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D iseases that affect no more than 1 in 2000 citizens 
are considered rare diseases (RD) in Europe. The 
group of RDs includes a large number of quite dif-

ferent diseases, often with a complex phenotype and not 
only involving one organ. Approximately 6000 different 
RDs are known at present (1). Overall, the prevalence of 
all RDs in the population is thought to be between 3.5 and 
5% (1). Despite the great heterogeneity, what many 
 patients with an RD have in common is that the diagnosis 
is made late—often only after a diagnostic odyssey last-
ing many years (2).

Over 80% of RDs can already occur in childhood. 
In 75% of cases, a genetic cause in the form of a 
monogenic disease is suspected (1). This includes 
more than 3000 diseases that occur less frequently 
than 1 in 1 million population and have often been 
 reported only in individual families. Initial 
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 manifestation has been reported for 12% of RDs dur-
ing adulthood and for 18% in adulthood or childhood. 
Apart from genetic RDs, patients may also present 
with acquired rare diseases, where the focus is on 
autoimmune diseases, degenerative neurological dis-
orders, rare malignancies, and rare infectious diseases 
(1).

Given their diversity and complexity, RDs have 
only recently been classified as a separate group of 
diseases requiring a special interdisciplinary approach 
to diagnosis and clinical care. Initiated by patient 
 advocacy groups, measures have been called for in 
Europe since 2009 to improve care for patients with 
RDs (3). In Germany, recommendations were subse-
quently developed by the German National Task 
Force for Patients With Rare Diseases (Nationales 
Aktionsbündnis für Menschen mit Seltenen 
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 Erkrankungen, NAMSE), primarily to establish 
Centers for Rare Diseases (CRDs) at university hos-
pitals (4). Since then, more than 30 rare disease 
centers have been created. The NAMSE-A centers of 
a CRD assume coordinating tasks in this regard, 
 focussing on interdisciplinary diagnostics for patients 
in whom an RD is suspected. NAMSE-B centers rep-
resent institutions with care expertise for a specific 
RD or group of RDs (5).

Project description and aims
The Innovation Fund Project TRANSLATE-NAMSE 
was designed to assess the significance and perfor -
mance of these newly established CRDs and, in par-
ticular, the NAMSE-A centers. The aim was to assess 
the diagnosis in pediatric and adult patients with a sus-
pected RD in whom standard care procedures had pre-
viously failed to establish a definitive diagnosis. This 
involved evaluating the structured diagnostic process, 
up to and including the implementation of exome diag-
nostics in daily care, where appropriate.

Methods
The Innovation Fund Project TRANSLATE-NAMSE 
was designed as a prospective multicenter observa-
tional study without a comparison group. It was not 
possible to generate adequate reference groups at the 
same time or in the past because of the health care 
structures in place, the heterogeneity of the RD diag-
noses, and the rarity of some cases.

Therefore, the main endpoint of the study was 
 defined as diagnosis made or not made.

Based on a cooperation agreement with a total of 
ten CRDs and participating partner health insurers, 
patients for whom no definitive diagnosis had pre-
viously been established in a standard care setting 
were recruited for TRANSLATE-NAMSE from 
 December 2017 to March 2020. Further information 
on the project partners and collaborators is provided 

in the eMethods section. Individuals with an uncertain 
diagnosis (Cohort 1) and those with a definite sus-
pected RD diagnosis (Cohort 2) from the areas of 
neurological movement disorders (≥18 years) and 
metabolic defects, congenital endocrinopathies, ane-
mias, immunodeficiencies, and autoinflammation in 
pediatric patients (<18 years) were included.

In this project, the model of care involving a case 
conference-based diagnostic process was imple-
mented using a patient pathway consented to by the 
participating CRDs. Therefore, an initial interdisci-
plinary case conference was conducted after review-
ing and processing the available diagnostic reports. If 
no RD diagnosis was possible on the basis of the 
available findings and an RD was still suspected, 
supplementary special or exome diagnostics were 
 requested by interdisciplinary consensus—with the 
mandatory involvement of specialists in human 
 genetics. Here, the individual clinical picture or spec-
trum of the patients under discussion was documented 
using human phenotype ontology (HPO) (6).

