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Abstract

Background An estimated 3.5 million people in the UK live with a rare disease however due to the rarity of each
individual condition this is not currently reflected in mainstream medical education. As a result, common features

of living with a rare condition include diagnostic delay, poor coordination of health and social care and lack of access
to specialist care and treatment. This is well documented in reports published by patient advocacy groups collat-

ing the patient experience and has been highlighted by the Department of Health and Social Care in its UK Rare
Diseases Framework. One of the four priority areas outlined in this policy published in 2021 is‘increasing awareness
amongst healthcare professionals!

Medics4RareDiseases (M4RD), a charity based in the UK, has proposed a disease-agnostic approach to educating
doctors about rare disease, focusing on the common challenges experienced across this heterogeneous collection
of conditions, rather than on the minutiae of each of the > 7000 rare conditions. A literature search using MEDLINE,
PubMed Central and Bookshelf confirmed a lack of broad rare disease teaching in medical literature; none of the 10
final resources identified focused on the topic as a whole.

Results To address this, M4RD created the course ‘Rare Disease 101" It is accessed online using a learning manage-
ment system that is free, contains interactive lessons, hosts a discussion board and is easily updated. In the 29 months
since going live, 942 individuals have registered with 204 having completed the course; early feedback from 33
respondents was unanimously positive (all participants rated at least good (76%: excellent)) demonstrating

that both clinicians and patients can benefit from broad rare disease education. The course is freely available to all

at https://learn.m4rd.org/.

Conclusions Disease-agnostic training about rare disease as a large patient population, focusing on its unique profile
of unmet needs, is required. Rare Disease 101 provides a pragmatic approach to an educational challenge that leads
to poor patient outcomes. Early results suggest that the educational programme is well-received but further evalua-
tion and assessment is needed.
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Background

Rare disease medicine

A rare disease is any condition with a prevalence of less
than 1 in 2000 [1, 2]. Over 7000 have been identified to
date, with this number growing [2, 3]. Although individu-
ally rare, they are collectively common with global rare
disease point prevalence estimated at 3.5-5.9% [4]; this
equates to approximately 3.5 million people in the UK [5,
6]. Although a clinically heterogeneous population, this
commonality refers to a shared patient experience that
includes a lack of available information, diagnostic delay
and limited treatment options [7, 8]. Rare diseases can
be found in every area of medicine; they present across
all ages and demographics however their individually
low prevalence means they are not an educational pri-
ority. Clinicians cannot know all rare diseases, but with
3.5 million affected patients, they need a fundamental
understanding of the field. Serial reports indicate that
inadequate knowledge and misconceptions about the
prevalence of rare diseases result in suboptimal patient
care, compounded by insufficient formal medical educa-
tion [5, 9, 10]. On average, it takes over four years for a
patient to receive a diagnosis, seeing four primary care
doctors and four specialists during that time [11, 12].
This delay causes significant distress to patients and their
loved ones, and is costly to the National Health Service
(NHS) [12]. Furthermore, these conditions often carry
significant burden of disease and/or disability, with 30%
of those with a rare disease dying before their fifth birth-
day [5, 13].

Rare disease education and strategy

It has been recognised that education is lacking in the
field of rare disease throughout undergraduate and post-
graduate medical training [8, 14—16]. Where available,
such education focuses on the details of individual con-
ditions as a vehicle for teaching about specific principles
such as genetic patterns of inheritance or metabolic path-
ways. This leaves clinicians with gaps in their knowledge
and practical skills when managing the presentation of
rare disease in clinical practice [17].

The gap in rare disease education is not new, but
improving knowledge in this area is increasingly impor-
tant due to significant advancements in diagnosing and
treating rare conditions over the past two decades. Devel-
opments in genomics, such as the Diagnosing Develop-
mental Delay study and the 100,000 Genomes Project,
have pushed the rare disease field into the spotlight.
Approximately 80% of rare diseases have a genetic com-
ponent [15] and these improvements in diagnostic power
have facilitated one in four UK patients who took part
in the 100K Genome Project receiving a diagnosis [5].
With an increase in the rate of diagnosis, clinicians can
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improve management for more patients. However, more
people with rare diseases also translates to increased
pressure on the NHS, requiring novel pathways, systems
and infrastructure. This has led to the development of
guidelines and frameworks to improve rare disease edu-
cation and resource availability for clinicians addressing
these challenges [2, 5, 18-20].

January 2021 saw the publishing of “The UK Rare Dis-
eases Framework’ by the UK Department of Health &
Social Care [5], replacing the UK Rare Diseases Strat-
egy from 2013 [8]. This framework has four priorities:
1. ensuring patients get the right diagnosis faster; 2.
increasing awareness of rare diseases among healthcare
professionals; 3. better coordination of care; 4. improv-
ing access to specialist care, treatment and drugs. These
priorities are disease-agnostic, referring to the shared
challenges of the rare disease population. The document
explains the direct impact that clinician education will
have on priority 2, whilst indirectly addressing priorities
1, 3 and 4. This highlights the importance of educating
healthcare professionals in rare diseases to UK health
goals. Through provision of education to clinicians on
diagnosis and management of rare disease, the time to
diagnosis (often termed the ‘diagnostic odyssey’) can
hopefully be shortened. This in turn should lead to: 1. an
improved patient journey; 2. better patient-doctor rela-
tionship; 3. an earlier start point for patients to plan care/
treatment; 4. a reduction in unnecessary investigations;
5. reduced cost to the NHS.

