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Abstract

Introduction: We describe a protocol for FIRE CORAL, an observational cohort study that examines the recovery
from COVID-19 disease following acute hospitalization with an emphasis on functional, imaging, and respiratory
evaluation.

Methods and analysis: FIRE CORAL is a multicenter prospective cohort study of participants recovering from COVID-
19 disease with in-person follow-up for functional and pulmonary phenotyping conducted by the National Heart,
Lung and Blood Institute (NHLBI) Prevention and Early Treatment of Acute Lung Injury (PETAL) Network. FIRE CORAL
will include a subset of participants enrolled in Biology and Longitudinal Epidemiology of PETAL COVID-19 Observa-
tional Study (BLUE CORAL), an NHLBI-funded prospective cohort study describing the clinical characteristics, treat-
ments, biology, and outcomes of hospitalized patients with COVID-19 across the PETAL Network. FIRE CORAL consists
of a battery of in-person assessments objectively measuring pulmonary function, abnormalities on lung imaging,
physical functional status, and biospecimen analyses. Participants will attend and perform initial in-person testing at
3 to 9 months after hospitalization. The primary objective of the study is to determine the feasibility of longitudinal
assessments investigating multiple domains of recovery from COVID-19. Secondarily, we will perform descriptive
statistics, including the prevalence and characterization of abnormalities on pulmonary function, chest imaging, and
functional status. We will also identify potential clinical and biologic factors that predict recovery or the occurrence of
persistent impairment of pulmonary function, chest imaging, and functional status.

Ethics and dissemination: FIRE CORAL is approved via the Vanderbilt University central institutional review board
(IRB) and via reliance agreement with the site IRBs. Results will be disseminated via the writing group for the protocol
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Strengths and limitations of the study:
Strengths:

COVID-19 infection

sequela

Limitations:

Keywords: COVID19, ARDS, Epidemiology

committee and reviewed by the PETAL Network publications committee prior to publication. Data obtained via the
study will subsequently be made publicly available via NHLBI's biorepository.

«+ First US-based multicenter cohort of pulmonary and functional outcomes in patients previously hospitalized for

« Longitudinal biospecimen measurement allowing for biologic phenotyping of abnormalities
+ Geographically diverse cohort allowing for a more generalizable understanding of post-COVID pulmonary

+ Selected cohort given proximity to a participating center
+ Small cohort which may be underpowered to identify small changes in pulmonary function

Introduction

The long-term consequences of the novel coronavirus
SARS-CoV-2 (COVID19) pandemic are yet to be fully
realized. Heterogeneous manifestations of disease and
syndromes following SARS-CoV-2 infection are common,
increasingly recognized, and may be defined in the broad-
est sense as a failure to return to baseline level of health
[1]. Driven in part by unprecedented patient-led advocacy
and unprecedented numbers of patients [1-4], there has
been increased attention to understanding and treating
long-term sequelae of COVID-19, referred to variously
as post-acute sequelae of COVID-19 (PASC), post-acute
COVID, Long COVID, or long-haul COVID [5]. For
example, the National Institutes of Health launched an
initiative to advance understanding of PASC in December
2020. The current limited understanding of the diverse
long-term sequelae of COVID-19 is a fundamental barrier
to improve recovery for patients with PASC.

While the number of investigations focused on patient-
reported outcomes is growing, relatively few have
reported the results of objective assessments after hos-
pital discharge for patients surviving severe COVID-19
disease [3, 4, 6-8]. Further, most cohorts to date enroll
patients with ongoing symptoms rather than the full
spectrum of recovery including asymptomatic patients.
Despite the high prevalence of COVID-19 infection in
the USA, there are limited reports of pulmonary func-
tion test (PFT) or computerized tomography (CT) imag-
ing results following hospitalization for COVID-19 with
few analyses investigating the relationship between
lung function or chest imaging abnormalities and per-
sistent respiratory symptoms. Few US-based cohorts

[9] describe integrative functional assessments, such as
6-min walk tests, or longitudinal changes in biomarkers
of recovery after hospital discharge.

