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INTRODUCTION
Rare diseases (RDs) affect 1 in 2,000 individuals or fewer in the general population,

with 80% having a genetic basis. With 70% of RDs starting in childhood, it is

estimated that 300-400 million individuals are living with a RD globally
[1]

. A patient’s

journey is arduous, with reports indicating that approximately 73% of RD patients

experience at least one misdiagnosis and an average delay of 8 years to receive a

correct diagnosis. The USA considers a disease rare if it affects fewer than 200,000

individuals
[2]

, while the European Union (EU)
[3]

 or Australia defines rare as affecting

fewer than 1 in 2,000 persons. In other geographies, it is reported anywhere from

5-76 per 100,000 people
[4]

. The complex, heterogeneous nature of RDs makes them

difficult to assess in aggregates; however, based on incidence, some more commonly
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known RDs are Duchenne Muscular Dystrophy (DMD), sickle cell disease, cystic fibrosis, haemophilia, and

Huntington’s disease
[5]

.

The recent coronavirus (COVID-19) pandemic, a global disruptive event, had a major negative impact on

health and the global economy; however, disparities were felt more strongly by vulnerable communities,

particularly those from lower socioeconomic backgrounds and those in Low- and Middle-Income Countries

(LMIC). An important question raised was which elements undermine equity, a key factor that also limits

health care access and the management of RD patients, who are structurally neglected by health systems
[6]

.

Analysing what went wrong in the management of earlier global outbreaks in terms of equity could help craft

an instrument to address these inequalities, prevent them from occurring in the first place, and inform the

steps needed to prioritise PLWRD. Lastly, there must be political will to strengthen health care systems and

address the challenges faced by RD patients. The pandemic proved that there is still a critical need for global

collaboration to align and advocate for policies and programmes to increase awareness in line with national

priorities, while also expanding programmes that combat marginalisation and address inconsistent and

inequitable access to funding, resources, diagnosis, and treatment. Globally, addressing gaps in health care

accessibility and services is a priority for PLWRD, who are often constrained not only by reduced budgets,

resources and shortage of experts but also by stigma and societal exclusion.

The demand for universal health coverage policies for RDs has been endorsed in recent years by patient

advocacy groups, consortia, and public and private institutions as an essential step in reducing widespread

disparities for PLWRD. Early identification of RDs could prevent the onset of disease symptoms or delay

progression, thereby reducing child mortality and improving the quality of life of PLWRD, while also

decreasing the total cost to society. The landmark decision of the United Nations (UN), during the

Seventy-eighth World Health Assembly (24 May 2025), to declare RDs as a global health priority, in

alignment with the UN commitment to achieve the 2030 Sustainable Development Goals of “Leaving no one

behind,” represents a crucial moment of awareness. It highlights the urgency for quality, affordable, and

equitable health care for RD patients
[7]

.

In this perspective article, we reflect on where RDs fit in global health challenges, care pathways, risk factor

interventions and population screening.

Collective burden

Approximately 8,000 different RDs exist across the globe. Such diseases are not “rare” when viewed from a

population perspective; however, public health systems are not designed to detect, track and respond to

low-incidence conditions in real time. It is interesting to note that, in response to the threat of future global

pandemics, both public and private sectors developed a set of commitments to improve equitable access to

essential medical resources. These include commitments to rapidly scale up production and distribution

capabilities, in collaboration with relevant programmes. In this context, it is worth acknowledging that

several learnings from the management of pandemics could be used as inspiration for the development of a

Rare Disease Preparedness Roadmap [Figure 1].