Rare disease education in literature

To understand what current rare disease education is
available, a literature review of articles was conducted
using the PubMed search engine of MEDLINE, Pub-
Med Central and Bookshelf. Articles published up to
June 2021 were searched utilising the strategy ‘(rare dis-
ease*) AND (education OR teach*), delivering 8557 Eng-
lish language results with full text available. These were
explored manually, initially by title, then by abstract,
which resulted in 10 publications that regarded an edu-
cational resource on a specific rare disease therapy.
These educational resources however did not relate to
the management of rare/undiagnosed diseases as a gen-
eral topic but identified specific diseases/learning situ-
ations. The topics identified were: genetic testing [21],
systemic sclerosis [22], Moebius syndrome [23], primary
immunodeficiency [24], malignant hyperthermia [25],
Fabry disease [26], Hunter disease [27], and rare disease
prevalence [10]. The final two publications related to
Ebola Virus Disease, a rare infectious disease [28, 29]. A
search utilising Google Scholar/Google at the time of this
publication identified resources available to educate on
genomic and translational medicine through the Health
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Education England Genomics Education Programme
[30] and the Genetic and Rare Diseases Information
Centre [31], and access to online courses on rare disease
medicine through the Undiagnosed Diseases Network
International (UDNI), the European Joint Programme
on Rare Diseases (EJP RD), the National Organization
for Rare Disorders (NORD) and Rare Disease Europe
(EURORDIS) [32-35]. The UDNI site has one active link
to an educational course: Rare Disease 101 (the subject
of this article) [32]. The EJP RD have published two out
of a planned four online educational academic courses on
aspects of rare disease research; each course runs over a
five-week period with three-four hours of work per week
[33]. NORD hosts three courses of which one is specific
to rare disease drug development [34]. EURORDIS hosts
a number of courses under the themes of ‘research; ‘diag-
nosis’ and ‘holistic care’ in rare disease medicine [35].
These research-orientated courses range from one hour
to nearly six hours completion time, and contain a mix-
ture of videos, reading and short quizzes.

To further explore what educational resources are
available to UK clinicians on the general approach to
managing rare and undiagnosed diseases, searches were
performed of commonly used online platforms, including
Patient.info [36], BM] Best Practice [37], Uptodate [38],
GP notebook [39] and NICE CKS [40]. Patient.info, BM]
Best Practice and Uptodate provide details on specific
rare conditions but lack guidance on the holistic man-
agement of patients with rare or undiagnosed diseases.
Genetics and genomics were better represented with
information on all five sites including specific conditions
with genetic components [36—40], personalised medicine
[38] and genetic counselling [39]. These searches high-
light a limited availability of clinically-orientated educa-
tional resources on management of rare and undiagnosed
diseases.

Medics 4 rare diseases

Medics 4 Rare Diseases (M4RD) is a charity registered in
England and Wales that provides education in the field of
rare diseases for medical students and doctors in training.
It strives to drive an attitude change towards rare disease
amongst medical professionals to reduce the diagnostic
odyssey and improve the patient experience. The charity
has been hosting events with a rare disease focus since
2011. In 2014, they partnered with the Medical Genetics
Section of The Royal Society of Medicine (RSM) to hold
their first joint symposium, "The Unusual Suspects: Rare
Disease in Everyday Medicine." This annual event aims
to provide a basic understanding of important and gen-
eralisable concepts of rare disease medicine through
a short afternoon of lectures. It has been popular and
well-received, with a 2024 Net Promoter Score of 62.
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This concept was the precursor to development of the
e-learning tool. On February 16th 2021 the charity pub-
lished Rare Disease 101, an online course on the recog-
nition and management of rare disease for clinicians
and medical students. It is available online at https://
learn.m4rd.org/. This tool uses a Learning Management
System (LMS) in order to allow ease of distribution to a
large audience, equity of access, flexibility of completion
and ease of feedback collection and collation. It aims to
address the gap in rare disease education for medical stu-
dents and clinicians. This article will describe the tool’s
development, present its current form, and discuss early
feedback.

Aims

+ To present and illustrate Rare Disease 101, an online
course (hosted through an LMS) providing a series of
lessons to educate clinicians on the management of
rare and undiagnosed diseases.

+ To review early feedback from users of the learning
tool.

Methods

Development

Development of Rare Disease 101 stemmed from the
joint symposium between M4RD and RSM, ‘The Unusual
Suspects: Rare disease in everyday medicine. From the
first meeting, these events promoted a disease-agnostic
approach to rare disease education. The speakers were
not invited to talk about individual conditions as such,
but to explain broader issues and experiences, for exam-
ple the diagnostic odyssey. Every event included patients,
advocates, clinicians, medical students and someone
involved in research or innovation. The lived experience
is very much at the heart of these meetings.

Rare Disease 101 was created by taking this formula
and designing content that provided the same education
in an engaging and accessible way when accessed via an
LMS. Thought leaders with expertise in different areas
of rare disease were invited to write the content of the
lessons alongside a member of the M4RD team. These
organisations/individuals are detailed in ‘Additional File
1’ Multimedia resources from all over the rare disease
community were then incorporated into the lessons.

The eight lessons included in Rare Disease 101
were chosen based on the most common themes that
emerged from ‘The Unusual Suspects’ over the years
and influenced through consultation with other stake-
holders in the rare disease field. The course in its
entirety is expected to take around two hours to com-
plete. Table 1 details the eight lessons, along with a
summary of their content and examples of feedback.
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Table 1 The eight lessons of rare disease 101
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Lesson

Content

Reason

Introduction to Rare Disease

The Diagnostic Odyssey

Sarah’s story
(part of lesson 2)

Understanding the Common Challenges

Diagnostic Tools

Definition of a rare disease
Prevalence of rare disease
Aetiology of rare disease
Relevance of rare disease

What is meant by the term ‘Diagnostic Odyssey’
Why a rare diagnosis might be delayed

The impact of the diagnostic odyssey on patients,
families and health systems

The benefits of a timely diagnosis in rare disease
Resources and approaches for reducing the diag-
nostic odyssey

