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Abstract: Background: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a debili-
tating multisystemic disease characterized by a complex, incompletely understood etiology. Methods:
To facilitate future clinical and translational research, a multicenter German ME/CFS registry (MECFS-
R) was established to collect comprehensive, longitudinal, clinical, epidemiological, and laboratory
data from adults, adolescents, and children in a web-based multilayer-secured database. Results:
Here, we present the research protocol and first results of a pilot cohort of 174 ME/CFS patients
diagnosed at two specialized tertiary fatigue centers, including 130 (74.7%) adults (mean age 38.4;
SD 12.6) and 43 (25.3%) pediatric patients (mean age 15.5; SD 4.2). A viral trigger was identified in
160/174 (92.0%) cases, with SARS-CoV-2 in almost half of them. Patients exhibited severe functional
and social impairment, as reflected by a median Bell Score of 30.0 (IQR 30.0 to 40.0) and a poor
health-related quality of life assessed with the Short Form-36 health survey, resulting in a mean
score of 40.4 (SD 20.6) for physical function and 59.1 (SD 18.8) for mental health. Conclusions: The
MECFS-R provides important clinical information on ME/CEFS to research and healthcare institutions.
Paired with a multicenter biobank, it facilitates research on pathogenesis, diagnostic markers, and
treatment options. Trial registration: ClinicalTrials.gov NCT05778006.

Keywords: myalgic encephalomyelitis; chronic fatigue syndrome; ME/CEFS; post-viral syndrome;
registry; post-COVID; PASC; children; adolescents

1. Introduction

Myalgic encephalomyelitis /chronic fatigue syndrome (ME/CEFS) is a frequent, com-
plex, severe, chronic disease classified by the World Health Organization as a neurological
disorder (ICD-10 GM G93.3, ICD-10 CM (G93.32, ICD-11 8E49) [1].

The reported global prevalence of ME/CFS ranges from 0.2% (clinically diagnosed)
to 3.5% (self-reported), depending on the study design and diagnostic criteria applied [2].
In Germany, the pre-pandemic number of affected people is estimated as 140,000-310,000,
including up to 90,000 children and adolescents at the age of 617 years [3,4]. Patients with
ME/CFS endure persistent symptoms. According to a systematic review encompassing
14 studies with varying definitions of remission and length of follow-up, only 5% (range:
0-31%) of adult patients achieve complete remission of the disease, with 39.5% (range:
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8-63%) showing improvement during follow-up [5]. A Norwegian population-based study
found two age peaks at age 10-19 and 30-39 years [6].

The clinical picture is characterized by a substantial loss in pre-illness levels of activity
with pathological exhaustion (fatigue) and long-term worsening of symptoms after mild
to moderate activities (post-exertional malaise, PEM) (“crashes”). Fatigue and PEM are
typically accompanied by sleep disturbances, pain, and cognitive, autonomic, neuroen-
docrine, and flu-like symptoms [7]. Participation in social life is often severely impaired,
and significant absences from school or work are frequent [2,5].

A febrile episode with confirmed or probable viral origin is usually found before
symptom onset. Epstein-Barr virus (EBV)-associated infectious mononucleosis (IM) is a
prominent trigger [8] and accounted for about half of the pre-pandemic post-infectious
ME/CFS cases in childhood and adolescence [9-13]. In a study in Chicago, 13%, 7%, and
4% adolescents were diagnosed with ME/CEFS at 6, 12, and 24 months after EBV-IM [14].
During the coronavirus disease 2019 (COVID-19) pandemic, infection with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) became another frequent trigger. Prior
research indicates that 19-58% of adult outpatients with post-acute sequelae of COVID-19
(PASC) may meet ME/CEFS criteria [15-18], and the first cases of ME/CFS in children
and adolescents with PASC were described [19], though comprehensive population-based
studies are currently lacking. The number of ME/CEFS cases was expected to at least double
during the pandemic due to long-term COVID-19 sequelae [20,21].

The pathophysiology of ME/CFS is still largely unknown, and reliable biomarkers and
specific treatment options are not available yet [22]. Various immunological changes [23-25],
including autoantibodies [26,27], as well as metabolic, vascular dysfunction, and various
genetic signatures, have been described [28-30]. Furthermore, persistent or reactivated
viruses might contribute to pathogenic mechanisms [31]. ME/CFS is diagnosed by differ-
ent clinical criteria, of which all more recent criteria require PEM as a cardinal symptom.
Recommended case definitions by the European Network on Myalgic Encephalomyeli-
tis/Chronic Fatigue Syndrome (EUROMENE) include the Canadian Consensus Criteria
(CCC) [32] and the broader Institute of Medicine (IOM) criteria [33]. The clinical diagnostic
worksheet by Rowe and colleagues (CDW-R) and the pediatric case definition by Jason
and colleagues (PCD-]) are being used as age-adapted alternatives for children and ado-
lescents [2,19,34]. All case definitions are based on significant severity and frequency of
typical ME/CFS symptoms and no evidence of other medical conditions, necessitating a
thorough diagnostic workup.

