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Abstract

Background: As of May 2022, Ontario has seen more than 1.3 million cases of COVID-19. While the majority of individu-
als will recover from infection within 4 weeks, a significant subset experience persistent and often debilitating symptoms,
known as “post-COVID syndrome”or“Long COVID. Those with Long COVID experience a wide array of symptoms, with
variable severity, including fatigue, cognitive impairment, and shortness of breath. Further, the prevalence and duration of
Long COVID is not clear, nor is there evidence on the best course of rehabilitation for individuals to return to their desired
level of function. Previous work with chronic conditions has suggested that the addition of electronic case manage-

ment (ECM) may help to improve outcomes. These platforms provide enhanced connection with care providers, detailed
symptom tracking and goal setting, and access to relevant resources. In this study, our primary aim is to determine if the
addition of ECM with health coaching improves Long COVID outcomes at 3 months compared to health coaching alone.

Methods: The trial is an open-label, single-site, randomized controlled trial of ECM with health coaching (ECM+) com-
pared to health coaching alone (HC). Both groups will continue to receive usual care. Participants will be randomized
equally to receive health coaching (& ECM) for a period of 8 weeks and a 12-week follow-up. Our primary outcome

is the WHO Disability Assessment Scale (WHODAS), 36-item self-report total score. Participants will also complete
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intervention.

management

measures of cognition, fatigue, breathlessness, and mental health. Participants and care providers will be asked to
complete a brief qualitative interview at the end of the study to evaluate acceptability and implementation of the

Discussion: There is currently little evidence about the optimal treatment of Long COVID patients or the use of
digital health platforms in this population. The results of this trial could result in rapid, scalable, and personalized care
for people with Long COVID which will decrease morbidity after an acute infection. Results from this study will also
inform decision making in Long COVID and treatment guidelines at provincial and national levels.

Trial registration: ClinicalTrials.gov NCT05019963. Registered on 25 August 2021,

Keywords: COVID-19; SARS-CoV-2; Long COVID, Post-COVID rehabilitation, Blended care, Electronic case
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Introduction

Background and rationale {6a}

In March 2020, the World Health Organization (WHO)
declared the novel coronavirus (COVID-19) a global
pandemic. At the time of writing this protocol in February
2022, Ontario had confirmed more than 628,000 cases
of SARS-CoV-2 since testing began. Most recently,
estimates in May 2022 show this number has climbed
to 1.3 million cases [1]. For most of these patients,
symptoms resolve within 4 weeks of onset. However, it
is becoming apparent that a significant subset of infected
patients are experiencing symptoms that persist long
after the typical course of acute viral infection. These
individuals experience a wide constellation of symptoms,
with variable intensity over time and often varying from
initial acute presentation [2—6]. Currently, the prevalence
and duration is not clear, nor is there evidence on the
best course of rehabilitation for individuals to return to
their desired level of function.

What is post-COVID syndrome?

The National Institute for Healthcare and Excellence
(NICE) defines two distinct groups: ongoing
symptomatic COVID (symptoms for 4—12 weeks) and
post-COVID syndrome, which describes those with
ongoing symptoms, not better explained by another
diagnosis, for 12 weeks or longer [7]. The most common
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symptom experienced is persistent fatigue, followed
by dyspnea, cognitive issues such as “brain fog” and
cardiothoracic issues [2, 5, 6, 8]. Other symptoms include
headaches, muscle and joint pain, persistent cough, and
psychiatric conditions [2, 6, 8, 9]. An early study found
that nearly half of the sample had also experienced a
decrease in their quality of life [6]. It is unclear who is
most at risk for developing post-COVID syndrome.
While severe illness or long time to acute recovery is
predictably associated with poor long-term outcomes,
more than 35% of individuals with mild illness failed to
return to baseline health status [10]. Women [2, 4] and
ethnic minorities [11] may also be at higher risk. Previous
research from the SARS pandemic also suggests that
social disadvantage, such as job loss or social stigma,
were also risk factors for long-term symptoms [12]. The
heterogeneous nature of symptoms and risk factors
suggest that an “organ-based” or classification approach
will not provide optimal outcomes for these patients.
An integrated model for rehabilitation, including
interdisciplinary care, enhanced case management, and
screening tools, should be examined [13, 14].

Nomenclature There are at least four terms employed
to describe persistent COVID symptoms, including
“Long COVID; “COVID-19 syndrome,” “post COVID-
19 syndrome,” or “post-acute sequelae of SARS-CoV-2
infection” [2]. We have chosen to refer to the condition as
Long COVID as this seems to be the term most preferred
by patients [15].

