PLO\S\*\'- One

L)

Check for
updates

E OPEN ACCESS

Citation: Rohner S, Schnepper R, Meienberg A,
Bopp K, Mayr M, Meinlschmidt G, et al. (2026)
Protocol of the digital long COVID study: A
single-center, registry-based, feasibility and
clinical evaluation study to investigate a 12-
week digital intervention program for people
affected by post-COVID-19 condition. PLoS
One 21(1): e0340385. https://doi.org/10.1371/

journal.pone.0340385

Editor: Edward Chiyaka, Wingate University,
UNITED STATES OF AMERICA

Received: April 17, 2025
Accepted: December 18, 2025
Published: January 20, 2026

Copyright: © 2026 Rohner et al. This is an open
access article distributed under the terms of
the Creative Commons Attribution License,
which permits unrestricted use, distribution,
and reproduction in any medium, provided the
original author and source are credited.

Data availability statement: This manuscript
describes the protocol of the DiLCoS study
including research methods, data collection
and management, as well as dissemination

STUDY PROTOCOL

Protocol of the digital long COVID study:

A single-center, registry-based, feasibility

and clinical evaluation study to investigate

a 12-week digital intervention program for people
affected by post-COVID-19 condition

Stefan Rohner"?*, Rebekka Schnepper@?**, Andrea Meienberg'*, Katrin Bopp'*,
Michael Mayr'#4, Gunther Meinlschmidt'??*%, Rainer Schaefert"2*+*

1 Faculty of Medicine, University of Basel, Basel, Switzerland, 2 Department of Psychosomatic Medicine,
University Hospital Basel, Basel, Switzerland, 3 Department of Digital and Blended Psychosomatics and
Psychotherapy, University Hospital Basel, Basel, Switzerland, 4 Medical Outpatient Clinic, University
Hospital Basel, Basel, Switzerland, 5 Department of Clinical Psychology and Psychotherapy — Methods
and Approaches, Trier University, Trier, Germany

@® SR and RS shared first authorship, GM and RS shared last authorship.
I Sponsor.
* rainer.schaefert@usb.ch

Abstract

Up to 400 million individuals globally are estimated to experience persistent symp-
toms, including fatigue, muscle pain, and brain fog, following severe acute respiratory
syndrome coronavirus type 2 infection. These persistent symptoms are referred to
as Post-COVID-19 condition if they last for more than 12 weeks after infection and
persist for at least 8 weeks and often causing significant distress and burden. The
underlying pathological mechanisms have not yet been fully elucidated. Due to the
heterogeneity of the disease a multifactorial origin is highly likely. Overall, evidence
on optimal management is limited, and no medication has yet proven to be effective.
Current symptom management and treatment guidelines suggest a biopsychosocial
perspective and emphasize multidisciplinary approaches. Comprehensive interven-
tions, adequate treatment access, and appropriate resources remain insufficiently
available and implementing digital interventions might help mitigate these limitations.
This protocol details a single-site feasibility and clinical evaluation study aiming to
bridge this gap. By implementing an exploratory, open-label, digital interventional
approach this study investigates the feasibility and efficacy of a 12-week program
delivered by a cloud-based application. The program consists of 13 modules encom-
passing a wide range of topics (e.g., energy management, self-care, stress manage-
ment) and includes informational (e.g., psychoeducational content) and interactive
(e.g., exercises, self-reflection diaries) components. Customization options align

the material with participant needs. A dedicated feedback section in each module
captures feedback regarding usability and feasibility. Participants are monitored
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procedures. The study protocol does not report
any findings of the described study, nor does
this publication contain underlying participant-
based data. As such, all data and information
are in the manuscript and supporting files. The
DiLCoS findings and results will be reported

in peer-reviewed journals and key results

are planned to be presented at conferences,
symposia, lectures and presentations to the
scientific community. Dissemination of results
is additionally aligned within the Horizon
Europe project to optimize impact. Authorship
eligibility of this protocol publication is based
on the guideline of the International Committee
of Medical Journal Editors.

Funding: DiLCoS is primarily funded by the
Swiss State Secretariat for Education, Research
and Innovation (SERI) under contract number
22.00094 in the context of the European
Union’s Horizon Europe research and inno-
vation program under grant agreement No.
101057553. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.
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and checked for adherence throughout the study. The primary outcome is the post-
intervention change in functional capacity measured by the World Health Organi-
zation Disability Assessment Schedule 2.0. All participants provide written informed
consent. Key results from the study will be published in peer-reviewed journals.