Routine treatment of ME/CFS is symptom-oriented [7]. It aims at reducing the
symptom load with pain, orthostatic intolerance, and sleep-related problems, and also
the impact of aggravating conditions such as infections, allergies, and/or nutritional
deficiencies [4,35,36]. A key part of managing ME/CEFS is the implementation of adequate
stress and energy self-management (pacing) to avoid PEM and a subsequent worsening of
symptoms. Psychosocial support can help with the development of coping strategies [32].
Providing a timely diagnosis can reduce the complex burden on patients and their social
networks and thereby support recovery. Many patients are under- or misdiagnosed and
exposed to stigmatization and/or mistreatment [37,38].

To facilitate future ME/CFS research and to pave the way to improved clinical care, we
aimed at a standardized multicenter evaluation of ME/CFS-specific clinical phenotypes and
healthcare features in our novel German ME/CFS registry (MECFS-R). Here, we present
the structure of this registry and provide medical data on a cohort of adults, adolescents,
and children recruited from two specialized tertiary care centers in Berlin and Munich.
The MECFS-R provides comprehensive information on clinical phenotypes, features of
medical care, and disease trajectories over time. Together with our ME/CFS biobank, the
MECFS-R is expected to aid scientists in discovering risk factors, predictive and diagnostic
biomarkers, as well as therapeutic targets for this debilitating disease. It aims to classify
distinct patient groups and provide decision-makers with information on the disease’s
burden and its social and economic impacts. We will invite additional healthcare providers
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caring for ME/CFS patients to share our standard diagnostic procedures and contribute
data to this registry study.

2. Materials and Methods
2.1. Participating Institutions and Target Population

The multicentric MECFS-R, a patient registry with an attached biobank, was developed
by a multidisciplinary team of clinicians, researchers, patients, and members of ME/CFS
foundations and support groups. It was established at the Munich Chronic Fatigue Center
for Young People (MCFC) in Munich [39] and the Charité Fatigue Center (CFC) in Berlin,
Germany [39,40]. At the CFC most patients are seen in the Department of Immunology
with currently approximately 500-600 adult patients seen per year with suspected infection-
triggered ME/CFS. In approximately 60% of cases the diagnosis ME/CFS is confirmed
following the exclusion of other fatiguing illness. In roughly 40% of cases, either an alterna-
tive diagnosis is identified during the diagnostic workup or the clinical presentation does
not entirely align with the clinical criteria for ME/CFS. The MCFC sees about 100 young
people aged up to 20 years annually. Additional centers are currently being integrated
to create a comprehensive national registry. Standard operation procedures (SOPs) for
differential diagnostic workups have been implemented at both centers and are being dis-
tributed nation-wide. Inclusion criteria of the MECFS-R require the diagnosis of ME/CFS
by PEM-based clinical criteria (CCC, IOM, CDW-R, PCD-]) and written informed consent
provided by the patients or their legal guardians. Exclusion criteria are no ME/CFS diag-
nosis, for example, due to an alternate diagnosis or not meeting any established clinical
criteria, and missing informed written consent. Participating institutions are collecting
detailed clinical routine data for each patient at a baseline and any clinically indicated
follow-up visit. There is no specific interval between examinations, as these are provided
according to the patient’s needs.

Furthermore, biosamples, including serum, plasma, and peripheral blood mononu-
clear cells (PBMCs), are collected. The MECFS-R study is registered via ClinicalTrials.gov
(NCT05778006).

2.2. Ethical Considerations

Before inclusion into the registry, all patients and/or, in the case of children and
adolescents younger than 18 years, their legal guardians provided written informed consent.
The study was approved by the Ethics Committee of the Technical University of Munich
Medical Center (MRI TUM), Germany on 24 February 2021 (116/21 S) and by the Ethics
Committee of Charité—Universitaetsmedizin Berlin on 5 May 2022 (EA/006/22).

2.3. Data Entry System

The MECFS-R database was developed with the open-source data integration system
(DIS), which emerged from an initiative within the Leading Edge Cluster m4 competition,
funded by the German Federal Ministry of Education and Research [41]. DIS offers a
secure identity management component and functionality to manage observational data
and biosamples. It allows for the integration of data from different digital sources and
for advanced security measures such as two-tier pseudonymization, data-at-rest and data-
in-transit encryption, role-based access, and audit trails. The ethics and data protection
concepts of the DIS have been approved by the relevant local review boards and are in
line with the policies of the Data Integration for Future Medicine (DIFUTURE) consortium
safeguarding data use and sharing [42]. Following these data protection concept guidelines,
a central web-based DIS instance was established at the MRI TUM. Several clinical report
forms (CRFs) are used, encompassing a comprehensive set of routine clinical data from
baseline and follow-up visits and providing technical information about stored biosamples.
A MECFS-R user manual was developed to facilitate data entry and provide use and access
rules. A warning system was introduced into the DIS to inform the user about potential
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errors. A research coordinator at the MCFC is monitoring completeness of study data and
offers online training for each new member.

