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Shining a light through the fog

Looking from the outside, the rare diseases space is rife with 
contradictions, complexities, and unknowns. Even the term 
“rare disease” can be confusing because, although any one 

disease might touch only a small number of individuals, collectively 
rare diseases affect hundreds of millions worldwide.

Adding to the confusion is the fact that the definition of a 
rare disease changes by country or region, making it difficult to 
pin down the exact number and impact of rare diseases. Since 
the cause of any particular rare disease is often unknown and 
symptoms can be variable or overlap with more common diseases, 
they often go undetected, leaving a significant portion of the global 
population undiagnosed and untreated.

But within the confusion, there is a clear thread that cuts 
through: the commitment and fortitude of everyone I’ve 
encountered. I had the incredible honor of organizing and 
moderating a series of webinars on rare diseases that ran 
during 2021, hosted by Science/AAAS and made possible by 
the generosity of Fondation Ipsen. I had met dedicated doctors, 
passionate advocates, and resilient individuals managing a rare 
disease. My eyes have been opened to the immense—but not 
intractable—challenges of addressing the breadth of diseases 
and depth of needs of the rare diseases community. What has 
been most apparent is the willingness of the patient community—
including their families and allies—to engage, advocate, and lean in. 
They put themselves out there on a daily basis, never losing hope 
that a solution can be found, a diagnosis revealed, or a treatment 
approved.

The clinicians treating these rare disorders demonstrate equal 
parts passion and compassion.  They balance a drive to find cures 
with the undoubtedly painful task of having to tell patients when 
none is available. This is made all the more difficult when the 
majority of rare disease sufferers are children.

By putting a spotlight on this field through our webinars, we 
at Science/AAAS, together with our partners at Fondation Ipsen, 
hope to educate and inform the general public and the scientific 
research community not only about the difficulties faced by  
those living with and treating rare diseases, but also about the  
opportunities presented by expanding our knowledge of rare 
diseases—opportunities for discovery, growth, and learning that 
can positively impact our understanding of all diseases for the 
benefit of patients everywhere.

Sean Sanders, Ph.D.
Custom Publishing Office
Science/AAAS

I can be 
changed by 
what happens  
to me. But I 
refuse to be 
reduced by it. 

—Maya Angelou



Uncovering Rare Disease

3

Rare disease detection: We must do 
better

The plight of patients with rare diseases is a critical, unmet 
need in global health care. The statistics are frightening; 
there are over 8,000 rare diseases in the world that affect 

350 million people. Three-quarters of patients with rare diseases 
are children, and only half of patients ever receive an accurate 
diagnosis. The average delay for a patient to receive a diagnosis 
with a rare disease is 1 1/2 years. It is deeply concerning that one 
in four patients with a rare disease waits 4 years for an accurate 
diagnosis. There is an urgent need to communicate knowledge 
and expertise in the field of rare disease detection. We need to do 
better.
The third French national plan on rare disease1 has five goals:

• To enable a rapid diagnosis for all patients in order to reduce 
diagnostic delays and undiagnosed diseases

• To innovate in order to treat, so that research increases 
therapeutic resources for patients with rare disease

• To improve the quality of life and autonomy of patients
• To modernize organizations and optimize national funding 

mechanisms
• To communicate and train, promoting the sharing of knowledge 

and expertise in the field of rare diseases.
This publication addresses the fifth ambition. We bring you 

eight phenomenal webinars on rare disease detection conducted 
by Science/AAAS. These webinars, conducted over the course of 
a year, bring you the collected teachings and opinions of world 
experts in rare disease. The science is accurate, clear, and useful.

We present this booklet to help communicate, distribute, 
promote, and share knowledge and expertise in the field of rare 
disease detection.

Please get in touch if you want to join the movement; we must 
do better.

James A. Levine, M.D., Ph.D.
President, Fondation Ipsen, Paris, France, and Washington, DC, USA
james.levine@ipsen.com
https://www.fondation-ipsen.org

Rare is the 
union of beauty 
and purity. 

—Juvenal

1https://solidarites-sante.gouv.fr/IMG/pdf/pnmr3_-_en.pdf.

mailto:james.levine%40ipsen.com?subject=
https://www.fondation-ipsen.org
https://solidarites-sante.gouv.fr/IMG/pdf/pnmr3_-_en.pdf


Uncovering Rare Disease

4

The Conversation
Sean Sanders: 
Hello, everyone and a warm welcome to this brand new Science 
and Life Webinar Series on “Rare Diseases: Their Basis and 
Burden.” I’m Sean Sanders, director and senior editor for Custom 
Publishing at Science. In this new nine-part series that will 
run through the remainder of 2021, we will focus in on a topic 
that is often ignored, but is critically important, that of rare 
diseases. The term is something of a misnomer since collectively 
the approximately 7,000 disorders that come under the rare 
diseases banner, in total affect about 300 million people globally, 
including one in 11 Americans and over 30 million people in 
Europe.

Our discussion today will be intentionally broad as we 
introduce you to the most critical challenges for patients, doctors, 
and families facing rare diseases. These include limited testing, 
lack of diagnosis or inaccurate diagnosis, lack of research 
coordination, and limited availability of treatment, to name 
just a few. In subsequent webinars, we will delve more deeply 
into these individual topics, so please look out for those events. If 
you’d like to sign up to be alerted about future webinars, you can 
follow the link in the resources tab just to the right of the video. I 
am delighted to bring you a wonderful group of experts who will 
help us understand this topic.

Now I’d like to give our guests a chance to introduce 
themselves. Perhaps we can start with Dr. Tiina Urv from NIH 
[U.S. National Institutes of Health]. Over to you, Tiina.

Tiina Urv:
Hi. Thank you for having me. I’m delighted to be here. I work 
at NIH, in the Office of Rare Diseases Research. The Office of 
Rare Diseases Research is located in NCATS, which is National 
Center for Advancing Translational Sciences. The program 
that I work most closely with, and happily with, is the Rare 
Diseases Clinical Research Network, which is a network of 
consortia. We have 20 different consortia that study at least 
three different rare diseases, and they work very closely with 
the patient advocacy groups, the research community, and 
NIH staff. Thanks.

Sean Sanders: 
Wonderful. Thank you so much, Tiina. Next, we’ll go to Durhane 
Wong-Rieger. Durhane.

Durhane Wong-Rieger: 
Thank you very much, and I’m so pleased to be here. Durhane 
Wong-Rieger. I am first and foremost, a parent of two children 
growing with rare conditions. My daughter, in fact, has never 
gotten a diagnosis, so it’s always been a matter of trying to 
kinda decide what to do and certainly having no road map in 
terms of what prognosis might be, though she’s doing great. 
My son was actually diagnosed on birth, and actually had 

Panelists

Flaminia Macchia, M.A.
Rare Diseases International (RDI),  
Paris, France

Peter A. Merkel, M.D., M.P.H.
University of Pennsylvania,  
Philadelphia, PA

Tiina Urv, Ph.D.
National Institutes of Health,  
Bethesda, MD

Durhane Wong-Rieger, Ph.D.
Canadian Organization for Rare Disorders 
(CORD), Ontario, Canada

Sean Sanders, Ph.D.
Moderator

7,000 challenges: The basis and 
burden of rare diseases
Around 7,000 rare diseases have been identified, 
impacting an estimated 300 million people around 
the world, about 4% of the global population. 
Approximately 50% of those diagnosed with a rare 
disease are children, and three in 10 of them will die 
before the age of five. Numbers differ across countries, 
but it is estimated that in Europe, less than 10% of 
patients with a rare disease receive treatment and only 
1% are managed using an approved treatment plan, 
making this one of the major global health challenges 
for the 21st century. 

This webinar, the first in a year-long series, will 
broadly examine critical topics in the rare diseases 
field, including the causes of rare diseases, the latest 
research advances and challenges, and the importance 
of accurate testing, detection, and diagnosis, as well 
as policy and human rights issues, particularly in low-
income countries.

Join our expert panel as they explain the basis and 
burden of rare diseases and offer a path forward.

Broadcast Date: 11 March 2021 Access this webinar: scim.ag/2021rare1



Uncovering Rare Disease

5

a pretty established plan in terms of what his follow-up in 
treatment should be. I’m also a psychologist by training and 
profession, though for the last, oh good gosh, the last 20 or so 
years I’ve been working full time as a patient advocate.

I am president and CEO of Canadian Organization for 
Rare Disorders, which is a national umbrella group for 
rare diseases. I also serve as chair of the Council for Rare 
Diseases International. I am lead on the Patient Advocacy 
Constituent for the International Research Consortium for 
Rare Diseases, where in fact the patient community works 
alongside of funders, alongside of researchers, in directions 
for diagnosis and new treatments. I also have a number of 
other international groups. I work with the Asia-Pacific Alliance 
of Rare Diseases Organization, where I’m president, and 
also I am the patient advisor into the APEC, the Asian-Pacific 
Economic Cooperation, on the rare disease framework. So, 
have a lot of roles internationally, but really work a lot also with 
patients on the ground here, especially in Canada.

Sean Sanders: 
Alright. Thank you, Durhane. Our third guest is Dr. Peter 
Merkel. Peter, welcome.

Peter A. Merkel, M.D., M.P.H.: 
Hi, thanks for having me. I am professor of medicine and 
epidemiology at the University of Pennsylvania here in 
Philadelphia, in the United States. For the last 25 years, I’ve 
studied two families of rare diseases, scleroderma, and even 
more so, vasculitis, which [is] a whole series of different 
disorders. I have privilege taking care of patients with these 
rare diseases and I’ve studied the science of actually how 
to study rare diseases. I am the international director of the 
Vasculitis Clinical Research Consortium, which is actually 
a member of the Rare Diseases Clinical Research Network 
that Dr. Urv spoke about, an NIH-sponsored international 
research enterprise. And we do clinical trials and other types 
of translational research and training. I also co-direct with an 
online patient research portal, and I work very closely with 
patient advocates, such as we have on our panel today, to 
advance rare disease research. I’m sure I’ll talk about that 
important partnership. So, I’ve been studying rare diseases for 
a long time, and I’m happy to be here. Thank you.

Sean Sanders: 
Alright. Thank you, Peter. And finally we have Flaminia 
Macchia. Flaminia, welcome.

Flaminia Macchia:
Thank you for inviting me today. So I’m Flaminia Macchia. I’m 
the executive director of Rare Diseases International [RDI]. 
I’ve been active in the rare disease space for the past 20 
years. I was for 15 years at EURORDIS, which is the European 
Organization for Rare Diseases, and then for five years in the 
pharma company, and now I’m back to the patient advocacy 
side. Thank you.

Sean Sanders:
Great. Thank you, Flaminia. So, let’s get started with our 
discussion. I’m going to start with a very basic question. When 
I started looking into rare diseases, it’s not an area that I knew 
about. My background is microbiology and cancer research.
What I found interesting is there are many different definitions 
of rare disease, depending essentially on which country you’re 
in. So Peter, maybe we can start with you. Could you help us 
understand what defines the rare disease? 

Peter Merkel: 
Yes, so a rare disease actually is interestingly defined by 
different countries or regions. Rare disease in the United 
States is defined as a disease with a prevalence of 200,000 
people or less, or it’s a disease that is relatively rare and 
understudied, of which we need more therapy. Rare diseases 
are also referred to as “orphan diseases” in some countries, 
and the term is often used interchangeably, but it’s not 
necessarily exactly the same, and I think different countries 
do it. I would say this about a rare disease: A disease is rare 
until you or someone you love gets it, and then all of a sudden 
you know a lot about it and you’re looking around. But it can 
be difficult, and so that’s why rare diseases have been singled 
out for study, both because we need to advocate for those 
patients, and scientifically, it is extremely helpful.

Sean Sanders: 
Durhane, let me come to you. I remember watching your 
YouTube talk that you gave about rare diseases and your work in 
Canada, and I saw you shaking your head a little bit when Peter 
mentioned “orphan...,” the term “orphan diseases.” I know you 
have some thoughts on that.

Durhane Wong-Rieger: 
Yes, and it’s not a disagreement necessarily, but there are no 
such things as orphan diseases, and rare diseases that Peter 
I think has indicated means a whole host of different things. 
And when we work globally, we know every country will have 
its own definition. In fact, you go to Taiwan, you go to China, 
rare diseases, whatever the country designates as a rare 
disease. It does have the commonalities as Peter says, is that 
they are... They affect usually small numbers of people, they 
are notoriously difficult to diagnose, they may be severe, they 
may be progressive, which is built into the European definition, 
but they are also under treated and oftentimes neglected. The 
commonalities, again are greater than the differences when 
we go across countries. And I think from a patient community, 
we’ve kind of convinced people it isn’t worth worrying about 
what’s the definition of a rare disease.

A rare disease is as Peter says, is something that will affect 
a few number of people. It’s a commercial term if you know, it 
originally came from the U.S. who basically said, “These are a 
number of diseases for which we cannot get drugs developed 
because it’s not commercially viable,”and they were called 
“orphan drugs.” Diseases aren’t orphan, it’s the drugs that 
are because companies would get them to a certain point of 
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development, then they leave them on the shelf, they orphan 
them. So I think that’s the challenge. And so in different 
countries, it does mean different things. Even within one 
country, you will not find from a policy level to a clinical level 
to an access level that the same definition is used. Knowing 
always it’s difficult to diagnose, difficult to treat, and definitely 
deserving a whole lot more in terms of every spectrum, from 
diagnosis, to access, to care, and support.

Sean Sanders:  
Flaminia, could I ask you to jump in with your perspective from 
the European side of the world? 

Flaminia Macchia: 
Well, it’s not a European side, it’s [a] more international one for 
sure. The impact of a rare disease is very much linked to the 
rarity, which means that there is generally speaking, a lack of 
understanding, a lack of knowledge, a lack of expertise, and it’s 
really the impact on people’s life that are of most interest to 
us. Thank you.

Sean Sanders: 
Alright. So Tiina, I’m going to come to you with the next 
question about how rare diseases arise. I think... It seems to me 
that a lot of what I’ve found in the research is about genetic rare 
diseases, but there’s also non-genetic rare diseases. So I wonder 
if you could talk about the types of rare diseases we have. I 
mentioned at the start, there are about 7,000 of them.

Tiina Urv: 
So there are a lot of different types of rare diseases, and there 
are also many different causes of rare diseases. The majority 
are thought to be genetic and these are directly caused by 
changes in the genes of the chromosomes. In some cases, 
genetic changes that cause the diseases, they come from 
one generation to the next, but some are spontaneous so 
you don’t know if and when. All of a sudden you have a child 
with rare disease or you yourself develop a rare disease. It 
can come out of the blue and I think that sometimes those 
are the cases that are the hardest to identify and diagnose. In 
other cases, it can just be random. Many rare diseases include 
infections, some are cancers, some are related to autoimmune 
diseases that aren’t inherited, and every day we’re looking for 
more causes and different ways to understand where these 
disorders are coming from and what causes them.

Peter Merkel: 
I would add, rare diseases are disproportionately represented 
by genetic disorders because even one small mutation can 
cause these. But it is by far not the full story, and I think it’s 
important to... As I agree with Tiina, there are a lot of genetic 
rare diseases, but there are a lot of rare diseases that do not 
have a genetic basis or do not have a solidly genetic basis. 
And I think that often put... People sort of wondered, “Why? 
Why did I get it? Why did my family have it?” and sometimes 
there are other reasons. And just like with common diseases, 
there is a mix of a genetic component and environmental 
component and infection component and various things that 

cause disease. And that is the definition of what a disease is. 
We keep slicing them up by saying this subgroup might have 
this genetics and combined with this environment. And so it 
gets pretty complicated. Genetics have been a tremendously 
powerful tool for us to understand and diagnose disease and 
actually help lead towards treatment. But it is one of the many 
components, and I think it’s important for people realizing that 
we study it across because the treatment benefits may come 
in a variety of ways.

Tiina Urv: 
And... Oh, I’m sorry. And Peter, that kind of jumps off on to 
when you’re counting how many rare diseases there are, is 
are you lumping or are you splitting the diseases? Because 
some disorders have a spectrum that you can have the same 
disease, it’s on a spectrum, and some people will count that 
as one disorder, and others will split each different gene 
defect into a new disorder. So that’s where it also becomes 
complicated. In the counting, the identification of the disease, 
and the training of the disease.

Durhane Wong-Rieger: 
If I can just jump in, I think those are amazing... Really 
important aspect as well. I think they’ll recognize that. As you 
say, it depends on how you want to define it. How knowingly 
specific you’re going to get. That’s going to make a difference. 
And some of the more common diseases as everybody 
knows, we’re now getting these sub-groups that in some 
respects, they actually become like rare diseases for all the 
reasons that we talked about. So that also complicates it, 
especially in cancers as we’re starting to talk about more 
precision medicines. I think there is an inordinate bias towards 
genetically causative rare diseases because we can now 
with the genetics... The way they are... We can actually begin 
to diagnose them, we can define them. Whereas the others 
are still much more difficult to get to a diagnosis. And we do 
have patients who come to us, and our organizations is, “How 
come you’re forgetting us? We do not have a genetic disease 
and nobody’s talking about us anymore.” And I think that is a 
very, very important case. And I think, as Peter says, many of 
these genetic diseases are also very much influenced by the 
environment, so that makes it also very complicated in terms 
of rare diseases.

So I think we risk being very reductionist if we just start 
to look at what are genomic definitions... And we just focus 
all of our attention in terms of being able to do genomic 
sequencing and getting finer and finer definitions based on 
just genotyping, and we’ll miss some of the bigger things 
that I think we’re all concerned about. And that is what’s the 
impact in terms of patients, what else do we need to do? So I 
think all of those things are important. The other thing to say 
is that, two important things... That about 95% of persons 
with rare diseases will have already been identified within the 
most common rare diseases. So that’s important to know. 
Many of the other diseases... We have a ultra rare... The other 
thing is that we’re missing a lot of rare diseases because 
we’re not looking at it. Most of the work has been done in 
North America, Western Europe... Rare diseases in Africa, 
rare diseases in Asia, rare diseases in Latin America... We’re 
missing many of those because nobody’s looking at them. So 
we also have patients who are saying, “What about us?” So I 
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think as researchers, as patient advocates, as whatever we’re 
trying to do here... We I think are being increasingly pressed 
to say, help about the equity in terms of identifying more rare 
diseases. We have very rare and neglected diseases, even 
among the rare diseases.

Sean Sanders: 
Mm-hm. Great. Flaminia, did you have anything you wanted 
to add? 

Flaminia Macchia: 
No, just to say that indeed, if we focus only on the genetic 
rare diseases, then we would leave aside a good 30% of the 
population, which because a good 30% of rare diseases are 
rare cancers, rare infections, rare poisoning from food, from 
medicines, drugs, chemicals... So just to underline. Yes, it’s 
rather...

Sean Sanders: 
Yes, great. So just to sort of bring this down to earth as well, and 
to give some examples, so diseases like Zika and Ebola, autism... 
Are these regarded as rare diseases? 

Peter Merkel: 
Well, I think we wish... We wish that these diseases become 
rare diseases, let’s put it that way. I think emerging infection, 
as we have all seen in the past 12 months, can go from one 
person to a worldwide pandemic. And so I think Zika was 
certainly not rare when it was raging through the world, and 
hopefully it’ll now become rare again, as there’s immunity. 
But I don’t think we necessarily know that. Ebola is a very 
disturbing and worrisome disease that is rare on a global 
scale, but there is actually a mini-outbreak happening now in 
parts of Africa, and we have to be very concerned in that area, 
it’s not rare. And so rare is your perspective. And it’s rare in 
Philadelphia because we haven’t seen a case, but it’s not rare 
in the world, and so I’d be worried about it. I think infectious 
diseases, John, is really a separate issue. And I would almost 
take it out from that idea. There are rare infectious diseases, 
but they sometimes... Some of our more common diseases 
have... Were once thought to be rare, so we need to be vigilant 
to how we address this.

Durhane Wong-Rieger: 
But then its..., Oh sorry... Is that we’ve got diseases that were 
once common, that have now become rare, polio...

Sean Sanders: 
Yes, Right.

Durhane Wong-Rieger:  
We can look at them as real successes right? And the goal is to 
keep them very rare.

Peter Merkel: 
We sometimes forget that lesson. Polio is just about... Was 

close to being eradicated and still not, and we could do that. 
And so we have... Smallpox has been eradicated. We can do 
this if we work on a worldwide basis.

Tiina Urv: 
And I will say, in relation to the autism question, is there a lot 
of rare diseases that fall under the umbrella of autism where 
you have disorders like Fragile X Syndrome, where autism, it 
co-occurs with a rare condition? 

Flaminia Macchia:  
Yes. A lot of autisms have underlying cause. A rare disease, 
Rhett’s Syndrome... And you name it, many... Yes. It can be a 
symptom.

Durhane Wong-Rieger: 
Yes. We’re very excited by some of the work that’s actually... 
I think is going into autism to begin to actually identify many 
of the sub-groups within autism. We kind of lump them all 
together. Another common one that we kinda lump together 
is epilepsy. Epilepsy is not... Epilepsy is not epilepsy, is not 
epilepsy... There are many specifics there.

Sean Sanders:  
So this has been a great discussion because you’ve really touched 
on some of the major challenges that I did want to talk about. 
The one that we haven’t really spoken a lot about is testing and 
the role that doctors play, primary care doctors in identifying 
potential rare diseases. So Flaminia maybe I’ll come to you with 
this one. What are your thoughts on education of doctors and also 
improvements in testing for rare diseases? Where do we need to 
do the work? 

Flaminia Macchia:  
Well, this is actually one of the initiatives of Rare Diseases 
International, partnering with WHO [World Health 
Organization], is to create, to develop the concept of a 
collaborative global network of centers of expertise around 
the world in order to pull together the existing scarce and 
scattered knowledge into one global network, so to collaborate 
in order for doctors to be educated everywhere in the world in 
a more equal way, so that we can develop also the diagnostic 
capabilities everywhere. 

Peter Merkel: 
I agree with that. I think this brings up a lot of important 
issues of education and access to proper care. We range 
from wealthy countries with big infrastructure, access to lots 
of specialists to countries where you can’t get basic care, 
unfortunately. And so I think it’s actually unlikely that we’re 
going to be able to educate all primary care physicians to 
understand rare diseases, but one of the biggest rules as a 
practicing physician is know what you don’t know. And when 
you identify something that I don’t know what this is, you get 
help, you go to a specialist, you go to one of your colleagues. 
I think that’s what we really want. And we need to make 
sure patients have the ability to get that help and to go to a 
specialist. And that can be a cardiologist, a rheumatologist, 
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a surgeon, it depends. It can get more and more specialized 
depending on the problem, and people tend to keep hunting 
till they find an answer. It’s very frustrating not to have one. 
Although sometimes that is the answer for now.

And it goes everywhere from the primary care to highly 
specialized centers such as ours, which are centers of 
excellence for various, many, many different rare diseases, to 
an even more specialized, I want to mention, which is that the 
NIH sponsored something called the Undiagnosed Disease 
Network. Actually here in the University of Pennsylvania, we’re 
now a site for that, and I’m part of that program. And that’s 
patients are sponsored. They get a letter from a physician and 
he looks to see, “Can you help me understand my disease?” 
Unfortunately, not all of the patients who apply can be seen 
by any means, but that program is trying to say, “Okay, 
even when you’ve seen specialists, maybe we’re missing 
something, so we screened for it and maybe we can bring 
some very specialized scientific tools, genetic, metabolomic, 
other things, to identify either your disease or a new one that 
we can identify, but that is very specialized, a few people in 
a very wealthy country such as ours. I think the spectrum 
is there, what we’d like to make sure is that people have the 
opportunity to have additional evaluations when it’s not, if 
something’s not working right, is something wrong? 

Durhane Wong-Rieger: 
Can I add to what Peter’s just saying because I think what he 
says is so important in terms of getting to the right specialist 
and having those kinds of sites, and certainly the unidentified 
rare diseases centers in the U.S. have been a real example 
of what could be done, but very limited in terms of the 
accessibility. One of the... Obviously the biggest challenge for 
patients and parents as well, is just getting some money to 
recognize the fact that there is something that is not ordinary. 
I mean, we go back to... And this is why we use the zebra so 
much in rare diseases, because it’s the old training, you look 
for what is common. And sometimes it can be very frustrating 
for parents, and especially her trying to get a diagnosis for her 
child when the physician says, “I don’t think so, I don’t think 
so. Just go home,” and we have so any examples of that. We 
found, in our own surveys, it can take up to seven years to get 
a diagnosis with up to 14 misdiagnoses along the way, because 
you can’t get to the right person. So, a lot of things are being 
done, I think, to help bridge that.

We have a global commission to end the diagnostic odyssey 
for children with rare diseases, which is really first and 
foremost educating patients and parents to actually be aware, 
but it doesn’t do any good if the health care professionals, 
the front line are not also... It’s not just the education and 
awareness, and I think, Peter, you would know it’s that it’s very 
frustrating for these physicians if they got nowhere to go. You 
have a parent that keeps banging on your door and says, “I 
really think something’s wrong,” you’re kinda going like, “I got 
nowhere to go.”

Durhane Wong-Rieger: 
We need to get better tools to them as well. And the AI is 
doing a great deal, there’s a whole lot more that’s being 
developed in that area, not fast enough, not available enough, 
but that’s actually happening. Scleroderma is one of those 
examples that we think is so amazing in terms of the kind of 

work that’s being done to educate frontline physicians around 
scleroderma, which is difficult. I don’t know why I’m telling 
you this, you know this a whole lot better than I do. But we 
work with the patients, they tell us these are multi-systemic 
issues that will show up in different ways, and so trying to 
get my physicians the tools so they can actually intervene 
I think is so important. So, it’s that empowering, and again 
the scleroderma community is a big one, empowering the 
patient to be partners with the physicians to help improve that 
diagnosis I think is so essential. And then after that, you need 
to have all of the other things that Flaminia and Peter were 
talking about, but if we can’t get over that first hurdle and if 
parents keep falling into the pit of nobody wanting to believe 
them or to take it up, then we can’t get them into where all of 
these resources could be available.

Sean Sanders: 
Great. Tiina, could I have you talk a little bit about what is 
happening at NIH? And then maybe I can come to Flaminia 
about the funding that’s available in international agencies. And 
I’m thinking particularly of basic research, how is basic research 
being funded at NIH and how is it being funded globally, and is 
enough being done? So, Tiina let’s start with you.

Tiina Urv: 
The NIH is doing a lot of basic research in the area of rare 
diseases. I think that if you look at the NIH as a whole, and 
you look at what they do is... One thing that people forget is 
there are 27 different institutes and centers at NIH, and all of 
these centers are looking at multiple different diseases. So, it’s 
not just one center or one office, like the office I work in is the 
Office of Rare Diseases Research. We’re not the only place that 
rare disease research takes place at NIH, every institute at the 
NIH is doing basic research in the rare diseases to gain better 
understanding in rare diseases.

The different types may fall into, if it’s a blood disease, 
it would go to Heart, Lung, and Blood, if it’s happening in 
childhood, the National Institute of Child Health and Human 
Development (NICHD) would be looking at aging, would look 
at aging. So, the rare diseases are scattered all across the NIH. 
So, one thing that’s important to remember is there’s a group 
of people that are very interested in rare disease to come 
together to discuss where are we going, what’s happening, 
how is this happening, is there good communication. So, it 
may be difficult to search the NIH and say, “What are we doing 
specifically in rare diseases?” and find it. If you search under 
specific areas, you’ll able to find it because there are 7,000 
diseases and we are looking at very many of them. From the 
clinical aspect, there’s a lot of coordination with the clinical 
trials. We’re encouraging the basic scientist to work with the 
clinical scientist and have good communication back and 
forth. So, there’s a great deal. Peter has benefited greatly from 
the NIH in his great work.

Peter Merkel:  
NIH generously funded a variety of different rare disease 
initiatives and trials. And I would say, you ask about funding 
and I’ll jump over to, I’ll let Flaminia say internationally. You 
know, in the U.S. and abroad, I work with lots of people around 
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the world, and I think there’s government-sponsored science 
like the NIH to investigators at individual centers. There’s a lot 
of rare disease research hiding in plain sight, because people 
are looking at a particular pathway, a particular thing, any rare 
disease as a model for that. It’s not always, I’m going to find 
these patients to study that, it’s sometimes something else 
that’s going on, and then linking that is what’s important. From 
an international, there’s a lot of funding in other countries that 
are done. There’s also an increasing amount of funding from 
the biomedical and biopharmaceutical industry, and there’s a 
reason for that.

It’s an incredibly lucrative industry that’s made a lot of 
money, and they have found that it is in fact profitable to 
make drugs for rare diseases because they’re able to charge 
a good amount of money in a variety of countries to make it 
back, and there is a market, people want. We’re in desperate 
need for proper treatments in rare diseases. We can talk 
about the economics of this and the fairness of this, but the 
fact is it was driven research that’s being done in these rare 
diseases. And I think it’s important to remember researching 
rare diseases can have a benefit for many common diseases 
and vice versa, researching common diseases can have great 
benefit for research in rare diseases. There’s not a dividing 
line, a wall at our... Down the hall here, and so we do it. But I 
think internationally it varies, but there is increasing interest 
in being able to sponsor researching rare disease, and maybe 
Flaminia can speak to that as well.

Flaminia Macchia: 
Yes, so very briefly, what I can say is that at RDI, or at [the] 
international level, what we can try to do we are trying to do 
it, is to provide a platform for discussion with pharmaceutical 
companies to develop specific strategies for low- and middle- 
income countries. Because if pharmaceutical companies 
directly apply their access strategies everywhere in contexts 
that are extremely diverse, we will not get to a position 
where we leave no one behind. We will certainly leave, many, 
many persons living with rare disease behind. And I’d like to 
underline that it’s not only about the costs. It’s really about 
how do we develop specific strategies for the needs and the 
specificities in the local countries, local regions, local markets, 
if we want to call it this way. So this is really an appeal, and we 
try to promote this type of dialogue.

Durhane Wong-Rieger: 
Can I just add again on the international level though? And 
RDI is a member of the International Rare Diseases Research 
Consortium, of which NIH, of course, is a huge partner. Chris 
Austin was just a former chair of that consortium. And the 
goal with the consortium is to bring together, internationally, 
all of the researchers in rare diseases. So there are certain 
countries that are investing in rare diseases, there is industry 
that is investing in rare diseases, and there are other kinds 
of research foundations, etcetera, that are investing in rare 
diseases coming together to do collaborative programs. And 
that actually has a huge value obviously, because it makes 
sure that people that are working in similar areas are actually 
able to coordinate, and collaborate, and work together. It also 
means that there’s that kind of sharing in terms of the actual 
resources that are there and a real focus in terms of what the 
goals are. And there are some very specific projects within 

there, some of that Flaminia and others have alluded to.
And it’s been hugely important that major countries and 

major institutes like the NIH have also taken a huge role in 
it. So it’s probably one-third, maybe, is coming out of North 
America, and a third coming out of Europe, and a third coming 
out of other countries, Japan, China, other countries that are 
doing the research in rare diseases as well, coming together. 
So I think the more we can encourage that collaboration, the 
more we will be able to see some of the benefits coming out 
of it. And I think... And recently, over the last five years, they’ve 
introduced, as we said, a specific patient consortium in 
there recognizing the importance of having patients involved 
in many of these collaborative projects. So this I think is 
hopefully a way that we can bring some of that pooling, or also 
not just the knowledge, but of resources together.

Peter Merkel:  
Sean, I just want to add, I think from a clinical research 
standpoint, when you’re trying to bring therapies in diagnostic 
testing, it is almost essential in many diseases to work 
internationally. Rare diseases are in fact rare, and therefore 
it’s hard to recruit to get enough patients to study it properly, 
because you still need to do proper science and proper 
studies. And I think what we have seen in fields I’m in and 
others, those fields that have advanced the most have had 
the most international collaboration. I was involved in helping, 
honored in with others to direct some international studies, 
and we have had studies with up to 100 sites in four or five 
continents, and it is only with international can you often get 
enough patients to study properly to do this. So there is both... 
It’s both scientifically enriching, and it is practical to work 
collaboratively in... Especially in the clinical research space.

Sean Sanders:  
Great, thank you. There’s a few things that we’ve just covered 
in the last few minutes that I’d like to dig into a little bit more, 
and Flaminia, I’m going to come back to you. What are some of 
the unique challenges in low-income countries with getting... 
identifying these rare diseases, as Durhane talked about earlier, 
doing research, getting resources to them? Could you talk to those 
challenges? 

Flaminia Macchia:  
Yes, well, I can be very brief, because it’s really a matter of the 
overall health care systems. It’s not only... Actually, it’s about 
the health care system, but also about the social system, so 
there is a lot of improvement that we need to happen in order 
for countries everywhere, low- and middle-income countries, 
to be able to integrate all what can be offered. So this is... I 
know that Durhane, you’re very active in that as well. I mean, 
the focus on low- and middle-income countries is something 
we really need to promote. I cannot tell you now how exactly 
we will do that, but we need to start to put the problem of rare 
diseases at a level which is truly global. We need to integrate 
all different stakeholders, we need to discuss together, and we 
need to define some strategies that are more specific to low- 
and middle-income countries than we have done till now. So I 
don’t know, Durhane, you want to add something maybe in this.
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Durhane Wong-Rieger:  
True, I don’t mind. I mean, we’ve seen the book top-down and 
bottom-up strategies, right? Flaminia will know that we’re 
working with the United Nations [UN] to produce a resolution 
on rare diseases. We hope that at a policy level that would 
actually get governments to think about rare diseases as part 
and parcel of not just health care, but their social and their 
economic development. So that’s really important, having rare 
diseases in there, as we did two years ago with universal health 
coverage. Again, as Flaminia says, it’s not just a matter of... Are 
we doing anything for rare diseases? In many countries, what 
are we doing about health care, and how much of that is a 
priority? So universal health coverage, really, again, pushes the 
countries to say, “You cannot have the economic development, 
you can not develop on the social development goals of the 
UN unless you’re actually taking care of the health of people.” 
So urging countries to bring in universal health coverage, and 
within that we asked for and we got a special line to recognize 
rare diseases in there as a neglected population. So, it’s 
making sure that as countries are doing more in terms of 
their health and economic and social development that they 
don’t forget the rare diseases, we can’t wait until you’ve come, 
you’ve got everything in place. So, that’s been really important.