To address this urgent need for studies that advance
understanding of the clinical spectrum of PASC, we
describe a protocol for a prospective observational
study, the Functional, Imaging, and Respiratory Evalua-
tion (FIRE) of hospitalized patients following COVID-19
(FIRE CORAL), to (1) examine the feasibility of longi-
tudinal assessments investigating multiple domains of
recovery in parallel and (2) elucidate the recovery from
COVID-19 disease following acute hospitalization with
an emphasis on functional, imaging, and respiratory eval-
uation. The study procedures and assessments chosen by
our investigative team for this protocol measure impair-
ments and syndromes commonly described by patients
during routine clinical care following COVID-19.

Methods and analysis

Study design

FIRE CORAL is a multicenter prospective cohort study of
participants recovering from COVID-19 disease with in-
person follow-up for functional and pulmonary pheno-
typing (Table 1). The cohort is comprised of participants
who were enrolled and completed study requirements for
the National Heart, Lung and Blood Institute (NHLBI)
funded BLUE CORAL study (see details below).

Sites from the NHLBI Prevention and Early Treat-
ment of Acute Lung Injury (PETAL) Network that are
participating in the BLUE CORAL study and have the
capabilities of performing study procedures are eligible
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Table 1 Study procedures for BLUE CORAL, BLUE LTO, and FIRE CORAL
Time Points
BLUE CORAL & LTO
Hospital Admission | Hospital Discharge 1-month 3-months 6-months

BLUE CORAL enrollment & consent

Biospecimen collection
BLUE LTO
BLUE LTO phone surveys

Time Points

FIRE CORAL
1-9 months

Visit 1
3-9 months

Visit 2 or 3t
12 months

Visit 2°
6-9 months

FIRE CORAL enrollment & consent

Biospecimen collection

Chest CT scan

Spirometry & Lung volumes

DLCO

6-minute walk test

Short Physical Performance Battery

Respiratory Symptom Assessment

Definitions:

« BLUE CORAL—1390 patient prospective study beginning during acute SARS-CoV2 infection hospitalization

« BLUE LTO—800 patient subset of BLUE CORAL participating in post-hospital telephone follow-up via long-term outcomes team
« FIRE CORAL—80 patient subset of BLUE CORAL LTO, returning for in person assessments

2The visit occurring 6-9 months after hospital discharge is optional and only performed if patient completes first FIRE CORAL visit between 3 and 6 months after

hospital discharge

bThe visit occurring 12 months after hospital discharge is performed after the previous and at least>2 months later (window from 11 to 15 months)

to participate in the FIRE CORAL study on a volunteer
basis. Briefly, PETAL is a research network of 12 Clinical
Centers and 1 Clinical Coordinating Center funded by
the NHLBI that was initially developed to test preven-
tion and early treatment strategies for patients with or
at risk for acute respiratory distress syndrome (ARDS)
and during the pandemic expanded to include COVID19
studies including this observational study. Additional
information on PETAL network including purpose,
coordination, leadership, study oversight, and gen-
eral study procedures been previously described online
(https://petalnet.org/ and https://petalnet.org/studies/
public/firecoral).

Blue coral

BLUE CORAL was a prospective cohort study of up to
1390 hospitalized participants with COVID-19 disease;
follow-up of participants is ongoing. The primary aim
of BLUE CORAL was to describe the clinical character-
istics, treatments, biology, and outcomes of participants
hospitalized with COVID-19 infection. Secondarily,
BLUE CORAL aimed to identify clinical and biologic risk
factors for adverse COVID-19 outcomes and persistent
symptoms. These predictors will be used to understand
trajectories of recovery and a de-identified repository
of biospecimens and clinical data will be established
for rapid sharing. Adults (age>18 years) requiring

