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ABSTRACT

Objective: We sought to support public health surveillance and response to coronavirus disease 2019 (COVID-
19) through rapid development and implementation of novel visualization applications for data amalgamated
across sectors.

Materials and Methods: We developed and implemented population-level dashboards that collate information
on individuals tested for and infected with COVID-19, in partnership with state and local public health agencies
as well as health systems. The dashboards are deployed on top of a statewide health information exchange.
One dashboard enables authorized users working in public health agencies to surveil populations in detail, and
a public version provides higher-level situational awareness to inform ongoing pandemic response efforts in
communities.

Results: Both dashboards have proved useful informatics resources. For example, the private dashboard en-
abled detection of a local community outbreak associated with a meat packing plant. The public dashboard pro-
vides recent trend analysis to track disease spread and community-level hospitalizations. Combined, the tools
were utilized 133 637 times by 74 317 distinct users between June 21 and August 22, 2020. The tools are fre-
quently cited by journalists and featured on social media.

Discussion: Capitalizing on a statewide health information exchange, in partnership with health system and
public health leaders, Regenstrief biomedical informatics experts rapidly developed and deployed informatics
tools to support surveillance and response to COVID-19.

Conclusions: The application of public health informatics methods and tools in Indiana holds promise for other
states and nations. Yet, development of infrastructure and partnerships will require effort and investment after
the current pandemic in preparation for the next public health emergency.
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INTRODUCTION

BACKGROUND AND SIGNIFICANCE

Coronavirus disease 2019 (COVID-19), caused by the novel SARS-
CoV-2 (severe acute respiratory syndrome coronavirus 2) virus, is a
global pandemic that, as of November 12, 2020, had affected more
than 52.6 million individuals and caused over 1.2 million deaths.! In
the United States, COVID-19 rapidly spread across large cities as
well as across many rural areas. In Indiana, which ranks 17 among
U.S. states by population with just under 6.7 million residents,
COVID-19 challenged but did not overwhelm the health system. As
of November 5, 2020, there were 196 176 confirmed cases with an
estimated population-level prevalence between 3% and 15%.%3

Public health (PH) agencies play a critical role in managing dis-
ease epidemics. In the United States, responsibility for health rests
with each state’s governor, and therefore the state-level PH agency
seeks to prevent disease, protect health, and promote well-being. Lo-
cal and state-level PH agencies conduct disease surveillance, manage
contact tracing, facilitate resource distribution including personal
protective equipment (PPE), establish alternative care sites, coordi-
nate investigation of long-term care facilities, and provide diagnostic
support through laboratory testing. Federal PH agencies, such as the
U.S. Centers for Disease Control and Prevention (CDC), support
state-level efforts and coordinate response across states.* During a
pandemic, PH and healthcare systems work together to identify and
manage disease cases while working to prevent disease spread.

To manage disease epidemics, PH agencies utilize a variety of in-
formation systems, such as laboratory information management sys-
tems and case management systems.”” Although existing
information systems enable capture of data on laboratory-confirmed
cases of COVID-19, the pandemic illuminated deficits in the U.S. in-
formation infrastructure.®’ The holes in the “swiss cheese” of PH
infrastructures are the topic of media articles!®™*® because public de-
mand for information quickly outstripped the capacity of most PH
agencies to produce data on the emerging outbreak. For example,
PH agencies do not typically receive information on hospitalizations
until weeks postdischarge, when coding of the encounter has been fi-
nalized.'* That is insufficient for pandemics, during which PH agen-
cies need real-time situational awareness of health threats.

OBJECTIVE

Leveraging data available through a statewide health information
exchange (HIE), we sought to support PH surveillance and response
to COVID-19 through the development and implementation of
novel visualization applications. Whereas other applications either
present data for a single healthcare facility'S or present aggregate
counts of cases, our applications integrate clinical and PH data
allowing for detailed examination of subpopulations. Our applica-
tions illustrate the role of informatics in PH, and their success is
owed to (1) a robust health information infrastructure'®; (2) strong
collaboration across the health system, including PH organizations;
and (3) expertise in biomedical informatics.

MATERIALS AND METHODS

The visualization applications were possible due to a robust infor-
matics environment in Indiana. The state possesses a mature, state-
wide HIE and a leading biomedical informatics research

organization. Both entities routinely engage the broader biomedical
ecosystem in the state (eg, industry, government, academic) in col-
laborations to address clinical, PH, and research challenges. Before
we describe the visualization applications, we discuss the unique
strengths of Indiana that made the rapid development and imple-
mentation of the applications possible.

