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Abstract

Vaccines against infectious diseases not only provide protection to individuals who receive vaccination
but may also offer indirect protection by increasing "herd" immunity. Cluster-randomized trials (CRTs)
can capture indirect effects by randomizing the vaccine assignment to clusters of individuals (e.g.,
individuals going to the same hospital or living in the same geographical area). In CRTs,
noncompliance typically arises because not all individuals in vaccine-assigned clusters receive the
vaccination, and some individuals in clusters not assigned to receive vaccination may still access the
vaccine. The standard approach for estimating indirect effects involves comparing disease risks for
unvaccinated individuals in clusters assigned to the vaccine (noncompliers) with unvaccinated
individuals in clusters not assigned to the vaccine (compliers). However, this comparison is susceptible
to selection bias because, while the cluster assignment is randomized, individual receipt of the vaccine
is not. To address this issue, we propose blending principal stratification (PS) and mediation analysis.
Specifically, we leverage PS to address noncompliance, defining subpopulations of individuals based
on their potential vaccination under the two possible cluster assignments. We also view the proportion
of vaccinated individuals within the cluster as a mediator, formally defining “principal direct” and
“principal indirect effects”. These effects are, respectively, natural direct and indirect effects within the
principal strata. Finally, we demonstrate, through a toy example, how these measures can be
estimated and interpreted to disentangle indirect effects from other causal pathways. We adopt a
Bayesian approach for inference.