2.4. Data Protection

The data protection concept of the MECFS-R is based on the relevant concepts of the
Technology, Methods, and Infrastructure (TMF) for Networked Medical Research. Standard
state-of-the-art IT security measures are used to protect the IT systems. The storage and
management of identifying and medical data occur in separate database systems, which
remain organizationally and geographically separate, and they are pseudonymized in two
stages. This separation ensures that any person would need to gain unauthorized access
to at least three spatially and organizationally separate subsystems to obtain medical and
identifying data. A role-based, personal access authorization system is used to access the
registry and managed by the local IT manager.

As a fundamental principle, the registry allows for the sharing of all included data,
including clinical information, questionnaires, and biospecimens stored within the biobanks.
Researchers interested in utilizing the registry for their projects are encouraged to reach
out to the corresponding author. If a research project necessitates data from multiple
participating centers, consent from all relevant centers is mandatory. Any data transfer is
strictly contingent upon obtaining explicit consent declarations by the registry team and
may occur in anonymized or pseudonymized form to safeguard privacy and confidentiality.
All data-receiving researchers must comply with strict data protection measures and sign
a data usage agreement. Any access to data is strictly project-related. The data stored
in the registry may also be used for future research projects approved by the relevant
ethics committee. Patients must explicitly consent to the use of their data for other studies.
Data are stored for 20 years after completion of the registry. The MRI TUM, represented
by its board members, and the participating centers are responsible for data processing.
Patients already enrolled will be informed about the multicenter rolling-out process and
the inclusion of additional centers in the registry.

2.5. Clinical Phenotyping

Since reliable diagnostic markers are lacking, diagnosing ME/CFS relies on a careful
evaluation of the patient’s medical history, clinical symptoms, and an appropriate workup
to exclude alternative diagnoses.

At both MCFC and CFC, patients undergo screening procedures, which include gath-
ering basic information about their symptoms and completing relevant questionnaires
aiming to identify individuals experiencing fatigue, PEM, and limited participation. If
ME/CEFS is suspected, patients are encouraged to participate in a clinical appointment.
During this visit, they undergo a comprehensive in-person examination conducted by a
physician specialized in ME/CFS. If required, the involvement of a psychologist and/or
psychiatrist is arranged. Detailed review of previous medical records is performed to
exclude other conditions causing fatigue. Further diagnostic evaluations, including lab-
oratory tests and diagnostic procedures, are carried out based on each patient’s specific
requirements. Due to differences in infrastructure, local capacities, and different target
populations, the diagnostic procedures differ slightly between centers. MCFC primarily
serves children, while CFC serves adults, leading to tailored approaches in each setting.

Comprehensive medical information was derived from patients by semi-structured in-
terviews on the medical history, including comorbidities, prior diagnostic workup, medical
records, and prior treatments, as well as by detailed physical examination conducted at the
visit, psychosocial evaluation, and functional and imaging tests. Comprehensive standard-
ized routine blood analyses, encompassing clinical chemistry, virology, and microbiology,
adhere to the methodologies employed by the respective local institutional departments.

The treatments advised to the patient during the consultation, which may involve
self-management strategies and non-pharmacological and pharmacological treatments, are
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based on the individual physician’s assessment of the specific patient’s symptoms and
needs. Subsequently, these recommendations are documented in the registry.

Multiple questionnaires were used to assess individual symptoms, disease severity,
health-related quality of life (HRQoL), and patient-reported outcome measures (PROMs).
The presence, severity, and duration of PEM were evaluated by the well-established De-
Paul Symptom Questionnaire for PEM (DSQ-PEM) [34]. The frequency and severity of
ME/CEFS symptoms were assessed in a quantitative manner using the 5-point Likert scale
derived from the DePaul Symptom Questionnaire via the novel Munich Berlin Symptom
Questionnaire (MBSQ) [19]. Using the MBSQ'’s diagnostic algorithms, up to four sets of
internationally established diagnostic criteria were evaluated, including the CCC and IOM
criteria, recommended by the European Network on ME/CFS (EUROMENE) [35] and the
Centers for Disease Control and Prevention (CDC) [43] as well as, in the case of children
and adolescents, the age-adapted CDW-R [2] and the PCD-J [44]. All of these diagnostic
criteria required PEM, as internationally recommended. Table 1 provides an overview of
the collected data. To answer basic research questions, a minimal core dataset (level 1)
was defined for participating primary and secondary care institutions with very limited
resources. This level 1 only requires data on age, sex, body mass index (BMI), clinical
scores used to establish the ME/CFS diagnosis, duration of PEM, type of trigger, and Bell
Score [45]. To provide data for more comprehensive research questions, a more detailed
dataset (level 2) is offered to tertiary care centers. Contributing centers can apply for
site-specific extension of the minimal level 1 or 2 dataset to reflect site-specific standards
for routine care and to allow for site-specific evaluations. However, to best avoid missing
data in cross-center analyses, any partner site has to agree to providing a complete dataset
atlevel 1 or 2.