I think beyond that, of course, there are a lot of bottom-
up strategies. It’s working with countries and empowering 
countries to actually do things on their own. I heard the most 
amazing story about the geneticist in the Philippines who 
had introduced newborn screening, talking about diagnostic 
programs, you know. That’s so important, one drop of 
blood, you can identify up to 60 genetic diseases. And in the 
Philippines, they introduce the program on newborn screening 
for a number of metabolic diseases. It was in the middle of 
a typhoon, and she’s saying, “Oh my gosh, I’ve got these 
samples and I have to get them to a lab in a certain amount 
of time”. She got the Coast Guard, she got the police, she got 
the people there, and she says, “We have 400 islands,” they 
went from island to island picking up the samples to get them 
to her laboratory in time to have them test it in the middle of 
a typhoon. This was the commitment to having these then. 
Support those local initiatives, making sure that local clinics, 
local specialists, local GPs [general practitioners], pediatricians 
are also brought into it.

So, I think it’s working, you know, top down, it’s working 
bottom up. And beyond that, it’s also we we’re looking at 
strategies that, as we’re investing in these, we’re asking for 
investments that will be global. The same as [we] can do for 
vaccines, the same as we do for infectious diseases, right, 
the same as we do for some of the cancers. Let us have those 
kinds of multilateral, multi-stakeholder consortia that can help 
us think about what do we do in terms of not leaving behind 
those low maintenances. 

Flaminia Macchia:  
If I may add, what is very important to underline here is that 
universal health coverage means three things that need to 
be combined together. So, it’s more services covered, and 
in this case it’s more services for persons living with a rare 
disease. It’s a bigger population so it’s more people covered, 
and it’s less out of pocket by patients and families. So, it’s 
three elements that need to be combined in order to get to 
universal health coverage. And as Durhane was saying, we are 

promoting rare diseases as a human right priority towards 
the United Nations, because it’s the whole aspect of the life of 
people with rare diseases that is impacted.

Sean Sanders: 
Great. So, Peter, I want to come to you in a minute just to talk 
about the Orphan Drug Program, but before I do, Tiina, I 
wanted to bring you back into the conversation. So, according 
to the statistics that I’ve read, about 390 of the 7,000 diseases 
that are categorized as rare diseases affect about 98% of the rare 
disease population. So, I think Durhane might have mentioned 
this before, a fairly small number of diseases impact a large part 
of the rare disease population. How do we best allocate resources 
for optimal benefit? We talked a little bit earlier about leaving 
people behind; with 7,000 diseases to cover how can you possibly 
do that, and should we be looking at focusing our attention on 
these 390 diseases, and then what happens to those that have the 
really rare rare diseases? 

Tiina Urv: 
I think that we need to think differently about how we’re 
working on things. I think that the focus has always been on 
one disease at a time, and that’s been very problematic. I think 
that what we really need to do is think of groups of diseases 
that can be studied together, clinical trial designs that can be 
done so multiple diseases could go through a trial at the same 
time. I think that groups just need to work more together. I 
think picking and choosing who gets to go first is not going to 
work. The science won’t be there, because sometimes science 
might be there for one disease that one person has and we 
can have a treatment and a cure, and are you going to say 
no because it’s one person? Of course not, but for that one 
person, you can learn.

I think it’s horrible to say, to make things cost-effective, we 
need to work together, and it’s rare disease groups coming 
together and maybe using the same infrastructure to build a 
registry together, so they can be tracking the natural history 
of a disorder, so the cost isn’t so much. The burden isn’t on 
just one group, but on multiple groups together, to let a larger 
group let a smaller group dovetail and ride the coattails of the 
work that they’re doing and collect their data. It’s not an easy 
question, but I think that we have to work together, we need 
to come up with new models of working collaboratively rather 
than separating each disease and going disease by disease, 
because that’s... It’s not sustainable.

Sean Sanders:  
Great, thank you very much for that. So, Peter, let me come to 
you. Many years ago, the U.S. Congress instituted the Orphan 
Drug Program, and I think this is possibly where the term 
“orphan drug” and “orphan diseases” originally came from, 
and this was administered through the FDA [Food and Drug 
Administration]. What are your feelings about the success of this 
program? Maybe you could briefly describe it for the audience, 
and then talk about the success or failures of the program.
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Peter Merkel: 
So, that was 40 years... I think it was 1983, Congress first 
passed the Orphan Drug Act. And so, it’s important to 
remember that the Food and Drug Administration is directed 
by acts of Congress, and that’s giving their charge for how to 
do things. The Orphan Drug Act, which has been amended 
since then, was really a fundamental change in thinking 
about studying rare diseases, they used the term “orphan 
drug.” And what it has allowed is it basically creates an easier 
pathway for drug approval and review by the Food and Drug 
Administration. The Food and Drug Administration does an 
extraordinarily comprehensive review of new drugs, there’s 
a complex process, and to be honest, many countries look 
to the FDA for guidance because of the resources that we 
have put into the FDA. So, it has a very disproportionate 
impact on world health, and it’s not alone, the EMA [European 
Medicines Agency] does a very similar approach, as do PMDA 
[Pharmaceuticals and Medical Devices Agency] in Japan and 
other places, and they’ve done some similar work on orphan 
drugs since then.

But in the past nearly 40 years, what has happened is it has 
said, we’re going to make it... We’re going to facilitate studying 
rare diseases and getting your drugs through the process 
and approved, we’re going to make it easier with not as large 
trials necessary. And it’s not really a shortcut. It’s scientifically 
very sound and safe, but it’s recognizing some of the unique 
aspects of rare disease and facilitating that. It also gives some 
protection to companies so they can keep their hands a little 
longer, etcetera. So it is both scientifically, logistically and 
business-wise helps stimulate work in rare disease. Has it 
worked? It has definitely worked. I think everybody would agree.

If you look at these graphs, the number of drugs approved 
for rare diseases has gone up tremendously since the Act was 
started. Even more so than the number of drugs that we’re 
getting anyway, which is quite a lot. And I think when you 
talked... And I work with companies to help to develop drugs 
and other things. They will say, having something actually 
labeled as a rare disease is helpful in their development 
program. And so it’s this actually stimulus. The government 
actually works. It is similar in Europe and in other parts of 
the world where this has been done. So this is a successful 
government intervention, recognizing a problem saying, “Let’s 
facilitate and make this work.” And it has been extremely 
successful in the United States and around the world. And so 
it’s worked well. And that’s what I’ll say.

Sean Sanders:
Flaminia, are there similar programs that are internationally in 
other countries, or is this fairly unique to the U.S.? 

Flaminia Macchia: 
No, there are other countries who have a similar legislation 
than you were from [the] Drug Act. For sure, in Europe, there 
is the orphan medicinal products legislation. I know in Japan, 
there is something specific. Or maybe not, Durhane?

Durhane Wong-Rieger: 
No other country has really done the same as the U.S. and 
Europe. Obviously, the EU [European Union] came in as well 
and the EU was very deliberate. They said, “Oh my gosh, all 
the research is going to the U.S. We need an orphan drug 
act because we need to have research investment.” It was a 
deliberate... The effort, right? I mean, it makes sense. I will say 
what the U.S. did really well at the same time. They not only 
did the FDA or the Drug Act. They brought in the NIH Office 
of Rare Diseases. That was huge, because it really added that 
research component to also help in the study of rare diseases, 
understanding causes of the rare diseases.

Those two together were powerful and the EU did much of 
the same. There are in fact huge research consortium that was 
funded by the EU. So again, those are the two powerhouses that 
really fuel the research into rare diseases and the development 
treatments of rare diseases. But this is where, Flaminia and 
I both talk about a lot, is that it kind of stops, because these 
are expensive therapies. Despite the fact that these acts are 
brought in because they’re historically meant to give support 
to bring treatments to market because they would never be 
profitable, they are in fact profitable and they’re very expensive 
in some cases because there are so few people.

But it means that in low- and middle-income countries, 
there’s no hope in terms of getting access. A startling statistic 
I saw was that in fact, fewer than 10% of the people for whom 
there is a rare disease drug actually get access to it. Even in 
the U.S. and around the world, fewer than 1% of people who 
might be eligible for rare disease treatment get access to 
the treatment. This is a disaster. And part of it is diagnosis, 
part of it is having clinical expertise. And so for many talking 
about these collaborative global networks that they’re better 
diagnostic tools. But part of it is just because the economics of 
it are not sustainable for low- or middle-income countries. And 
I’m not faulting the pharmaceutical companies.

That is not my goal here, but I think unless we have better 
strategies on how we’re going to make these therapies 
available, we will have a continuing kind of divide between not 
just rich countries that can get this drug. It will be rich patients 
and rich countries that will get these drugs, and everybody 
else. That is going to not create a benefit. So we need to start 
thinking globally about how do we make these therapies 
available, and I think that’s a huge challenge. Some of the 
things are working well. The FDA has also step forth in terms 
of being able to do things like doing regulatory approvals that 
other countries are picking up. Not every country needs to do 
its own regulatory approval. Those are the kind of things, but 
we need the deliberate strategies for getting these therapies 
more globally accessible.

Peter Merkel: 
I just want to amend. I agree with all of that. I think that it’s 
important to recognize it’s not just a single act of Congress or 
a single act of the European Union. It also comes at the right 
time. There’s been a revolution in [the] biopharmaceutical 
industry and the biologic drugs in these various things. 
Everything comes together. More general infrastructure 
for clinical investigation. Better drugs that are coming out 
at the right time, but you need all of these factors to come 
together, and it has. And then honestly, the success that some 
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companies and diseases have had, breeds more success. 
People look to somebody and say, “Look, they were able to 
do that in rare disease. We could do that.” And now, most 
companies have a rare disease unit that they try to go forward 
on in terms of the... But government can make a difference. 
Look at what’s happened with the COVID-19 vaccine, SARS-
CoV-2 vaccine. It is pretty obvious that putting tremendous 
investment has stimulated that to be done. Now, on the flip 
side, we have the same distribution problem where we have it 
being given vaccination is going greatly in the much wealthier 
countries and is much slower and problematic in less 
wealthy countries. And we need to address that on a ethical 
international scale, but it does that we shouldn’t lose track of 
the successes, but we should try to spread those successes 
more broadly.

Tiina Urv: 
One of the things I think is really important, Peter, is that you 
bring all the players to the table who are involved. It’s very 
easy to sit on an interview like this and say, “We must do this 
and we must do that, and giving directions. And you gotta do 
it, we have to do it. It’s very easy, but bringing together all the 
players to the table, bringing together the patients, bringing 
together industry, bringing together the payers, the insurers, 
the medical associations, the doctors. Everyone needs to 
understand what responsibilities each group has and until 
everyone listens to all the players at the table, it’s not going 
to work because everyone’s going to be worried about their 
own interest. Clinicians have their own interest, industry has 
their own interest and responsibilities basically, but I think it’s 
important that we start bringing people together from various 
areas to talk about how can we actually make this happen 
rather than saying we must, but it’s the how that’s the problem 
right now.

Peter Merkel: 
You have an example in the not-that-distant past, which is, 
it’s not a perfect example, but care for patients with HIV 
infection was very much concentrated in certain countries, 
there was some international effort of coming together to try 
to improve access in poor nations, and it was a combination 
of pharmaceutical industries, scientists, clinicians, and 
governments and including with the U.S., and it really did 
make a difference. It’s not perfect, but it’s made a very big 
difference in the global epidemic of HIV, in being able to get 
drugs to other countries, so I agree with you, Tiina, and it was 
because people worked together and said, “We should do this.” 
So I think there’s a lot of good will, there’s ways to do this, but 
it’s complicated.

Tiina Urv: 
Yes, everyone wants to cure the patients, everyone wants 
treatment for the patients, but making that happen is 
challenging.

Flaminia Macchia: 
But as you were saying, and we were... I think we all agree on 
one point for sure, is that we need to bring all these different 
stakeholders together, and this is the platform we are trying  
to create.

Durhane Wong-Rieger: 
There are lots of examples, there are lot of models, I think, 
as Peter says, HIV is one of them. There’s also the models on 
the consortium around infectious diseases and neglected 
and infectious diseases, there’s the whole vaccine Gavi 
[the Vaccine Alliance] approach to it, there’s the hepatitis C 
example of what was done when the WHO stepped in to say, 
“you got it, are you going to make it available, or are you going 
to have to outsource the drugs you know one way or the other 
right?” So I think it is very much the way, I see it as, how do 
we bring people together? How do we do it? But there are lots 
of models, if there’s the will to do it. I don’t know, sometimes 
it seems overwhelming because then you think of how much 
this costs.

Tiina Urv: 
I think when it gets overwhelming is when you look at there, 
if you look at how many people have HIV and all cancers 
combined, and if you bring that number together, there’s still 
more people with rare diseases than have all those conditions 
combined. So it’s a big number, it’s a diverse group of people; 
how can we find commonalities so we can work together and 
say we’re doing this for rare diseases rather than we’re doing 
this for disease A, and then we’re going to do it for disease B, 
and it’s never going to happen, but I think we need to work as 
a community.

Peter Merkel: 
And the people’s voice matter, patients’ voices really matter. 
Elected officials listen sometimes to their electorate, and in 
fact, it is the advocacy by patient groups that helped push all 
of this along, it’s not... Scientists do it, visualists do it. It’s a lot 
of different voices moving things forward, patient advocacy 
groups have been very helpful, not just in partnering and 
research and helping us prioritize research, but in advocating 
for research and distribution in this space.

Durhane Wong-Rieger: 
But it’s as you say though, the both of you... It also has to be 
done in partnership. The patient voice out there, just being 
a shrill patient voice doesn’t do anything. We’ve got to... And 
I think we’ve seen some great examples in terms of how 
these partnerships, there’s an opening up in the research 
community, opening up in the clinical community, opening up 
in the pharma industry where the patients can actually have 
an effective voice, and I think that’s made for real difference. 
So I always say you can demonstrate on as much as you 
want outside the gates; unless you can get inside the gates, it 
makes no difference. So we have to be able to get to the table, 
we have to have a seat at the table, but we’ve got to do that as 
a partner as well. You’ve seen how people bang at the gates 
outside, otherwise nobody listens, but... But you have to have 
people brought in as well, so, appreciate that.

Sean Sanders:  
Great, well, again, you’re a fantastic panel because you’re just 
addressing all of the questions I was just about to ask, so what 
I really wanted to talk about, and I think close out with is 
this idea of cooperation and collaboration, which seems to be 
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coming up again and again; it’s got to be global, there’s gotta be 
partnerships, so the two things that I wanted to just finish on 
is... We have just a few minutes left is, the first is, what are the... 
What’s the low-hanging fruit, where can we make easy, quick 
changes that will bring more collaboration and cooperation? And 
the other piece that I wanted to touch on is what are the impacts 
at a personal level? And Flaminia I’m going to come to you for 
this and Durhane as well, you also... You have family members, 
children who are impacted by rare disease, so maybe we’ll just go 
around and each of you can talk to those, so what’s the lower-
hanging fruit that we can address right now? And what do you 
see is the more personal impact? So, Durhane why don’t we start 
with you? 

Durhane Wong-Rieger: 
Yes, I don’t know about low-hanging fruit. I kind of feel like we 
took all the low-hanging fruit already, I think we’re really being 
forced now to climb up into those trees and really work it hard 
the way Tiina and Peter and Flaminia were talking about. I 
think we need to make that those big efforts now, so I think we 
ate up the low-hanging fruit. So, for us in terms of patients, I 
think the impact is still there, and I have been so encouraged, I 
think by the ability of patients to actually have a voice and part 
of it is very much all the other consortiums, all the other sick 
homes opening up to recognize the value of the patient voice; 
this was not there 40 years ago when we first had the Orphan 
Drug Act. So I think it’s made a huge difference and I think 
we’ve increasingly become partners and use enterprise, so 
that for me is the way forward, so really, I think very much so 
in terms of appreciation of how much the communities have 
been able to come together.

Sean Sanders: 
Flaminia, why don’t we come to you next? 

Flaminia Macchia: 
Yes, so for me, it’s crucial to understand that all aspects of 
human lives are impacted by living with the rare disease far 
beyond on the health concerns. Of course, health concerns 
are extremely important, but the impact really go from the 
very beginning, from inclusion in kindergarten, in school, 
in university, that means inclusion in education, and this 
has a direct impact on employment opportunities. If we 
don’t change the working conditions, we don’t adapt the 
environment, we don’t adapt working hours, so this also 
impacts on the overall impoverishment of people living with 
rare diseases, the lack of autonomy. So it also impacts on the 
opportunities for leisure, for traveling, for social interactions, 
opportunities to develop a life’s project, even [something] as 
pragmatic as getting a loan.

And of course, there are huge aspects that are impacted by 
stigma and discrimination. So for families worrying constantly, 
social isolation, most parents become primary caregivers. And 
so this they also have to stop working or having less working 
hours. And in this very often, it’s even worse for women, that 
often become the primary or even only caregiver. So we 
talk a lot about the impact, and I think there is an increasing 
understanding of the impact on people’s life when it comes 
to their patient aspect being their health concerns, but the 
overall impact is very often underestimated. And in terms 
of society, we talk a lot about the burden on society, but of 
treating, but did we really think enough about the burden on 
society of not treating? So I would finish like that.

Peter Merkel: 
I agree with all of my colleagues. It’s been a terrific 
conversation. I’ve really enjoyed it, stimulating. I think it’s 
important to keep working on respecting the scientific and 
societal impact of studying rare diseases as well as encourage 
the collaboration internationally. But really it’s about keeping 
rare disease in the conversation, in the conversation about 
health care, about society, about science and just keeping it 
in the conversation overall, as all of these issues are designed. 
There are some unique aspects that really are just very nicely 
put forward. And then there are some common aspects as well 
in the study of rare diseases. So as a physician scientist facing 
rare diseases, keeping it... I learn from all of these aspects, but 
keep these diseases in the conversation as we create scientific 
programs, as we create legislation, as we create new avenues 
for health care.

Tiina Urv: 
I think a low-hanging fruit in my mind is getting people to come 
to the table and talk to each other, What is simpler than... 
Well, maybe not during COVID, but we can always Zoom, but 
bringing people and starting the dialogue between all the 
players. And that is not difficult because I believe that everyone 
agrees at the end of the day, we all want the same thing. We 
want treatments, we want cures. We want the patients to have 
better quality of life and to get the players to start talking to 
each other, to start making inroads of making that happen to 
get the treatments to the patients easier, to get the patients 
diagnosed faster. Until we all come together, it’s going to be 
very challenging. And so I think that is my final word.

Sean Sanders: 
Right, well, thank you so much, Tiina, and also to all of the other 
participants. We are out of time, so we are going to have to end 
our discussion here. Thank you once again to our fantastic panel 
and to Fondation Ipsen for enabling this conversation through 
their kind sponsorship. Goodbye everyone and thanks again.  
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The Conversation
Sean Sanders: 
Hello, and welcome to this second installment of the New Science 
and Life webinar series on rare diseases. I am Sean Sanders, 
director and senior editor for Custom Publishing at Science. In 
this nine-part series, we will delve into a number of different 
aspects of this important topic of rare diseases. You can find the 
recording at webinar.sciencemag.org. The term “rare disease” is 
not entirely accurate since collectively rare diseases encompass 
approximately 7,000 disorders, affecting about 300 million 
people globally. Our first webinar discussion was broad, but 
today we will be focusing in particular on the challenges of 
diagnosing rare diseases. Patients with rare diseases must often 
wait for years for a diagnosis. A quarter of patients wait over 
four years, while an unbelievable 50% of patients must live with 
no accurate diagnosis.

A significant part of the problem is the lack of awareness 
amongst medical and scientific communities, but there are also 
obstacles put up by medical insurance companies and the broad 
failure of the public domain to appreciate the hurdles faced by 
patients with rare diseases. Living without a diagnosis can 
impact a patient’s physical, mental, and emotional well-being, 
while receiving an accurate diagnosis can allow a patient and 
their family to move forward with a focus on managing future 
challenges. I am so pleased to have a fantastic panel of experts 
who can provide us with insights and explanations. 

You can email feedback to webinar@aaas.org. Now I’d like to 
give our guests a chance to introduce themselves and I’d like to 
start with Dr. Kym Boycott. Kym, over to you.

Kym Boycott: 
My name is Dr. Kym Boycott. I am a clinical geneticists in 
Canada. I work in Ottawa. I am also a clinician scientist. So, I 
spend about half of my time in the clinic and half of my time 
in the research lab, and my focus both in the clinic and my 
research program is rare diseases.

Sean Sanders: 
Next up, we have Dr. Bill Gahl.

William A. Gahl: 
Yes, I am a senior investigator at the National Human Genome 
Research Institute. And I studied rare diseases. And I am also 
the director of the NIH Undiagnosed Diseases Program, which 
is part of the NIH Undiagnosed Diseases Network.

Sean Sanders: 
Third is Jean-Louis Mandel. Welcome, Jean-Louis.
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Jean-Louis Mandel: 
Hello, I am an M.D., Ph.D. I started working on rare genetic 
disease on the molecular side in 1983, and I have been 
directing [a] diagnostic lab for genetic disease until 2016. And 
I am currently president of the Foundation for Rare Diseases, 
which is a French foundation.

Sean Sanders: 
Thank you so much, Jean-Louis. And last but not least is Dr. 
Anne O’Donnell-Luria.

Anne O’Donnell-Luria: 
I am a clinical geneticist at Boston Children’s Hospital where 
I see children and adults with rare disease, but I spend a 
majority of my time actually working as the co-director of 
the Center for Mendelian Genomics at the Broad Institute, 
which is a large-scale international research consortium that 
works to really find new disease genes and better improve our 
understanding of the variants that lead to genetic diagnoses.

Sean Sanders: 
Fantastic. Thank you so much, Anne. In case some of our audience 
missed the first webinar, or are new to the subject, Bill, I am 
going to ask you if you can help us to understand how we define 
rare diseases.

William A. Gahl: 
In the United States, there is a definition of a rare disease as 
one that affects fewer than 200,000 individuals. In Europe, 
there is a definition of a rare disease as one that affects 
fewer than one in 2,000 individuals. And there are different 
definitions around the world of a rare disease. And I think that 
those are political, or in a way, economic definitions. But I think 
clinicians and clinical geneticists understand rare diseases in 
different ways, depending upon how many of those individuals 
with that particular disorder they see.

Sean Sanders: 
We were chatting via email earlier and Jean-Louis, you brought 
up an interesting point, which is, why do children appear to be 
disproportionately impacted by rare diseases? It seems like a lot of 
them are found in children; is there a reason for this? 

Jean-Louis Mandel: 
Yeah, I guess medical genetics started really, mostly was 
children disease, pediatric disease. And there were a few 
adult onset disease like Huntington’s disease with a very 
specific presentation. But for a long time, it was a pediatric 
diseases. And also, generally, if children are affected early 
on, they will keep the disease all the time, while adult onset, 
they don’t show the disease until maybe 30, 40, sometimes 
60. So, this is different and what is certain is that what is 
now more searching for genetic disease in adults, than when 
was doing it 10 or 20 years ago. So recently, there had been 
neurodegenerative disease that had been found to be rare, 
monogenic disease, but this is quite recent.

Sean Sanders: 
Anne, let me come to you. I believe you treat children in in your 
work, so when do these diseases usually show up? When [do] you 
start seeing symptoms in children?

Anne O’Donnell-Luria: 
There is first the aspect of when the symptoms first appear 
and when they are recognized. For a lot of rare diseases, it 
takes a while of seeing doctors and looking for answers before 
it is realized that something more complicated or something 
rarer is going on that needs further investigation.

Jean-Louis Mandel: 
I’d add, some start prenatally where something does not 
happen correctly. Other diseases will start early on, like 
Friedreich’s ataxia, for instance, between 7 and 12. Other 
diseases will start even later. So, there is no rule; it depends 
really on each disease. Each disease is specific.

William A. Gahl: 
I’d point out, too, that many children who have genetic 
diseases don’t survive till adulthood, and that changes the 
number of children who have it compared to the number of 
adults.

Sean Sanders: 
Looking at the flip side, are we missing rare diseases in adults, 
especially in the aged, Jean-Louis? 

Jean-Louis Mandel: 
Totally, because we still don’t know them all. Recently, a 
frequent form of neurological disease has been found because 
a gene was identified. Before, nobody really thought that it 
would be genetic. So, we are discovering novel, rare genetic 
disease, I would say every week.

Kym Boycott: 
I actually see a lot of adults as well as children and prenatal 
genetics, and I would say for the adults that we see, 
sometimes they become lost in the system, because there 
are many things that can look like a rare genetic disease, but 
actually are caused by say, diabetes causing a nerve problem 
in the legs. That might look like a rare disease, for example, 
or it has a similar presentation to a rare disease. And so, the 
frontline providers aren’t really recognizing the diagnosis.

William A. Gahl: 
Most geneticists, clinical geneticists, especially, are 
pediatricians, so they are aware of genetic disorders. And 
it is only now that we are coming to recognizing adult 
genetic diseases more, and having internists and specialists 
understand them.

Sean Sanders: 
Anne, more broadly, what factors are most critical in the length 
of time to diagnosis, and why does diagnosis take so long? Is it 
always possible to diagnose? 
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Anne O’Donnell-Luria: 
There is a lot of factors that go into this; I think of them almost 
as the barriers or gates you have to cross. The first challenge 
is recognizing that you should be thinking about something 
rare, and that is often working with your pediatrician and your 
internist and recognizing that something is going on that 
maybe needs another specialty level of consideration. And 
so, the next challenge is getting to the right doctor, whether 
that is the geneticist, a neurologist, cardiologist, depending 
on what the medical issues are. Doctors maybe have to think 
a little bit outside of the box, into the rare spectrum. We need 
a lot of collective knowledge to really understand and think 
about these conditions and realize that they are out there. 
And then you get to accessing genetic testing. Not all of these 
diseases are genetic, but a large proportion of them are. In 
many cases, these are things you can suspect clinically, but 
you need to send the appropriate testing. Next, we have to 
figure out how to interpret the testing. Just because we can 
sequence something does not mean we are going to recognize 
the genetic change that is causing the rare disease. And then 
the next step is figuring out what to do with that information.

Anne O’Donnell-Luria: 
It is a very long and complicated process. And that can stretch 
from getting a doctor quickly, having comprehensive testing 
sent, and figuring something out really fast, or even just 
sending the right targeted test and getting an answer from 
the first step. Or it can take a number of years and seeing a 
number of doctors to figure things out.

Jean-Louis Mandel: 
I would add, at the beginning and at the end, there are two 
issues. At the beginning, at least in France, maybe in the U.S. 
too, is how the GP does not believe the parent and might 
say, “Oh, there is a language delay. But you know, this is just 
right now, and in two months it will be solved.” Or behavior 
manifestations, maybe there is something in the family or, 
the first thing that the doctor really believes is an objective 
symptom. That may take time for a disease with a slow 
beginning. This is the beginning to have a specialist believe 
that symptoms may be genetic. But at the end, also, there has 
been an extraordinary improvement in genetic diagnosis in 
the past 10 years. Often, I see families that say, “Yeah, but my 
son has been tested. There was a genetic test 10 years ago, 
and that was negative.” But that does not mean that if you 
redo it now, even if it was done five years ago, and depending 
on which test — it can be positive. A negative test can be a 
negative test for the type of assay, and the interpretation 
changes every month, every year. So, a negative diagnosis can 
become positive, because there is advances in knowledge.

William A. Gahl: 
We certainly have experience with families that have a child 
who has a particular disorder, and they don’t know what the 
disorder is. And when this first comes to light, they pursue a 
diagnosis very aggressively, and sometimes for a year or two 
years or three years or so. But then they begin to accept the 
diagnosis, or the fact that there is no diagnosis, and they fall 
off and don’t pursue it for a while. And then sometimes five, 10 
years later, or so, they see something on TV, or they read the 
paper or something, and they find out that genetics has really 

come a long way, and then there is a recrudescence of interest 
in that. We get a lot of families that have had that history of let 
us say, a hiatus in pursuit of a diagnosis. I am sure Kym; you 
and Anne and Jean-Louis have had the same experience.

Jean-Louis Mandel: 
Totally.

Kym Boycott: 
Yes. We have actually just looked at that, in participants who 
are engaging in our Care for Canada rare disease research 
pipeline looking for a diagnosis, we actually mapped out all of 
their investigations from prenatal all the way to their current 
age. And just exactly as Bill is describing, you see these focal 
areas of activity by a trigger investigation and a little bit 
happens. And then there is a quiet for a year or two, and then it 
happens again. And as Bill pointed out, for some families that 
are participating in some of our research programs, there is a 
quiet time for 20 years before they come back, because there 
is been some something new that is happened.

Anne O’Donnell-Luria: 
Rare disease is an unusual field in that so much more is being 
learned all the time. If you are needing management of your 
hypertension or high blood pressure, maybe there is a new 
medication every once in a while. But for the most part, the 
knowledge is what we have. But for rare diseases, there is 
over 200 new diseases described every year; the techniques 
we are using in diagnostics are actually still changing almost 
every year; we are able to recognize more of the variation that 
contributes to disease. It is a much faster-moving field than 
a lot of other medical specialties. And some of that is just 
because for so long, we knew so little that now we are kind of 
starting to catch up and understand more.

Sean Sanders: 
Let me maybe put this to Kym; how would patients or the 
families of patients know where to look? Where can they go for 
this type of information? Are there resources or is it just, as Bill 
said, happenstance that they come across a TV program or a news 
item? 

Kym Boycott: 
Yeah, I would say for our families, the patients and families in 
Canada, it is not so much that they are coming across it in the 
news or in the paper, I think most often it gets triggered by 
some sort of new aspect of their presentation or something 
that has happened in their life that makes whatever they were 
dealing with a little bit more challenging. They re-enter the 
system, and they get this fresh set of eyes in terms of where’s 
the best place for you to go. I also think that Google and the 
equivalent search engines have changed tremendously since 
I first finished training 15 years ago or so. People can put in 
symptoms and go to all sorts of resources, many from North 
America, which are supported by the NIH, and then many in 
Europe, which are supported by programs like Orphanet. They 
have access to all this information to really empower them to 
ask the right questions to their care providers.
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Anne O’Donnell-Luria: 
And because a lot of rare diseases run in families, I think you 
see a lot of that initial flurry of sending a lot of testing and 
thinking about it as they are planning for other children. And 
then after a while, they are often siblings, they are growing 
up, they are thinking about starting their own families, and 
sometimes it restarts that genetic search.

Sean Sanders: 
I want to change tack a little bit to talk about the importance 
of a rare disease diagnosis. And the first question I want to ask 
broadly, what does a diagnosis really mean to a patient? If there 
is no treatment available, is a diagnosis still important? Jean-
Louis, why don’t we start with you on this question.

Jean-Louis Mandel: 
Yes. I think it is indeed very important to be able to put a cause 
and a name to an illness. There is a lot of interest in diseases 
with intellectual disability and sometimes behavior problems 
or a neurological problem. Often parents have a child that 
does not behave well. And from the outside, they think this is 
a fault of the parents, that they are not educating the child. 
And so, having a cause and a name identified is a first thing 
that I have not done something wrong, like I drank a glass of 
wine when I was pregnant, could this be the cause? I think 
this is one thing and secondly, it means that there are people 
interested, there are doctors, professionals, researchers 
interested in that disease and they are working to try to make 
things better — to better care. The third thing is that it allows 
parents and children who are affected by a similar disease 
to meet other families with similar problems in association 
Facebook groups. It allows us to share information and to 
know that, “Okay, it is rare, but we are not the only one to be 
faced with this.”

Kym Boycott: 
I think what we hear from our families is, especially within the 
Canadian system is about visibility, and what they describe as 
visibility within the system. This is not only within the health 
care system, but also within our social systems. Where we 
cannot necessarily treat or reverse what has happened, the 
visibility in the social systems, such as school and community, 
allows them to have access to resources they would otherwise 
not have without that clear diagnosis. It literally is a tag of 
visibility. And families, quite rightly, recognize that their ability 
to navigate those systems is much better if there isn’t a 
diagnosis.

William A. Gahl: 
People can think about what the prognosis might be, what 
does the future hold for them, that there is a possibility of 
treatment. As mentioned, being member of a community 
is incredibly important. There is the issue of trust and 
relationships with colleagues. For example, if you have an 
undiagnosed disease and you cannot name it, then there 
is a certain amount of suspicion associated with you really 
having that disease. We noticed that in some of our families 
and patients, their colleagues wonder why they are missing 
work, and even relatives and physicians wonder that. It is 

particularly difficult for patients to go to a physician to look 
for help, and to have the physician, first of all, not know what 
to do, feel inadequate, and awkward and sometimes not want 
to see that patient, because the physician feels awkward. And 
so, there is an incredible amount of solace associated with a 
diagnosis.

“I’ll just mention, one man that I saw in his 
60s who had some motor disease came from 
Cleveland, he was a police officer, he came 
with his loving wife. And I saw him just briefly 
on Monday, and then we got a diagnosis that 
he had ALS [amyotrophic lateral sclerosis] on 
Friday. When we told the wife, she hugged me, 
and she hardly knew me, and she hugged me 
when we gave her husband a death sentence. 
It meant so much to her and to her family to 
know how to proceed with the family’s life. It is 
incredibly important.” 
(William A. Gahl)

Jean-Louis Mandel: 
Another aspect is about recurrence risk. Are there possibilities 
that the same couple may have [a] child affected by the same 
disease, or maybe the sister of the affected child, and who 
considers being pregnant, can she have also an affected baby 
with the same disease? So knowing whether there is a risk of 
recurrence in the family and sometimes the family at large is 
important. I have been doing a lot on Fragile X, and sometimes 
you have distant cousins that may be at risk of having severely 
intellectually disabled child because of the disease that was 
once diagnosed in a second cousin.