A statewide information infrastructure

The applications leverage the Indiana Network for Patient Care
(INPC), one of the oldest and largest health information networks in
the United States.!” The INPC is a repository of clinical and admin-
istrative health data collected from over 38 health systems represent-
ing 117 hospitals, 18 486 physician practices, commercial
laboratories, and PH departments across the state. The INPC serves
the clinical needs of providers, and it supports PH surveillance and
research needs.'®2° Support for PH and research is unique among
HIEs in the United States.”!

Prior to the pandemic, the INPC possessed several hundred elec-
tronic feeds routinely capturing data from Indiana’s health system.??
Admission, discharge, and transfer (ADT) feeds provide real-time infor-
mation on patients as they traverse the health system. Electronic labo-
ratory report (ELR) messages are a required data feed for INPC
members, allowing clinicians to access a patient’s recent lab values and
PH agencies to receive notifiable disease alerts via the Notifiable Con-
dition Detector.”>** Encounter records are also provided by hospitals
and clinics with diagnostic codes (eg, International Classification of
Diseases—Tenth Revision—Clinical Modification) to enable review of
problems and comorbidities. These data are exchanged predominantly
using HL7 (Health Level 7) version 2.5.1 messages, although some
source systems use alternative message formats including prior versions
of HL7. The ADT and ELR messages further utilize LOINC as well as
SNOMED CT (Systematized Nomenclature of Medicine Clinical
Terms), where available from the source.

In response to the pandemic, the Indiana HIE (IHIE) coordinated
enhancements to the INPC with the Regenstrief Institute. Even be-
fore hospital and commercial laboratories began processing
COVID-19 tests, the IHIE updated the Notifiable Condition Detec-
tor to recognize LOINC codes for COVID-19, leveraging the prere-
leased terms published on the LOINC website.>* This positioned the
INPC to automatically identify COVID-19 test results and route
them to PH authorities once hospital and commercial labs began
performing approved tests. The IHIE further incorporated addi-
tional data from health systems and hospitals not part of the INPC.
Data from these facilities are processed into the INPC using ADT
and ELR feeds like other institutions, enabling their retrieval for
pandemic purposes seamless in conjunction with the usual INPC
data. Similarly, the Indiana State Department of Health and Family
Social Services Administration provide daily feeds of laboratory test
results from multiple statewide locations offering COVID-19 spe-
cific testing for symptomatic patients as well as healthcare workers
and institutionalized patients (eg, prisoner, nursing homes). Death
records from state vital records are captured by the IHIE through
the Michiana Health Information Network, which recently merged
with the THIE.

Biomedical informatics expertise and health data
partnerships

Multiple organizations collaborated to design and implement the
novel visualization applications. The collaboration was led by the
Regenstrief Institute, a support organization to the Indiana Univer-
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sity (IU) School of Medicine, and an internationally recognized in-
formatics and health services research organization that is home to
the Clem McDonald Center for Biomedical Informatics. The Center
is also home to a collaborative program in Public and Population
Health Informatics between Regenstrief and the IU Fairbanks
School of Public Health.?® The program team further partnered with
the THIE and state as well as county PH organizations to inform the
design and use of the visualization applications, including Indiana
State Department of Health, the Office of the Governor, Marion
County Public Health Department, and Family Social Services Ad-
ministration (which houses Indiana’s Medicaid program).

Prior to the pandemic, Regenstrief collaborated closely with
many of the partners on a variety of healthcare initiatives. Regen-
strief and the IHIE have the closest relationship, as the IHIE was cre-
ated by Regenstrief in 2004 to allow the HIE to scale operations
across Indiana. The INPC began as a biomedical informatics re-
search project.””-*® Regenstrief now serves as the research and devel-
opment partner to the IHIE, serving also as the honest data broker
for the INPC. The PH informatics program at Regenstrief further
meets regularly with PH agencies to discuss their informatics needs,
and it routinely collaborates on CDC-funded projects to enhance the
PH infrastructure in Indiana. Therefore, when the pandemic began,
Regenstrief’s biomedical informatics experts were already in routine
contact with PH leaders and aware of what the major PH challenges
would be during the unfolding disease outbreak across the state.