Case management in COVID-19 rehabilitation

Previous work with chronic conditions has suggested that
using digital health platforms can improve outcomes [16,
17]. These platforms usually have a patient facing app and
a clinician facing dashboard and allow personalization
of information and resources to the user; the tracking of
symptoms, often assisted by the smartphone’s biometric
sensors; contain educational resources; allow for goal
setting and monitoring; facilitate collaborative care;
and, create a connection between the patient and their
clinician [18]. Although the size of the effect varies by
condition and intervention [16, 17], these platforms
are often low burden to disseminate and adaptable
to individual schedules and may increase access to
specialized care to patients across rural and remote
regions.

Despite the explosion in e-health and coaching
platforms available, a recent systematic review found
there were few high-quality trials examining the
effectiveness of the intervention or its individual
components [19]. These platforms have been used

Page 3 of 17

across multiple disorders including diabetes [20-22],
mental health [23-25], and cancer recovery [26, 27].
These e-health platforms also offer the opportunity
for improved communication between the patient,
caregivers, and care providers, increasing both
understanding of and adherence to treatment protocols
[18, 25, 28, 29]. In the case of Long COVID, the addition
of a case management platform may prove particularly
beneficial. As information is changing rapidly, patients
may have more questions about their health concerns
and their treatment plan. With electronic case
management, clinicians can readily push new resources
and information to patients and offer caregivers a more
meaningful role.

Rationale

The most comprehensive relevant guideline regarding
Long COVID is the NICE “COVID-19 rapid guideline;
managing the long-term effects of COVID-19”
published in December 2020 [7]. The guideline made
key recommendations for research including “What
is the clinical effectiveness of different service models
of multimodality/multidisciplinary post-COVID-19
syndrome rehabilitation in improving patient-reported
outcomes (such as quality of life)” The NICE guideline
also recommended that patients use symptom diaries
or a tracking app to monitor their goals, recovery, and
any changes in their symptoms. This proposal directly
addresses this recommendation, as the NICE guidelines
provide no research to support this approach [7]. We
aim to utilize these recommendations to evaluate what
possible service models incorporating electronic case
management (ECM) will improve outcomes in this
population.

Objectives {7}
Primary objective
The primary objective of this trial is to determine if
adding ECM with health coaching to usual care improves
participant quality of life after 3 months for patients who
present to hospital outpatient clinics experiencing Long
COVID.

We hypothesize that adding ECM with health coaching
to usual care will improve outcomes at 3 months
compared to usual care alone.

Secondary objectives

The key secondary objectives of this study are to
determine (1) the cost-effectiveness of adding ECM to
usual care for Long COVID patients; (2) what factors
predict outcomes at 3 months in patients with Long
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COVID; (3) if the addition of ECM affects Long COVID
symptoms; and (4) how a personalized rehabilitation
program supported by a digital platform could be
implemented for individuals with Long COVID.

We hypothesize that adding ECM to usual care will be
cost-effective from a public-payer’s perspective. We also
hypothesize that people with Long COVID who had severe
acute COVID infections, adverse childhood experiences,
recent negative life events, or a strong sense of injustice at
baseline will have poorer outcomes at 3 months. Lastly, we
hypothesize that those with ECM will show more improve-
ment across outcome measures at 12 weeks.

Following the Medical Research Council guidance on
developing and evaluating complex interventions [30],
we will conduct a process evaluation guided by the RE-
AIM implementation framework [31].

Trial design {8}

The proposed study is a 12-month open-label, paral-
lel group, randomized controlled trial. Participants will
be allocated 1:1 into either electronic case management
(ECM+) with health coaching plus usual care or health
coaching plus usual care alone (HC). Due to the nature of
the intervention, it will not be possible to blind clinicians
or patients to the allocation.

Methods: participants, interventions,

and outcomes

Study setting {9}

This single-site study will be conducted at the Ottawa
Hospital Research Institute (OHRI). Recruitment will

Table 1 Eligibility criteria
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occur through two different streams to increase the
diversity of participants. The first stream is a clinic that
sees Ontario workers who were infected by SARS-CoV-2
at their worksite, who have made a claim to the Ontario
Workplace Safety and Insurance Board (WSIB) and are
assessed by the Ontario Workers Network (OWN) based
at The Ottawa Hospital (TOH). The second stream are
clinics within TOH which are seeing patients with Long
COVID. These are clinics specifically for people with
Long COVID, for example within the rehabilitation ser-
vice, or specialist clinics that are seeing people with
Long COVID such as respirology, infectious diseases, or
psychiatry.