A first-hand account of a patient journey

The global challenges associated with rare diseases
Diagnostic and management challenges
Psychosocial challenges

Short- and long-term strategies for managing
patients

Red flags for a possible undiagnosed rare disease
Accessible diagnostic tools

Key principles in searching for a diagnosis
Emerging tools to assist diagnosis

“[I found helpful] Importance of rare diseases in clini-
cal practice”RSM 2017, feedback

“This is the first time I've attended an event on rare
diseases and at first | really wasn't sure what to expect
but having attended | have had a great insight

into rare diseases and learnt a lot”RSM 2017, feedback
"Relevance of rare disease to my everyday practice”
RSM 2019, learning need

“Understanding of how rare disease affects doctors
from across the medical profession”RSM 2019, learn-
ing need

“An awareness of the size of the RD problem”RSM
2020, learning need

“[ would like to know more about] how we need

to work on the diagnostic challenges surrounding rare
disease”RSM 2017, learning need

“To consider a diagnosis of rare diseases in patients
with symptoms that persist or don't match up”RSM
2017, take away

“This conference will empower me to consider rare
diseases in the future when making a diagnosis,

and not shy away from them because of a lack

of understanding or knowledge of the specific dis-
ease”RSM 2019, feedback

“A better understanding of how to spot rare diseases,
and what to do when you think a patient may have
one but you don't have detailed/any knowledge
about the specific disease in question. Dealing

with this uncertainty in a productive way!"RSM 2019,
learning need

“More information about how rare diseases are diag-
nosed and how it affects the patients life"RSM 2019,
learning need

“| was really moved by her story”RSM 2020, feedback
"Have seen her speak about the book before and have
read it, and her talk was still interesting”RSM 2020,
feedback

“Wonderful advocacy—»bravo Sarah”RSM 2020,
feedback

It has opened up my mind to many conditions | didn't
know about before and how these conditions can
affect patients and their families, not just the disease
itself but also everything else. | am now more inclined
to find out more about rare diseases and hold a differ-
ent communication approach in practice” RSM 2017,
feedback

"A better understanding of how to manage patients
with rare diseases”RSM 2017, learning need

“Better aware rare disease affects 1in 17...importance
of having someone who can co-ordinate care (GP)
and manage general symptoms”RSM 2019, feedback
“Better understanding of the role of patients

in research”RSM 2020, learning need

hat are the key triggers to start to think out-

side the box”RSM 2017, learning need

"An understanding of advances in the field"RSM 2019,
learning need

"Where we are with diagnostics with rare diseases

in UK and new projects”RSM 2020, learning need
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Table 1 (continued)
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Lesson Content

Reason

The Role of Genomics
genome sequencing
100K Genomes Project

The NHS Genomics Medicine Service
The Genomics Education Programme

Patient Advocacy Groups
needed in rare disease

Services provided by patient groups to patients,
families and healthcare professionals

Case studies of patient groups (from established
charities to kitchen table support groups)

Supporting Patients for Better Outcomes The role of good communication in coordinating
patient care and supporting families
Effective communication and listening techniques
Lines of communication when dealing with patients

and caregivers

Reflection on current communication skills

and areas for improvement

Education

disease

Genetic testing, exome sequencing and whole

What patient advocacy groups are and why they are

Educational rare disease resources
Opportunities for healthcare professionals in rare

“An insight into rare genetic diseases”RSM 2017, learn-
ing need

“New knowledge of diagnosis rare diseases and role
of 100K genome project”RSM 2019, feedback

“|deas and where to find information about rare
diseases learn about nhs genomics programme”RSM
2019, learning need

“Update on 100K genome. Further insight in rare
diseases from patient and healthcare professional
perspective. Need to introduce education on rare
diseases at medical student level”"RSM 2019, learning
need

“Better understanding of mainstreaming of genomics
at the coal face”RSM 2019, learning need

“[I would recommend] the opportunity for students
to hear from other patient groups”RSM 2017, feed-
back

"Curious about what rare diseases organisations

do and whether there is opportunity for myself to be
involved”RSM 2017, learning need

“Really enjoyed the presentation from patients

and patient groups, and would like more of those”
RSM 2017, learning need

“Latest advancements in rare diseases, patient advo-
cacy groups,..."RSM 2024, learning need

“[I found helpful] topics touched on around com-
munication and consider how difficult it must be

to not have a diagnosis due to delays in reaching this
point”RSM 2017, feedback

"I hope to learn more about how to deal with patients
that may present with a rare disease”RSM 2017, learn-
ing need;

"An appreciation of the best support for patients

with rare diseases”RSM 2020, feedback

A better understanding of the role of patients

in research”RSM 2020, learning need

“More information about rare disease” RSM 2017,
learning need

“Where we are with diagnostics with rare diseases

in UK and new projects”RSM 2020, learning need
“...how people can educate themselves on other rare
diseases”RSM 2024, learning need

The eight lessons of Rare Disease 101 alongside (1) a short summary of the content of each lesson, (2) examples of feedback and attendee-identified learning needs

that directed content development

The feedback included is not exhaustive but illus-
trates examples that generated the lesson themes and
informed the associated content.

The course was created using H5P hosted on Word-
Press by a Trustee of M4RD who himself has two
rare conditions, Dan Jeffries. The course is part of an
LMS that allows the administrator to directly assist
the users and host forums for deeper discussion. The
forum administrators are all members of the M4RD
team; technical concerns are managed by Dan Jeffries
and content related questions by Lucy Mckay. Where
specific expertise for content related questions are
required, the team returns to the original authors of
Rare Disease 101. Details of these individuals can be

found in ‘Additional File 1’ All content can be updated
and improved by M4RD to keep it relevant and to
reflect feedback. Feedback to date is summarised in the
results section of this paper.