Introduction
Background

An estimated 400 million individuals experience persistent symptoms following a
severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) infection [1],
significantly impacting their daily lives. The prevalence of self-reported symptoms
with functional limitations attributed to the coronavirus disease 2019 (COVID-19)

is estimated at 1.2%—4.8% after 12 weeks [2]. The sum of these persistent symp-
toms has been referred to as Long COVID, post-acute sequelae of SARS-CoV-2
infection, post-COVID syndrome, or Post-COVID-19 condition (PCC) without a
clear consensus in the literature [3,4]. Acknowledging that these terms are often
used interchangeably, we will primarily use PCC to refer to the persistent symp-
toms individuals experience after a SARS-CoV-2 infection. Various symptoms have
been reported to be associated with PCC and include fatigue, cough, shortness

of breath, difficulty concentrating, altered taste, sleep disorders, myalgia, chest
pain, and palpitations [5—7]. This spectrum of symptoms indicates the involvement
of multiple organ systems [8]. Various theories regarding the pathogenesis and
predictive factors of PCC have received attention. Recent reviews report a) altered
immune response, b) microbiota dysregulation, c) autoimmunity as potential patho-
physiological explanations [9], and d) depression and anxiety as PCC predictors
[10]. Furthermore, results of a French cross-sectional study showed a higher pos-
itive association between persistent physical symptoms and the belief of a having
experienced COVID-19 than with a laboratory confirmed infection [11]. Another
study has shown, that persistent symptoms are reported slightly more in COVID-19
confirmed cases than without such confirmation [12]. The challenge of PCC can

be summarized as the lack of robust explanations regarding the manifestation and
fluctuation of symptoms, since the presentation of symptoms is influenced not only
by biological, but by psychological and social factors as well [13]. This challenge is
being addressed through comprehensive treatment approaches [14,15] and current
management and care recommendations that integrate various medical specialties
[16—18], supported by emerging evidence on the effectiveness of multifaceted inter-
ventions [e.g., 19-21].

A systematic review evaluated the effectiveness of treatments and interventions
for PCC [22]. It concludes that there is no strong evidence supporting drug therapies,
hyperbaric oxygen therapy, and various dietary supplements. However, moderate evi-
dence suggests that online cognitive behavioral therapy may help to reduce fatigue, a
supervised online rehabilitation program combining physical and mental health could
improve overall quality of life, and intermittent aerobic exercise may enhance physical
function.
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Research gap

Comprehensive, interdisciplinary treatment options for PCC remain scarce in Swit-
zerland, underscoring the urgent need for multimodal approaches. Digital interven-
tions offer a promising way to address resource constraints and improve accessibility
by providing remote, tailored treatments, including remote monitoring, symptom
tracking, and individualized symptom management [23—26]. However, evidence on
their effectiveness is mixed: a randomized trial using a videogame interface showed
no improvement in cognitive symptoms [27], while a systematic review and meta-
analysis of telerehabilitation highlighted gains in physical function but little impact on
clinical or psychosocial outcomes [28]. Conversely, a scoping review found overall
benefits for various digital interventions, especially those combining physical and
psychological components [29], with one study demonstrating the effectiveness of
integrating sleep, stress management, and energy conservation into a broader pro-
gram [30]. Despite these promising findings, concerns about the lack of theory-based
research, inconsistent results, and low adherence rates persist [29,30], emphasizing
the need for a multidisciplinary strategy that unites physical and psychological inter-
ventions to optimize care and outcomes.

Rationale

To address the current lack of comprehensive digital interventions, the Digital Long
COVID Study (DILCoS) integrates physical (e.g., evidence-based relaxation tech-
niques such as progressive muscle relaxation, dietary guidance) and psychological
components (e.g., cognitive distancing, mindfulness, and acceptance-based strate-
gies). Recognizing that PCC presents a complex spectrum of symptoms requiring a
multidisciplinary approach DiLCoS applies a biopsychosocial perspective to symptom
management, combining various evidence-based interventions to improve patient
outcomes. Dedicated feedback sections systematically gather user insights on feasi-
bility and usability, ensuring continuous optimization, while regular adherence checks
and data monitoring enhance engagement and promote high completion rates. This
rationale is supported by the following key considerations.

+ Digital format and accessibility: The digital format ensures greater accessibility
and convenience for participants. By providing resources through a cloud-based
application, DiLCoS ensures that support and guidance are readily available, over-
coming geographical and physical barriers that often limit access to care. Notably,
the application includes a text-based chat function, enabling effective and efficient
communication with the study team.

» Dual approach: The integration of both informational (e.g., psychoeducational
content) and interactive (e.g., exercises, self-reflection diaries) components in the
application ensures a dynamic and engaging intervention. This dual approach is
crucial in managing chronic symptoms, as it aids adapting to the participant’s condi-
tion and promotes self-management [31].

