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Modeling the effect of exposure notification and
non-pharmaceutical interventions on COVID-19
transmission in Washington state
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Contact tracing is increasingly used to combat COVID-19, and digital implementations are now being deployed, many based on
Apple and Google's Exposure Notification System. These systems utilize non-traditional smartphone-based technology, presenting
challenges in understanding possible outcomes. In this work, we create individual-based models of three Washington state
counties to explore how digital exposure notifications combined with other non-pharmaceutical interventions influence COVID-19
disease spread under various adoption, compliance, and mobility scenarios. In a model with 15% participation, we found that
exposure notification could reduce infections and deaths by approximately 8% and 6% and could effectively complement
traditional contact tracing. We believe this can provide health authorities in Washington state and beyond with guidance on how
exposure notification can complement traditional interventions to suppress the spread of COVID-19.
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INTRODUCTION
The COVID-19 pandemic has brought about tremendous societal
and economic consequences across the globe, and many areas
remain deeply affected. Due to the urgency and severity of the
crisis, the poorly understood long-term consequences of the virus,
and the lack of certainty about which control measures will be
effective, many approaches to stopping or slowing the virus are
being explored. In seeking solutions to this problem, many
technology-based non-pharmaceutical interventions have been
considered and deployed', including data aggregation to track
the spread of the disease, GPS-enabled quarantine enforcement,
Al-based clinical management, and many others.
Contact tracing, driven by interviews of infected persons to

reveal their interactions with others, has been a staple of
epidemiology and public health for the past two centuries?.
These human-driven methods have been brought to bear against
COVID-19 since its emergence, with some success>. Unfortunately,
owing in part to the rapid and often asymptomatic spread of the
virus, these efforts have not been successful in preventing a global
pandemic. Further, as infections have reached into the millions,
traditional contact tracing resources have been overwhelmed in
many areas*°. Given these major challenges to traditional contact
tracing, it has been suggested that apps that make use of
Bluetooth technology can assist in detecting exposures to those
carrying the virus, and serve as a complementary tool to human
contact tracing initiatives®.
Technological solutions in this space have never been deployed

at scale before, and their effectiveness is unknown. There is an
acute need to understand their potential impact, to establish and
optimize their behavior as they are deployed, and to harmonize
them with traditional contact tracing efforts. Specifically, we will
examine these issues in the context of the Exposure Notification
System (ENS), developed by Apple and Google, which is currently

being adopted by many states and countries'. In this system, GPS
and location data are not used-instead, Bluetooth alone is
utilized to exchange anonymous, randomly-generated IDs which
can later be checked against a ist of positive cases. In order to
protect user privacy and build user trust, ENS does not require
users and their contacts to be identified or located, and
recognition of each user's exposure risk level can take place only
on the user's smartphone®.
To improve our understanding of this new approach, we

employ individual-based computational models, also known as
agent-based models, which allow the exploration of disease
dynamics in the presence of complex human interactions, social
networks, and interventions®'°. This technique has been used to
successfully model the spread of Ebola in Africa'', malaria in
Kenya'?, and influenza-like illness in several regions'*'*, among
many others. In the case of COVID-19, the OpenABM-Covid19
model by Hinch et al.'® has been used to explore smartphone-
based interventions in the United Kingdom. Individual-based
models simulate individuals and their interactions in home, work,
and community contexts, using epidemiological parameters to
guide the compartments in an expanded SEIR model'® and
demographic parameters to simulate individuals and their
interactions. Although past work has studied disease transmis-
sion'"-'®, progression"°, and social distancing interventions'°?"-"2,
we seek to understand the combined effect of exposure
notifications and non-pharmaceutical interventions in an environ-
ment calibrated to the demographics", occupational structure,
and epidemic trend of that location.

In this work, we adapt the OpenABM-Covid19 model to
simulate the ENS approach, and apply it to data from Washington
state in the United States to explore possible outcomes. We use
data at the county level to match the population, demographic,
and occupational structure of the region, and calibrate the model
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