From agent-based scenario simulations of disease

dynamics to expert support on
public health interventions

Prof. Dr. Michael Moeckel

WCE 2024, Cape Town, SA
25th of September 2024
Oral abstract presentation

Rz
71N~
THRAschaffenburg

universi ty of applied sciences




r ) -‘1/‘/,
. 208
Thanks to project collaborators / paper

TH RAschaffenburg

L ) university of applied sciences

'Y

Dr. Tobias Krebs Dr. Caroline Lourencgo Alves M.Sc. Ktharina Kuhnert
Post Doc Computer Science Post Doc Complex Systems IT Support

Harnessing multi-output machine learning approach and
dynamical observables from network structure to optimize

COVID-19 intervention strategies

Caroline Alves, Katharina Kuhnert, Francisco Aparecido Rodrigues, Michael Moeckel

Funding. project EpiLABKI doi: https://doi.org/10.1101/2024.09.23.24313636

THE PREPRINT SERVER FOR HEALTH SCIENCES

e
>
T
0
S




- ) N E -
State of art @ Covid-19: 71N
Scenario based disease modeling TH Aschaffenburg

» Tools were made to predict disease dynamics

« Scenario technigues used to probe possible future developments
and the effects of public health interventions
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« Comparisons between different interventions difficult
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* Infectious dynamics modeled by a stochastic Infectious Cocin Des

random process of agents
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Multi-graph structure of contact networks
Home, school, work, community

Contact layers:
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Numerical complexity:
Mulfi-graph problem for all configurations | THaschaffenburg

Interventions (contact restrictions)

Contact network subgraphs
represented by a adjacency matrix change contact networks:
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« Create synthetic dataset from COVASIM runs o

* Extract complex network measures from o
adjacency matrix

* Their values differ depending on chosen - ‘ A , < ©
restrictions Y

* They have predictive power on the
disease dynamics

« Shown empirically by ftesting various
machine learning models (deep learning
DL Xgboost RF  SVM  MLP performs beST, >1000 simulation runs Used)

Algorithms
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1st result: complex hetwork measures are a
helpful simplification for contact modeling
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« Contact restrictions imposed by public health inferventions modify

contact networks

» Global interventions (e.g. by public orders) change the contact
network in a global way which is captured by modified values of

complex network measures
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Speed-up of phase space scanning
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 Machine learnning methods are powerful tools for interpolation
 Training a substitutional neural network allows for quick evaluation of

further configurations

Training with synthetic dataset
generated by COVASIM

Modified Deep
network learning
MEERIES model

Public health
intervention

Prediction of

disease
dynamics
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2nd result: manifold of equivalent
Inferventions mapped out
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Intersections of intervention phase space

1.0 p

W

0.0 0.2 0.4 0.6
Community

0.8

(B) Community vs School (w=0)

(C) School vs Work (c=0)

1.0 ra N A4 7 ) 8 \ 1.0
o) o lele
0.8 o o |e
o/oe/o
_06 o o\e\e
[«]
2 N © el e |e
"
0.4 © o e @
o o\ o o
0.2 o o /o fo
b( @ o) @@
0.0 o V. Y 2 o
1.0 0.0 0.2 0.4 0.6

Community

50 100 150 200 250 300 350 400
Max of Critical Cases Population

WCE 2024 - Prof. Michael Moeckel, Aschaffenburg, Germany 16



- ) N E -
. . 718
Discussion & Outlook

\_ J

TH RAschaffenburg

university of applied sciences

Next steps:
« Extension to other public health interventions
* Improved tools for manifold representation in infervention space

e Collaborations welcomel!

Harnessing multi-output machine learning approach and
dynamical observables from network structure to optimize

COVID-19 intervention strategies
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