 Evidence-based content and structure: The content and structure of DiLCoS
are grounded in the latest research and insights from successful past digital
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interventions for PCC. Each module targets specific domains of PCC, drawing
on evidence-based practices for symptom management and improvement
[e'g'! E_E]

Objectives and trial design

DiLCoS aims to evaluate the feasibility and efficacy of a digital intervention for PCC
and to assess the practical implementation of the 12-week program as well as its
initial evidence in a clinical setting. Designed as a feasibility and clinical evaluation
study it measures outcomes before and after the intervention with functional dis-
ability of main interest (primary outcome), feasibility and usability parameters of the
material and delivery platform (e.g., user satisfaction, perceived helpfulness, ease

of use), and symptom severity and persistence, well-being and quality of life, as well
as markers of depression and anxiety (additional secondary outcomes). Following
an open-label, registry-based design approach, all interested and eligible individu-
als are recruited. Participants from the Basel Long COVID Cohort Study (BALCoS)
are planned to be considered a non-randomized control group, as they will have
completed the same measurements and assessments as the DiLCoS participants,
without the intervention and its evaluation (see statistical methods for further details).
No formal matching or randomization will be performed. However, we will compare
baseline (BL) characteristics (e.g., age, sex, PCC symptom severity, duration of PCC
symptoms at BL between DiLCoS and BALCoS participants to identify and adjust for
potential confounding variables in the analysis.

Horizon Europe long COVID project

The DILCoS study is part of the Horizon Europe Long COVID project [32] coordinated
by Helsinki University Hospital. This project brings together leading expertise from
clinical medicine, virology, metabolism, and immunology to investigate the mecha-
nisms of PCC. Adopting a biopsychosocial perspective, the project aims to develop a
comprehensive understanding of PCC by identifying underlying mechanisms, pro-
cesses, and biomarkers, as well as effective management and treatment strategies.
Research efforts include cohort studies, biomechanistic studies, and digital interven-
tion studies, with DILCoS being one of the latter.

Methods
Ethics statement

The study has been approved by the Department of Clinical Research at Univer-
sity Hospital Basel (ID: th22schaefert), the Ethics Commission of Northwest and
Central Switzerland (ID: 2023-00359) and is registered at ClinicalTrial.gov (ID:
NCT05781893). All participants provide written informed consent.

Sample size

A power analysis was performed using G¥*Power 3.1 [33] to determine the minimum
number of required study participants to detect an effect size of Cohen’s f=0.15 in
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the primary outcome of functional capacity using the World Health Organization Disability Schedule (WHODAS 2.0) —
measured before and after the intervention. The calculation was based on: 1) repeated measures, within factors ANOVA,
2) two timepoints (pre-post comparison), 3) power (1- 3) of 0.80, 4) a=0.05, and 5) a small to medium effect size of
f=0.15, derived from recent reviews [22,29,34] on digital and non-digital interventions for PCC.

The result indicated a target sample size of N=105, including a 15% allowance for dropouts. Interim enrolment prog-
ress is monitored to ensure this target is met.

Study setting and recruitment

This single-site study is conducted at the University Hospital Basel (UHB), where all study-related activities — including
screening, informed consent, onboarding, and data collection — take place. While some participants are recruited inter-
nally from patients attending the PCC consultation at the Medical Outpatient Clinic of the UHB, others are recruited exter-
nally, with procedures for the latter group conducted remotely when necessary. All inquiries from interested individuals,
whether internal or external, are directed to and managed by the study team at the UHB independently. DiLCoS collects
data mainly remotely from participants living in Switzerland, Germany, and Austria. Recruitment procedures for DiLCoS
are identical to those for BALCoS. These recruitment procedures are outlined in the published study protocol [35], except
the expanded recruitment strategies outlined in our respective ethics amendments. Expanded advertising and recruitment
strategies include:

» PCC consultation services outside UHB, clinics or participant pools of PCC studies from the German-speaking part of
Switzerland, Germany, and Austria, are contacted to distribute study advertisements. This includes displaying posters
and flyers in waiting rooms and handing out flyers to patients after consultations. Their involvement is strictly limited to
advertising purposes — they do not participate in or contribute to any research activities.

» Posting study advertisements in patient networks, releasing press statements, and putting up posters in public buildings
and spaces, and public transport.

 Advertising the study online (i.e., on Instagram and via Google Ads).

All potential participants are screened by the study team and included based on the following eligibility criteria (Table 1).
Recruitment for the study has started 1t February 2024 and is expected to conclude 31t March 2025. Data collection is
expected to be finished 30" June 2025 and we expect results of the study to be reportable in March 2026.

According to World Health Organization guidelines PCC will be defined as [36]:

« History of probable or confirmed SARS-CoV-2 infection.
» Symptoms cannot be explained by an alternative diagnosis.

« Symptoms usually start within 3 months after the onset of the acute SARS-CoV-2 infection and with symptoms and
effects last usually for at least 2 months.

Table 1. Eligibility criteria.