hospitalization with symptomatic COVID-19 disease
were eligible for BLUE CORAL enrollment within 72 h
of study hospital admission. Prisoners and patients on
hospice/comfort-focused care were excluded. Data on
demographics, baseline function, clinical parameters,
management, and clinical outcomes as well as biologic
specimens were collected during the hospitalization. In
addition, participants and/or proxies participate in tel-
ephone post-hospital follow-up assessments coordinated
between two central call centers at University of Michi-
gan and Oregon Health and Science University at 1, 3, 6,
and 12 months after hospital discharge (Table 1). These
telephone surveys include assessment of quality of life,
ability to participate in activity of daily living including
new impairments or disabilities, ongoing symptomology,
e.g., dyspnea and fatigue, emotional health symptoms,
cognitive function, financial strain/return to employ-
ment, and need for rehospitalization.

FIRE CORAL study aim
The objectives of the FIRE CORAL study are:

1) Primary: To examine the feasibility of conducting
rigorous in-person follow-up testing of participants
discharged from the hospital following COVID-19 ill-
ness to assist with planning for a larger study to evalu-
ate variables associated with differential recovery
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2) Secondary: To describe the pulmonary, imaging,
and functional recovery following COVID-19 hos-
pitalization in a diverse population of patients. FIRE
CORAL extends the BLUE CORAL study follow-up
to include in-person study visits for pulmonary phe-
notyping and functional assessment

Study setting

Ten PETAL Network hospitals geographically spread
out across the US are set to participate in FIRE CORAL
(Fig. 1). FIRE CORAL will enroll 80 participants from
among the cohort of BLUE CORAL participants who
survive their hospitalization and are participating in the
BLUE CORAL long-term outcomes cohort.

Inclusion criteria

We will enroll adult participants with a recent COVID-19
hospitalization who were enrolled in the BLUE CORAL
study and completed the 1- or 3-month post-hospital tel-
ephone long-term outcomes assessment (Fig. 2A). Partic-
ipants are eligible for FIRE CORAL if they speak English
or Spanish as their primary language and are cleared
to attend in-person testing per each local site’s spe-
cific COVID-19 infection control criteria. Participants
with pre-existing severe disability defined by reduced
ADLs and/or cognitive impairment were excluded from
post-hospital follow-up and thus not included in FIRE
CORAL.
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Exclusion criteria

We will exclude participants unable or unwilling to return
to the clinical site for testing, participants unable to fol-
low instructions as reported by caregiver, surrogate or
investigator, and participants that self-report pregnancy
at time of screening or follow-up visit given the radiation
risks associated with CT scans in this population.

Screening, recruitment, and informed consent

The BLUE CORAL long-term outcome coordinating
center will notify FIRE CORAL sites of participants com-
pleting the 1- or 3-month telephone assessment for BLUE
CORAL who are potentially eligible for participation in
FIRE CORAL. Use of a centralized screening center with
an empaneled cohort that is already engaged in tele-
phonic follow-up is a unique feature of the FIRE-CORAL
cohort (Fig. 2B). This approach aims to improve the like-
lihood of cohort retention in longer-term post-hospital/
ICU follow-up. Once an eligible participant is identified,
the participating FIRE-CORAL sites will connect with
the eligible participant using a phone script to introduce
the study and determine eligibility for inclusion. Those
who express interest in participation will be scheduled for
an in person visit for study procedures. Informed consent
will be obtained from the participant or from a surrogate
decision maker if the participant lacks decision-making
capacity at the time of the in-person visit.

HMC
OHSU 2
IM
SU
CLA
e
7] %{)
Fig. 1 Geographic distribution of participating FIRE-CORAL sites

UC - University of Colorado

WF — Wake Forest University

CC - Cleveland Clinic

UK - University of Kentucky

IM - Intermountain Medical Center
OHSU-Oregon Health & Science University
MMC - Montefiore Medical Center

BH - Baystate Health

SU - Stanford University

UCLA - University of California, Los Angeles
HMC - Harborview Medical Center
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in-person assessment | SR —

SCREENING

Screening phone visit

1 month post hospital
assessment call
Long-term outcome team

enroliment site

¥

Prior COVID
testing not
required by Site

ELIGIBLE SUBJECT*

from initial BLUE CORAL
®
ah

SCHEDULE FOLLOW UP VISIT
Obtain FIRE CORAL consentin

person at time of visit @

*Subject able to follow commands and return to the respective FIRE CORAL site.