The Regenstrief COVID-19 Dashboard

To support PH response, we developed the Regenstrief COVID-19
Dashboard, a Tableau-based visualization application that collates
information on individuals tested for and infected with COVID-19
in parallel with data on individuals with COVID-like illnesses, in-
cluding influenza and pneumonia. The dashboard harmonizes data
captured from multiple sources to inform situational awareness with
respect to COVID-related testing, cases, hospitalizations, emergency
department visits, intensive care utilization, mortality, recovery, co-
morbidity, demographics, and geography.

The dashboard is designed to visualize data relevant to the 3
components of PH surveillance: person, place, and time.?’ Persons
are identified based on ELR message feeds and International Classi-
fication of Diseases—based diagnostic codes from emergency depart-
ment and inpatient encounters. We employ probabilistic algorithms
to uniquely identify each person across data sources to ensure accu-
rate reporting of information because many persons receive multiple
laboratory tests for COVID-19 due to (1) uncertainty in test results,
(2) hospitals often test persons transferred from other hospitals and
nursing homes, and (3) employers testing persons multiple times to
determine eligibility to report for work. Place is based on the per-
son’s home address. All addresses in the INPC are geocoded.?®3!
Other data sources used by the dashboard report the person’s home
zip code and county of residence. Multiple dates are used to examine
time. Persons appear in the dashboard when they either (1) receive a
laboratory test for COVID-19 or influenza typically using the collec-
tion date for the test specimen or (2) receive a clinical diagnosis of
COVID-19 using the date of encounter.

The specific data elements and their corresponding PH surveil-
lance dimension are summarized in Table 1. The table also includes
the source of each data element.

Analysts from Regenstrief’s Data Services team query data from
the THIE once per day and transform them into an analytical dataset
for the dashboard. The daily process (24/7) of querying involves not

only data extraction, linkage, and deduplication functionality, but
also descriptive statistical calculations. The rate per 100 000 popula-
tion is calculated by dividing the number of individuals meeting nu-
merator criteria by the 2018 Census-based population of the
geographic area selected by the user then multiplied by 100 000.
Overall prevalence positivity is calculated by dividing the number of
total unique individuals testing positive by the total number of
unique individuals tested. Daily incidence positivity is calculated by
dividing the number of total unique individuals testing positive per
day by the total number of unique individuals tested per day. Both
measures are important to PH stakeholders. Prevalence estimates
the total disease burden on a population, whereas incidence meas-
ures the population of individuals newly infected. Incidence helps
PH agencies identify current trends in disease spread.

The initial version of the Regenstrief COVID-19 Dashboard was
developed primarily to guide PH decisions in the early weeks of the
pandemic. This “private” dashboard was accessible only to authen-
ticated users in state and local health departments in order to enable
data delivery at a level of granularity not appropriate for public con-
sumption due to potential privacy concerns. After a few weeks, we
developed a “public” version of the dashboard for broader use by
health system leaders and other stakeholder groups. Given the rap-
idly developing nature of the pandemic, our dashboard team estab-
lished a cadence of daily stand-up meetings to provide continuous
dialogue and decision making in concert with our partners. Repre-
sentatives from the IHIE and PH partners were on these calls. They
informed which data would be harmonized and displayed and they
provided input and feedback on designs conceived by the informat-
ics team.

Both dashboards were developed using Tableau Desktop and are
published each day using Tableau Server within the IU Information
Technology Services environment. The project was approved by the
institutional review board at Indiana University.

RESULTS

We launched the first version of the Regenstrief COVID-19 Dash-
board on March 23, 2020. The dashboard debuted with a series of
bar charts reporting individuals tested for COVID-19 or influenza
as depicted in Figure 1. Demographics for each person were dis-
played using stacked bar charts, and line graphs depicted cumulative
hospitalizations since the start of the outbreak. Users could filter
results by selecting a geographic area of interest (eg, county, zip
code) or use a radio button at the top to filter results to a specific di-
agnosis or laboratory test of interest. Users could also change the
time period of interest, allowing examination of data before or after
certain events, such as the governor’s stay-at-home order or the
Fourth of July. These filters require recalculation of the descriptive
statistics.

Enhancement of functionality and visualizations

Over the next 10 weeks, as cases and hospitalizations in Indiana
continued to grow, we enhanced the functionality and information
representations available in the dashboard. These enhancements
were triggered by daily conversations with our PH partners as well
as our internal experts, both groups desired new information or
views of information to examine the unfolding outbreak. We further
engaged business intelligence staff at the University Information
Technology Services to support enhancement of the visualizations.