In further interdisciplinary case conferences, the 
findings of this additional diagnostic workup were 
evaluated and, if possible, a definitive diagnosis was 
made. A diagnosis of an RD was considered estab-
lished if its prevalence was less than 1 in 2000 accord-
ing to the Orphanet database; RD diagnoses were 
documented using Orpha codes (7).

The object of the project funding was to finance 
staff employed for the preparation, coordination and 
implementation of the case conferences as well as 
communication with the patients (so-called pilots and 
coordinators of the NAMSE-A centers). The project-
funded grant for a case conference (excluding the cost 
of expert participation) was 260 euros.

Exome diagnostics involved sequencing and bioin-
formatic analysis—in some cases as trio exomes, i.e., 
with additional sequencing of the parents. This was 
funded, on application, by the health insurance 

TABLE

Overview of results

 

Patients recruited without a diagnosis

Total number of diagnoses made

Rare diagnoses (<1:2000; Orpha Code)

Common diagnoses 

Psychosomatic disorders

Diagnosis made using exome sequencing (a total of 1599 exome diagnostic tests)

Total number of case conferences

Case conferences per patient

Number of experts per case conference

Total

5652

1682 

1401

193

88

506 

14 850

3

6

Patients

<18 years

3619

1161 

1088

73

0

415

8110

3

7

≥18 years

2033

521 

313

120

88

91

6740

2

4
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 companies involved in the project (3000 euros) and 

conducted for patients of all ten sites in four partner 

CRDs with expertise in genomic diagnostics (Berlin, 

Bonn, Munich, Tübingen).

Elements characterizing the care pathway, for 

example, number, duration, composition of case con-

ferences, and exome diagnostic parameters, were 

 recorded in the project database.

Information on patient satisfaction was collected 

using a questionnaire on completion of the diagnostic 

process (ePatient Questionnaire). Data for the health 

economic evaluation were gathered by means of a 

questionnaire sent to each of the health care providers 

and patients, as well as through data from the health 

insurance funds.

Ethics and data protection
The TRANSLATE-NAMSE project was carried out in 

compliance with ethical and data protection require-

ments, in consultation with local data protection 

 officers and ethics committees. The initial opinion was 

rendered by the Ethics Committee of the Charité 

(EA2/140/17).

Results
During the funding period from December 2017 to 

March 2020, a total of 5652 patients who had pre-

viously failed to receive a definitive RD diagnosis in 

a standard care setting were enrolled in the project. Of 

these, 3619 were under 18 years of age. Prior to inclu-

sion in the project, data from patient questionnaires 

showed that patients had been symptomatic for a 

mean of 4.5 years (pediatric patients from the age of 

one) or 8.2 years (adults) and had not received a diagnosis.

Overall, by the end of the project, a definitive diag-

nosis had been established in 1682 participants 

(30%)—including 1161 pediatric (32%) and 521 adult 

patients aged ≥18 years (26%). This involved a total 

of 14 850 case conferences (2.6 per involved person) 

with an average of 5.5 experts. The documented aver-

age duration of case conferences for pediatric and 

adult patients was 56 and 42 minutes, respectively, 

and preparation times were 43 and 96 minutes, 

 respectively. Exome diagnostics were performed for 

1599 subjects, resulting in a definitive RD diagnosis 

in 506 (32%) of them by the end of the project 

(Table).

Adult patients
In Cohort 1 of adult participants with previously uncer-

tain diagnosis, a definite diagnosis was reached in 395 

of the 1768 patients (22%) by the end of the project. 

One hundred and eighty-three involved individuals 

were diagnosed with a common disorder, and 212 were 

diagnosed with a rare disorder. A total of 73 of the com-

mon disorders were classified under the psychosomatic 

spectrum of disorders, primary somatization disorder or 

somatoform disorder—unspecified.

In Cohort 2 of adult patients with a suspected 

 diagnosis of a rare neurological movement disorder, a 

confirmed diagnosis was reached in 126 of 265 (48%) 

cases. One hundred and one patients were diagnosed 

with a rare disease and 25 with a common disease, 15 

of which belonged to the group of psychosomatic dis-

orders.