COVID testing
required prior

to visit &\

OBTAIN VERBAL FOR
COVID TESTING

+ POSITIVE NEGATIVE TEST

TEST + Schedule Follow

Local study team Up Visit

will contact + Obtain FIRE

subject to CORAL consent

discuss next @ in person at time
" b

steps S of visit

screening and participation based on COVID infection status

Fig. 2 Study inclusion and screening timeline and process. a Timeline of eligibility for enroliment in BLUE and FIRE CORAL. B Process for site

Study procedures

FIRE CORAL consists of a battery of in-person assess-
ments objectively measuring pulmonary function,
abnormalities on lung imaging, and functional status.
Participants will attend and perform initial in-person
testing at 3 to 9 months after hospital discharge (Table 1,
Fig. 3). Participants with abnormal findings on pulmo-
nary function testing or chest imaging during their initial

assessment or those with persistent respiratory symp-
toms will be eligible to repeat study procedures 3 months
later with a subsequent visit at 12 months. All partici-
pants will be invited to return for in-person follow-up at
12 months after hospital discharge. Imaging and clinical
assessments performed as part of routine clinical care
within the specified study timeframe will be used in lieu
of dedicated study procedures.

Study Confirm SPPB
Study team to di 4 contact info FACIT-F
meet eHssion CT Scan |
0 and informed Blood draw PFT [
participant
consent

SGRQ/

NS

SGROQ - Saint George's Respiratory Questionnaire
SPPB - short physical performance battery

PFT — pulmonary function tests

BWMT — six-minute walk test

CT — commuted tomography

Fig. 3 Study day procedures. SGROQ, Saint George's Respiratory Questionnaire; SPPB, short physical performance battery; PFT, pulmonary function

tests; 6WMT, 6-min walk test; CT, commuted tomography
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Table 2 High-Resolution Chest CT Scoring Criteria developed by National Jewish Hospital, Denver, CO

RUZ LWZ RMZ LMZ RLZ LLZ

Normal attenuation
Non-fibrotic abnormality
Ground-glass attenuation
Consolidation
Ground-glass attenuation with reticular abnormality
Reticular abnormality
Fibrotic abnormality

Ground glass abnormality with traction bronchiolectasis/bronchiectasis and/or architectural distortion

Consolidation with traction bronchiolectasis/bronchiectasis and/or architectural distortion

Reticular abnormality with traction bronchiolectasis/bronchiectasis and/or architectural distortion

Honeycombing

Other
Emphysema
Cysts/pneumatoceles
Mosaic attenuation
Expiratory air trapping
Pleural effusion: right versus left
Pneumothorax: right versus left
Pleural thickening: right versus left
Mediastinal adenopathy

Extent of each abnormality is scored in each zone to the nearest 10%, RUZ Right upper zone, LUZ Left upper zone, RMZ Right middle zone, LMZ Left middle zone, RLZ

Right lower zone, LLZ Left lower zone

Tests and measures are summarized below:

A high-resolution chest CT scan will be performed
without contrast to assess residual abnormalities of
the lungs according to local clinical protocol. Specifica-
tions for site-specific CT protocols were provided by a
central radiologist to promote standardization across
sites (Table 2) [10]. CT scans will be interpreted by the
site radiologist and then subsequently sent via a cen-
tral repository for standardized reading and scoring by
expert chest radiologists at National Jewish Hospital in
Denver, CO. These investigators will employ a standard
scoring approach developed at National Jewish Hospital
for COVID-19 abnormalities as summarized in Table 2.
All lung zones will be scored for abnormalities with the
extent of involvement quantified to the nearest 10%.