“I think that we have to always remember or 
always have to remind people that diagnosis is 
a cornerstone of medicine. It is what we do. It 
is part of what we do. This is what doctors and 
physicians, and allied health providers do. We 
are all working towards diagnosis. It should be 
no different if you have a rare disease.” (Kym 
Boycott)

Anne O’Donnell-Luria: 
Psychological relief on its own adds a lot of empowerment 
for families. This fully justifies the need for a diagnosis and 
medical care. But there are families that are able to start 
support groups and build the communities and then they are 
able to think about therapeutics, build up research for their 
rare disease, but if they are not having a diagnosis and not 



Uncovering Rare Disease

18

being able to come together and share this knowledge, then 
that is a totally missed opportunity without having a diagnosis.

Sean Sanders: 
Bill, let me come back to you with the next question related to 
this, and that is, what are the dangers of a misdiagnosis versus 
no diagnosis? 

William A. Gahl: 
Patients who don’t have a diagnosis have been searching 
for one for a long time. And a lot of the things that they do in 
searching for a diagnosis could be risky. For example, you can 
push a physician into operating on an abdomen or getting 
other invasive tests. And some families, in desperation, seek 
what I would call quack medicines that are harmful for them. 
So that is a really difficult issue if you don’t have a diagnosis. 
Not only that, but once you have a diagnosis, there is the 
possibility of treatment. And sometimes the diagnosis is 
not a new disease that has no treatment; it can be a disease 
that does have a treatment. Any delay in diagnosis is a delay 
in treatment as well. And then all of the benefits that we 
mentioned, of having a diagnosis, are missing during the time 
when you don’t have one, as is community, trust, and things of 
that sort.

Kym Boycott: 
I think there is some good European data, and we have some 
Canadian data, that looks at the number of missed diagnoses 
that families experienced on their diagnostic journey, which 
some people refer to as a diagnostic odyssey, because 
it is a bit chaotic. EURORDIS, which is the large patient 
organization, or umbrella for patient organizations in Europe, 
and the Canadian Organization For Rare Disorders, came 
up with numbers of 3 to 11 missed diagnoses along the way. 
There can be all kinds of reasons for that, and this may have 
been suggested as a possibility, or the clinical presentation 
evolves over time, or it is just plain wrong. And every time 
that happens, you have delayed that diagnostic journey to its 
ultimate end point, which should be the correct diagnosis. It 
just further confounds what we are talking about: to cause 
harm, because of all of the other things that might be done in 
the spirit of that initially incorrect diagnosis.

Sean Sanders: 
How does the particular type of medical system in a country 
impact what we have just been talking about, the reaching a 
diagnosis or misdiagnosis and the level of testing? In the U.S., 
there seems to be a lot of testing for different diseases; doctors 
usually want to cover themselves, hospitals as well. In other 
countries like Canada, I am not sure it is quite the same. 

Kym Boycott: 
Canada is an easier place to start with, I think, compared to 
the U.S., just because we have a little bit more of a uniform 
health care system, but in saying that, our health care system 
is actually a group of provincial and territorial health care 
systems. So health care is provincially or territorial deployed 
in Canada, which means that within a single jurisdiction, so 

an entire province like Ontario, where I am from where there 
is about 14 million people, the standard of care is pretty 
similar. Access is similar, though I say that very carefully, 
and that there would probably be some that would argue. 
We are challenged with things in Canada, like our northern 
communities and things like that and how do they access 
health care. But overall, I think from a world perspective, it is 
fairly uniform. The challenge we have in Canada is that what 
may be covered for testing by the province is different from 
province to province and territory to territory, and so that 
becomes a challenge around equity and that sort of thing. I 
imagine in France, it is probably somewhat of a similar system.

Jean-Louis Mandel: 
I think maybe the case in France is interesting, because 
the system was organized actually by the French Muscular 
Dystrophy Association, that started [to] organize an 
immensely popular telethon in the early 1980s. It was so 
popular that they started to have also political power, pressure 
power, and they force the government to have [a] national plan 
for maladies rares,  the Rare Disease National Plan. We have 
now reference centers and competence centers for different 
types of rare disease; they are organizing, for instance, 
networks for muscle disease, networks for eye disease, 
networks for rheumatoid disease, etc., rare rheumatoid 
disease. And this means that now, once a doctor has thought 
that it may be genetic, they start to contact these centers, and 
the enquiry is spread across the country, more or less. It is 
sure that they will have access to competent people who know 
about these diseases, who know about diagnosis. But the first 
thing is that the doctor has to think that it may be a muscle 
genetic disease, it may be a neurological genetic disease or a 
rare disease.

Sean Sanders: 
The United States? 

William A. Gahl: 
Many people think that the United States system is provincial 
as well, but probably in a different sense. I would say two 
things. One is that for rare diseases, it is pretty much true 
that you have to go to a university-based center. I would 
ask Anne if she would confirm that or not, or deny that, but 
universities, medical centers have experts, and do research, 
and have funding for this, and are often associated with 
advocacy groups, and so they have the knowledge base and 
the expertise. There is a referral system that starts with a 
primary care physician and goes up to a university-based 
system. And the other issue is the insurance system that we 
have for reimbursement. Often, when a patient or a family 
needs to get approval for certain tests to be done in order 
to eliminate such and such a diagnosis to go on to the next 
possibility, to the next possibility, and all of those approvals 
for insurance take time. It can take, let us say, a month or so 
to get approval for one test, which is done on as an outpatient 
basis then, and that may eliminate something and then you 
have to go through the same process again. And that is why 
it takes so long, at least in the United States, for patients with 
rare diseases to finally reach a diagnosis.
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Anne O’Donnell-Luria: 
Insurance empowers a lot of families to get testing, but there 
are some insurances that won’t cover genetic testing, while 
there is not really a good way to tell. It is not necessarily 
how good your insurance is; it is just what their policies are 
about genetic testing. It is confusing for families. It is actually 
really confusing for doctors. A lot of doctors are probably not 
sending as much genetic testing as they would like to, because 
it is complicated for them to figure out how to access it. And 
that is another reason why it tends to be more academic 
centers that have a little more support, see patients, that they 
more frequently be interested in or wanting to send genetic 
testing that they get a little more savvy on the systems. And 
there are a lot of patients that I see that I have a strong, strong 
suspicion that they have a Mendelian rare disease caused 
by a genetic condition that we should be able to diagnose by 
genetic testing, and I just cannot get the testing covered.

I am in a privileged position, in that I am connected to a lot 
of research studies, and at Boston Children’s Hospital, we in 
general, have connections to research studies, so we refer 
them over there. And that is an option that many families 
choose to enroll in research and to access genetic testing that 
way. We have one called the Rare Genomes Project that works 
with any families anywhere across the U.S. that is really trying 
to get away from the geographic model of having to come to 
an academic center and be able to work with families locally in 
their communities with their own physicians. But still getting 
that access has still been really challenging. There is a huge 
difference in access based on where you live and what doctors 
you see, and that is a problem.

Jean-Louis Mandel: 
Sometimes things that would look very good, are not. For 
instance, in France, there is a very good genetic test, which 
is called an exome. If you do it in an academic lab, you don’t 
pay for it, so that is very good. But the problem is that these 
academic labs are not funded enough to do as many exomes 
as they would wish. So, what was a good thing, in terms of you 
don’t have to pay for it, means that you may have to wait for it, 
because there is not enough funding to do as many tests that 
would be needed.

Kym Boycott: 
The pandemic has taught us, with respect to access, is how 
much we can actually do by virtual care. And that has been 
a remarkable experience over the last year in terms of how 
to deliver genetics virtually. And it has allowed us to see our 
patients and families in areas such as Baffin Island, which my 
center looks after, by having them go to their closest nursing 
station and they can see me there. There is a nurse there to do 
measurements, we can take photographs, we can do almost 
everything from there, take blood samples, and they never 
have to take the big, long flight down to see us in Ottawa. 
And if it is the wintertime, they actually don’t then have to 
take the big, long flight, which is a whole thing when there is 
snowstorms and things like that.

Sean Sanders: 
The pandemic has clearly impacted our world in many ways 
[such] that things are going to be very different going forward 
and hopefully, in many positive ways. But before we move off 
this topic, there is one other piece that I wanted to touch on and 
that is newborn screening. My understanding is that different 
countries do it differently. They test for different diseases, and 
even I think in the U.S. within different states, they use different 
tests. So, Anne, can you outline the importance of neonatal 
screening and maybe where some of the challenges or deficits are? 

Anne O’Donnell-Luria: 
In Massachusetts, we screen for about 60 conditions. It is 
a heel prick that is done on every baby that is born and a 
few drops of blood are transferred to a card that has been 
sent to the state lab that does a number of different tests 
all on these few drops of blood that are collected from each 
newborn. From this, we can find out information about the 
risk of developing a condition that is treatable; we can figure 
this out within the first few days of a baby’s life. There are 
some conditions where this provides helpful information, 
and you would refer them to doctors and you can ameliorate 
the course, and there are some that are babies that would 
actually present in a few days or around the time we get the 
result, very sick. And so having that information and knowing 
about the treatments you need to implement them are really 
powerful. It is only for about 60 conditions; focused right now 
on things that are treatable, but it is also focused on things 
that we can detect from the types of testing that we do, 
which largely aren’t genetic, which are largely metabolic or 
enzyme assays on the blood spots. I think there is a lot more 
potential to expand this. This is what we are doing right now in 
Massachusetts.

William A. Gahl: 
In the United States, the states decide, because the state 
legislatures are paying for it. Most of the diseases that are 
screened in the newborn period are rare diseases. But the 
most common one is hyperthyroidism, and that has an 
enormous impact upon people. The screening is done by 
a procedure called mass spectrometry. And that may be 
changing slowly into a molecular screen, but there are issues 
with molecular screens. I’d say detecting people who have 
only one, allele mutated in a recessive disorder. In other words, 
you could call this a molecular screen, first screen, one that 
might have a lot of false positives that have to be pursued. 
But there are false positives with the mass spec analysis now, 
too. Anyway, things are evolving, and newborn screening is 
spectacular in terms of its effect upon the lives of people who 
are detected and can be treated early.

Jean-Louis Mandel: 
Maybe what one can add is that some diseases that are not so 
rare, that until a couple of years ago, were not on the agenda 
of neonatal screening, like very severe muscle disease, and 
spinal amyotrophy. Suddenly these diseases become targets 
because there is an efficient treatment. But the treatment is 
only efficient if it is administered very early in the first weeks 
of the life of the child. Nobody was considering doing neonatal 
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screening of spinal amyotrophy two or three years ago, but 
things have changed because you have efficient treatment 
that requires a very early diagnosis.

Sean Sanders: 
I am going to come to you, Kym, with this one last question in 
this topic area on the importance of diagnosis, and that is the 
role of genetic counseling in the diagnostic journey. Now that 
a lot more DNA testing is being done and it is a lot broader, 
we are testing full exomes. We are even looking at full genome 
sometimes. Where does the genetic counselor play a role? 

Kym Boycott: 
Possibly in two places, probably. It may evolve over time, but 
definitely for the pretest counseling and post-test counseling 
and support. Pretest counseling, I think, is particularly 
important for those genetic tests that have some pretty 
serious implications about future health, it may be predictive 
in nature, may be uncertain in nature, may have other things 
tied to it like potential for discrimination and things like that. I 
think that is where it is important for genetic counseling itself 
to have a major role. With the post-test counseling — results 
— I think it is still really important to have an actual human 
involved in that process. Many of us are probably aware that 
there are a lot of companies that do testing, and you get some 
sort of online type of genetic counseling and that sort of thing. 
But that really just contributes, I think, to the accessibility 
issues for families. A big part of that post-test counseling is 
around education and empowerment. To make that fair for all, 
it really needs to be done by somebody who can connect with 
that patient and family on an individual basis and meet the 
needs that they actually have.

William A. Gahl: 
Right now, there is such a need for genetic counselors that 
you can easily get a job. And it is a good advice for young 
people, if you’re interested in something that is academic 
and personally satisfying, genetic counseling is really a good 
option.

Kym Boycott: 
Yeah, in Canada, they are literally hired the day after they 
graduate, if not before.

Sean Sanders: 
I want to move on to the final topic of today’s discussion, which 
is some of the challenges that remain for rare disease diagnosis. 
The first question I wanted to ask is, are we getting better at 
diagnosing rare diseases? And also, related to that is, are we 
getting better at detecting new rare diseases? 

William A. Gahl: 
Certainly, we are getting better. As Anne mentioned, 200 every 
year, just new diseases. But the other issue is the tools that 
we have, as Jean-Louis mentioned, the exome sequencing 
and now genome sequencing and better means of analyzing 
that and having insurance companies pay for that. Now, in our 

Undiagnosed Diseases Program, more than half of the patients 
whom we see have already had exome sequencing. It is more 
in children than in adults, of course, but all of those things have 
enormously improved our rates of diagnosis. And still, we miss 
a lot. In other words, for us, when we see individuals who have 
been to many other centers already, we still achieve only about 
30% in terms of our diagnosis, in part because the patients 
have been selected already to have gone to university centers. 
But the point is that there is still a lot out there because there 
are a lot of new diseases. While I would say that we have come 
a long way, we still have a long way to go.

William A. Gahl: 
And one way to look at it is if we have 23,000 genes, and there 
are maybe 8,000 known diseases, we only have a portion of 
those, maybe 4,000 or 5,000 or that have been defined. So 
we have to define new diseases, and we have to, let us say, 
train and educate our physicians in detection of rare diseases 
and in pursuit of new diseases. And then the public has to 
recognize how to proceed if they have a family member or 
they themselves have something that is undiagnosed. And 
that involves a certain sequence of going to one physician then 
another physician then [a] university physician, then maybe 
some center like the centers that Kym and Anne and Jean-
Louis conduct.

Jean-Louis Mandel: 
Maybe there is a limitation — maybe there are some diseases 
that we will never be able to put a name to because there 
is not a single gene as a cause. The disease may be an 
interaction between two or three different genes, and it is very, 
very difficult to sort this out, or an interaction of gene with 
environment. A classic disease when I was a young medical 
student was called G6PD deficiency, where you would start 
to be very sick if you ate fava beans. Because this was a 
disease that was quite frequent in Mediterranean countries, 
it was recognized. But imagine a disease where you have 
this interaction between the environment and the genetic 
predisposition; it may be very difficult. And we need a lot of 
research before we can diagnose more and more of these 
more complex diseases.

Kym Boycott: 
I would reiterate that. We have mentioned that exome 
sequencing came along 10 years ago, and we are still talking 
about accessibility for patients and access. It is remarkable 
in terms of the rare diseases exome sequencing can help to 
diagnose. Exome sequencing still has great potential; it is 
still on an upward curve. New technologies that many of us 
on this webinar work on are going to need to come back in, 
by the same process that exomes have finally come in and 
these techniques will need to become accessible to patients 
because exomes cannot do everything. There are some 
disease mechanisms that are just beyond its reach.

Anne O’Donnell-Luria: 
There is still a lot within the exome that we all agree that we 
need to find. There is still in the scientific literature about 
200 new disease gene associations every year. But the other 
side of that is a lot of the ways we figure out these new links 
are by looking not just at the exome data (sequencing all the 
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genes in patients with rare disease), but by comparing it to the 
genetic variation we see in billions of people on this planet. 
This gives us a sense of what kind of variation do we not see 
in the general population that does not have rare disease. 
Actually, there are thousands of genes that we see depletion 
for disruptive variation in the general population. There are 
candidate disease genes, but we don’t know the phenotypes 
yet. And so there just needs to be more access to sequencing. 
And these reference databases that we use, like the Genome 
Aggregation Database, need to grow, and we need to get more 
data into them. There are a lot of efforts to do that; this will 
empower a lot of discovery.

William A. Gahl: 
We often get clues from animals or organisms that have 
mutations in some of those genes. There is sometimes 
incredible emphasis on next-generation sequencing, which 
means exome sequencing or genome sequencing, but we 
should not forget about how important it is for physicians 
to talk to each other over a particular patient and share 
information, share their expertise. Just being over the bed 
of a patient or even outside of the hall and talking about 
the particular disorder and its manifestations is important. 
Someone might say, “Well, have you thought of such and 
such.” These interactions are incredibly important for making 
a diagnosis of a rare disease and even for the discovery of new 
diseases.

Kym Boycott: 
One of the big challenges we are facing, as exome and genome 
sequencing are coming into the clinic, and being reimbursed 
by health care systems, there is the natural tendency to silo off 
that data and not share it, as we have done previously in the 
past with research endeavors like Bill’s Undiagnosed Diseases 
Program and Centers for Mendelian Genomics. When patients 
and families are enrolled in research, they are looking for 
answers and they are keen to share with whomever can help 
them find that answer. But in the health care system, that 
culture of sharing is not quite as strong yet, and it really does 
need to be for rare disease. And so, at least in Canada, we are 
trying to push that agenda. How do we share between different 
health care custodians, essentially data custodians, such that 
we can make the test better for everybody? And that is really, 
really critical, especially in countries like Canada, where our 
population is lower. One center is not going to do hundreds of 
thousands of these things by themselves; we have to be able 
to share amongst ourselves for sure.

Jean-Louis Mandel: 
Because of some diseases are extremely rare, we need sharing 
at the international level. There are already international 
databases, but there is not enough information in them, so 
I think there should be an international policy to try to have 
more sharing at the international level, because you need 
numbers. If a disease is very, very rare or a variant is very 
rare, you need to know about the 10 people in the world that 
are sharing the gene: are they affected or not? We need to 
push for this international cooperation. That would include 
details about the phenotype — the clinical manifestation of 
the patient. When you just have a database where you identify 
some people with this particular variant, but you don’t know 

their medical manifestations, you cannot interpret it. We really 
need much more of these databases.

Anne O’Donnell-Luria: 
As we get into these ultra-rare conditions, there will be 
conditions that there are currently only effecting 10 to 50 
people in the world. If you think of how many countries 
we have in the world, there is no way these are going to be 
identified without having better integration of the data. We can 
do this in ways that are safe with data security and regulations 
to make sure that the data are used responsibly by scientists 
and physicians and that there are protections against 
identifying patients and confidential matters like that. There 
is a lot of work that needs to be done, but this is work that the 
community is able to do.

Sean Sanders: 
Data sharing clearly is a critical component, and I am glad that 
we got to talk about that. I do want to come back, though, to 
something that a couple of you have mentioned, and that is access, 
and particularly access to people in disadvantaged communities 
who are geographically isolated or are in countries where maybe 
they don’t have the medical infrastructure to do this type of 
testing. So Kym, maybe I can come to you since you mentioned 
you have patients at Baffin Island, which is remote. How can 
this better be handled both in Canada and in other countries? 

Kym Boycott: 
The advantage of our Baffin Island experience and also where 
we call the Near North is that we approach this problem with 
virtual care. We have great experience on how to deliver virtual 
care pretty effectively. But the key component and why it 
works is that the people there are covered by health care, and 
they are covered with the same health care as somebody who 
lives in the urban center. Just because they are rural does not 
mean they don’t get the same test. So that has made this a 
much easier problem to try and tackle in Canada. It would be 
very different if there were marginalized groups that do not 
have access to health care or, an insurance plan that covers 
genetic testing. That is a bigger challenge.

Kym Boycott: 
In developing countries, how do you begin to help in that 
situation where rare diseases probably are not the biggest 
priority? People in developing countries have things like 
infectious diseases and water quality and food access to 
focus on. There are a number of international bodies like 
the International Rare Diseases Research Consortium and 
the Global Commission to End the Diagnostic Odyssey For 
Children With a Rare Disease, for example, who really have 
started to tackle and brainstorm the challenges in developing 
countries. And I think in the end, it boils down to a mentorship 
program with scientists like ourselves and colleagues who 
are able to support those countries that are making that 
transition, to be able to help their families with rare diseases 
get answers.
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William A. Gahl: 
And sometimes a champion is needed. The champion can be 
either inside or outside of that community. In the Undiagnosed 
Diseases Network International organization, there is now a 
developing nations working group that is pursuing the access 
within low- and middle-income countries for diagnostics and 
even treatment for rare and undiagnosed diseases.

Jean-Louis Mandel: 
I would like to point out one issue about diagnosis; having the 
proper diagnosis is not the end of what the patient or parents 
are looking for. And often, because of exome sequencing, you 
find the mutation and say, “Your child has this very important 
neurological disease or intellectual disability because of a 
mutation in DYRK1A.” Okay, so at least they have the name, 
and cause of the illness. But then very soon, they will say 
something like, “Okay, what does it mean for the child? When 
will he age? When will he start to have epilepsy? Will this be 
something that gets worse? Will he get worse with time or 
it will he stabilize or, can he improve, can he start to speak, 
etcetera?” And all this information you need for each of the 
5,000–7,000 of rare diseases. For each you need to know the 
natural history and the comorbidities. For instance, if the child 
with a neurological disease has digestive problem, is it part of 
the disease or just by chance? 

It is very important that this is done internationally. We 
need to have the sharing of data on the medical history and 
as patients age so that we can tell parents what they have to 
prepare for. This is something that is needed, after diagnosis.

Sean Sanders: 
I wanted to come to one last question. What should the general 
public know about rare diseases so that they can be better 
advocates for patients and families? 

Anne O’Donnell-Luria: 
When we talk about how, individually, these conditions are so 
rare, there are so many of them that in aggregate, you all have 
friends or possibly family members who have rare disease, and 
so being there for them. It is a hard thing to have something 
that is so rare that doctors, school systems, and families may 
not understand. Being a good community member and asking 
questions is important. Individuals with a diagnosed rare 
disease become experts on their rare disease. Not everyone 
wants to talk about it, but for those that do; be there for them, 
and for those seeking answers. Share the message that we 
have learned a lot more. Keep talking to your doctors and other 
health care workers. Keep searching; there is a lot more to  
be found.

Jean-Louis Mandel: 
I think that the most important thing is for general 
practitioners to learn about rare disease. They should not 
know about all the rare diseases, but they should have this 
question, for a child that a parent notices is not typical; “Could 
it be a rare disease? Could it be a genetic disease?” Because 
this is the way to next involve more specialized teams. 

Kym Boycott: 
I think that public support for research into rare diseases is 
important because we are still learning so much more about 
rare disease. The public should recognize that insights we get 
into rare disease oftentimes help us with common diseases. 
Scientific advancements in rare diseases actually give us a 
really important insight into some of the really big common 
problems that are faced by many, and there have been 
successes to show this.

Jean-Louis Mandel: 
Messenger RNA vaccines were actually developed from a 
technology that a company thought could be applicable for 
rare disease. They saw the opportunity to use the strategy to 
rapidly develop vaccines for COVID-19.

William A. Gahl: 
I would also suggest that someone or a family with rare 
disease keep medical records assiduously. Those are 
incredibly important, and not just the written medical records, 
but also the discs of the images and access to pathology 
slides if there have been biopsies. Also, keep reading and 
recognize that there is a sequence of events to go through 
— first, your general practitioner, then specialists, and then 
university-based researchers — in pursuit of the diagnosis of a 
rare undiagnosed disease.

Sean Sanders: 
If you would like to send us your thoughts on this webinar, please 
email webinar@aaas.org. Thank you once again to our fantastic 
panel and to Fondation Ipsen for enabling this conversation 
through their kind sponsorship. Goodbye everyone and thanks. 

mailto:webinar@aaas.org
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The Conversation
Sean Sanders:
Hello, and a very warm welcome to this third installment of 
the New Science and Life Webinar series on rare diseases. My 
name is Sean Sanders, and I am the director and senior editor 
for Custom Publishing at Science, as well as the moderator for 
today’s discussion. In this nine-part series that will run through 
the remainder of 2021, we are unpacking many different 
aspects of this important topic of rare diseases.

If you missed our first two webinars in the series, you can find 
archived recordings at webinar.sciencemag.org. These webinars 
as well as recordings of future events will be posted right there. 
Our first webinar in this series was a broad overview of this 
topic, while the second focused on the challenges of diagnosing 
rare diseases. Today, we have taken a slightly different tack, 
investigating the detection of rare diseases.

Thank you to Fondation Ipsen for sponsoring today’s event 
and this series. Now that we have those details out of the way, I 
am honored and delighted to introduce our exceptional panel of 
experts to you now. 

Marshall Summar: 
Alright, my name’s Marshall Summar, I run the Rare Disease 
Institute at Children’s National Hospital here in Washington, DC.

Cynthia Tifft: 
Good morning, I am Cynthia Tifft, and I am the deputy clinical 
director of the National Human Genome Research Institute 
at the National Institutes of Health.

Jimeng Sun: 
Hi everyone. This is Jimeng Sun, I am a professor at [the] 
Computer Science Department, and also at Carle Illinois 
College of Medicine at the University of Illinois Urbana-
Champaign. My research focuses mostly on AI for health 
care. I am a computer scientist working very closely with 
many clinicians and leveraging electronic health records to 
build predictive models. Great to be here.

Helena Kääriäinen:
Hello everybody, I am Helena Kääriäinen. I live in Helsinki, 
Finland, and I am a clinical geneticist. I have been working 
with rare diseases all my professional life.

Sean Sanders: 
Today we are going to talk about the detection of rare diseases. 
Marshall, I am going to put it on you first to see if you can 
explain to our audience the difference between detection and 
diagnosis.
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Detecting rare disease: 
Revealing the methods, 
motivations, and implications
By their nature, rare diseases are difficult to detect 
because of their low overall occurrence in most 
populations. Improving identification and detection 
of these disorders, particularly early in the life of the 
patient, can have profound effects on the course of the 
disease and the quality of life of the patient and their 
family. This webinar will examine methods for detecting 
patients with rare diseases, particularly those with 
underlying genetic causes, explained in plain language. 
Our expert panel will describe the benefits and 
limitations of genetic testing, recent advances, and new 
technologies, including how developments in artificial 
intelligence might help uncover hidden rare diseases. 
Only a decade ago it cost a billion dollars to conduct a 
full genomic analysis; now this can be done for about 
$1,000. But how useful and actionable are the results? 
The variety of genetic tests available provide an array 
of information that can be confusing to the general 
population and medical practitioners alike. Tune in 
to learn how and why genetic testing is done, how to 
interpret the results, and what impact these results can 
have on families and patients managing a rare disease.
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Marshall Summar: 
Well, I am going to substitute the word “detection” also with 
the word “suspicion” of a rare disease diagnosis. From where 
we are sitting in the clinic, and we obviously got a great 
group here, there is kind of three ways that we detect rare 
disease. One is what I would call population-based screening. 
Obviously, a good example is the newborn screening programs 
that are available.

The other one is in the hands of a clinician seeing a patient; 
the detection is they have a suspicion that this patient is no 
longer falling in the normal range of disease, but is actually 
falling into that rare disease category. And I think one of 
the exciting things about having Jimeng on here is, there is 
another way we can detect, which is scanning data pools, 
and trying to sift through patient data to try to identify those 
patients with a rare disease. So I am thinking of detection, 
those are kind of the ways I would line that out.

Cynthia Tifft: 
I think of detection as confirmation of a suspicion of a 
diagnosis. As Marshall said, I think once a child or an adult 
leaves that spectrum of what one would consider more 
common diseases and begins to look a little different, you may 
have a variety of things that you think perhaps could be going 
on in that individual, and detection is really the diagnostic 
testing. And that could be metabolic, that could be genetic 
sequencing, that could be a number of things that would help 
you actually pinpoint the particular diagnosis out of maybe 
three or four rare potential conditions.

Jimeng Sun: 
My background is building predictive models with a large 
amount of patient data, usually electronic health records, or 
other type of patient data, even medical claims data and so 
on. So a rare disease detection is very tricky in that regard, 
mainly because it is just the number of samples is very limited. 
So most of those AI algorithm, machine-learning algorithms 
require a large amount of high-quality training data in order to 
build the algorithms.

But for rare disease, we have worked on a few, but it is just 
very few high-quality patient dataset that we can use to build 
those predictive models. So I think it is not much different 
from detecting other diseases other than it is just much 
harder because of the sample size, and also data quality 
issues and all kind of challenges with what the input feature 
should be included there. So it is just a harder version of 
disease detection in general, from [the] patient database.

Sean Sanders: 
One of the topics that came up a number of times in our previous 
two webinars was the use of databases or the importance of 
databases. So Jimeng, you mentioned that one of the challenges 
is that you have very few cases in these databases. So is this 
improving our doctors, hospitals, getting better at putting 
information into databases that you can use? 

Jimeng Sun: 
Well, I think that definitely these days data are digitized. 
So one thing, at least in most of the developed countries, 

electronic health records are widely used. So they are at least 
in a digitized form that can potentially be used for building 
models. The challenge with rare disease is they are rare and 
they are distributed, right? So it is hard to take one hospital’s 
data and then build a predictive model for any of those rare 
disease, just [because] the case count is very small.

Also predicting rare disease probably requires non-
traditional input features, like genetic tests and other type of 
data, that [are] just not common. So we have done a lot of 
common disease, you just use comorbidity and age, a lot of 
other factors, you can build a very accurate model. But for rare 
disease, you need some specialized features that require a 
very special test, and also the case count is small. So that has 
made this very, very hard.

Marshall Summar: 
Let me throw something on top of that. I think one of the 
things we went across in the modern electronic medical 
record is the physical exam or the phenotype description 
is not always as in-depth or as well... We do not have great 
coding on those. I wonder if the rest would like to comment on 
how can we use imagery data? So in other words, how might 
photography, radiography, things like that, that do provide 
depth to that? 

Helena Kääriäinen: 
The problem with rare diseases is that they are so rare. So 
that is the sort of main problem, and I can understand that 
collecting big data for something that is very rare is always 
difficult, so there remains also the alert clinician and his or her 
role. It doesn’t disappear even though we are hoping for the 
big data.

Where big data is very useful is the gene diagnostics, 
because for gene diagnostics, we need a lot of normal data. 
Otherwise, we do not recognize what is normal and what is 
abnormal. But yes, in Europe, we try to join forces and so that 
the small countries like my country would add their cases to 
the other countries. But always, there will be rare patients who 
are so rare that there maybe is not another case in the world.

Cynthia Tifft: 
But what the advantage to being in a small European country 
like Finland is that you have data on each patient in a very 
consistent way going back from childhood. Our issue in the 
United States is that many people are in multiple health 
systems and move from one health system to another over 
their lifespan, so there is not that continuity of data that one 
would have if they were living in a place like Finland where 
there is just really nice retrospective data.

Helena Kääriäinen: 
We also have registers, a lot of registers in all Nordic countries, 
and this collects useful data for health care. For the patient 
more important are privacy issues, which we also try to keep 
safe. But anyway, there is not such a conflict between private 
issues and using registered data.

Marshall Summar: 
There is a flipside to this that I do not think a lot of folks think 
about. So, we show the graphic we use for rare diseases, you’ll 
see this huge population of figures and then there is one that 
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is a different shade or a different look, and the goal is to pick 
that one out. One thing we must keep in mind too, if we start 
picking out ones who do not have rare disease, there is a 
consequence for that as well too.

So the false positive rate in rare disease is something we 
pay a lot of attention to, make sure we are not overly stressing 
families who may not have anything else to worry about, that 
we have either picked them up through a screening tool or 
things like that. And there is some data showing in newborn 
screening that the false positives can have long-term impacts 
as well too.

So while we want to be incredibly sensitive to pick up those 
patients, we got to be careful too that we do not have a lot of 
side effects on other folks who do not really have anything to 
worry about otherwise.

Sean Sanders: 
So about 70% of rare diseases are caused by genetic factors, and 
about 30% are other factors, and we are going to get to the others 
in a minute. But Cynthia, I’d like to come to you to explain to 
us what does it mean to have a genetic defect or a mutation that 
causes a rare disease? 

Cynthia Tifft: 
In the genetics world, we do not like to call them defects, 
genetic changes perhaps, because all of us have a certain 
number, six to eight rare recessive lethal genes that we all 
carry. And if you do not happen to have children by someone 
who is carrying a mutation in the same gene, you may go 
generations without ever seeing that.

“In terms of trying to not point out defects….. 
you want to make sure that the language you 
use is non-stigmatizing”

In terms of trying to not point out defects, I guess you 
would say, or you want to make sure that the language you 
use is non-stigmatizing, I guess would be the best way to say 
that. We know that there are many factors that can lead to 
these genetic diseases, some of them you inherit the gene 
from your families, and some of them are what we’d call new 
spontaneous mutations that occur just in that person. They 
are hereditary in some cases, and they are spontaneous in 
others, but they are all genetically based.

Sean Sanders: 
Do you have an idea of the breakdown, the percentage that 
are hereditary and the percentage that are de novo and new 
mutations? 

Helena Kääriäinen: 
There are more the de novo than we expected in the old times, 
I think we all probably thought that it could be recessive and 
it could be inherited from both parents, but today we know 
that really, really many cases, mistakes in one egg cell or one 
stem cell, and of course, from that person on, they might be 
hereditary in the coming generation if the person has children 
at one time.

But I remember so many families, where you have to be 
prepared to the fact that it may be hereditary and it may come 
in another child, and today, knowing the variant, we know that 
very many of the cases will not recur in the family.

Marshall Summar: 
Helena, would you say 50-50 is a reasonable number? 

Helena Kääriäinen: 
Might be, yes.

Marshall Summar: 
Yes, that is a guess, but just from what we have seen clinically, 
I do not know.

Cynthia Tifft: 
I think many of these ultra-rare diseases have gone 
undiagnosed for such a long time; they tend to be these 
new dominant mutations, which in a sense, is reassuring 
for the family, because the chance it would happen again is 
exceedingly small, as opposed to a recessive disease where 
they would be looking at a one-in-four recurrence risk — that 
is really useful information for the families.