Table 1. Overview of the Data Collected for the German ME/CFS Registry.

Functional Tests

Demographics Medical History Therapy Exl;lr;lyi!:;tailon ]é?z]:flf::ioorrsl] and ) Questionnaires Biosamples
Consultations

Date of visit Symptoms of Non- Hypermobile Hematology Oxygen MBSQ Time point of
Date of birth ME/CFS pharmaceutical Ehlers-Danlos Clinical saturation Fatigue Severity collection
Gender Information on Interventions syndrome chemistry 10 min passive Scale Type (serum,
Occupation the onset of Self- screening Microbiology standing test Chalder Fatigue plasma, PBMC)
High school ME/CEFS (trigger, =~ management Body height Virology (blood pressure, Scale Number of
diploma time, medical Medical aids Body weight Serology heart rate) DSQ-PEM aliquots
Domestic consultations, Food BMI Urine status 6 min walking Bell Score
support laboratory supplements Body Blood gas test SF-36
Limitations in findings, progres-  Medications temperature analysis Hand-grip COMPASS-31
daily life, social sion/duration of ~ Support at Cardiorespiratory strength PHQ-4/9
and educational symptoms) school/education/ examination ECG YSR/11-18R
participation Medical history work Abdominal ECHO SCL-90-S
Changes in Vaccination Degree of examination Cranial MRI CBCL/6-18R
health status status disability Neurological Abdominal GAD-7

Previous diagno-  Degree of care examination sonography HADS-D

sis/comorbidities Musculoskeletal EEG 555-8

Allergies examination Ophthalmological ~ SSD-12

Food intolerance consultation SOMS-K]J 2

Susceptibility to Ear, nose, and PSS-10

infection throat BRCS

Previous consultation ERI

infectious Pain therapy PC-PTSD

diseases consultation JTCI 12-18R

Medications Psychological

Family history consultation

ME/CFS, myalgic encephalomyelitis; BMI, body mass index; ECG, electrocardiography; ECHO, echocardiography;
EEG, electroencephalography; MBSQ, Munich Berlin Symptom Questionnaire [19]; DSQ-PEM, DePaul Symptom
Questionnaire Post-Exertional Malaise short form [34]; SF-36, Short Form-36 Health Survey [46]; COMPASS-31,
Composite Autonomic Symptom Score 31 [47]; PHQ-4/9, Patient Health Questionnaire-4/9 [48]; YSR/11-18R,
Youth Self-Report/11-18 Revised [49]; SCL-90-S, Symptom Checklist-90-Symptom Inventory [50]; CBCL/6-18R,
Child Behavior Checklist/6-18 Revised [49]; GAD-7, Generalized Anxiety Disorder 7 [51]; HADS-D, Hospital
Anxiety and Depression Scale—Depression Subscale [52]; SS5-8, Somatic Symptom Score (8 items) [53]; SSD-12,
Schizophrenia Symptoms and Functioning 12 [54]; SOMS-K] 2, the Screening of Somatoform Disorders [55];
PSS-10, Perceived Stress Scale 10 [56]; BRCS, Brief Resilience Coping Scale [57]; ERI, effort-reward imbalance
[58]; PC-PTSD, Primary Care Posttraumatic Stress Disorder [59]; JTCI 12-18R, Junior Temperament and Character
Inventory (12-18 years); PBMC, peripheral blood mononuclear cell.
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2.6. Patient-Reported Outcome Measures

The Short Form-36 health survey (SF-36) is a cross-disease measurement tool to assess
HRQoL with good internal consistency and discriminatory validity [60], consisting of
36 items to assess eight dimensions of subjective health: physical functioning, physical role
functioning, bodily pain, general health perception, vitality, social functioning, emotional
role functioning, and mental well-being, which can be categorized into the fundamental
dimensions of physical and mental health. Scores range from 0 (most severe health impair-
ment possible) to 100 points (no health restriction at all). The Bell Score is a widely used and
concise tool used to assess the functional impairment of patients with ME/CFS [45], with
100% indicating normal health and 0% bedriddenness. The Chalder Fatigue Scale (CFQ)
evaluates 14 items to measure the impact and severity of fatigue’s physical and mental
aspects [61]. The Composite Autonomic Symptom Score 31 (COMPASS-31) is a concise
instrument to assess autonomic nervous system dysfunction. It comprises 31 validated
items in six domains: orthostatic intolerance, vasomotor, secretomotor, gastrointestinal,
bladder, and pupillomotor function, with a total score ranging from 0 to 100 [62].

