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Abstract

Objectives: Rare diseases (RDs) collectively affect approxi-
mately 400 million individuals globally, including newborns
and children. These conditions often involve genetic, meta-
bolic, or congenital disorders and are challenging to di-
agnose and manage due to their subtle or non-specific
symptoms. Aim is to emphasize the need for specialized,
multidisciplinary, and technology-driven approaches to
improve outcomes for neonates with RD.
Methods: A comprehensive review of the infrastructure,
diagnostic approaches, and clinical care strategies for RDs in
neonates was conducted. The Department of Neonatology
and Rare Diseases at the Medical University of Warsaw was
analyzed as a model for centralized care, integrating pre-
natal consultations, advanced diagnostics, and multidisci-
plinary treatment.
Results: The department offers specialized care for
neonates with RDs, including intensive care, advanced
diagnostic tools, and personalized therapies such as phar-
macological interventions and surgery. Collaboration with a
perinatology center ensures prenatal consultations, delivery
planning, and early interventions, while the proximity of
operating rooms to neonatal units enhances outcomes. Ge-
netic counseling plays a pivotal role in supporting families
and expanding newborn screening programs with emerging
osmic technologies which can significantly improve early
diagnosis and management.

Conclusions: Centralized, multidisciplinary care and ad-
vancements in diagnostic technologies are essential for
improving outcomes for neonates with RD. The integration
of clinical care, genetic counseling, and innovative screening
programs highlights the importance of specialized centers in
addressing the unique challenges of these conditions.

Keywords: rare diseases; neonatology; newborn screening;
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Introduction

RDs are uncommon individually, but collectively they affect
a significant number of people worldwide. Currently, be-
tween 6,000 and 8,000 RDs have been identified, with new
conditions emerging in published investigations. While in-
dividual RDs are uncommon, together they impact around
400 million people globally [1]. Around one in 16 people
worldwide live with some form of RD, including many
newborns and children.

Typically severe, chronic, and progressive, RDs extend
their impact beyond the diagnosed individual to families,
healthcare systems, and society [2]. A significant proportion
of RDs are genetic in origin. They can affect various organs
and manifest as multi-defect syndromes, isolated develop-
mental abnormalities, or conditions impacting intellectual
development, as well as the neurological, cardiac, renal,
endocrine, gastrointestinal, dermatological, ophthalmolog-
ical, or immunological. Some may also involve oncological
and infectious diseases. Consequently, almost every medical
professional is likely to encounter a patient with a RD during
their career.

The clinical manifestations of RDs are highly variable,
with symptoms differing not only between diseases but also
among individuals with the same condition. For many rare
diseases, early signs may appear during the neonatal period
or even be detected through prenatal screening or diagnostic
testing. Pediatricians and neonatologists must stay vigilant,
as over 50 % – and possibly up to 70 % – of rare diseases
affect children [3–10]. Many of these conditions present
symptoms at birth or during the neonatal period, making
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early diagnosis essential. However, diagnosing rare diseases
in newborns is particularly challenging, as their symptoms
often resemble those of more common neonatal conditions,
leading to frequent misdiagnoses [2, 3, 6, 10]. A single, uni-
versal definition of RDs does not exist globally. The World
Health Organization (WHO) defines a RD as a life-
threatening or chronic condition affecting fewer than 65
per 100,000 people [7–9]. However, definitions vary by re-
gion, with approximately 296 different definitions from 1,109
organizations [10]. Different criteria for the definition of rare
disease are shown in Table 1 [5–11].

Ultra-rare diseases are an even smaller subset, affecting
only 1 in 100,000 people, 1 in 1,000,000, or, in some cases, just
a handful of individuals worldwide [6]. Additionally, some
diseases are rare within certain populations but not in
others. For instance, Tay–Sachs disease is rare in the general
population but has a carrier frequency of 1 in 25 among
Ashkenazi Jews [4]. Tuberculosis is rare in the United States
but remains one of the top 10 causes of death globally, as
reported by the WHO [3]. Similarly, thalassemia is uncom-
mon inNorthern Europe but prevalent in theMediterranean
region, and “periodic disease” is rare in France but common
in Armenia. Furthermore, certain common diseases may
have rare variants [3–9].

RDs in newborns pose unique challenges for diagnosis
and treatment. These diseases are often difficult to identify
due to their rarity and the subtle or non-specific nature of
early symptoms. RDs exhibit a wide spectrum of clinical
manifestations and severity levels, making classification
difficult in many cases [6]. Specialized databases, such as
Orphaned, have been created to address these challenges [2].
Orphaned provides comprehensive information on RD
prevalence, clinical features, and treatment guidelines [2]. It
includes over 4,000 disorders and promotes consistency in
terminology and data sharing across countries [2]. Rare

disease diagnoses are typically coded using the International
Classification of Diseases (ICD) and specialized ORPHA
codes, facilitating global standardization and supporting
statistical analysis [6].