Eligibility criteria {10}

Participants will be recruited from TOH. Participants
will be approached by an individual in their circle of care
if they meet the eligibility criteria outlined in Table 1.

COVID-19 testing eligibility

Effective December 30, 2021, the government of Ontario
significantly restricted the eligibility for PCR testing. The
general public is no longer eligible for symptomatic PCR
testing  (https://news.ontario.ca/en/backgrounder/10013
87/updated-eligibility-for-pcr-testing-and-case-and-conta
ct-management-guidance-in-ontario). Rapid Antigen Tests
(RAT) are also significantly limited in Ontario and these
results are not officially reported to any health agency.
Additionally, in early 2020, testing was unavailable or highly

Inclusion criteria
Participants must:
1. Be 18 years of age or older

2. Have a confirmed diagnosis of COVID-19 with a PCR test at least 12 weeks prior OR a confirmed rapid antigen test at least 12
weeks prior OR meet Ottawa Public Health guidance for a suspected COVID-19 case (Table 2)

3. Have at least one ongoing symptom consistent with Long COVID as measured by the WHO Post COVID Case Report Form
(CRF)

4, Have a minimum WHO Disability Assessment Scale (WHODAS) self-report (36 item) sum score of 15

5. Be willing to use email for study activities

6. Be able and willing to use an electronic platform, either on smartphone or computer web browser, for the duration of the
trial

7. Be able to read and understand English or French.

8. Be willing and able to provide informed consent.

Exclusion criteria

Participants must not:

1. Have any significant functional impairment (for example, advanced dementia, heart or lung disease) as judged by the

assessing clinician

2. Participate in another Long COVID trial where treatment is required in the protocol (pharmacological or behavioral).

Observational studies will be allowed.

3. Have symptoms consistent with Long COVID that are better explained by an alternative diagnosis
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limited. A previously approved, but not implemented, ver-
sion of this protocol limited eligibility to PCR test only. To
ensure that we are able to enroll individuals, inclusion cri-
teria for testing will not be limited to PCR. The preferred
confirmation of eligibility will remain a PCR test 12 weeks
prior. Second line of eligibility confirmation will be a posi-
tive RAT 12 weeks prior. Third line will be for the partici-
pant to confirm a suspected case of COVID-19 indicating
they were experiencing symptoms at least 12 weeks prior.
Determination of a suspected case will follow the Ottawa
Public Health Guidelines (https://www.ottawapublichea
Ith.ca/en/public-health-topics/resources/Documents/Self-
Isolation-Flowchart_EN.pdf) summarized in Table 2.
Potential participants will be asked to confirm that symp-
toms were a minimum of 12 weeks ago, and the delegated
research staff will document the date and the list of symp-
toms experienced. The Principal Investigator will then
malke the final determination about inclusion in the study.

Access to technology

Participants are not required to have a smartphone with
a data plan in order to participate in the intervention
arm. Participants will be able to access their patient
dashboard from their computer or tablet with internet
access. Participants who do not have any available
options to access the platform and are randomized to
the intervention arm will be provided with one pre-paid
smartphone with voice and data services for the duration
of their study participation. Provision of a second phone
in the event of loss or theft will be evaluated on a case-
by-case basis.

Who will take informed consent? {26a}

All informed consent discussions will be completed by
a site-delegated study staff member, such as a research
coordinator or research assistant.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

As per institutional guidelines, participants will be asked
to complete a “Consent to Communicate by Email”
form prior to completing the informed consent discus-
sion. Participants will be asked permission to share their

Table 2 Suspected COVID-19 eligibility criteria

If you experienced one of: If you experienced two or more of:

Sore throat

Headache

Runny nose/nasal congestion
Extreme fatigue

Muscle/joint pains

Gl symptoms (vomiting, diarrhea)

Fever/chills

Cough

Shortness of breath
Decrease/loss of smell or taste
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de-identified trial data in an open access database, in line
with Canadian Institutes of Health Research (CIHR) best
practice. This trial does not involve collecting biological
specimens for storage.

Interventions

Explanation for the choice of comparators {6b}

Utilizing the NICE COVID-19 treatment guideline, we
have selected a comparator group that will be able to
answer the question “What is the clinical effectiveness of
different service models of multimodality/multidiscipli-
nary post-COVID-19 syndrome rehabilitation in improv-
ing patient-reported outcomes (such as quality of life)?”
The comparator group will receive usual care and health
coaching as required. We chose to compare this to health
coaching plus electronic case management in the inter-
vention group as this addresses one of the recommended
research questions in the NICE guidelines “What is the
clinical effectiveness of different service models of mul-
timodality/multidisciplinary post-COVID-19 syndrome
rehabilitation in improving patient-reported outcomes
(such as quality of life)?”

