
 
 

  

Epidemics of infectious diseases are an important threat to public 
health and global economies. To properly understand epidemic 
processes, and to study emergency scenarios, epidemiological 
models are necessary. Yet, the development of prevention 
strategies, which need to fulfil distinct criteria, remains challenging. 
For this reason, it is important to study how optimization techniques 
can be used to support decision makers. In this thesis we explored an 
approach based on reinforcement learning, a field within artificial 
intelligence, to automatically learn prevention strategies.  
We investigated two main lines of research. Firstly, we studied the 
decision problem where a number of prevention strategies has been 
defined, and the decision makers need to determine which of the 
strategies is most efficient, by evaluating the models in a complex 
and computationally demanding epidemiological model. To perform 
this evaluation efficiently, we investigate the use of algorithms in 
the field of reinforcement learning that are grounded in the Bayesian 
uncertainty framework. This approach enables us to learn faster and 
to quantify the uncertainty of the decisions. To make this possible, 
we adapt existing algorithms and created new algorithms. 
Furthermore, we provide theoretical insights in how these algorithms 
operate. Secondly, we extend this approach such that we can learn 
adaptive strategies in an epidemiological model. This means that, 
rather than comparing preventive strategies, we attempt to learn 
which subsequent steps are necessary to act optimally over time, 
i.e., by considering the state of the epidemic. Since the state space 
of the epidemiological models that are necessary to investigate 
versatile prevention strategies is huge, we need to represent this 
space such that the reinforcement learner can use this in its learning 
process. To do this, we use deep reinforcement learning. 
We evaluate both research trajectories in the context of pandemic 
influenza, a pathogen that has made many victims in the past. Our 
experiments show that our first research trajectory is very useful to 
evaluate prevention strategies. Furthermore, we show that these 
techniques are also useful to support other complex decision 
problems that involve computationally demanding models. In the 
experiments to validate the second research trajectory, we created 
a specific model to investigate school closure policies in case an 
influenza pandemic emerges. Through experiments, we show that 
our learning technique approximates the optimal strategy. Finally, 
we investigate whether there is a collaborative advantage when 
designing school closure policies. We formulate this research 
question as a multi-agent problem and solve it using deep multi-
agent reinforcement learning techniques. 
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