Historical perspectives on neonatal
care and rare diseases

Over the centuries, neonatal care has evolved from rudi-
mentary practices to the highly specialized field of neonatal
medicine. Historically, newborn care was rooted in cultural
practices and traditional medicine. Historically, infant
mortality rates were alarmingly high due to factors such as
malnutrition, infections, and birth complications [12, 13]. In
the early days of neonatal medicine, treatment options for
premature infants and congenital abnormalities were
limited and often ineffective.

Significant progress inmedical science began in the 19th
century, with notable advances such as the development
of respiratory support and surfactant therapy, which
improved the survival rates of premature and critically ill
newborns [12]. The 20th century brought further advance-
ments in neonatal care, resulting in a significant reduction in
infant mortality rates [12, 13]. Progress in addressing com-
mon neonatal problems such as infections, respiratory and
cardiac failure, andmalnutrition played a pivotal role in this
improvement [12].

The 21st century has ushered in new innovations in
neonatal care, including the development of advanced
technologies. Enhancements in neonatal transport systems
in the 1970s in the United States of America (USA) and Can-
ada have enabled the safe transfer of critically ill newborns
to specialized centers, ensuring they receive the care they
need without delay [12–15].

In the 1970s, public health programs in the USA and
Canada introduced and formalized the concept of regional-
ized perinatal care [14]. This system stratified maternal and
neonatal care into different levels of complexity, recom-
mending the referral of high-risk patients to higher-level
centers equipped with the necessary resources, as shown in
Table 2 [15]. The goal was to organize healthcare services for
high-risk newborns, ensuring that they were delivered in
facilities with highly qualified and experienced medical
personnel and access to the required equipment and tech-
nology for optimal and definitive care. Similar programs
were subsequently implemented in developed European
countries [14]. In Poland, the Perinatal Care Improvement
Program has been in place since 1995 [14]. The increased
availability of neonatal intensive care has markedly

Table : Different definitions of rare and ultra-rare diseases based on
their incidence [–].

Region/organization Definition – incidence

World Health Organization
(WHO)

</,

Rare disease international </,
United States of America
(USA)

Less than , people in the coun-
try, </,

European Union (EU) </,
Asia </,
Australia </,
Sweden </,
England – ultra-rare disease </,
Poland – ultra-rare disease Less than  in population, </,
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improved outcomes for high-risk infants, including those
born prematurely or with serious medical or surgical con-
ditions [14, 15].

Efficient and safe neonatal transport systems are a
crucial component of these programs. The preferred and
safest method is in utero transport, which reduces the risks
associated with the postnatal transfer of critically ill new-
borns [15]. High-risk pregnancies should be managed in fa-
cilities equipped to provide the necessary neonatal care

immediately after birth, as mortality and post-treatment
morbidity rates are significantly lower when definitive
treatment is available at the place of birth, eliminating the
need for postnatal transport [14, 15]. This approach ensures
that newborns receive timely and appropriate treatment.
When postnatal transfer becomes necessary, it should be
conducted by experienced medical personnel who can
maintain the infant’s stability during transportation [14, 15].

Regionalized systems of perinatal care are essential to
ensuring that every newborn is delivered and cared for in a
facility best suited to their healthcare needs. This system
facilitates the achievement of optimal health outcomes and
underscores the importance of proper coordination and
resources within perinatal and neonatal care networks.

Global initiatives aimed at enhancing maternal and
child health are transforming healthcare systems world-
wide. The main goal is increasing access to maternal health
services in low-income countries by organization of
specialized centers, which include neonatal units. These
centers provide specialized care for newborns, particularly
those born prematurely or with critical conditions, ensuring
optimal outcomes. Organizations committed to improving
maternal and infant health play a vital role in this trans-
formation. They focus on developing clinical guidelines for
maternity hospitals and advancing perinatal medicine.
These guidelines help standardize care, promote best prac-
tices, and ensure mothers and their children receive the
highest quality healthcare. By combining infrastructure
developmentwith evidence-based practices, these initiatives
contribute significantly to reducing maternal and neonatal
mortality [14, 15].

Rare diseases: current status and
challenges

Maternal and perinatal morbidity and mortality are very
sensitive indicators of the strengthening of the healthcare
system reflecting the quality of maternal and neonatal care
as well as broader socio-economic conditions [16]. Over the
past 50 years, significant progress has been made in
reducing neonatal mortality rates in developed regions such
as Europe and the USA. Mortality has declined from 1.5 % to
0.2–0.3 %, thanks to advances in science and healthcare
systems [13]. This remarkable improvement is primarily
attributed to the effective management of conditions such as
infections, asphyxia, respiratory distress syndrome, hemo-
lytic disease, and birth injuries [12, 13]. Despite these
achievements, congenital anomalies remain a significant
challenge in neonatal care [17–19].

Table : Regionalization of neonatal care based on pregnancy risk [].

