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of Long COVID and other fatiguing illnesses
within a federally qualified health center:
protocol for a two-arm, single-blind, pragmatic,
quality improvement professional cluster
randomized controlled trial

Job G. Godino'"*3*®, Jane C. Samaniego', Sydney P. Sharp'“, Douglas Taren®, Alexandra Zuber®,

Amy J. Armistad’, Amanda M. Dezan’, Azure J. Leyba’, Janna L. Friedly®?, Aaron E. Bunnell®?, Eva Matthews',
Maureen J. Miller'®, Elizabeth R. Unger'?, Jeanne Bertolli'®, Alison Hinckley'®, Jin-Mann S. Lin'®, John D. Scott®?,
Bruce B. Struminger’ and Christian Ramers"'""'213

Abstract

Background The clinical burden of Long COVID, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS),
and other post-infectious fatiguing illnesses (PIFI) is increasing. There is a critical need to advance understanding
of the effectiveness and sustainability of innovative approaches to clinical care of patients having these conditions.

Methods We aim to assess the effectiveness of a Long COVID and Fatiguing lliness Recovery Program (LC&FIRP)

in a two-arm, single-blind, pragmatic, quality improvement, professional cluster, randomized controlled trial in which
20 consenting clinicians across primary care clinics in a Federally Qualified Health Center system in San Diego, CA,
will be randomized at a ratio of 1:1 to either participate in (1) weekly multi-disciplinary team-based case consultation
and peer-to-peer sharing of emerging best practices (i.e., teleECHO (Extension for Community Healthcare Outcomes))
with monthly interactive webinars and quarterly short courses or (2) monthly interactive webinars and quarterly
short courses alone (a control group); 856 patients will be assigned to participating clinicians (42 patients per clini-
cian). Patient outcomes will be evaluated according to the study arm of their respective clinicians. Quantitative

and qualitative outcomes will be measured at 3- and 6-months post-baseline for clinicians and every 3-months

post assignment to a participating clinician for patients. The primary patient outcome is change in physical function
measured using the Patient-Reported Outcomes Measurement Information System (PROMIS)-29. Analyses of dif-
ferences in outcomes at both the patient and clinician levels will include a linear mixed model to compare change
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center.

(CFS), Post-infectious fatiguing illnesses (PIFI)

in outcomes from baseline to each post-baseline assessment between the randomized study arms. A concurrent pro-
spective cohort study will compare the LC&FIRP patient population to the population enrolled in a university health
system. Longitudinal data analysis approaches will allow us to examine differences in outcomes between cohorts.

Discussion We hypothesize that weekly teleECHO sessions with monthly interactive webinars and quarterly
short courses will significantly improve clinician- and patient-level outcomes compared to the control group. This
study will provide much needed evidence on the effectiveness of a technology-enabled multi-disciplinary team-
based care model for the management of Long COVID, ME/CFS, and other PIFI within a federally qualified health

Trial registration ClinicalTrials.gov, NCT05167227. Registered on December 22, 2021.
Keywords Post COVID-19 conditions (PCC), Long COVID, Myalgic encephalomyelitis (ME), Chronic fatigue syndrome

Background
The clinical presentation, severity, and outcomes of
coronavirus disease 2019 (COVID-19), which is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), are highly heterogeneous [1]. While some
patients recover quickly, others suffer from persistent
symptoms collectively known as Post-COVID Conditions
(PCC) or Long COVID, which could be identified as early
as 4 weeks after infection [2]. At present, scientific under-
standing of the diagnoses, phenotypes, and epidemiology
of PCC is evolving [3, 4]. The number of patients experi-
encing PCC is increasing as acute COVID cases continue
to rise as new variants occur and the public decreases
prevention activities and behaviors. Many patients are
presenting in primary clinics with a wide range of health
consequences that are present four or more weeks after
infection of SARS-CoV-2. In many patients, the reported
persistent symptoms are highly debilitating, whether they
arise secondary to detectable organ system damage or
are of unclear etiopathogenesis [5]. Several of the most
commonly reported persisting symptoms of PCC are
also typically present in patients diagnosed with myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CES)
and other post-infectious fatiguing illnesses (PIFI) [6].
These include fatigue, post-exertional malaise, and cogni-
tive impairment, among others. Disability resulting from
PCC is now covered under the Americans with Disabili-
ties Act [7]. Given clinical similarities in the constellation
of symptoms between ME/CFS and PCC, the current
clinical knowledge of ME/CFS has been beneficial in
the approach to management and care of patients with
PCC. Similarly, approaches to improving the clinical care
of patients with PCC may also provide insights into the
management ME/CFS and other PIFI. Taken together,
there is a critical need to advance understanding of the
effectiveness and sustainability of innovative approaches
to the clinical care of PCC, ME/CEFS, and other PIFL

One potential approach is to utilize a technology-
enabled multi-disciplinary team-based care model

centered on case consultation and peer-to-peer sharing
of emerging best practices (i.e., teletECHO (Extension
for Community Healthcare Outcomes)) to support the
management of complex cases associated with PCC, ME/
CFS, and other PIFIL. The teleECHO approach has previ-
ously been used in the management of Hepatitis C and
HIV infections, and it has expanded into a wide variety
of health care contexts [8, 9]. A typical teleECHO ses-
sion includes a clinician presenting de-identified patient
cases to specialists who then mentor the presenting cli-
nician and others as they learn to manage patients with
complex conditions [10]. These case-based discussions
are often supplemented with short didactic presentations
to improve content knowledge and share evidence-based
practices [11]. An important goal of a teleECHO program
is to provide primary care providers access to medical
experts from a variety of domains who commit to long-
term support and engagement in immediate synchro-
nous interactions. Given that this approach is case-based,
interactive, and occurs in real-time, it has a set of distinct
advantages to the traditional practice of sequential in-
person specialty referrals (e.g., cardiology, pulmonology,
and neurology) to address complex cases. This may be
particularly helpful for cases in which the etiopathogene-
sis of PCC, ME/CFS, and other PIFI is unclear and evolv-
ing, as multiple specialist perspectives may be generated
and discussed with the treating primary care clinician.
In contrast, the emerging archetype of brick-and-mor-
tar PCC clinics includes a combination of referrals to
specialties (e.g., infectious disease, neurology, cardiol-
ogy, nephrology) that are typically out of reach in low-
resource, community-based primary care settings where
the majority of high-risk patients will be treated [12—14].

Although teleECHO represents a potentially promis-
ing approach to enhancing the complex care of patients,
empirical evidence on the effectiveness of this approach
to improve patient and clinician outcomes is limited.
TeleECHO programs have rarely been evaluated for
both effectiveness and implementation outcomes, and


https://clinicaltrials.gov/ct2/show/NCT05167227?term=NCT05167227&draw=2&rank=1

Godino et al. Trials (2023) 24:524

evaluations often lack (1) use of randomization, (2) inclu-
sion of both quantitative and qualitative patient- and
clinician-level outcomes, and (3) multiple, well-charac-
terized comparison groups (i.e., counterfactuals) [15, 16].
Thus, there remains a need to generate high-quality evi-
dence that a teleECHO program can effectively enhance
the management of complex cases associated with PCC,
ME/CES, and other PIFI while maintaining a high-level
of sustainability within a community-based primary care
setting.

Objective

The primary objective of the present research is to deter-
mine the effectiveness of FHCSD’s Long COVID and
Fatiguing Illness Recovery Program (LC&FIRP) on clini-
cian- and patient-level outcomes. LC&FIRP is comprised
of a teleECHO program focused on multi-specialty case
consultation and peer-to-peer sharing of emerging best
practices to support management of complex cases asso-
ciated with PCC, ME/CEFS, and other PIFI. Our second-
ary objective is to determine the feasibility, acceptability,
and sustainability of LC&FIRP. This study is intended to
provide a fuller understanding of the potential impact
of innovative technology-enabled multi-disciplinary
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team-based care models in low-resource, community-
based primary care settings.