2.7. Collection and Storage of Supplementary Biosamples

If patients provided a standard broad consent together with the MECFS-R consent,
serum, plasma, and PBMCs were collected, processed, and stored viable according to the
local central biobank’s standard operating procedures (SOPs), and their processing time,
type, and number of aliquots were documented within the MECFS-R.

2.8. Statistical Analyses

Statistical analysis was performed using IBM SPSS Statistics 29 (IBM, Armonk, New
York, NY, USA) and R version 4.2.1 “Funny Looking Kid” (the R Foundation for Statistical
Computing, Vienna, Austria). We employed descriptive statistics and frequency analyses to
examine sample characteristics, such as demographics and access to medical care. Fisher’s
exact test or Pearson’s x? test was employed for comparing categorical variables, while
the Wilcoxon rank-sum test was utilized for comparing numeric variables between groups.
The significance level was set to o = 0.05.

3. Results
3.1. Baseline Characteristics

Here we describe a pilot cohort of 174 patients with ME/CFS enrolled in the MECFS-
R from 04/2021 to 03/2023. The cohort had a mean age of 32.6 years (SD 14.9; range
11-61). Of the patients, 43/174 (24.7%) were children and adolescents and 136/174 (78.2%)
were female and 62/174 (35.6%) patients were recruited at the MCFC, with a mean age
of 18.9 years (SD 3.4; range 13-28), including 45/62 (72.6%) females. The CFC enrolled
112/174 (64.5%) patients with a mean age of 41.8 years (SD 11.1; range 18-62), including
91/112 (81.3%) females (Figure 1A,B). The percentage of females was higher among adult
patients compared to children and adolescents (81.7% vs. 67.4%, p = 0.050).

3.2. Participation

At the time of enrollment, 59/158 (37.3%) patients were in school or vocational edu-
cation, 87/174 (55.1%) were employed, 3/174 (1.9%) were in early retirement, and 9/174
(5.7%) reported no current activity. Following the onset of ME/CFS, 14/152 (9.2%) patients
(0/36 children and adolescents vs. 14/116 (12%) adults, p < 0.001) were able to maintain
their pre-illness participation. Of the patients, 13/152 (8.6%) (8/36 (22%) children and
adolescents vs. 5/116 (4.3%) adults, p < 0.001) participated partially with more than 50%
of the pre-illness activity level. Additionally, 22/152 (14%) (12/36 (33%) children and
adolescents vs. 10/116 (8.6%) adults, p < 0.001) participated partially with less than 50%
compared with the pre-illness level. The majority of patients (103/152 (68%), including
16/36 (44%) children and adolescents vs. 87/116 (75%) adults, p < 0.001) were unable to
participate at all in previous education or work.
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Figure 1. Age Distribution. Histograms show the age distribution of patients included in the MECFS-
R depending on the recruiting center (A) and gender (B). The dotted lines at age 18 indicate the
transition from pediatric to adult patients.

3.3. Onset of ME/CFS

Of the patients, 160/174 (92.0%) (36/43 (83.7%) children and adolescents vs. 125/131
(95.4%) adults, p = 0.011) reported an acute viral infection before the onset of ME/CFS. The
most frequent confirmed triggers were SARS-CoV-2 in 82/174 (47.1%) patients (78/131
(59.5%) adults vs. 5/43 (11.6%) children and adolescents, p < 0.001) and EBV in 19/174
(10.9%) patients (11/43 (26%) children and adolescents vs. 10/131 (7.6%) adults, p = 0.012).
An influenza virus infection was documented in 2/174 (1.1%) patients (2/43 (4.7%) children
and adolescents vs. 0/131 (0.0%) adults, p = 0.061). In 5/174 (2.9%) patients (2/43 (4.7%)
children and adolescents vs. 3/131 (2.3%) adults, p = 0.421), multiple infectious triggers
were recalled at the time of disease onset (Figure 2A,B). Other confirmed or probable
infectious triggers were coxsackieviruses, mycoplasma, Borrelia burgdorferi, respiratory
syncytial virus, and Group A streptococci.