New functions and visualizations included:



Journal of the American Medical Informatics Association, 2021, Vol. 00, No. 0

Table 1. Data elements and dimensions incorporated into the Regenstrief COVID-19 Dashboard to support population surveillance of

COVID-19-like ilinesses

Person Time Source
Laboratory # persons tested Date of specimen collection ELR
testing (surveillance)  # persons testing positive Date of specimen collection ELR
% positivity (# positive / # tested) Daily and 7-day moving average Calculation
Hospitalizations # persons hospitalized up to 21 d before or Date of admission ADT
after positive test
# persons discharged Date of discharge ADT
# individuals admitted to intensive care dur- Date of transfer to intensive care ADT
ing hospitalization
Length of stay (in days) as population mean Date of discharge minus date of ad-  Calculation
mission, mean value
Emergency # persons seen at an emergency department Date of emergency department ADT
department visits up to 21 d before or after positive test visit
Reason for emergency department visit, ei- Date of emergency department ADT
ther chief complaint or admission diagno- visit
sis
Comorbidities Diagnosis codes associated with hospitaliza- N/A ICD-10 codes in ORU and ADT
tions, emergency, and outpatient visits up
to 2 years before laboratory test
Mortality # individuals whose death is associated with Date of death Vital records provided by state
COVID-19 health department
% individuals hospitalized who died while N/A Calculation
in the hospital
Recovery # individuals who recovered from COVID- At least 21 days since positive ELR + ADT + vital records
19, which are those who either never COVID-19 test without hospi-
needed hospitalization or have been dis- talization OR discharged from
charged; excludes individuals who died hospital plus 7 days without
readmission
Demographics Age At the time of COVID-19 testing ADT or ELR
or hospitalization
Sex N/A ADT or ELR
Race N/A ADT or ELR
County of residence Last known address at the time of ADT or ELR

testing or hospitalization

ADT: HL7 admission, discharge, transfer; COVID-19: coronavirus disease 2019; ELR: electronic laboratory reporting; ICD-10: International Classification of

Diseases—Tenth Revision; N/A: not applicable; ORU: HL7 observation result unsolicited.

Positivity: Early on PH partners suggested that, given delays
between sample collection and test result availability, we
should use COVID-19 test positivity in addition to the count
of individuals reported as positive each day. Positivity normal-
izes reported infections as it divides the number of positive
tests by the total number of tests performed. As testing capac-
ity increases, positivity decreases when the same number of
new cases are detected. PH officials desired to monitor testing
capacity at state and county levels as well as in specific zip
codes.

Estimated Recovery Metric: We also developed a metric to moni-
tor the proportion of the population recovered from COVID-19.
Our metric uses a 21-day window following a positive lab result.
If an individual is not hospitalized, they likely have mild symp-
toms and is assumed to have recovered after 21 days. We also
add to this population COVID-19-positive individuals who were
hospitalized but have since been discharged for at least 1 week.
We then subtract out from this metric the number of deaths
among COVID-19 positive individuals.

Length of Stay: Using discharge dates as well as the difference in
days between date of admission and today’s date (for patients
still hospitalized), we calculate hospitalization length of stay.

These metrics help PH officials and epidemiology modelers mon-
itor and forecast impact of the disease on the health system given
concerns about overcrowding.

¢ Population Pyramids: Originally, the dashboard featured stacked
bar charts to track the distribution of COVID-19 among various
populations based on age, race, and gender. These visualizations
were helpful, but they became difficult to interpret as time pro-
gressed (especially after 2 weeks elapsed since we displayed daily
bar counts). We shifted these visualizations to population pyra-
mid charts to better represent the proportions of tested and hos-
pitalized individuals by sex and race.

The evolving dashboard supported daily PH decision making,
enabling measurement of key indicators like positivity and recovery.
Enhanced information visualizations significantly changed the user
experience, enabling novice users to more quickly interpret trends
and proportions. An enhanced version of the private dashboard is
depicted in Figure 2. Although not all of the enhancements are visi-
ble in the figure, the radio buttons that allow for filtering are
depicted along with headline numbers that provide users with a
snapshot of the cumulative impact of COVID-19 on the state popu-
lation.
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Figure 1. Screenshot of the original Regenstrief COVID-19 Dashboard. This version debuted with simple bar charts to allow users to see daily counts of new
COVID-19 cases and hospitalizations along with the demographics of infected individuals.