Results

Rare disease 101

Rare Disease 101 is a unique, interactive e-learning
resource aimed at educating clinicians on the manage-
ment of individuals with rare and undiagnosed diseases.
Its approach reflects the notion that rare diseases are
individually rare but collectively common; through an
introduction to the basics of rare disease as a collective
concept, it equips the clinician with an understanding of
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the impact of living with such diseases and the practical
knowledge and tools to be able to manage patients that
fall under this umbrella.

Rare Disease 101 is designed to enrich the knowledge
of all clinicians and medical students and thus is freely
available to all. On accessing the website the user cre-
ates a free account following which Rare Disease 101, and
other learning resources, become available. The course is
divided into eight individual lessons allowing the learner
to complete it over multiple sittings (Fig. 1). Alongside
the lessons is an introductory video and information tab
to orientate the learner, a summary tab, references, infor-
mation on sponsors/authors and discussion and feedback
tabs. On completion of the lessons a certificate and digi-
tal badge are provided, allowing clinicians to utilise this
as evidence of additional learning for portfolios.

The eight lessons of Rare Disease 101 lead the learner
through their introductory journey into rare disease
management in a logical manner (Table 1). Lesson one
introduces the concept of rare diseases as a whole, and
lesson two the diagnostic odyssey often faced by patients.
This is followed by an introduction to the common chal-
lenges faced by clinicians and patients within the field
of rare diseases (lesson three). Lesson four provides
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information on pragmatic and useful tools for suspecting
when someone has an undiagnosed rare condition and
management of rare diseases, improving the clinician’s
resources for such consultations. Lesson five explores
the role of genomics in rare diseases, highlighting its sig-
nificant impact on these conditions, and introduces more
detailed resources available through Health Education
England’s Genomics Education Programme. Lesson six
introduces the learner to the vital role of patient advo-
cacy groups in rare disease and lesson seven focuses on
how clinicians can support patients for better outcomes
from their medical care. The final lesson is on the impor-
tance of education in the field of rare diseases, and the
role that the learner can play following completion of
Rare Disease 101.

To ensure clarity of educational material Rare Disease
101 adopts a simple layout with clear presentation of only
key points to prevent information overload. An interac-
tive format is utilised to promote engagement with the
material through enhancing visual aids with an element
of kinaesthetic learning; lessons are interspersed with
short quizzes to allow the learner to assess the knowledge
they are acquiring from the course in real time. Patient
stories are included to enrich the content of the lessons

Introduction from Dr
Lucy McKay

Lesson 3: Understanding
the common challenges

Lesson 4: Diagnostic Tools

Not a Healthcare -—
Professional?

Lesson 5: The Role
of Genomics

v

1

Lesson 1: Introduction to
Rare Disease

e

Lesson 2: The
Diagnostic Odyssey

Lesson 7: Supporting
Patients for
Better Outcomes

Lesson 6: Patient
Advocacy Groups

4 i Summary

Lesson 8: Education

Claim your Certificate

Authors and Featured

References A
Organisations

)

Discuss Rare Disease
101

M4RD Sponsors 2021 Feedback

Fig. 1 Rare Disease 101 Home page: Overview of content. Available at https://learn.m4rd.org/course/view.php?id=2. Permissions for use by Dr Lucy

Mckay, CEO of Medics4RareDiseases
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and to highlight their relevance to clinical practice. To
ensure content was accurate and covered a range of per-
spectives, experts were enlisted from throughout the rare
disease community — this included patients, rare disease
advocates, clinicians, a geneticist, charities and other
organisations.

Ultimately, through a series of short lessons, Rare Dis-
ease 101 aims to equip the modern clinician with prac-
tical, transferable skills for working with patients in the
rapidly growing field of rare disease. The knowledge
imparted is specifically tailored to clinical practice, focus-
ing on the basics of rare diseases (content often missed in
educating on specific rare diseases) which make up the
key concepts for a clinician encountering people living
with rare disease in day-to-day practice. The course also
introduces the breadth of rare disease medicine through
inclusion of, and signposting to, as many patient stories,
knowledge sources and tools as possible. Although tar-
geted at doctors/medical students, it is also suitable for
allied healthcare professionals.

Ongoing user feedback

Following completion of Rare Disease 101 users are
invited to complete a feedback tab. This information is
automatically collated in real time to allow active review-
ing of participant opinion of the learning material. This
information will allow the team at M4RD to assess the
benefit of the material to learners, to review and amend
lessons as per feedback and will be used to inform the
future directions of Rare Disease 101 including the crea-
tion of further lessons.

In the 29 months since Rare Disease 101 went live, 942
individuals have signed up to the LMS and 204 (22%)
have completed the full course. The cohort of individu-
als completing the module was diverse; self-identification
of key role demonstrated 76 (37%) participants were
medical professionals, 57 (28%) medical students, 24
(12%) other healthcare professionals, 12 (6%) rare dis-
ease advocates, 6 (3%) people living with a rare disease,
and 29 (14%) other. This showed little variation from the
738 (78%) individuals who have not yet fully completed
the course, of which 295 (40%) participants were medi-
cal professionals, 126 (17%) medical students, 125 (17%)
other healthcare professionals, 66 (9%) rare disease advo-
cates, 30 (4%) people living with a rare disease, and 96
(13%) other.

