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Abstract

Background: With population-wide vaccination availability, the global COVID-19 pandemic entered a new phase. Despite
vaccination status, some people who were infected with SARS-CoV-2 experience long-term symptoms.

Objective: In this study, we aim to characterize the long-term effects of SARS-CoV-2 infection and the pandemic. We also
aim to build symptom clusters and determine risk factors for developing long COVID symptoms. Furthermore, we assess social
participation and health-related quality of life in patients with long COVID and in the general population during a global pandemic.

Methods: With a mixed-methods, web-based approach, we aim to recruit 2000 people in Germany who are older than 18 years
and can provide informed consent. In the quantitative arm of the study, we identify symptoms of and predictive factors for long
COVID manifestations with cluster analysis and assess social participation during the pandemic with standardized questionnaires.
The qualitative arm of the study uses individual interviews and focus group discussions to better understand the illness experience
of persons who experience long COVID.

Results: Recruitment started in September 2021. Up until July 2022, we recruited approximately 4500 participants via our
web-based database.

Conclusions: This study aims to build an innovative, patient-centered, web-based research platform appropriate for the pandemic
by minimizing physical contact between study personnel and participants. All study activities are designed to better understand
the long COVID syndrome, social participation during the pandemic, and the illness experiences of persons affected by long
COVID.

Trial Registration: German Clinical Trial Registry DRKS00026007; https://tinyurl.com/yh282fkt

International Registered Report Identifier (IRRID): DERR1-10.2196/38718
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Introduction

Overview
In the beginning of the SARS-CoV-2 pandemic, lockdown and
restrictions were the main measures to control further
transmission of the virus. In 2021, we entered a new era of the
pandemic, with several effective vaccines. Politics, society, and
science developed and established effective measures for the
control of the transmission of the virus. Nevertheless, more than
320 million people were infected worldwide until now, and
more than 5 million people died because of the infection [1].
Approximately 10% of the infected people report symptoms 4
to 12 weeks after the COVID-19 infection, now called “Long
COVID” or “Post COVID“ syndrome (hereafter: long COVID
[2]). The symptoms after a SARS-CoV-2 infection are various;
a study from the United Kingdom reported 55 different
long-term effects [3]. In the German guideline, different
symptoms of long COVID are described, such as headache,
shortness of breath, cough, dysosmia or anosmia, cognitive
impairment or brain fog, and fatigue [4]. Patients report a great
impact on their quality of life and ability to work or even to
manage their everyday life [5]. The first steps in distinguishing
predictors for some long COVID symptoms were made [6].
However, it remains unclear which patients are at higher risk
for a prolonged course of the disease and if there are diagnostic
tools to objectify long COVID.

Even with effective and available vaccines in Germany [7], it
will take effort for individuals and society to find their way
back to a normal everyday life. An important aspect of everyday
life, which was dramatically altered during phases of COVID-19
pandemic lockdown, was social participation. Studies have
shown that social participation is associated with life
satisfaction, self-esteem, and mental health, for example, in
older persons [8] and adolescents [9]. Therefore, understanding
how people directly and indirectly affected by COVID-19
resume social participation in the vaccine era is also relevant

for understanding the pandemic’s effect upon community health.
The assessment of social participation during the pandemic and
the active involvement of those affected by long COVID in
research endeavors may provide important information on how
measures, communication, and care services can be optimized
in the future to best suit the health needs of the community.

Primary Aim
With the joint project, DEFEAT Corona (Defense Against
COVID-19 Study), we aim to improve the understanding of the
long COVID syndrome and the long-term effects of the
pandemic in a large cohort. We want to analyze which
syndromic forms exist in patients with long COVID and how
care structures should be built to ensure patient-centered support.
We will assess how patients with long COVID participate
socially in comparison to others who are also experiencing the
pandemic.

With this study, we aim to build an innovative, web-based, and
patient-centered research infrastructure to support the new
challenges of the vaccine era of the COVID-19 pandemic.

Methods

Aim, Design, and Setting of the Study
The main goal of the joint project, DEFEAT Corona, is to create
an innovative, web-based, and patient-centered research
structure. With this platform, we want to face the challenges of
the vaccine area in Lower Saxony, Germany. The 3 partners
(Hannover Medical School, University Medical Center
Göttingen, and Ostfalia University of Applied Sciences) plan
to build a digital platform for long-term research in times of a
global pandemic. There are 3 subprojects, which have the
following primary and secondary objectives. Key to the project
is to assess the long-term consequences of a SARS-CoV-2
infection and the pandemic in a prospective cohort study. This
will be addressed in the 3 subprojects (Textbox 1).
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Textbox 1. Primary and secondary aims of DEFEAT Corona (Defense Against COVID-19 Study).