3.4. Diagnostic Criteria and Post-Exertional Malaise

All patients met at least one of the four ME/CFS case definitions (CCC, IOM, CDW-R,
PCD-]). Among adult patients tested with the indicated questionnaire, 127/129 (98.4%)
fulfilled the CCC, 108/108 (100%) the IOM, and 106/108 (98.1%) both. Among children and
adolescents tested with the indicated questionnaire, 35/42 (83.3%) fulfilled the CCC, 16/16
(100%) the IOM, 39/39 (100%) the CDW-R, and 16/19 (84.2%) the PCD-] criteria. Most
adults fulfilled the CCC (98.1%) and IOM criteria (100%), because until March 2023 only
patients fulfilling CCC were included at the CFC. Using the DSQ-PEM as a PROM prior to
medical assessment at the CFC or MCFC, only 139/153 (90.8%) patients scored positive
for PEM (21/25 (84.0%) children and adolescents vs. 118/128 (92.2%) adults, p = 0.348)
while all patients clearly indicated PEM when interviewed by an ME/CFS-experienced
physician. Using the DSQ-PEM as a PROM, PEM duration was reported to be 2-3 h by
1/138 (0.7%), 4-10 h by 2/138 (1.4%), 14-24 h by 23/138 (16.6%) (18/117 (15.3%) adults
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vs. 5/21 (23.8%) children and adolescents), and >24 h by 112/138 (81.1%) (97/117 (82.9%)
adults vs. 15/2 (71.4%) children and adolescents) of patients, indicating the majority of
patients had long-lasting PEM.

(A) Trigger by Age Group

Adult patients Pediatric patients

77 (58.8 %)
75-
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N
&
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Figure 2. Distribution of ME/CFS Triggers. Bar charts display the absolute frequency and relative
percentage of reported ME/CFS triggers by age group (A) and gender (B).

3.5. Patient-Reported Outcome Measures

The SF-36 was used to assess HRQoL and showed significantly reduced scores in this
ME/CFS cohort across all domains compared to a published healthy German population-
based sample (Figure 3). Overall, the lowest SF-36 scores were reported for the domains
vitality and role physical, while the highest scores were found for the mental health
and role emotional subscales. Compared to adults, children and adolescents displayed
significantly higher scores on the domains of mental health (67.9 (SD 16.5) vs. 56.3 (SD
18.8), p = 0.009) and role physical (3.8 (SD 10.0) vs. 0.0 (SD 6.2), p = 0.004) compared to
adults. Furthermore, the self-reported health change in the last year was significantly
better in children and adolescents (35.6 (SD 32.5) vs. 22.8 (SD 35.6), p = 0.049). The median
Bell Score of the cohort was 30.0 (IQR 30.0-40.0) (30.0 (IQR 27.5-40.0) in children and
adolescents vs. 30.0 (IQR 30.0—40.0) in adults, p = 0.467), indicating a severely impaired
functional status (Figure 4A,B). The overall score of the CFQ was 27.6 (SD 3.7). Children
and adolescents reported significantly less fatigue than adult patients (24.4 (SD 5.0) vs.
28.0 (SD 3.3), p = 0.022) (Figure 4C,D). Most patients (128/174 (73.6%)) who completed
the COMPASS-31 suffered from autonomic dysfunction, with moderate symptoms, i.e., a
total score between 20 and 40, in 53 /128 (41.4%) adults and 61/128 (47.7%) children and
adolescents, respectively. The total weighted score of the COMPASS-31 ranged from 2
to 89.9, with a mean of 40.1 (SD 15.9) (Figure 4E, F). The COMPASS-31 total scores and
subscores of orthostatic, gastrointestinal, vasomotor, pupillomotor, secretory, and bladder
symptoms are presented in Table 2. Children and adolescents had significantly lower
scores in the gastrointestinal, bladder, and pupillomotor subdomains and total scores but
significantly higher scores for orthostatic intolerance.
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Figure 3. Results from the SF-36 questionnaire. Spider diagrams display the results from subdomains
of the SF-36 questionnaire for pediatric ME/CFS-R patients (age 11-17 years) (top left), adult ME/CFS-
R patients (age 18-61 years) (bottom left), as well as for largely age-matched historic, healthy control
populations aged 14 to 20 years (top right) and 17-79 years (bottom right).
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Figure 4. Results from Patient-Reported Outcome Measures. Boxplots display the results from the
Bell Score, Chalder Fatigue Scale, and COMPASS-31 questionnaire for children and adolescents
versus adult patients (A,C,E) and male versus female patients (B,D,F).
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Table 2. Composite Autonomic Symptom Score 31 (COMPASS-31).
All Adolescents Adults POHET;:?(E; 1
(n =128) (n = 15) (n=113) P

(n =20)

Domain Mean (SD) Mean (SD) Mean (SD) p-Value Mean (SD)