Making the dashboard publicly accessible
In addition to enhancing the dashboard’s functionality and visual-
izations, which are accessible behind the university’s firewall to au-
thorized users, including Regenstrief personnel and faculty as well
as state and county PH staff, we also created a public version
depicted in Figure 3. In consultation with state PH officials, we iden-
tified information on the dashboard that would be useful to the pub-
lic as well as health system leaders who could not access the private
tool. Furthermore, the dashboard’s measurement of hospitalizations
was selected as a key metric for the governor’s “Back on Track”
plan®? for reopening the state following an executive stay-at-home
order in March 23, 2020. Regenstrief’s public dashboard, therefore,
would complement the state’s official website by augmenting avail-
able COVID-19 data with information on hospitalizations, comor-
bidities, and recovery.

To make the information public, we constrained the functional-
ity to maintain confidentiality as follows. First, we implemented a
rule to hide metrics when a cohort size was less than 5 people. While
counts for lab tests and healthcare utilization as well as death can be
reported when smaller than 5, information regarding demographics
and medical history (eg, comorbidities) is censored. Second, we only
include information publicly on individuals who test positive for
COVID-19, as it is a reportable condition (eg, influenza in the
tracker can only be viewed by PH business associates). Finally, we
do not allow users of the public dashboard to filter the results using
the radio buttons. While these measures limit functionality, they
maximize privacy.

Using the dashboard to identify local COVID-19 out-
breaks

The dashboard identified several local outbreaks, including the one
in a meat packing plant located in Cass County (Figure 4). In early
April 2020, individuals working at the Tyson Fresh Meats plant in
Logansport, Indiana, began calling in sick.*> By mid-April, the num-

ber of people testing positive in the community around the plant
rose dramatically (Figure 4A). The orange line represents daily
COVID-19 tests performed, and the red line represents the number
of daily positive cases. Positivity for COVID-19 tests rose in parallel
(Figure 4B), indicating an outbreak. By April, around 1 in 4 tests
came back positive for county residents, many of whom worked at
the plant. The plant temporarily closed on April 20, 2020, for clean-
ing and sanitizing.>* Health officials also began testing all employ-
ees. On April 25, 2020, the plant closed for 2 full weeks due to
growing numbers of employees testing positive.>> While the health
department would not disclose the number of employees who tested
positive, county-wide data from the dashboard reveals 1558 (38%
of those tested) individuals were positive for COVID-19 between
early April and mid-May (Figure 4B). This equates to a rate of 3998
per 100 000 population, which is 1.5 times the rate for New York
City and 8 times the national rate per 100 000 for COVID-19 infec-
tions. Hospitalizations were not immediate, but the epidemiologic
data in Figure 4C show a rise following the plant closure until end
of May 2020. The hospitalized population (Figure 4D) skews older,
whereas the infected population (Figure 4A) skews younger, illus-
trating community-level impact of COVID-19. A total of 248
(15.9%) individuals were hospitalized and 28 (1.8%) died.

Monitoring localized COVID-19 trends

To support stakeholders (eg, health systems, community-based
organizations) with identifying changing trends in their local area,
we created a second page for the public dashboard to display recent
patterns in COVID-19 metrics. This page identifies counties or de-
mographic groups (eg, individuals 30-39 years of age) for which
rates may be increasing or decreasing. This component of the dash-
board, depicted in Figure 5 and released June 11, 2020, uses a stop-
light color scheme to communicate the directionality of a given
indicator. Red indicates an increasing trend in the most recent time
period, and green indicates a decreasing trend during the most recent
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Figure 2. Screenshot of the enhanced Regenstrief COVID-19 Dashboard. This version features enhanced functionality for users to filter the contents of the dash-
board. It further debuted headline numbers that provide a snapshot of the cumulative impact of COVID-19 in the state as well as enhanced visualization of hospi-

talization data.

time period. Arrows are also used in the charts at the bottom of the
page (not included in the figure) to help communicate direction, es-
pecially for those who may be colorblind.

Trends are calculated using a 3-element vector composed of the
differences (represented as increase, decrease, or no change) between
4 consecutive 7-day averages. The trends identify regions or groups
that may be experiencing changes in key COVID-19 metrics. Bar
charts to the right of each map below show daily counts for each
metric. If a notable increase in daily counts is observed in the most
recent 3 days, a red dot is displayed. A “notable increase” is defined
as any individual count in the most recent 3 days that exceeds the
average of the preceding 7 days.