Methods

The SPIRIT reporting guidelines were used in the devel-
opment of this protocol [17]. The completed SPIRIT
figure for this protocol can also be found in Table 1 for
clinicians and patients. No committees have been cre-
ated or engaged in this trial. Multiple principal inves-
tigators JG and CR are responsible for all aspects of the
trial. They oversee staff engaged in recruitment, data
collection, management, and analysis. Any required and
unplanned protocol amendments will be reported to the
Institutional Review Board (IRB) and updated in the trial
registration.

Partners

This study is funded by the Centers for Disease Con-
trol and Prevention (CDC) and is being conducted by
a consortium of practice-based and academic institu-
tions that include FHCSD, Ata Health Strategies, Project
ECHO University of New Mexico Health Sciences Center
(UNM), University of Colorado Denver School of Medi-
cine (UoC), and University of Washington (UW).

Table 1 The overview of the study period including primary care provider (PCP) schedule of enroliment, interventions, and

assessments

Study period

Enrollment Allocation

Post-allocation

Close-out

Timepoint 0 0 3m

6M IM 12M 18M 24MmM 30MmM <37M

Clinician enrollment:

Eligibility screen

Informed consent

Allocation X
Patient enroliment:

Eligibility X

Broad Consent X

Allocation X
Interventions:

[Intervention A]

Patients A

[Intervention B]

Patients B

XX X X

Assessments:
PCP baseline survey X
PCP follow-up survey X
PCP interviews
Patient baseline survey X
Patient follow-up survey X

> X X
> X X
> X X
X X X X
X X X X
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Study design

We will evaluate LC&FIRP using an effectiveness imple-
mentation hybrid type 2 design [16]. Specifically, we
will conduct a two-arm, single-blind, pragmatic, qual-
ity improvement, professional cluster, randomized con-
trolled trial in which 20 consenting clinicians across
primary care clinics at FHCSD will be randomized at a
ratio of 1:1 to either participate in (1) weekly teleECHO
sessions with monthly interactive webinars and quarterly
short courses or (2) monthly interactive webinars and
quarterly short courses alone (a control group). All clini-
cians will have the option to receive Continuing Medical
Education (CME) credit for the weekly teleECHO ses-
sions and monthly interactive webinar. More details on
the content of the weekly teleECHO sessions, monthly
interactive webinars, and quarterly short courses are pro-
vided below. Clinicians will participate in LC&FIRP up
to 37 months and throughout participation, 856 FHCSD
patients diagnosed with PCC, ME/CFS, or other PIFI
will be assigned to the participating clinicians (approxi-
mately 42 patients per clinician). Patient outcomes will
be evaluated according to the study arm of their respec-
tive clinicians. Quantitative and qualitative outcomes will
be measured at 3-, 6-, 9-,12-, 18-, 24-, and 30-months
post-baseline for clinicians and for patients at 3-, 6-, 9-,
and 12-months post assignment to a participating clini-
cian. We will concurrently conduct a prospective cohort
study to compare the two patient populations resulting
from the randomized controlled trial with a third patient
population resulting from enrollment at University of
Washington’s Post-COVID Rehabilitation and Recovery
Clinic  (https://www.uwmedicine.org/specialties/post-
covid-rehabilitation). An overview of the study period for
clinicians and patients can be found in Table 1.

Setting

Funded by the US Department of Health and Human
Services’ Health Resources and Services Administration,
Federally Qualified Health Centers (FQHCs) across the
USA are responsible for providing health care services to
low-income populations [18]. Over 30 million Americans
(1 in 3 people in poverty and 1 in 7 people who belong to
a racial or ethnic minority group) receive medical care at
an FQHC [18]. FHCSD is one of the ten largest FQHC
health systems in the nation and provides medical care to
more than 165,000 patients through more than 1 million
visits annually. The vast majority of FHCSD patients are
low-income and are members of a minority population:
87% live below 200% of the federal poverty level, 16% are
homeless, 41% are uninsured, and 83% are racial or eth-
nic minorities, with Black and Latino patients compris-
ing 9% and 59% of the patient population, respectively
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(both overrepresented relative to San Diego Country
demographics).

FHCSD operates 58 sites throughout San Diego,
including 22 primary care clinics that are located in fed-
erally designated Health Professional Shortage Areas,
18 behavioral health facilities, 2 mobile counseling cent-
ers, 8 dental clinics, 3 vision clinics, 2 outpatient and 13
integrated substances use disorder clinics, 3 medication
assisted treatment sites, 3 homeless service centers, and
a safety net pharmacy. When the first cases of COVID-
19 were diagnosed in San Diego County, FHCSD quickly
expanded in-house high complexity laboratory capa-
bilities and deployed reverse transcription polymerase
chain reaction (RT-PCR) testing for SARS-CoV-2 RNA
with Food and Drug Administration emergency use
authorization.

FHCSD has also fully deployed a nationally certi-
fied Electronic Health Record (EHR) systemwide, which
allows for patient portal access and robust clinical out-
comes tracking [19, 20]. It is linked with the FHCSD
health system’s self-designed, web-based Clinical Man-
agement Information System (CMIS), which facilitates
patient care processes, quality assurance, and evaluation
functions. Because FHCSD’s systems were developed on
a service-oriented architecture, they are highly adaptive
to meeting FHCSD’s data collection requirements for
clinic management and practice analysis and are uniquely
able to add new services in a timely fashion. All of the
FHCSD health system’s information technology infra-
structure is located in a secure data center supported by
a diverse broadband network (100-500 mbps) mostly
comprised of Cisco network elements. The data center
infrastructure is provided with virtual servers and/or
high availability services to ensure availability of the sys-
tems on a five nines basis. All applications and data are
scheduled for backup nightly (full and incremental) and
supported by a robust business continuity plan. The EHR
system at FHCSD includes SNOMED CT (Systematized
Nomenclature of Medicine—Clinical Terms), as the basis
of diagnosing. This is then cross-walked to International
Classification of Diseases Tenth Revision (ICD-10) and
used for administrative coding and for patients’ problem
list. The problem list contains all problems (active, non-
active) which are managed by the FHCSD health system’s
providers. Importantly, an ICD-10 code for PCC has
been implemented and FHCSD medical leadership has
directed all providers to use the code to identify COVID-
19 patients with symptoms lasting for more than 28 days.

Among low-income populations to date, there has been
a concerning imbalance between the high incidence,
morbidity, and mortality from COVID-19 (and other dis-
eases) and the limited access to healthcare innovations
and research. This has highlighted a long-standing and
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often disregarded problem characterized by underrep-
resentation of low-income and minority populations in
biomedical research and a lack of readily available infra-
structure to truly strengthen inclusion in research [21]. If
this is not addressed through meaningful effort, then the
safety, effectiveness, and sustainability of interventions
and treatments derived from research that includes pre-
dominately privileged populations will likely have dimin-
ished benefits for low-income populations. Rigorous and
just scientific research requires significant participation
from all without undue burden or exclusion. The present
research seeks to address this issue.

Participants

The target for weekly teleECHO sessions, monthly inter-
active webinars, and quarterly short courses is licensed
health care professionals. Therefore, the present research
will include professional clusters that will consist of pri-
mary care physicians, physician assistants, and nurse
practitioners at FHCSD caring for patients who have had
persistent symptoms and a decline in health-related qual-
ity of life associated with PCC, ME/CFS, and/or other
PIFI. A total of 20 clinicians (10 in each study arm) will
be enrolled and throughout participation, 856 FHCSD
patients diagnosed with PCC, ME/CES, or other PIFI will
be assigned to those participating clinicians (42 patients
per clinician). In order to achieve a similarly sized sample
of patients among cohorts in the proposed longitudinal
cohort study, we will include 428 patients from the UW
Medicine’s Post-COVID Telehealth Clinic who have been
diagnosed with PCC, ME/CES, and/or other PIFI.

