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ABSTRACT

Data and information technology are key to every aspect of our response to the current coronavirus disease

2019 (COVID-19) pandemic—including the diagnosis of patients and delivery of care, the development of predic-

tive models of disease spread, and the management of personnel and equipment. The increasing engagement

of informaticians at the forefront of these efforts has been a fundamental shift, from an academic to an opera-

tional role. However, the past history of informatics as a scientific domain and an area of applied practice pro-

vides little guidance or prologue for the incredible challenges that we are now tasked with performing. Building

on our recent experiences, we present 4 critical lessons learned that have helped shape our scalable, data-

driven response to COVID-19. We describe each of these lessons within the context of specific solutions and

strategies we applied in addressing the challenges that we faced.
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INTRODUCTION

Data and information technology has been key to every aspect of our

response to the current coronavirus disease 2019 (COVID-19) pan-

demic—spanning a spectrum of informing care delivery,1,2 manage-

ment of personnel and supplies,3 and interaction and communication

within and across organizations. Central to these rapid changes has

been the increasing engagement of informaticians on the “front lines”

of such efforts, a fundamental shift in focus for many from an academic

to an operational role. These individuals have become key contributors

to a collaborative enterprise involving health system executives, policy-

makers, public health experts, care providers, and clinical researchers.

This reconceptualization of the informaticians’ role is a function of

their unique training: with an emphasis on the development and appli-

cation of methods and tools for translating data into information, and

ultimately actionable knowledge, that can inform and improve the

practice of medicine and the management of population health.

In contrast to previous pandemics such as severe acute respiratory

syndrome (SARS) and Ebola, in which informaticians had a less promi-

nent role in healthcare operations or care delivery,4 the widespread

adoption and use of electronic health records (EHRs) has afforded in-

credible opportunities for developing real-time, data-driven insights

that can help in responding to the challenges presented by COVID-19.

However, this rapid shift from theory and tool development to applica-

tions and operations represents new and uncharted territory for many

informaticians. Currently, no roadmap exists for coordinating the de-

velopment or delivery of informatics solutions in different communities

of practice within the necessarily short timelines. This represents a criti-

cal gap in knowledge and resources that must be filled as we respond at

an unprecedented pace to understand the progression of the pandemic

and simultaneously devise data-driven strategies for mitigating its long-

term effects from a clinical and a population health standpoint. More

importantly, the past history of informatics as a scientific domain and
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an area of applied practice provides little guidance or prologue for the

incredible challenges that we are currently facing.

Building on our recent experiences at Washington University in

St. Louis and BJC HealthCare, we have endeavored to apply infor-

matics at the operational, point-of-care, research, and population

levels, in order to address the aforementioned challenges facing our

healthcare delivery system. In this perspective, we present 4 critical

lessons learned from our experience that we believe have helped

shape a scalable, data-driven response to COVID-19 and that simul-

taneously may inform new definitions for the role of informatics

practice in such an environment for the foreseeable future.

LESSON 1: WORK TOGETHER, MITIGATE
BARRIERS, FILL DATA MANAGEMENT GAPS

This current state of affairs highlights the critical and inexorable re-

lationship between key stakeholders who need to work together

while leveraging shared and often fragmented data assets. Central to

the ability of these individuals to respond to this crisis is the ability

to share ideas, workloads, and leadership at a pace that is not typi-

cally experienced in normal operations. Issues we have encountered

in this regard include barriers to data access, fragmented data sour-

ces, and lack of interoperability of data and systems, affecting our

ability to capture the progression of the pandemic to inform timely

and critical decisions. These challenges of coordination have been

exasperated by “work from home” restrictions.

In particular, in academic medical centers, informatics practice

and research are often aligned in parallel functional silos with rela-

tively independent goals. Realigning these efforts across such groups

and potential barriers requires both informational and relational co-

ordination (ie, coordinating data, tools, technologies, and people).5

Achieving such coordination can include the selection of “gap

filling” technologies (eg, common platforms for messaging, light-

weight data management systems, or integrated electronic data cap-

ture tools) in the near term, as well as development of plans to build

more shared information technology infrastructures that span tradi-

tionally separated mission areas in the longer term. It is important

that the lessons learned, and solutions selected, during crisis opera-

tions inform longer-term data infrastructure planning and should

not be considered as ad hoc or otherwise temporary tools or capabil-

ities to be discarded in the future.