Level I – Basic level of care for low-risk neonates
– Provide neonatal resuscitation
– Provide routine postnatal care
– Care for physiologically stable preterm infants from 35

to 37 weeks’ gestation.
– Stabilization of sick preterm infants less than 35 weeks’

gestation until transfer to a higher level of care
Level II Level I capabilities plus:

– Provide care for preterm infants born at ≥32 weeks of
gestation and weighing ≥1,500 g who exhibit physio-
logical immaturity or are moderately ill with conditions
expected to resolve quickly and not requiring urgent
subspecialty services.

– Provide care for infants recovering from intensive care.
– Offer mechanical ventilation for brief durations (<24 h),

continuous positive airway pressure (CPAP), or both.
– Stabilize infants born before 32 weeks’ gestation or

weighing less than 1,500 g until transfer to a higher
level of care.

Level III
NICU

Level II capabilities plus:
– Provide sustained life support.
– Offer comprehensive care for infants born

at <32 weeks’gestation, weighing <1,500 g, and for in-
fants of all gestational ages and birth weights with
critical illnesses.

– Ensure prompt and readily available access to a full
range of pediatric medical subspecialists, pediatric
surgical specialists, pediatric anesthesiologists, and
pediatric ophthalmologists.

– Provide a full spectrum of respiratory support,
including conventional and/or high-frequency ventila-
tion and inhaled nitric oxide.

– Perform advanced imaging, with urgent interpretation,
including computed tomography (CT), magnetic reso-
nance imaging (MRI), and echocardiography.

Level IV
Regional
NICU

Level III capabilities plus:
– Located within an institution capable of providing sur-

gical repair for complex congenital or acquired
conditions.

– Maintain a comprehensive range of pediatric medical
subspecialists, pediatric surgical subspecialists, and
pediatric anesthesiologists on-site.

– Facilitate transport services and offer outreach
education.

NICU, Neonatal Intensive Care Unit.
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Currently, congenital anomalies are the second leading
cause of neonatal mortality globally, following complica-
tions related to prematurity [17–19]. In Europe, they account
for 25–27 % of neonatal deaths [19]. In Poland, congenital
anomalies are responsible for approximately 32 % of
neonatal mortality [18]. Furthermore, congenital anomalies
are the leading cause of death in children under five, both in
Europe and in Poland [18–20]. Improving outcomes requires
timely and accurate diagnosis to facilitate the introduction of
appropriate treatment. However, diagnosing congenital
anomalies can be challenging, particularly when symptoms
are subtle or overlap with other conditions [3]. Advanced
diagnostic tools, such as imaging techniques and genetic
testing, are essential in overcoming this challenge [21]. The
growing emphasis on genetics in neonatal diseases has
significantly improved diagnostic accuracy, paving the way
for targeted interventions and personalized care strategies
[21–25].

While significant progress has been made, there is still
room for improvement in reducing infant mortality caused
by congenital anomalies [26]. Achieving better neonatal
outcomes emphasizes the need for sustained investment in
research, technology, and education for both healthcare
providers and the public [22, 27].

Newborn screening forms the foundation of modern
healthcare, offering the potential to prevent severe diseases
and promote better health outcomes [22, 28]. While consid-
erable progress has been achieved in high-income countries,
there remains an urgent need to expand these programs
globally, particularly in low- and middle-income countries,
where disparities in access to healthcare pose a major
challenge [9]. Ensuring that all infants, regardless of their
geographical location or socio-economic status, have access
to early diagnosis and treatment can significantly reduce the
burden of RDs and improve the health and well-being of
future generations [2, 5, 29].

Healthcare providers should be trained to recognize the
signs and symptoms of RD. Advances in genetic testing and
specialized care have the potential to significantly improve
early diagnosis and treatment outcomes [2, 5, 29, 30].

In low- and middle-income countries, treatments for
RDs are often unavailable. This is due to factors such as
limited financial support for therapies, complex regulatory
requirements for drug approval, lack of reimbursement
mechanisms, inadequate administrative infrastructure, and
low awareness of diagnostic and treatment options. The
International Rare Diseases Research Consortium has
established the Rare Disease Treatment Access Working
Groupwith the primary goal of developing an essential list of
medicinal products for rare diseases [31]. These medications
are classified into seven disease groups – metabolic,

neurological, hematological, anti-inflammatory, endocrine,
pulmonary, and immunological – along with a miscella-
neous category [31].

Orphan drugs are pharmaceuticals specifically devel-
oped to treat RDs, addressing the unmet medical needs of
affected patients [31]. Developing orphan drugs presents
unique challenges, including complexities in designing
clinical trials, defining meaningful outcomes, recruiting
representative patient populations, addressing ethical con-
cerns, andmanaging the high costs associatedwith therapies
for small patient groups [31]. Moreover, the probability of
success and predictability are often lower compared to
treatments for more prevalent conditions, making this a
high-risk area for investment [31].