Inclusion criteria Exclusion criteria

Confirmed Post-COVID-19 condition diagnosis or subjective Lack of general understanding of and/ or
attribution of symptoms to Post-COVID-19 condition inability to adhere to study procedures
Participation in the Basel Long COVID Cohort Study Rejection of consent to participate

Possession of smartphone or tablet device capable of running
the application

https://doi.org/10.1371/journal.pone.0340385.t001
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Participants timeline

The study team screens potential participants based on eligibility criteria (Table 1) and obtains written informed con-

sent, which is required for participation. Informed consent for BALCoS and DiLCoS are routinely obtained together. The
informed consent forms are completed by hand or mailed in. The DiLCoS form includes two provisions: 1) consent to
participate in the study, and 2) consent to allow anonymized data collected within DiLCoS to be used in future research
projects. The study team explains to each participant the purpose of the study, procedures, the expected duration, poten-
tial risks and benefits, and possible inconveniences. Specifically, that participants might reduce the frequency of existing
accompanying therapies to accommodate study participation. However, no therapy or medication is prohibited during the
intervention. Participants are explicitly informed that participation is voluntary and withdrawal from the study is possible at
any time without a reason. The study team and participant coordinate the entry interview that covers clinical information
(e.g., symptoms, vaccination schedules, therapies, and treatments; see the available pre-print of the BALCoS study pro-
tocol for more details). After the interview participants complete the onboarding process. Onboarding is conducted either
in person or via telephone/video calls. Participants are added to the cloud-based platform, and the study team explains

its functionality and navigation features. A demonstration module introduces the basic module structure (see intervention
for details). Study processes and interactions, such as notifications, daily material, and the overall study timeline, are
explained. Participants are informed that all exercises are voluntary and can be omitted, interrupted, or resumed later. The
intervention begins after the BALCoS BL measurements are completed and usually within two weeks after onboarding.
Within DiLCoS, participants complete BL assessments, followed by post-intervention assessments T1 (3 months post-BL).
Assessments at T2 (6 months post-BL) and T3 (12 months post-BL) are part of the overarching BALCoS schedule. How-
ever, because T2 is not an active follow-up point for DiLCoS-specific outcomes, DiLCoS participants will only be com-
pared with BALCoS participants at T1 and T3 for secondary and additional outcomes (Fig 1 and S4 Fig).

The DIiLCoS intervention

Development of the DiLCoS intervention. The development of the intervention has been informed by the newest
available literature and in collaboration with expert groups inside the UHB (e.g., physiotherapists, dieticians, physicians,
psychotherapists, and psychologists), An early version of the implemented material and the application was reviewed
with patients consulting the specialized PCC clinic at UHB. Comments and feedback were reviewed and discussed by
the study team and taken into consideration during the development of the application and the material. Additionally, the
information of patients visiting the specialized PCC clinic was taken into account regarding what specific areas they lack
knowledge or would wish for specific instruments or guidance.

Rationale and modules. Following the biopsychosocial understanding of PCC, the intervention encompasses a broad
spectrum of topics. These topics are organized in 13 modules (Table 2).

Structure of the DiLCoS intervention. Modules include an introduction, a summary, and interactive (i.e., exercises)
and information (i.e., psychoeducational) elements, as well as a dedicated feedback section. Most modules last 7 days
except for module 0: Introduction (4 days) and module 12: Conclusion (3 days). The expected daily time commitment
is approximately 15 minutes depending on module volume. All modules (except the conclusion module 12) include at
least one rest day. Days marked in blue (activity days) include interactive content containing multi-media files, portable
document formats, exercises, and written content. The dedicated feedback section is marked in green (Day 6 of the
module). Planned rest days are marked in yellow (Fig 2).

Individualization. In order to incorporate individual preferences regarding the content of the intervention, the
intervention deploys two mechanisms:

» Two of the modules (week 4 and 8) are so called “Wrap-Up Weeks”, where participants receive minimal new infor-
mational elements and the interactive elements consist of the exercises that participants scored highest in terms of
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Timepoints

Enroliment

Baseline
(BL)

3-month
follow-up
(T1)

6-month
follow-up
(T2)

12-month
follow-up
(T3)

Enroliment

Eligibility screening

Informed consent

Entry interview

Onboarding

XX |X|X

Intervention

DiLCoS intervention

Assessments

Blood sample

Neurocognitive
Assessment:
e Central Nervous
System Vital Signs

Physical Assessments:
e Sit-to-Stand Test
¢ Jamar grip strength
test
¢ 6-minute walking test

Psychometric
Questionnaires:

* Visual Analogue Scales

¢ World Health
Organization Disability
Assessment Schedule

¢ EuroHIS Quality-of-
Life-8

¢ Patient Health
Questionnaire

* Somatic Symptom
Disorder — B Criteria
Scale

* Generalized Anxiety
Questionnaire

¢ Patient Health
Questionnaire
Depression Scale

¢ 11-item Resilience
Scale

* Insomnia Severity
Index

¢ 11-item Chalder
Fatigue Scale

* Perceived Stress Scale

Ecological Momentary
Assessments

Usability and feasibility
feedback

System Usability Scale

Fig 1. Study schedule. Schedule of enrollment, interventions, and assessments of the Basel Long COVID Cohort Study (BALCoS) and the Digital Long

COVID Study (DiLCoS).

https://doi.org/10.1371/journal.pone.0340385.9001
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Table 2. Rationale and summary of the 13 modules.

