection

o Relationships between parameters or systems
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o Construction of model framework

 What drawbacks of previous studies can | mitigate?

* What type of modeling is necessary to answer my question?
o Statistical: GLM, spatial, time-series, etc.
o Mathematical: population based, individual based

*  What modeling elements are necessary for my question?
o Stochasticity

o Compartments and complexity

Introduction



o Model analysis, selection and validation

*  What model(s) best fit my data and explain my question?
 Comparison of alternative models and application of selection procedures
* Does the selected model suffer from any substantial drawbacks?

o Statistical models: verification of model assumptions

o Mathematical models: sensitivity analyses and out-of-sample predictions

Normal Q-Q Plot

taille

Sample Quantiles

age Theoretical Quantiles
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o Types of modeling studies
.......................................................................................................................................... o
1. Development of the study concept
Without data collection
2. Literature Review

1. Purely theoretical studies

2. Parametrization based on 4
published studies

Construction of model framework

o Dynamic equations and code
o Systematic reviews and

meta-analyses o Relationships between parameters

o Experimental and field 5. Model analyses and selection
studies o Parametrization

o Simulations and debugging
6. Model validation

o Model validation

o Sensitivity analyses

7. Manuscript writing and submission

Introduction




0 Types of modeling studies

1. Development of the study concept With data collection
2. Literature Review
1. Data already collected for
3. Data collection other purposes
4. Construction of model framework o Focus only on analyses
o Statistical vs. Mathematical model o Need to understand data
limitations and quality
o Model better adapted to our data
. o Need to adapt modeling
5. Model analyses and selection to the available data

o Descriptive, univariate and multivariate 2. Data collected for the

o Parametrization and simulations modeling project

6. Model validation o Very time consuming

o Modeling is generally

o Model validation, comparison more straightforward

o Sensitivity analyses

7. Manuscript writing and submission

Introduction




THE EXAMPLE OF BURULI ULCER
IN CAMEROON




Buruli ulcer

Source of images: www.who.int (2014)
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http://www.who.int/

Buruli ulcer: an emergent and neglected disease
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What is my question?

Why is it interesting?
Who has tried to answer this before and how?

What are these studies short-comings?

1. LITERATURE REVIEW

&
IDENTIFICATION OF THE PROBLEM




Mycobacterium ulcerans: generalities

Multi-host
&

Environmentally persistent

M. marinum progenitor

predominantly
distinct and
M. ulcerans MRCA large deletions

gename peesenvation
in RD3,RDBROGRD1Z

major genomic _y
rearrangements
and mere insertions

Ipsertons in RDS RO&RD11,RD12,
duistiens and insertions ROBARDICO

French Guyana »=
Surinam #2

Mexico i

China s

“ancestral” lineage

“classical" lineage

Kaser et al. (2007, BMC Evolutionary Biology)

N
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M. marinum




Buruli ulcer: a disease linked to aquatic ecosystems

BU Risk factors

Proximity to stagnant or slow flowing waters

M. ulcerans

s

Activities near water
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o Buruli ulcer: a mysterious disease
....................................................................................................... o

"~ Hypothesis 2
Aquatic biting bugs as vectors

environment

[
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Source: L.. Marsollier
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o Objectives of the project

General objective

AN N
To gain insights on the M. ulcerans
dynamics

Buruli ulcer
in humans

ecological determinants of
Buruli ulcer disease.

- J

Environmental

Specific objectives factors

To understand the effects of environmental factors on M.ulcerans ecology )

o To study the transmission of M.ulcerans from the aquatic environment to humans)

Introduction



What do | need to characterize?

Spatial and/or temporal dynamics?

Relationships between parameters or systems?

DATA COLLECTION

& DESCRIPTIVE ANALYSES
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racterization of MU in the environment




Regions of study

Cameroon

Akonolinga

e Landscape: Savannah-Forest
e New endemic area (10 years)

e Landscape: Tropical rainforest
e Historically endemic area (>40 years)

Akonolinga

‘ ’
Yaoundé

& Swamp area/Lake

No. BU cases

Environmental sampling site

Orre @ pR-

vu‘.‘

Marion et al. (2011, EID)

Characterization of MU in the environment



1. Fieldwork: Environmental sampling

e |
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Characterization of MU in the environment



M. ulcerans geographical distribution

Cameroon Cameroon

i Mfoumou
Akon mgal“p -

~ Manki
25km south

Type of ecosystem sampled Percentage of Positive Pools Elevation (m) Basin
‘ Stream @ 0 <300
@ 110

‘ Flooded Area
. 10-20 700

> 1000

Garchitorena et al (2014, PloS NTDs)

Characterization of MU in the environment




Seasonal fluctuations of M. ulcerans in freshwater ecosystems
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What type of modeling is necessary to answer my question?