To overcome these obstacles, a collaborative approach is
essential. Effective partnerships between academic in-
stitutions, pharmaceutical companies (both small and large),
patient advocacy groups, and health authorities are critical
[31]. The ultimate objective of orphan drug development is to
provide patients with RDs access to therapies that offer a
favorable benefit-risk ratio [31]. By bridging gaps in treat-
ment availability and ensuring that therapeutic innovations
are both effective and accessible, the field of orphan drugs
continues to play a pivotal role in transforming the lives of
individuals with RDs [32].

Case study: Department of
Neonatology and Rare Diseases at
Warsaw Medical University

In recent years, the European Union (EU) has taken signifi-
cant steps to designate centers with expertise in the medical
care of patients with RDs [2]. Similar initiatives have been
implemented in Poland, where specialized units focus on the
diagnosis and treatment of specific groups of RDs [33].

The Department of Neonatology and Rare Diseases
(DNRD) at the Medical University of Warsaw (MUW) has
been established to provide comprehensive care for new-
borns, including those with rare diseases. The majority of
rare diseases presented in newborn period are inborn errors
of metabolism, genetic syndromes and congenital anoma-
lies. Severe, surgically correctable, and potentially life-
threatening congenital anomalies or unusual symptoms
requiring extensive diagnostics and treatment. The depart-
ment caters to critically ill neonates requiring intensive care,
as well as those in stable condition who need diagnostic
evaluation. Located within the Clinical Children’s Hospital
(CCH), the department benefits from access to a wide range
of professional diagnostic procedures and consultations
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with specialists. Additionally, the Department of Obstetrics
and Perinatology (DOP), which includes a delivery room, is
situated in the same facility. This proximity allows for the
immediate transfer of neonates to the Newborn Intensive
Care Unit (NICU) if required. High-risk pregnancies receive
thorough prenatal diagnostics and, when necessary,
specialized perinatal procedures, ensuring optimal planning
for delivery and postnatal management.

Neonatologists work closely with perinatologists and
other relevant specialists, such as surgeons, cardiologists,
neurosurgeons, anesthesiologists, and radiologists, to pro-
vide multidisciplinary care. Many patients present with
congenital anomalies, such as congenital diaphragmatic
hernia, omphalocele, gastroschisis, spina bifida, anal atresia,
esophageal atresia or large tumors, which may necessitate
surgical intervention within the first hours or days of life.
For such cases, postnatal surgical or procedural in-
terventions are planned in advance. Each year, the DNRD
treats approximately 2,200 patients, including referrals from
across the country.

Special group are patients with congenital diaphrag-
matic hernia, numbering around 30–40 annually, require
meticulous planning from delivery through surgery, which
is often performed between the third and fifth day of life
when the patient is stable. Surgical procedures are con-
ducted in an operating room within the same building to
minimize risks associated with transporting critically ill
newborns. When a patient’s condition is critical, surgery
may be performed in the neonatology department to prevent
destabilization during the transfer of the critically ill
newborn.

Another complex group includes neonates with
congenital heart defects (CHD), who may be either stable or
critically ill. These patients require precise prenatal di-
agnostics and consultations with cardiologists and cardiac
surgeons to plan treatment. In cases where urgent proced-
ures, such as balloon atrial septostomy, are needed, prompt
echocardiographic evaluation and Angio tomography may
be performed to guide therapy.

Neonates with large tumors, such as teratomas or
hemangiomas, present significant challenges as well. These
patients are prenatally evaluated by surgeons and inter-
ventional radiologists. Postnatal diagnostics often include
advanced imaging, such as computed tomography or mag-
netic resonance imaging, to plan surgical or interventional
procedures.

Neonates requiring neurosurgical interventions, such
as those with spina bifida, encephalocele, or hydrocephalus,
also benefit from multidisciplinary care. Collaboration with
neurosurgeons ensures proper diagnostics and treatment,
with pre- and postoperative care provided in the

neonatology department to ensure continuity of care. For
spina bifida patients, urological issues, such as neurogenic
bladder, are addressed with consultations and thorough
diagnostic procedures before discharge.

Neurological and metabolic disorders frequently mani-
fest after birth or are identified through newborn screening.
Many such patients are referred from other hospitals and
require comprehensive diagnostics, including genetic
testing and imaging, as well as individualized treatment
plans and consultations with neurologists and geneticists.

Premature and low birth weight neonates with
congenital defects form a particularly vulnerable group.
These patients face challenges related to immaturity and the
associated complications of their defects. Planning surgeries,
especially cardiac procedures, is particularly complex in
such cases. Many neonates with ductal-dependent congen-
ital heart disease require continuous prostaglandin in-
fusions for weeks until they achieve an appropriate weight
for cardiac surgery.

Neonates with multiple congenital anomalies require
carefully coordinated diagnostic and therapeutic processes
to achieve the best possible outcomes.