Orthostatic

intolerance 13.8 (11.2) 21.6 (10.0) 12.8 (11.0) 0.004 5.1(7.5)
Vasomotor 1.0 (1.6) 09 (1.4) 1.0 (1.6) 0.986 0.3 (0.7)
Secretomotor 3.3 (3.0 2.0(2.4) 35(3.1) 0.093 1.4(2.1)
Gastrointestinal 8.1 (5.1) 3.5(3.0) 8.8 (5.0) <0.001 3.8(2.9)
Bladder 1.2(1.7) 0.1 (0.6) 1.4 (1.8) 0.002 0.3 (0.9)
Pupillomotor 2.7 (1.3) 1.9 (1.0 2.9 (1.3) 0.002 0.9 (0.9)
Total 40.1 (15.9) 299 (11.7) 41.5(15.9) 0.007 11.2.(9.1)

1 [62]. Autonomic symptoms were assessed by COMPASS-31 questionnaire, considering the total score (0-100)
and the scores of the six subdomains orthostatic intolerance (0-40), vasomotor (0-5), secretomotor (0-15), gastroin-
testinal (0-25), bladder (0-10), and pupillomotor (0-5).

4. Discussion
4.1. Aim and Structure of the Registry Study

Here, we report on the aims, structure, and implementation of the German ME/CFS
registry, including data from a pilot cohort of 174 adult and pediatric patients recruited
at the Munich Chronic Fatigue Center for Young People (MCFC) and the Charité Fatigue
Center (CFC) in Berlin.

The recent COVID-19 pandemic has resulted in a significant rise in the number of
people worldwide experiencing persistent post-viral syndromes, including ME/CFS. Ac-
cordingly, scientific and clinical interest and needs in this field are increasing [63]. It is
estimated that 19-58% of patients with PASC, also known as post-COVID-19 condition
(ICD-10 CM U09.9), meet the diagnostic criteria for ME/CFS [15,18,64]. We recently de-
scribed ME/CFS following COVID-19 in children as young as 11-14 years, with severe
impact on their daily function [19]. Our user-friendly MECFS-R, with its standard dataset,
novel questionnaires such as the MBSQ [19], and accompanying information, can help
PASC teams develop local standard approaches diagnosing and phenotyping ME/CFS
following COVID-19.

Despite the considerable impact on health, participation, and HRQoL of people with
ME/CFS as well as significant socioeconomic costs due to this disabling disorder, limited
knowledge is available regarding the etiology, risk factors, diagnostic markers, treatment
approaches, prognosis, and prevention [35,65,66]. Research on ME/CFS has been hindered
by unsuitable case definitions, relatively small study cohorts, the lack of reliable diagnostic
and prognostic biomarkers, and limited funding for research and care [67,68]. However,
generating comprehensive and large-scale routine clinical data, registries can help gain
deeper insight into clinical features, pathophysiology, and care options.

To address these issues and facilitate future research on ME/CFS, we developed and
implemented the German ME/CEFS registry and biobank at two German tertiary care
centers specialized in diagnosing and treating ME/CFS in adults, adolescents, and children.
This registry aims to harmonize the diagnostic approach to ME/CFS and generate a large,
well-characterized study cohort via standardized deep clinical and biological phenotyping.

Instruction manuals and individual training will be provided to future participating
centers to support a valid comprehensive standard dataset. We expect to generate knowl-
edge about potential ME /CFS subgroups, natural disease trajectories, and current medical
care across all age groups and provide baseline data for clinical and translational research.

Previous ME/CFS case definitions often have not required PEM as a cardinal symp-
tom of ME/CEFS, resulting in patient cohorts that included non-ME/CFS cases, possibly
explaining conflicting research findings [69]. This registry only includes ME/CFS cases
defined by diagnostic criteria requiring PEM, including the internationally recommended
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IOM criteria, the CCC, and two pediatric criteria sets. To ensure a standardized quantita-
tive evaluation of these criteria, the MBSQ was developed as a novel questionnaire with
diagnostic algorithms for adults and pediatric patients [19] and is being suggested for use
at all participating MECFS-R centers.

In addition, several published PROMs have been selected as important diagnostic
tools based on expert recommendations and according to common data elements suggested
by the National Institute of Neurological Disorders and Stroke (NINDS) [35]. They address
clinical and psychosocial features of ME/CFS such as distinct symptoms, daily function,
and HRQoL [70]. We are currently programming all PROMs and additional questionnaires
in the REDCap format with mapping to the MECFS-R DIS format to facilitate data capture
directly from patients with state-of-the-art data protection measures. The inclusion of
a standard dataset as well as additional parameters allows flexible data entry protocols
according to the local clinical standards of participating centers.

4.2. Clinical Characterization of Pilot Study Participants

The pilot cohort of 174 patients in this registry included 131 adults as well as
43 adolescents and children with ME/CFS. The female predominance and age peaks
observed in this cohort are well-known for ME/CFS [71,72]. The youngest patient in our
cohort was 11 years old, in line with a lower prevalence of ME/CFS in childhood compared
to adolescence and adulthood [73].