In total, 91 of the 313 RD diagnoses in adult 

 Cohorts 1 and 2 were determined by exome exami -

nation (29%) (Table).

Patients in childhood and adolescence
Of 3008 pediatric patients in Cohort 1 with a previously 

uncertain diagnosis, a total of 795 (24%) were found to 

have an SD and another 73 were found to have a com-

mon disease. No psychosomatic diagnosis was made in 

the pediatric participant group.

In pediatric Cohort 2, which represented 611 

 patients with a definite suspected diagnosis, 366 indi-

viduals received a certain RD diagnosis (60%). The 

indication areas showed different frequencies: ane-

mias 83%, endocrinopathies 97%, autoinflammation 

70%, immunodeficiencies 60%, metabolic defects 

96%. Overall, 415 of the 1161 pediatric RD diagnoses 

were made using exome diagnostics (35%) (Table).

Rare disease diagnosis types
A very broad spectrum of diagnosed RDs was evident 

(Figure 1, Box). Overall, more than 400 RDs were 

diagnosed only once. These were mostly extremely rare 

diseases with a prevalence of <1 in 1 million. Examples 

are shown in Figure 1. Furthermore, exome diagnostics 

were used to diagnose more than 100 diseases that have 

only been recently reported for the first time (<3 years) 

and were therefore still largely unknown in standard 

care. No Orphanet number was available for these as 

yet. In both pediatric and adult patients of Cohort 1, 

genetically determined neurological diseases, 

B i i l i li ll Di ( 0 18)

123

24 12

16

444

0
20
40
60
80

100
120
140
160

1x 2x 3x

SE-

291

64 161616161616

94

0

100

200

300

400

500

1x 2x 3x

SE-Diagnosen 0-18

Orpha-Code noch nicht bekannt
Orpha-Code bekannt

Orpha-Code noch nicht bekannt
Orpha-Code bekannt

FIGURE 1

Frequency of diagnoses of rare diseases (RD), examples of diagnoses
a) RD diagnoses 0–18 years
b) RD diagnoses ≥18 years

  Orpha Code not yet known
  Orpha Code known

500

400

300

200

100

  0
1 × 2 × 3 ×

Number of diagnoses

 94

64 16

  Orpha Code not yet known
  Orpha Code known

160
140
120
100
 80

 0
1 × 2 × 3 ×

Number of diagnoses

12
 4

 60
 40
 20

a b

291

24

 16

123

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2022; 119: 469–75 471



M E D I C I N E

 developmental disorders, and malformation syndromes 
were the most common conditions.

Avoidable diagnostic investigations
After case closure, we assessed whether previous diag-
nostic and care services could have been avoided for 
163 patients with confirmed diagnoses, taken as 
examples from Cohort 1. This involved inpatient hospi-
tal stays in 31% of involved patients, specialist consults 
in 51%, magnetic resonance imaging in 27%, computed 
tomography in 10%, panel sequencing in 23%, and 
single gene sequencing in 13%.

Patient satisfaction
Using the patient questionnaire to evaluate the inter-
ventions from the perspective of those involved, the 
TRANSLATE-NAMSE process was finally assessed in 
a total of 1001 (21%) of the 4776 participants from 
 Cohort 1 or their families (529 pediatric and 472 adult 
patients). Regardless of their age, the majority were sat-
isfied with the care pathway; by the time a diagnosis 
was established, this amounted to 78% of patients. 
Even without a definitive diagnosis during the project 
period, 69% of participants were still satisfied (Figure 
2).

An important aspect of patient satisfaction related 
to the wish to know their own diagnosis. Figure 3 
presents the reasons why, from the patients’ point of 
view, knowledge of their own diagnosis was cited in 
the questionnaire as being important. Apart from their 
hope for a treatment option (79%), 60% cited knowl-
edge of disease prognosis as important. Forty-eight 
percent each cited the opportunity to gain information 
about their disease and the burden of not knowing the 
diagnosis.