Growing awareness, discovery and diagnosis

Despite growing advances in research, diagnosis, and treatment, including adjustments in policy and many

health care frameworks, RDs are still at a standstill in certain regions of the world. However, it should be

noted that multiple initiatives heavily contributed to enhancing recognition and knowledge, such as (1) the

establishment of European Reference Networks (ERNs), by aligning resources available in centres of

expertise for better access to clinical evaluation and support
[8]

; (2) the creation of “Rare Disease Day”, a global
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Figure 1. Rare Disease Preparedness Roadmap. Reasons for acknowledging rare diseases as a health priority.

awareness campaign launched by EURORDIS-Rare Disease Europe in 2008 to raise awareness and advocate

for the rights of PLWRD, celebrated every last day of February
[9]

; and (3) the creation of the Undiagnosed

Diseases Network, facilitating research into the etiology of undiagnosed diseases
[10]

.

High mortality rate

The prognosis for patients with RDs is variable, even in individuals with the same condition. Recent studies

show a higher mortality rate in RD patients compared with the general population, with variations

influenced by gender, age, and disease group. This is further complicated by the under-representation of

specific RD characteristics in coding systems used to capture mortality and morbidity data, which are often

designed to collect data on a specific disease or group of related diseases, thereby limiting the availability of

information on unrelated RDs.

Economically, the burden of RDs is approximately 10-fold higher compared with common diseases on a

per-patient-per-year basis (PPPY), driven by direct costs (medical and non-medical costs such as

hospitalisation, professional visits, palliative care, medical products, etc.) and mortality costs
[11]

. RDs have

been reported to have a poor prognosis due to their complexity and limited knowledge of underlying

mechanisms, with mortality rates being up to 13 times higher in RD patients compared with individuals with

common diseases
[12,13]

. PLWRD are likely to die earlier than the general population, mainly in the first years

of life. The mortality rate reaches a peak in the paediatric population in the 1-4 years age group
[14]

.
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Phenotype/genotype unpredictability

For RDs, correlations between genotype and phenotype are not fully elucidated, and a clear explanation for

clinical heterogeneity remains lacking. In the case of PLWRD in particular, complex mutations are

frequently reported, where the genotype fails to express many of the features of the disease. While a single

gene can be associated with significant phenotypic heterogeneity, the reverse is rarely applicable—namely, a

distinct phenotype linked to different genes
[15]

. Reduced penetrance can be caused by the specific mutation

involved in the allele dosage, and it can be variable on unlinked modifier genes, epigenetic changes and

environmental determinants. Therefore, the variant either does not fully explain the patient’s phenotype or

its pathogenicity cannot be conclusively determined
[16]

. Recent advances in multi-omics and functional

genomics suggest that phenotypically distinct RDs may share an underlying pathophysiology at the cellular

level, leaving space for platform-based therapeutic development
[17]

. Some examples of analyses on the

genotype-phenotype relationship and their challenges were performed by the Solve-Rare Diseases

(SOLVE-RD) consortium
[18]

.

Unpredictable evolution of rare diseases

RDs have a limited documentation of underlying pathophysiology and understanding of disease progression

patterns. A general RD feature is that it relies on precise genetic characterisation, such as genetic variant

identification. Undiagnosed and under-researched RDs have a high mortality rate, often increased by the

absence of common advanced genetic sequencing diagnostic techniques or relevant therapies. The scarcity of

the affected RD population makes it difficult to conduct traditional large-scale clinical trials that could

validate the efficacy and safety of new treatments. This has demonstrated that RDs constitute a public health

emergency, highlighting the urgent need for regulatory action, and for the development of novel alternative

approaches for prevention and treatment
[19]

. Once a delivery platform has been made available for one gene

therapy, it might be rapidly used for a newly discovered RD or emerging virus. A paradigm illustration is the

lengthy development, for treating RD hereditary transthyretin amyloidosis, of lipid nanoparticles (LNPs)

used as delivery vehicles of small interfering RNAs (siRNAs) or antisense oligonucleotides. This delivery

platform took more than 10 years to develop, but it represented a “ready-to-use” formulation solution for

other RNA drugs, such as messenger RNA (mRNA) genetic vaccines against emerging viruses. Thus,

common technological platforms utilised for both newly discovered RDs and emerging viruses represent an

integral aspect of timely medical intervention in each case
[13]

.