Intervention description {11a}
Control arm: health coaching plus usual care (HC)

Assessment Participants randomized to the control
arm will be offered assessment by a clinician, guided by
the WHO Post COVID-19 CRF (https://www.who.int/
publications/i/item/global-covid-19-clinical-platform-
case-report-form-(crf)-for-post-covid-conditions-(post-
covid-19-crf-)). This is a clinical tool developed by the
WHO to guide and document the sequelae of COVID-
19 and to ensure that clinical and rehabilitation needs are
identified.

Investigation Clinician judgment will be used to decide
on further testing needed for clinical care.

Management Control participants will receive a reha-
bilitation plan developed with their health professional
that will be implemented in the 8 weeks after their ini-
tial consultation (baseline visit) and access to a personal
health coach. The implementation will involve face to
face or virtual care from a registered health professional
provided by the clinic or research staff. This may be a
combination of, but not limited to, occupational therapy,
physical therapy, and/or social work/counselling services.
The frequency of treatment visits will depend on the indi-
vidual treatment plan after assessment. All participants
will receive access to a health coach.
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Experimental arm: electronic case management plus usual
care

Participants randomized to the experimental arm will
receive assessment, investigation and management
as outlined above plus access to an electronic case
management platform - Nex] Connected Wellness
(https://nexjhealth.com/), supported by a personal
health coach and which complements the rehabilitation
plan. This would include, for example, setting targets for
activity that would be monitored with NexJ; educational
materials; and, support with medication adherence by
reminders. The Nex] platform will include the following
sections: Case Plans with Educational Workbooks,
Trusted Educational Content (Health Library), Symptom
Tracking, Goal Setting, and Reporting.

Timing of sessions

All participants will receive health coaching sessions
up to once a week. Participants who are using
Nex] will have assigned content between sessions.
Due to the heterogeneous nature of Long COVID
presentation, timing of clinical rehabilitation sessions
will be individualized based on the treatment plan. This
information will be recorded for each participant.

Criteria for discontinuing or modifying allocated
interventions {11b}

Decisions about modifying individual rehabilitation care
or health coaching will be made in collaboration with the
most responsible healthcare provider and the Principal
Investigator. No predefined criteria will be used with
respect to modifying individual interventions.

The trial will be stopped if more than 25% of
participants in the intervention group experience at least
a 20% increase in severity in their WHODAS sum score.
There will be no stopping criteria for benefit given the
short duration of the study.

Strategies to improve adherence to interventions {11c}

No particular strategy will be implemented to improve
adherence to the intervention as this is an outcome of the
study. As part of the process evaluation, we are examin-
ing factors affecting adherence to the intervention. We
will evaluate any differences in adherence between the
treatment and intervention groups.

Relevant concomitant care permitted or prohibited

during the trial {11d}

As outlined in Table 1, only other trials providing
treatment for Long COVID will be prohibited. All other
concomitant care is permitted and will be documented.
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Provisions for post-trial care {30}

In the event of a study-related injury or illness,
participants will be provided with appropriate medical
treatment and care. Financial compensation for lost
wages, disability, or discomfort due to an injury or
illness is not generally available. After study completion,
participants will not have access to the Nex] Connected
Wellness platform as this is not publicly available. The
participants’ most responsible care provider will ensure
a transition back to or continuation of standard care, as
required.

Outcomes {12}

Primary outcome

To evaluate the primary outcome, improvement in
quality of life, we will use the total sum score of the
WHO Disability Assessment Scale (WHODAS 2.0)
self-assessment. The WHODAS is a 36-item self-report
questionnaire measuring health and disability from
the previous 30 days across six domains of functioning:
cognition, mobility, self-care, getting along, life activities,
and participation. Responses are scored on a 5-point
Likert scale: None [0], Mild [1], Moderate [2], Severe [3],
and Extreme/Cannot Do [4] [32].

The WHODAS 2.0 has been validated using a cross-
cultural approach in 19 countries and within 4 subgroups
(general population, populations with physical problems,
populations with mental or emotional problems, and
populations with problems related to substance use).
The WHODAS 2.0 showed excellent overall test-
retest reliability (ICC=0.98) and internal consistency
(Cronbach’s alpha = 0.98). The survey also showed good
cross-cultural sensitivity and concurrent validity [32].