Discussion
The TRANSLATE-NAMSE project was able to dem-
onstrate that the measure put forward in NAMSE of an 
interdisciplinary approach to establishing the diagnosis 
at RDCs can be applied in a standard care setting and is 
useful for establishing the diagnosis of patients with 
RDs. During the study, this form of care was offered to 
more than 5600 participants. In total, a definitive diag-
nosis was established in 1682 patients during the 
 project (32% of pediatric patients and 26% of adult 
 patients), although all of them had not been previously 
diagnosed by standard care examinations over a pro-
longed period of time (mean 4.5 years in pediatric 
 patients and 8.2 years in adult patients).

Interdisciplinary collaboration during case confer-
ences was crucial for successfully establishing the 
 diagnosis. In view of the considerable number of 
presenting symptoms, it was important to enlist the 
participation of experts from various disciplines. On 
average, five different specialties were involved. It 
also became evident that two independent teams with 
expertise in pediatrics and adult medicine were 
required to liaise with experts in different clinical 
areas and to coordinate their involvement in the case 

BOX

Examples of one-off diagnoses 
 (0–18 years)
● Activated PI3K delta syndrome   

Orpha: 397596 
● Atypical hemolytic uremic syndrome with complement 

gene abnormality 
Orpha: 544472

● BICD2-related proximal spinal muscular atrophy  
Orpha: 363454

● C11ORF73-related hypomyelinating leukodystrophy 
Orpha: 495844

● DYRK1A-related intellectual disability syndrome 
Orpha: 464306

● Developmental delay and facial dysmorphism syndrome 
due to MED13L deficiency 
Orpha: 369891

● Kyphoscoliotic Ehlers-Danlos syndrome due to FKBP22 
deficiency 
Orpha: 300179

● Loeys-Dietz syndrome 
Orpha: 60030

● Vici syndrome 
Orpha: 1493

● Walker-Warburg syndrome 
Orpha: 899

Examples of one-off diagnoses 
 (≥18 years)
● White-Sutton syndrome 

Orpha: 468687
● Coffin-Siris syndrome 6 

Orpha: 1465
● Spinocerebellar ataxia 27 

Orpha: 98764
● Mandibulofacial dysostosis with microcephaly, 

 Guion-Almeida type 
Orpha: 79113

● Werner syndrome  
Orpha: 902

● KBG syndrome 
Orpha: 2332

● Leukocyte adhesion deficiency (LAD) type II 
Orpha: 99843

● Speech and language disorders with orofacial dyspraxia 
Orpha: 209908

● Spastic paraplegia type 46  
Orpha: 320391

● X chromosome-related intelligence deficit hypotension 
movement disorder syndrome 
Orpha: 457260
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conferences. Given the high proportion of genetic and 
neurological disorders encountered, experts in human 
genetics and neurology or neuropediatrics were 
 essential participants in the majority of the interdisci-
plinary case conferences. The proportion of nearly 
20% psychosomatic diagnoses among adult patients 
also highlights the significant role of psychosomatic 
expertise in the diagnostic process involving adults.

Of the 1599 exome diagnostics performed, 506 led 
to a definitive diagnosis (32%) by detecting a causal 
mutation. This was within the expected range as seen 
in international study results on exome sequencing, 
which was between 25 and 35% for comparable, non-
symptom specific cohorts (8–10). The role of interdis-
ciplinary case conferences for these results of exome 
diagnostics becomes clear on considering that vari-
ants of, initially, uncertain significance (“VUS class 
3” [11]), which can only be considered causal upon 
further interdisciplinary discussion of the clinical pic-
ture and the specific family constellation, are fre-
quently identified during exome sequencing.

Interestingly, this structured case conference-based 
diagnostic process showed a higher proportion (92 of 
the 212 diagnoses made, 43%) of genetically based 
diagnoses in the adult population than in previous 
comparable studies in adult-only collectives, where 
the proportion was only 17% (12). Particularly in the 
selected patient group of adults with neurological 
movement disorders, the presented case conference-
based process was successful, with a percentage of 
genetically established diagnoses amounting to 46%.