Module Title Summary/ Rationale
number
0 Introduction Orientation to the intervention platform, brief overview of current knowledge about Post-COVID-19 condition (PCC),
and the biopsychosocial model of PCC as the rationale for a multimodal approach
1 Energy Introduction to basic energy management, fatigue, Post-Exertional Malaises, and flare-ups
Management
2 Healthy Lifestyle Basic dietary guidelines aligned with existing post-viral recovery recommendation (Mediterranean diet), recommen-
dations for reflection and change of media consumption behavior
3 Physical Activity Focus on fatigue and fatigue mitigation techniques informed by chronic iliness rehabilitation research, basic pacing
guidance, introduction to different breathing techniques and their execution
4 Wrap-Up Week 1 Recap of the most useful and effective exercises from Modules 1-3 based on user feedback
5 Mental Health Introduction to PCC-related mental health problems, focus on mental and physical self-management, incorporating
social and community support strategies, exercises drawn from cognitive-behavioral therapy
6 Acceptance Focus on acceptance and commitment therapy elements to facilitate reflection on illness-related life situation and
foster a positive outlook, aligned with current therapeutic approaches to chronic illness
7 Self-Care Introduction to self-care and self-compassion, guidance on practical self-compassion exercises, recommendations
for self-care activities to foster positive experience and coping strategies
8 Wrap-Up Week 2 Recap of the most useful and effective exercises from Modules 5-7 based on user feedback
9A Sleep Tailored content based on individual preference: focus on sleep disturbances and sleep hygiene, guidance on tech-
niques drawn from cognitive-behavioral therapy to promote healthy sleeping behavior
9B Neurocognitive Tailored content based on individual preference: focus on strategies, techniques, and exercises to improve cognitive
Impairment function (memory, concentration, executive function)
9C Pain Management | Tailored content based on individual preference: focus on strategies and techniques for pain relief and improvement
of quality of life, recap of relaxation techniques and breathing exercises from previous modules
10 Stress Relaxation techniques (e.g., progressive muscle relaxation), introduction to positive and negative stress (eustress —
Management distress), techniques drawn from cognitive-behavioral therapy to promote positive thinking regarding stress
11 Motivation and Introduction to predictive coding, focus on subjective expectations regarding PCC symptoms, and recommendations
Hope for coping strategies to deal with fluctuating symptoms
12 Conclusion Final summary, reflection on intervention, next-step recommendations for implementing

https://doi.org/10.1371/journal.pone.0340385.t002

Week O: Week 1: Week 2: Week 3: Week 4: Week 5: Week 6: Week 7: Week 8: Week 9: Week 10: Week 11: Week 12:
Introduction Module Module Module Wrap-Up Module Module Module Wrap-Up Optional Module Module Conclusion
Energy Healthy Physical Week Mental Acceptance Self-Care Week modules Stress Motivation
Management Lifestyle Activity Health (Sleep, Management and
Neur gniti Hope
Impairment,
Pain
Manaiement
] ( Yellow: Rest (Days 5 and 7 in weeks 1 - 11; Day 4 in week 0) )
T T I T T T T
Day 6 ] ( Green: Weekly feedback (Day 6 in weeks 1 - 11) >
Day 4
[Day7][Day7][ ]
Fig 2. Structure of the DiLCoS intervention.
https://doi.org/10.1371/journal.pone.0340385.9002
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helpfulness and liking in the preceding three modules (modules 1-3 for week 4 and modules 5-7 for week 8, evalua-
tions collected on day 6 respectively).

« Participants chose one out of three topics for module 9 at the time of onboarding: A — sleep, B — neurocognitive impair-
ment, C — pain management, with option A as default. The study team determined that the topic of sleep might benefit
all participants, regardless of presence or absence of sleep disturbances.

Technical solution. The program is delivered by the Docdok.health system [37] — a cloud-based interactive platform
that includes a smartphone and tablet application over which participants receive the entire intervention automatically. The
system allows participants to engage in the daily material at their own pace, with only an internet connection and a mobile
device (smartphone or tablet) required to access the intervention content. Participants receive a notification from the
application each time a new module is available (once a week) and a daily reminder at 5 p.m. if the daily content has not
been completed. The mobile application includes a text chat to facilitate communication between participants and study
personnel.

Data collection and security

Data will be collected through two primary sources: 1) Participants will enter data into the Docdok.health system via the
application, and 2) additional study data will be recorded in the Electronic Data Capture System [38]. The latter is a cloud-
based database hosted by UHB, where BL and follow-up data are recorded. Participants can access the questionnaires
via a link and a login code sent either manually by the study team or automatically by the system. Some BL data (e.g.,
demographic information, neurocognitive assessment) and some T3 data (e.g., neurocognitive assessment, physical per-
formance scores) are entered by the study team. For T1 and T2 data, participants receive access information in an auto-
matically generated email from the system after the intervention is completed. If participants have not completed these
follow-up measurements after two weeks, they are contacted by the study team. Please see the published study protocol
for the BALCoS study for further details on the follow-up procedures [38].