Patients who require it receive care from physiothera-
pists and speech therapists to support their development.
Family-centered care is a priority, recognizing the vital role
of parental presence in the therapeutic and discharge pro-
cess. For families traveling from distant regions, accommo-
dations are provided to support their stay and active
involvement in their child’s care during hospitalization.

Newborn screening for rare
diseases

Newborn screening (NBS) is a practice aimed at identifying
potentially severe illnesses before the onset of symptoms,
with the goal of reducing mortality and morbidity through
early intervention. By detecting RDs PR symptomatically,
NBS can significantly improve health outcomes through
timely diagnosis and appropriate treatment, often prevent-
ing severe developmental or physical impairments [30].

NBS has been introduced by Robert Guthrie in the early
1960s for phenylketonuria using blood samples collected on
filter paper, a relatively simple and effective method [22].
Over the subsequent decades, the number of conditions
included in NBS programs gradually expanded. Major
progress occurred in the late 1990s with the introduction of
tandem mass spectrometry (MS/MS), which enabled the
simultaneous screening of numerous metabolic disorders
using a single blood spot [34]. This advancement increased
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the number of detectable conditions to 40 to 50 diseases [28].
The advent of molecular technologies, such as polymerase
chain reaction (PCR), has further enhanced NBS by facili-
tating the screening of additional conditions, including cystic
fibrosis, severe combined immunodeficiency (SCID), and
spinal muscular atrophy (SMA) [22]. These technological
advancements have made NBS programs more compre-
hensive, allowing for the detection of an increasing number
of disorders [22–24, 28].

Currently, NBS is available inmany countriesworldwide,
although its adoption and the range of screened diseases vary
depending on prevalence, healthcare systems, resources, and
national priorities [28].While NBS iswell-established inmany
high-income countries as part of national public health ini-
tiatives, its availability remains limited in low- and middle-
income countries [9]. In developed nations, NBS programs are
typically efficient andwell-organized, whereas in low-income
countries, they are often unavailable. Even in middle-income
countries, where NBS is relatively new, programs may be
underdeveloped or poorly coordinated [9]. Disparities in
standardized programs, financial limitations, and restricted
access to modern diagnostic technologies contribute to these
challenges [2, 5, 6, 28].

NBS usually comprises two main components: point-
of-care testing and dried blood spot (DBS) testing. Point-
of-care screening tests are conducted in neonatal units and
typically include hearing screening and screening for critical
congenital heart diseases (CCHD). Despite routine antenatal
ultrasounds and postnatal physical examinations, up to one-
third of infants with CCHD may be discharged before a
diagnosis is made. Pulse oximetry testing, a non-invasive,
reliable, and straightforward method, offers high sensitivity
and specificity for early detection of CCHD [35, 36].

Similarly, early hearing screening provides opportu-
nities for timely intervention, significantly improving lan-
guage, speech, and communication skills [30]. Early
diagnosis of hearing impairment and early intervention in
affected infants are crucial for prevention of long-term
developmental delays [25, 28, 30].

Current NBS programs vary globally in the number of
conditions included and general screening practices. In
Europe, for instance, 85–100 % of newborns undergo some
form of screening, with programs covering between 2 and
over 40 disorders [25]. In the USA, nearly 100 % of newborns
are screened, with programs encompassing 35 core condi-
tions and 26 secondary conditions [23].

In the EuropeanUnion (EU), differences in NBS programs
persist among member states. The Council of the EU and the
former Committee of Experts on Rare Diseases have recom-
mended coordinated action at the EU level while respecting
the autonomy of individual nations to tailor programs to their

specific needs [28]. However, challenges remain in ensuring
effective and comprehensive NBS implementation across all
countries, regardless of their resources [28].

In Poland, newborn screening has evolved significantly
since 1994, starting with tests for phenylketonuria and
congenital hypothyroidism [37, 38]. Pilot tests for cystic
fibrosis began in 1999, gradually covering the entire popula-
tion [37, 38]. In 2000, the first mass spectrometerwas installed
at the Screening Department to detect congenital metabolic
defects, and pilot mass spectrometry screening tests were
officially launched in 2002 [37, 38]. By 2014, all newbornswere
included in NBS [37, 38]. Screening for congenital adrenal
hyperplasia (CAH) began in 2015, followed by tests for bio-
tinide deficiency in 2016–2017 [37, 38]. In 2018, additional
testing for the risk of developing type 1 diabetes was intro-
duced [37, 38]. By 2021, screening programs had expanded to
detect SCID, galactosemia, familial hypercholesterolemia, and
SMA [37, 38]. Currently, newborn screening inPoland includes
29 genetic diseases [37, 38]. Flowchart of newborn screening in
Poland is shown in the Figure 1 [37, 38].