As part of my role here at the NIH, I run the pediatric portion 
of the Undiagnosed Diseases Program, and so not only are 
we dealing with rare and ultra-rare diseases, we are dealing 
with diseases that are brand new, that have never been seen 
before, that maybe there is only one or two other cases. And 
I would say, often it is the case that these are new dominant 
mutations, They are not rare recessives that we once assumed 
them to be.

Marshall Summar: 
When you find a genetic change in a patient, unless it is 
something really straightforward — Downs Syndrome would 
be really straightforward — the most common answer a lot 
of times after doing sequencing is, “Maybe.” And that may 
be with a high degree of certainty, but we are discovering so 
many things at such a rapid rate.

I think when all of us started, you could diagnose a couple of 
dozen things accurately with molecular testing, which used to 
be chromosomes. Now, it is every week, there are several new 
links between a genetic change and a clinical phenotype or 
clinical disease. And that is going to, I think part of the pace of 
that means that some of that is going to change, we are going 
to go back and say, “Oh, we thought this one did it, now we are 
not for sure.” So “maybe” is a word we use a lot.

Helena Kääriäinen: 
Yes, and that is the part of genetics diagnostics where we 
seriously need big data to accumulate. It is so sad that we say 
that “Yes, there is a gene and there is a variant in the gene, but 
we do not know if it means anything. Maybe, maybe not.”
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Cynthia Tifft: 
And in the Undiagnosed Diseases Program we come across 
this all the time, and in order to really sort it out, even if you 
find a change in a gene that is quite compelling in terms of its 
function, but it has not been described before.

Cynthia Tifft: 
You can either find another family or two families that have 
the same change or a similar change in that gene and similar 
symptoms, and based on that, you can invoke that as a 
diagnosis. Or in the absence of second or third cases, you are 
left then with trying to model genetic changes of that gene 
in a model organism like a fruit fly or a mouse or a zebrafish 
and looking at the phenotype in that animal model. And if 
that is similar, then you can invoke that gene change as being 
causative in the patient. But that is a long process. Having to 
go to the modeling stage is a three- or four-year process that 
you might be coming direct to a patient in four or five years 
saying, “Oh yes, now we know what you have.” But it is a long 
process.

Marshall Summar: 
I was doing some back-of-the-envelope math the other day, 
and the pace of linking new genetic changes to disease, I think 
is something like five to 10 a week. Which also means trying 
to figure out what those diseases are. Is it truly a disease 
or a variation? I think this is where the big data comes into, 
we have got to get some great ways to store those genetic 
changes in patients, realizing we are going to have to re-
evaluate a lot and we are going to have to build those systems 
into it.

Marshall Summar: 
So that we can come back and actually, we are going to 
occasionally have to be wrong, because those changes later on 
are going to show that either be benign or the different one. I 
think there was a New York Times... I know it was Times or Wall 
Street Journal article on that last year, or year before, about 
how a family [had] gone through two or three iterations of this.

Cynthia Tifft: 
I think one of the ways that we are wrong in some cases is 
to have very rare publications or case reports of very rare 
diagnoses in families that are consanguineous or related to 
each other by blood. And so in those cases, you are not usually 
looking at one or two genetic, what we call candidate genes or 
genetic changes, you may be looking at a whole series of those.

Cynthia Tifft: 
And you may be looking at a person that doesn’t just have one 
rare disease, they actually have more than one rare disease, 
and the clinical presentation kind of gets mixed together, so it 
is much more difficult to try and sort that, drag that apart.

Helena Kääriäinen: 
Well, this all reflects that. There was a time when we thought 
that when we can read the genome, then we can solve 
everything, but it seems that new questions are popping up all 
the time.

Sean Sanders: 
And actually to that point...

Marshall Summar: 
We have a colleague who shall remain nameless who back in 
the late ‘90s said once the human genome was finished, we’d 
never need to examine patients anymore, and [that] couldn’t 
be further from where we are.

Sean Sanders: 
Now that is, I think it is an important point that both you and 
Helena make. And I wanted to also mention, so we have talked 
about sequencing but there are different types of sequencing. 
There is sequencing individual genes to look for a defect, there is 
sequencing exomes, and there is sequencing entire genomes.

So the question I wanted to ask is, if we were able to sequence 
people’s genomes or if the rates of full-genome, whole-genome 
sequencing increased, do you think we would identify more rare 
diseases? 

Helena Kääriäinen: 
Yes, but at present, we are quite unable to analyze all the data 
that we get from the whole genome, because we do not have 
enough of the background data, so the normal data yet. But 
we will find new diseases or new variants in the same genes 
that are not in the area that we used to sequence before.

Cynthia Tifft: 
There is a very interesting project that has been going on. 
One of the lead people on this is Stephen Kingsmore (https://
www.rchsd.org/doctors/stephen-kingsmore-md-dsc/),who 
is looking at babies in the intensive care unit, newborns, 
and doing very rapid genome sequencing on these very ill 
newborns to come up with the diagnosis. And really asking the 
question, if we can do very rapid, genomics, can we identify 
the cause of the child’s problem and change our therapy 
rapidly, within a day or so, and look at the outcome of these 
infants? 

And it has been very interesting to find that if you can do 
that, you can change outcomes because you can change 
your therapy. And there have been several instances that this 
whole team of experts reports as being helpful, and therefore 
advocating for sick newborns, that may be something that 
we want to do, do this rapid genome sequencing to arrive at a 
very rare diagnosis.

Marshall Summar: 
I’ll throw a little word of caution in here because I think if I 
do a whole genome sequence on any of us or anyone else, 
you know, and I am looking to see if there are changes that 
might predict disease, the answer is probably going to almost 
always be yes. The problem is that doesn’t always manifest in 
that patient’s actual physical appearance and their physical 
behavior.
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“I look at [it] as though we have all the puzzle 
pieces spread out on the table… we do not 
know what the picture is .. or where the pieces 
necessarily fit.”

There are some that are so extreme, they always do, but 
coming back to Cynthia’s point earlier, we are all carrying 
several lethal or at least severe mutations in there. I look at 
[it] as though we have all the puzzle pieces spread out on the 
table. Some of them, we do not know what the picture is on 
the puzzle or where the pieces necessarily fit. Eventually this 
technology will become more and more useful. It is going to be 
a process that evolves with time. 

Cynthia Tifft: 
It is going to require big data analysis, so in that sense, 
Jimeng’s approach to big data may give us some answers we 
didn’t have before.

Jimeng Sun: 
I want to point out the challenge has now become more on 
the phenotype side as opposed to on the genotype side. 
The genetic data are standardized but if you do not have the 
phenotypes, you do not have the disease labels — you need 
the symptoms, and very detailed characterization on each 
individual. It can be very hard to find the link between the 
genetic features to the phenotypic features.

That is, I think, is the challenge. The genetic data get better 
and more plentiful. We need a better algorithm to process 
that huge amount of data, but on the phenotypic side, we 
do not even have a very reliable phenotypes a lot of times — 
especially for those who do not have the disease. Because 
to predict, to classify the disease, you need both the cases, 
confirmed cases and the confirmed negatives.

The negative side is even worse. A lot of those phenotypes 
have not been documented, so you just must assume they do 
not have the gene. It is very hard to build a classifier when you 
only have some confirmed positive cases and no negative. It is 
a very challenging situation.

Helena Kääriäinen: 
Also there are challenges in a normal diagnostic laboratory. I 
am for instance working as a clinical geneticist in a diagnostic 
laboratory, and the problem we have is that the clinicians send 
such poor phenotypic data that it becomes difficult to build 
patient profiles. For instance, a phenotype can be reported 
as “developmental delay” without telling us what is normal. 
“Growing normally, and eyes are normal, ears are normal,” 
things like that. But this is not mentioned. Hence there are big 
problems with all the variants that I have found, because there 
are many variants in every individual case.

Marshall Summar: 
Consider comparing the old handwritten notes to the 
electronic notes, as far as how rich they were for the 
phenotype. We found the old handwritten notes had more 
depth as far as describing the patient. The electronic EMR 

(Electronic Medical Record) has a lot of check box items in it.
We have actually been doing detection of rare disease for a 
very long time, going back to in the ‘60s, but it is what I would 
call functional detection, such as the newborn screening card 
for PKU (phenylketonuria), which will detect the genetic rare 
disease, but detects it by the actual end functional phenotype. 
In some ways, that is a very powerful tool often not thought 
about enough.

I think everyone has become very enamored with 
sequencing, myself as well as others, but there are functional 
tests you can do. I think, Jimeng, probably looking in the 
EMR, we can start to find patterns of either everything from 
radiographic to EEG, EKG, and electrolytes that may be 
functional markers for some of these rare diseases.

“Part of the problem is, we have lacked 
a common terminology in genetics for 
describing what we see… If we are all seeing 
the same thing, we want to be able to describe 
it in the same way.”

Cynthia Tifft: 
Going back to the phenotyping idea just for a second, part 
of the problem is, we have lacked a common terminology in 
genetics for describing what we see. I think with the expansion, 
of what we call the human phenotype ontology that contains 
very descriptive detailed terms to describe something. If we 
are all seeing the same thing, we want to be able to describe it 
in the same way.

In this fashion, hypotelorism, narrow-spaced eyes, will 
be called the same thing by everyone, and it will be much 
more easily identified. Having very specific language for 
phenotyping is going to be also helpful.

Marshall Summar: 
We are all using image analysis, where you can codify 
recognition and measurements. Even phones now are so 
powerful, you can perform with millimeter precision, many of 
those measurements. I wonder if that more objective capture 
might be something that will power those phenotyping 
systems more.

Cynthia Tifft: 
There even are now some databases that take a standardized 
image of a particular syndrome, and you can feed your 
patient’s picture into the computer to see how they match 
and what the most likely diagnosis would be. They are crude 
at best at this point, but I think over time, they are going to get 
more refined.

Marshall Summar: 
We worked with the NIH to do that with what I would call the 
common syndromes. The reason being in parts of the world, 
you can’t get genetic testing, but you can find a smartphone 
just about anywhere. We found that for things like Downs 
Syndrome, it is about 98% accurate. So, this is another way to 
performing detection.
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“Whenever you must introduce a human in 
the loop to assign some judgement, then it 
becomes unreliable in my mind, or oftentimes, 
unstandardized.”

Jimeng Sun: 
I want to summarize one important observation here that is, 
whenever you must introduce a human in the loop to assign 
some judgement, then it becomes unreliable in my mind, 
or oftentimes, unstandardized. I really like the idea of an 
alternative way of documenting phenotypes. Maybe imaging, 
can do that, more efficiently, and more reliably.

At least standardization is moving forward. Also, 
incentivization becomes a problem and also how you 
standardize across hospitals. There are many issues regarding 
human documentation of phenotype, which is today’s 
practice. But if this can be done more reliably, such as like a 
lab test or an imaging test, then phenotyping will get better.

Marshall Summar: 
We found that facial geometry is quite predictive on those 
things, and aspects that you do not normally recognize as a 
person are taken into consideration. A computer analysis of an 
image will pick up things that we do not see.

Sean Sanders: 
The next part of the discussion I want to come to is detection of 
known and unknown rare diseases, but before we get to that, 
I did want to touch on, very quickly, the non-genetic side of 
rare diseases, and I know that several of you are geneticists 
and Marshall, as you said, you’ve been enamored with genome 
sequencing. I think we all have been.

But there is those 30% of rare diseases that are non-genetic, so 
how are those detected? And we are talking bacterial infections, 
environmental issues like mercury poisoning, nutritional 
deficiencies. Marshall, maybe you can start us off.

Marshall Summar: 
When you get out of the non-genetic area of rare disease, 
what you are doing is statistics. How often does a particular 
event happen, how often does a particular bacterial or tropical 
infection happen in the population you are looking at. In the 
United States if it falls below 200,000, then technically it is a 
rare disease. In the European Union, they use one in 2,000. 
Japan, Taiwan, and some of the other countries use a set 
list but then will also use that one in 2,000. It is therefore 
how commonly does something happen. For certain fungal 
infections that are very rare, you can make the argument, 
sometimes, that there is a genetic predisposition for getting 
that very unusual condition. So being geneticists, we are 
always going to drag it back there, but it is really, for me, it is a 
numbers game.

Sean Sanders: 
Jimeng, coming back to your work, can you just talk briefly about 
how you use your databases especially to detect non-genetic rare 
diseases? Because you are looking at phenotypes and you are 
looking across raw broad databases? 

Jimeng Sun: 
Most of the work we are doing is with data sets or electronic 
medical records, such as disease diagnosis, medication 
procedure. All the historical information has been documented 
during patient encounters, so we are just using that 
information as a longitudinal record. Eventually, maybe some 
rare disease will be diagnosed, then for now we are just looking 
backwards using historical data as input features, trying to 
find correlations. 

Can we maybe predict this diagnosis earlier? It can take 
quite some time to confirm the diagnosis if the disease is 
already active. The approach can be used for non-genetic 
disease as well. Because most of the data is not genetic.

Cynthia Tifft: 
Even non-genetic rare disorders have a signature, whether 
it is environmental or infectious. There are ways to diagnose 
some of these things. Metabolites, for example would show 
up in the electronic medical record. I think of lead poisoning in 
children, which unfortunately in Baltimore is not considered 
a rare disease, but in the world generally, it probably is. Or 
some very rare central nervous system infections caused by 
microorganisms, often viruses. There are still intricate ways 
of making those diagnoses and they also involve genetic 
sequencing, but sequencing in this case of the virus itself, not 
the person. Some of these we consider non-genetic diseases, 
and you can see that they have a characteristic signature.

Sean Sanders: 
We talked briefly about neonatal testing, and I wanted to ask, 
could you lay out the standard tests for diseases, for rare diseases, 
and specifically genetic diseases? I know these vary by country. 
Maybe you can just run us through a few examples.

Helena Kääriäinen: 
Phenylketonuria, PKU, was the disease that started this 
because if you diagnose or detect this disease early enough 
in the first weeks of life, the child becomes a healthy adult 
person. And if not, there will be severe developmental 
problems. For instance, in Finland, PKU is now extremely rare.

“It is not only screening, but also what 
happens to the baby afterwards. There must 
be a sound health care system, and good 
pathways for the detected babies and families. 
It is not just screening, but the whole process.”
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Other diseases have now been added to the panel, but you 
need to be careful to avoid screening for diseases you cannot 
very efficiently treat. There is the whole spectrum: there are 
countries that are very ambitious and screen a lot of diseases. 
It is not only screening, but also what happens to the baby 
afterwards. There must be a sound health care system, and 
good pathways for the detected babies and families. It is not 
just screening, but the whole process.

Marshall Summar: 
Helena’s got a great point there. Should you screen for things 
that you can’t necessarily do anything about? There is a set of 
criteria worked out by the World Health Organization that was 
based on some earlier publications and I still think those hold 
true. (1) Can you detect it early? (2) Can you do something 
about it? (3) Is the disease present in the population you are 
looking at? And it is more detailed than that, but those are not 
necessarily bad guidelines. 

Cynthia Tifft: 
In the United States, there is a whole committee that has 
come up with a recommended screening profile of diseases, 
and there is a whole long process. It takes years and years to 
get something added to this profile. And their criteria for doing 
that include: (1) Is there a therapy? (2) How common is the 
disease in the population? (3) How accurate is the testing? 

Whether it is recommendations of the World Health 
Organization or this RUSP [Recommended Uniform Screening 
Panel] group in the United States, that there needs to be some 
rhyme and reason about what goes on a newborn screening 
panel. I think Helena brings up a most important point: once 
you find something, that is the easy part! But then you must 
have a health care system on the backend that is able to 
support families, provide the treatment to the child, and follow 
the child over time, and support the family. Therefore it is not 
just putting blood on the heal card. There is a big process that 
follows. We need to be careful about what we decide to screen 
for and then have the ability to follow up on — that is the real 
key.

Marshall Summar: 
There was some great data from New South Wales a few 
years back, where they looked at the return on investment in 
newborn screening. Interestingly, the biggest payoff was in 
thyroid. Hyperthyroidism in the newborn had something like 
a 50-to-1 payback to the state. And I guess legislators have 
to look at these things. Also, PKU screening does well. But 
as we are getting into these more and more rare and more 
uncommon and very difficult-to-treat diseases, it is going to be 
an interesting process to figure out how that balances out.

Sean Sanders: 
From a clinical perspective, what is the impact on the patient 
having the knowledge of what causes their disease? Do you find 
that this is useful? Or is it not of any use to the patient if it is not 
actionable? 

Cynthia Tifft: 
No. We found this through the Undiagnosed Diseases Program 
and reported it widely. I call it, “What’s in a name?” And I say 

everything. Because a family looking for a diagnosis may 
spend years and years trying to find a diagnosis. They do not 
really belong. They do not belong to a group of other people 
with the same condition. There is stigma attached. “Why 
doesn’t your child have a diagnosis? You must not be seeing 
the right doctors.”

In the population, one thinks that all diseases should all be 
able to be diagnosed. And for these ultra-rare diseases, that 
is not the case. The anxiety attached as a parent to having a 
child with a rare disease that is undiagnosed is substantial. 
And once the family receives a diagnosis, even if there is no 
treatment, they will say to you, “Now I know what this is.” “I 
perhaps have a community that I can belong to, an advocacy 
group to share best practices. Even if all I am providing to my 
child is supportive care.” There is a lot in a name, a lot. Even if 
there is no therapy.

Helena Kääriäinen: 
But it is also very important for the health care, because 
otherwise, we as doctors cannot concentrate on treating the 
patient. Because we are looking for the diagnosis for years and 
taking new tests, and not concentrating to what is important 
in the everyday life for the child and family. I said child, and 
of course, there are also adult patients. But for most of the 
genetic diseases we see them first in childhood.

Marshall Summar: 
I think that closure seems to be very important. There are also 
a couple of publications out there showing the expenditures 
go down after you make a diagnosis. There is a health systems 
reason to do it as well. It is not all about that, but it is an 
important thing that I think it is lost sometimes. That closure 
is important for the families. What Cynthia and Helena said is 
spot on.

Sean Sanders: 
This brings me to a question I wanted to ask Jimeng, and that 
is the broad database analysis that you are doing, how can that 
information be brought back to the individual patient level that 
will aid in disease detection and diagnosis? 

Jimeng Sun: 
I think that those algorithms require a lot of data, as we 
have discussed again and again, which is very tricky in rare 
diseases. I do agree with the other panelists. The patients and 
the families are very eager to participate, probably to help this 
line of research as well.

There is one time even my computer science paper got 
read by a mother of a child. I do not know how they found it, 
although I had “rare disease detection” in the title. She called 
me and asked, “Okay, are you doing more of this research?” 
and so on. I was surprised to see patients and families that are 
really, really interested pushing this forward.

“I was surprised to see patients and families that 
are really, really interested pushing this forward.”
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One possible idea is if patients start to collect or gather their 
own data, there is a mechanism for them to share their data as 
well and directly for research. And then there is a lot of benefit 
to bypass privacy concerns if the patient consents. And we 
probably will discuss that topic, but if a patient owns their own 
data and are eager to participate, it can help research. It can 
help to build this database.

It is unlike common disease. Even if you access a single 
hospital, you can probably get enough patients to build a 
detection algorithm for a common disease. For a rare disease, 
you need to gather all types of patients from the entire nation 
or beyond. So patient engagement will be key to building such 
a database.

Marshall Summar: 
I must blow the horn for both the NIH and Finland on 
this. The NIH has a robust rare disease clinical research 
program: National Organization for Rare Disorders does 
this well. Finland has been a world leader in collecting this 
natural history data. As long as I have been in the field since 
the 1980s, they had this world class data. Without that 
information, you can’t reverse engineer what a patient looks 
like before they have been detected or have a diagnosis. Those 
efforts are not necessarily the sexiest science you can do, but 
they are some of the most important science you can do.

Cynthia Tifft: 
I deal with an ultra-rare disease called GM1 gangliosidosis, and 
it is rare enough that we do not understand the natural history 
of it. One way of doing that is to see a number of patients over 
a long period of time, but another way that has turned out 
to be very effective is to allow patients who own their data 
to contribute it into a registry. There are organizations out 
there now who are collecting this data and putting it through 
the types of artificial intelligence, to come up with a natural 
history. That is turning out to be very useful for companies 
who are developing or have developed therapies for the 
disease, to understand what the milestones are in the history 
of that disease, to look for outcome measures.

The next question is, what are you going to call success? If 
you do not know how people fall apart over time, you do not 
know what to call success. But using this artificial intelligence 
of patients’ medical records, it has been successful in 
pinpointing things they should be looking at in their therapies.

Sean Sanders: 
Should the patients be concerned about privacy? And Jimeng, 
you mentioned this in your previous comment. I guess if they are 
sharing their own data, that is okay, but are there any privacy 
issues that we should be thinking about? Jimeng, maybe you can 
start us off.

Jimeng Sun: 
I think from the computer science point of view, privacy is 
defined as if you re-identify the individual from a dataset, 
that is you generally consider not very good. And for various 
reasons, maybe because the diagnosis is maybe sensitive. The 
records contain sensitive information. In the United States, 
there is a law, HIPAA, where it is illegal to gather or share such 
a data without patient consent.

A lot of research has focused on the privacy aspect. Most 
of the ideas are about removing patient identifiers and add 
noise to the data so the data become less re-identifiable to a 
specific individual. But in the rare disease case, it is very tricky 
because of the sample size issue, and so it is almost always 
re-identifiable.

Others can say more about patients’ and their families’ 
motivations as opposed to a patient saying, “Oh, you used my 
data, I do not want you to do that.” 

Helena Kääriäinen: 
But also, I had the feeling that rare disease patients usually are 
not very worried about the privacy. Instead, they very much 
want that their data used, because they know that too little is 
known about their disease. So of course, the ones who collect 
the data must take care of that, that it is properly protected. I 
do not think that the patients as a rule are against this.

Marshall Summar: 
It is harder to find the controls than it is the patients, as far as 
getting them to agree to participate.

Cynthia Tifft:. 
The patients that I had deal with rare disease, want their 
stories known, and tend to know each other. And so as much 
time as I spend trying to not talk about other patients to 
a particular patient, they all know each other. They are all 
sharing their medical information anyway. 

The other point I would make is, in some of these registries, 
families are able even to contribute information on their 
deceased children or their deceased family members, who 
have succumbed to a very serious genetic disease. I can 
tell you, in some cases, the parents are grateful for the 
opportunity to have their children’s information used so that 
something positive could come out of something that was so 
negative for them. And I have heard that many, many times 
among families.

In the rare disease community, families do not seem so 
worried about data privacy as they do, in general.

Sean Sanders: 
I wanted to touch on something related to this discussion, and 
that is cultural considerations when doing testing. Could you talk 
to that? 

Marshall Summar: 
Well, there is a couple of things. One is biologic, and one is 
what I would call more social. The biologic is that when we 
are starting to do sequencing, we have to remember that 
different groups are going to have a lot of different variations. 
So any time we go into a population that hasn’t had a lot of 
sequencing done in it before, or genetic testing done in it 
before, we have to be very careful that we do not call things 
abnormal that are actually normal for that population, vice 
versa. So there is the context of the genetic sequencing.

The other is what I would say, the understanding of the 
implication of genetic testing. Genetic testing is different from 
getting a set of electrolytes or getting a throat swab for an 
infection, things like that. The data is more permanent. When 
you come in and you test someone’s DNA, you are giving them 
lasting information and it is pretty much going to be the life 
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of that patient. And particularly in families. If they do not have 
a good understanding of that, you can create a lot of problems.

There are a couple of good examples. They are what are 
called ancillary findings or findings beyond what you were 
looking for. A lot of testing labs now will ask if you want to 
know you have a risk for Huntington’s disease or some of the 
other diseases that might be detected. There are unintended 
consequences to genetic testing that can happen. 

And then sometimes the family may learn something 
about the family that they did not expect or want to know. 
This can be quite upsetting or quite troubling; everything 
from parentage to other issues. So when you go into different 
cultures, different parts of the world, DNA testing can have 
some very serious implications that you have got to think 
through very carefully.

I use the term “cultural competencies” as one of the things 
we must think about when we are looking at other groups. 

Helena Kääriäinen: 
Well, one thing is that if there is a hereditary disease in the 
family and you find the mutation or mutations that cause 
it, then suddenly prenatal diagnosis becomes possible. Or 
maybe predicting a disease in a young family member comes 
possible. And this raise very difficult questions, which may be 
very much culture related.

There may be cultures where you cannot discuss about 
prenatal diagnosis, and there may be other cultures like most 
Western cultures, where it is one option and families are of 
course different, but it can at least be discussed.

Sean Sanders: 
Great. The other topic that I wanted to talk about was how the 
medical workforce can make proper use of genetic testing. What 
sort of education do you feel that they need to really understand 
how to use that data? And also, how to share that information 
with the patient in a culturally respectful way as well as a 
personal, personally respectful way? 

Cynthia Tifft: 
It is clear there are not enough geneticists worldwide to fill the 
need, so we are going to have to rely on other practitioners to 
basically give those results. It would be wonderful if medical 
schools provided that kind of curriculum. Genetic counseling 
programs certainly do, not only what the results are that you 
are delivering, but how to, as you say, culturally sensitively 
deliver those results.

I realize that there is a lot to learn in medical school, but 
competencies and how to talk to patients about how to have 
difficult conversations with families, and how to interpret 
genetic information, would be extremely helpful. And I can tell 
you that there are situations where physicians have ordered 
laboratory genetic testing, the results have come back, and 
it has not been clear to that physician that this is a positive 
result. It can get filed in the medical record sometimes for 
years before someone goes back and looks and says, “Well, 
the answer is right here, you ordered it two years ago.” One, 
we need to educate practitioners. Genetics impacts every 
specialty in medicine, there is no question about that, and we 
need to educate people to be able to read those reports and 
deliver sensitive information in a really clear way.

Marshall Summar: 
People like binary answers, it is yes or no, you have it or you 
do not. And with the way genetic sits right now, still, as we are 
evolving our understanding about the results of these things, 
that just simply doesn’t happen. A lot of physicians have not 
been trained that way. We have to get back into training and 
start to get medical personnel used to doing and dealing with 
that level of uncertainty.

Helena Kääriäinen: 
Yes, and there is again, the problem that rare diseases are 
so rare. It doesn’t happen every day to another doctor, an 
ophthalmologist or dermatologist, that he or she is supposed 
to explain a genetic result, and so the words do not easily 
come.

Marshall Summar: 
It is kind of a paradigm shift. I think historically, physicians 
were expected to be masters of all the knowledge in their 
field. In genetics, that is impossible. With the addition of 
new diseases every week or every day, there is no way to be 
absolutely encyclopedic in what you know, when for many of 
these diseases, they are brand new, we do not have a good 
understanding yet. It is a different way of thinking about 
human disease.

Cynthia Tifft: 
And that is when we rely on large databases and compendia of 
disease variants to tell us how to interpret the results.

Marshall Summar: 
I would say genetics is more digitally dependent than any field 
of medicine.

Helena Kääriäinen: 
But in addition to having doctors who can discuss these things 
with their patients, we also need something written. We should 
have information on the internet. And it is maybe not practical 
that every university hospital creates its own, but it could 
be that the genetics community creates good information 
that would support both the doctor and the patient to better 
understand the results.

Sean Sanders: 
Well, I think all of you are doing fantastic things to support the 
rare disease research community. I did want to thank you so 
much for your input, for your research, everything you do. So 
many thanks to our fantastic panel for generously sharing your 
knowledge and your insights today.

As I mentioned earlier, this webinar is just the third in a 
year-long series, so please do look out for more, for future events 
that will be coming soon, and you can find them at webinar.
sciencemag.org. If you would like to sign up to receive alerts about 
future events, you can use a link in the “resources” tab to the right 
of the video window. If you’d like to send us your thoughts on this 
webinar, you can email webinar@aaas.org. Thank you so much to 
our panel and to Fondation Ipsen for enabling this conversation 
through their kind sponsorship. Goodbye, everyone.
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The Conversation
Sean Sanders:
Hello and a very warm welcome to this fourth installment of 
the Science and Life Webinar series on rare diseases. I am Sean 
Sanders, Director and Senior Editor for Custom Publishing at 
Science, and once again, it is my pleasure to be the moderator 
for today’s many different aspects of this important topic of rare 
diseases. If you missed our previous webinars in this series, you 
can find them archived at webinar.sciencemag.org. For tweets, 
you can add the hashtag #ScienceWebinar. We pre-recorded this 
webinar a couple of weeks before broadcasting, so we are not 
able to take questions from  live viewers, but as always, we will 
do our best to cover this topic as completely as possible. Finally, 
thank you to Fondation Ipsen for sponsoring today’s event and 
this series.

I am pleased to welcome today’s panel of experts, and give them 
the opportunity to introduce themselves. A very warm welcome 
to all of you, thank you for making the time to join us today, and 
Monica, I am going to ask you to get the ball rolling.

Monica Hsiung Wojcik: 
Thank you, Sean. My name is Monica Wojcik. I am a medical 
geneticist at Boston Children’s Hospital, and I am also a 
neonatologist here taking care of neonates and infants in 
the intensive care unit. In addition to my clinical role, I also 
spend a lot of time doing research related to diagnosis and the 
pre- and postnatal periods, and research related to genomic 
medicine or how we use these diagnoses to really empower 
and inform the best care for our babies and their families. 
Not only in the NICU [neonatal intensive care unit], but in the 
neonatal infant period and beyond. 

Sean Sanders: 
Next, I am going to turn to Roberto.

Roberto Giugliani:
My name is Roberto Giugliani. I am a medical geneticist 
based in Porto Alegre, just south of Brazil, where I work in the 
University Hospital [Federal University of Rio Grande do Sul] 
and have been involved over the last 35 years with newborn 
screening, trying to bring this kind of approach to Brazil and 
Latin America and working also in preservational research to 
innovate all these areas in our region. As a medical geneticist, 
I have also been involved in prenatal diagnoses and prenatal 
screening. 

Sean Sanders:
Next up is Jim, who’s joining us from the UK.

Jim Bonham: 
I am President at the International Society for Neonatal 
Screening. We have around 500 members in that society, 
drawn from a little more than 40 countries right around the 
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world. In my day job, I work as laboratory lead for newborn 
screening in the UK, and one of the exciting ventures that we 
are about to embark upon is screening for a new condition 
in the UK, at least evaluating that severe combined immune 
deficiency. That is one of the disorders which causes immune 
problems in young children; we can avoid if we identify 
early. So that gives a kind of flavor of the exciting things that 
newborn screening can sometimes deliver. 

Sean Sanders:
Finally, we are going to ask Melissa to introduce herself.

Melissa P. Wasserstein: 
I am a medical geneticist, and I work at the Children’s Hospital 
at Montefiore and the Albert Einstein College of Medicine in 
the Bronx, New York. I am specifically a biochemical geneticist, 
which means that I take care of patients with inborn errors 
of metabolism, most of whom were diagnosed through 
newborn screening, so that they recognized that full benefit of 
early detection. For my research, I work with a pilot newborn 
screening research study called ScreenPlus, where we are 
screening consented babies for an additional 14 disorders, 
while we are also doing an evaluation of the associated ethical 
issues that accompany newborn screening for complex 
disorders.

Sean Sanders:
Jim, I think I am going to have you start us off, and before we get 
to the importance of neonatal or newborn screening, I wonder if 
you could just walk us through what is neonatal and newborn 
screening, and how is it done? 

Jim Bonham: 
Newborn screening gives us the opportunity to identify 
children before they become ill, and that is pivotal. When 
these children are born, they look very often, perfectly normal. 
They behave entirely normally and unknown to anyone, they 
have a serious and sometimes life-threatening condition, and 
what newborn screening enables us to do is to detect that 
before they become ill and intervene and treat them, and that 
treatment is truly life-changing for those children.

In terms of the organization of newborn screening, it was 
first described really back in the 1960s — so we have been 
doing newborn screening now in countries like the U.S., and 
in many countries in Europe for more than 50 years. One 
of the early pioneers was a chap called Dr. Robert Guthrie. 
Robert Guthrie was a microbiologist, and he gave us not only 
a test that could be used in newborn screening, but perhaps 
even more importantly a means of obtaining a sample and 
transporting that sample simply.  The condition he was 
interested in is a rare disorder, occurs in around about 1 in 
10,000 children called phenylketonuria, often abbreviated to 
PKU, and what Bob Guthrie discovered was that you could 
identify those children affected by a simple microbiological 
test.

That test has since been replaced, but what he gifted us was 
something even more enduring. That what he gifted us, as I 
say, a means of collecting that sample, and what Bob Guthrie 

suggested was that you could take a tiny drop of blood, drop 
it onto a filter paper and allow that to dry and then transport 
that sample simply and easily to a regional testing center. That 
is basically the heart of the newborn screening that we still do 
today. Of course, now we test for many more conditions, and 
we use more sophisticated technology, but the basics of that 
was set by Bob Guthrie in the 1960s.

Sean Sanders:
So essentially, the test hasn’t changed. It is still a pinprick with a 
young newborn, and a paper card that the blood is put on? 

Jim Bonham: 
Yes. It is still a pinprick of blood, just effectively one drop of 
blood, usually a few drops of blood applied across a filter 
paper with the patient’s identification details attached to 
that. That can be air dried and then popped into an envelope 
and sent by FedEx, or by any other mail system to a regional 
testing center. Of course, the quality of the sample is 
important. It is important to get it to the laboratory quickly, 
but the samples are pretty stable, and that really forms the 
bedrock of newborn screening right around the world.

Sean Sanders:
A couple of you mentioned some new advances in newborn 
screenings, and new programs that you are involved in. Melissa, 
maybe I can come to you and ask you, what are some of the recent 
advances in newborn screening, and what are you seeing for the 
future? 