It warrants special mention, however, that the LNP formulation used for hereditary transthyretin

amyloidosis may be val id only for genetic diseases that primari ly af fect the l iver and whose

pathophysiological mechanisms make them susceptible to RNA interference or gene editing using

CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR-associated protein 9).

These include diseases caused by a dominant-negative mutation in a liver gene. Different vector technologies

and routes of administration for specific target tissues and cells should be standardised and validated to

address the diversity of genetic diseases. This leads to the important concept of establishing international

alliances and funding programmes, not only for vector design, but also for validation of the thousands of

different gene-specific products that are needed to offer a solution to the patients in need.

Multistakeholder collaborations

One trend that the recent coronavirus pandemic demonstrated is the interconnectedness and

interdependence of the multi-sectoral collaborations for the implementation and coordination of an effective

systemic response. Often referred to as collaborative health emergency preparedness, this approach combines

political actions with a multistakeholder alliance for achieving the health outcomes and strengthens the

response capabilities
[20]

.
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One such model that centrally drove the development of medical countermeasures during the coronavirus

pandemic was Operation Warp Speed (OWS), launched by the US federal government in May 2020—an

initiative that helped accelerate the manufacturing scale-up of vaccines, ensuring they were widely available

shortly after receiving emergency use authorisation
[21]

.

A warp speed initiative for rare diseases?

An OWS-like initiative could represent an essential step forward in addressing RDs as a public health

emergency. As approximately 95% of RDs do not benefit from an approved treatment protocol, the

diagnostic process is generally delayed or focused only on symptomatic care, consequently deepening the

challenges and pressure on health care services
[1]

. While several initiatives have analysed areas of action

where funding can add the most value (e.g., optimising translational research infrastructures, modernising

clinical trial design, or creating databases that ensure interoperability, data quality, and robustness), barriers

still exist when moving from recommendations to real-world implementation, as well as in ensuring

long-term sustainability and reliability. These challenges are particularly evident when faced with lower

investor interest or an unclear commercialisation pathway. In this context, raising community awareness,

complemented by open and transparent communication with policymakers on the advantages of reducing

overall treatment and care expenditure by investing in next-generation diagnostic technologies and

additional profiling methods, represents a critical step. This is essential for prioritising RDs on the global

health agenda.

Other models of collaborations for drug development

The rapid development of therapies during pandemics demonstrated what could be achieved in a short

timespan when faced with a health crisis. The accelerated growth of effective medicines when a

public-private partnership is initiated by the governments and industry, doubled by coordinated efforts to

enable faster production and approval of treatments, remains a viable model for application in real-world

settings. Developing a public-private partnership similar to OWS could have a profound effect on

accelerating RDs' diagnostic and therapeutic development
[22]

. Despite the adoption of legislative frameworks

for action in several countries intended to stimulate orphan drug development, further efforts are required to

accelerate therapeutic innovation. These include providing greater regulatory flexibility during the approval

process, as demonstrated by the US Food and Drug Administration (FDA) Rare Diseases Innovation Hub,

which has called for global regulatory action.

In 2023, over half of all novel drugs and biologics approved by the FDA’s Center for Drug Evaluation and

Research (CDER) and Center for Biologics Evaluation and Research (CBER) were intended to prevent,

diagnose, or treat RD conditions. As stated above, the success of the RD drug discovery paradigm is poised to

move forward by capitalising on the unprecedented opportunity from advances in a range of approaches

from RNA therapeutics, to gene therapy, genome editing, and other technologies. When combined with the

urgent drive and needs of PLWRD and their families, this creates a powerful nexus for change
[23,24]

.

