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Despite their individually low prevalence, rare diseases represent a major health and societal
challenge. In the European Union, they are defined as life-threatening or serious chronic
conditions with a prevalence of fewer than 5 in 10,000 people; the United States (Orphan Drug
Act, 1983) and Japan use similar definitions with different numerical thresholds. Collectively,
rare diseases affect approximately 1 in 16 Europeans, corresponding to 27—-36 million people,
and hundreds of millions worldwide. Approximately 80% of rare diseases have a genetic basis,
around 70% manifest during childhood, and up to 30% of affected children do not survive
beyond the age of five [1].

Their diagnosis is complicated by the extraordinary heterogeneity of clinical presentations,
limited access to specialized expertise and, in some patients, a molecular or nosological basis
that has yet to be identified. The resulting diagnostic odyssey lasts an average of 4.7-5 years
according to EURORDIS data, exceeds five years in one quarter of patients, and includes at
least one misdiagnosis in one half to three quarters of affected individuals [1]. Rather than
merely describing the available methods and approaches, this habilitation thesis synthesises the
results of a program that we have been developing at University Hospital Brno (UHB) since
2019, encompassing the entire pathway from clinical indication and genomic analysis through
functional validation of variants to the therapeutic and systemic application of diagnostic
findings.

The program originated from an evaluation of the utility of singleton WES in a pilot cohort of
undiagnosed pediatric patients at UHB. The results [2] demonstrated a diagnostic yield
comparable to that of international programs and confirmed the feasibility of a multidisciplinary
organizational model for undiagnosed pediatric patients at UHB. The results further provided
the basis for establishing the Multidisciplinary Indication Committee, the first dedicated
Outpatient Clinic for Undiagnosed Pediatric Patients in the Czech Republic in 2023, and the
UHB Undiagnosed Patients (UDP) Program. In a cohort of 58 patients, 28 relevant variants
were identified in 25 children (43%), with the clinical utility of the findings reaching 76%.
Subsequent publications broadened the phenotypic spectrum associated with the causative
genes PMM2 [3], MYRF [4] and DYRKZ1A [5] and described the first Czech cases of disorders
associated with PPP2R5D [6] and ReNU syndrome [7]. The rapid identification of ReNU
syndrome also demonstrated the importance of continuous genomic data reanalysis. To date, a
total of 387 patients have been enrolled in the UHB UDP Program, with a diagnostic yield of
38%.

A further dimension is the integration of the clinical program with functional genomics and
translational precision medicine at the CREATIC. This integrated coordination platform
enables clinical characterization to guide the direction of laboratory research and its results to
be translated back into the care of the individual patient. Functional analyses of CYP2U1
variants combining molecular structural modelling, cellular model systems and enzymatic
assays clarified their pathogenicity, supported their reclassification and opened the possibility
of exploring experimental gene therapy [8]. A similar integrative approach was applied to a
variant in the ADAR gene [9]. The developing platform also includes individualized drug
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repurposing focused not on the disease in general, but on the specific gene and variant identified
in the individual patient.

Experience gained through the UDP program enabled the establishment of Baby Fox, the first
nationwide rapid whole-genome sequencing program for critically ill neonates and children in
the Czech Republic, which is coordinated both clinically and at the laboratory level from UHB.
By August 2026, the program had enrolled 89 patients and achieved a diagnostic yield of 43.8%,
a clinically relevant result in 57.3%, and a mean turnaround time of five days from sample
collection to report issuance. In 60% of diagnosed patients, the finding had a direct impact on
clinical care.

The significance of the UDP program extends beyond individual publications and projects and
is also reflected in the organization of the healthcare system. Experience gained during its
development informed the preparation of the National Strategy for Rare Diseases 20262035,
whose SWOT analysis identifies the UHB UDP program as one of the strengths of the system.
The program therefore demonstrates how a clinically embedded model can effectively integrate
genomic diagnostics, specialized care and translational research while contributing to the
further development of care for patients with rare and undiagnosed diseases at the national level.
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