All collected data will be encoded before any further analysis. Logins for both the Docdok.health system and the UHB-
hosted database are individualized and require a password or code. These measures ensure data safety and traceability
of access for both data collection tools. Data from the Docdok.health system and the UHB-hosted database are stored on
servers located in Switzerland, where Docdok.health is registered, and on UHB servers in Basel, Switzerland respectively.

Outcomes

Primary outcome. The primary outcome for DiLCoS is the change in participants’ functional capacity measured
by the World Health Organization Disability Assessment 2.0 [WHODAS 2.0, 12-item version; 39] from BL to T1. This
measure was selected as the primary outcome measure due to its widespread validation in assessing functional capacity
across multiple domains and its suitability for complex, multisystemic conditions like PCC [40—42]. It is recommended for
capturing disability and functional impairment in both post-acute conditions and chronic illnesses, making it highly relevant
for measuring the broad impact of PCC on daily life.

Feasibility and usability outcomes. The feasibility and usability of the intervention and its delivery platform will be
evaluated through both quantitative and qualitative feedback collected within the intervention. Additionally, usability will be
assessed using the System Usability Scale [SUS; 43], administered at T1. The intervention will be considered feasible if
the following thresholds are met: 1) completion rate of at least 50%, and 2) dropout rate remains below 15%. Usability will
be supported if the average system usability score exceeds the acceptable threshold of 68 [44]. Of further consideration
are these key parameters: a) user satisfaction b) perceived duration, c) content volume, d) perceived helpfulness, e) ease
of use, and f) challenges or barriers regarding the material. These aspects will be measured through both quantitative
ratings and qualitative feedback to ensure a comprehensive understanding of user experience.
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+ Quantitative feedback is gathered through Likert-scaled questions (e.g., “How did you like the exercises in this module?”
rated from 1="not at all” to 5="“very much”).

* Qualitative feedback is collected via open-ended text responses, allowing participants to elaborate on their experiences.
A structured content analysis [45] will be conducted to identify common themes and areas for improvement.

This evaluation will determine whether the DiLCoS intervention is acceptable and implementable on a broader scale.
Further secondary outcomes. Further secondary outcomes will assess changes in additional psychometric
questionnaires administered within BALCoS from BL to T1. These measures are (see Fig 1 for an overview):

 Visual Analogue Scales [VAS; 46] regarding symptom intensity, functional impairment, quality of life, and work capacity.
* Quality of Life: EuroHIS Quality-of- Life-8 [QOL-8; 47]

» Somatic Symptom Severity: Patient Health Questionnaire [PHQ-15; 48]

» Somatic Distress: Somatic Symptom Disorder — B criteria scale [SSD-12; 49]

» Depression: Patient Health Questionnaire Depression Scale [PHQ-8; 50]

* Anxiety: Generalized Anxiety Disorder Questionnaire [GAD-7; 51]

* Resilience: 11-item Resilience Scale [RS-11; 52]

* Insomnia: Insomnia Severity Index [ISI; 53]

» Fatigue: 11-item Chalder Fatigue Scale [CFS; 54]

» Stress: Perceived Stress Scale [PSS-10; 55]

» Ecological Momentary Assessment (EMA): 8 items total, Items 1-5 are based on the Screening Tool for Psychological
Distress [STOP-D; 56], Item 6 is based on the European Quality of Life 5 Dimensions [EQ-5D; 57, 58], Item 7 is based on
the Single Item Mindfulness Scale [SIMS; 59], and Item 8 is based on the Single ltem Self-Compassion Scale [SISC; 60].

Further secondary outcomes include changes in physical performance and neurocognitive assessment scores from
BL to T3 as measured within BALCoS by the sit-to-stand test [STS-60; 61], the Jamar grip strength test [62], the 6-minute
walking test [63], and Central Nervous System Vital Signs [CNSVS; 64].

Statistical methods

Descriptive statistics. We will describe participant demographics, BL characteristics, and feasibility outcomes (e.g.,
completion and dropout rate) using appropriate measures of central tendency (mean or median) and dispersion (standard
deviation or interquartile range), depending on variable distribution for continuous variables, and proportions (with 95%
confidence interval) for categorical outcomes.

Inferential statistics. We will conduct intention-to-treat analyses including all enrolled participants, complemented by
per-protocol (completer) analyses that will include only participants who completed at least 50% of the total intervention
modules. We will conduct pre-post comparisons of the primary and secondary outcomes, with BL as the pre-intervention
measurement for which to adjust, and T1 as the post-intervention measurement. We will apply linear mixed-effects models
to estimate changes in continuous outcomes (e.g., fatigue, quality of life), adjusting for potential confounders such as
gender, age, and comorbidities. We will apply logistic regression or variations thereof to analyze dichotomous feasibility
outcomes. Generalized estimating equations may be applied for repeated categorical outcomes.