PFTs will be performed and will include spirometry,
lung volume assessment, and diffusing capacity meas-
ured by single breath measurement. These will be col-
lected by the site study teams and reviewed centrally by
the research team.

Six Minute Walk Test (6MWT) is a valid and reliable
measure of functional and exercise capacity in survivors
of acute respiratory failure [11]. Participants will undergo
the 6MWT per guidelines of the American Thoracic
Society [12]. The estimated minimal important difference

(MID) for survivors of critical illness ranges between
20 and 30 m, which equates to 3 to 5% of the percent
achieved of their calculated predicted distance [11].

Short Physical Performance Battery (SPPB) is a valid
measure assessing lower-extremity physical function
with scores ranging from 0 to 12. The SPPB includes
three sub-components: 4-m habitual gait speed, standing
balance, and chair-rise test [13, 14].

St. George’s Respiratory Questionnaire (SGRQ) is a self-
report questionnaire assessing disease-specific health-
related quality of life (HRQL) for patients with chronic
lung diseases including chronic obstructive pulmonary
disease, asthma, and bronchiectasis [15]. The SGRQ
scores range from 0 to 100 with a lower score reflecting
a better pulmonary-specific HRQL [16—18]. The MID has
been proposed between 4 and 8.3 units for patients with
COPD [19, 20]. THE SGRQ has been used to describe
pulmonary disease-specific HRQL in survivors of ARDS
[21].

Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F scale) is a self-report measure assessing
fatigue and the impact upon activities of daily living and
function originally developed to examine cancer-related
fatigue [22]. The FACIT-F scale has been validated and
reliably utilized in patients with COPD [23, 24] and sur-
vivors of critical illness [25].
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Biospecimen collection

Up to 15 mL of blood will be collected, which will include
6 mL of plasma, 2.5 mL for DNA PaxGENE, and 2.5 mL
for RNA PaxGENE at each follow-up visit. The overarch-
ing goal for these biospecimens is to conduct analyses
that advance understanding of the biological responses
in participants recovering from severe COVID-19 and
that correlate blood measures/biomarkers with clinical
phenotypes of poor outcomes. Planned investigations
include assessment of longitudinal inflammatory, immu-
nologic or viral response; and evaluation of the associa-
tion between biologic recovery and long-term symptoms.

Demographic and clinical data

Data collected during index hospitalization for the par-
ent BLUE CORAL study will be utilized for participants
enrolled in FIRE CORAL. We will abstract data on demo-
graphics, COVID testing and symptoms, comorbidities,
home and hospital medications, vital signs including ven-
tilator settings, lab values, intensive care interventions,
and COVID-19 targeted treatments. All available pre-ill-
ness chest imaging, PFTs, and 6MW Ts performed within
the site’s healthcare system in the 10 years prior to hospi-
tal admission for COVID-19 will be collected to establish
a pre-COVID-19 baseline for comparison.

Study optimization/training

An interdisciplinary protocol development commit-
tee was formed in January 2021 with oversight from the
PETAL Network and NHLBI. The committee met weekly
over the next three months to design the study, including
selection and timing of in-person assessments. After the
final protocol was approved by protocol committee con-
sensus, the study protocol was reviewed and approved
by the PETAL Network Steering Committee, the PETAL
Network Data Safety and Monitoring Board, and NHLBI
leadership before initiation of primary investigator and
research personnel training. All sites across the PETAL
Network were invited to participate on a voluntary basis.
Personnel involved in the study were required to review
the study manuals which included the standard operating
procedures. In addition, all personnel attended a video-
conference meeting that provided training on each phase
of the study including training videos for selected out-
come measures. The site initiation webinar and all train-
ing videos are readily available on the PETAL Network
website.