M. ulcerans
dynamics '
Environmental
factors

STATISTICAL ANALYSES TO UNDERSTAND
M. ULCERANS ECOLOGY




Environmental drivers of M. ulcerans ]

Biotic Factors

Abundance of species
Community assemblages
Trophic interactions

Others

Seasonal Climatic M. ulcerans
Factors positivity

Temperature
Rainfall
Others

Water Characteristics

Temperature
Oxygen

pH
Conductivity
Others

Environmental drivers of MU



Model Definition

Multi-model Selection

Multi-model Inference

L
L

Environmental drivers of MU

Methodology: Multi-model approach

* Generalized linear mixed model (binomial)

* Random effect: Sample site

Fixed Effects
Biotic

* Screening of possible combinations in
* Selection of the best models (AIC)

Response
Variable

a given set

Seasonal
Factors

‘ M. Ulcerans

|| positivity
b=

. I\Iﬂodel-averaged estimates
portance of terms
* Unconditional SE, lower and upper CI

225

2
-
T T T T
0

Best models
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Environmental drivers of M. ulcerans: Akonolinga

Biotic Variable Avg.beta Lower.CL Upper.CL A

Factors Importance
(Intercept) -13,66 -22,50 -4,82
SEASONALITY
Sin(2pi*Mois/12) 0,35 0,02 0,69 1

Seasonal é M. Ulcerans Sin(2pi*Mois/4)
Factors positivity Cos(2pi*Mois/12)

Cos(2pi*Mois/4)

Water PI_I\ICI;I\PLIEI\IIIPI\I NADANACTECEDC :

Characteristics |F:)|I- 8 1~ - g-:l\:ﬁraj:r:acllg?xlaﬁve Rainfall
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Environmental drivers of MU



Environmental drivers of M. ulcerans: Bankim

Biotic i Lower.CL Upper.CL  Relative.Importance
Factors (Intercept) -10,13 -18,94 1,32 1
PHYSICO-CHEMICAL PARAMETERS
Water Flow (lentic) -1,91 -3,25 -0,57 1
Seasonal M. Ulcerans Water Flow (lotic) -2,86 -4,38 -1,33 1
Factors positivity pH -5,52 -15,64 4,61 0,02
Temperature
Dissolved Oxygen
Conductivity
LB Comp3 0,24 -0,57 1,06 0,05
Characteristics Comp1 0,34 0,24 0,92 0,02
Comp?2 -0,16 -0,85 0,53 0,01
COMMUNITY
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Relative Frequency

Relative Frequency

Why the two regions are so different?

Water Flow Oxygen

© Akonolinga
© Bankim

© Akonolinga
© Bankim

08
1

Relative F requency
04

Temperature

© Akonolinga
© Bankim

22 24 26 28 30

Value

Optimal pH for MU [5.8-6.5]

Environmental drivers of MU




Our theory

Scenario 1: Favourable physico-chemical conditions

J'Water flow
402

\l,pH (optimal)

Environmental drivers of MU



Our theory

Ny
N\
Environmental drivers of MU
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What type of modeling is necessary to answer my question?

M. ulcerans Buruli ulcer
dynamics in humans

MATHEMATICAL MODELING TO
UNDERSTAND BU TRANSMISSION




o Introduction

Transmission of MU to humans



BU Cases
M. ulcerans

Introduction

H

Transmission of MU to humans



6 Temporal data

8 g i 10 year database
w . .
[ Hospital
8 8 ] BU cases diagnosed at Akonolinga P
—
O
L0 |
SN
Zo |
s I
m
o -
| I I I | | |
0 20 40 60 80 100 120
Month

Transmission of MU to humans
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: environment waterbugs

Transmission of MU to humans



I MUinthe MU in
: environment ! waterbugs

Mathematical Model
as
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Transmission of MU to humans



I muinthe ' ' muin i

environment | | Waterbugs l
—————— l —————J

Model simulations to account for:

- A range of initial parameters

- Uncertainties in rates of incubation (0) and seeking treatment ()

- Different proxies of waterbug tranmsission and environmental
transmission

- Linear risks or thresholds in the relationship MU-BU

Comparison of model fit using AIC and selection of best performing (2 AIC)

Transmission of MU to humans



Results for Buruli ulcer temporal dynamics

....................................................................................................................... Y
35 Contribution of each mode of transmission in best fits Predictions of best fits _
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Transmission of MU to humans



AT THIS STAGE WE ARE ALMOST DONE...




6 Manuscript writing and submission

 What are the main results that provide the answer to my question?
e 1to3graphs
 1to3tables

 What is the journal that best fits my study?
* Scope, audience, impact factor, math focus

e How do | present my manuscript?

* Introduction: set the stage to your question
« Methodology: describe explicitly all steps for replicability
e Results: clear and concise

e Discussion: explain how your study improves previous knowledge

Conclusions
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