Future directions in the
management of rare neonatal
diseases

NBS is one of the most successful public health initiatives.
Early diagnosis and treatment are available for many

Birth

after 24-48 hours
testing (pulse oximetry, hearing test) 
sample collection (dried blood spot) 

screening test processing

results

abnormal result

confirmatory testing

diagnosis (if positive)

specialist consultation, 
treatment plan

normal result

no further action needed

Figure 1: Flowchart of newborn screening in Poland [37, 38].
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conditions; however, its efficacy is significantly reduced if
initiation is delayed beyond the first fewmonths of life [21].
Identifying life-threatening conditions during the newborn
period enables timely intervention and improved outcomes
[22, 28, 30]. Traditional NBS using tandem mass spectrom-
etry (MS/MS) has allowed screening programs to test
effectively for dozens of conditions at a low cost [22, 24].
However, it is limited to detecting blood- or urine-based
metabolic biomarkers [21–25, 34]. Many genetic conditions
without metabolic biomarkers remain systematically
unscreened [39].

The rapid development of genomic sequencing tech-
nologies, including next-generation DNA sequencing (NGS),
has revolutionized the diagnosis of RDs [21, 22]. These tech-
nologies have expanded the scope of screening to include
disorders without easily detectable biochemical biomarkers
[25, 32]. Genomic sequencing has significantly improved
diagnostic accuracy and is now an invaluable tool for diag-
nosis of many RDs [40]. Across Europe, numerous initiatives
are being developed to explore the utility and feasibility of
incorporating NGS into NBS programs [34].

The future of NBS lies in a multi-omics approach that
combines genomics, metabolomics, and other molecular
techniques [22]. Genomic newborn screening involves
analyzing DNA to detect a broader range of genetic disorders
[22]. Further advancements in genomic technologies and
increased access to these tools could accelerate the diagnosis
ofRDs and enablemore personalized and effective treatments
[27, 34]. However, the widespread adoption of genomic
screening faces challenges, including high costs, ethical con-
siderations and public acceptability concerns [27]. Metab-
olomics, which involves analyzing metabolic profiles, offers
the potential to deepen insight into disease phenotypes and
identify both known and novel biomarkers for RDs [22, 32, 34].

Advancements in bioinformatics and the development
of patient data registries have also contributed to break-
throughs in gene identification and nucleic acid-based
therapies [34]. These advancements have paved the way
for gene therapy and molecular treatments, offering new
hope for patients with RDs [39–41].

Conclusions

In conclusion, while RDs in newborns present significant
challenges, specialized centers such as the Department of
Neonatology and Rare Diseases at Warsaw Medical Univer-
sity play a crucial role in their diagnosis and treatment. Early
detection, personalized care, and ongoing research are
essential for effectively managing these conditions and
improving patients’ quality of life.

The work carried out at the Department of Neonatology
andRareDiseases atWarsawMedical University exemplifies
the intricate and meticulous process of identifying and
treating rare diseases in neonates. Much like searching for a
needle in a haystack, the quest to diagnose these conditions
requires precision, expertise, and dedication. Through
advanced diagnostic techniques, interdisciplinary collabo-
ration, and commitment to research, this institution con-
tinues to shed light on rare neonatal disorders, offering hope
to affected infants and their families.

Research ethics: Not applicable.
Informed consent: Not applicable.
Author contributions: All authors have accepted re-
sponsibility for the entire content of this manuscript and
approved its submission.
Use of Large Language Models, AI and Machine Learning
Tools: None declared.
Conflict of interest: The authors state no conflict of interest.
Research funding: None declared.
Data availability: Not applicable.

References

1. Bex BE. Biomarkers in rare diseases. Int J Mol Sci 2021;22:673.
2. orphaned. Prevalence and incidence of rare diseases: bibliographic

data. Diseases listed by decreasing prevalence, incidence or number
of published cases. Orpha net Rep. Ser;2. Orpha net. http://www.
orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_
diseases_by_decreasing_prevalence_or_cases.pdf [Accessed 25 Oct
2024].

3. HaendelM, Vasilevsky N, Unni D, Bologa C, Harris N, RehmH, et al. How
many rare diseases are there? Nat Rev Drug Disco 2020;19:77–8.

4. Orphanet. About rare diseases. https://www.orpha.net/en/other-
information/about-rare-diseases [Accessed 25 Oct 2024].

5. Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C,
Lanneau V, et al. Estimating cumulative point prevalence of rare
diseases: analysis of the Orphanet database. Eur J Hum Genet 2020;28:
165–73.

6. Serwis Ministerstwa Zdrowia i Narodowego Funduszu Zdrowia. Choro
by rzadkie. https://chorobyrzadkie.gov.pl/pl/choroby-rzadkie/czym-
jest-choroba-rzadka [Accessed 12 Nov 2024].

7. Song P, Gao J, Inagaki Y, Kokudo N, Tang W. Rare diseases, orphan
drugs, and their regulation in Asia: current status and future
perspectives. Intractable Rare Dis Res 2012;1:3–9.

8. Stawowczyk E, Malinowski KP, Kawalec P, Bobiński R, Siwiec J, Panteli D,
et al. Reimbursement status and recommendations related to orphan
drugs in European countries. Front Pharmacol 2019;10:1279.