Inclusion criteria
Inclusion criteria for clinicians includes (1) being
employed by FHCSD for clinical care delivery, (2) being
a licensed primary care physician, physician assistant, or
nurse practitioner, (3) being willing and able to care for
patients who have had persistent symptoms and a decline
in health-related quality of life associated with PCC, ME/
CFS, and/or other PIFI, and (4) being willing and able to
actively participate in LC&FIRP for up to 37 months.
Patients will be referred to LC&FIRP and assigned to
a participating clinician if they (1) are 18 years or older,
(2) have had persistent symptoms and a decline in health-
related quality of life associated with PCC, ME/CES, and/
or other PIFI, and (3) have completed FHCSD’s Broad
Consent and authorized their Protected Health Informa-
tion to be used for research purposes. FHCSD Primary
Care Providers use CDC guidelines to diagnosis patients
with PCC, ME/CEFS, and or other PIFI before referring
them to LC&FIRP [22, 23].
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Exclusion criteria
There are no exclusion criteria.

Recruitment, enrollment, and study duration

FHCSD medical leadership will send an email invitation
for optional participation in LC&FIRP to the approxi-
mately 200 eligible clinicians at FHCSD. Those who are
interested and meet inclusion criteria will provide writ-
ten informed consent, complete a baseline survey, and
will be randomized to one of the two study arms. Study
enrollment commences upon randomization. The dura-
tion of the study for clinicians is up to 37 months.
Patients assigned to participating clinicians are expected
to be engaged in LC&FIRP as directed by their clinician
over the course of 12 months.

FHCSD patients who have had persistent symptoms
and a decline in health-related quality of life associated
with PCC, ME/CES, and/or other PIFI may be referred
to LC&FIRP by a participating clinician or by a non-par-
ticipating clinician. Patients who take part in LC&FIRP
will fall into one of the following four categories: (1)
existing and new ICD-10 diagnosis of PCC and a labo-
ratory confirmed SARS-CoV-2 infection, (2) existing and
new ICD-10 diagnosis of PCC and no laboratory con-
firmed SARS-CoV-2 infection, (3) existing and new ICD-
10 diagnosis of ME/CEFS, and (4) other PIFL. Only those
patients who have completed FHCSD’s Broad Consent
and authorized their Protected Health Information to be
used for research purposes will be allowed to take part
in LC&FIRP. Once FHCSD patients are enrolled into the
program they will be followed by participating clinicians
for a minimum of 1 year. Patients who advise that they
have moved out of San Diego County but remain in the
state of California may choose to continue seeing their
LC&FIRP primary care provider via telehealth appoint-
ments and participate in surveys. Patients who have
moved out of the state of California may no longer see
their assigned LC&FIRP primary care provider due to tel-
ehealth laws, but they may choose to continue participat-
ing in surveys.

Randomization, allocation concealment, and blinding

After eligibility and consent are confirmed and a baseline
survey is completed, participating clinicians will be ran-
domized at a ratio of 1:1 to one of the two study arms.
An electronic randomization list will be generated using
the latest version of the statistical software platform R
(version 3.3.2, http://www.r-project.org). The list will
be securely integrated into the cloud-based Research
Electronic Data Capture (REDCap) tool. Allocation will
be concealed from all investigators and staff until the
study group is assigned. Only the study manager and
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research assistants involved in the delivery of the inter-
vention components will subsequently be made aware of
allocation. It is not possible to mask participating clini-
cians; however, their patients will have no knowledge of
their potential participation in weekly teleECHO ses-
sions, monthly interactive webinars, and quarterly short
courses. All staff who are involved in the collection of
data and investigators who conduct analyses will remain
blinded to allocation throughout the study.

Retention and withdrawal

In order to enhance retention in the study, all partici-
pating clinicians will be offered CME credit at no cost
for their engagement in weekly teleECHO sessions and
monthly interactive webinars. Clinicians will also be
offered the flexibility to temporarily pause participation
in sessions as an alternative to fully withdrawing. Partici-
pation in this study is voluntary. Participating clinicians
may decide not to participate or may leave the study at
any time. This decision will not result in any penalty or
loss of benefits to which they are entitled. Information
that has already been collected may still be used, but no
new information will be collected. The withdrawal reason
and the withdrawal date will be documented.

Clinicians who go on a leave of absence (LOA), while
participating, will not be contacted about the study.
Patients assigned to participating clinicians on LOA will
remain a part of that clinician’s LC&FIRP patient assign-
ment. However, if the patient seeks follow-up care, they
will be scheduled to see another clinician participant in
the same intervention arm. Additionally, clinicians who
terminate their employment with FHCSD, retire, or
move departments and are unable to see primary care
patients will be withdrawn from the study. All of the data
that they contributed up to the point of withdrawal will
be included in the research. Patients assigned to clini-
cians who withdraw from the study will be reassigned to
another participating clinician in the same intervention
arm. Clinician participants who choose to temporar-
ily pause participation will not be assigned new patients
but will continue to see existing LC&FIRP patients within
their panel.

Intervention(s)

Of the 20 participating clinicians, 10 will be randomized
to weekly teleECHO sessions. It is both impractical and
inconsistent with high ethical standards to prevent the
remaining 10 clinicians from accessing the dissemina-
tion of best practices via monthly interactive webinars
and quarterly short courses, as these will be made avail-
able to providers across the USA. The subsections below
provide more details on the intervention and an overview
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of the flow of clinicians through the study can be found
in Fig. 1.

Weekly teleECHO sessions

The weekly teleECHO sessions will include a 10- to
20-min subject matter expert (SME)-led didactic pres-
entation of emerging evidence-based best practices, fol-
lowed by interactive review and discussion of 1-2 cases
presented by clinicians for consultation with the mul-
tidisciplinary specialty panel. All weekly teleECHO ses-
sions will offer CME credit for participants. De-identified
case forms will be submitted by clinicians, and these will
include patient medical and family history, current diag-
noses, medications, and the clinician’s proposed inquiry
to panelists. The composition of the specialty panel will
include, but will not be limited to, national experts in
pulmonology, neurology, neuropsychology, psychiatry,
infectious disease, cardiology, rehabilitation medicine,
and lived experience experts. Additional specialists will
rotate and participate on a regular basis, and cases will
be scheduled for presentation in an attempt to align with
guest panelists. Upon conclusion of weekly teleECHO
sessions, multidisciplinary recommendations will be dis-
tributed back to the presenting clinicians.

Monthly interactive webinars

We will convene monthly interactive webinars to rapidly
disseminate findings and emerging best practices to a
large-scale, national audience. The series will offer brief
didactic presentations by SMEs, examples of models of
care, and a facilitated question and answer session. The
target audience will include clinicians participating in
LC&FIRP, as well as primary care clinicians across the
USA. The program will expand attendance by offering
CME, Continuing Nursing Education (CNE), and Con-
tinuing Pharmacy Education (CPE) credit and engag-
ing with organizations and associations outside the
LC&FIRP partners through various dissemination strat-
egies. These strategies include invitation to the monthly
interactive webinar through existing listservs that reach
these organizations’ and associations’ current mem-
bers, as well as collaborative efforts in cross promotion
on the LC&FIRP specific Project ECHO web page. Pro-
ject ECHO will send an announcement for each webi-
nar via email using a mass mailing platform and include
the following information: title of Project ECHO pro-
gram, session date and time, registration link, agenda,
topic, speaker presentation slides (if available), and CME
accreditation statements. In addition, Project ECHO will
maintain the LC&FIRP specific Project ECHO web page
and post agendas, video recordings, and resources shared
during the monthly interactive webinars.
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Clinician Study Workflow

Screened to
Randomize:
approx. 1 month

L

Intervention

Activities:

* Weekly ECHO session

* Monthly Interactive Webinar
* Quarterly Short Course

Randomized to

End of Study:
37 Months l
Surveys:
+ 3M, 6M, 9M, 12M, 18M,
24M, & 30M

l

End of Study Interview

Fig. 1 Flow of clinicians through the study

Quatrterly short courses

Key findings from weekly teleECHO sessions will be
consolidated into singular topics and delivered in quar-
terly short courses. These quarterly short courses will be
formatted using multiple learning modules with the use
of presentation slides and videos online that are acces-
sible asynchronously. Following each module, there will
be a set of questions learners will answer to review the
material. There will be a post-course quiz at the end of
each course with a score of 70% resulting in the print-
ing of a certificate of completion. Each course will take
less than an hour to complete. The target audience will
include clinicians participating in LC&FIRP and primary
care providers across the USA. Similar to the monthly
interactive webinar, these quarterly short courses will
be disseminated through existing partner channels, as
well as organizations and associations collaborating with
all project partners. To partake in the quarterly short

Screened

Eligibility:
FHCSD Primary care
physicians, physician
assistants, and nurse

l practitioners.