Comparative analysis. We will compare DiLCoS with BALCoS, using BALCoS-only participants as a nonrandomized
control group. Eligibility, index dates, and follow-up windows will be aligned across cohorts. Propensity scores will be
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estimated from pre-index covariates such as demographics, BL clinical severity, site, and calendar time (e.g., enroliment
quarter) to account for period effects. Stabilized inverse-probability-of-treatment weights (IPTW) shall be applied; common
support will be enforced, and extreme weights may be truncated. Covariate balance will be assessed using absolute
standardized mean differences (SMD, target <0.10). Outcomes shall be estimated with weighted generalized linear or
Cox models with robust (sandwich) standard errors; for repeated measures, weighted Generalized Estimating Equations
(GEE) or mixed-effects models will be used as appropriate. Sensitivity analyses will include propensity-score matching
(such as 1:k nearest neighbor within a 0.2 Standard Deviation (SD) caliper of the logit propensity score) and assessments
of robustness to unmeasured confounding (such as Rosenbaum bounds or E-values).

Non-parametric and effect size analyses. When parametric assumptions are not met, we will use rank-based
procedures matched to the design. We will use Wilcoxon signed-rank text for paired comparisons, Mann-Whitney U tests
for two independent groups, and for repeated/factorial designs we will use Brunner-Langer ANOVA-type statistics (ATS)
or rank-based linear mixed models (LMMs) for treatment x time effects. Effect sizes will include Hedges’ g (small-sample
bias correction) and where appropriate odds ratios for binary outcomes, and relative-treatment effect (RTE) for rank-based
analyses. All analyses will be employed with a 95% confidence interval.

Additional exploratory analyses. Potential interactions (e.g., group x time, sex x symptom severity) may be modeled
to examine differences in outcome trajectories between intervention and control participants.

Handling of missing data. Missing item-level data will be addressed using multiple imputation by chained equations
(MICE) under a missing-at-random assumption in the primary analysis.

Diagnostics shall include respective procedures, such as fraction of missing information (FMI), Monte-Carlo error, and
distribution overlays of observed and imputed values. Sensitivity analyses will assess departures from missing at random
(MAR), e.g., using §-adjusted pattern-mixture models).

Benchmarking-controlled trial approach. The results of our analyses may also serve as an additional comparator
arm in another intervention trial conducted within the Horizon Europe Long COVID project (registered on ClinicalTrials.
gov, ID: NCT05212467) and vice versa within a benchmark-controlled trial design [65].

For benchmarking comparisons, we will use propensity-score matching to mitigate BL confounding. We will harmonize
eligibility, index dates, and follow-up across sources; estimate propensity scores from pre-index covariates using models
such as logistic regression or machine learning; restrict to common support; and match treated to benchmark controls
(e.g., nearest neighbor within a caliper/ratio), excluding unmatched units. Covariate balance will be assessed using
metrics such as standardized mean differences before estimating outcomes with matched-data methods such as strati-
fied Cox or conditional logistic models; sensitivity analyses will vary matching specifications (e.g., caliper, ratio) and apply
procedures such as trimming.

Mixed methods. We will use a mixed-methods approach to evaluate feasibility and usability outcomes by combining
quantitative statistical procedures as outlined above (descriptive and inferential) and qualitative analysis in the form of a
structured content analysis [45]. The content analysis draws on the richness of qualitative data captured in the Docdok.
health application in textboxes throughout the intervention and the written communication channels (e.g., text chat or
email). Where appropriate, we will include feedback, provided in telephone conversations, as documented by the study
team. The coding framework consists of 1) a priori determined key usability and feasibility aspects (user satisfaction,
perceived duration, content volume, perceived helpfulness, ease of use, and challenges or barriers) and 2) open coding,
which allows capturing emerging themes in the data. Coding strategies adopted from Saldana [66] are outlined below
(Table 3).

As our study recruitment is planned to be completed before qualitative data analysis is conducted, data saturation is not
determined by recruitment itself, but is constrained by the overall study timeline. Given the established thresholds in other
forms of qualitative research [67], we expect the targeted sample size of 105 participants to be sufficient to provide an
adequate volume of qualitative data and reach a satisfactory measure of saturation.
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Table 3. Coding strategies for qualitative analysis.

