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APPLYING DATA SCIENCE ADVANCES IN
DISEASE SURVEILLANCE AND CONTROL

Dr. David S. Ebert from the University of Oklahoma’s Data Institute for Societal Challenges and Dr.
Aaron Wendelboe from the University of Oklahoma Health Sciences Center outline how a cohesive,
multidisciplinary, and multi-tiered approach can support a more predictive model in disease

surveillance and control

Early detection of disease
transmission has been a public
health goal for decades. Syndromic
and sentinel disease surveillance
systems are two approaches
designed to enhance early detection
surpassing traditional, passive
approaches.” Public health disease
surveillance is being conducted in
countless settings, including
healthcare, vertebrate and
invertebrate animals, wastewater,
air quality, transportation, and
commercial activities. Threats from
pandemic influenza, bioterrorism,
SARS1/MERS, antibiotic-resistant
bacteria, and increased distribution
of pathogens and insects, which
threaten the environment, have
been priority concerns for public
health agencies. Unfortunately,
attaining the goal of early disease
detection has been somewhat
elusive. The current challenges
include identifying optimal data
sources, maintaining the ability to
efficiently conduct ongoing disease
surveillance that relies on a large
and complex data network, and
effectively analysing and
summarising the data in a way that
cuts through the ‘noise’ and
identifies true events of public
health concern.

Many other approaches to mitigate
the impacts of current and potential
health threats have been ongoing,
such as the World Health
Organization’s Health

Emergencies Programme,® the UK's
Influenza Pandemic Preparedness
Strategy,® and the USA’s National
Pandemic Strategy.® In addition,
there is a history of including
academic partners, such as the
Centers for Disease Control and
Prevention’s (CDC) Centers for
Public Health Preparedness,® as an
innovative way to protect against
severe pandemics.

Adopting a One Health approach
to disease

surveillance and control Emphasis
on taking a One Health approach to
disease surveillance and control has
been growing. The One Health
approach capitalises on the
interconnected human, animal, and
environmental systems and
emphasises coordinating,
communicating, and collaborating
among stakeholders who protect
human, animal, and environmental
health.® While progress has been
made since the First International
One Health Congress was held in
2011, calls  for  improved
application of One Health principles

continued to be made early in the
COVID-19 pandemic.®

Another key shortcoming of public
health preparedness efforts is the
insufficient collaboration between
multidisciplinary experts, such as
data scientists, computer engineers,
anthropologists, social scientists,
and systems engineers. Even
collaborations within health-related
fields, such as veterinary and
environmental health, have been
relatively weak.

Despite efforts, the SARS-CoV-2
virus still managed to cause a major
pandemic unseen for a century.
Furthermore, given that SARS-CoV-2
was first detected in a symptomatic
patient® (as opposed to earlier in
the chain of disease emergence,
such as in an animal host), it is
evident improvements in disease
surveillance methodology are
required for earlier detection of
pathogens of pandemic potential.

Multi-tiered approach to disease
surveillance and control

To address these gaps in knowledge
and preparedness, we are
responding in a multi-tiered
approach with a One Health
perspective that will be
economically feasible and



sustainable, as summarised in
Figure 1. To achieve this goal, we
have identified and engaged a
broad set of stakeholders, created
broad multidisciplinary teams, are
combining relevant data sources in
innovative ways that will serve as
early indicators, are using advanced
technologies for early diagnosis,
and advancing analytic methods to
maintain high specificity for true
event identification, while reducing
the number of false positive alerts.
Developing and implementing these
approaches will shift disease
surveillance and control for
emerging infectious diseases from a
solely reactive model to a more
predictive model functioning in real
time. The following section
elaborates on our strategies and
progress for each goal.

We met with government agencies
and academic teams to engage
stakeholders and described our
project's goals. In this process, we
have identified organisations and
teams in Oklahoma and
neighbouring states with
complementary goals. We are
working towards building and
strengthening new collaborations to

combine resources. In addition, we
are holding regular webinars on
topics covered by each team. Again,
this has led to identifying new
stakeholders who want to
contribute to the success of our
project.

We brought together experts in
public health, medicine, veterinary
science, data science, computer
science, anthropology, informatics,
and systems engineering to bring
the needed skills to address the
problem.

The data sources we are accessing
include governmental disease
surveillance, syndromic surveillance
data from environmental data,
ESSENCE/Biosense,('® wastewater
surveillance data,"V) veterinary
data,"? and medical record data
from the health information
exchange.(® We will access
environmental monitoring data
from Earth-observing satellites and
ground-based sensor networks. The
wastewater and river shed
surveillance data are a key data
source that intersects
environmental, animal, and human
data. In the past, these data sources
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have essentially acted as silos; we
are combining them to help verify
signals.

One exciting new technology we are
using is in the field of breathomics
research. We have developed a tool
in which an individual's breath can
be analysed, and a diagnosis of
COVID-19 can be made within one
minute. The technology works by
identifying specific volatile organic
compound signatures from
pathogens. We are in the process of
extending this technology to be
used to identify influenza and RSV.
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The advanced analytic methods
implement a data-driven syndromic
and epidemiological model that
harnesses novel Al-enabled
methods to monitor, integrate, and
correlate sources across various
scales for pandemic detection and
prediction. We leverage human-
guided, predictive, information and
interpretable Al/ML within methods
for disease surveillance
deployment, sampling, and analysis
to manage these large data
streams. Not only are we detecting
alerts, but developing models to
project the impact of an event if it
goes undetected. These models are
expected to help prioritise which
signals must be investigated first.

By successfully achieving these five
activities, we will be positioned to
have an intelligent, interactive
response planning and monitoring
system that scales these new data
sources and analytical methods
across the community, state, and
national levels and accounts for
diverse population dynamics and
disease spread, enabling earlier
detection and response.
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