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 Vector-borne diseases: an overview
* Modelling vector-borne diseases
* Measuring vector-borne diseases: challenges

* Across the modelling spectrum: cross-breeding opportunities

Monitoring and modelling vector-borne and
zoonotic diseases: opportunities and
challenges for complex ecological systems
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Various mammals

Reproductive host

Dilution hosts

Pfaffle, Littwin, Petney, 2015
https://doi.org/10.1016%2Fj.ijpara.2013.06.009
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... that are endemic, or emerging, hence of public health interest:

Aedes-borne viruses

=y Kraemer et al. 2015
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m Predicted distribution of Ae. aegypti
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Malaria
- Areas of Africa with high malaria mortality and low treatment coverage

Gething et al. 2016

Ixodes ricinus distribution
ECDC/EFSA

Globally: tick-, midge-borne diseases in livestock
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Why do we want to model them?

i Understand their ecology

;1‘1 Predict their distribution
.

G Test hypotheses concerning control
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Our focus today: issues of ecology and spatial distribution
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How have we been using models in this area?

Data hunger

Data collection challenges:

Mechanistic Statistical models:
models, e.g. Ry e.g. species « Difficulty to observe phenomena
distribution
models, regression * Time/resource expense associated with data collection or processing

models.

* Data are keyhole

* Data are proxies

Processes explicited

Spatial processes?

N Meaning of correlation?
Environment?

B UCLouvain UCLouvain

Difficulty to observe phenomena

Time/resource exp iated with data collection or
processing

* Ithappened a while ago

* It concerns wild animals and their interactions « Sampling/collecting is time intensive: e.g. blood

sample collection, animal sampling in the wild

* It concerns pathogen circulation in the wild, in a herd or a flock,... Some methods produce large numbers of samples,
that subsequently need processing (eg

identification)

e
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Some information (eg pathogen presence) is costly
to collect
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Data are keyholes

Exposure: Human cases
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Jore etal. 2011

TBE.% x Hazard:Pathogen circulation
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Puumala hantavirus in Germany
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Data are proxies

Measurements are indirect with regard to
the variable of interest

Measurements may relate to various
variables of interest
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Examples of proxies:

Individual into categories eg SIR
Neighbourhoods

Land cover classes
Management status

Forest/bush gradients and Ixodes ricinus in
Norway
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Why do we use them at all? Why should we sometimes choose them?
->practical compromise: what is available
—“>what is understandable and « actionable »

But all this should be guided by what is relevant from the ecological point of view
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Plenty of questions...

* More data... more uncertainty?

* Should we model the data we have... or collect data for the models we want to build?
* What are the consequences of the assumptions we make?

* What about heterogeneous behaviour?
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How have we been using models in this area?

Data hunger

Mechanistic Statistical models:
models, e.g. Ry e.g. species
distribution
models, regression
xdels.

~ —_« Building on assets of both

Processes explicited

Spatial processes?

N Meaning of correlation?
Environment?
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Cross breeding proposition 1: an empirical model is not a shot in the dark

A resource-based habitat concept,
drawn from the field of
conservation ecology

Hartemink et al., 2015; Vanwambeke, Li, Hartemink, 2016; &
Vanwambeke, 2017 [B UCLouvain
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Aedes-borne flavivirus

Replication
i host

Transmission

Replication

Function

[  Resource

Residing
Outdoor
recreation
Crop growing

Building-based
activities with
outdoors
elements

Non-human hosts

Feeding

Resting,
shelter
Reproduction

Watering

Aedes mosquitoes

Feeding
resting/diapausing
Mating.

Ovipositing (and
maturing, for larvae)

Blood feeding

Cross-breeding proposition 2: models work together

The model-guided fieldwork
Restif et al. 2012
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Data hunger

Mechanistic
models, e.g. Ry

CA/lattice systems
ABM/IBMs

Processes explicited

Statistical models:
2 g, species
tribution
ddels, regression
ddels.

Spatial processes?
Environment?

Meaning of correlation?
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Why does this all matter?

Resources are limited for data collection

Us modellers must find more and better ways to
contribute to risk management and control in public
health

[B UCLouvain
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UniNove-UCL collaboration

Risk= hazard * exposure

Which areas yield the greatest risk? Could it be areas of
medium tick abundance but high human frequentation?

Risk= hazard*exposure*vulnerability
Are people encountering ticks more often better able to
protect themselves? What is the results

of high tick abundance avoidance/exclosures?

How to use the model to collect better data, and the data to
make better use of the model?
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