Baseline

l

Randomized

Pairs

Control

Activities:
* Monthly Interactive Webinar
* Quarterly Short Course

Surveys:
« 3M, 6M, 9M, 12M, 18M,
24M, & 30M

l

End of Study Interview

course, learners must register through the University of
Colorado’s (UoC) web page. Once published online, the
quarterly short course will remain available until the next
quarterly short course is published.

Measures

Clinicians

Quatrterly survey

Data will be collected from all clinicians participating in
the LC&FIRP, both intervention and control groups. Data
collection is designed to document reported changes to
provider knowledge, self-efficacy, and clinical behavior
as a result of participating in the intervention or control
conditions. The objectives of documenting these changes
are to (1) help explain effects of the intervention on
patient outcomes, including by comparing providers in
the control arm based on reported changes to knowledge,
self-efficacy, and behavior and (2) answer the co-primary
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implementation research question of this effectiveness-
implementation trial: was the intervention implemented
effectively and was it acceptable and feasible to imple-
ment among providers outside of the study context?

Data will be collected using electronic, web-based
surveys, administered through REDCap managed by
FHCSD. Surveys will be administered quarterly, to align
with the collection of patient outcome data during the
first 12 months. This frequency will also facilitate provid-
ers’ recall of specific changes to practice or behavior or
improvements in knowledge in the last reporting period.
Afterward, clinician survey data will be collected at the
18-, 24-, and 30-month mark. We anticipate the survey to
take 8—12 min for each provider and comprise approxi-
mately 30 questions. The survey will remain open for a
select period and reminder emails will be sent to encour-
age compliance.

Survey constructs and question formats are drawn
from a deep body of existing research evaluating the
impact of ECHO models on clinicians’ outputs and out-
comes [15]. Survey methods and constructs were also
studied among all randomized controlled trials of clini-
cian-level outcomes globally captured in the Health Care
Provider Performance Review, a multi-year systematic
literature review process of global health worker per-
formance evaluations [24]. To measure knowledge and
self-efficacy, providers will be asked to state their relative
agreement with statements related to their care of PCC
patients, measuring from “strongly agree” to “strongly
disagree” [15]. This 5-point response format will be held
constant across survey knowledge and self-efficacy state-
ments, to allow for an index to be created for use in more
exploratory analyses. Open-ended response fields will be
provided to some questions to allow providers to docu-
ment specific examples of practice changes. Lastly, con-
structs probing overall provider satisfaction and utility
with content will be measured to inform the acceptability
and feasibility of the intervention.

Weekly teleECHO sessions

During the last 10 min of each weekly teleECHO ses-
sion, intervention clinicians will be asked to follow a link
to a web-based survey, loaded in REDCap. This semi-
structured survey has three objectives: (1) to gather data
required for the participants to receive CME credit, (2)
to gather data useful for assessing feasibility and utility
of the teleECHO model, and (3) to gather data on format
and content of the sessions to guide program improve-
ment. CME credit is offered by Project ECHO, University
of New Mexico (UNM) to intervention providers who
attend each session. To be eligible for this credit, clini-
cians are required to complete 20 post-session questions
that are universal for every teleECHO session, which
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explore session relevance, achievement of course objec-
tives, pace and delivery of the session content, and what
participants liked most or least about the session. Addi-
tionally, we ask clinicians to rate their knowledge of the
session content before and after the session, to explore
knowledge gains, and if and how they intend to apply
course content to their care of patients with PCC, ME/
CFS, and other PIFI patients.

Making time within the session for this survey and
making these questions mandatory for CME credit is
expected to result in better survey compliance. The
survey will last approximately 10 min and we will leave
the survey available for a short time after the session
to help clinicians complete the survey who might have
been interrupted for any reason. If survey compliance is
under 50%, a reminder email will be sent in a timely man-
ner prior to the survey closing. Intervention clinicians’
survey responses will not be strictly confidential, as the
questions are required to be documented by individu-
als for CME credit. With every survey, we will encour-
age clinicians to be candid in their responses, so that we
can improve the ability of the teleECHO session curric-
ulum to meet their needs. While this lack of anonymity
presents a risk for bias, we will have the opportunity to
assess similar constructs of utility and satisfaction in the
quarterly surveys of participating clinicians, which will
be strictly confidential and de-identified. This will help
us to assess any bias and take further measures to reduce
bias if needed.

Monthly interactive webinar

Data collected regarding the monthly interactive webi-
nar will include webinar attendance and post webinar
surveys for all clinicians participating in the Randomized
Control Trial. Project ECHO UNM will offer CME, CNE,
and CPE credits to all LC&FIRP participants and external
learners for each monthly interactive webinar. This post-
webinar survey will include a standard set of 23 questions
that the Project ECHO UNM team requires for attendees
to receive educational credits. The objective of collect-
ing monthly interactive webinar data is to (1) understand
the relative participation by study clinicians in monthly
interactive webinars as a means to interpret differences in
primary clinicians’ outcomes and (2) to support the eval-
uation of the feasibility, acceptability, and sustainability
of the intervention. Survey responses will not be strictly
confidential, as the questions are required to be docu-
mented by individuals for CME, CNE, or CPE credit. The
survey will remain available after the monthly interac-
tive webinar for 3 business days. If a participant misses
that window and wants to claim credit, the ECHO survey
team can reopen the survey if it is within 30 days of the
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webinar. After clinicians complete the survey, they will
receive a certificate via email.

Quarterly short course

Data will be collected passively on numbers of clini-
cians completing each quarterly short course modules.
The active collection of data will include responses by
the clinicians to knowledge-based questions after each
module, and at the completion of each course, about
the value of the sessions and courses. The post-quarterly
short course survey will include 10 questions about the
knowledge gained, attitude changes that resulted from
participation, and potential plans for behavioral changes
resulting from what participants have learned. Measures
collected from the post-quarterly short course survey for
LC&FIRP participants and other learners will mirror the
monthly interactive webinar survey. The objective of col-
lecting quarterly short course data is to (1) understand
the relative participation by study clinicians in monthly
interactive webinars as a means to interpret differences in
primary clinicians’ outcomes and (2) to support the eval-
uation of the feasibility, acceptability, and sustainability of
the intervention. In addition to collecting data immedi-
ately before and following participation in the quarterly
short course, LC&FIRP participants in the study will be
asked to provide their responses to surveys that are spe-
cific to the trial outcomes.