In the case of RDs, the regulatory flexibility could include a greater utilisation and adaptation of therapeutic

platforms such as oligonucleotide therapies, gene therapy, and genome editing. In this context, the FDA’s

CDER and CBER are piloting an OWS approach to novel drugs and biologics for RDs, dubbed Support for

clinical Trials Advancing Rare disease Therapeutics (START), reflecting an appreciation of the urgent need

for a more flexible regulation of RD treatment
[25,26]

. While the START pilot programme is an important

milestone in accelerating the pace of therapeutic development, it is currently limited to rare neurological

conditions (CDER) and gene or cellular therapy (CBER). It addresses unmet medical needs for serious

conditions that are likely to lead to disability or death within the first decade of life. The START programme
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Table 1. Time is now. Set of recommendations

• 

The time is now
• Building on the RD Moonshot in the EU and now Australia, and calls for a concerted approach in
the US, we should go to a Global Warp Speed initiative

What is needed • Community awareness, political will, adequate funding, regulatory flexibility

Tools accelerated by COVID-19

• Data sharing (privacy preserving) through record linkage
• Global clinical trial networks
• Distributed/regional manufacturing
• Delivery platform for n-of-1 therapies

Tools we didn’t have before
• Advanced therapeutics
• Therapeutic platforms

EU: European union; COVID-19: coronavirus disease; RD: rare disease.

also incorporates elements of OWS, namely, enhanced communication between participating companies or

sponsors and the FDA regarding clinical development, clinical study design, study populations, and the

approval process. However, it does not provide financial assistance to partners to cover costs associated with

the development of new therapies.

Furthermore, the Rare Disease Moonshot
[27]

, with partners including the Critical Path Institute (C-Path) in

the USA and Rare Disease Moonshot Australia, is driving forward RD drug development through

public–private partnerships and, similarly to the 5-Voices collaboration representing the patient community,

sponsors, funders, regulators, and payers, it is working towards coordinated and integrated processes to

optimise the product lifecycle for greater efficiency, speed, and scale.

Development of telehealth and data sharing

Addressing a grand global health challenge

Undoubtedly, addressing the global grand challenge of RDs requires a response covering the full range of

intervention points, from prevention to screening, diagnosis, physical, mental, and social care, medical and

cross-sector care coordination, trials, and treatments. The therapeutic enablers and accelerators applied

when addressing public health priorities, coupled with the nature and collective magnitude of RDs, could

provide unique opportunities for therapeutic transformation. The time is now—set of recommendations

[Table 1].

In response to persistent gaps, an important step is to enhance evidence-based health systems and highlight

key context-specific barriers that prevent equitable health access. A global framework and action plan could

build on trans-border cooperation and support the development of local research capacities, improve access

to existing treatments, and promote innovative service delivery models (based on examples from other

regions/countries) and digital tools.

Noting that awareness and knowledge of RDs is generally low across all social sectors, the availability of

treatments does not guarantee accessibility for all.

A RD-focused strategy, backed up by new technologies, platforms, and policy and regulatory approaches

inspired by those developed at a faster pace during pandemics, can address some of the unmet needs of RDs

globally
[19]

. In recent years, there has been growing concern about resource allocation for people living with

RDs, and about what mechanisms are in place to ensure equitable and fair distribution between rare and

common diseases. Faced with persistent coverage gaps, particularly in LMICs, the use of digital health
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Table 2. Recommendations on the management of RD as a public health priority through coordinated actions

Global and national health prioritization like other high burden conditions, e.g. cancer, COVID-19, Alzheimer’s

Large scale, sustained funding to build and maintain infrastructure, from diagnostics to clinical trial networks

Addressing the invisibility of PLWRD – patients need to benefit from an easier identification system through shared infrastructures

Education and training for physicians, nurses, public / patient academy, combating stigma and disinformation - telemedicine for spreading
expertise - “care across borders”

COVID-19: Coronavirus disease.

applications and services promises improved effectiveness, equity, and reach. Artificial intelligence

applications, mobile tools, virtual consultations, and teleconsulting could help deliver faster and more

equitable services, opening new frontiers for expanding access to health support for PLWRD and reducing

administrative burden
[28]

 [Table 2].

