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Abstract: The effectiveness of tracking infected cases with the omicron virus has
been greatly compromised due to the availability of at-home COVID test kits in
many countries. An alternative solution to monitoring contagions of the COVID
disease in the population is to survey viral loads from sewage water systems. In a
city, hundreds of sewage manholes form a network of candidate sampling sites that
are connected to each other in a complex way. Due to the limited resources, it is not
viable in practice to sample wastewater from every manhole. The central question of
scientific importance is to select those important manholes that are of most relevance
to the prediction of confirmed infectious cases in a specific community. In this paper,
we develop a supervised learning paradigm of time-series transitional models via
the mixed integer programming optimizer to determine important sampling sites
to build on a cost-effective monitoring system. We establish the key theoretical
guarantee of the selection consistency for the proposed methodology. A novel multi-
compartment dynamic model is proposed to simulate viral loads in the wastewater
system from the evolution of the pandemic in the population, which is used to
evaluate the performance of our proposed model and algorithm. This proposed
methodology is illustrated by a real-world data analysis example.
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1. Introduction

With the availability of at-home COVID test kits, it becomes much harder
for a public health surveillance system to capture COVID-positive cases in the
population. This is because people who test COVID positive at home typically
do not report their information of infection to a public disease surveillance
program, but rather keep the information to themselves. For example, there is no
mandatory program for such reporting in the USA. To overcome this significant
challenge, scientists have proposed to track COVID viruses from sewage systems
as an effective means of monitoring population-level contagions. The current
technology allows to extract and quantify three types of RNA targets, including
N1 and N2 regions of the nucleocapsid gene and the envelope gene (E), from
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