Patients

Upon assignment to a participating clinician participant,
patients will be asked to share current demographic char-
acteristics, symptoms, medical history, health history,
and, if applicable, their initial acute COVID-19 expe-
rience. Patients will be asked to complete a variety of
widely used and validated patient reported outcome sur-
veys that will take an average of 30 min to complete and
will be repeatedly collected at 3-, 6-, 9-, and 12-months.
In addition, symptom history and, if applicable, initial
acute COVID-19 experience questions will be repeated
during quarterly surveys to measure any changes over
the 12-month follow-up period. Given the diverse nature
of symptomatology, the patient cohort will first be char-
acterized using descriptive statistics on domains of dys-
function (e.g., neurologic, cardiac, pulmonary, mental
health). Surveys will include (1) Patient-Reported Out-
comes Measurement Information System (PROMIS)-29,
(2) Health Assessment Questionnaire (HAQ), (3)
PROMIS Dyspnea Functional Limitations Short Forms,
(4) PROMIS Applied Cognition Abilities and General
Concerns Short Forms, (5) Patient Health Questionnaire
(PHQ-9), (6)Generalized Anxiety Disorder (GAD)-7,
(7) self-reported medication use, and (8) CDC ME/CFS
Symptom Inventory Grid Screener [25-28]. All patient
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data collected will be integrated into the clinical work-
flows to maximize the likelihood of consistent comple-
tion. To track and collect patient surveys, a registry will
be created within CMIS which includes specific survey
forms for each survey frequency. All surveys completed
will be stored within EHR and accessible for participating
clinicians to review. Surveys will be conducted via phone
calls from FHCSD staff supporting LC&FIRP, with calls
ranging from 30 to 90 min.

Each patient will be called a maximum of four times
over the course of 4 weeks (once per week) to ensure the
best possibility of achieving responses. Upon request,
patients may request a copy of their survey responses.
Patients who are unreachable for their 12-month sur-
vey or are unable to do the survey over the phone will
be offered a shortened online version that includes the
PROMIS-29 survey to be sent via text or email. An over-
view of the patient flow throughout the study can be seen
in Fig. 2.

Physical therapy assessment

Upon completion of their initial assessment, patients will
be asked to complete a physical therapy (PT) LC&FIRP
visit. During their PT visit, patients will be asked to com-
plete a variety of widely used and validated physical ther-
apy assessments. These assessments include a 2-min step
test, 30-s sit to stand test, grip strength, functional gait
assessment, and balance tasks [29-33]. Due to appoint-
ment time constraints, not all assessments will be com-
pleted and additionally patients may decline or be unable
to complete some assessments. All patient data collected
during the PT visit will be stored in a specific form within
the EHR and accessible to participating clinicians for
review. Alternatively, patients may choose to decline
participation in a PT visit, and this will not impact their
ability to meet with their assigned clinician participant.
Patients who completed an initial PT visit will be offered
to schedule a final PT PCC visit during their 12-month
follow-up survey call with FHCSD staff.

Wearables

A 20% (n=172) subsample of the patients assigned to
clinician participants will be offered a Fitbit device for
remote monitoring. Patients will be offered a Fitbit ran-
domly when agreeing to complete their PT visit or by
clinician participants and PT providers who believe they
may benefit from receiving one to help manage their
symptoms. Patients will be asked to verify they have
access to a smart phone and if they agree, they will be
asked to wear their device as often as possible throughout
the 12-month follow-up period. The Fitbit device will col-
lect data on multiple physical activity metrics (e.g., inten-
sity, steps, bouts of exercise), sleep metrics (e.g., time in/
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Patient Study Workflow

Diagnosis of PASC, ME/CFS, or OPIFI

l Eligibility:
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persistent symptoms related
Referral to LC&FIRP to PASC, ME/CFS, and/or
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for 1 year

y
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y
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y
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Online Survey

y
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Fig. 2 Patient flow through the study. *LC&FIRP PCP follow-up appointments may occur more than once
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out of bed, sleep stages, sleep quality), physiology of the
heart (e.g., beats per minute, heart rate variability), and,
depending on circumstances, cardiorespiratory fitness.
These data will be used to obtain a better understanding
for the phenotype(s) of PCC, ME/CEFES, and other PIFI.
Data collected from Fitbit devices will automatically be
uploaded to Fitabase, a Fitbit API partner who will pro-
vide a platform for FHCSD to view clean data ready for
analysis. At the end of the patient’s 12-month review,
their data will no longer be shared with Fitabase and they
will be allowed to keep their device.

Researchers

Researcher generated data will be collected by FHCSD
staff supporting LC&FIRP through EHR chart review
and survey data including clinical changes to prac-
tice, participation in interventions available, exposure
to interventions, and patient experience. For all clini-
cians participating in the Randomized Control Trial, the
changes to practice will be measured by the volume
of total patient case load, volume of PCC and ME/CFS
patient case load, and number of referrals made to spe-
cialists at the established intervals of 3-, 6-, 9-, 12-, 18-,
and 30-months post baseline. For the 10 intervention
clinician participants, assessment of changes to practice
will include proportion of cases presented to a multidis-
ciplinary specialist panel and number of specialist recom-
mendations applied from case consultation. In addition,
for the 10 intervention clinicians, we will measure the
participation and exposure to topics in weekly teleECHO
sessions, as well as participation in presenting case forms.
For all 20 clinician participants, we will review participa-
tion in monthly interactive webinars and quarterly short
courses and exposure to topics discussed in each, respec-
tively. We will conduct an EHR chart review to measure
the number of specialists seen by a patient and specialty
types they were exposed to during their 12-month fol-
low-up period. The objective of this data collection is
to inform patient and clinician outcomes and support
assessment of the feasibility, acceptability, and sustain-
ability of the intervention.

Semi-structured interviews

To inform our evaluation of the feasibility, acceptability,
and sustainability of our proposed intervention, at the
end of study, we will conduct 30-min interviews with the
participating multidisciplinary specialists to obtain their
perceptions of participation, satisfaction, and potential
barriers to sustained participation. Sustainability will be
influenced by how clinic administrators perceive partici-
pating clinicians’ performance and clinician’s perceptions
of the expert consultation model. Thus, we will conduct
30-min qualitative interviews with both clinicians and
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clinic administrators to assess perceptions of change in
clinicians’ productivity, patient panel composition, qual-
ity of care for complex cases, and influence on peers in
the same clinic.

Learners

Monitoring and evaluation of the monthly interactive
webinar and quarterly short courses will include infor-
mation from registered learners, webinar attendance
data, and post webinar surveys. The demographic data
will include but will not be limited to identifiable infor-
mation about a learner’s affiliated organization, city of
practice, clinical area of expertise, and patient popula-
tions served. The monthly interactive webinar and quar-
terly short course registration and attendance data will be
collected passively through Zoom and REDCap Cloud,
UNM, and UoC'’s registration software, respectively. The
attendance data will measure how many sessions each
learner attended and the amount of time they attended.
The objectives of this data collection are (1) to support
the provision of CME and (2) to document the reach of
the educational component of this intervention.

Project ECHO UNM will offer instant CME, CNE, and
CPE credits to learners at each monthly interactive webi-
nar. Learners will obtain the credits by filling out a brief
post webinar survey accessed through a link in the email
announcement and entered in the Zoom Chat toward the
end of each webinar. Learners will fill out a survey with
a standard set of questions required for accreditation as
well as additional questions identified by collaborators
as essential for the purposes of the program. Since the
survey is required to receive educational credits, it must
be personally identified and is therefore not anonymous.
The survey will remain open after the monthly interac-
tive webinar for a short time. After learners complete
the survey, they will receive a certificate via email. Pro-
ject ECHO will utilize a REDCap online data collection
system to collect survey data for all post-webinar sur-
veys. After each webinar, a formal feedback report will
be provided to include a summary of responses and com-
ments by session, aggregate CME feedback, total credits
awarded, and attendees by type.

The quarterly short course survey will mirror the
monthly interactive webinar survey. Any learner who is
not a part of the randomized controlled trial will be asked
to give consent for follow-up surveys. The quarterly short
course survey responses, registration information, and
attendance data for learners will be shared in an aggre-
gate follow-up report with FHCSD.

Data collection and generation methods
Clinicians will generate data via self-reported sur-
vey, clinical encounters, and engagement in teleECHO
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sessions. Data will be captured and stored using RED-
Cap Cloud and iEcho. Patients will generate data via
self-reported survey and results of clinical encounters.
Data will be captured and stored within the EHR/CMIS
at FHCSD. Researchers will generate data from review
of clinical encounters with EHR and teleECHO sessions.
Data will be captured and stored within EHR/CMIS at
FHCSD, REDCap Cloud, and iECHO.