33 (16%) of the 204 completers have provided for-
mal feedback. The inclusion of this feedback does not
account for formal assessment of the tool but provides
insight into user opinion to date. Current feedback is
limited but positive, with 25 (76%) responses rating Rare
Disease 101 ‘excellent’ overall, and the remainder rating
it ‘good. When evaluating applicability of the knowledge
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attained to the learner’s clinical practice, 18 (55%) stated
‘extremely; 11 (33%) ‘moderately’ and 2 (6%) ‘somewhat’
(remainder rated ‘not applicable’). All users providing
feedback agreed the course is useful in raising awareness
of the challenges of living with a rare disease amongst
healthcare professionals (19 (58%) ‘extremely useful,
12 (36%) ‘useful’). A range of aspects were reported as
being particularly informative including the importance
of active listening in clinical practice, the real-life impact
of the diagnostic odyssey, the inclusion of match word
tests and knowledge checks, the provision of informa-
tion on useful tools and patient advocacy groups and
one individual reported the genomics lesson provided
key information for them to provide answers to some
of their patients. Points for improvement were few but
included requesting a printable summary handout of key
statistics to be included, more information on diagnostic
tools and genomics, more information on research in the
field and one user mentioning information was repetitive
(although ‘great’) — this approach was adopted to ensure
the key messages on rare diseases are acquired from the
course. In the final feedback section one responder sug-
gested the inclusion of examples of positive and negative
clinical encounters, particularly with regards to primary
care, to help adoption of good practice and avoidance of
bad.

Discussion

Rare Disease 101 was designed and developed as a means
of addressing the gap in formal education in the field of
rare disease medicine [5, 8]. The final course consists of
eight interactive lessons on aspects of rare disease man-
agement, focusing on the common challenges that people
living with rare conditions often share [2, 16]. Previous
educational tools in academic literature have taught on
specific rare diseases and not on the topic as a whole.
Rare Disease 101 differs in this aspect; through teaching
about the general approach to consulting with a patient
with a rare or undiagnosed disease, it aims to equip the
clinician with practical tools to succeed in this situation.
Lessons are informed by professionals and enriched by
patient stories. They introduce important topics of rel-
evance to rare disease medicine such as medical genetics/
genomics. External resources and places of support are
sign-posted throughout the course in order for Rare Dis-
ease 101 to be a jumping-off point to find the expertise
required.

Feedback is collected through the same LMS that deliv-
ers the Rare Disease 101 lessons. To date, learners have
left positive feedback, with all who have rated the mate-
rial identifying it as either ‘good’ or (mostly) ‘excellent!
They have gone on to say that the knowledge attained
through completion of the course is relevant to their
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practice. This enforces the importance of having formal
teaching about the basics of rare disease and identifies
Rare Disease 101 as a tool that clinicians feel can help to
effectively address this. Feedback evidenced users were
from a range of countries and occupations including doc-
tors, nurses, students, patient advocates and (medical)
writers.

Rare Disease 101 has a number of strengths. Firstly, it
targets a key unmet need, as highlighted by both medi-
cal professionals and politicians [2, 5, 18—20]. Secondly, it
is a unique tool based in the UK NHS, available through
the Department of Health via NHS England’s Genom-
ics Education Programme website. Its international rel-
evance has also been acknowledged; alongside M4RD
an Australian government-funded project has seen the
rewriting of Rare Disease 101 for the Australian health-
care setting [41], and international organisations such as
the UDNI host the learning module online [32]. Thirdly,
lessons in Rare Disease 101 are informed by healthcare
professionals and patients/patient advocates themselves.
This allows the inclusion of information that patients
and professionals feel is most important to learners of
rare disease management whilst ensuring knowledge is
as up-to-date and accurate as possible. The lessons uti-
lise a combination of written, pictorial, video and interac-
tive content, as well as short quizzes, to aid engagement
of different learner styles. It assumes no prior knowledge
or awareness about rare disease medicine and is clini-
cally-focused, not targeting a specific area of rare disease
medicine such as research or drug development [34, 35].
Furthermore, by adopting the e-learning approach utilis-
ing an LMS for the course: 1. the tool is easily accessible
to a large body of clinicians, globally; 2. content can eas-
ily be updated and modified as required; 3. feedback can
be collected and collated in real-time, allowing learners
to inform the direction of the tool’s further development;
4. a discussion board is run alongside the tool allowing
queries and opinions to be shared amongst learners and
developers. To date this has included topics such as ‘Why
do rare patients have such a difficult time interfacing with
healthcare? and ‘Suggested actions to raise awareness
amongst HCPs—your feedback needed!. Completion of
the course provides the learner with a certificate to show
that they have taken part in further education. This allows
additional study to be evidenced in a training portfolio, a
common requirement for progression through a medi-
cal training pathway. Finally, and most importantly, Rare
Disease 101 ensures that all content reflects on the indi-
vidual affected by the illness, highlighting the importance
of patient-centred practice. The use of patient stories as
a means of learning promotes the practice of narrative
medicine. This transcends the management of patients
with rare diseases and trains the learner to better absorb,
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process and act upon information from the patient jour-
ney, ensuring management is tailored to the individual
[42]. M4RD will continue to hold live events annually at
RSM in order to complement Rare Disease 101 so that
users can meet patients and other experts and learn from
them in person.

There are a number limitations to Rare Disease 101.
Being an online learning resource, it requires access
to both a device that can connect to the internet and a
good internet connection. This may limit access in some
resource-poor settings. Furthermore, the tool itself cur-
rently only exists in an English language version mean-
ing learners that do not speak English will struggle to
access the tool. Feedback response numbers to date are
small, limiting assessment of functionality at this time,
and affecting validity of conclusions drawn from sur-
vey responses. In addition to this, there is a significant
non-completion rate which requires exploration. It is
important to note that 63% of those that have not com-
pleted the course have yet to commence the first mod-
ule, indicating many non-completers have yet to begin
the course. Completion rate could be improved through
marketing/technology by sending reminders to those
that have registered, or through introduction of cer-
tification for individual modules/groups of modules,
not requiring the learner to view all eight topics if they
do not wish. Ultimately, a more detailed survey with
additional responses would best inform this; this will
be explored as M4RD develops its new website which
includes a more up-to-date LMS and takes advantage of
improvements and greater affordability in this technol-
ogy since the programme launch. The current version of
Rare Disease 101 was a proof of concept proven through
RSM; as it has moved online, elements of the course have
been integrated into other common resources targeted
by professionals for education and training (for example
Medscape and NHS England) meaning content will be
accessed without formally completing the modules on
the M4RD website. Ultimately, the goal of this work is to
raise awareness of rare diseases and improve education,
regardless of the platform through which the content is
accessed. Finally, Rare Disease 101 relies on organic traf-
fic to the site; systematic education will require governing
bodies and training institutions to make rare disease edu-
cation mandatory.