Melissa P. Wasserstein: 
We started out in the 1960s screening for one disorder 
and that was PKU, and the reason why we did that was this 
acknowledgement that PKU, you can pick it up on that tiny 
little bit of blood. You can intervene if the child has a positive 
screen, so you can really make a tremendous difference in a 
child who otherwise would have had significant intellectual 
developmental disability. And you can do it in a cost-effective 
manner. Since then, that tiny little bit two to three-millimeter 
punch of blood on a filter paper, we can now screen for over 50 
disorders on every baby, using that same tiny little bit of blood.

That is where the major technological advances have been 
in terms of the ability to use different machinery, different 
technologies, and get even more information to try to make 
early diagnosis. In addition to doing those tests, we can 
also do different types of testing on that dried blood spot — 
including DNA-based testing and genomic-based testing. The 
changes and the improvements have been vast and really 
exciting to see.

Sean Sanders:
Roberto, there are a couple of questions that I was interested 
in having your input on. The one is in my background reading 
around rare diseases and neonatal testing, I was surprised to read 
that it is essentially different in almost every country, how the 
testing is done, the number of diseases tested for. Is that something 
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you could speak to, and talk to testing in remote locations where 
it might be difficult to get the samples to a hospital or a testing 
facility quickly.

Roberto Giugliani: 
You are right, the panels that are in place in each country, 
they are quite different. You take the U.S.: from state to state, 
there are some differences,but generally they are the same 
so it depends very much on how the health system deals with 
this program, their priorities, what they decide that should be 
included. As Mellissa said, with the number of conditions that 
we could include in this the newborn screening is potentially 
unlimited, but of course, you have some pre-conditions to 
define, which this varies from country to country.

There are some countries with very limited panels and 
other countries with more expanded panels, and there is a lot 
of heterogeneity among these programs. I think the different 
experiences could be combined. The International Society of 
Newborn Screening is trying to have more uniform panels, or 
at least some minimum steps and conditions that should be to 
be included in the worldwide program.

Sean Sanders:
Roberto, is testing global? Is every child in the world tested, or 
are there still parts of the world where no testing is done? 

“Unfortunately, there are still some parts of 
the world where no neonatal testing for rare 
disease is done.”

Roberto Giugliani: 
Unfortunately, there are still some parts of the world where 
no neonatal testing for rare disease is done. Most developing 
countries have screening, but there are some areas where 
newborn screening is not performed. Some regions and 
countries do not have a public health policy. There is still lots 
to be done to have newborn screening as a global initiative.

Sean Sanders:
Monica, let me come to you with this next question. I want 
to get on to the importance of testing. We have touched on the 
fact that it can identify certain diseases early that can allow 
early treatment, but maybe you could expand on that and talk 
about how many disorders are currently screened for. I know it 
is different in different countries as we just talked about, but if 
generally, how many disorders are we looking at currently? 

Monica Hsiung Wojcik: 
I think, just to give you an insight into what happens in the 
neonatal intensive care unit, for example, I think it is important 
to highlight differences in terms of trying to identify babies 

that are asymptomatic or pre-symptomatic for conditions. Jim 
discussed severe combined immunodeficiency, and Melissa 
brought up PKU, and both talked about PKU. These are babies 
that are at risk for severe complications; with insight into the 
condition they have, you can then, in many cases, offer life-
saving treatments.

In the NICU, many babies are already sick, and so we have 
already progressed in that case, beyond the screening panel 
into the realm of neonatal diagnosis, where we are then trying 
to use some of the techniques like DNA-based sequencing 
tests to figure out what the baby has once they are already 
sick. In contrast the newborn screening panel, which in 
most cases has, depending on the state, includes dozens of 
conditions that are supposed to be early onset, treatable, and 
sometimes curable. When we have a baby who’s already sick 
and we are trying to identify the diagnosis, it may be treatable 
or it may not, and so the way we approach the testing and how 
we use it might differ than the screening tests that have been 
talked about before.

Sean Sanders:
We are currently not doing genomic screening on newborns as a 
standard screen, right? This is a different type of test.

Monica Hsiung Wojcik: 
Correct, and so the traditional newborn screen is not a 
genomic screen, meaning it is not generally designed to 
sequence all the DNA and look for disease-causing changes 
that produce the conditions in question, although there have 
been some important studies looking into what that would 
look like, but right now, there is biochemical tests and other 
kinds of functional tests, and like I said, it reflects a little bit of 
the different purpose between a screening and a diagnostic 
test.

Sean Sanders:
Why not screen for more disorders? My understanding is there is 
about 7,000 rare diseases —  why not screen for all of them? 

Jim Bonham: 
It is a good question. At the minute in newborn screening, we 
depend largely upon biochemical tests, and so first, we have 
got to have a test, and not all the 7,000 rare disorders have 
a good biochemical marker that we could use for screening. 
There is a more philosophical reason as well. As someone 
once said; all screening does harm, some screening does 
more good than harm, and some of that at reasonable cost, 
and so there is always a judgment to be made because we are 
reaching out to families who believe their children to be well, 
and of course, the reason that most parents look for screening 
for their children is not necessarily to find out if there is 
something wrong, but to be reassured that their child who 
they believe to be well, is in fact well, so any screening result 
comes as a shock. It is important to balance the potential 
benefits of identifying children early from the harm that we 
might do if we over-diagnose or over-treat children.
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“We have got to have a test that is highly 
targeted that does not upset families; we have 
got to be able to present families with good 
information to make decisions on.”

Thus, we have got to have a test that is highly targeted that 
does not upset families; we have got to be able to present 
families with good information to make decisions on. We have 
got to be able to offer this test, not just as an isolated test, but 
as a part of a whole program of care. If the shock comes and 
the family get a phone call to say that they have got a positive 
result for their child, then they are immediately plugged in to a 
responsive and well-organized treatment system, and, that is 
not always available.

“If the shock comes and the family gets 
a phone call to say that they have got a 
positive result for their child, then they are 
immediately plugged in to a responsive and 
well-organized treatment system.”

When health policy makers begin to decide which conditions 
they will screen for, they use a set of criteria, and thankfully, 
there is a set of criteria that has been around for some time, 
in fact, more or less from the beginning of newborn screening 
from 1968 called the Wilson and Jungner criteria. The Wilson 
and Jungner criteria are used to help assess whether or not it 
is wise in health care to screen for a particular condition, and 
they include criteria like: is this an important condition? Is it 
treatable? Is it while being rare still common enough to justify 
a whole population screening program? Is it going to be a 
proportionate health intervention?

We all end up with different answers because different 
people make those assessments about the balance of risk and 
benefit, and sometimes they are public health people, that is 
people that take an overall view of the good for the population, 
and sometimes they are influenced by individual clinicians 
who may lobby for a particular disease that they have seen 
have devastating consequences for individual children. That 
difference of approach will often come to differences in 
decision.

Some of those decision-making bodies ask for published 
evidence. As we know in rare disease, getting good, published 
evidence is difficult. If you demand evidence-based published 
literature before you intervene — before you start a screening 
program — then you will be a little bit behind those who are 
willing to base recommendations on input from clinicians.

Lastly, some administrations, particularly those that operate 
socialized medicine, look for detailed explanations for the 
cost-effectiveness of screening; for example, is this something 
that we should spend money on, when perhaps we could be 
spending money on something else? You can imagine in some 

low- and middle-income countries, there are really difficult 
decisions about where it is wise to spend your money and get 
the best outcome for the population that you are responsible 
for. Taking all of that together, that explains why you get these 
differences in choice, ranging in some places from screening 
for 50 conditions and in other places one or two, or maybe 
even none at all.

Roberto Giugliani: 
You mentioned that there are around 7,000 genetic diseases; 
why not screen for all of these diseases as well? Jim just 
pointed out that the condition should have a treatment, should 
be treatable. So, this limits the number much less than 7,000, 
in fact just a fraction of that. Also, early diagnosis and early 
treatment should make a difference to the patient’s life. So this 
further decreases the number of target conditions. Diagnosis 
is the easiest part of the newborn screening; however, with 
therapy and the follow-up there are a lot of challenges that 
greatly limit the number of diseases you include in the 
screening program.

The final number of potentially screened diseases is 
much lower, around 50, 60, in the most expanded program. 
Technically, it would be possible to do much more, but you 
must take these factors into account.

“The focus has always been on screening for 
disorders that benefit the baby. There must 
be something for that child that is going to 
change the outcome of their health, that we 
can treat, that we can do things for.”

Melissa P. Wasserstein: 
We have always used the Wilson and Jungner criteria to guide 
us about what is appropriate. The focus has always been on 
screening for disorders that benefit the baby. There must be 
something for that child that is going to change the outcome 
of their health, that we can treat, that we can do things for. 
Now, we can screen for many of these 7,000 rare disorders, 
and probably have the technology to do so. Is it time for us to 
rethink those criteria and that definition of benefit? Should 
newborn screening still just be for the benefit of that baby? 

“Is it time for us to rethink those [screening] 
criteria and that definition of benefit?”

Should we make sure that there is always a treatment, or 
can we also think outside the box a little bit? Is there a benefit 
to the family? Even if we don’t have a treatment for that baby, 
but if that family now knows that God forbid, there is a terrible 
disorder running in their family, maybe they could use that 
information to help for genetic counseling for the rest of the 
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family. Is there a benefit to knowing that there is a disorder 
that might not present until adolescence or adulthood? Is 
there some benefit to that individual? So, I think it is time for 
us to start rethinking how we are looking at it, because we are 
at that stage where we probably can test for all these things.

“Is there a benefit to knowing that there 
is a disorder that might not present until 
adolescence or adulthood?”

There are two main facets that we have been discussing. 
One is: can we do it? Can we look for all these 7,000 disorders? 
Many of these conditions are defined biochemically and 
genetically, meaning you might see a biochemical change, or 
you might find it by a DNA change. We can all think of cases 
where the traditional newborn screen might have missed a 
biochemical case that was then detected by a DNA-based 
test or vice versa. It is still not clear how to best use those 
two types of testing together to detect all the important 
conditions.

Monica Hsiung Wojcik:
I think the issues that Melissa was just touching on are critical 
to consider. She raises some important questions about what 
is important for the family to know. We use very broad genetic 
testing like exome and genome sequencing to diagnose infants 
in the NICU, many of whom may present with something that 
is relatively localized, like a congenital heart defect, and then 
we find out the child actually has multi-system disorder that 
has much more profound implications for things like growth 
development, intellectual disability and only then we can try to 
predict what the child’s adult life might look like.

We are giving this information to families in certain 
scenarios that they were not expecting. We must think about 
how to do that appropriately for these new families. It is really 
a critical question.

Jim Bonham: 
There are two distinct schools of thought. It is probably fair 
to say that in Europe, we would take a much more guarded 
view about treating conditions that would be considered 
not to be treatable. There are several reasons for that; not 
least, that you take away sometimes what is described as the 
golden years of having what, to all intents and purposes is a 
normal child and allowing that bonding to happen with the 
family. Some families who are given a treatment, a diagnosis 
for an untreatable condition say that they welcome that early 
because it cuts down the terrible journey that they go through, 
getting that information.

It allows them to plan and that is a view that is to be 
respected. Other parents disagree; the illness has robbed 
them of an enjoyable childhood with this child, who then 
subsequently begins to perhaps regress and they feel that 
they have permanently lost those years and that has been 

taken away from them. Who has the right to do that? 
The other difficulty with spreading the net wider and 

screening, particularly into conditions where the child does 
not necessarily become ill until adolescence, is that you 
remove the right not to know. These babies that are being 
tested, are being tested without their consent or knowledge, 
and you are giving them information that is directly relevant to 
their lives as they grow up, and they have got no choice about 
that. They simply inherit that, because of a choice for their 
parents.

There are some real debates to be had and this is going to 
become, perhaps even more topical as we begin to use that 
tiny drop of blood. We have the potential to use the tiny drop 
of blood on filter paper potentially to perform home genome 
sequencing, and then we get into these very difficult areas 
for what is it like to have your life mapped out in front of you 
without your consent, and who has the right to do that? These 
are tricky issues.

“What is it like to have your life mapped out 
in front of you without your consent, and who 
has the right to do that?”

Sean Sanders:
It certainly is a very complex problem to resolve, but I thank 
you all for your input. I think this is an interesting discussion 
and part of the rare diseases issue. I did want to come back to 
something that we touched on; is testing dangerous and what are 
the risks, what are the disadvantages?

Jim Bonham: 
When you test someone, when you take a blood sample, you 
give them a little bit of anxiety. You potentially medicalize 
them, and of course that is not a bad thing if the product is 
some useful information which can prevent or treat disease. It 
is a bad thing if you medicalize them and it is just a false alarm 
— that does happen, and it happens with screening.

In the screening world this is described as the “positive 
predictive value” of the test: if you get a screening test which 
proves positive, what are the chances from that result that 
your child really has the condition? In some situations, a 
positive screening result means the child has a 90% chance of 
having that condition for others it can be as low as 5% or 10% 
or sometimes even less than that.

A false positive screening result is where a child has a 
positive test but no disease. Studies show that for some 
people that impact comes and goes, and they get on with their 
lives. However, for others, that experience results in long-
lasting parental stress, and increased use of hospitals and 
primary care physicians. In addition, it disturbs normal family 
life, and that can be comparatively serious for some families. 
Testing is not an intervention without cost.
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“Another thing that we find when we screen 
for a disease, is that we identify forms of a 
disease which are much, much milder and 
possibly would remain asymptomatic right 
into late childhood or even adulthood.”

Another thing that we find when we screen for a disease, 
is that we identify forms of a disease which are much, much 
milder and possibly would remain asymptomatic right into 
late childhood or even adulthood, or perhaps never come to 
clinical attention. In that sense, we medicalize people, give 
them a life-long diagnosis, which for them individually is not 
necessarily justified.

Most screening programs will screen for congenital 
hypothyroidism. When we began to screen for congenital 
hypothyroidism, it was a disorder that happened and around 
about 1 in 6,000 babies, and it happened with twice as many 
girls being affected as boys. Now, after screening, we identified 
about 1 in 1,500 children, and there are an equal number of 
girls and boys, and what that is telling us is that whatever we 
thought we were screening for, it is not the same thing as the 
clinical condition. Screening changed the goalposts. It may not 
be wrong, and it may benefit those extra children that have 
been diagnosed, but it is not exactly the same condition as we 
were identifying before.

So, there are things still to learn and we sometimes still get 
it wrong and when we get it wrong, we upset families.

Melissa P. Wasserstein: 
Jim raised some excellent points, especially about the 
uncertainty for some of the disorders on our currently 
broad screening panels. I think he talked about congenital 
adrenal hyperplasia, congenital hypothyroidism. We are often 
finding children who are at risk for later onset conditions and 
sometimes, we really cannot give a lot of precise information 
to parents about what to expect, when to expect it, what are 
the first things to look out for.

It is important to measure what those families are going 
through: is it harmful? How severe is it? What are they 
suffering from? How enduring is it or is it okay? It might 
be beneficial to find out that information earlier because 
we will be avoiding the diagnostic odyssey. There is a lot to 
be studied. We need real data about the potential benefits 
and potential harms of newborn screening. There is a lot of 
anecdotal information, a lot of opinions, going for decades, but 
it is time to now quantify this.

Before the baby is born: “Prenatal testing, including 
screening and diagnostic tests, can provide valuable 
information about your baby’s health. Understand the 
risks and benefits.” 

https://www.mayoclinic.org/healthy-lifestyle/
pregnancy-week-by-week/in-depth/prenatal-testing/
art-20045177 

Once a baby is born (neonatal screening): “This 
blood test detects certain rare genetic conditions 
and metabolic disorders. Screening aims to improve 
the health of babies by identifying those at risk 
of developing a serious condition, allowing early 
intervention.” 

https://www.health.gov.au/health-topics/pregnancy-
birth-and-baby/newborn-bloodspot-screening

Roberto Giugliani:
Another thing to be considered is screening the couple before 
the woman gets pregnant. This is called “preconceptional 
screening.” There is in place preconceptional screening in 
some communities, mainly where there is higher prevalence 
of  genetic disease. You screen to check the couple if they 
are carriers or may have some genetic conditions, so they 
can have genetic counseling before the conception of a baby. 
This is something also in placement to some areas of some 
communities.

Monica Hsiung Wojcik: 
Preconception testing was just mentioned, where you can see 
if the couple is a carrier for something that they are at risk of 
passing along to a baby. Prenatally we can now, in addition 
to our traditional methods, screen the blood of a pregnant 
person for certain biochemical things that could suggest the 
diagnosis or ultrasound findings. We can now do a test on the 
blood of the pregnant woman to see if there is evidence from 
the fetal DNA that they have a chromosomal condition, like 
Down syndrome.

But, if you really want to confirm the diagnosis, you must do 
a test like amniocentesis or chorionic villus sampling [CVS] to 
get cells from the foetus or placenta to really confirm a true 
positive test. We can apply the same tests we use postnatally, 
exome or genome sequencing, in the prenatal period as well.

One of the challenges we have in the U.S. is insurance 
coverage where this testing is expensive. It is sometimes 
framed as a test you might do if you are deciding whether to 
continue a pregnancy. But even for couples with an ongoing 
pregnancy that are committed to continuing, no matter the 
diagnosis, from my work in the NICU, the delivery room and 
the ICU taking care of babies who are born with very serious 
conditions, any insight that you have into that condition as 

https://www.mayoclinic.org/healthy-lifestyle/pregnancy-week-by-week/in-depth/prenatal-testing/art-20045177
https://www.mayoclinic.org/healthy-lifestyle/pregnancy-week-by-week/in-depth/prenatal-testing/art-20045177
https://www.mayoclinic.org/healthy-lifestyle/pregnancy-week-by-week/in-depth/prenatal-testing/art-20045177
https://www.health.gov.au/health-topics/pregnancy-birth-and-baby/newborn-bloodspot-screening 
https://www.health.gov.au/health-topics/pregnancy-birth-and-baby/newborn-bloodspot-screening 
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early as possible, provides not only medical benefit to the 
team, deciding how to appropriately stabilize the baby in 
the delivery room, how to take care of them in the NICU, and 
what are there risks for?  But this testing is [also] important 
for psychosocial benefit to the family; they are making some 
difficult decisions, in particular if the baby is doing worse than 
expected. It is kind of amazing how many critical decisions 
we make with so little insight into what the baby has. From my 
standpoint, as a neonatologist and geneticists, seeing couples 
before they even deliver, I feel like many of the couples would 
share this view that any information about what the baby has 
is just so important for informed decision making.

Thus, it is much more than a debate over whether the 
pregnancy continues or not; it really is going to shift our 
conversations about care from the NICU potentially, or the 
delivery room to the prenatal period, and I think that has many 
benefits. It raises a lot of the risk-benefit questions that the 
others have brought up too in terms of conditions that might 
not be as treatable, might not be curable, and how are people 
are going to receive this information. In my practice, the 
perinatal period is open for any sort of discussion about what 
the diagnosis is for the baby and how you are going to treat it.

Sean Sanders:
I am guessing the genetic counseling component is very important 
in this, that once something is detected, the family can then be 
counseled on how to deal with the potential disease.

Monica Hsiung Wojcik: 
Counseling is critical. I mean in all these situations; I think 
counseling is very important. I would say one of the challenges 
that we have prenatally, even more so than in newborns, is 
that the phenotype or the constellation of symptoms can be 
very unclear. I think folks have touched on this before: the wide 
spectrum of disease, that we really hadn’t recognized until 
this genomic era. We are figuring out that all these people had 
things that we might not have suspected before.

I think that counseling is important because there is a lot 
of uncertainty. I think people believe that with genetic testing, 
because we use the term “precision medicine,” that it is all 
going to be very precise and accurate, and we are going to 
know exactly what to do with it — when in fact, it is not. In 
some ways, it can introduce more uncertainty.

Sean Sanders:
Just to clarify something quickly for our audience and something 
that I find fascinating, so you can detect DNA from a child and 
biochemical markers from a child in the blood of the mother, is 
that correct? 

“It is referred to [as] “cell-free DNA testing,” 
where there are fragments of fetal DNA from 
the placenta in the maternal bloodstream.”

Monica Hsiung Wojcik: 
Correct. It is referred to [as] “cell-free DNA testing,”  where 
there are fragments of fetal DNA from the placenta in the 
maternal bloodstream. You can identify potential changes in 
fetal DNA through a sample from the mother’s blood, which 
is fantastic. Because many pregnant people are reluctant to 
undergo something like an amnio or a CVS procedure. But it 
is a screening test. We always say that: it is a screening test, 
meaning that we have had couples that had a high likelihood 
of something like Down syndrome or Turner syndrome or 
some other chromosomal condition, and it turns out that the 
cell-free DNA blood test gave a false positive, meaning that 
the fetus and the baby did not have that condition. We have 
also had false negatives where the couple had a normal cell-
free DNA tests and then had a baby that had something like 
trisomy 13 or trisomy 18.

It really does tie back to the counseling where the family has 
to understand that as a screening test, there could be both 
false positives and false negatives, and so we have to conduct 
a detailed conversation with couples about the risks and 
benefits of them proceeding to a potential diagnostic test like 
an amniocentesis or CVS, in the case of either a positive or a 
negative screening test.

It depends on the clinical picture. We really try to tailor 
these conversations very specifically to the families. I think 
understanding the different beliefs and values of families is 
very important and informative as we decide what to do. I 
don’t think it is going to be a one-size-fits-all approach.

“Understanding the different beliefs and 
values of families is very important and 
informative as we decide what to do. I don’t 
think it is going to be a one-size-fits-all 
approach.”

Sean Sanders:
To change gears a little bit, lets talk about what happens after 
the testing is done. Something that has come up in the previous 
webinars that we have done, when we have talked about testing 
of adults and children, not necessarily infants, is that it is really 
important to put this information in a place where it is accessible. 
Since rare diseases by their nature are rare, there are very few 
people that have them, you need that information, and every 
little bit of information is critical. Can you talk a little bit about 
how this data is stored, are there central databases in different 
countries or is there a global database? 

Melissa P. Wasserstein: 
In the United States, every state has its own newborn 
screening program, that differs by state. Some states like 
New York, for example, can save those dried blood spots for 
up to 27 years, de-identified. They can be used for quality 
insurance purposes, they can possibly even be used for some 
de-identified research purposes if they get approval from 
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all the appropriate ethics committees. It is a good question 
about where it goes and who can access it, and generally it is 
probably the most secure data you could ever imagine. People 
cannot just access and even plow through or look through 
things up or get into anybody’s personal information. But if 
there are samples that are particularly valuable, for example, 
we are looking for a new disorder, can we use some samples to 
see if we can detect it? Then that information might be able to, 
completely de-identified, be shared with other state newborn 
screening programs who are also trying to get that study on 
board or that particular screen on board.

It would be great if there was a more centralized database 
program where people could share outcome data, we could 
learn from each other, we could learn what is the best 
outcome, what it is the best time to start treatment, what is 
the best test for this disorder. It would be ideal if there were 
more centralized databases. Unfortunately, right now, it is just 
a little bit choppy.

Roberto Giugliani:
Unfortunately, there is no global database in this regard. There 
are several initiatives to put these together; to combine the 
data arising from different countries, from different states, 
but there is no global database. There are some countries and 
states that are able to store this material, and this has been 
instrumental for development of new tests, as Melissa said, 
with all the ethical approvals. This is very important.

The information itself is, of course, is protected by the 
data privacy regulations and is just available to the family, to 
the patient, and to the individual. But of course, the overall 
data from the newborn screening programs are very useful 
to understand the benefits and to make decisions about the 
continuity of some screening programs and then, decide 
whether to further expand that program. But it would be great 
if we have more global datasets.

“It would be great if we have more global 
datasets.”

Sean Sanders:
Jim, in the UK and Europe, what is the set-up there as far as 
sharing data, especially with researchers? 

Jim Bonham: 
Every three years, we have an International Congress of Inborn 
Errors of Metabolism [ICIEM]. This year, it is upcoming in 
Sydney in November, and one of the topics on the agenda 
is to look at the use of registries of patients, particularly 
informing outcomes from newborn screening. There are some 
initiatives in Europe, there is one particularly for inherited 
metabolic disorders called U-IMD [Unified European Registry 
for Inherited Metabolic Disorders], and that seeks to draw 
together different national databases and create them into a 
coherent European database and that would be discussed at 
this ICIEM meeting later this year.

There are some interesting and exciting new developments 
about using patient registry data, and it is possible without 
infringing personal identity data, which is always the 
difficulty about sharing data across state boundaries or 
across international boundaries. It is possible with artificial 
intelligence to interrogate databases where they are without 
necessarily revealing personal identification features.

So, let’s say you are looking at all patients. We have 
mentioned the condition PKU. Let’s say we are looking at the 
likelihood of a child developing a particular clinical feature. If 
we have separately set up registry databases, then it will be 
possible to send a questioning tool by artificial intelligence, 
provided they were interoperable and properly mapped.

To be able to interrogate these databases and to provide 
that information across a global population without 
necessarily infringing identification of any named patients. So 
that is an exciting potential development, particularly as you 
mentioned Sean, for rare diseases because if rare disease’s 
story tells us anything, it tells us that each individual country 
cannot do this on their own. These conditions are just too 
rare, and they are not only rare, but they are heterogeneous, 
that is, they are different even with patients that have these 
conditions, they are different from one another. We have 
got to work together on this. As I’ve said, there are some 
exciting things that are coming along to inform that, and 
I think particularly for newborn screening, the outcome 
from newborn screening is just beginning to be looked at 
systematically.

Sean Sanders:
Are there issues with public trust of newborn testing or is it 
widely accepted? And in fact, do parents even know that their 
newborns are being tested — do you request permission from 
each parent, or is it just done as a standard procedure in many 
hospitals? 

Monica Hsiung Wojcik: 
I think you have the option to opt out if you don’t want to 
participate in newborn screening. Any parent though after 
they have a baby, if you get the file that tells you all the things 
that are going to happen, most parents will go through it in 
detail. As a NICU fellow, I would be occasionally called into 
a room where a parent was wondering about the newborn 
screening pamphlet, and I would describe it to them. Most 
of the time, they would not opt out and then have the default 
screening. But I would say that there are probably many 
parents who don’t thoroughly know about it, and it is sort of 
[a] “no news is good news” scenario where the baby was fine, 
the test was normal, the pediatrician follows up, everything 
looks good and the parents never hear it about it again. I think 
many people are happy with that.

To your point about trust: I think there are families that are 
maybe a little bit more concerned about potentially finding 
out information that they do not want to hear, and sometimes 
there is misunderstanding. I think we have all said that the 
newborn screen ideally finds conditions that are treatable and 
would have interventions and something that is actionable: 
most families would want that. I think the fear of finding a 
diagnosis you cannot do anything about is often just related 
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to kind of a misunderstanding of the purpose of newborn 
screening.

Regarding the discussion about what happens with these 
samples afterwards; where are they going; who has access; 
is my baby’s DNA stored somewhere that could be hacked 
or could their privacy could be compromised? These are 
important questions.

Roberto Giugliani: 
I think that when you discuss the research that is done 
with newborn screening, there have been some issues 
about trust and people questioning the appropriateness 
of how these samples are handled. However, as others had 
said, I think it is also part of our mission as clinicians and 
scientists to understand these disorders and behave in a 
responsible way. Hopefully we will find better ways to treat 
this data appropriately and with all the privacy and security 
considerations, we can make sure to build public trust.

Sean Sanders:
Right. What can parents do to be more proactive about 
understanding newborn screening? Obviously, parents get 
certain resources when they are at the hospital, but can they 
do anything themselves to talk, to learn about methods and 
implications of newborn and even prenatal screening? 

Melissa P. Wasserstein: 
There is lots of information out there. I think people don’t 
access this as much as we would like them to, but most states 
have their own state-based newborn screening program that 
describes what your baby will be screened for if you live in 
Indiana or if you live in Hawaii, and that also describes the 
process for sample storage. It will describe what will happen 
if the baby has a positive newborn screen. There are also 
national databases/websites that describe newborn screening 
in general, and so the information is there, the people in the 
hospital will know about it, the nurses will know about it, the 
people taking the baby’s collection will know about it, the OB-
GYN will know about it, the pediatrician will know about it, so 
there is lots of resources to ask about screening.

I wish people talked about this a little more, so it is not a 
surprise that a small number of tests come back a positive 
screen. And so, when we call to say it is positive, parents say, 
“What are you talking about, what newborn screen?” I wish 
people were looking into it a little bit more, but again, for most 
people, this is good news. You don’t know it happened because 
it was normal.

Sean Sanders:
Roberto, you’ve been doing this for 35 years. Do you have any 
advice for parents who wanted to learn more? 

Roberto Giugliani: 
One point [that] has already [been] mentioned many times 
on this seminar, is about heterogeneity. The test is to detect 
an abnormality which can sometimes mean a very dramatic 
disease, but sometimes the same disease can be attenuated 
and present later in life. Hence, there needs to be better 
understanding about the meaning of this result.

The second point is especially in developing countries, we 
need to provide adequate information about the abnormality.

Sean Sanders:
One final question: how do you see the future of newborn 
screening? 

Melissa P. Wasserstein: 
Babies at birth will have that same tiny little bit of blood that 
we were talking about before that two to three millimeter 
punch will be used for sequencing of the exome, or the 
genome, and that will be the future.

“Babies at birth will have that same tiny little 
bit of blood that we were talking about before 
that …..will be used for sequencing of the 
exome, or the genome, and that will be the 
future.”

I think we have a lot that we need to do before we get there. 
There are a lot of steps, there is a lot more information. There 
is too much uncertainty right now. But those are hurdles that 
we can overcome with time and with a lot of understanding. 
For example, what should we share at birth? Should we share 
genetic information when a person turns 18? Should we 
share it when they are bringing up children? There are a lot of 
options if you have screening done at birth. 

Roberto Giugliani: 
I think that genomic screening is something that we will not 
be able to avoid; it is something that will just happen. At 
some point the cost is decreasing, the technical situation 
is improving; what to do with this information, this is the 
challenge. This is the future of screening. But of course, we 
should be very careful about how to understand, and how to 
deliver this information.

Jim Bonham: 
Yeah. I’ve got to say I am a bit more [of] a diehard biochemical 
person! But I think there is a marriage between both. The 
reason that I am a bit more diehard biochemical is of course, 
that biochemistry is more a reflection of what is going on in 
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the metabolism of the patient. It is one thing to have a genetic 
change, it is another for that to have some systemic effect in 
the baby. The biochemical information is telling us that. It is 
telling us that you have actually got some definably disturbed 
metabolism.

I think you can marry the two together. We currently do that. 
In any event very often, in CES screening for a condition like 
cystic fibrosis, we measure a biochemical marker, and then 
we go on to refine the information from that by doing some 
genetic testing, and I think that is a marriage made in heaven. 
It takes us a little bit closer to what’s happening in the baby, 
and hopefully gives us a bit more useful information.

I think the future will be related to genomic sequencing 
for detection of rare disease. But…. we cannot lose the 
biochemical. The safest way probably involves some 
combination.

Monica Hsiung Wojcik: 
I think the future will be related to genomic sequencing for 
detection of rare disease. But I also agree with Jim that we 
cannot lose the biochemical, and so I think the safest way 
probably involves some combination. There are critically 

important questions to address; can we interpret all the 
variants we are going to find and describe what that means for 
the family? Are we going to have a health care delivery system 
that is equitable? How are we going to support these families? 
Who is going to access this information? How are we going to 
use it? 

It is a very exciting time to be in this field, and I am really 
looking forward to seeing how it continues to develop over 
the next several decades. I think that we are going to see a lot 
more with the genomic sequencing.

Sean Sanders:
We are out of time, so we are going to have to end our discussion 
there. Many thanks to our fantastic panel for generously sharing 
their knowledge and insights. As I mentioned earlier, this 
webinar is just the fourth in a year-long series, so please look out 
for future events at webinar.sciencemag.org and if you’d like to 
sign up to receive alerts about upcoming events. Thank you once 
again to our panel, and to Fondation Ipsen for enabling this 
conversation through their kind sponsorship. 
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The Conversation
Sean Sanders:
Hello everyone and thank you for logging into this fifth part 
of our Science and Life Webinar Series on rare diseases. My 
name is Sean Sanders, and I am director and senior editor for 
Custom Publishing at Science. I am happy once again to act as 
moderator for today’s discussion. In this nine-part series that will 
run through the remainder of 2021, we are unpacking many 
different aspects of this important topic of rare diseases. If you 
missed our previous webinars in the series, you can find archived 
recordings at webinar.sciencemag.org. In today’s event, we are 
diving into the topic of intelligence testing for rare diseases with 
an emphasis on technologies like artificial intelligence that can 
aid this process.

I am now delighted to introduce our four fantastic panelists 
that we have on the line today, and as usual, I am going to give 
each of them an opportunity to introduce themselves to you, and 
we will do that right now. So welcome to all of you. Thank you for 
making the time. Perhaps I can ask Dr. Solomon to start us off.

Ben Solomon:
I am Ben Solomon, the clinical director of the National Human 
Genome Research Institute. I’ll call it NHGRI, which is part of 
the NIH here in the United States. I run a small research group 
that focus specifically on artificial intelligence as applied to 
genetic conditions. Previously I was the head of a biotech 
company that did a lot of genomic and genetic sequencing, 
and of course, as we’ll talk about AI and related methods, 
are very important there. The other thing I want to mention 
is that I interact and help support a lot of investigators here 
who look at rare conditions, genetic conditions — all aspects 
of them — and they’re starting to use more and more of these 
approaches in their research. 

Sean Sanders:
Next, we are have Dr. Brasil. Welcome, Sandra.