Secondary outcomes

Long COVID characteristics 'To describe the population
and their experience with Long COVID, we will admin-
ister the WHO Post COVID Case Report Form (CRF)
Modules 1, 2, and 3 at baseline and only Module’s 2 and
3 at 12 weeks [33]. The CRF Module 1 captures demo-
graphics, pregnancy, pre-COVID health status, and
details about the acute COVID infection. CRF Mod-
ules 2 and 3 collect vaccination status, occupational sta-
tus, functioning, post-COVID symptoms, clinical tests,
and scales (including neurological, radiographic, blood
tests, heart and lung function, mental health, function,
and musculoskeletal tests), new diagnoses or complica-
tions related to COVID infection, health service use,
and symptoms [33]. The CRF will be completed using
health record review whenever possible, with missing
information completed by interview with the participant.
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Currently, little is known about the long-term
consequences of infection with COVID-19. In response
to this, the WHO has created the WHO Post COVID
Case Report Form, which will allow health care providers
internationally to collect information on COVID-19
systematically. The use of this CRF will allow for the
trial dataset to be aligned with the global WHO Clinical
Platform and contribute to expanding our knowledge on
Post-COVID-19 condition(s).

All other secondary outcome measures are described in
Table 3.

Predictors and potential confounders
At the first assessment, we will collect information on
predictors and potential confounders as listed in Table 4.

Process evaluation

To inform the implementation of the intervention beyond
the clinical trial and describe the intervention process,
we will use the RE-AIM framework [31]. We will assess
Reach by recording what proportion of eligible patients
participate in the trial and comparing characteristics of
participants to non-participants. Effectiveness will be
assessed in the clinical trial and separately stratified by
sex. We will also record dropouts by sex and severity.
We will conduct qualitative interviews with participants
to better understand the reasons for participating, the
experience of using the Nex] app, and any reasons for
drop out. We will use a thematic analysis and aim to
complete at least 20 user interviews and will continue
until we achieve data saturation. We will gather usage
data from NexJ. Adoption at the setting level will be
assessed by comparing uptake in the different clinics
supplemented by qualitative interviews with clinical staff.
Adoption at the staff level will compare high referrers to
the study to low referrers and doing qualitative interviews
with staff in each group. Implementation will be assessed
with a study specific-adherence scale. Maintenance
at an individual and setting level will be assessed using
the Consolidated Framework for Implementation
Research (CFIR) to inform qualitative interviews with
key stakeholders to identify barriers and facilitators to
introducing Nex]J in outpatient clinics.

Economic evaluation

We will conduct a cost-utility analysis of an electronic
case management system compared with usual care from
a perspective of the publicly funded health care system.
Costs and outcomes will be assessed within the follow-up
period of the trial. Resources and associated costs
required to set up and operate a unique instance of the
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Nex]J platform will be estimated from the budget review
and staff interview. We will collect health care utilization
data, such as hospitalization, emergency department
visits, physician visits, prescriptions, and the efficacy
of the intervention, from the concurrent trials. We will
derive health utility value from the EQ-5D-5L using the
Canadian validated algorithm [61], Quality-Adjusted
Life Years (QALYs) will be estimated using the total area
under the curve method [62]. Unit costs for each health
care resource will be obtained from Canadian Sources.
Costs will be expressed in 2021 Canadian Dollars.

Participant timeline {13}

Administration will occur as per the Time and Events
Schedule in Table 5. Clinical visits will occur as needed
and will be determined during the initial assessment.
Clinical visits are not outlined in the time and event
schedule as these are a part of routine care. Self-report
measures will be completed at home prior to each study
visit using the study Electronic Data Capture System
(EDCS). Participants will be able to leave and return to
the questionnaires whenever they need to complete
them. It is anticipated the first and last visit will take
approximately 45 min, while weeks 4 and 8 will take
approximately 30 min. Participants will complete the
WHODAS first and all responses are mandatory. All
other self-report measures will be completed in a
structured order.

Sample size {14}

We have based the sample size calculation on the sum of
domain scores of the WHODAS 36, as the recommended
assessment for Long COVID patients [33]. At the time
of writing this protocol, there were no published scores
of the WHODAS 36 in people with Long COVID.
Therefore, we have based our sample size calculation on
WHODAS 36 scores from 25 randomly selected patients
attending an existing clinic for Long COVID at TOH
run by OWN. These patients had a mean sum of domain
scores of 17 (SD=4). The minimally important clinical
difference on the WHODAS 36 is about a 10% change in
scores [32]. Using these assumptions, we need to recruit
at least 126 participants (63 in each group) to have 80%
power to detect a 10% change in scores assuming an
alpha of 0.05. Allowing for 20% drop out would mean a
recruitment target of 152 (76 in each group) people.