Statistical methods
Sample size

For this pilot study, the target enrollment was chosen to
balance characterizing the range of PASC abnormalities
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against the time constraints associated with COVID-19
research and the waning pandemic with widespread vac-
cination. Based on these criteria, the target enrollment
of 80 participants was felt to be sufficient to provide an
urgently needed, preliminary understanding of longer-
term respiratory manifestations after COVID-19 infec-
tion sufficient to guide future post-COVID pulmonary
studies. Our sample size was purposefully chosen to be
small to demonstrate the feasibility of conducting longi-
tudinal in-person research in COVID survivors with an
understanding that larger studies would be needed to
define disease trajectories and identify clinical predic-
tors with small effects [26]. The sample size of 80 was
determined for based on multiple factors including the
availability of participants enrolled in BLUE CORAL,
the number of participating sites, and previous feasibil-
ity studies. Sample sizes for pilot and feasibility studies
“should be representative of the target study population,”
[27] and in general, there are limited evidence to justify
sample size of feasibility studies [26]. Research on feasi-
bility studies recommend sample size estimates based on
a confidence interval approach: an expected completion
rate of 75% with lower bound of the CI=70%, a total of
75 participants would be needed [27]. Finally, Sim and
Lewis suggest that a sample size of 50 should be utilized
for pilot studies of randomized controlled trials (RCT)
[28]. Our proposed feasibility study will be deemed suc-
cessful if at least 50 participants out of proposed 80
(62.5%, 95% CI 52-73%) complete at least one study visit.

Statistical analysis plan

To examine the feasibility of long-term follow-up, we
will describe the number of participants enrolled and the
proportion that returned for in-person follow-up (pri-
mary objective). We will perform summary or descrip-
tive statistics to describe the prevalence of abnormalities
of pulmonary function, chest CT imaging, and functional
status in the enrolled participants (secondary objective).
Among participants who return for a 12-month visit,
we will describe the trajectory of recovery of pulmonary
function and functional status between first and last
study visits. Additionally, we will test the relationships
(correlative analyses) between outcomes with key inde-
pendent variables including participant demographics,
severity and duration of illness, pre-hospital function,
and exposure to in-hospital and post-hospital interven-
tions. Correlative testing and regression analyses will be
performed only as exploratory to examine relationships
between potential predictors and participant outcomes.
In addition, repeated measures analyses will be explored
to examine change over time. Our small sample size will
limit our ability to perform multivariable testing with all
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potential confounding variables but will allow for identi-
fication of potentially important predictors and sample
size justification for future larger studies. Our proposed
sample is large enough to demonstrate feasibility of lon-
gitudinal follow-up, estimate the prevalence of abnormal-
ities after COVID-19 for the purposes of planning, and
identify longitudinal trends in recovery and potentially
important predictors for future analyses. All analytic
plans will be agreed upon by the FIRE CORAL commit-
tee after review of the distribution of abnormalities from
the first 40 completed visit.

Data quality, ethics, and dissemination

FIRE CORAL is approved via the PETAL Network cen-
tral Institutional review board (IRB) at Vanderbilt Uni-
versity and via reliance agreements with the site IRBs. A
multi-faceted quality assurance approach will be utilized
to ensure data quality and consistency: (1) use of Manu-
als of Operation for training and reference, (2) regular
meetings between local investigators and study coordi-
nators to answer questions and ensure consistency in
evaluations across study sites, (3) conferences between all
Investigators for the same purposes, (4) ongoing quality
assurance review and training updates, (5) data entry into
a database with extensive automated checks of data valid-
ity, and (6) ongoing review of descriptive statistics by
Investigators with detailed review of selected data. The
Strengthening of the Reporting of Observational studies
in Epidemiology (STROBE) guidelines will be followed
for study dissemination [29].