The project was accepted by the involved persons 
and their families with high satisfaction scores. This 
should be viewed particularly in the light of the many 
years of unsuccessful diagnostic efforts that often 
 preceded it. Patients confirmed their desire for a 
 definitive diagnosis when completing the project 
questionnaires. Bogart et al. have previously shown 
that simply obtaining a diagnosis after years of diag-
nostic odyssey improved quality of life in patients 
with RDs (13).

Despite all efforts, a diagnosis was not established 
in 70% of patients in TRANSLATE-NAMSE either. 
A range of further measures are necessary to bring 
about an improvement here:

● A re-evaluation of the identified sequence variants 
should be established after a specified time for 
 individuals with a previously unremarkable exome 
diagnosis (9, 14), because the identification of new 
disease-associated mutations in known, or even 
previously unknown, disease genes can also be 
 expected in the future (14).

● Furthermore, whole genome sequencing, including 
non-coding sequences, should also be made avail-
able for these patients (8). While whole genome 
sequencing has become much easier as a result of 
methodological advances, interpreting the numer-
ous variants in the non-coding sequences is a 
major challenge. Whole genome diagnostics in 
RDs is currently being prepared by the pilot 

 project launched by the Federal Ministry of Health 
in accordance with Section 64e of the German 
 Social Security Code Part V and is to be imple-
mented in health care with funding from health 
 insurance providers (15).

● Another measure for patients without a diagnosis 
is the creation of a national patient registry for 
 undiagnosed rare diseases using HPO-based 
 phenotyping (16). Regular re-evaluation of avail-
able phenomic and genomic data, including com-
parisons with international patient data stored in 
databases, should make it possible to diagnose new 
disease entities (17).

Limitations
In TRANSLATE-NAMSE, only a quantitative process 
evaluation and a quantitative and qualitative evaluation 
of the satisfaction of the included patients with the out-
come of the project were conducted. Nevertheless, 
 important insights were gained into essential aspects of 
a structured diagnostic process in everyday care.

Conclusion
The health care project presented here demonstrates 
that implementation of the type of care recommended 
in NAMSE with the aid of interdisciplinary case con-
ferences and the opportunity for exome sequencing is 
feasible in practice and improves the diagnosis of 
people with an RD.

The full range of healthcare services provided by 
case conference-based diagnostics, including exome 
diagnostics, should, if possible, be made available to 
all patients at existing NAMSE-A centers.

*2 Other authors and affiliations
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 Jochen Schmitt
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FIGURE 2

Answer to the question: How happy are you with the project? 
A total of 1001 assessable questionnaires
a) diagnosis established (n = 674); b) no diagnosis (n = 674)
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Hope for easier contact with health insurance companies, authorities and, where applicable, schools
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Monkeypox: A Localized Rash Followed by General Symptoms
A 30-year-old man presented with painful, itchy skin lesions that had been present for 
ten days, mainly on the genitals. He had suffered from transient fever and malaise five 
days after the onset of the rash. Examination revealed skin-colored, centrally indented, 
partly ulcerated, fibrin-covered papules and hemorrhagic crusts up to 1cm in diameter 
on the penis, scrotum, and lower abdomen, and to a lesser extent elsewhere, as well as 
inguinal lymphadenopathy. Because of the patient‘s history of multiple male sex 
partners, we suspected monkeypox despite the limited spatial extent of the rash and the 
delayed onset of general symptoms. PCR analysis of a lesional swab confirmed the 
 diagnosis of the West African variant of monkeypox and ruled out both HSV and VZV. 
The patient is now being given local antiseptic treatment, and the skin lesions are heal-
ing, 21 days after symptom onset. In the setting of the current outbreak, it is important to 
bear in mind that monkeypox can take a variety of clinical courses. For example, as in 
this case, the skin lesions may at first be limited to the presumed site(s) of inoculation, 
the exanthematous component may be minor, and general symptoms may only arise 
after a delay. In any future cases of this type, it would be desirable to perform PCR 
 analyses of blood, semen, throat swab, and sputum to assess the degree of systemic 
involvement. 
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Skin changes of monkeypox in the genital area, 4 and 12 days 
after the onset of cutaneous manifestations.
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