Future steps with Rare Disease 101 include: 1. the addi-
tion of further lessons as informed by the requirements of
education in rare diseases and feedback from learners; 2.
the creation of international versions of the tool to allow
non-English speakers to access the modules; 3. highlight-
ing the tool’s relevance to the UK Rare Diseases Frame-
work 2021 as a means of addressing the requirements of
clinician education; 4. approaching training institutions
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to educate teachers on the availability of this resource
and the importance of its content to clinical practice.

Conclusions

Research highlights a lack of disease-agnostic rare dis-
ease teaching resources; reports implicate this unmet
need in medical education as one contributing factor to
the diagnostic odyssey and poor patient outcomes [5,
8, 16]. Rare Disease 101 provides a solution for medical
students and doctors in training to have access to a com-
prehensive, up-to-date educational resource informing
on how to manage individuals with rare and undiagnosed
diseases. To date this covers the basics of understanding
and management of rare diseases; it has the potential for
expansion to cover further topics in this area of medical
practice. Current feedback of Rare Disease 101 is limited
but positive. These early results suggest that the educa-
tional programme is well received but further evaluation
and assessment is needed. Learners providing feedback
felt the resource addressed their academic expectations
and spoke positively of the style of the tool, inferring it a
suitable model for others to adopt.

Abbreviations

EJPRD European Joint Programme on Rare Diseases
EURORDIS  Rare Disease Europe

LMS Learning Management System

MA4RD Medics 4 Rare Diseases

NHS National Health Service

NORD National Organization for Rare Disorders

RSM Royal Society of Medicine

UDNI Undiagnosed Diseases Network International

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513023-024-03286-8.

[ Additional file 1. }

Acknowledgements

Many thanks are offered to the individuals and groups involved in the crea-
tion of Rare Disease 101, the patients, rare disease advocates, healthcare
professionals, charities and groups, without whom this would not have been
possible.

Author contributions

TFD was primary author and performed the review of relevant medical
literature. LM was secondary author, providing content on the creation of
Rare Disease 101. DJ held a significant role in the creation of Rare Disease
101 and content checked this article. All authors read and approved the final
manuscript.

Funding

Rare Disease 101 was created by Medics4RareDiseases, a charity registered in
England and Wales (Number 1183996). Medics4RareDiseases received funding
in 2020 for the creation of Rare Disease 101 from commercial companies in
the form of sponsorship and grants: Alexion, Amicus Therapeutics, BioMa-

rin, Sanofi Genzyme, SOBI, Takeda and Ultragenyx. M4RD operates entirely
independently from these companies who have no editorial control over this
or any of M4RD's activities.

Page 9 of 10

Availability of data and materials
Project name: Rare Disease 101. Project home page: https://learn.mé4rd.org/
course/view.php?id=2. Programming language: HTML5 Package.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Lucy McKay is an employee of Medics4RareDiseases. Mr Dan Jeffries is a
Medics4RareDiseases trustee.

Author details

'Alder Hey Children’s NHS Foundation Trust, Eaton Road, Liverpool L12 2AP,
UK. 2Medics4RareDiseases, Unit 12 Treadaway Technical Centre, Treadaway Hill,
Loudwater, High Wycombe HP10 9RS, UK.

Received: 2 December 2023 Accepted: 14 July 2024
Published online: 22 July 2024

References

1. Smedley D, Smith KR, Martin A, Thomas EA, McDonagh EM, Cipriani V,
et al. 100,000 genomes pilot on rare-disease diagnosis in health Care —
preliminary report. N Engl J Med. 2021;385(20):1868-80.

2. Groft SC, Gopal-Srivastava R, Dellon ES, Gupta SK. How to advance
research, education, and training in the study of rare diseases. Gastroen-
terology. 2019;157:917-21.

3. Fermaglich LJ, Miller KL. A comprehensive study of the rare diseases and
conditions targeted by orphan drug designations and approvals over the
forty years of the Orphan Drug Act. Orphanet J Rare Dis. 2023;18:163.

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

5. The UK Rare Diseases Framework. Department of Health & Social Care.
2021. https://assets.publishing.service.gov.uk/media/5ff781138fa8f56
40335254e/the-UK-rare-diseases-framework.pdf.

6. Morris S, Hudson E, Bloom L, Chitty LS, Fulop NJ, Hunter A, et al. Co-
ordinated care for people affected by rare diseases: the CONCORD
mixed-methods study. Southampton (UK): NIHR Journals Library; 2022.
PMID: 35312266.

7. RezaeiF, Sanagoo A, Peyrovi H, Jouybari L. Persistent suffering: Living
experiences of patients with rare disease: an interpretative phenomeno-
logical study. J Educ Health Promot. 2023;12:224.

8. The UK Strategy For Rare Diseases. Department of Health. 2013. https://
assets.publishing.service.gov.uk/media/5a7c61d540f0b626628abaaa/UK_
Strategy_for_Rare_Diseases.pdf.

9. The Voice of 12,000 Patients. Experiences and expectations of rare disease
patients on diagnosis and care in Europe. EURORDIS - Rare Diseases Eu;
2009.

10. Sarrafpour B, Hegde S, Delamare E, Weeks R, Denham RA, Thoeming A,
et al. Career-computer simulation increases perceived importance of
learning about rare diseases. BMC Med Educ. 2021;21:279.