In the context of pandemics, health injustice becomes more visible and is usually amplified through

pre-existing social, economic, racial, and ethnic disparities. The World Health Organisation (WHO) defines

access to health and care as a human right, essential for people living with RDs
[29]

. The COVID-19 pandemic

highlighted how all the elements of care are intrinsically intertwined [Table 3]. Nonetheless, there are big

differences when comparing worldwide epidemics and RD conditions, e.g., in terms of achieving a

diagnostic, appropriate disease management and treatment. While COVID-19 is easily diagnosed through a

simple, accessible kit, available almost everywhere in the world, for RDs, diagnostic assessments usually

require in-depth testing by a team of expert medical providers. The therapeutic management for COVID-19

usually follows panel recommendations based on the disease severity and factors such as comorbidities and

age, but in general, mild or moderate cases recover with minimal interventions
[30]

. Compared to RDs, despite

significant progress in recent years, it is estimated that only 5% of RDs have approved treatments. Under

current paradigms, these could be improved through insights, platforms and process improvements surfaced

and accelerated by pandemic responses.

SUMMARY
Recent actions have sought to improve the quality of life of PLWRD and their families, but despite this,

inequalities are still globally pervasive in terms of early and precise diagnosis and care. Optimised diagnostics

methods can provide a portal to strengthen disease management strategies and care pathways, reducing the

burden on health care systems and society, thus enabling better health outcomes. While the RD drug

development market remains less economically attractive compared with other diseases, several lessons from

public health measures could be prioritised to improve the recognition and visibility of RDs and support the

creation of a strategic development plan that reduces global fragmentation and inequality. The COVID-19

pandemic has shown the world the multifaceted challenges experienced by RD patients when faced with a

lack of diagnostic methods, medications, and care; however, it has also inspired the adoption of several

measures, such as the rapid adoption of telemedicine, expedited drug approvals, data-sharing paradigms, and

strengthened international collaboration for priority setting and risk management. These considerations

could promote research and global coalitions as an action model for addressing the needs and challenges of

the RD population.
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Table 3. What we learned from COVID-19 (and COVID-19 from RDs) - similarities between responding to the COVID-19 pandemic and
the needs of PLWRDs, based on the 10 essential elements of public health[24]

Essential element COVID-19 response Rare disease response

Monitor health status
Track cases, deaths, hospitalizations, and variants.
Use of GIS (e.g. ArcGIS) technology to spatially map
COVID-19.[24]

Collect data on prevalence, incidence, diagnosis, and
outcomes. Use of ArcGIS to map rare diseases. Note also
ArcGIS processes have also been adapted to support
genomic data sharing for RD diagnosis

Diagnose and investigate Test, trace, and isolate cases and contacts
Improve access to genetic testing, counseling and family
and cascade testing

Inform, educate, and
empower

Provide clear and consistent communication and
guidance

Raise awareness and advocate for the rights and needs
of PLWRD

Mobilize community
partnerships

Engage with civil society, private sector, and media
Connect with patient organizations, expert centers, and
researchers

Develop policies and plans
Implement public health measures and vaccination
strategies

Develop national plans and policies for rare diseases

Enforce laws and regulations
Ensure compliance with health protocols and
restrictions

Protect the interests and privacy of PLWRD

Link to/provide care Ensure access to health services and social support Establish care pathways and referral systems

Assure competent workforce Train and equip health workers and volunteers Build capacity and expertise among health professionals

Evaluate health services
Monitor and evaluate the effectiveness and impact of
interventions

Assess the quality and outcomes of care and services

Research for new insights
Support innovation and collaboration for new
diagnostics, treatments, and vaccines

Promote research and development for rare diseases

GIS: Geographic system technology; PLWRD: people living with rare diseases; RD: rare disease.
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