Recruitment {15}

Participants will be recruited at TOH through two poten-
tial recruitment streams. The first clinic sees Ontario
workers who were infected by SARS-CoV-2 at their work-
site, who have made a claim to the Ontario WSIB and are
assessed by the OWN based at TOH. The second stream
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Measure

Description

Properties

Cognitive Testing

PHQ-9

GAD-7

PSQl

PSTD Checklist 5 (PCL-5)

EQ-5D-5L

AUDIT

Executive function, visual
attention, task switching

Verbal learning and memory

Attention, Working memory

Verbal fluency

Depression

Anxiety

Sleep

Post-traumatic stress disorder

Quality of life

Alcohol use

The Oral Trail Making Test (O-TMT) (versions A and B) will be used to evaluate executive
function, visual attention, and task switching in participants. During O-TMT A,
participants will be asked to count out loud from 1 to 25 and is primarily a measure of
processing speed and simple attention. During O-TMT B, participants will be asked to
alternate saying numbers and letters (1-A, 2-B, etc)) and is a measure of mental flexibility.
Time to completion as well as total errors are recorded [34, 35]. The use of time and error
rate led to slightly improved classification rates for cognitive impairments compared to
either alone [36].

The Hopkins Verbal Learning Test-Revised (HVLT-R) will be used to evaluate verbal
learning and memory capabilities in participants [37]. The HVLT consists of a 12-item
word list, composed of four words from each of three semantic categories. The list is
read to participants at a rate of approximately 2 words per second. Participants are
then asked to free recall the list of words. This is repeated for 3 trials. After the third trial
and a 20-25-min delay (with no forewarning), participants will again be asked to free
recall the 12 words and then will be read 24 words and asked to say "yes" after each
word that appeared on the recall list (12 targets) and “no” after each word that did

not (12 distractors) [38]. The HVLT is available in 6 forms to reduce test-retest learning
effects, takes no more than 10 min to administer and is shown to be well tolerated by
participants [37].

The Digit Span subset, a component of the Working Memory Index of the Weschler's
Adult Intelligence Scale - 4th Edition (WAIS-IV), will be used to assess attention and
working memory [39]. Participants will be read a series of numbers and then asked to
recall the numbers to the examiner in order (forward span), in reverse order (backward
span), and in sequence (sequence span). Participants will complete spans of increasing
length, with two trials at each length, until an error is made on both trials of a given
length. Digit Span has shown good internal consistency and test-retest reliability across
age groups [39, 40].

The Phonemic and Semantic Verbal Fluency (or Controlled Oral Word Association Test
[COWAT]) test will be used to assess verbal fluency. Participants will be given 1 min to
produce as many unique words as possible: (1) within a semantic category (category
fluency for Animals); and (2) starting with a given letter (letter fluency for letters F, A, and
S). The COWAT has been shown to have sensitivity to brain lesions and conditions with
impaired cognition (e.g., traumatic brain injury). Population norms are available for the
COWAT for a broad age (16-95) and education (0-21 years) range [41, 42].

A 9-item questionnaire that assesses the severity of depression symptoms experienced
within the last 2 weeks. Participants are asked to rate each symptom of depression on
a Likert scale from 0 (not at all) to 3 (nearly every day), with total scores ranging from 0
(minimal depression) to 27 (severe depression). The PHQ-9 has strong methodological
properties with an internal consistency of 0.89 and strong test-retest reliability [43].

A 7-item questionnaire that assesses the severity of anxiety symptoms experienced
within the last 2 weeks. The initial validation study, conducted by Spitzer et al. (2006),
demonstrated high internal consistency (a=0.92) and test-retest reliability (intraclass
correlation = 0.83) [44].

The Pittsburgh Sleep Quality Index (PSQI) is a self-report questionnaire that assesses
sleep quality in the previous month and takes 5-10 min to complete. It has been
translated into over 50 languages. Using a threshold score of greater than 5, the PSQI
showed a diagnostic sensitivity of 89.6% and specificity of 86.5% (kappa = 0.75, p <
0.001) in distinguishing “good”and “poor” sleepers [45].

A 20-item self-report measure that assesses the presence and severity of PTSD
symptoms, corresponding with DSM-5 criteria for PTSD. The PTSD Checklist 5 (PCL-5)
scores exhibit strong internal consistency (a = .94), test-retest reliability (r = .82), and
convergent (rs = .74 to .85) and discriminant (rs = .31 to .60) validity [46].