Subproject 1: Back to life? Social and participation convalescence in the vaccine era

• Analysis of how social participation is experienced by patients who had COVID-19 and have long term symptoms (patients with long COVID)
vs persons who were affected by pandemic regulations but not infected by the virus

• Foundation of a patient- and public-led advisory board

Subproject 2: COVID-19 special consultation Lower Saxony—vaccination response and long COVID syndrome

• Establishment of a web-based, multimodal research platform and development of a self-assessment for patients with long COVID

• Setup of an innovative and transregional special consultation service for patients with long COVID syndrome (clinical care and research)

• Finding objective measures for the diagnosis of long COVID (eg, optical coherence tomography angiography imaging and ear, nose, and
throat examination)

• Assessment of the needs of patients with long COVID in health care

Subproject 3: machine learning for finding symptom clusters (MACLEAF SYCL)

• Data preparation for exploratory analysis and definition of criteria for cluster analysis

• Implementation of the cluster analysis to identify symptom clusters with possible adjustments or extensions

Overriding secondary objectives

• A transparent communication of new insights to a nonprofessional audience

• Sustainable transfer of knowledge

• Making research participation accessible for parts of the population living further away from university cities.

Characteristics of the Participants
Participants will be recruited via newspaper announcements,
home page, posters, and flyers in local regions, general practices,
or long COVID support groups in the northern German region
of Lower Saxony. Furthermore, participants will be recruited
in the outpatient clinics of the Hannover Medical School and
University Medical Center Göttingen, through the cooperation
partners, local public health authorities, primary care clinics,
and ministries.

Everyone older than 18 years who can give informed consent
is invited to participate in the first baseline web-based
questionnaire, whether they had COVID-19 (with or without
long-term effects) or not. We will also assess whether the
participants live in Lower Saxony. Exclusion criteria are being
younger than 18 years and refusal or inability to provide consent.
Participants for subproject 2 will be recruited from the
participants of the baseline questionnaire. Subproject 3 will
analyze data assessed in the baseline questionnaire.

Ethics Approval and Consent to Participate
The study is registered in the German clinical trial registry
(DRKS00026007) and has been approved by the institutional
review board of both Hannover Medical School
(9948_BO_K_2021) and University Medical Center Göttingen
(29/3/21). Data security management plan has also been

approved by Hannover Medical School. Informed consent will
be obtained from all study participants subsequently in each
study step (questionnaires, clinical assessment and specimen
collection, and qualitative study). Each participant receives
written information on study procedures and data management
over the web-based questionnaire format.

Study participation is voluntary, and participants have the right
to withdraw consent at any time and without disclosure of
reasons for withdrawal. A trained member of the study team is
available for questions at enrollment and thereafter.

In the further steps of the study, participants will be informed
about specimen and data collection, as well as the storage of
samples in the Hannover Biobank for future research projects.
Study participation is voluntary, and participants have the right
to withdraw consent at any time and without disclosure of
reasons for withdrawal. Furthermore, they will receive a written
data security protocol. A trained member of the study team is
available for questions at enrollment and thereafter. All collected
data will be pseudonymized and stored on servers of Hanover
Medical School or University Medical Center Göttingen.
Publications will include anonymized data. Blood samples will
be transferred to the Biobank of Hanover Medical School.

Description of All Processes, Interventions,
Comparisons
The details of the study design are illustrated in Figure 1.
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Figure 1. Flow chart of DEFEAT Corona (Defense Against COVID-19 Study). ENT: ears, nose, and throat; OCT: optical coherence tomography.

Step 1: Baseline Questionnaire
The baseline questionnaire will include sociodemographic
questions, questions about a SARS-CoV-2 infection, the process
of the disease, possible late symptoms, and vaccination status.
According to the participants’answers in the basic questionnaire,
they will be assigned into 3 groups: “No COVID,”
“Ex-COVID,” and “Long COVID.” Questionnaire items were
adapted from the World Health Organization Case Report Form
[10] and the UK Long COVID guideline [11]. We also assessed
quality of life (EQ-5D [12]) and social participation (IMET
[13]; Multimedia Appendix 1).

The data of the baseline questionnaire will also be used in the
cluster analysis to characterize the typical symptom complexes
experienced by participants with long COVID.

Step 2: Obtaining Additional Clinical Characteristics in
Ex-COVID and Long COVID Groups
A portion of the “Long COVID,” “Ex-COVID,” and “No
COVID” groups will be invited for a personal clinical
assessment to the outpatient clinic of Hanover Medical School.
The clinical assessment will include blood sampling of 20-30
ml (eg, full blood count, electrolytes, liver enzymes, retention
parameters, and SARS-CoV-2 antibodies), an ears, nose, and
throat examination, optical coherence tomography angiography
imaging, and a standardized medical examination by a trained
physician. Some patients with long COVID will be invited to
an additional web-based consultation.