Sandra Brasil:
I am a researcher and patient advocate at the Portuguese 
Association for Congenital Disorders of Glycosylation, which 
is a rare disease, and we are part of the Glycoimmunology 
group under NOVA University Lisbon. We have also created an 
international network, joining together several researchers, 
medical doctors, and patients, their families, and patient 
associations from all around the globe, which is called CDG 
& Allies – PPAIN [Professionals and Patient Associations 
International Network]. Part of our work is to help families and 
patients and give them resources. One of the things that we do 
is we go through revisions, and we have been working on the 
team about artificial intelligence and how it can help push for 
research and therapies in rare diseases, particularly congenital 
disorders of glycosylation.
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Intelligent detection and 
diagnosis of rare diseases:  
A case for AI
There is much confusion around the theory and 
definition of artificial intelligence (AI) and how it can be 
best applied to advance society’s goals, particularly in 
the area of biomedical research. As part of our ongoing 
series on rare diseases, this webinar will attempt to 
explain the foundational concepts of AI and explore 
how it is being applied to help identify, diagnose, test 
for, and manage complex disorders, including rare 
diseases, in global populations. Detection of rare 
disease is uniquely amenable to analysis using AI, in 
part because the symptoms and laboratory tests can 
provide a disease-specific “signature” that software 
can be trained to recognize. But essential to these 
efforts is the collection and storage of accurate and 
reliable data in accessible databases. Experts will 
discuss how such data can be gathered and analyzed, 
including the application of technologies such as AI to 
comb through thousands of medical records to detect 
both known and new rare diseases, and to understand 
how to best manage these conditions.
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Sean Sanders:
Fantastic, thank you so much, Sandra. Next, I am going to turn 
to Dr. Thun. 

Sylvia Thun: 
My name is Sylvia Thun, I am from Germany, Berlin, and I 
work at the Charité Universitätmedizin where I am a medical 
doctor. I am not only a medical doctor, but also an engineer 
and informatician. For 20 years, I have worked within the field 
of digital medicine and I am the chair of HL7 Germany. I have 
also worked together with HL7 International ISO [International 
Organization for Standardization] in the global alliance, to 
have better and more standards in the world for IT in the 
medical field. In addition, I am working here in Germany 
together with the genomDE initiative, and in Europe with 
Beyond 1 Million Genomes project.

Sean Sanders:
Wonderful, thank you, Sylvia. And last but certainly not least, 
we have Mr. Isla. Julian, please go ahead.

Julian Isla: 
Thank you. My name is Julian Isla. I am based in Madrid, Spain. 
I work for Microsoft and my team is working on data and 
artificial intelligence. On top of this work, and because I have a 
son with a rare disease, I started to be engaged as [a] patient 
representative 12 years ago. Right now, I am the scientific 
officer of the Dravet Syndrome European Federation, which 
is the European Organization for Dravet syndrome. Dravet 
syndrome is the condition of my son. Also, I am the founder 
and chairman of Foundation 29. Foundation 29 is a non-profit 
organization trying to use much in learning, to improve or 
to create better decision support tools for physicians. And 
I am involved in the regulatory field because I am a patient 
representative to the European Medicines Agency, and I am a 
member of their orphan drug committee.

Sean Sanders: 
It is really fantastic to have you all here, you come from very 
different and varied places and organizations. I think we 
can have an interesting discussion. I would like to start this 
webinar by talking broadly about artificial intelligence, what 
it is and what it means. And then we’ll dig in a little bit to the 
application of artificial intelligence in rare diseases. So, Ben, I 
think I am going to come to you if I could with this first question. 
And that is, how do we define AI? And how is it different from 
machine learning and deep learning, which are other terms 
that people are probably familiar with related to artificial 
intelligence?

“Artificial intelligence leverages computers 
and machines to mimic the problem-solving 
and decision-making capabilities of the human 
mind.” 
https://www.ibm.com/cloud/learn/what-is-
artificial-intelligence

Ben Solomon: 
I think it is important to start by defining some of these things. 
We hear them talked about all the time, in lots of different 
contexts. The way I like to think about it, is as maybe a series 
of concentric circles. Artificial intelligence is the outermost 
circle. And as the name implies, it is the use of algorithms, 
software to help computers act intelligently. And I am doing 
that intentionally in quotes, hopefully, intelligently, hopefully, 
accurately. There has this idea that maybe it mimics human 
thought patterns. I think superficially, there are some 
connections, but there are a lot of differences. And there has 
this whole fascinating field about of cognitive science in that 
area.

Within artificial intelligence, as the name implies, machine 
learning is the process through which machines or computers 
can use algorithms to learn from a set of data. You let it run 
and machine learning happens. There are lots of different 
nuances to this. More recently, there has been a lot of 
emphasis and a lot of buzz around deep learning, which is, 
again, a circle within machine learning. And that is the idea 
that we take layers, and these different layers extract more 
sophisticated or precise information as you go down in the 
layer.

A classic example in genetics that happens is we are say we 
are using deep learning to help diagnose patients who might 
have a genetic condition. We train a computer to be able to 
recognize that from images of different people. In the kind of  
first layers, the computer might be able to recognize, okay, this 
is a border, or this is part of the picture, and then recognizing, 
say, facial parts, like ears or eyes, and then the whole face, and 
then eventually recognize, hey, this is a picture maybe of Ben 
Solomon, or this is a picture of someone who does not have 
the condition of interest, or this is a patient with this condition 
of interest. There has been a lot of emphasis on that, partly 
because of the availability of some of these algorithms. Again, 
I would invite others to comment on this. This was full of 
inaccuracies and generalities. That is kind of how I think  
about it.

Sylvia Thun: 
I think it was a very good explanation, because artificial 
intelligence is the broader term. And then you have those 
other categories that are within the bigger definition. 

https://www.ibm.com/cloud/learn/what-is-artificial-intelligence
https://www.ibm.com/cloud/learn/what-is-artificial-intelligence
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Sandra Brasil: 
I think we need to use large data sets to train these algorithms. 
So, we should talk about data and about precise data.

Sean Sanders: 
Absolutely. That is a really important point. I would like to ask 
you, and maybe, Sylvia, I can come to you with this, where are 
the areas that artificial intelligence really excels? And on the flip 
side, where does it struggle?

Sylvia Thun: 
First, where do we get the data from? Most of the time, we 
just use images, like images from our pathology images, or 
ideology images, or even images from faces. We can predict 
what kind of disease somebody has. The second part are 
demographic data, and, as you all already said, omics data. 
And beside that we try to work with diagnosis and symptoms. 
And we have startups here in Germany or I think around the 
world who try to predict, with a symptom, what kind of rare 
disease or disease somebody has.

Sean Sanders:
Great. Any other thoughts particularly on where AI will have 
some issues? 

Ben Solomon: 
One recommendation is the book Deep Medicine by Eric Topol. 
It talks about this and other topics, and in that book, Eric 
makes the point that one of the ways that AI is really good at 
one of the areas is what he would call classifying or labeling. 
So just like Sylvia said, can I take a bunch of images that a 
pathologist might look at, or a radiologist, or a cardiologist 
looking at the heart or the electric patterns, and classifying 
some of those other things? I think one of the other areas 
that is interesting, and these really intersect, and some very 
clever people have figured out ways to make these intersect 
more than they would naturally, is looking at bunches of 
words. So, things like medical records and being able to make 
diagnoses that otherwise would be missed. In my mind, these 
approaches tend to work really well with large data sets that 
have been collated just again, as Sylvia said, very carefully to 
allow us to start to learn from them and allow the algorithms 
to start extracting information from them.

Sean Sanders:
One of the terms that comes to mind that researchers use often is 
“junk in, junk out,” and I am going to guess that if the data is not 
solid that you are putting in, then you are not going to get good 
results out. So maybe Julian, I can ask you this question: when 
you are looking at data that you are collecting, and we’ll talk 
specifically about rare diseases, how do you ensure that this data is 
going to allow the artificial intelligence algorithms to learn what 
you want them to learn and to be able to give you trustworthy 
results? 

“If you try to get good data sets of patient 
records for people with rare diseases, it is 
very difficult to get these records. There is no 
open access data for those records, and the 
quantity of medical records that we have for 
people for rare diseases is rarely used.”

Julian Isla: 
Right now, this is a big problem. One of the problems faced 
by the research groups working on diagnostic tools for rare 
diseases, is the lack of data. If you try to get good data sets of 
patient records for people with rare diseases, it is very difficult 
to get these records. There is no open access data for those 
records, and the quantity of medical records that we have for 
people for rare diseases is rarely used. The other problem 
that we are facing right now is system databases. We’ve 
created information about rare diseases; there are plenty of 
mistakes, because the curation of databases has been done 
by humans for so many years, and humans are prone to make 
mistakes. We know we are. Here’s one example, for my son’s 
condition, it is neurological. Several years ago, I realized one 
of the symptoms for my son’s condition was photosensitive 
skin. And this is not actually a symptom for his condition. 
The symptom was listed in Orphanet, which is the European 
database for rare diseases.

I contacted Orphanet asking why do you have 
photosensitive skin for Dravet syndrome? And they told me, 
“Well, we don’t know.” But after some research, they realized 
that photosensitive skin in the tool they use for tagging is 
close to photosensitive seizures. And the problem was the 
coder, the people doing the tagging. They made a mistake, 
normal, they are human, but the mistake has been in the 
database for so many years. And this is a problem that is 
happening because when you are looking into other conditions 
as well, they have mistakes. There are symptoms that the 
patient groups, they don’t recognize, and we don’t have 
information about frequency, severity, onset. This is still an 
ongoing problem that we must solve.

Sean Sanders:
This brings me to the next point that I wanted to touch on, and 
that is, are all data equal, or are some more useful than others? 
And just going off what you were just saying, Julian, is it possible 
to use AI to detect these types of errors in the databases? 

Sylvia Thun: 
Yes, we have different kinds of data. And we should look 
at the data enterer, who is this? Who is responsible for 
documentation, and the software vendor? If you are working 
with terminologies like international terminologies like some 
entity or the HPO, that is the Human Phenotype Ontology, the 
software vendor can help to enter and to document the data in 
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a correct manner. If you are not working, and you are allowed 
to just use free text, it is very hard for AI algorithms to use the 
data or to train the algorithm with this free text. And even if 
you are using NLP technology, natural language processing 
technology, it cannot capture data in a very good and precise 
way. So first, we should have a very common international 
language. And besides that, we must have an international 
syntax like HSM [hardware security module] and FHIR, that is 
[a] fast health care interoperability resource that is a language 
based on XML and JSON to exchange data.

“We must have a common international 
terminology, not only about the genes, but on 
the variants, but on the clinical phenotypes as 
well as for symptoms and diagnosis.” 

Many of these diagnosed rare diseases don’t even have 
a name. So, there should be an organization, a worldwide 
organization like Orphanet or the WHO or some other 
organization, who is responsible for the governance of giving 
names to diseases and of putting symptoms to the genes to 
the disease.

We must have a common international terminology, not 
only about the genes, but on the variants, but on the clinical 
phenotypes as well as for symptoms and diagnosis.

Julian Isla: 
Sylvia raised a very, very important topic, from my point of 
view, the topic about how we put names to conditions, to 
diseases. Because, for example, the condition of my son, 
Dravet syndrome, has the name of the doctor, the friend’s 
doctor who identified the symptoms and the set of symptoms 
are the syndrome. But right now, this is not happening 
anymore. The diseases, they don’t have the names of doctors, 
they have the names of the genes. And this is imparting in a 
very powerful way. Patient organizations as well, because the 
patient organizations, they have the name of the genes.

I am not sure if we must look for specific names because 
from my point of view, a name is just a name. If the name is 
not able to embed information, it is not useful. Let me get 
you an example, in astronomy, the astronomers are naming 
the stars with coordinates because the coordinate and the 
naming is giving information. If we name conditions like 
Dravet, Rett, Lennox-Gastaut down, you know, it is useless 
for our computer. The computer is not able to process this. 
I am wondering if in the new way we are naming medicines, 
the medicines would be a new methodology to process this 
information and that information into the name. That is the 
way to do it.

Ben Solomon: 
I want to add a couple points in response, or at least echo 
what Julian and Sylvia said. First, so there has a neat paper 
they have published about a year ago in the American Journal 
of Human Genetics that talked about clinical diagnosis, 

molecular diagnosis, and clinical molecular diagnosis, which 
as the name implies to it both, and I think I agree, there is a lot 
of work to be able to allow us to better define and think about 
what these conditions are and what’s biologically causing 
them, as well as to allow smart computer systems to parse the 
data a lot better.

We are decades behind where we should be, or we are still 
using methods that were done decades ago to try to do things 
that are much more exciting, but were hampered by these 
older methods. The other point I want to make, again, just 
to echo what Sylvia said, is that computers can sometimes 
recognize these problems. What I think is also exciting, the 
problems with data sets rather, and so on and so forth, what 
there has some interesting research about, is that computer 
algorithms can actually correct some of these problems, so 
for example, take a lousy image of an X-ray or some kind of 
neuroimaging, like an MRI [magnetic resonance imaging] or a 
pathology slide that is not really too good, can computers fill in 
some of the gaps and correct for that.

Computers will accept the biases and problems and 
everything in the original data set, so we can allow the 
computer to correct things, but we don’t want them to correct 
things based on lousy implications or suppositions and so 
on and so forth. Unfortunately, a lot of the data in the system 
so far are based on patients and control people, people 
without conditions from European, from White European 
ancestries. And extrapolating from those populations to other 
populations may not work, or may work much worse, or may 
introduce all sorts of problems. So, there has [to be] efforts to 
be able to correct that among a lot of the other issues there.

Sandra Brasil: 
I just wanted to add because I think that is the nomenclature 
is definitely very important, and also I think that it needs to be, 
we need to have consensus even between the doctors that do 
the denudations and register the data because for example, 
again, from my experience working with congenital disorders 
of glycosylation (CDG) between Europe and, for example, the 
United States, there is not a consensus, a definitive consensus 
between the nomenclature within this particular disorder. I 
think this is also very important and very impactful because 
some doctors may not consider one specific disorder as 
CDG and others may do. You will have those differences in 
the records, and then that could have an impact in using 
these methodologies and artificial intelligence because the 
annotation will be different — then you are losing information 
in that sense. I think we need to have a way to establish very 
well what is the condition and the definitive nomenclature 
so we can all run on the same basis and give, use the same 
names, so we can use the same data.

Sylvia Thun: 
There is a very nice article in Nature Digital Medicine from 
Cirillo about sex and gender differences in AI (https://doi.
org/10.1038/s41746-020-0288-5). We need to closely look at 
the data, for instance, our AKI [acute kidney injury] algorithm 
about kidney injuries is based on data from 96% men. This 
algorithm can cause harm to women if we are not calculating 
this bias out of  the data.

https://doi.org/10.1038/s41746-020-0288-5
https://doi.org/10.1038/s41746-020-0288-5
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Sean Sanders: 
I guess just to reiterate the point again is if the algorithms are 
biased then the results that you get out are going to be biased. We 
really need to address how these algorithms might be biased and 
make sure that we are providing them with data that is going 
to remove that. I did want to come back to something. So Sylvia, 
you talked about having a standard syntax, having a common 
international terminology, having consensus, it seems that this 
is not really happening right now, maybe to some extent. What 
can be done about that, and also what can patients or patient 
families do to advocate for this? Now that patients might 
understand that this is an issue, that there is no common syntax, 
is there anything that they can do, patients and the patient’s 
family to advocate for this type of thing?

“I think that patients should also be included 
in the research, so we should have patient-
inclusive research, which is something that is 
starting to happen but it is not so common.”

Sandra Brasil: 
Yes. I think that patients should also be included in the 
research, so we should have patient-inclusive research, 
which is something that is starting to happen but it is not so 
common. And, I think that we need to educate both sides, 
so researchers because from my experience as a researcher 
for the first part of my scientific path, we didn’t have much 
contact with patients, so it was all very personal . And we were 
in the lab, we did not have any feedback from them. Now, 
working with the patients association is completely different. 
We had many projects that were led by the patients, and 
we discovered things that were new and were not known by 
the researchers. The patients have a lot of information, that 
sometimes they are not even aware of, and the researchers 
are not also aware of.

“We need to create these synergies between 
patients, patient organizations,  researchers, 
and put everyone in contact, and talking, so 
they can share their symptoms and what is 
important for them.”

So I think that we need to create these synergies between 
patients, patient organizations,  researchers, and put everyone 
in contact, and talking, so they can share their symptoms 
and what is important for them. Researchers can learn with 
their experience, and then incorporate that knowledge in the 
research. I think that is definitely the first step that needs to be 

taken in that sense, to make sure that patients are included, so 
we could have researchers reaching out to the organizations or 
vice versa, and then forming little patient committees in which 
they have inputs about the research — then you can have 
their opinions. And also, I think that it will be very important  to 
include medical doctors because they have a lot of information. 
I think that is very important to create synergies between 
all stakeholders, because all of the information is there, and 
the problem is that I think it is dispersed and we are not 
communicating properly, so I think we need to address that.

Sean Sanders:
Julian, maybe I could come to you and, actually, the story that you 
told about your son’s condition, and you advocated it for him and 
went to the organization, the databases, and told them there was 
an error. I would love to get your thoughts.

Julian Isla: 
One example of one of the experiments that we did in 
Foundation 29 (https://foundation29.org/en/) because 
we have been working on a tool to facilitate the process for 
diagnosis. And the tool has two versions, one is for patients, 
one is for physicians. The idea of the tool is that the tool 
could be a single platform to facilitate collaboration. In our 
idea, we thought, okay, we have patients with needs, we have 
physicians willing to help, why not create a platform to allow 
all of them to collaborate with each other? The reality is that 
general physicians, they don’t have time to invest in additional 
platforms. In Europe, the average time, when you have a 
consultation for a physician the average time is around half an 
hour, in half an hour they must check the patient, they have to 
fill the medical record, they have to fill prescription, they have 
to book the next appointment, and the feedback that we have 
from them is, we don’t have time.

We created the tool with the idea of, okay, maybe the 
physician can work after consultation, after hospital hours, 
but the reality is, they don’t have time because they are 
overloaded. And the problem is, connecting this issue with the 
point from Sandra is that, I guess we have to work together to 
make sure the patients with  diagnosis needs are connected 
with international networks, because general specialists, 
they don’t have access to these networks, they don’t have 
time for research, they don’t have time to put a patient in a 
nice tool if they have to invest six hours for each patient. I 
guess this is a medical need right now, how we can mentor a 
patient with no diagnosis in Brazil; phenotype and genotype is 
connected with the international research networks because 
I am pretty sure the specialist in Brazil is not connected with 
the other colleagues, most of them for sure they’re going to 
be a specialist, and that if we want to do a tool, a platform 
for everybody, everybody should be able to use it, not just a 
specialist.

Ben Solomon: 
I want to say the COVID pandemic has been terrible, but some 
good things have come out of it, lessons learned, telehealth 
is often cited. Another one is the ability for scientists, 
academicians, patients, lots of folks to work together 
collaboratively when things really matter. And I think there 
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are lots of lessons that we can take from that experience and 
apply to many areas of biomedicine, including the topic of AI in 
rare disease research. I think there is a lot that can be done if 
we can, just like Julian said, get together, and work as a much 
larger unit rather than all these little silos; it is a cliché, but I 
think it is really important.

Sean Sanders:
I would like to spend the second half of this webinar focusing 
more directly on rare diseases, and the application of artificial 
intelligence in that field, so maybe we can ask and Sylvia I’ll 
come to you with this question. Why do we need AI for rare 
diseases? What is unique about it? And why is the field of rare 
diseases, or the group of rare disease, particularly suited to AI 
analysis?

Sylvia Thun: 
The challenge is that we must deal with a lot of data, and if 
you think about lab data or genome data and images and grey 
scales and so on, we put the data together and then we create 
a diagnosis, this is how we work. Doctors work, and right 
now we have so much more data and we have to memorize 
huge quantities of digital information and we cannot do it 
anymore, and beside that, now we are just getting more and 
more and more on so many publications, right now in this 
second, are made here on PubMed, and we have to read the 
new publications and so on, so we have to use machines to 
help us, and no. We still need doctors sure, but machines or AI 
algorithm should just help us to find the right therapy and the 
right diagnosis. So beside that, we can accelerate diagnosis. 
Here in Germany, we have like three to five years until one 
gets a diagnosis, if he or she has a rare disease, and that is too 
much, and there are so many people who have a rare disease 
— because rare is not rare.

“You have more than 7,000 different rare 
diseases that have been described so far; 
when you consider everything all of them put 
together, you have a very large part of the 
population that is being affected.”

Sandra Brasil: 
I would just like to add to what Sylvia said. Well, on the rare, it 
is not being rare, because when you consider a rare disease by 
per se, it is rare and affects a few people, but considering that 
you have more than 7,000 different rare diseases that have 
been described so far; when you consider everything all of 
them put together, you have a very large part of the population 
that is being affected. Really, the time, I think that not having 
a diagnosis, it is a very big problem, but a misdiagnosis, it is 
also a very big problem because that patient might have been 
taking a wrong medication that is not helping or might even 

harm, I mean not harm the patient, but will not benefit the 
patient, so I think that we have to address both, not diagnosing 
the patient, but also misdiagnosing the patient is also very 
important.

Considering that you have so many rare diseases, I think 
that artificial intelligence is going to be very important 
because it is impossible for doctors to memorize and know 
all of those different rare diseases, so I think if you have a 
tool that can help in the diagnosis by the recognition of for 
example, facial characteristics that are specific to a rare 
disease, I think that it will be of tremendous help because it 
is impossible for the clinicians to know the symptoms and 
presentations of all of these disorders.

Ben Solomon: 
If I could just add to that, I think one of the things that these 
methods can do is really level the playing field, so I won’t 
speak for other countries, maybe you guys have different 
experiences, but here, if a patient is... I don’t want to say lucky 
enough, but if they are lucky enough to be near a large medical 
center, an academic medical center with lots of experts, 
they are more they are more likely to get a diagnosis quicker, 
they have more access to some of these things. Perhaps 
one goal of this is that AI will be able to level the playing 
field, so it doesn’t matter where you are in the United States 
or in other countries, these algorithms will provide access 
quicker and hopefully cut down the time to diagnosis. Just as 
importantly, the time to making sure that one is following best 
management guidelines and connecting with the best experts, 
and just as importantly, other family groups who often know 
more than the experts in terms of the best way to manage 
patients.

“In Europe, we have 117 medical drugs 
with orphan drug designation for around 
100 conditions. Just 100 conditions, rare 
conditions, have a treatment with a valid 
indication; that means that most of the rare 
diseases, they don’t have a treatment for the 
condition.”

Julian Isla: 
Just to add to that, diagnosis is just part of the medical 
need when you have a diagnosis, broadly you will need 
treatment, and unfortunately, if you take the number of our 
orphan drug designations that we have in Europe, we have 
117 medical drugs with orphan drug designation for around 
100 conditions. Just 100 conditions, rare conditions, have a 
treatment with a valid indication; that means that most of the 
rare diseases, they don’t have a treatment for the condition. 
But one important, and I would like to ask to my colleagues 
what they think about the pairing of precision medicine and 
rare diseases. Doctor Topol — I really like the books from 
Doctor Topol — he says that in the future, precision medicine 
means that everybody will be rare. Because we will be able to 
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stratify our population into the individual level, and when that 
happens, everybody will be different, and the border is when 
rare conditions and prevalent conditions will disappear.

This is a phenomena that we are seeing right now in the 
other way with European regulation, because we can see 
how pediatric cancer is using Orphanet regulation to position 
therapies for cancer. And this is not why we created the 
Orphanet regulation. Orphanet regulation is created to protect 
the development of new drugs for cancer. There is a reset. 
They are in a much more different situation than so many 
patients with no more options. The same way that their cancer 
is rare. I am wondering if their rare conditions will be not so 
rare because if we know more information about people, 
everybody will be rare, and this distinction won’t be valid. I am 
not sure what my colleagues think about that.

Sandra Brasil: 
I think it is a really interesting point, and also, I think adding on 
to that, I read an interesting article the other day: for example, 
if you develop gene therapy that can reach the liver with good 
results, then that therapy should not only be used for that 
specific rare disease, it should be open to all rare diseases 
that have the same issue. But the problem with that is that it 
implies, once again, communication and collaboration and the 
willingness to share the results, and products of research. I 
think that, once again, we need to boost collaboration between 
groups. In science we hear a lot, “publish or perish,” but in 
this case you need publications. We need to think about the 
greater good, which is patients and families, and the impact 
that not having a treatment  has on these populations. I think 
that we need to put our strengths and our resources all in the 
same pot and go forward with research.

Ben Solomon: 
I think precision medicine, however you define it, is really 
exciting and all the new technology and methods I think are 
greatly going to improve health, both for those affected by 
rare diseases and others, their family members and others 
who don’t have conditions. What I do worry about, just to be 
a little bit of a devil’s advocate, is this idea of the narcisome. 
You notice as we talk about the genome, looking at DNA, the 
transcriptome, looking at RNA, and all these other -omes 
that we talk about, the microbiome. There has also been this 
movement saying, “Okay, we are put a lot of these emphases 
and a lot of these technologies to focus on healthy people 
and really get to know every single bit of data around them for 
health reasons.”

That is not a bad thing at all. I don’t mean that it is one or 
the other, but I would not want the emphasis on that to take 
away from the emphasis on helping patients with severe 
congenital or any kind of rare or genetic condition where, just 
like Julian said, there just are not enough therapies and there 
are not enough ways to manage these patients to help them 
have better quality of life.

Sean Sanders:
I think that is a fascinating point, Julian, thank you for bringing 
that up, and something that I think is important to think about 
in the future. I did want to come back to something else that 
you said about therapies, because we haven’t really talked about 

that. And Sylvia, I would like to put this question to you. In 
what ways could AI be applied to matching therapies to diseases 
and especially often drugs or drugs that offer treatment of other 
diseases that might be applicable to certain rare diseases. Are 
people thinking about this? Is there any work in that space?

Sylvia Thun: 
We are thinking about our pandemic situation and not about 
the rare disease situation. We had the chance, because we had 
so much data throughout the whole world, and the FDA asked 
us here in Germany, our big pharma and European Medicines 
Agency, are there any therapies? Why are you so good in the 
beginning of the pandemic in Germany, is there a chance that 
your people get other drugs or something so that you don’t 
get COVID? So we were wrong. We had it hard, the same as in 
the U.S., just later. And so we can just have a look at the data, 
which kind of therapy can work for different diseases and even 
rare diseases. That is one point. The other point is more [is 
needed in] the research area, and I am not a researcher in the 
drug development. 

Sandra Brasil: 
Well, just for everyone to have an idea, developing a new drug 
from the start, from the beginning, it is a very time-consuming 
and expensive process.  The latest estimations tell us that 
developing a new pharmaceutical compound, a new drug, 
takes over $2 billion, so it is very, very expensive. And one 
area in which artificial intelligence can help with is finding 
new therapies for rare diseases by looking for therapies that 
have already been approved. Or, that are, for example, failed 
clinical trials and phase two, because for the ones that are not 
familiar, clinical trials have several phases. In phase one, you 
test safety in the general population, and in phase two you 
test efficacy, so if the drug will work in the patient population 
once you know that it is safe. Sometimes it fails in phase two 
because it works in the lab, but when you get to people, it does 
not work. The idea is to use artificial intelligence tools to go 
through, because now you have several databases with a lot of 
information on approved drugs, and drugs that have been put 
on hold. 

You have all that data there and you can check if those drugs 
will be able to work in your disease. But to do that, you need 
to have a lot of information about your own disorder, about 
that rare disease. In order to make this approach work, you 
need to study very well, the rare disease, and have molecular 
data, data from metabolomics and other omics, so you can 
incorporate all of that in one unique disease model and see if 
the information you are retrieving from the drug is able to help 
the patients. I think that now the biggest problem is having 
that amount of information from the rare disease to make sure 
that you have a good disease model.

Because if the disease model is not good, you will not have 
a good result, or even if you spend the time and money, when 
you reach the patients, you will not have a good result. I just 
wanted to point out, because we did a literature review that 
was published in 2019 about artificial intelligence, the tools 
for rare diseases. And I just wanted to point out that only one 
study, only one paper was available, that mentioned artificial 
intelligence for this drug reposition, because it is the name 
that we give to the new use for known drugs. I think that this 
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is an area that needs to be approached for rare diseases, 
and I think that it is a very interesting field that needs to be 
explored.

Ben Solomon: 
If I could add just a couple thoughts to that. One is, I 
encourage everybody to read Sandra’s group’s paper (Brasil, 
Sandra et al. “Artificial Intelligence (AI) in Rare Diseases: 
Is the Future Brighter?” Genes vol. 10(12), 978, 27 Nov. 
2019, doi:10.3390/genes10120978), which I thought was 
wonderful and just fascinating review of the literature. It will be 
interesting just in the years since that was published, I am sure 
there has so much more that is come out. But one point, going 
back to the sharing, is that it is important. And I understand 
this is hard to do in certain contexts, but to make algorithms 
and the underlying data sets available that are published in 
the papers that Sandra is talking about, so that others can 
look and say, look, I need to make sure that this works. I need 
to make sure this works on another data set, or I want to 
build on this. If those algorithms are not available, then, and 
I understand the reasons for them not to be available, but it 
hits a brick wall. Sharing in that context is important as well. 
The other point I want to make is that artificial intelligence, 
one of the other things it can do, taking a step back from what 
Sandra was mentioning, is that sometimes it can make these 
biological connections that we wouldn’t realize.

I am not an expert in CDG, in congenital disorders of 
glycosylation, but there has so many of them, and on the 
surface, they wouldn’t necessarily appear to be biologically 
connected. As new CDG conditions are discovered or 
ones that might be CDGs, these methods, these artificial 
intelligence methods can be used to say, “Okay, maybe these 
are biologically connected and therefore, maybe this can give 
us a route to therapeutics or research into ways to directly 
treat the conditions.”

“Congenital disorders of glycosylation (CDG) 
is an umbrella term for a rapidly expanding 
group of over 130 rare genetic, metabolic 
disorders due to defects in a complex chemical 
process known as glycosylation. Glycosylation 
is the process by which sugar ‘trees’ (glycans) 
are created, altered and attached to 1000’s 
of proteins or fats (lipids). When these sugar 
molecules are attached to proteins, they form 
glycoproteins; when they are attached to 
lipids, they form glycolipids.” 
 
https://rarediseases.org/rare-diseases/
congenital-disorders-of-glycosylation/

Sandra Brasil: 
Yes, definitely. For example, some CDGs can be treated by 
giving some sugars that doctors are testing. Some CDGs are 

in the same metabolomic path, so they are connected. If one 
type of sugar works on one, then they are thinking, “Well, we 
are testing and now we are experimenting to see if it works 
on the other patients.” I think that is definitely the idea and 
artificial intelligence will be a tool that can help doing that with 
other patients in the other CDG types that we have. That will 
be very interesting. 

Going even back at the beginning, we thought that 
rare diseases were simple conditions. You had one or two 
mutations that were affecting a gene, and only one gene was 
responsible for the disease. And now we know that it is not like 
that, we know that different genes in different pathways can 
have impacts on the disease and on the presentations and 
symptoms that the patients have.

I think that that is very important to consider when we use 
these artificial intelligence algorithms, we need to have a very 
clear idea of the general picture. We cannot think about rare 
diseases as simple diseases. They are very complex, and we 
need to take that into account and definitely be able to make 
these connections, because sometimes we think that by being 
on different metabolic pathways, they are not connected, and 
by using artificial intelligence too, we might find connections, 
and that might be the solution for therapy, for example.

“We cannot think about rare diseases as 
simple diseases. They are very complex, 
and we need to take that into account and 
definitely be able to make these connections, 
because sometimes we think that by being 
on different metabolic pathways, they are not 
connected, and by using artificial intelligence 
too, we might find connections, and that might 
be the solution for therapy.”

Sean Sanders:
I would like to come back to data sharing, and I would like to 
look at it from a couple of different perspectives. The one is, and 
Julian, I am going to come to you with this question because you 
work for Microsoft. And the question is, where is the AI research 
in rare diseases currently taking place? Is it predominantly 
private companies and laboratories? Is it in academia and 
hospital systems? And how does that impact the sharing of those 
algorithms and that data? If you could talk to that.

Julian Isla: 
From a Microsoft point of view, our research team is working, 
not really in rare diseases, but in technology that can help the 
development of new solutions for people with rare diseases. 
For example, NLP, natural language processing. This, as Sylvia 
already mentioned, this is very, very important to move from 
unstructured medical records into structured information. 
Microsoft has a team of, a very important team, working on 
NLP, and right now we have a product, we have a solution that 

https://rarediseases.org/rare-diseases/congenital-disorders-of-glycosylation/
https://rarediseases.org/rare-diseases/congenital-disorders-of-glycosylation/
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everybody can use. It is called Text Analytics for health, and 
this is a service in our cloud that everybody can use. But it 
is not just Microsoft, you know? My colleagues from Google, 
they have a similar service, or my colleagues from Amazon, 
they have medical comprehensive as well. The IT industry is 
focusing on getting a structure from unstructured medical 
information; this is the priority for all of us.

This is the first step, but I guess I want to highlight that the 
problem really is the lack of data, you know? AI is fantastic. We 
can do a lot of things with AI, but the main problem I see is the 
lack of data, because this is a problem that the medical field 
is having for other conditions and for rare diseases, it is much 
more important. Regarding sharing the data, Microsoft is also 
working in ways of allowing institutions, physicians to share 
the data with privacy and security. This is very important, and 
technology like anamorphic encryption or differential privacy, 
they are already available, and these allow researchers to use 
the data with privacy and security. But from the patient point 
of view, I guess, the system is broken. If we really want to move 
forward, we must empower patients with the data they own. 

The term “data gravity” refers to the desire 
to have applications and data attract more 
applications and data on a network. 
 
“Why Data Gravity Will Grow Stronger” — Forbes 
 
https://www.forbes.com/sites/
forbestechcouncil/2019/01/14/why-data-gravity-
will-grow-stronger/?sh=153b80084a4d

Right now, the data gravity and gravity is like a physics 
phenomena, where the data is going, the data goes [to] the 
hospital. This is the gravity, the gravity goes to the hospital. 
But I guess, we have to change this gravity and allow the data 
[to] go to the patients, because the data is owned by the 
patients and [if] we provide to the patients the mechanisms to 
store the data and share the data with the people they want, 
we will solve a lot of problems. Especially the privacy and 
sharing problems, because they will be the owners and they 
will make decisions by the data. And I guess from my point 
of view a change in the way we are managing the data and 
changing this gravity is going to be needed if we really want to 
make a bigger step forward.