Coding Framework First Cycle Coding | Second Cycle Coding | Remarks
A priori determined usability and feasibility aspects | Descriptive coding Pattern coding A priori aspects function as categories for coding
Open coding Descriptive coding Pattern coding Categories are synthesized from emerging themes

https://doi.org/10.1371/journal.pone.0340385.t003

Ethics and dissemination
Harms and risks management

Regulatory compliance and reporting. According to Human Research Ordinance article 7 the risk category of
this study is “A”. Study procedures and reporting standards are implemented and will be handled in accordance with
Human Research Ordinance articles 12, 20, 21 and with the Human Research Act article 15. The appropriate bodies
and individuals of responsibility will be contacted as outlined in the articles above. Should circumstances arise which
could jeopardize participants’ health or safety or lead to a disproportionate relationship between risks and benefits of
participants, all required measures will be taken without delay to ensure protection. The project leader and sponsor will be
notified within 24 hours if such measures must be taken during the study and the ethics committee within 7 days of these
measures and their circumstances.

Monitoring and participant safety measures. The study team collects feedback (including adverse events and
unintended effects of the intervention of trial conduct) communicated by phone, email, or through the application as part
of the monitoring and tracking processes each workday. Should participants experience relevant distress or exacerbation
of symptoms during any module, they are advised to pause that module and contact their primary care physician or
specialized PCC clinic for further evaluation. If participants report serious or ongoing psychological distress, the study
team provides a list of mental health resources, including contact information for crisis helplines, (psychosomatic)
specialists and emergency clinics. These procedures are detailed in our standard operating procedures to ensure timely
referral and participant safety.

Potential risks of study participation. Participants may encounter the following risks:

* Increased cognitive load and distress: Exposure to PCC-related information may heighten cognitive strain or worrisome
thoughts.

» Unsupervised execution of exercises: While exercises (e.g., breathing techniques) are presented verbally or visually,
participants perform them without direct supervision from the study team. They are instructed to practice safely and
responsibly and informed that exercises can be paused or omitted at any time if necessary.

Protocol amendments

All amendments are communicated to the relevant ethics committee. Currently, there are no plans to communicate
amendments beyond this submission process. The following amendments have been approved:

* 1t Amendment: submitted March 18, 2024, and approved March 22, 2024
+ 2" Amendment: submitted June 3, 2024, and approved June 18, 2024

3" Amendment: submitted August 30, 2024, and approved September 2, 2024

4" Amendment: submitted December 20, 2024, and approved December 23, 2024

5" Amendment: submitted March 10, 2025, and approved March 11, 2025

The complete ethics protocol with all amendments is available as supporting information (see S3 File).
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Access and security

The Docdok.health system operates in accordance with Swiss data protection laws and complies with the General Data
Protection Regulation of the European Union.

All collected data will be encoded before analysis or, where appropriate, linked to a unique identifier (identical for
BALCoS and DiLCoS). Access to data collection tools is restricted to authorized personnel and secured with password-
protected logins. To add participants to the Docdok.health system, a phone number and email address are required for
two-factor authentication and the following details are recorded: Salutation or title, first name, last name, gender, and
date of birth. The following details are recorded on the Docdok.health platform: Salutation or title, first name, last name,
gender, and date of birth. To ensure confidentiality, participant data is pseudonymized whenever possible, meaning that
direct identifiers are replaced by a unique study identification. Participants can access their own information, which is also
available only to authorized study team members.

Data availability and dissemination policy. This manuscript describes the protocol of the DILCoS study including
research methods, data collection and management, as well as dissemination procedures. The study protocol does not
report any findings of the described study, nor does this publication contain underlying participant-based data. As such,
all data and information are in the manuscript and supporting files. The DILCoS findings and results will be reported in
peer-reviewed journals and key results are planned to be presented at conferences, symposia, lectures and presentations
to the scientific community. Dissemination of results is additionally aligned within the Horizon Europe project to optimize
impact. Authorship eligibility of this protocol publication is based on the guideline of the International Committee of Medical
Journal Editors [68].

Guidelines

We used the Standard Protocol Iltems: Recommendations for Interventional Trials [SPIRIT; 69] (see S1 File) and the Tem-
plate for Intervention Description and Replication [TIDieR; 70] checklist (see S2 File) and guide in the preparation of this
protocol.

Artificial intelligence

We used artificial intelligence-based tools to support the preparation of this study protocol and manuscript. Specifically, we
employed DeepL Translator [71] to check translations from German to English, ChatGPT (GPT-4, GPT-40, and GPT-03)
[72] and Grammarly [73] to enhance language clarity and structure, and OpenEvidence [74] to assist with the literature
search. We confirm that the contributions of Al were strictly in an assistive capacity and were not used for conceptual tasks.
Human oversight was maintained at all times to ensure the accuracy of the content and address any ethical concerns.

Supporting information

S1 File. SPIRIT checklist. Filled standard protocol items: recommendations for interventional trials (SPIRIT) checklist.
(PDF)

S2 File. TIDieR checklist. Filled template for intervention description and replication (TIDieR) checklist.
(PDF)

S3 File. Ethics protocol. Most recent amended and approved ethics protocol.
(PDF)

S4 Fig. Participant Timeline. Visualization participant timeline of the basel long COVID cohort study (BALCOS) and the
digital long COVID study (DiLCoS).
(TIF)
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