Toward this end, we have created a cross-institutional data analyt-

ics leadership team, spanning our operational analytics, EHR delivery,

and academic informatics units, that (1) coordinates access to data and

data products and, further, (2) acts as a gatekeeper for clinical and re-

search data requests to ensure economies of scale, while (3) providing

guidance for epidemiologic modeling efforts. Further, this combined

unit is acting as a source of data analytic “intelligence” for the COVID-

19 “incident command centers” at both our academic hospital and

broader system-wide levels, thus ensuring consistency of data and ana-

lytics capabilities being provided to all key decision makers (see Fig-

ure 1). This approach is collectively serving to drive applied informatics

and data analytics across our 2 organizations while leveraging all rele-

vant resources and personnel in a structured manner.

LESSON 2: DEVELOP LOCALLY, SHARE
REGIONALLY AND NATIONALLY

Given the scale of the current pandemic, the needs of healthcare sys-

tems across the country are very similar: understand disease incidence

and progression in the community, quantify resource capabilities, pre-

dict a proximal future state (in days and weeks), and develop adaptive

strategies to respond to the changing demands. With the primary source

of data for many of these efforts being derived from the institution’s

EHR, it is critical to build, optimize, and share ensuing tools across

institutions. In addition, it is important to create persistent data models

that can reduce the duplication of efforts. This requires the develop-

ment of reliable and reproducible data queries, analytics, and dash-

boards that can be broadly shared across health systems using similar

EHRs or equivalently interoperable platforms. Further, ensuring that

these capabilities are reliable and reproducible can and should rely on

close and regular interaction between informatics professionals and the

healthcare information technology “operators” responsible for the de-

livery of the EHR, all working as a seamless team.

At an even more granular level, we have learned that building

and delivering such persistent data models and analytical products

requires critical thinking regarding the elements that are most rele-

vant for the needs of the intended audience(s). During a pandemic, it

is vital that local, regional, and national partners that share common

analytical needs receive the necessary information in an integrated

manner. We have found that an efficient approach is to identify a fi-

nite list of variables that fall in the need to have, not nice to have cat-

egory to share with collaborators (Table 1). This can be achieved

through the generation of a minimum viable dataset and expanding

it with the changing organizational needs in an iterative manner (eg,

starting with a small and concise set of data, rather than letting

“perfection be the enemy of the good”). Further, if those same data

elements—and potentially their associated data queries—can be

shared across healthcare systems and stakeholder entities, local anal-

yses can be replicated on a more comprehensive regional or national

level, informing action at a larger scale.

Importantly, and extending beyond local impact, such coordinated

efforts can help to harness and harmonize data collected across health-

care systems with persistent and shareable data models, leading to consis-

tent messaging and policy decisions, as well as the ability to share critical

data-driven insights across traditional organizational boundaries, thus

meeting population health needs. Data harmonization efforts serve to co-

ordinate institutions to, for example, adequately estimate the trajectory

of the current pandemic and track how it can affect both care manage-

ment and capacity management across healthcare systems. Finally, creat-

ing shared resources can also enable smaller health centers to track and

share their progress and benefit from the activities of larger and more

well-resourced organizations, with an ensuing benefit at the population

level. Finally, EHR vendor organizations can also play a key role in the

wide dissemination successful data models, dashboards, or analytics.

To create such a common ground, both locally and regionally, our fo-

cus has been on creating initial minimum viable products (data, analytics,

dashboards, epidemiologic modeling) that formed the basis for discus-

sions with local and regional partners. These minimum viable products

were then used as the foundation for developing larger data sharing

agreements across institutions in the region, state, and country. This itera-

tive approach benefited from a structured approach toward meeting the

informatics needs of multiple local and regional stakeholders.

LESSON 3: ADAPT, NOT BUILD ANEW, AND
DELIVER KNOWLEDGE AT THE RIGHT TIME,
PLACE, AND FORMAT

In order to address the rapidly changing analytic needs for capacity

planning and epidemic modeling, it is important to rely on data
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infrastructures that are currently available, not those we wish we

had or what we may be able to build in the future. This is because

the time scales for response during a pandemic are in the order of

hours and days, not weeks or months. Further, we must consider

how data-driven insights will be delivered “at scale,” which in the

light of limited technical resources during an ongoing pandemic,

must utilize existing technology infrastructure. For example, ana-

lytic or visualization efforts should rely on existing, open-source

platforms that are flexible and allow for wide-scale use across plat-

forms and devices.6 These flexible platforms also will allow for

rapid integration of new data (eg, from a health information ex-

change or a state-wide hospital association) and help in delivering

multiscaled visualizations with limited customization.