11. Marwaha S, Knowles JW, Ashley EA. A guide for the diagnosis of rare and
undiagnosed disease: beyond the exome. Genome Med. 2022;14(1):23.

12. Harrison K. New report reveals that, while undiagnosed, rare disease
patients have cost the NHS in excess of £3.4 billion. Imperial College
Health Partners. 2018. https://imperialcollegehealthpartners.com/new-
report-reveals-undiagnosed-rare-disease-patients-cost-nhs-excess-3-4-
billion/. Accessed 8 June 2021.

13. Braga LAM, Conte Filho CG, Mota FB. Future of genetic therapies for rare
genetic diseases: what to expect for the next 15 years? Ther Adv Rare Dis.
2022,3:26330040221100840. https://doi.org/10.1177/263300402211008
40.


https://doi.org/10.1186/s13023-024-03286-8
https://doi.org/10.1186/s13023-024-03286-8
https://learn.m4rd.org/course/view.php?id=2
https://learn.m4rd.org/course/view.php?id=2
https://assets.publishing.service.gov.uk/media/5ff781138fa8f5640335254e/the-UK-rare-diseases-framework.pdf
https://assets.publishing.service.gov.uk/media/5ff781138fa8f5640335254e/the-UK-rare-diseases-framework.pdf
https://assets.publishing.service.gov.uk/media/5a7c61d540f0b626628abaaa/UK_Strategy_for_Rare_Diseases.pdf
https://assets.publishing.service.gov.uk/media/5a7c61d540f0b626628abaaa/UK_Strategy_for_Rare_Diseases.pdf
https://assets.publishing.service.gov.uk/media/5a7c61d540f0b626628abaaa/UK_Strategy_for_Rare_Diseases.pdf
https://imperialcollegehealthpartners.com/new-report-reveals-undiagnosed-rare-disease-patients-cost-nhs-excess-3-4-billion/
https://imperialcollegehealthpartners.com/new-report-reveals-undiagnosed-rare-disease-patients-cost-nhs-excess-3-4-billion/
https://imperialcollegehealthpartners.com/new-report-reveals-undiagnosed-rare-disease-patients-cost-nhs-excess-3-4-billion/
https://doi.org/10.1177/26330040221100840
https://doi.org/10.1177/26330040221100840

Dunne et al. Orphanet Journal of Rare Diseases

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

(2024) 19:275

Walkowiak D, Domaradzki J. Needs assessment study of rare diseases
education for nurses and nursing students in Poland. Orphanet J Rare Dis.
2020;15:167.

Domaradzki J, Walkowiak D. Medical students’knowledge and opinions
about rare diseases: a case study from Poland. Intractable Rare Dis Res.
2019;8:252-9.

A fairer future. Towards a more equitable delivery of care for those with
rare diseases and conditions in the UK. Public Policy Projects. Accessed
29 April 2024. https://www.ucl.ac.uk/ion/sites/ion/files/ppp-rare-disease-
report-6_22-v2-pdf_0.pdf.

Crowe A, McAneney H, Morrison PJ, Cupples ME, McKnight AJ. A quick
reference guide for rare disease: supporting rare disease management in
general practice. Br J Gen Pract. 2020;70:260-1.

Severin E, De Santis M, Ferrelli RM, Taruscio D. Health systems sustain-
ability in the framework of rare diseases actions. Actions on educational
programmes and training for professionals and patients. Ann Ist Super
Sanita. 2019;55:265-9.

Alfaro TM, Wijsenbeek MS, Powell P, Stolz D, Hurst JR, Kreuter M, et al. Edu-
cational aspects of rare and orphan lung diseases. Respir Res. 2021;22:92.
Cismondi IA, Kohan R, Adams H, Bond M, Brown R, Cooper JD, et al.
Guidelines for incorporating scientific knowledge and practice on rare
diseases into higher education: neuronal ceroid lipofuscinoses as a model
disorder. Biochim Biophys Acta BBA - Mol Basis Dis. 2015;1852:2316-23.
Bean LJ, Fridovich-Keil J, Hegde M, Rudd MK, Garber KB. The virtual
diagnostic laboratory: a new way of teaching undergraduate medical
students about genetic testing. Genet Med. 2011;13:973-7.

Sanges S, Farhat M-M, Assaraf M, Galland J, Riviére E, Roubille C, et al.
Raising rare disease awareness using red flags, role play simulation and
patient educators: results of a novel educational workshop on Raynaud
phenomenon and systemic sclerosis. Orphanet J Rare Dis. 2020;15:159.
Broussard AB, Borazjani JG. The faces of Moebius syndrome: recognition
and anticipatory guidance. MCN Am J Matern Child Nurs. 2008;33:272-8.
Hariyan T, Kinash M, Kovalenko R, Boyarchuk O. Evaluation of awareness
about primary immunodeficiencies among physicians before and after
implementation of the educational program: a longitudinal study. PLoS
ONE. 2020;15: €0233342.

Kim TW, Singh S, Miller C, Patel S, Koka R, Schiavi A, et al. Efficacy and
Cost Comparison of Case-based Learning to Simulation-based Learning
for Teaching Malignant Hyperthermia Concepts to Anesthesiology
Residents. J Educ Perioper Med JEPM. 2019;21. https://www.ncbi.nim.nih.
gov/pmc/articles/PMC7039674/. Accessed 5 June 2021.

Cimmaruta C, Liguori L, Monticelli M, Andreotti G, Citro V. E-Learning

for rare diseases: an example using fabry disease. Int J Mol Sci.
2017;18(10):2049.

Al-Jasmi F, Moldovan L, Clarke JT. Hunter disease eClinicinteractive,
computer-assisted, problem-based approach to independent learning
about a rare genetic disease. BMC Med Educ. 2010;10:72.