9. Adachi T, El-Hattab AW, Jain R, Nogales Crespo KA, Quirland Lazo CI,
Scarpa M, et al. Enhancing equitable access to rare disease diagnosis
and treatment around the world: a review of evidence, policies, and
challenges. Int J Environ Res Public Health 2023;20:4732.

10. Richter T, Nestler-Parr S, Babela R, Khan ZM, Tesoro T, Molsen E, et al,
International Society for Pharmacoeconomics and Outcomes Research
Rare Disease Special Interest Group. Rare disease terminology and

Czaplińska et al.: Rare disease care in neonatology 739

http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
https://www.orpha.net/en/other-information/about-rare-diseases
https://www.orpha.net/en/other-information/about-rare-diseases
https://chorobyrzadkie.gov.pl/pl/choroby-rzadkie/czym-jest-choroba-rzadka
https://chorobyrzadkie.gov.pl/pl/choroby-rzadkie/czym-jest-choroba-rzadka


definitions-A systematic global review: report of the ISPOR rare disease
special interest group. Value Health 2015;18:906–14.

11. Eurodis. What is a rare disease? https://www.eurordis.org/
information-support/what-is-a-rare-disease/ [Accessed 25 Nov 2024].

12. NelsonNM. A decimillennium in neonatology. J Pediatr 2000;137:731–5.
13. Halliday HL. Evidence-based neonatal care. Best Pract Res Clin Obstet

Gynaecol 2005;19:155–66.
14. Zeitlin J, Papiernik E, Bréart G, EUROPET Group. Regionalization of

perinatal care in Europe. Semin Neonatol 2004;9:99–110.
15. Papile LA, Baley JE, Benitz W, Cummings J, Carlo WA, Kumar P, et al,

American Academy of Pediatrics Committee on Fetus And Newborn.
Levels of neonatal care. Pediatrics 2012;130:587–97.

16. Kurjak A, Stanojević M, Dudenhausen J. Why maternal mortality in the
world remains tragedy in low-income countries and shame for high-
income ones: will sustainable development goals (SDG) help? J Perinat
Med 2022;51:170–81.

17. World Health Organization. Neonatal deaths by cause, European
Region (WHO). 2021. https://ourworldindata.org/grapher/neonatal-
deaths-by-cause?country=∼European+Region+%28WHO%29
[Accessed 25 Nov 2024].

18. UN Inter-agency Group for Child Mortality Estimation. Fraction in
neonatal causes of death in Poland. https://childmortality.org/causes-
of-death/data?age=M0&d_refArea=POL&type=FRACTION&
cause=HIV&causes=HIV&year=2021 [Accessed 25 Nov 2024].

19. UN Inter-agency Group for Child Mortality Estimation. Fraction in
neonatal causes of death in Western Europe. https://childmortality.
org/causes-of-death/data?age=M0&d_refArea=UNICEF_WE&
type=FRACTION&cause=HIV&causes=HIV&year=2021 [Accessed 10 Dec
2024].

20. Kamianowska M, Kamianowska A, Wasilewska A. Causes of death in
neonates, infants, children, and adolescents at the university children’s
clinical hospital of Białystok between 2018 and 2021. Med Sci Monit
2023;29:e939915.

21. Bros-Facer V, Taylor S, Patch C. Next-generation sequencing-based
newborn screening initiatives in Europe: an overview. Rare Dis Orphan
Drugs J 2023;2:21.

22. Ashenden AJ, Chowdhury A, Anastasi LT, Lam K, Rozek T, Ranieri E, et al.
The multi-omic approach to newborn screening: opportunities and
challenges. Int J Neonatal Screen 2024;10:42.

23. Fabie NAV, Pappas KB, Feldman GL. The current state of newborn
screening in the United States. Pediatr Clin North Am 2019;66:369–86.

24. Loeber JG, Platis D, Zetterström RH, Almashanu S, Boemer F,
Bonham JR, et al. Neonatal screening in Europe revisited: an ISNS
perspective on the current state and developments since 2010. Int J
Neonatal Screen 2021;7:15.

25. Stark Z, Scott RH. Genomic newborn screening for rare diseases. Nat
Rev Genet 2023;24:755–66.

26. Infant mortality statistics. https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=File:Fig05_Infant_mortality_2012_and_
2022_rev.png [Accessed 12 Jan 2025].

27. Shah N, Brlek P, Bulić L, Brenner E, Škaro V, Skelin A, et al. Genomic
sequencing for newborn screening: current perspectives and
challenges. Croat Med J 2024;65:261–7.

28. Therrell BL, Padilla CD, Loeber JG, Kneisser I, Saadallah A, Borrajo GJ,
et al. Current status of newborn screening worldwide: 2015. Semin
Perinatol 2015;39:171–87.

29. Tumienė B, Juozapavičiūtė A, Andriukaitis V. Rare diseases: still on the
fringes of universal health coverage in Europe. Lancet Reg Health Eur
2023;37:100783.