Sylvia Thun: 
I think this is the reason that we need something like an 
international patient summary on EHR that is interoperable 
in the whole world, and we are right now working on this 
international patient summary and on a new addendum for a 
minimal dataset for our diseases, and this is based on a French 
work from 10 years ago or something, but we must talk about 
the semantic interoperability. Because like us Europeans, 
and especially Germans, we don’t want to use centralized 
databases, but they want to share data, so we have to have 
a cloud infrastructure and with federated learning methods, 

so that you can bring the algorithm to the data, and not the 
other way around. This is one step to build the infrastructure, 
and the next step is to collaborate on the dataset and the 
international work here. Hopefully, this will be in the next few 
years.

Julian Isla: 
In Europe, I am a little bit disappointed with the speed of 
innovation in Europe, because I guess we talk a lot, we have 
to make consensus, we have to put everybody on agreement, 
but we are not running really fast. Do you think innovation will 
come from institutions, or will innovation come with a new 
company, a new entity, a new, a new something new that will 
be able to transform the way we are doing medicine and we 
are dealing with rare diseases, you know? I don’t know, I don’t 
have an answer. It is again a question for the panel.

Sylvia Thun: 
Perhaps a good example is our vaccination certificate 
in Europe, so you can go through Europe and have one 
certificate, perhaps this is the very beginning of things that are 
moving faster.

Julian Isla: 
We have the certificate, and on top of the certificate, there are 
different rules in different countries. If you go with it to, if I go 
with my certificate to Germany, the conditions are different 
than if I go to Italy, you know what I mean?

Sean Sanders:
And even more of a challenge internationally.

Julian Isla: 
Internationally, it is even more challenging. The technology is 
not the problem, we have the technology, we have a certificate, 
we have a very solid infrastructure, but we don’t know how to 
use it with efficacy. This is the main problem, from my point of 
view.

Sean Sanders:
Well, we are running out of time, and I would like to just get 
to one more question. I did want to say though, just on the data 
sharing, I would like to mention to the audience something that 
Sylvia pointed out to me and that I was reading up on and 
which is the term FAIR for findable, accessible, interoperable, and 
reusable. And I think it is an important guideline for everybody 
to read and look at and consider, because it seems like that is 
going to be the foundation for data sharing in the future. But 
the final question I wanted to put to the panel, just looking to the 
future, what might this look like if AI can be applied successfully 
to rare diseases and what might be the main challenges? 

Julian Isla: 
Maybe I am a little bit repetitive, but the big challenge is 
going to be changing the way we are collecting data, and how 
we are putting [out] this data, and that these data sets are 

https://www.forbes.com/sites/forbestechcouncil/2019/01/14/why-data-gravity-will-grow-stronger/?sh=15
https://www.forbes.com/sites/forbestechcouncil/2019/01/14/why-data-gravity-will-grow-stronger/?sh=15
https://www.forbes.com/sites/forbestechcouncil/2019/01/14/why-data-gravity-will-grow-stronger/?sh=15
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available to researchers and the medical community. This is 
still an issue that and we need to work together as citizens to 
be able to create with data sets, because the data set are the 
foundation of good AI models.

Sylvia Thun: 
I think the main challenge is to educate our young people and 
our doctors to use AI in a very good manner.

“I think the main challenge is to educate our 
young people and our doctors to use AI in a 
very good manner.”

Sandra Brasil: 
Yes, I agree with Sylvia. I think that education will be a 
challenge. And we need to focus on that, and for the patients 
to educate the patients and the patient communities that 
for them to know what artificial intelligence is, how it can 
be used, what are the advantages. And, with the data, as 
Julian mentioned, which is the important data, how we need 
to collect it. Because when patients are educated, they 
are empowered, and they can move forward. And they can 
think about different solutions, and they can partner up and 
they can make their own decisions and help push forward 
the research. I think that we must shift the balance — not 
the power balance — but the information that there is from 
researchers and clinicians and give them to the patients also.

“When patients are educated, they are 
empowered, and they can move forward. And 
they can think about different solutions, and 
they can partner up and they can make their 
own decisions and help push forward the 
research.”

Ben Solomon: 
I am optimistic. I think if I look at the younger generations, my 
kids and other folks, they’re much savvier and much more 
comfortable with these technologies and with some of these 
big issues, like data sharing. They look at us all tied in knots 
about our concerns about data sharing, and they say, “No, 
no, no, this can be a really good thing.” So hopefully, there’ll 
be a generational shift. I expect there will be, and so some 
of these things will solve themselves, including with some 
technological solutions.

I am a pediatric geneticist by training and so what I hope in 
the future, I don’t know if it is going to be five, 10, 20 years, it’ll 
be a process, but there’ll be a lot more artificial intelligence 
and related technologies that are supporting what we are 
doing. So instead of me, when I see a patient, going to the 
computer and Googling or using a fancier version of Google, 
some database, to look up their symptoms and try to figure 
out treatments or try to figure out what they have and decide 
if I should send a genome on them or enroll them in a research 
study, there’ll be a lot of stuff under the surface that will help 
underlie and underpin what I do, and make it faster and easier, 
so that I, as a doctor, am not spending all my time when I am 
supposed to be talking to a patient and a family, typing on the 
computer and writing my medical note and looking things 
up. But I can talk to patients and families. Hopefully, a lot of 
these technologies will allow us to get back more and more 
to human contact, and I think that is the reason all of us went 
into, in various ways, into rare disease research and clinical 
medicine.
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The Conversation
Sean Sanders:
In this nine-part series, running through the remainder of 2021, 
we are looking at some of the most critical issues in the field of 
rare diseases. If you would like to watch previous webinars in the 
series, you can find them at webinar.sciencemag.org. 

We have already covered many different topics related to rare 
diseases, including the challenges of diagnosing and detecting rare 
diseases, the role of primary care doctors in this process, pros and 
cons of neonatal testing, and application of artificial intelligence 
in rare disease detection, diagnosis, and research. Today, we are 
shifting gears from physical to the mental to address psychological 
impacts of rare disease, and the importance of not neglecting the 
mind-body connection.

I am very excited to introduce our panelists to you; welcome, 
to all of you. Thank you for joining us. As usual, I am going to 
have each of you introduce yourselves and tell us a little bit about 
what you do. So maybe we will start with Dr. Kathleen Bogart. 
Kathleen, please go ahead.

Kathleen Bogart: 
I am an associate professor at Oregon State University here 
in America. My interest really is squarely in quality of life and 
psychological support for people with rare diseases. I was 
born with a rare disease myself, and I am very interested and 
motivated to serve my community, and to provide additional 
support. I have done some of the largest quality-of-life studies 
of people with diverse rare disorders, and I am happy to chat 
with you all today and learn more about what everyone is up 
to.

Sean Sanders: 
Thank you so much, Kathleen. Next, we have Dr. Debra Regier. 

Debra Regier:  
I am in Washington, DC, and I am the medical director for 
the Rare Disease Institute at Children’s National. My work 
is around how do we educate to improve quality of life for 
all patients and families with rare disease, whether through 
the diagnostic odyssey or once they have a diagnosis. I am 
also the director of the Palliative Care Genetics Clinic here at 
Children’s National, which is a combination of doing palliative 
care, as well as understanding the genetic ideology for end-of-
life or those individuals who have a short expectation of life. So 
again, it is all about how we optimize every day, and we realize 
more and more, mental health is a huge component of that. I 
am excited to be here today and discuss how to move things 
forward for our families.
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broad rare disease detection across all doctor–patient 
interactions.
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Sean Sanders:
Thank you so much, Debra. Next is Dr. Amy Hunter, who is the 
first in our UK contingent. Amy, over to you.

Amy Hunter: 
I am Amy Hunter based in the UK. I work for a UK-based 
patient organization called Genetic Alliance UK. We are a 
national policy organization, so our members, rather than 
being individuals, are largely small condition–specific rare 
disease patient groups. We work to give them a voice at a 
national level in the UK, and we do a lot of work to support 
them in their development as organizations. I am the director 
of research at the organization. The kind of research that 
we do is really focused on patient experience, especially 
around health care under the services, and then we draw the 
evidence base together to feed into our policy work to try 
to improve things. Through that kind of work, and through 
our interactions with our members, we hear a lot about the 
burdens of living with a rare disease in terms of mental health. 
We carried out a survey and an interview study a few years ago 
that uncovered a huge unmet need for better mental health 
support.

Sean Sanders:
Thank you so much. Finally, we have Kym Winter, who is also in 
the UK. 

Kym Winter: 
Thanks, Sean. I am Kym Winter and I am a psychoanalytic 
psychotherapist by background. I have been working for 
about 25 years as a therapist but became involved with the 
rare disease community professionally in 2014. Really, in 
recognition of how little support there was being offered 
to rare disease communities and individuals. Wanting to 
change that, started an organization, which is a nonprofit 
called Rareminds CIC last year. Rareminds CIC is working 
with patient organizations and health care professionals to 
both provide mental health services online and by telephone, 
because we recognize that one of the things is a difficulty in 
access and getting to appointments for rare disease patients 
and family members. But, also to raise awareness in the very 
way that we are, today in this webinar, really of how mental 
health is absolutely key to your physical health care, too.

Sean Sanders:
Before we sort of dig into the mental health side of things, I 
really wanted to just touch on some of the unique challenges that 
are encountered by people with rare diseases. Maybe we could 
just talk about some of those? We have covered them in previous 
webinars, but I think it is important just to lay the foundation. 
Kathleen, maybe I will come to you first. Could you talk about 
some of the issues that are unique to rare disease patients?

Kathleen Bogart: 
Maybe I can start with things that are common to people with 
other chronic diseases, and then move on to what makes 
them unique. So rare disorders often affect multiple organ 
systems, are treated by numerous specialists, not just a single 
provider. And they are paired with the unique challenge of 
lack of information, lack of a roadmap of what someone’s 
care or life would look like. And so that is really what makes 
it extra challenging. We already know that living with a 
common chronic condition is quite challenging, but some 
of the additional issues faced by those with rare conditions, 
are finding community, finding people who have had other 
experiences like them, and really finding those doctors and 
specialists who know about the condition and even know what 
to look for during that diagnostic odyssey. During all of that, 
there are a lot of experiences of maybe invalidation or disbelief 
towards the individual with the rare disorder. Maybe it is all 
in their head if nothing is being found. And it can really affect 
someone’s sense of hope and optimism.

Sean Sanders:
Debra, maybe I can have you jump in since you do work with 
rare disease patients.

Debra Regier: 
Actually, as you were speaking, Dr. Bogart, the thing that came 
to my mind is, so often in medicine, we prioritize the medical 
concern, the organ system. There are liver issues or there 
is a kidney issue, and that is going to trump the priority list. 
Often, I will sit with families and say, “Okay, we need to see 
12 specialists. Who are we going to see for one through 12?” 
Sadly, when I first started in this career, mental health never 
made it to the top 10, and thankfully, now I have learned, and 
now it does. I think it is a matter of how we prioritize our time 
and energy and resources. And I think, sadly, a lot of people 
in rare disease have been prioritizing it inappropriately. Now 
we know the better we can prioritize our mental health, the 
more likely we can handle all those other issues. But that 
is something that has just come into this field, and we are 
acknowledging that that is a huge component of every rare 
disease.

“Physicians are really good at, ‘This is the 
organ system. This is the test I need to send. 
This is the screen I need to do.’ Those are the 
easy things for us to deal with. Sometimes, it 
can be really hard to deal with, ‘Okay, I need to 
find you a therapist.’”

I think as you said that, that complexity, physicians are really 
good at, “This is the organ system. This is the test I need to 
send. This is the screen I need to do.” Those are the easy 
things for us to deal with. Sometimes, it can be hard to deal 
with, “Okay, I need to find you a therapist. That is a harder 
thing for me to do. I need to find a good connection. I need 
to find you a community,” which, that is a really hard thing to 
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do, is to find community, sometimes. I think, exactly what you 
said, Dr. Bogart, it is so true. How do we, in the middle of this 
medical milieu, make sure that we do not forget that mental 
health is one of those components that we always have to 
bring in?

“How do we, in the middle of this medical 
milieu, make sure that we do not forget that 
mental health is one of those components that 
we always have to bring in?”

Amy Hunter: 
I think that touches on something very important, when she 
said that there is this list of specialists that you need to start 
seeing. In the UK, we find has a huge impact on people’s 
emotional well-being because it seems to be a real struggle 
for that care to be coordinated effectively. And certainly, over 
here, the burden of that tends to fall on the individual or the 
family, the parent, so there is a lot of chasing of appointments. 
There is obviously going be a lot of taking time off work, 
taking your child out to school. Sometimes, you have two 
appointments in two different hospitals on the same day, 
because people are not talking to each other. Or conversely, 
you have got two appointments three days apart in the same 
hospital. It would have been a lot better for everyone if they 
could be at the same place. And I think when you throw into 
that mix, when you have got so many health care professionals 
involved, if they are not speaking to each other, as well, and 
they are just dealing with their little angle, whichever medical 
angle they are specialized in, then you can get to the point of 
the individual losing trust in their care. We do see that a lot, 
because when you lack that joined-up thinking, then mistakes 
are made, there are gaps and people feel like the care they are 
receiving is not of good quality overall.

“When you lack that joined-up thinking, then 
mistakes are made, there are gaps and people 
feel like the care they are receiving is not of 
good quality overall.”

Kym Winter: 
One of the things we hear a lot with patients who access our 
services as therapists is that they might have tried to access 
therapy before, but either they found their way to someone 
who did not have much understanding of the complexity of 
rare disease, and so there might have been a tendency to, 
what I would call, sort of over-pathologize their symptoms 
again, or look, as Kathleen was saying, to, “Is this really a 
physical symptom or is it actually an emotional one?” That 
very complex interface between physical and emotional. But I 

do not know how it is in the States, but in the UK, patients are 
managing a lot of appointments and doing a lot of juggling of 
their care. Now, if you add into the mix that it might be helpful 
to see a psychologist or a therapist, it is another appointment 
to manage. That appointment gets missed, and then someone 
might send a follow-up letter, but you might have to re-refer, or 
the psychologist or therapist might think, “Well, they are not 
motivated. It is not the right service for them right now.” I think 
historically, it has been difficult for people to access the right 
therapy or psychology services. You add funding issues into 
that, as well, and it is a perfect storm; that is why it is hard to 
get there. 

“If you add into the mix that it might be 
helpful to see a psychologist or a therapist, 
it is another appointment to manage…. 
historically, it has been difficult for people 
to access the right therapy or psychology 
services.”

Debra Regier: 
I am going to comment about the U.S.; we have the exact 
same issues. We have the same issues with coordination of 
care. It sounds great in the U.S. We have all these resources, 
but coordination of care still falls to the parents, or the 
families, and the family and the patient. The other issue that 
we have is, depending on the type of insurance or health care 
system that the patient is in, they may or may not have access 
to very good mental health support. They might not have 
access to a therapist that is covered. This can get very, very 
expensive for families. And for example, my favorite therapist 
in the area does not accept any insurance, so it is all out-of-
pocket cost for families, for my favorite rare disease therapist 
in the area. There are a lot of access issues that we can all 
share in understanding and thinking about how do we improve 
access, no matter where you live. We all need to think about 
that as being a priority.

“There are a lot of access issues that we can 
all share in understanding and thinking about 
how do we improve access, no matter where 
you live. We all need to think about that as 
being a priority.”

Kathleen Bogart: 
I think one other challenging thing about being in the U.S. is 
the great distance that we encompass. Right? I have spent 
some time in the UK, while rare disease patients in the UK may 
have to travel a few hours by train to get to an appointment. 
It is very common in the U.S., if you want to see the couple 
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of eminent people in your rare disease, that you may have 
to fly from coast to coast for seven hours. So, add that on 
to everything else. The really important point about mental 
health care and payment is that in the U.S., very few mental 
health providers are familiar with rare diseases. In fact, to my 
knowledge, there is no special training available to focus on 
[mental health in] rare diseases. The closest you would get 
would be a health psychologist or a health social worker who 
has some broad training in working with chronic diseases.

“To my knowledge, there is no special training 
available to focus on [mental health in] rare 
diseases.”

Kathleen Bogart: 
There is something so unique about being rare that most 
health care or most mental health providers will not have 
experience with unless they have worked with a lot of clients. 
And that is why I think about having Deb’s favorite person 
working in that space; you may have to fly or travel to really 
get to that space. With the pandemic we have been able to 
connect more with telemedicine. Maybe if you do not need a 
physical examination, you can Zoom to be with your provider 
— especially a mental health care provider — who would 
otherwise be across the country. 

“A lot of mental health care professionals are 
quite frightened of rare disease…. We have 
patients on our books who have said to us, 
“Well, I tried to approach someone, and they 
said, ‘Oh, I am not very familiar with rare 
diseases.’”

Kym Winter: 
You are quite right. And it is one of the ways in which it has 
become more acceptable and easier to access all different 
sorts of care, really. A lot of mental health care professionals 
are quite frightened of rare disease. I do not know if it is 
quite the same in physical health care, but that idea of “Do 
no harm” translates over into the mental health care field. 
We have patients on our books who have said to us, “Well, I 
tried to approach someone, and they said, ‘Oh, I am not very 
familiar with rare diseases,’” or they do not fit under a service 
we mentioned. The NHS (National Health Service in the UK) 
is very stretched; if someone is slightly off to one side, as 
rare diseases often are, there is the feeling of, “Well, maybe 

we cannot quite bring them under our umbrella of services.” 
I think more training and more awareness for mental health 
care professionals quite widely would be helpful.

We are a small organization. We cannot support everyone’s 
rare disease mental health care. Getting that awareness out 
there and giving people confidence to understand just a bit 
more about rare diseases generally, even if the specifics are 
something that patients will work on with their therapist or 
counselor over time. But I think things are changing and I think 
there is more openness to both using telemedicine and mental 
health issues generally being talked about because of the 
pandemic.

Sean Sanders:
We have touched on lot of very different parts of this issue. We 
talked about funding. We talked about the complexity issue, 
which does seem to be particularly unique to the rare disease 
community. A lot of people will go to a doctor, and they might 
have a single disease and there obviously are mental health issues 
associated with that. But when you are looking at seeing, like 
you said, 12 specialists, that, to me, is crazy and adds hugely to 
the burden. Telemedicine I think is something important that 
maybe we can touch on later. Also, I do want to talk a little bit 
more later about how we can help doctors better understand rare 
diseases and maybe not be as scared of them. 

Medical problems are stressful for everybody, but there are 
certain stresses that have a greater impact on patients with rare 
diseases. When patients and caregivers approach a doctor with 
these issues and with mental health issues, is there a stigma 
attached to this conversation? Are patients reluctant to talk about 
mental health issues related to their disease? And the other part of 
that is, are physicians reluctant to ask about it? 

Amy Hunter: 
We did not research this stigma question, and maybe the 
other panelists can comment. My feeling through exposure 
to the mainstream media is that there is a lot of willingness 
to have the conversation in a more public sense than we have 
had before, which is a good thing — a positive thing. People 
told us through our study, in terms of interactions with rare 
disease health care professionals, is that there seems to be 
a huge reluctance on the part of health professionals just 
to ask the question, “How are you doing?” Or how are you 
coping? How are you feeling? It is unfortunate because for 
those simple conversations, you do not have to go into being 
a psychotherapist. Those simple conversations can be very 
powerful and can be very valuable because it is just about 
validating how people are feeling, and that came through there 
very strongly.
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“There seems to be a huge reluctance on the 
part of health professionals just to ask the 
question, “How are you doing?” Or how are you 
coping? How are you feeling? It is unfortunate 
because for those simple conversations, you 
do not have to go into being a psychotherapist. 
Those simple conversations can be very 
powerful and can be very valuable.”

I am not sure whether the health care professionals who are 
not asking those questions just do not have time, it does not 
occur to them, or there is an unwillingness. I guess it varies 
between individuals. I could quite understand, certainly with 
the under-funding of the mental health services here in the 
UK, that health care professionals may be concerned about: 
ONE: opening that can of worms and whether they can handle 
that conversation effectively and sensitively themselves. TWO: 
They may feel that if there is a case for referring someone to 
receive professional psychological help, whether that is going 
to be available and whether it is going to be appropriate for 
that individual.

Kym Winter: 
It is a very interesting question that is being raised: why are 
physical health care professionals not asking more? Just 
those simple questions as Amy says that are so validating to 
patients. Just that: how are you coping? How are things? How 
are you getting on? Not necessarily leading to do anything 
more than that. Often, it is the acknowledgement that, this is 
a lot to be coping with, to be bearing. That is fundamentally 
therapeutic. And I think we forget that. It is not about needing 
to ask a question and then send someone on necessarily to 
a mental health professional. I think it is just the confidence 
of being able to ask the question; to bear the discomfort 
perhaps, of someone being angry or upset or disappointed 
or frustrated, without necessarily being able to provide 
an immediate solution. Just by saying, “Yes, I get it. This is 
hard.” That is enormously powerful. That would be incredibly 
powerful for the health care professionals to learn, and to be 
more confident in asking, “Are you okay? How is it going?” It is 
simple.

“Just by saying, “Yes, I get it. This is hard.” 
That is enormously powerful.”

Kathleen Bogart: 
I love that point. “Are you okay? And how are you coping?” 
These are things health care providers can have in their back 
pockets to ask. On the American side, I did a large-scale study 
on quality of life and mental health among people with rare 
diseases (Bogart KR, Irvin VL. Health-related quality of life 

among adults with diverse rare disorders. Orphanet J. Rare Dis. 
2017 Dec 7;12(1):177. doi: 10.1186/s13023-017-0730-1. PMID: 
29212508; PMCID: PMC5719717). We have had about 1,200 
participants with 200 plus different rare disorders. We found 
that the measures that we used were measures that already 
had norms in the U.S. population and had norms for common 
chronic conditions. For every domain that we assessed in 
quality of life, people with rare diseases scored significantly 
poorer than the U.S. population and people in the U.S. with 
common but chronic conditions. This really does point to 
an extra challenge with people with rare disorders, and 
specifically, I want to point out that for depression and anxiety, 
people with rare disorders were more at risk for depression 
and anxiety compared to 70% of Americans.

“People with rare disorders were more at risk 
for depression and anxiety compared to 70% 
of Americans.”

We know that this is a very at-risk group. Just like what 
you all have been saying is happening in the UK, it is also 
happening in the U.S. I think doctors are strapped for time, 
and as you say, do not want to open a can of worms that might 
take more time and energy. Of course, they are well-meaning, 
but the way the pay schedule is set up, you have like just a few 
minutes with your patients. There is that hesitance. But also, 
rare disease patients, especially those with conditions that 
are not visible, are very acutely aware of being told that it is 
all in their head. They may be afraid to ask for mental health 
support. The doctor might even be aware of this, as well, and 
afraid to ask because it might be invalidating. But what I want 
to just point out here is that you can have a conversation that 
separates, “I think that the physical problems that you are 
presenting with and reporting are all due to a psychological 
problem.” There is a way to separate that from, “You are 
dealing with a lot right now. How are you coping? I would like to 
send you to someone if you are interested who might be able 
to help you with the general uncertainty and discomfort that 
you might be experiencing.” Right? And I think that just taking 
another moment to clarify, “I believe you. I validate this. And it 
is important for you to have extra support, if you want it.”

Kym Winter: 
Should we make the idea of mental health support just 
ordinary as part of rare disease care? As Amy said, “How 
are you doing? How are you coping?” It should be asked 
frequently and not be either under-played or over-played. It is 
just seen as one of the ordinary challenges of living with the 
rare disease. Of course, it is going to be stressful. Of course, 
there is anxiety involved. How can we help you? What can we 
do to support you? It does not mean you are being defined as 
someone with a Mental Health Problem, capital MHP. Does 
that make sense? 
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“‘Your job is to ask [How are you doing? 
How are you coping?] and that innately is 
therapeutic.’ I think that is what we need to 
tell health care providers…. I think helping to 
demystify that to the physician, saying, ‘You 
are not supposed to cure their depression with 
this question, but asking the question actually 
helps.’ I think that is what we need to make 
it so that you do not have to get the perfect 
doctor.”

Debra Regier: 
I am going to hop in here as that physician who is scared to 
sometimes bring it up. I feel like I need to take that clip and 
show it to my trainees and say, “It is therapeutic even if all 
you can do is ask. You do not have to fix it. You do not have to 
cure it. That is not your job. Your job is to ask and that innately 
is therapeutic.” I think that is what we need to tell health 
care providers. “No one thinks you have to cure this. You are 
acknowledging that it is the reality and you are saying, ‘This 
is the reality and I am going to be in your reality with you.’” It 
is the same way of saying, “You need to see your cardiologist 
because you have a valve issue,” or you have some other 
issue. It is the same thing. It is just, it is another specialist. I 
think helping to demystify that to the physician, saying, “You 
are not supposed to cure their depression with this question, 
but asking the question actually helps.” I think that is what 
we need to make it so that you do not have to get the perfect 
doctor.

There is an education series I am doing, and the one thing 
we realized is we needed to add an hour into how not to be the 
perfect doctor and it is okay to do what you can do. No one 
expects you to cure the person with rare disease. That is not 
your job as their provider. Your job is to live life with them and 
to be with them on the journey. How do we help physicians be 
okay with not curing it? Which is a weird and hard place. And I 
think that is where that underlying, “Why do they not ask? Why 
do they not do it?” It is because they really want to cure it and 
it is not always curable. It is treatable, absolutely, but it is not 
always curable.

Amy Hunter: 
I think probably keeping an emphasis on those conversations 
need to be quite simple. It is probably actually an important 
message. A lot of people who took our survey, unfortunately, 
of the less than 50% of people who had been asked by their 
health care professionals, how they were feeling, when these 
conversations went on, quite a significant proportion said that 
they came out feeling worse after the conversation. Now, we 
did not dig into what happened in those conversations so I 
cannot really comment further, but I think that message about 
just keeping it simple and showing that you understand that 
there is an emotional burden and people may be struggling. 
They may be feeling stressed. That is helpful.

What you are saying about wanting to cure as a physician is 
interesting, as well, because of course, one of the things that I 
do not think we touched on earlier about rare conditions and 
why they can be particularly difficult to live with is that there 
are very, very few curative treatments for rare conditions. 
There are between 6,000 and 8,000 individual rare conditions, 
in Europe, there are only a few hundred licensed treatments. 
On top of that, because of the way our health system is set 
up, then there is often a struggle to actually get funding so 
that the medicines are accessible to individuals through their 
health services. It is a high-stakes situation for people with 
rare conditions. You have a diagnosis; you feel like you are 
getting somewhere and the physicians obviously want to cure 
their patients. But a lot of people feel then that they are up 
against a big wall in terms of what is actually available, and I 
think that is quite a major element in terms of having impact 
on people’s mental health.

Kym Winter: 
This links us back to the diagnostic odyssey. There is a 
tremendous pressure on that health care professional to come 
up with the goods to be the best that they can be. Of course, 
that is a wonderful thing, but of course it is very inhibiting 
sometimes and it is a real pressure on that health care 
professional, too. I am quite interested how the impact of the 
diagnosis odyssey affects the health care professionals; that 
fear of getting it wrong, the desire to get it just right, to want to 
be the best is all in the mix, I think, with this.

Sean Sanders:
Thank you. That is the next part I wanted to talk about — the 
psychological impact of this diagnostic odyssey, which I think is 
something that is fairly unique to the rare disease community. 
And we all know how long it can take sometimes to get a 
diagnosis. First, why would somebody necessarily want a 
diagnosis if no treatment is available? And together with that, 
what are the psychological impacts of not getting a diagnosis?

Kathleen Bogart: 
This question is a very real experience for many people. As 
Amy was saying, most rare diseases do not have a cure. Some 
have treatments, but it is quite likely that when someone 
gets a diagnosis, it is not going to be, “Okay, well, we are as 
the British would say, done and dusted and we will just apply 
that cure and figure it out.” But there is a lot of value to just 
having that name of the rare disorder. It really opens a lot of 
doors. It allows the person then to connect with professionals 
who have the most expertise in that area. Crucially, it allows 
them to connect to the rare patient organizations. For many 
rare disorders, there is at least one organization that is run by 
people who have the condition, who have family members with 
the condition, or who otherwise are passionate and expert at 
the condition.
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Kathleen Bogart: 
These groups: I spent a lot of time working with them. I am 
on the scientific advisory board for one that supports people 
with my own condition, Moebius syndrome, and they can just 
be so valuable. Being connected with them really opens the 
door to a community and identity, so others can meet people 
with their own experiences for the first time, because rare 
diseases are so rare and geographically dispersed, you would 
never find someone just in your hometown, even at your local 
hospital. You really must go these extra steps to connect with 
a community that way. And now there is a lot of online ways 
to do it through Facebook and through other organizations. 
It really allows people to have a sense of what their life with 
the rare disease might be. It provides them with role models 
and with mentors who have those conditions. The other thing 
I would just add is that we have some nice quantitative data 
to support the idea that having a diagnosis benefits mental 
health. In that same survey that I was talking about before, 
we found a significant correlation with length of time since 
receiving a diagnosis and lower anxiety and depression. So 
regardless of whether these people actually had treatments 
or cures, simply having a name and having kind of a road map 
eases this mental health burden.

“Having a name, a framework for people to 
start to think about what the disease is can 
really help.”

Kym Winter: 
I think having that label can help reduce isolation. Kathleen 
talked about reaching out to people who have similar 
experiences, but also just in interactions with your existing 
community, with your family and your friends, who can find 
it hard to understand what you are going through, especially 
before you have the diagnosis. Having a name, a framework 
for people to start to think about what the disease is can 
really help. That can extend to nonmedical services, as well. 
Certainly in the UK it can help families, for example, get the 
kind of support they need for their child in their education 
setting, for social care, for respite care for families and 
that kind of thing. Even though a lot of those things should 
supposedly be based on need, and nothing has changed from 
the day before you got a diagnosis to the day after, your needs 
and what kind of support you need in education or for social 
care may not have changed. What we find is that having that 
diagnosis, having that label can suddenly open doors and 
just make life that bit easier. Also, having diagnosis can bring 
knowledge in terms of likely progression of a condition, so 
prognostic information. And for serious conditions, of course, 
families it can be very important if you are looking to have 
more children and you want to have information to inform 
those kinds of decisions, as well, a diagnosis can be incredibly 
important for in all these different ways.

For me what is so important about having a name for your 
condition …is that it gives you …access to a community…. 
Just look around this room, and when you are having those 
really dark or difficult moments, you know that there are other 
people in this room out there in the world who will understand, 
who will be going through something similar, or will have gone 
through something similar.

And the enormous, sort of powerful potential of that, to 
ease that sense of aloneness and isolation, which of course 
can lead on to depression, anxiety, or despair. I think despair is 
something that often captures for me something more of the 
rare disease experience for some people.

Sean Sanders:
I want to talk about some of the solutions to the issues that we 
have raised. I think you have brought up some fantastic issues, 
particularly around what physicians can do, asking, “How are 
you?” The simple questions. Trying not to be perfect, trying not to 
treat everything at the same time and do it perfectly. But do you 
have any other suggestions? I am thinking particularly in terms 
of helping physicians understand how to treat these patients 
holistically, and also on the education side, recognizing the 
unique challenges of rare diseases.

Debra Regier: 
We teach rare disease doctors and primary care members 
of the team about rare disease and the unique aspects of 
the diagnostic odyssey. Whether or not you, the health care 
provider, think you are the expert or not of rare disease, 
because you helped them get to that point, you have become 
the expert and figuring out how to be in the unknown with 
them. Even if you talk to the world expert, they might say, “Oh, 
I have never seen that”; “I do not know what to do with that.” I 
am thinking back to a mom I saw last week. We were chatting 
and she said, “Hey, I do not know what to do about this.” I 
messaged out all the other experts in the field and, they were 
like, “We do not know.” I go to the mom’s Facebook group and 
find out if any other mom has seen this. Between my talking to 
the doctor, and talking to the Facebook group, we found one 
other person, I called up that doctor and said, “Hey, what did 
you do for this?” And they said, “Oh, we did this, but it did not 
work.” We do not know always what to do.

[The health care worker needs to say:] “We 
are going to jump in with both feet, and we are 
going to be on this journey together with you 
and your family and your child. We are going 
to listen and we are going to think and we are 
going to be creative together.”
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You have to have willingness to listen and willingness to try 
things, and willingness to say, “We are going to jump in with 
both feet, and we are going to be on this journey together 
with you and your family and your child. We are going to listen 
and we are going to think and we are going to be creative 
together.” As I create educational modules for trainees, so 
about 10% of the genetics residents in the country come 
through my training program, and about 20% of those training 
in metabolic, it is a certain type of rare disease, come through 
our training program. We also run national and international 
training programs for researchers and primary care doctors 
who are interested in better understanding rare disease. As we 
do all of this and try to be very intentional about it, you do not 
have to be perfect, but you must chat with them. You must be 
creative with the family. You have to listen, and think, “Okay, 
who can I contact? What other resources can we come up 
with?” This idea of how we teach people need not be perfect, 
but must be creative, and that is a weird place, that is not what 
we have trained doctors to do. I can guarantee it is not in the 
U.S., and I doubt that it is in the UK, either. Because physicians 
must be time efficient, they use standard protocols, they 
use best scenarios, and suddenly we put them into a milieu 
when there might not even be a protocol and you are going 
make it up as you are going. You want do no harm, and yet 
you do not know if what you are doing is harm or not, so you 
are going to go for it and you are going to try it. But I think by 
communicating to people, doing nothing is the harm. It is best 
to try something. Listen, talk, communicate. Doing your best is 
the doing no harm in that situation in rare disease sometimes. 
If there is a protocol, use it. There might not be one. Our 
institution is also looking at how do we create protocols for 
rare disease to try to help those primary care physicians, so 
there is a place to start. So those are some of the things we 
are trying here at the Rare Disease Institute to try to help 
support providers if they do not have access, or if families are 
long distances from someone who might know some of those 
things.