Almost all adult patients fulfilled both the CCC and IOM criteria. The proportion of
study participants who met the evaluated case definition was 100% for IOM and CDW-R
and approximately 89% and 83% for the more stringent PCD-J] and CCC, respectively.
According to the medical interview, not all patients with physician-validated PEM ful-
filled the PEM criteria when using the DSQ-PEM as a PROM. This is congruent with our
clinical experience demonstrating that self-assessment of PEM and its duration can be
difficult, especially in young patients and patients who largely avoid PEM by consequent
pacing. The newly established, age-adapted MBSQ, together with the DSQ-PEM, thus
helps in assessing PEM and diagnosing ME/CFS [19] but cannot replace a detailed medical
personnel interview.

ME/CEFS is known to be most commonly triggered by an acute viral disease, with a
significant impact of the COVID-19 pandemic on ME/CFS prevalence [74]. Accordingly,
a predominance of SARS-CoV-2 was identified in adults (59.5%) and EBV in pediatric
patients (26%) in our first cohort. Non-infectious triggers are most likely underrepresented
since both recruiting centers are focused on post-infectious ME/CFS as immunological
departments [8,19,64]. However, the registry allows a very precise documentation of trig-
gering events including clinical and laboratory data from the time of initial symptoms, and
therefore facilitates a stratification of study participants along confirmed versus probable
and self-reported triggers.

Notably, only a minority of study participants were able to work, and more than
half of the children and adolescents were not able to participate in school. This was in
line with previous studies reporting a worrying impact of ME/CFS on education and
social participation [75]. The physical and social functioning of MECFS-R participants was
severely reduced as indicated by low Bell and SF-36 scores, while higher scores were found
for emotional role functioning and psychological well-being [76,77]. This aligns with earlier
reports indicating that the HRQoL of patients with ME/CFS compared to other chronic
diseases is severely compromised, mainly due to physical impairment [8,19,64,78]. More-
over, in support of published results [79], MECFS-R participants suffered from significant
autonomic dysfunction as indicated by high COMPASS-31 scores. We recommend the Bell
Score, SF-36, and COMPASS-31 as standard measures for clinical phenotyping to facilitate
both local medical care as well as future studies with secondary use of MECFS-R data.
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4.3. Strengths and Limitations

To our knowledge, this is the first multicenter registry collecting cross-age routine
clinical data and information on biosamples from ME/CFS patients diagnosed by trained
staff and in a standardized manner at specialized tertiary care centers, with obligatory
quantification of ME/CFS symptoms and detailed assessment of PEM as an essential
diagnostic criterion.

To date, a few registries for ME/CEFS exist with different scopes and selection criteria.
The UK biobank includes patients diagnosed with ME/CEFS by primary care physicians and
complies with the CCC and/or the CDC-1994 (“Fukuda”) criteria [80], and the YOU + ME
registry relies on self-report. Both approaches support collecting large-scale data but might
face the risk of false diagnoses and lack much of the detailed clinical information provided
by the MECFS-R. Furthermore, the Collaborative of Fatigue Following Infection, which
collects data and biosamples from several prospective cohort studies, exists [81]. The
MECEFS-R offers a comprehensive dataset with more than 10,000 variables per patient for
secondary use in future clinical and translational studies, including standardized data on
clinical phenotypes, patient journeys, and impact on daily life.

A strength of the MECFS-R is the collection of routine data which means that neither
the patient nor the treating physician must make an extra effort to participate, except for
the informed consenting procedure. Furthermore, different levels of data complexity can be
chosen by the participating centers, and datasets can be adapted to local clinical care protocols.

We provide a selected core dataset from a pilot group of study participants as an
example which aligns well with published data from other cohorts. Especially in pediatrics,
the MECFS-R is expected to contribute significant novel evidence in many aspects of this
complex disease.

Since routine data are collected, follow-up visits documented in the MECFS-R do not
follow strict protocols as in prospective cohort studies. However, the registry may serve
as a basis for separate longitudinal follow-up studies. As a second limitation, the quality
and quantity of individual datasets might differ depending on the level of training and
resources available for documentation at the participating hospitals or private practices.
However, subgroup analyses will allow for interpretation without bias and even small
datasets from many patients might contribute important information. Finally, the pilot
group of patients presented here is relatively small and not representative but provided
important data to validate the comprehensive MECFS-R concept.

5. Conclusions

We here first report on a multicenter German ME/CFS registry study, which collects
comprehensive, standardized data on clinical features and biospecimens from adults,
adolescents, and children. The MECFS-R team standardized to a large set of core diagnostic
measures and offers specific training to members of future participating centers. The
inclusion of patients with well-defined ME/CFS and obligatory PEM, together with detailed
information on clinical and laboratory findings as well as collected biosamples, is expected
to significantly enhance clinical and translational research on ME/CFS and thereby improve
medical care for affected patients of any age in Germany and beyond.
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