Tobin CD, Alfred M, Wilson DA, MenkinSmith L, Lehman-Huskamp KL,
Schaefer JJ, et al. Train-the-trainer: pilot trial for ebola virus disease simula-
tion training. Educ Health Abingdon Engl. 2020;33:37-45.

Jones-Konneh TEC, Murakami A, Sasaki H, Egawa S. Intensive education
of health care workers improves the outcome of ebola virus disease: les-
sons learned from the 2014 Outbreak in Sierra Leone. Tohoku J Exp Med.
2017,243:101-5.

Welcome to Genomics Education Programme. Health Education England
Genomics Education Programme. https://www.genomicseducation.hee.
nhs.uk/. Accessed 26 July 2021.

Teaching Resources. Genetic and Rare Diseases Information Center
(GARD) - an NCATS Program. https://rarediseases.info.nih.gov/guides/
pages/128/teaching-resources. Accessed 5 June 2021.

E-Learning Platforms and Educational Resources. UDNI - Undiagnosed
Diseases Network International. https://www.udninternational.org/
schede-159-e_learning_platforms_and_didactic_materials. Accessed 7
May 2024

Online Academic Education Course. EJP RD - European Joint Programme
on Rare Diseases. https://www.ejprarediseases.org/general-information-
training/e-learning/. Accessed 7 May 2024.

Rare Disease Education. National Organization for Rare Disorders. https://
learn.rarediseases.org/. Accessed 7 May 2024.

All Courses. EURORDIS Open Academy. https://openacademy.eurordis.
org/all-courses/. Accessed 7 May 2024.

Page 10 of 10

36. Symptom Checker, Health Information and Medicines Guide. Patient.
https://patient.info/. Accessed 5 June 2021.

37. Clinical decision support for health professionals. BMJ Best Practice.
https://bestpractice.bmj.com/info/. Accessed 5 June 2021.

38. UpToDate: Evidence-based Clinical Decision Support. UpToDate. https://
www.wolterskluwer.com/en/solutions/uptodate. Accessed 5 June 2021.

39. Welcome to GPnotebook. GPnotebook. https://gpnotebook.com/en-gb/.
Accessed 5 June 2021.

40. CKS. National Institute for Health and Care Excellence. https://cks.nice.org.
uk/. Accessed 5 June 2021.

41. Rare Disease Awareness, Education, Support and Training (RArEST) Pro-
ject. National Recommendations for Rare Disease Health Care - Summary
(2024). Accessed 7 May 2024. https://rarevoices.org.au/wp-content/uploa
ds/2024/02/National-Recommendations-for-Rare-Disease-Health-Care-
Summary.pdf.

42. Chu S-Y,Wen C-C, Lin C-W. A qualitative study of clinical narrative compe-
tence of medical personnel. BMC Med Educ. 2020;20:415.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Thomas Frederick Dunne  BMedSc MBChB MRCPCH DTM&H
completed two years as an Academic Foundation Programme doctor
(paediatrics and global health interest) before commencing training
in the North West School of Paediatrics. He volunteers as a Clinical
Ambassador for Medics 4 Rare Diseases.

Dan Jeffries is a patient advocate living with two extremely
rare conditions. He is a published author and Medics4RareDiseases
trustee.

Lucy Mckay MBBS BSc is a member of a rare disease family and
a UK trained doctor. She studied Human Genetics at The University
of Nottingham before studying Graduate Entry Medicine at Barts and
The London School of Medicine and Dentistry. Lucy left clinical medi-
cine to work full-time for Medics4RareDiseases, an organisation she
founded in its first form as a medical student at Barts.


https://www.ucl.ac.uk/ion/sites/ion/files/ppp-rare-disease-report-6_22-v2-pdf_0.pdf
https://www.ucl.ac.uk/ion/sites/ion/files/ppp-rare-disease-report-6_22-v2-pdf_0.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7039674/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7039674/
https://www.genomicseducation.hee.nhs.uk/
https://www.genomicseducation.hee.nhs.uk/
https://rarediseases.info.nih.gov/guides/pages/128/teaching-resources
https://rarediseases.info.nih.gov/guides/pages/128/teaching-resources
https://www.udninternational.org/schede-159-e_learning_platforms_and_didactic_materials
https://www.udninternational.org/schede-159-e_learning_platforms_and_didactic_materials
https://www.ejprarediseases.org/general-information-training/e-learning/
https://www.ejprarediseases.org/general-information-training/e-learning/
https://learn.rarediseases.org/
https://learn.rarediseases.org/
https://openacademy.eurordis.org/all-courses/
https://openacademy.eurordis.org/all-courses/
https://patient.info/
https://bestpractice.bmj.com/info/
https://www.wolterskluwer.com/en/solutions/uptodate
https://www.wolterskluwer.com/en/solutions/uptodate
https://gpnotebook.com/en-gb/
https://cks.nice.org.uk/
https://cks.nice.org.uk/
https://rarevoices.org.au/wp-content/uploads/2024/02/National-Recommendations-for-Rare-Disease-Health-Care-Summary.pdf
https://rarevoices.org.au/wp-content/uploads/2024/02/National-Recommendations-for-Rare-Disease-Health-Care-Summary.pdf
https://rarevoices.org.au/wp-content/uploads/2024/02/National-Recommendations-for-Rare-Disease-Health-Care-Summary.pdf

	Rare disease 101: an online resource teaching on over 7000 rare diseases in one short course
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Rare disease medicine
	Rare disease education and strategy
	Rare disease education in literature
	Medics 4 rare diseases
	Aims

	Methods
	Development

	Results
	Rare disease 101
	Ongoing user feedback

	Discussion
	Conclusions
	Acknowledgements
	References