Dashboard usage

To measure usage, we queried data from the IU Tableau Server for
the 8-week period of June 21 to August 22, 2020. This period oc-
curred several weeks after most major updates to the public dash-

board were completed and during a time when the dashboards were
regularly cited in broadcast media stories and social media posts.
Combined there were 156 008 pageviews, of which 133 637
(74.2%) were unique. These pageviews occurred among 74 317
users, of which 67 821 (91.2%) were new users. Just over half
(50.5%) of users accessed the public dashboard via a mobile device.

Although users came from 9 distinct countries, nearly all
(96.6%) were from the United States. Of the 71 990 users located in
the United States, most (70.8%) accessed the site from Indiana. Yet
individuals in neighboring states of Illinois (7.9%), Kentucky
(2.3%), Michigan (1.7%), and Ohio (1.4%) were also users. These
users likely work in Indiana or live near the Indiana border.

DISCUSSION

The private and public versions of the Regenstrief COVID-19
Dashboard are applications of informatics methods designed to
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Figure 3. Screenshot of the public Regenstrief COVID-19 Dashboard. This public version illustrates enhanced visualizations added to the laboratory testing (sur-
veillance) section of the tracker for demographics as well as calculation of test positivity.

support PH surveillance and response to the COVID-19 pandemic.
Visualization of data, a shared area of research in data science and
informatics disciplines, has long been an important aspect of PH
surveillance.®® Unlike past visualizations in the form of static
reports published on a PH website, the dashboard represents a
modern example of PH surveillance applications that offer interac-
tion with dynamic visualized data, such as drilling down into
county-level data or selecting a subpopulation. Interaction allows
epidemiologists to explore trends and patterns of data more easily
than traditional, more time-consuming approaches in which data
are manipulated in spreadsheets. In a pandemic, this functionality
enhances the ability to find patterns early, which can initiate PH
investigation as well as response. Outbreaks of COVID-19 have
not happened uniformly across the United States. Instead, out-
breaks are highly localized events that require sophisticated appli-
cations for analysis of local data in near real time. The private
dashboard helped PH officials identify trends and initiate response
(eg, targeted testing in the community, shutting down impacted
businesses) in Cass County, and it continues to help local and state
health officers identify new clusters as well as shifting demo-
graphics among those impacted by COVID-19.

Neither dashboard would be possible without deep biomedical
informatics expertise at Regenstrief, cross-sector partnerships, and
the statewide HIE. The Faculty and Regenstrief Data Services team,
already familiar with PH business processes, quickly pivoted their
work to develop visualization applications to meet pandemic data

needs. Together with PH leaders who regularly collaborate with
Regenstrief faculty and staff, our response team defined then built
the indicators necessary to track the spread of COVID-19. The oper-
ational HIE platforms in Indiana provided a solid foundation upon
which the applications were quickly developed and deployed. Our
close, unique relationship with the IHIE enabled Regenstrief to not
only access the necessary data, but also expand available interfaces
and connections to acquire new data streams. Staff at the IHIE fur-
ther contributed ideas for analyzing and visualizing information,
and they supported our efforts to secure, link, and present health in-
formation to PH authorities and the public. The role of our
community-based HIE cannot be understated. Exchanges like the
IHIE exist around the United States and globally, yet it is rare for
HIE networks to support PH activities.!

Rapid harmonization of data was possible given the broad adop-
tion of standards and support for interoperability available in Indi-
ana. Regenstrief is the home of LOINC, and the IHIE works closely
with its members to adopt and use data standards. Adoption of
standards remains a challenge for many HIE networks, and it
remains a work in progress for Indiana. Prior work documented lim-
ited adoption of data standards by Indiana health systems.>” Since
then, the IHIE and Regenstrief worked to increase use of
SNOMED CT and LOINC along with updated HL7 standards, in-
cluding the C-CDA (Consolidated Clinical Document Architec-
ture)®® and FHIR (Fast Health Interoperable Resources).>’ When
data are available in a clinical data network like INPC in a stan-
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Figure 4. A series of 3 panels representing how the Regenstrief COVID-19 Dashboard was used to examine a localized coronavirus disease 2019 (COVID-19) out-
break in Cass County, Indiana. (A) The component of the dashboard that monitors COVID-19 laboratory tests and their results. (B) A rollover chart that displays
weekly testing figures, including the number of individuals tested, the number of individuals testing positive, and the calculated test positivity. (C) The component
of the dashboard that visualizes hospitalization data for individuals with COVID-19. Admissions and discharges are included in the graph as well as critical care

utilization.

dardized format, retrieval becomes efficient and scalable. Effi-
ciency is crucial during a pandemic when PH agencies desire rapid
information exchange.