End users find data presented as time trends or as geospatial

analyses helpful for informing care delivery and for anticipating

patient surges. Our efforts have been focused on the use of open

source platforms such as D36 to provide actionable information

for internal and local public health authorities. We have developed

multiple visualizations to identify “hot spots” of infections relying

on zip code–level maps and more granular street-level data (with

appropriate security to protect privacy). Such visualizations will be

augmented in the future to identify communities that are at risk for

increased infection and those that would benefit from intensive

contact tracing or public health messaging around social distancing

(see Figure 2).

LESSON 4: SUPPORTING AN EVOLVING
RESEARCH ENTERPRISE

In a recently published editorial, McDermott and Newman7

highlighted the importance of developing alternative approaches to

continuing research, especially randomized controlled clinical trials,

during the current pandemic. Their suggestions focused on utilizing

remote modes for continuing data collection for trials, which in-

cluded telehealth or video visits for patient follow-up, electronic

consent, mobile health applications for patient monitoring, and the

use of electronic tools for remote collection of data.7,8 Such recom-

mendations are consistent with the fact that while operational needs

must be addressed first and foremost during a pandemic, we cannot

abandon the role of research in driving our response to COVID-19.

In this context, it is also important to guard against duplicative data

collection efforts for clinical care and research projects so as not to

increase the clinical workload during a pandemic.

Critical research questions can and should be answered, includ-

ing the diagnosis of patients with greater sensitivity and specificity

with respect to specific symptomatic presentations, the modeling of

individual and population trajectories, and the evaluation of novel

therapeutics through both traditional and pragmatic clinical trials.

In all of these cases, and in many others with equal importance, the

key question is how we pursue such research in a timely manner

while facing the realities of both resource constraints and safety

Figure 1. Structure of the integrated team for cross-institutional management of resources and analytics. COVID-19: coronavirus disease 2019; EHR: electronic

health record.

Table 1. Data elements that were initially considered in a minimum viable dataset for research and operational purposes

ID

Demographics

Influenza-like-illness

symptoms

Respiratory

tests Care trajectory (with dates) Clinical characteristics

Patient ID,

facility ID

Age, race, gender,

zip code

Fever, cough,

sore throat

RPP/RVP Flu RSV

by PCR, rapid influenza test,

COVID-19 RNA test

ED, hospital, ICU, death

(if relevant)

Need for ventilation,

intubation, clinical

comorbidities

COVID-19: coronavirus disease 2019; ED: emergency department; ICU: intensive care unit; PCR: polymerase chain reaction; RPP: respiratory pathogen pro-

file; RSV: respiratory syncytial virus.
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issues when seeking to interact with COVID-19 patients in order to

conduct such studies.

Within the applied clinical informatics realm opportunities exist

for leveraging extensions to current EHR platforms for more effi-

cient engagement with participants who are already enrolled in tri-

als. For example, the use of PROMIS (Patient-Reported Outcomes

Management Information Systems) applications9 as a standardized

mechanism to capture physical, behavioral, and mental health out-

comes affords both clinical and research benefits; its EHR integra-

tion allows for longitudinal tracking with features for automated

administering, scoring, reviewing, and diagnostic interpretation.10

Similarly, we have independently used electronic data capture tools

such as REDCap (Research Electronic Data Capture) for research

data capture and also to import data from the EHR to streamline

data collection, leading to considerable time savings (eg, using RED-

Cap Fast Health Interoperability Resources).11 Finally, we have de-

veloped centralized data marts with comprehensive patient data on

COVID-19 from testing to admission and discharge (where relevant)

with longitudinal clinical information such as procedures and

medications. This data mart has been designed to be extensible with

potential connections to biospecimen banks and sequencing infor-

mation, as they become available.

CONCLUSION

The COVID-19 pandemic elucidates the essence of a true informat-

ics problem, one that is first and foremost concerned with translat-

ing data into actionable knowledge, in this case at a speed that we

have not previously needed. The stress on the system is unprece-

dented, and we must act using data-driven solutions. Informaticians

can serve to link healthcare, research, and public health stakeholders

and enable systems-level responses to the current crisis. As we have

noted, achieving this potential impact is not easy, given that issues

such as barriers to access to data and data integration, lack of inter-

operability of communication channels and file sharing tools, and

an inability to capture the “big picture” of the pandemic given a lim-

ited, often “local,” slice of data are pervasive. While we have not yet

emerged from the current and high-intensity phase of this pandemic,

we have sought to share key lessons learned at Washington Univer-

sity in St. Louis and BJC HealthCare, which seek to address and

overcome the barriers in both the near and longer term. Our hope in

doing so is to advance the state of informatics knowledge and prac-

tice as our community seeks to contribute to addressing this unprec-

edented public health crisis.
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