In addition, semi-structured interviews will be con-
ducted with clinicians, multidisciplinary specialists tak-
ing part in teleECHO sessions, and clinic directors at
FHSCD. All 30-min interviews will be recorded and tran-
scribed, and transcriptions will be stored and processed
using N-Vivo (QSR International software) for qualita-
tive analysis. Learners will generate data via self-reported
demographic information when registering for the
monthly ECHO sessions and/or quarterly asynchronous
short courses. In addition, learners will generate data via
a self-reported survey upon completion of the monthly
ECHO session and/or quarterly asynchronous short
courses. Each of the pathways for the collection/genera-
tion of data will have a corresponding standard operating
procedure (SOP) that trained staff will follow to ensure
data quality.

Data privacy, management, and quality assurance

This study has been determined to be no more than
minimal risk, given that risks are not greater than those
encountered in the context of delivery and receipt of
medical care. Any potential spontaneously reported
harms will be dealt with in alignment with the policies
and procedures of the covered entity, FHCSD. All data
generated by clinicians and patients will be gathered
using digital tools that allow for programming of data
fidelity checks (e.g., preset ranges of acceptable values,
error notifications for unexpected values, summary of
skipped measures). Trained members of the research
team will systematically review data generated by clini-
cians and patients in order to identify any issues that may
be addressable in a timely fashion after data are meant
to be collected. Data generated by trained research staff
through chart review and administrative extraction will
undergo manual fidelity checks by an additional member
of the research team who will evaluate the data for com-
pleteness and accuracy.

The confidentiality of clinician and patient data is a top
priority for the research team. Any information obtained
about clinicians and patients during this study will be
treated as strictly confidential to the full extent permitted
by applicable law and in accordance with HIPPA regula-
tions. Only trained members of the research team will
have access to patient identifiers and data collected. All
members of the research team will be trained to ensure
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confidentiality and adherence to standardized proce-
dures. All research staff directly involved with the collec-
tion and storage of research materials will complete CITI
training and internal FHCSD HIPAA and data security
training. In addition, the research study will comply with
policies established by FHCSD’s Data Security Plans. To
ensure confidentiality, a research code number will be
assigned to each participant and information that may
identify them. The research code numbers will only be
provided to qualified study investigators. Files linking
names and other identifying information to data will be
electronically saved using technology that prevents unau-
thorized individuals from accessing and understand-
ing it. If a participant’s information is printed, it will be
kept locked and accessible only to certified research staff.
When study results are published no personally iden-
tifying information (according to HIPAA guidelines)
will be revealed. All data will be collected and managed
using secure, password protected, web-based tools that
allow for programming of data fidelity checks (e.g., pre-
set ranges of acceptable values, error notifications for
unexpected values, summary of skipped measures). All
entities involved in the present research (FHCSD, UNM,
UoC, Ata Health, and UW) have access to such tools,
like REDCap. REDCap provides an intuitive interface
for data entry, audit trails for tracking data manipulation
and export procedures, automated export procedures for
seamless data downloads to common statistical pack-
ages, and procedures for importing data from external
sources. Trained research staff will systematically review
data generated by clinicians and patients in order to iden-
tify any issues that may be addressable in a timely fashion
after data are meant to be collected. Data generated by
trained research staff through chart review and admin-
istrative extraction will undergo manual fidelity checks
by an additional member of the research team who will
evaluate the data for completeness and accuracy. The
present study is not exceptionally large or long term, and
no planned interim analyses for efficacy or futility will
be conducted. Therefore, a Data Safety and Monitoring
Board will not be appointed.

Statistical analysis

Analyses will be based on the intention-to-treat prin-
ciple. All patients will be analyzed in the condition to
which the clinician to which they were assigned was
randomized regardless of compliance or fidelity. A “per-
protocol” secondary analysis will be considered if com-
pliance or fidelity of clinicians is a concern. All tests of
significance will be two-sided and a p-value of 0.05 will
be considered statistically significant. Group compari-
sons will be conducted on all the measured baseline
patient characteristics to identify potential systematic
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differences between patients in each study arm. Identi-
fied patient characteristics that are not balanced will be
used as covariates in the subsequent modeling of the
data. Potential differential attrition between the two
study arms will be compared and adjusted for in analyses.
Analyses of differences in outcomes at both the patient-
and clinician-level will include a linear mixed model to
compare change in outcomes from baseline to each post-
baseline assessment between the randomized study arms.
Fixed effects will include the study condition, assess-
ment, study condition-by-assessment interaction, base-
line measure, and any unbalanced covariates. Assessment
will be treated as a categorical variable, and an unstruc-
tured variance—covariance structure will be used. Results
will be reported as point estimates (mean differences
between groups) and interval estimates (95% confidence
intervals). An intervention effect will be concluded if the
p-value for the study arm-by-assessment interaction con-
trast in the model at the final assessment is statistically
significant. This approach uses all available data and is
robust to data missing at random (MAR).

Changes over time among clinicians in the intervention
condition will be analyzed using generalized estimating
equation (GEE) models with an exchangeable correlation
structure. Depending on the variable distribution, we
will either use log-binomial or Poisson models. The GEE
approaches allow us to examine differences in subgroups
by first including interaction terms into the models. This
will enable us to explore if the intervention differentially
impacts subgroups of learners and care teams defined by
a variety of variables of interest (e.g., age, sex, location,
etc.). Similar longitudinal data analysis approaches will
allow us to examine differences in outcomes between
cohorts at FHCSD and UW. In order to investigate the
time to uptake of specialist recommendations between
cohorts, a Cox proportional-hazards model will be
applied. In addition, Kaplan—Meier curves and log-rank
tests will be performed.

Data from the semi-structured qualitative interviews
will be transcribed verbatim, transcripts will be uploaded
into N-Vivo (QSR International software) for qualita-
tive analysis. We will use a three-phased thematic analy-
sis technique to code the responses using deductive and
inductive codes. Authentication of key themes will occur
by discussion and consensus with the research team.

Sample size

To ensure that study has adequate power to determine
the effectiveness of the intervention to improve outcomes
of interest, we have powered our study on physical func-
tion after 12 months measured using the PROMIS-29.
We believe that this will provide adequate power to
examine differences in additional key outcomes (e.g.,
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quality of life, anxiety, medication use, etc.) We calcu-
lated the sample size based on a two-sided, two-sample
t-test at a significance level of 5%. The literature on mini-
mally important differences in the PROMIS-29 domains
suggests it is equal to 0.45-0.5 SD (4.5-5.0 points on a
T-score metric). A 0.45-0.5 SD between group difference
equates to a standardized effect size d between 0.45 and
0.5. As no similar cluster randomized controlled trial has
been reported in the literature and Long COVID, ME/
CFS, and other PIFI are heterogeneous, we have assumed
that the intraclass correlation will be low (ICC=0.1).
Adjusting for this clustering of our primary outcome
between 20 clinicians, we estimate that 600 patients
(300 per condition, 30 per clinician cluster) will provide
us with between 80.0% and 87% power. Assuming a loss
to follow-up rate as high as 30% at the 12-month patient
endpoint, we will aim to include approximately 856
patients (42 patients per clinician). In order to achieve
balance in the proposed longitudinal cohort study, we
will include 428 patients from the UW Medicine’s Post-
COVID Telehealth Clinic.