This is a 5-item questionnaire that assesses health-related quality of life, including
mobility, self-care, ability to participate in one’s usual activities, pain or discomfort, and
anxiety or depression and a visual analog scale (VAS) which asks participants to evaluate
their overall health on a scale from 0 to 100. It is available in multiple languages, and
there are standardized scores for patient populations in different settings. The EQ-5D-5L
is able to define a unique health state based on the responses to each of the five
dimensions of health described above [47].

The AUDIT questionnaire is designed to assess alcohol consumption, drinking
behavior, adverse reactions, and alcohol-related problems. Among those who were
known to misuse alcohol, the AUDIT successfully detected an alcohol use disorder
99% of the time [48].
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Table 3 (continued)

Measure Description Properties

ASSIST Alcohol and substance use  The ASSIST is a brief interview collecting information regarding use of tobacco, alcohol,
cannabis, cocaine, amphetamine type stimulants, sedatives, hallucinogens, inhalants,
opioids, and other drugs. Internal Consistency (Chronbach’s alpha) was over 0.80 for the
majority of domains and good concurrent validity [49, 50].

FSS Fatigue The Fatigue Severity Scale (FSS) is a 9-item self-report that measures the severity
and functional impact of fatigue. The scale demonstrated good internal consistency
(Cronbach’s a 0.88), as well good test-retest reliability and sensitivity to clinical change
[51].

Fatigue Numeric Rating Scale Fatigue A single-item patient-reported outcome, scored on a scale of 0-10, with good test-retest
reliability (ICC=0.79, p < 0.008) and sensitivity to change [52].

Pain Numeric Rating Scale Pain The Pain Numeric Rating Scale will be used to assess pain intensity using a 0-10 ranking

MRC Dyspnoea Scale

WEMWBS

scale, where 0 represents “no pain”and 10 “unbearable pain!The scale shows good test-
retest reliability (ICC=0.72 for single item), and sensitivity [53]. Pain may be categorized
using Mild (scores <5), Moderate (scores 6-7), or Severe (scores >8) [54].

A 5-item self-report scale that evaluates statements of perceived breathlessness. The
scale has good correlation to level of disability due to breathlessness [55].

The Warwick-Edinburgh Mental Wellbeing Scale (WEMWABS) (short version) is a 7-item
scale which measures multiple aspects of mental wellbeing [56]. It has been validated
in general population samples and in English and French [57], and is sensitive to
change [58].

Breathlessness

Wellbeing

Table 4 Predictors, potential confounders and effect modifiers

Predictors and potential confounders

Demographic details

Past medical history
Impact of COVID-19 infection

IEQ-SF

Adverse childhood events
questionnaire (ACE)

At baseline, we will collect information on ethnicity, gender identity, education, income, employment, housing, and
living circumstances

This will include body mass index and past medical and mental health disorders

For those who tested positive, we will record details of the severity and impact of the COVID-19 infection including
neurological symptoms such as anosmia and headaches, length of time self-isolating, and time off work

The Injustice Experience Questionnaire (IEQ) is a 12-item self-report that assesses perceived injustice associated with
injury. The IEQ showed good correlation with measures of catastrophic thinking (r=.75, p <.01), fear of movement/
re-injury (r=.58, p<.01), depression (r=.66, p<.01), and pain severity (r=.54, p<.01).The IEQ also demonstrated good
test-retest reliability [59].

The ACE-Q is a 17-item self-report questionnaire assessing types of adverse exposures during childhood including
psychological, physical, and sexual abuse as well as household dysfunction. The ACE questionnaire study found strong
relationships between childhood exposure and disease conditions, health risk factors, and a strong dose-response
relationship between number of exposures and risk factors for death [60].

is any clinics within TOH which are seeing patients with
Long COVID. These are either clinics specifically for peo-
ple with Long COVID, for example within respirology,
infectious diseases, or psychiatry. The anticipated flow of
recruitment is outlined in Fig. 1 below.