Discussion

The purpose of the FIRE CORAL study is to compre-
hensively assess recovery following hospitalization for
COVID-19 in a national, multicenter pilot cohort. Data
from the study will advance our understanding of the
biological, clinical, and patient-related factors associated
with long-term impairments following hospitalization for
COVID-19 and may inform the development and testing
of targeted interventions to mitigate those impairments.
Early studies suggest that many patients hospitalized for
COVID-19 have persistent symptoms and impairments
in respiratory and physical function [6, 30]. Moreover, it
is expected that patients requiring an ICU admission for
COVID-19 disease may develop impairments associated
with post-intensive care syndrome (PICS). Findings from
patients surviving ARDS, which is common in individu-
als hospitalized for COVID-19, demonstrate that long-
term impairments lead to reduced quality of life, lost
wages with inability to return to work, and increased risk
of morbidity, re-hospitalization, and mortality [31-36].
Thus, there is a profound need to understand the recov-
ery of COVID-19 following hospitalization.
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FIRE CORAL will expand on the existing literature on
COVID recovery in several important and distinct ways.
First, FIRE CORAL is unique in that it will enroll par-
ticipants from geographically and ethnically diverse com-
munities across the USA, increasing the interpretability
and generalizability of our findings to the broader pul-
monary community. Prior observational cohort studies
describing post-COVID impairments following hospitali-
zation were primarily single-center cohort studies from
China [37-40] and Europe [41-43]. US cohorts describ-
ing post-COVID impairments following hospitalization
also remain restricted to regional experiences, and there
are no multicenter, national cohorts, to date, describing
longitudinal changes in pulmonary function and imag-
ing across the USA [44]. Second, participants in FIRE
CORAL will undergo a comprehensive assessment that
includes both symptom assessments as well as objective
pulmonary and physical functional assessments Most
studies to date evaluating patients after COVID-19 hos-
pitalization have used survey methods and focused pri-
marily on patient-reported symptoms [6, 45]. Objective
pulmonary measurements, including lung function and
CT imaging following COVID-19 hospitalization were
reported in some of the observational cohorts earlier in
the pandemic from China [37-40] and Europe [41-43];
however, data describing physical recovery following
COVID-19 hospitalization remain limited. An additional
unique and novel strength of FIRE CORAL will be the
availability of biospecimens spanning the recovery trajec-
tory that will help to inform our mechanistic understand-
ing of the development of post-COVID sequela across
illness severities. Finally, FIRE CORAL will recruit par-
ticipants regardless of ongoing symptoms; in fact, some
participants will likely have already achieved a “return
to baseline health” at their initial post-hospital visit. This
may allow us to elucidate a biological pattern of early/
sustained recovery in addition to a pattern a persistent
inflammation and/or illness.

Methodologically, FIRE CORAL incorporates several
innovations with respect to the conduct of longitudinal
cohort studies in survivors of serious illness. It lever-
ages existing trial and clinical infrastructure to study
longer term outcomes in a more pragmatic, cost-effective
manner. Embedding the research infrastructure within
existing care models eases the burden of participation
for patients, particularly those recovering from severe
illness, while also minimizing broader research costs.
Additionally, this allows for direct, real-time feedback on
care delivery for COVID19 survivors reducing the imple-
mentation gap that exists between research and clini-
cal care. Therefore, even as a pilot study, FIRE CORAL
has the potential to inform current practices in research
on long-term functional outcomes of acute respiratory
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illness by demonstrating the feasibility of incorporating
research activities across the care continuum for hospi-
tal survivors and building a network of facilities equipped
for trials in the post-hospital setting. Inclusion of a geo-
graphically diverse network of US institutions provides
a more generalizable understanding of the post-hospital
COVID-19 experience and allows for targeted enroll-
ment in centers with larger proportions of underserved
and underrepresented communities to better understand
disparities in post-COVID recovery. Together, these fea-
tures will make FIRE CORAL an important contribution
to the burgeoning literature on PASC.

Conclusions

The enclosed FIRE CORAL protocol presents a novel,
longitudinal cohort of post-COVID-19 pulmonary and
functional recovery after hospital discharge. This in
person phenotyping will extend our knowledge of the
long-term effects of COVID-19 and provide insight into
biologic mechanisms of incomplete pulmonary recovery
after COVID-19. This will establish a longer-term biore-
pository after COVID-19 that will help to inform future
studies of COVID-19 recovery.
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