Discussion

This study will provide much needed high-quality evi-
dence on the effectiveness of a technology-enabled multi-
disciplinary team-based care model for the management
of PCC, ME/CEFS, and other PIFI within an FQHC set-
ting, while simultaneously providing evidence regard-
ing the feasibility, acceptability, and sustainability of the
approach. Given that LC&FIRP includes a teleECHO
program that is case-based, interactive, and occurs in
real-time, it has a set of distinct advantages to the tradi-
tional practice of sequential in-person specialty referrals
to address complex patient cases. This may be particu-
larly helpful for cases in which the etiopathogenesis of
PCC, ME/CFS, and other PIFI is unclear, as multiple spe-
cialist perspectives may be generated and discussed with
the treating primary care clinician. It may also improve
the targeted referral to local specialists to minimize
unnecessary overuse of specialty care and reduce patient
travel and time burden. We expect that the knowledge
and confidence of participating clinicians will increase
over time, that the cases presented to specialists will
become more complex, and simpler routine cases will
require consultation less frequently. This approach,
which is clinician-focused, is nonetheless likely to result
in more rapid provision of high-quality care for patients.
We acknowledge that common clinical issues related to
PCC, ME/CES, or other PIFI will likely change over time.
We consider our ability to measure this variation and
explore its effect on a variety of clinician and patient out-
comes as a strength. Taken together, findings from this
research should inform how primary care providers and
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health system leaders support the clinical care of patients
suffering from PCC, ME/CEFS, and other PIFI.

Trial status

This study was approved by Research Support Services at
San Diego State University (Protocol Number: HS-2021-
0241). This is protocol version 1.0 dated May 15, 2023.
Recruitment began on November 30, 2021. The esti-
mated study completion date is January 31, 2025.
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CDC Centers for Disease Control and Prevention

CME Continuing medical education

CMIS Clinical Management Information System

CNE Continuing Nursing Education

CPE Continuing Pharmacy Education

EHR Electronic Health Record

FHCSD Family Health Centers of San Diego

FQHC Federally Qualified Health Centers

GAD Generalized anxiety disorder

GEE Generalized estimating equation

HAQ Health Assessment Questionnaire

ICD-10 International Classification of Diseases Tenth Revision
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RT-PCR Reverse transcription polymerase chain reaction
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uw University of Washington

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-023-07550-3.

[ Additional file 1. }

Acknowledgements
Not applicable.

Disclaimer

The findings and conclusions in this report are those of the authors and
do not necessarily represent the official position of the Centers for Disease
Control and Prevention.

Authors’ contributions

JG and CR are the principal investigators; they led the proposal and protocol
development. JG, JCS, and SS wrote the manuscript. JG, JCS, SS, DT, AZ, AA, AD,
AJ, JF, AB, EM, MM, EU, JB, AH, JL, JDS, BS, and CR contributed to the protocol
development and study implementation. All authors have read and approved
the final protocol.

Page 14 of 15

Funding
The study is supported by a grant from the Centers for Disease Control and
Prevention: 75D030121C11341.

Availability of data and materials
The datasets analyzed during the current study and statistical code will be avail-
able from the corresponding author on reasonable request, as is the full protocol.

Declarations

Ethics approval and consent to participate

All clinicians at FHCSD will have completed a written informed consent. All
patients referred to LC&FIRP and assigned to a participating clinician will have
completed FHCSD's Broad Consent and authorized their Protected Health
Information to be used for research purposes. This study has been approved
by Research Support Services at San Diego State University (Protocol Number:
HS-2021-0241).

Consent for publication

Not applicable—no identifying images or other personal or clinical details
of participants are presented here or will be presented in reports of the trial
results. Informed consent materials are attached as supplementary materials.

Competing interests
The authors declare that they have no competing interests.

Author details

'Laura Rodriguez Research Institute, Family Health Centers of San Diego,

1750 5Th Ave, San Diego, CA 92101, USA. “Center for Wireless and Popula-
tion Health Systems, UC San Diego, 9500 Gilman Drive, Dept. 0811, La Jolla,
CA 92093, USA. *Herbert Wertheim School of Public Health and Longevity
Science, UC San Diego, 9500 Gilman Dr, La Jolla, CA 92093, USA. *Exercise

and Physical Activity Resource Center, UC San Diego, 9500 Gilman Drive, Dept.
0811, La Jolla, CA 92093, USA. °Department of Pediatrics and Nutrition, Uni-
versity of Colorado, 13001 East 17Th Place, Aurora, CO 80045, USA. °Ata Health
Strategies, LLC, 1537 D Street NE, Washington, DC 20002, USA. 7Project ECHO,
University of New Mexico Health Sciences Center, 1650 University Blvd NE,
Albuquerque, NM 87102, USA. 8Department of Medicine, University of Wash-
ington, 1959 NE Pacific St, Seattle, WA 98195, USA. °Rehabilitation Clinic,
Harborview Medical Center, 410 9Th Ave, Seattle, WA 98104, USA. '°National
Center for Emerging and Zoonotic Infectious Diseases, U.S. Centers for Disease
Control and Prevention, 1600 Clifton Rd, Atlanta, GA 30333, USA. ' School

of Medicine, UC San Diego, 9500 Gilman Drive, Dept. 0606, La Jolla, CA 92093,
USA. '?School of Public Health, San Diego State University, 5500 Campanile Dr,
San Diego, CA 92182, USA. '3Global Hepatitis Program, Clinton Health Access
Initiative, 383 Dorchester Ave, Boston, MA 02127, USA.

Received: 31 May 2023 Accepted: 27 July 2023
Published online: 12 August 2023

References

1. Comparisons of early and late presentation to hospital in COVID-19
patients. 2020.

2. Centers for Disease Control and Prevention. Long COVID or Post-COVID
Conditions. 2022 [cited 2019 May 19]. Available from: https:.//www.cdc.
gov/coronavirus/2019-ncov/long-term-effects/index.htmil#:~:text=
Some%20people%2C%20especially%20those%20who kidney%2C%
20skin%2C%20and%20brain.

3. WongTL, Weitzer DJ. Long COVID and myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS)—a systemic review and comparison of clini-
cal presentation and symptomatology. Medicina (Mex). 2021;57(5):418.

4. Yale Medicine. [cited 2021 Oct 20]. Long COVID (post-acute sequelae
of SARS CoV-2 infection, PASC). Available from: https://www.yalemedici
ne.org/conditions/long-covid-post-acute-sequelae-of-sars-cov-2-infec
tion-pasc

5. Proal AD, VanElzakker MB. Long COVID or post-acute sequelae of COVID-
19 (PASC): an overview of biological factors that may contribute to
persistent symptoms. Front Microbiol. 2021;12:1494.


https://doi.org/10.1186/s13063-023-07550-3
https://doi.org/10.1186/s13063-023-07550-3
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html#:~:text=Some%20people%2C%20especially%20those%20who,kidney%2C%20skin%2C%20and%20brain
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html#:~:text=Some%20people%2C%20especially%20those%20who,kidney%2C%20skin%2C%20and%20brain
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html#:~:text=Some%20people%2C%20especially%20those%20who,kidney%2C%20skin%2C%20and%20brain
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html#:~:text=Some%20people%2C%20especially%20those%20who,kidney%2C%20skin%2C%20and%20brain
https://www.yalemedicine.org/conditions/long-covid-post-acute-sequelae-of-sars-cov-2-infection-pasc
https://www.yalemedicine.org/conditions/long-covid-post-acute-sequelae-of-sars-cov-2-infection-pasc
https://www.yalemedicine.org/conditions/long-covid-post-acute-sequelae-of-sars-cov-2-infection-pasc

Godino et al. Trials (2023) 24:524

20.

21.

22.

23.

24.

25.

Editorial. Long Covid: let patients help define long-lasting COVID symp-
toms. Nature. 2020;586(7828):170.

Guidance on “Long COVID"as a Disability Under the ADA, Section |
HHS.gov. [cited 2022 Dec 7]. Available from: https://www.hhs.gov/civil-
rights/for-providers/civil-rights-covid 19/guidance-long-covid-disab
ility/index.html.

Mendizabal M, Ridruejo E, Ceballos S, Sixto M, Billordo A, Gadea C, et al.
The ECHO model proved to be a useful tool to increase clinicians’self-
effectiveness for care of patients with Hepatitis C in Argentina. J Viral
Hepat. 2019;26(11):1284-92.

Arora S, Thornton K, Murata G, Deming P, Kalishman S, Dion D, et al. Out-
comes of hepatitis C treatment by primary care providers. N Engl J Med.
2011;364(23). https://doi.org/10.1056/NEJMoa1009370.