Step 3: Qualitative Study of the Long COVID Illness
Experience
According to the sociodemographic data gathered in the baseline
questionnaire, a diverse group of participants with long COVID
will be invited to participate in the qualitative arm of the study.
We aim to perform 20-30 individual interviews and 10-20 focus
groups to gain a deeper understanding about how people with
various long COVID symptoms experience their illness, and
how they perceive the illnesses impact on social participation.
This includes relationships and activities among friends and
family, education, profession, everyday life, health system, and
leisure activities.

Step 4: Individualized, Modular, Follow-up
Questionnaires
All participants will get invitations for modular questionnaires,
depending on their answer in the baseline questionnaire (eg,
how their children experienced the pandemic, if the participants
stated that they had children). The follow-up questionnaires
will contain questions about new infections with SARS-CoV-2,
changes in symptoms and recovery from symptoms, further
vaccinations, quality of life (EQ-5D), and social participation
(IMET) over a longer period. The project will be accompanied
by a patient- and public-led advisory board.

Type of Data and Analyses Planned
Data preparation will be performed in SPSS (IBM Corp), data
analysis in R (version 4.1.1; The R Foundation), and
visualizations with GraphPad Prism (GraphPad Software Inc)
and R. Types of data are mainly ordinal or numerical and
sometimes strings of a free text, depending on the questions.
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Optical coherence tomography images will be analyzed with
MATLAB (MathWorks), and values will be created for vessel
density and vessel distance. During the data preparation, data
quality will be checked, and the handling of missing values will
be addressed. Summary statistics and standard visualizations
will be computed. Within the collected data, symptom clusters
after an infection with SARS-CoV-2 will be found using
machine learning methods. Established methods of cluster and
symptom cluster analysis will be adapted and extended for the
specific questionnaire. Logistic regression will be applied to
identify specific risk factors for development of long COVID.

Semistructured interviews and focus groups will last about 45-75
minutes. Interview and focus group data will be recorded and
transcribed according to the simplified rules of Kuckartz [14]
and Dresing and Pehl [15] and subsequently analyzed using
qualitative content analysis according to Mayring [16] and
Kuckartz [14].

Our mixed-methods approach to exploring social participation
includes data from standardized questionnaires and qualitative
interviews and focus groups. These data will be combined or
triangulated to gain a deeper understanding of the social
participation and the illness experience of persons experiencing
long COVID symptoms.

Results

The study began in July 2021 with the preparation of the first
questionnaire. The first participants were recruited in September
2021 via web-based questionnaire. Until July 2022,
approximately 4500 participants were recruited via a web-based
questionnaire. Recruiting will continue at least until the end of
2022. The first clinical consultations of patients with long
COVID took place in January 2022 and will continue throughout
the duration of the study.

The qualitative study began in September 2021 with a series of
preliminary exploratory discussions with members of the target
population to assess important subjects and develop an interview
guideline. This guideline will be used in the main qualitative
study. Interviews will be conducted and analyzed, and new
participants will be enrolled according to the principle of
theoretical sampling. The interviews started in January 2022
and will continue until targeted sample size is achieved.

Discussion

Principal Findings
With DEFEAT Corona, we aimed to develop an innovative
web-based platform for research on the sequelae of the pandemic
and SARS-CoV-2 infections. The 3 subprojects focus on social
participation, characteristics of long COVID, and the exploration
of data-driven methods. As of July 2022, the data acquisition
is projected to continue at least until December 2022.

The web-based platform is available on the DEFEAT Corona
website [17]. As of July 2022, approximately 4500 people
participated in our first questionnaire, so we assume that the
platform has good usability. The recruitment is ongoing. We
developed a questionnaire to assess social participation during
a pandemic [18], which will be tested within DEFEAT Corona.

Strengths and Limitations
A limitation to the study is the method of recruiting. The first
questionnaire is available on the web for the public. People who
do not use web-based resources frequently (eg, older people)
might not participate, which may introduce a selection bias.
Nevertheless, we aimed to create a platform that is easily
accessible for participants, as it is not required to travel to study
centers. In addition, people who are affected by long COVID
symptoms such as fatigue might be more likely to participate
in the study when they can participate from the comfort of their
own home instead of needing to visit a large university hospital
to be enrolled in the study. Therefore, the participants of
DEFEAT Corona will be a convenience sample, and we must
take these factors into account, especially when relating the
study findings to the population.

Future Directions
With our study design, we aim to find characteristics and
determinants of the long COVID syndrome. The web-based
approach can be easily adapted to another place or another
disease. With the mixed-methods approach, we aim to include
different aspects that might be important in our analysis. This
will help us distinguish important topics regarding the long-term
effects of the SARS-CoV-2 infection and the global pandemic
and guide the further development of our research agenda.
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