Assignment of interventions: allocation

Sequence generation {16a}

Randomization will be done remotely by the Ottawa
Methods Centre (OMC) through an electronic rand-
omization system. Participants will be randomized at
enrollment by a delegated study staff member. As par-
ticipants are created in the ECDS, they are automatically

randomized. The delegated study staff member will be
informed of the allocation at the time of randomization.
Allocation will be a 1:1 ratio into the treatment
arms. Participants will be stratified by sex and dura-
tion of symptoms. The reasons for stratification by
sex are that the mortality rate in males is higher than
in females and that outcomes may be affected by gen-
dered occupations [63-66]. We will stratify by the
duration of symptoms into two groups: (1) those who
at enrolment have had symptoms since the onset of
their index illness for 12 to 23 weeks, and (2) those
who have had symptoms at enrolment for 24 weeks
or longer, which is consistent with the classifica-
tion of Long COVID in the NICE guidelines. We are



Hatcher et al. Trials (2022) 23:728 Page 10 of 17
Table 5 Time and events schedule
Measures Time to Administration Baseline Week 4 Week8 Week 12
complete
(minutes)
WHO Post COVID CRF Module 1 Variable Chart review X
WHO Post COVID CRF Module 2 Variable Chart review X X
WHO Post COVID CRF Module 3 Variable Chart review X X
Demographics <5 Self-report X
ACE-Q 5 Self-report X
Injustice Experience Questionnaire (IEQ-SF) <5 Self-report X
WHODAS 5 Self-report X X X X
PHQ-9 <5 Self-report X X X X
GAD-7 <5 Self-report X X X X
PCL-5 5 Self-report X X X X
EQ-5D-5L <5 Self-report X X X X
AUDIT <5 Self-report X X
ASSIST 5-10 Interview X X
Fatigue Severity Scale <5 Self-report X X X X
PSQl 5 Self-report X X X X
Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS) 5 Self-report X X
Pain Numeric Rating Scale <5 Self-report X X X X
MRC Dyspnoea Scale <5 Self-report X X X X
Cognition (Trailmaking, Hopkins Verbal Learning, Digit 30 Interview X X
Span, Phonemic/Semantic Verbal Fluency)
Qualitative Interview (Optional) 30 Interview X

stratifying for duration of illness as this is one of the
main determinants of outcomes.

Concealment mechanism {16b}

Not applicable. Since the interventions are assigned
through random computer generation, allocations are
not visible in advance, and no concealment is required.

Implementation {16¢}

Once participants have consented and completed
screening determining eligibility, they will be regis-
tered in the ECDS and randomization system by the
delegated research staff member. Once the participant
is registered, the system will automatically allocate the
participant to the intervention.

Assignment of interventions: blinding

Who will be blinded {17a}

Due to the nature of the intervention, a behavioral
intervention where both patient and clinician must use
an electronic platform, it is not possible to blind either
group to their allocation. Data analysts and manuscript
writers will be blind to the identity of the two groups
which will be referred to as group A and group B. Once
initial manuscript preparation is complete, the groups

will be unblinded. We will also assess potential bias in
recruitment during an interim analysis.

Procedure for unblinding if needed {17b}
Not applicable—all participants and treating clinicians
are unblinded to the intervention.

Data collection and management

Plans for assessment and collection of outcomes {18a}

All  self-reported outcome measures will be
administered via the EDCS for all study visits. Interview
measures, when done remotely, will be completed using
a videoconferencing platform. Information from the
WHO Post-COVID Assessment CRF will be entered by
delegated study staff into the EDCS.

Cognitive assessments will be administered by a
trained research staff member. The delegated study
staff member will receive direct training from an
experienced Psychologist, including rehearsal and
independent evaluation, prior to administration with
participants.

Plans to promote participant retention and complete
follow-up {18b}

A major difficulty in all clinical research is ensuring
participants attend their visits and stay enrolled in the
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Recruitment Stream One

Participants are referred
to the OWN Clinic

v
Patients receive dual
assessment from Clinician and

RHP
Dlrecte‘d to: Directed to: Directed to:
Uni- or| Enhanced OR Functional
disciplinary Functional Rehab
Allied Health Rehab

N

Recruitment Stream Two

Participants are referred to
TOH clinics with Long Covid

A4

Patients receive assessment
from Clinician and RHP

A4

Investigation and
treatment plan

Individuals will not
be approached
about the study

approached about study

Eligible Individuals will be

Eligible Individuals will be
approached about study

\/

Partlupants Enrolled (n= 152)

Functional rehab from
OWN clinic or study
personnel (n=76)

Functional rehab from
OWN clinic or study
personnel +NexJ (n=76)

Fig. 1 Patient flow

study. Efforts will be made to minimize the time between
being approached about the study and the baseline visit.
We anticipate lost to follow-up to be no more than 20%.
While there is currently no available literature on the
lost to follow-up rates for Long COVID rehabilitation,
the case management platform we are using has dem-
onstrated significantly higher levels of retention in dif-
ficult to treat populations [24]. For those participants in
the intervention arm, daily and weekly reminders will