Where HIE infrastructures do not exist, states and nations
should invest in HIE to support PH preparedness for pandemics
while recognizing they further play a critical role in “peacetime” PH
functions like chronic disease surveillance and immunization regis-
tries.*>*! Indiana took full advantage of prior funding opportunities
from the federal government, including demonstration grants from
the Agency for Healthcare Research and Quality and CDC as well
as HITECH (Health Information Technology for Economic and
Clinical Health Act) funding from the Office of the National Coor-
dinator for Health Information Technology to develop its statewide
infrastructure. The THIE further created a business strategy (eg, sus-
tainability model) to maintain and enhance the infrastructure over
time through various HIE services. This includes a variety of HIE
services that meet PH information needs, including notifiable disease
reporting*? and syndromic surveillance.** In Indiana, PH as well as
research are primary functions of HIE, not simply “secondary uses”
that risk being deprioritized when budgets need to be cut. Following
the pandemic, the United States and other nations should invest in
developing robust HIE infrastructures to support clinical, PH, and
research capabilities to prepare for emerging infections disease out-
breaks while addressing every day population health needs in their
community. This sentiment is echoed in a recent manuscript written
by authors from 15 academic medical centers, including ours,*' and
it is embedded in the Public Health 3.0 framework described by

DeSalvo et al.**

Beyond increased investment in HIE infrastructure focused on
PH, states need to work with regional HIE networks to ensure they
are sustainable and create value for providers, patients, and commu-
nities. As national and state-level architectures are developed, HIE
networks need to play key roles in population health activities. For
example, Medicaid programs desire to address social determinants
and upstream issues which require connecting social service agencies
with clinical providers. HIE networks can and should offer services
that create value for Medicaid programs and populations, including
better care coordination following discharge*’ and improved access
to wraparound services.*® Over time, the IHIE developed new serv-
ices on top of its robust infrastructure that create value for state
agencies, providers, and patients, which sustains the core infrastruc-
ture while expanding to meet evolving community needs. Enabling
this was a governance structure that includes representation (eg, on
the IHIE Board of Directors) by PH and research leaders, alongside
representative leaders from regional healthcare systems. As the Indi-
ana experience also demonstrates, regional public and population
health needs are unlikely to be fully addressed by EHR-based HIE
services (eg, Commonwell, Carequality), which focus on retrieval of
information for a single patient. By developing services that are mul-
tipurpose and responsive to local and state PH needs, regional HIE
networks can add value to population health initiatives that mean-
ingfully transform care delivery and outcomes.

An important limitation of any informatics application is the un-
derlying data. Data quality challenges are widespread, and our
efforts are no exception. In particular, we note that the full power of
these tools cannot be realized given limited data on race and ethnic-
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Figure 5. Trends section of the Regenstrief COVID-19 Dashboard. The figure depicts statewide trends in COVID-19 (coronavirus disease 2019) test results as well

as geographical variation at the county level.

ity. A sizable proportion of individuals tested for COVID-19 are
missing race and ethnicity data, and EHR data were not available to
backfill missing data in ELR messages. As noted in prior work,*”:**
health systems should improve their capture of race and ethnicity in-
formation. Improvements could include asking patients to self-
report race and ethnicity directly into EHR or HIE systems using
patient-facing tools.

CONCLUSION

Rapid development and deployment of PH informatics applications
such as analytical dashboards during a pandemic requires a robust,
interoperable health information infrastructure as well as strong
cross-sector partnerships. Also critical is the ability to quickly engi-
neer complex operational and infrastructural data processes to sup-
port mission critical PH data operations. These elements existed in
Indiana, allowing the Regenstrief Institute, Indiana HIE, and PH
agencies to quickly implement advanced visualization applications
to monitor the spread and impact of COVID-19. Investment in in-
frastructure as well as rethinking the primary uses of HIE will be re-
quired to replicate Indiana’s response for the next pandemic in other
states and nations.
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