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Abstract: Multistate models (MSMs) provide a dynamic framework for understanding disease
progression through multiple clinical events and for identifying relevant prognostic factors. They
are widely applied in medical and epidemiological research, where objectives typically include
estimating transition probabilities between disease stages, evaluating the effects of covariates,
estimating the expected time in each state, and computing the risk of death conditional on
previous events.

In this talk, we present two methodological developments currently under investigation to
address limitations in standard multistate modeling. First, we briefly introduce a new approach
for handling non-Markovianity through second-order Markov models. We propose two non-
parametric estimators for second-order transition probabilities, providing their analytical
variances and corresponding confidence intervals.

Second, we address the modeling of time-to-reinfection in infectious diseases using information
from an MSM that describes disease trajectories (including hospitalization and ICU stays)
following the primary infection. A key challenge is defining reinfection based on a specific time
threshold after the first event and appropriately incorporating this constraint into the analysis.
We examine several strategies ranging from simple stratified competing risks analysis to a full
multistate modeling approach. We propose a two-step modeling strategy in which, first, a
multistate model is specified using event times prior to recurrence to capture complete
individual trajectories and relevant covariates at each transition, and second, a competing risks
model is introduced with death treated as a competing event for recurrence.

The proposed methodology is applied to Covid-19 reinfection based on nearly 400,000 primary
infections from population data in the Basque Country.
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