30. Pappas KB. Newborn screening. Pediatr Clin North Am 2023;70:
1013–27.

31. Gahl WA, Wong-Rieger D, Hivert V, Yang R, Zanello G, Groft S. Essential
list of medicinal products for rare diseases: recommendations from the
IRDiRC rare disease treatment access working group. Orphanet J Rare
Dis 2021;16:308.

32. Groft SC, Posada de la Paz M. Rare diseases: joining mainstream
research and treatment based on reliable epidemiological data. Adv
Exp Med Biol 2017;1031:3–21.

33. Serwis Ministerstwa Zdrowia i Narodowego Funduszu Zdrowia.
Ośrodki eksperckie chorób rzadkich. https://chorobyrzadkie.gov.pl/pl/
swiadczeniodawcy/osrodki-eksperckie-chorob-rzadkich [Accessed 12
Nov 2024].

34. Ferlini A, Gross ES, Garnier N, Berghout J, Zygmunt A, Singh D, et al.
Rare diseases’ genetic newborn screening as the gateway to future
genomic medicine: the Screen4Care EU-IMI project. Orphanet J Rare
Dis 2023;18:310.

35. Turska Kmieć A, Borszewska Kornacka MK, Błaż W, Kawalec W, Zuk M.
Early screening for critical congenital heart defects in asymptomatic
newborns in Mazovia province: experience of the POLKARD pulse
oximetry programme 2006-2008 in Poland. Kardiol Pol 2012;70:370–6.

36. Ewer AK. Pulse oximetry screening for critical congenital heart defects:
a life-saving test for all newborn babies. Int J Neonatal Screen 2019;5:
14.

37. Ministerstwo Zdrowia. Rządowy program badań przesiewowych
noworodków w Polsce na lata 2019-2026. https://www.gov.pl/web/
zdrowie/program-badan-przesiewowych-noworodkow-w-polsce-na-
lata-2019-2026 [Accessed 10 Dec 2024].

38. Zakład Badań Przesiewowych i Diagnostyki Metabolicznej. Choroby i
wady wykrywane w badaniach przesiewowych noworodków. https://
przesiew.imid.med.pl/choroby.html [Accessed Dec 2024].

39. Wojcik MH, Zhang T, Ceyhan-Birsoy O, Genetti CA, Lebo MS, Yu TW,
et al, BabySeq Project Team. Discordant results between conventional
newborn screening and genomic sequencing in the BabySeq Project.
Genet Med 2021;23:1372–5.

40. Cohen ASA, Berrios CD, Zion TN, Barrett CM, Moore R, Boillat E, et al.
Genomic Answers for Kids: toward more equitable access to genomic
testing for rare diseases in rural populations. Am J HumGenet 2024;111:
825–32.

41. Blin O, Lefebvre MN, Rascol O, Micallef J. Orphan drug clinical
development. Therapee 2020;75:141–7.

740 Czaplińska et al.: Rare disease care in neonatology

https://www.eurordis.org/information-support/what-is-a-rare-disease/
https://www.eurordis.org/information-support/what-is-a-rare-disease/
https://ourworldindata.org/grapher/neonatal-deaths-by-cause?country=~European+Region+%28WHO%29
https://ourworldindata.org/grapher/neonatal-deaths-by-cause?country=~European+Region+%28WHO%29
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=POL&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=POL&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=POL&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=UNICEF_WE&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=UNICEF_WE&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://childmortality.org/causes-of-death/data?age=M0&d_refArea=UNICEF_WE&type=FRACTION&cause=HIV&causes=HIV&year=2021
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Fig05_Infant_mortality_2012_and_2022_rev.png
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Fig05_Infant_mortality_2012_and_2022_rev.png
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Fig05_Infant_mortality_2012_and_2022_rev.png
https://chorobyrzadkie.gov.pl/pl/swiadczeniodawcy/osrodki-eksperckie-chorob-rzadkich
https://chorobyrzadkie.gov.pl/pl/swiadczeniodawcy/osrodki-eksperckie-chorob-rzadkich
https://www.gov.pl/web/zdrowie/program-badan-przesiewowych-noworodkow-w-polsce-na-lata-2019-2026
https://www.gov.pl/web/zdrowie/program-badan-przesiewowych-noworodkow-w-polsce-na-lata-2019-2026
https://www.gov.pl/web/zdrowie/program-badan-przesiewowych-noworodkow-w-polsce-na-lata-2019-2026
https://przesiew.imid.med.pl/choroby.html
https://przesiew.imid.med.pl/choroby.html

	Looking for a needle in a haystack: a case study of rare disease care in neonatology
	Introduction
	Historical perspectives on neonatal care and rare diseases
	Rare diseases: current status and challenges
	Case study: Department of Neonatology and Rare Diseases at Warsaw Medical University
	Newborn screening for rare diseases
	Future directions in the management of rare neonatal diseases
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