Fischer SH, Rose AJ, McBain RK, Faherty LJ, Sousa JL, Martineau M. Evalua-
tion of technology-enabled collaborative learning and capacity building
models: materials for a report to congress. RAND Corporation; 2019 Mar
[cited 2021 Oct 20]. Available from: https://www.rand.org/pubs/resea
rch_reports/RR2934.html.

. Pindyck T, Kalishman S, Flatow-Trujillo L, Thornton K. Treating hepatitis C

in American Indians/Alaskan natives: a survey of project ECHO® (exten-
sion for community healthcare outcomes) utilization by Indian Health
Service providers. SAGE Open Med. 2015;3:205031211561280.
Lutchmansingh DD, Knauert MP, Antin-Ozerkis DE, Chupp G, Cohn L,
Dela Cruz CS, et al. A clinic blueprint for post-coronavirus disease 2019
recovery. Chest. 2021;159(3):949-58.

Walter K. An inside look at a post-COVID-19 clinic. JAMA.
2021;325(20):2036-7.

Vanichkachorn G, Newcomb R, Cowl CT, Murad MH, Breeher L, Miller S,
et al. Post-COVID-19 syndrome (long haul syndrome): description of a
multidisciplinary clinic at Mayo Clinic and characteristics of the initial
patient cohort. Mayo Clin Proc. 2021,96(7):1782-91.

McBain RK, Sousa JL, Rose AJ, Baxi SM, Faherty LJ, Taplin C, et al. Impact
of project ECHO models of medical tele-education: a systematic review. J
Gen Intern Med. 2019;34(12):2842-57.

Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-imple-
mentation hybrid designs: combining elements of clinical effectiveness
and implementation research to enhance public health impact. Med
Care. 2012;50(3):217-26.

. Chan AW, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin JA, et al.

SPIRIT 2013 explanation and elaboration: guidance for protocols of clini-
cal trials. BMJ. 2013;346(jan08 15):e7586-e7586.

. Health Resources and Shortage Administration. Health Center Pro-

gram: Impact and Growth. 2021 [cited 2022 May 19]. Available from:
https://bphc.hrsa.gov/about-health-centers/health-center-progr
am-impact-growth.

. The Office of the National Coordinator for Health Information Technology

(ONQ). HealthIT.gov. 2021 [cited 2022 Nov 8]. About The ONC Health IT
Certification Program. Available from: https://www.healthit.gov/topic/
certification-ehrs/about-onc-health-it-certification-program.
hit-strategic-plan-summary-508-2.pdf. [cited 2021 Oct 20]. Available
from: https://www.healthit.gov/sites/default/files/hit-strategic-plan-
summary-508-2.pdf.

Ma MA, Gutiérrez DE, Frausto JM, Al-Delaimy WK. Minority representation
in clinical trials in the United States: trends over the past 25 years. Mayo
Clin Proc. 2021;96(1):264-6.

Post-COVID Conditions: Information for Healthcare Providers. [cited 2022
Dec 10]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/
hcp/clinical-care/post-covid-conditions.html.

Diagnosis of ME/CFS | Myalgic Encephalomyelitis/Chronic Fatigue Syn-
drome (ME/CFS) | CDC. [cited 2022 Dec 10]. Available from: https://www.
cdc.gov/me-cfs/symptoms-diagnosis/diagnosis.html.

Rowe AK, Rowe SY, Peters DH, Holloway KA, Chalker J, Ross-Degnan D.
Effectiveness of strategies to improve health-care provider practices in
low-income and middle-income countries: a systematic review. Lancet
Glob Health. 2018;6(11):e1163-75.

Fieo R, Ocepek-Welikson K, Kleinman M, Eimicke JP, Crane PK, Cella D,

et al. Measurement equivalence of the patient reported outcomes meas-
urement information system® (PROMIS®) applied cognition — general
concerns, short forms in ethnically diverse groups. Psychol Test Assess
Model. 2016;58(2):255-307.

Page 15 of 15

26. Patient Health Questionnaire (PHQ) Screeners. Free Download. [cited 2022
Jun 9]. Available from: https://www.phgscreeners.com/select-screener/.

27. Search &View Measures. [cited 2023 May 23]. Available from: https://
www.healthmeasures.net/index.php?option=com_instruments&view=
measure&id=849&Itemid=992.

28. Search & View Measures. [cited 2022 Jun 9]. Available from: https://www.
healthmeasures.net/index.php?option=com_instruments&view=measu
re&id=767&Itemid=992.

29. Veronese N, Bolzetta F, Toffanello ED, Zambon S, De Rui M, Perissinotto E,
et al. Association between short physical performance battery and falls
in older people: the Progetto Veneto Anziani study. Rejuvenation Res.
2014,17(3):276-84.

30. Bohannon RW. Daily sit-to-stands performed by adults: a systematic
review. J Phys Ther Sci. 2015;27(3):.939-42.

31. Hogrel JY. Grip strength measured by high precision dynamometry
in healthy subjects from 5 to 80 years. BMC Musculoskelet Disord.
2015;16(1):139.

32. Walker ML, Austin AG, Banke GM, Foxx SR, Gaetano L, Gardner LA, et al.
Reference group data for the functional gait assessment. Phys Ther.
2007,87(11):1468-77.

33. Bohannon RW, Crouch RH. Two-minute step test of exercise capacity:
systematic review of procedures, performance, and clinimetric properties.
J Geriatr Phys Ther. 2019;42(2):105-12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.hhs.gov/civil-rights/for-providers/civil-rights-covid19/guidance-long-covid-disability/index.html
https://www.hhs.gov/civil-rights/for-providers/civil-rights-covid19/guidance-long-covid-disability/index.html
https://www.hhs.gov/civil-rights/for-providers/civil-rights-covid19/guidance-long-covid-disability/index.html
https://doi.org/10.1056/NEJMoa1009370
https://www.rand.org/pubs/research_reports/RR2934.html
https://www.rand.org/pubs/research_reports/RR2934.html
https://bphc.hrsa.gov/about-health-centers/health-center-program-impact-growth
https://bphc.hrsa.gov/about-health-centers/health-center-program-impact-growth
https://www.healthit.gov/topic/certification-ehrs/about-onc-health-it-certification-program
https://www.healthit.gov/topic/certification-ehrs/about-onc-health-it-certification-program
https://www.healthit.gov/sites/default/files/hit-strategic-plan-summary-508-2.pdf
https://www.healthit.gov/sites/default/files/hit-strategic-plan-summary-508-2.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/post-covid-conditions.html
https://www.cdc.gov/me-cfs/symptoms-diagnosis/diagnosis.html
https://www.cdc.gov/me-cfs/symptoms-diagnosis/diagnosis.html
https://www.phqscreeners.com/select-screener/
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=849&Itemid=992
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=849&Itemid=992
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=849&Itemid=992
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=767&Itemid=992
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=767&Itemid=992
https://www.healthmeasures.net/index.php?option=com_instruments&view=measure&id=767&Itemid=992

	A technology-enabled multi-disciplinary team-based care model for the management of Long COVID and other fatiguing illnesses within a federally qualified health center: protocol for a two-arm, single-blind, pragmatic, quality improvement professional clus
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Objective

	Methods
	Partners
	Study design
	Setting
	Participants
	Inclusion criteria
	Exclusion criteria

	Recruitment, enrollment, and study duration
	Randomization, allocation concealment, and blinding
	Retention and withdrawal
	Intervention(s)
	Weekly teleECHO sessions
	Monthly interactive webinars
	Quarterly short courses


	Measures
	Clinicians
	Quarterly survey
	Weekly teleECHO sessions
	Monthly interactive webinar
	Quarterly short course
	Patients
	Physical therapy assessment
	Wearables

	Researchers
	Semi-structured interviews
	Learners
	Data collection and generation methods
	Data privacy, management, and quality assurance

	Statistical analysis
	Sample size

	Discussion
	Trial status
	Anchor 41
	Acknowledgements
	References