“Doing nothing is the harm. It is best to try 
something. Listen, talk, communicate.”

Kathleen Bogart: 
I want to echo a lot of what Deb has said so beautifully. Implicit 
to what you are saying, Deb, is I am hearing that you are a 
great listener to your patients and the creativity that you 
talk about, it involves listening to patients and learning from 
them and reaching out in unconventional channels. You talked 
about the Facebook group. I think to be an excellent provider, 
supporting people with rare diseases, those are the skills that 
you need, because there is so little information, you really 
must be creative in kind of taking it from as many angles as 
possible. And often the patients and their communities really 
are the experts.

Debra Regier:
I cannot tell you how many patients have said, “I went to the 
emergency room and the doctor told me they knew more 
about it than I did,” and I said, “Oh, did you laugh at them 
because you should have.” And then, yeah, I laughed out loud 
and told them to call you and then you tell them, no, they are 
the expert. I just always laugh that physicians are not used 
to that. We are used to knowing and we are used to being the 
ones that know more, and this is the case where we do not. 
The family probably knows more.

Kym Winter: 
I always really liked the term, “diagnostic odyssey” because it 
so perfectly encapsulates something. And one of the things 
we often talk to our patients who come and see us about, is 
the idea of a rite of passage which, of course, is linked to the 
idea of odysseys. And one of the rites of passage is that sort 
of loss of innocence. And what we mean by that is having to 
accept that the doctors and nurses that you grew up with 
the idea of when you were younger, that are all-knowing and 
all-powerful, you have to kind of put that down a bit when you 
are living with a rare disease because everyone is learning as 
they go along. But there is a sort of unique game that patients 
must do as part of that. Physicians also must learn to tolerate 
living in the face of uncertainty which is, of course, what rare 
disease patients and families are doing all the time. We are 
all practicing and we are all trying to support each other in 
learning how to manage uncertainty and the unknown, and it 
is not easy. We do it better together, I think. 

“Physicians also must learn to tolerate living 
in the face of uncertainty which is, of course, 
what rare disease patients and families are 
doing all the time.”

Amy Hunter: 
There are some considerations to support primary care 
physicians with, especially, when people do not have a 
diagnosis. There are certain patterns of behavior that you 
might recognize someone who keeps coming back. They 
might be talking about a different problem, each time they 
come back. It is important to recognize that there might 
be something going on. Okay, you have run a few tests for 
common conditions, they have come up clear. It is important 
we have got this phrase coined by an organization who 
works a lot, called Medics4RareDiseases, and they coined 
the phrase, “To dare to think rare.” To start thinking, “Okay, 
I do not understand what is going on, but, I am not going 
to label my patient as neurotic. I am not going to dismiss 
their concerns. I am going to listen and I am going to dig 
into it a bit more.” And I think, obviously, no one is expecting 
every physician, especially every primary care physician to 
understand in-depth all the signs and symptoms for a huge 
range of rare conditions, but what we need to get to is a place 
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where physicians do dare to think rare, they do not say, “Okay, 
I have reached the end of my road. I cannot go any further with 
this patient. That is it.” But then, maybe [there is] more they 
can do and it is important to think about those uncommon 
conditions, as well.

“’Dare to think rare’….  Obviously, no one is 
expecting every physician, especially every 
primary care physician, to understand in-depth 
all the signs and symptoms for a huge range of 
rare conditions, but what we need to get to is a 
place where physicians do dare to think rare.”

Kym Winter: 
This true in mental health care, too, where sometimes it is 
those who get referred to psychological services are those 
that are difficult patients or hard-to-help patients. In the 
mental health care field we need to get a bit more astute again 
about thinking, “Dare to think rare.” I certainly know patients 
who come with chronic anxiety through the mental health 
care system. And then they had been found to have a rare 
condition, a physical thing that has affected their adrenaline 
systems, and that is what has been causing the chronic 
anxiety. So as mental health care professionals we need to be 
thinking rare, too, not just working with the symptoms. 

Kathleen Bogart: 
I wanted to raise another issue about how doctors can support 
their patients; why they might be reticent to refer out to 
mental health care? I want to remind the audience that it does 
not always have to be referring out to a service that requires 
payment. There is such a strong benefit to connecting with 
these rare disease organizations that we mentioned earlier. I 
would recommend that any doctor, especially the doctor who 
provides the formal diagnosis or even a tentative diagnosis, 
to let the patient know about rare disease organizations 
that exist. In America, for example, we have the National 
Organization for Rare Disorders, and they have a list on their 
website of all the organizations, member organizations that 
support a different rare disorder. It could be easy for a health 
care provider to just pull up that list and suggest a relevant 
organization.

Kathleen Bogart: 
I wanted to talk a bit more about the stigma that people 
with rare disorders experience, and how these organizations 
can benefit them. As I mentioned earlier, those with rare 
and invisible conditions are often not believed. Right? But 
also, those with visible rare conditions are noticed but kind 
of unrecognizable. I say that about my own condition which 
involves a facial paralysis. There is very little public awareness 
about Moebius syndrome or facial paralysis in general, which 
often kind of falls under the rare disease umbrella. With visible 
conditions, strangers will often notice the person’s unusual 

appearance immediately. They may not know how to explain 
it because they have never heard of it. This can be very 
distracting for others. Others may misunderstand the visible 
symptoms to mean something that they do not mean. So 
maybe, if the person also has intellectual disability, where that 
might not be the case.

These sorts of challenges, stigma occurs for both types of 
conditions, right? Both of those buckets. And can really be 
ameliorated by connecting with communities like them. I like 
to talk about attending the Moebius Syndrome Foundation 
conferences, which occur usually in person every couple of 
years. You hear that it is life-changing for people to suddenly 
be in a room full of people who look just like them and feel no 
need to explain. Suddenly, they are the majority group. They 
look like everyone else and you hear the same thing for people 
with invisible conditions. Suddenly, they are around people 
who simply understand their conditions and believe them. 
Connecting people to these sorts of groups indeed actually 
has measurable benefit. We have studied people who attend 
versus those who do not attend those Moebius conferences, 
for example, and have found increased social support and 
reduced stigma when they do attend these conferences. 
Again, I really encourage health care providers to help people 
get involved in some sort of community.

Amy Hunter: 
I would like to echo that exactly, Kathleen. We found that with 
our UK community, in the work that we did a few years ago 
that came out as such a strong message, and I wish I had 
known about this organization. I was left without knowing 
where to go after my diagnosis. And very, very few people are 
signposted by their health care professionals, unfortunately, 
even once they have a diagnosis. Of course, because there 
are so many individual rare conditions, there is not always 
a patient organization or even a Facebook group with your 
condition, especially for ultra-rare conditions. Sometimes it is 
just inevitable that you are going to have to look internationally 
to find more of a remote community, and I would just like to 
put a shoutout that a very useful website called RareConnect 
exists (rareconnect.org/en), that physicians can signpost 
to, which is for individuals who are struggling in that way to 
find an existing group. RareConnect will help people with a 
diagnosis to find individuals elsewhere in the world, even if 
there is not a structured, a formal patient organization already. 
I think that is helpful.

Kym Winter: 
I want to talk about the importance of keeping awareness alive 
for patients; that there are these patient communities. It can 
be quite frightening for somebody to take a step into being 
with others who have a condition. You are frightened what 
you might find out, you are frightened what you might hear. 
Some people are more natural joiners of things than others, 
so that idea of sort of just keeping it gently available, “There 
is this organization, have you thought of contacting them?” 
Because usually we find, nine times out of ten once people do 
make a connection. If they can just connect with one or two 
people even, it is incredibly powerful and supportive. But it is 
sometimes about timing when someone is ready to take  
that step.

http://rareconnect.org/en
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Debra Regier: 
I agree completely about the timing, so especially in 
conditions where we might have a shortened lifespan, that is 
really hard for families to hear from other families that have 
lost a child, especially. I warn them before they go on, there 
might be others who have lost a child, if you are not there yet, 
do not go onto that Facebook group yet. Do you want to talk to 
a family? Then I try to do one-on-one connections to a single 
family, if I can, if they are not ready for that. But again, saying, 
“It is there when you are ready.” But it must be at the right 
timing, I agree. It is a huge resource, but the timing is essential.

Sean Sanders:
There is one thing I want to just touch on very briefly. I know 
that not all rare diseases have a genetic component, but I think 
something like 70% do. If you could just briefly talk about what 
genetic counselors do and how it differs from what psychologists 
might help with.

Kym Winter: 
I was thinking about it earlier was awareness from our 
perspective that the emphasis in genetic counseling is 
really sort of information giving, about understanding 
the implications of the condition over time and for having 
further children or wishes like that. But it is not often more 
than one or two sessions. I do not think there is a good 
general understanding about the difference between genetic 
counseling, which is very focused in a particular way, and 
psychological counseling, which is unpacking the meaning 
of that diagnosis for you personally and for your family over 
time. So often patients come to us, they are a bit surprised 
and they might say, “Oh, I thought I had counseling. Oh, I can 
have more of them?” Well, this is quite different. I think there 
is not a good understanding still of the difference between 
genetic and psychological counseling, and maybe we need to 
work a bit more together on that over time in the rare disease 
community, too. 

Debra Regier: 
I agree. I wish we had a continuum. If I had the perfect role, 
the perfect clinic... We can do that later, the four of us can get 
together and create the perfect role. We would have a genetic 
counselor and a geneticist that starts the progress with them. 
The genetic counselor gives that information, does like that 
first line kind of gives the bad news. What they are good at 
is giving the bad news and making sure that that family can 
survive that hit of the diagnosis. Here we have been talking a 
lot about how positive that experience is, getting a diagnosis. 
But there are families that do not want a diagnosis because, 
in their soul, they do not feel like it is going to be the diagnosis 
that they want, so they do not want a diagnosis.

There is always that conundrum we have of when a person 
does not want a diagnosis. But when there is a diagnosis, if it is 
not one that they wanted, one that might not have a treatment 
at all, or for sure not a cure, or have shortened lifespan, that 
initial, “How do we help you cope with today? How do we help 
you cope with the next few weeks of your life?” That is what 
genetic counselors are really trained in, that is what they are 
good at. That does not look at, “How do I now keep living my 
life for the next months, years, decades?” That is when I need 
long-term support. I need that long-term therapist in their 
community, hopefully. Someone close to home, someone who 
they have a longer-term relationship with.

In all honesty, it needs to be someone who does not give the 
bad news. I get fired on a regular basis by families because I 
am the one who gave the bad news. And I give them that right 
to fire me, because they need someone to hate in that minute. 
And that is okay, that is fair. And I think genetic counselors 
are good at being fired in that situation because it is just so 
hard. But I want a therapist, a psychological therapist to kind 
of be there, that did not give the bad news, that kind of gets 
to rescue them and gives them a chance to feel like, “I am 
not alone in this bad news.” So yes, geneticists and genetic 
counsellors, I think we try to get them through that first, I 
always say days, weeks, maybe even a month or two, but then 
they need someone closer to home, they need someone in the 
community, and thankfully with Zoom that community has 
broadened, with Zoom or telemedicine options. That is one 
thing we have learned. Pandemics have taught us well how to 
create broader, bigger communities. It is important that we 
almost do a transfer of care. That would be my perfect rolled 
word, almost be a transfer of care.

Kathleen Bogart: 
To mention timing: Sometimes you are not okay with getting 
a diagnosis at that point. Sometimes you are not okay with 
jumping headfirst into that big community. And I think that 
really is the value of the clinicians that are here today, of 
helping people navigate that timing. And it can be done but 
it is a very individual thing. This is all wrapped up around 
identity, so working with that person to come to terms with a 
changed or additional aspect to their identity can take time, 
and I think we have done a pretty good job of talking about 
a lot of different options and resources that are available to 
people when they are ready for them.

Sean Sanders:
Great, well, thank you, Kathleen, and thanks to everybody. 
Thank you once again to our fantastic panel and to Fondation 
Ipsen for enabling this conversation through their kind 
sponsorship. Goodbye, everyone. Thank you.
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The Conversation
Sean Sanders: 
Hello, and welcome to this sixth installment of our Science and 
Life webinar series on rare diseases. I am Sean Sanders, and it 
is once again my pleasure to moderate our discussion today. In 
our nine-part series running through the remainder of 2021, we 
are looking at some of the most critical issues in the arena of rare 
diseases. You can find previous webinars in this series at webinar.
sciencemag.org, and the recording of this and future webinars 
will also be posted there. We have already covered quite a broad 
range of topics related to rare diseases, including the challenges 
of diagnosing and detecting rare diseases, neonatal testing, and 
the application of artificial intelligence in rare disease detection, 
diagnosis, and research.

We are going to examine the role that primary care doctors 
and frontline medical facilities play in detecting and treating 
rare diseases. Finally, thank you to Fondation Ipsen. We have 
a wonderful international panel of speakers today, and I am 
excited to have them introduce themselves to you now. 

Durhane Wong-Rieger: 
I am Durhane Wong-Rieger. I am president and CEO of the 
Canadian Organization for Rare Disorders, which is a national 
alliance of rare disease groups and patients. I also sit as chair 
of Rare Diseases International, which is our global alliance of 
rare disease groups and international disease groups, and I am 
also now president of the Asia-Pacific Alliance of Rare Disease 
Organizations, which includes about 19 organizations across 
the Asia-Pacific area, which... It has been a very interesting 
experience because there is such a diversity, of course, in that 
region. 

Helen Malherbe: 
I am Helen Malherbe. I am currently director of Rare Diseases 
South Africa, which is a registered non-profit organization and 
public benefit organization here in South Africa, and we are 
really focusing on improving the quality of life for all of those 
affected by rare diseases and congenital disorders. I am a 
director, but I am also heading up epidemiology and research 
at Rare Diseases South Africa. I have a foot in the academic 
world as well, being a postdoctoral researcher. I am currently 
in between academic institutions, but starting again in 
September at a new organization that will be focusing on the 
health economics of rare diseases and congenital disorders in 
South Africa. Thank you.

Eyby Leon Janampa: 
I am an assistant professor at Children’s National Hospital in 
Washington, DC. I am also a clinical geneticist, and I have seen 
patients with rare disorders for over 10 years.

Dong Dong: 
I am Dong Dong, research assistant professor from the 
Jockey Club School of Public Health and Primary Care at 
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The psychological cost of rare 
disease
It has been well established that mental health goes 
hand in hand with physical health. Living with a chronic 
condition places a daily emotional strain on both 
patients and caregivers. For those with a rare disease, 
the situation is exacerbated by unique challenges, 
including longer time to diagnosis; more frequent 
misdiagnoses; few, if any, available treatments; 
and often complex care. This greater mental load, 
accompanied by the physical challenges that come 
with a rare disease, has profound psychological 
implications. In addition, there are intractable well-
being issues around genetic testing that need to 
be addressed, in concert with the real possibility of 
genetic therapies in the near future. How can these 
realities be compassionately and sensitively discussed, 
and how might they impact the way patients think 
about their medical condition? In this webinar, we 
examine these issues and address how physicians and 
the medical community can better support those living 
with a rare disease as well as their caregivers.
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the Chinese University of Hong Kong. I started to study the 
social economic impacts of rare diseases on patients and 
their families, mainly in China in 2014. I used both quantitative 
survey methods and qualitative ethnographic methods to do 
my research. The research approach that I have been taking 
is basically called “community-based participatory approach,” 
which allow me to focus on the patient’s real-life experiences 
and the impact of disease on their everyday life. That is why I 
also work very closely with the national patients’ organizations 
in China, including the China Alliance for Rare Diseases, the 
Illness Challenge Foundation, and the Beijing Aili Myasthenia 
Gravis Care Center. Thank you.

Sean Sanders: 
I wanted to start out by asking the broad questions about the 
problem, the problem of rare diseases and of detecting and 
diagnosing rare diseases. I found a quote that I am sure you 
have all heard that is attributed to Dr. Theodore Woodward of 
the University of Maryland, where he said, “When you hear 
hoofbeats, do not expect to see a zebra.” I believe the point he 
was making is, when you are diagnosing a patient, look for the 
obvious, but obviously when we are talking about rare diseases, 
that is not the case. In fact, it is the opposite. So, Durhane, maybe 
I can come to you and just ask, when it comes to diagnosing rare 
diseases, currently, how long does it take to receive a diagnosis?

Durhane Wong-Rieger: 
Obviously, the time to diagnosis really depends on where 
you are, and it depends on the type of disease that you have 
got, so we are doing a much better job in terms of diagnosing 
what we might call common rare diseases. These are the 
rare diseases which do have a very clear, not only just a 
definition, but they can be much more easily diagnosed, they 
can either be diagnosed by a test, diagnosed by symptoms. 
It takes five to seven years for some individuals, when we ask 
people how long it took to get a diagnosis, and that is what 
the international experience is. The sad part about it is that 
most of these families also say, we get one to 14 misdiagnoses 
before we get to the right diagnosis, so that is a huge issue.

Obviously, with some of the breakthroughs in terms of 
newborn screening, in terms of genome sequencing, we can 
expect that we will be able to do a much better job in terms 
of diagnosis. But for the most part, and certainly around 
the world, we would have to say the challenge in getting a 
diagnosis is still very, very difficult, and certainly because 
there are so many rare diseases. It is not as if you can become 
an expert in rare diseases. There are still, as we say, 67,000 of 
them. It is still very, very difficult. 80% are genetic, so we are 
going to get closer to being able to do those kinds of diagnosis, 
but the access to that kind of diagnostic testing is obviously 
not widely available. For families, of course, for most of them, 
they are still going through that long period of time of not 
knowing and not getting an answer, and really, as we say, the 
despair of having a misdiagnosis.

Dong Dong: 
I want to agree with Durhane on her observation in the 
Canadian population. In China, we did several different 

national level surveys among rare disease patients in the 
past. In 2018, when we surveyed all the patients impacted by 
rare diseases, we did not select specific diseases, so we had 
almost like more than 100 different types of diseases, and we 
asked how long it takes for them to get a definitive diagnosis. 
On average, 58% of the patients can get a diagnose in the 
same year when they start to see the doctors, which is very 
impressive. We did not expect to see these results, and if you 
do not take this part of patients into account, the average 
time of this diagnostic odyssey is about 5.3 years. However, 
one year later, we have the first national list of rare diseases 
in China, so now we have 121 rare diseases defined by the 
government as rare in China. We surveyed 34 diseases from 
this whole 121 diseases.

Then surprisingly, nearly 80% of them can get a definitive 
diagnosis within the same year. And without taking this 
group of people into account, the average time for you to 
get a diagnose is 4.26 years, so it is shorter. The common 
rare diseases are not that difficult to be diagnosed. The most 
difficult part are the uncommon ones. Even among people 
with rare diseases, there are the common and uncommon 
diseases, rare or extremely rare disease are the ones that 
make a huge difference. Common rare diseases get a lot of 
public attention, like ALS [amyotrophic lateral sclerosis]. 
Because of the Ice Bucket Challenge, lots of people know 
about the disease. So even before the Ice Bucket Challenge, 
maybe lots of people have never heard about it, or even the 
doctors never seen any patients with that, but just due to one 
global social movement or this viral event on the internet, 
everybody gets to know it. These are the publicly well-known 
rare diseases.

The diagnostic odyssey is not that difficult, but what 
concerns us the most is for those who are not being detected, 
not being diagnosed, who can never find a diagnose in their 
entire life. We cannot survey them; they are not defined as rare 
disease patients in any way, they are not included in any of 
the databases, they are not included in any surveys. So, where 
are they? Who they are? These are the questions that we do 
not have answers for, and are there any other different ways 
for us to find them? Like, to discover the zebra among a group 
of horses. But, if we do not even have a definition for a zebra, 
then how can we find it? That is the thing, the question that 
concerns me or the other patients’ organizations most.

Helen Malherbe: 
I am both jealous, envious, and encouraged just to hear the 
shortened diagnostic odyssey just described. The situation 
in South Africa is the same, but on a scale of magnitude, we 
are far behind in terms of even being able to diagnose obvious 
congenital disorders. For example, Down syndrome, which is 
diagnosable within a couple of days elsewhere. There was a 
recent research study in KwaZulu-Natal, one of our provinces, 
where it can take over a year to get a diagnosis. Part of that is 
due to infrastructure challenges, lack of appropriately trained 
health care professionals, but also with other challenges in 
diagnosis with the clinical features and so on. But when it is all 
added together, we are struggling to even identify the horses, 
let alone the zebras.
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Sean Sanders: 
Obviously, there are clear challenges, especially in the low-and 
middle-income countries, and you are in the U.S., we have 
some advantages here, but what role do you see the primary care 
physicians playing in this, both in first-world countries like the 
U.S. and throughout the rest of the world as well?

Eyby Leon Janampa: 
Primary care doctors have a very key role in identifying 
patients that can potentially have a genetic disorder. In the 
U.S., we have many patients referred to us just because there 
are some delays in development, not necessarily because the 
child looks different. We have a lot of patients that are healthy, 
growing well, and they just have the diagnosis of autism, for 
example. We try to do our best to give as much as testing 
possible, but there is, of course, challenges of insurance 
coverage and resources that the families have. We can, of 
course, diagnose clinically, many of the common syndromes. 
Many pediatricians follow patients with Down syndrome, 
and not necessarily need a geneticist to take care of these 
patients. There are clinical guidelines that the American 
Academy of Pediatrics have reported many years ago, and 
it is very well known by the pediatricians in this country, in 
other countries as well, and is being followed. But of course, 
there is lack of training in other regions, or even in our centers, 
sometimes we see patients that have not been picked up by 
their pediatrician, but it is not as common as in other areas.

Durhane Wong-Rieger: 
Sean, if [I] can jump in, because I think that what Helen was 
saying and what Eyby is referring to as well, your question 
around what about the role of the primary care and the 
pediatrician, I think it is huge because that is where parents go, 
that is where patients go, but unfortunately, as we say, when 
you are looking for a zebra in a field of horses, especially if you 
are short of time, and you do not have quick diagnostics, that 
is our goal. I belong to several consortiums, one of which is 
Undiagnosed Diseases Network International, which is a huge 
international network, really focused on the undiagnosed. One 
of the most important groups out of that is the Blackswan 
Foundation (https://www.blackswanfoundation.ch/en/), 
which again, is a network of people without diagnosis, which is 
interesting because their only commonality is that they do not 
have a diagnosis.

The other thing I am a part of is the Global Commission to 
End the Diagnostic Odyssey, and I know that the Children’s 
Hospital is playing a huge role in terms of trying to do that kind 
of networking. So, part of it, I think, is being able to not train 
pediatricians and general practitioners to recognize 6,000 
rare diseases — that of course is impossible. In many cases, as 
they say, they will never see a specific rare disease, even some 
of the more common rare diseases. What we can do is give 
them better tools so they know in fact where to go if they do 
have a rare disease. And signs and symptoms, then they can 
have a portal that they can go to and look that up, and then 
they can refer to a specialist, including places such as Rady 
Children’s Hospital in San Diego.

We need to do a better job of then giving these frontline 
health care professionals the tools so that they can recognize 
that there may be more tools. We certainly understand the 
frustration of families and parents who try to tell their doctor 
that “my child actually has something wrong. And yes, you 
have given me a diagnosis, and you are giving me a horse 
diagnosis, but it is not working. And I am doing all this stuff, 
and it is not working.” We need to also train the health care 
professionals and the pediatricians to listen to the families, 
but we also need to help the families to be able to better 
document what it is they are coming in with.

“We need to also train the health care 
professionals and the pediatricians to listen 
to the families, but we also need to help the 
families to be able to better document what it 
is they are coming in with.”

I think it works on both sides of that, and I am really excited 
by some of these initiatives that are taking place that involve 
fancy genomic sequence that do a great deal for us, but getting 
back to where it starts is also important: parents, patients, 
better understanding, better articulating. What I really want 
from the family physicians and the pediatrician is to listen, to 
pay attention, and then we need to have places like Eyby’s, 
that says, “Okay, we are not getting there, can you help us? Do 
we have a referral?” Or, the Undiagnosed Diseases Network 
that says, “Here are some guidelines. If you are seeing some of 
this stuff, then maybe you can refer to us.” We do need to do a 
better job ourselves of being able to set up a network, so it is 
much better for that frontline physician, that pediatrician who 
is right there at the crosshairs, to be able to do their job, but it 
means all the other parts need to work as well.

“We do need to do a better job ourselves 
of being able to set up a network, so it is 
much better for that frontline physician, 
that pediatrician who is right there at the 
crosshairs, to be able to do their job, but it 
means all the other parts need to work as 
well.”

Sean Sanders: 
The next part of the topic which I would like to talk about, is 
finding a solution. I think you have touched on some really 
critical issues there that we are going to definitely dig into, but 
maybe I will turn to Dong and just see if you have any comments 
and thoughts, particularly from your perspective in Asia.
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Dong Dong: 
Yeah, I think Durhane was touching on some very important 
topics here.I will give you some examples. A few years ago, I 
was attending a conference in China about rare diseases, so 
one of the presenters was talking about neonatal screening 
panels. You can screen 30 or even 40 genetic diseases all 
at once, and these are provided for free by the government. 
The presenter was trying to show off these achievements, 
that now we can detect all these genetic disorders at once. 
It is efficient, and good news for the parents. However, 
surprisingly, there was a very famous geneticist in China, he 
stood up, and he spoke critically against it. He said, “if you 
do not have any countermeasures, if you do not have a very 
good social support system, how can you tell the parents that 
their newborns are having these genetic disorders?” Can you 
expect what these parents are going to do with the newborn? 
You do not have a very close bond with a newborn, and it is 
easy for some of the parents, especially if they are living in 
poverty, they do not know how to deal with these issues, and 
there is no social support, no social welfare system to help 
these parents to raise a child with this disease. The easy 
decision is to abandon the child. Without having any ethical 
or social considerations before taking this neonatal screening 
test, there is no test to be done.

“When we are thinking about diagnosis, we 
are thinking that diagnosis is good for all the 
parents, for all the patients, for all the families. 
However, we do not consider enough the 
consequences brought up by this diagnosis.”

I was hugely shocked, but was enlightened by his insights 
and his perspective, simply because when we are thinking 
about diagnosis, we are thinking that diagnosis is good for all 
the parents, for all the patients, for all the families. However, 
we do not consider enough the consequences brought up 
by this diagnosis — are we ready, are we fully prepared to 
embrace this disease, do we have enough solutions after we 
get a diagnosis, can we find treatment for them if there is no 
medical treatment, do we have rehabilitation? Do we have 
other ways to help this family and this patient? When I was 
doing ethnographic studies in China, I went to the clinics and 
tried to observe the doctors and patients talking about their 
screening test results, you can see that everybody’s reaction is 
so different. Some of the families, they got excited when they 
have a result, but some of the families, they just broke down 
when they know the results. They do not know how to deal 
with it, you can see, you can tell some of the couples are going 
to get divorced right after it, because if you are carrying a bad 
gene, I do not want you to have my child because this is going 
to be carried in my family.

Are we ready for getting a diagnosis? This is something that 
is a dilemma. I have no answers for that, but perhaps in the 
future, with better social care, with a better health care system 
with improved social support, we can have answers for that.

Sean Sanders: 
This is a very interesting topic, and it has come up in previous 
webinars. Clearly there is some controversy there. Helen, I will 
come to you now.

Helen Malherbe: 
Dong, you mentioned several very good points in there that 
I agree with, but at the same time, the power of having a 
diagnosis, even if there is no treatment available, or even 
if there is treatment available, but it is inaccessible in the 
context, it is so powerful. The family is under immense 
stress when you have a child with a rare disease, and just 
knowing one thing, at least what it is, enables you then to 
make informed choices about having other children. Is it a 
condition that could affect other children that you have? What 
is the prognosis? What is the treatment? What can you do 
practically? Because I think the most important thing about 
having a child with a rare disease, or a loved one with a rare 
disease, or yourself, is just not being in control and not being 
able to change it. At least if you know something, you can 
come to terms with it. Many people with rare diseases, or 
children with rare diseases, we do not celebrate, we remember 
those diagnosis days which are important dates on our 
calendar.

I think just a couple of other interesting points that have 
been raised here, we are in a situation here in South Africa, we 
do not have access to newborn screening. It is not available 
for many only a few of the population that can access private 
health care, which is only about 15–16% of the population. 
Even then, things like non-invasive prenatal testing, which 
is a screening that you can do for a lot of things like Down 
syndrome and so on, is not available here at all. So many of 
what is run-of-the-mill or standard practice in other countries, 
we do not even have available here yet, so the technology is 
moving along, but we are still where we are now. I think the 
other important issue, and this may also be an issue in China, 
Dong, is the whole matter of myths, the traditional beliefs 
in society and the stigma that is associated with patients 
with rare diseases, so whether they have a diagnosis or not, 
I can understand, in my context as well, where babies do get 
abandoned. In many cases in many of our communities, they 
are hidden, the children are hidden, and they are only brought 
out in the middle of the night for treatment, so there are a lot 
of factors on this whole topic.

Durhane Wong-Rieger: 
I have two children, both born with rare diseases. My daughter 
never got a diagnosis, has never gotten diagnosis, she is in her 
30s now. The first couple of years were extremely challenging 
because we did not know what she had. She had a lot of 
symptomology, we did not know if it is going to get better, or 
if it is going to get worse, but you do what you can, right? You 
do all the rehab process. We were lucky we live in Canada, we 
have excellent health care, so we had lots of resources. But of 
course, and I think today, if we were to go in, we could probably 
do a genome sequencing and probably identify what she 
might have, but that is up to her, she is an adult now so she 
can decide what she wants to do.
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My son was born with a rare heart condition, needed 
diagnosis, knew exactly what it was, he had a prognosis, he 
had excellent milestone care up until he was 18, where our 
pediatric system ends and the adult system becomes a mess, 
but that is a different story altogether. So there is a huge 
difference between having a diagnosis or not. And sometimes 
you get a diagnosis, and it does not give you a prognosis, 
right? It does not tell you anything, but it does, as Helen says, 
it might tell you in terms of what the future might be, etcetera. 
You know, not having it. But I will say also, one supports 
the other. I mean, you look at Taiwan for instance, their rare 
disease community is huge. Hong Kong, the rare disease 
community is huge. Part of it is having that support network, 
but that support network does not come if you do not have a 
diagnosis and if parents do not get a diagnosis. 

“Part of it is having that support network, but 
that support network does not come if you do 
not have a diagnosis and if parents do not get 
a diagnosis.”

In Canada, we do not have a standard, but we have it fairly 
good. Some of these diseases, and as we well know, if you take 
preventive action at birth, at the beginning, you can avoid a 
lifetime of actual symptoms or even early death. I remember 
having a conference in Asia Pacific and one of the geneticists. 
Let me share two very quick stories. One of the geneticists was 
asked the question, I think she was in Indonesia or Thailand, I 
cannot remember where. She was asked, “How do you decide, 
as a hospital, as a government, which diseases you should 
test for because there are limited resources?” And she said, 
“Easy, we test for those diseases that we can do something 
about.” It is kind of your question, Dong. It is the case. Part 
of it is because the resources are limited, but the more we 
can test for rare diseases, the more we can stimulate getting 
something done about it.

“The more we can test for rare diseases, the 
more we can stimulate getting something 
done about it.”

I think that is an important thing. Newborn screening is 
something that it should just be a standard. We need to 
have an international summit on newborn screening, these 
things are cheap, for the most part. And she said, we can do 
panels that can do 25, 50, 60 diseases at once. It is a blind 
spot, right? I remember hearing a story from the geneticist in 
the Philippines who has made it her mission to do newborn 
screening for her patients. She was telling the story, it was the 
middle of a monsoon. She says, “You know, we have hundreds 
of islands and what we do is we collect these newborns’ blood 
smears. Then we bundle them together, and we deliver them. I 

had a bundle of tests that was coming, I have a monsoon, and 
I am desperate, because I must get these tests to get these 
results, to get them tested.” They got the navy, they got fire 
departments, they got police to hand the bundle, from island 
to island. “And we got the tests, and we got the results. That is 
how important it is for us to get those newborn screenings.”

I think we need to, as a global community do what we can do 
for newborn screening. It is a must; we have got to get this.

Helen Malherbe: 
I agree completely Durhane. But our issue is that we have 
so many competing health challenges. We have got ongoing 
infectious diseases, we have malaria, plus South Africa is one 
of the hardest hit countries in terms of HIV. And along with 
that, comes TB. And so these diseases get the lion’s share of 
resources.

And obviously, in those cases, if there is a comorbidity, 
where you have got someone that has an infectious disease 
and a rare disease, often the rare disease will get missed 
and then only the infectious disease will get diagnosed. Or, 
we have a lot of cases where there is a misdiagnosis, and in 
cases where it is life threatening, it never gets recorded. And 
it just, it is a negative cycle, because we need to create and 
demonstrate the case. We must have the evidence to show 
that rare diseases and congenital disorders are a problem, so 
that can inform our policymakers, so we can get that political 
commitment and allocate the funding. But we are fighting with 
and competing with so many other health priorities.

“We must have the evidence to show that 
rare diseases and congenital disorders are a 
problem, so that can inform our policymakers, 
so we can get that political commitment and 
allocate the funding. But we are fighting with 
and competing with so many other health 
priorities.”

Eyby Leon Janampa: 
I think it is very important to educate not only the providers, 
but also the general population. In the U.S., even though it 
may be standard of care to do the newborn screening, there 
are families that do not want to get the newborn screening, 
because they think that you can clone their baby with a blood 
spot. In this country there is still some skepticism about doing 
any type of testing that involves blood or even DNA sometimes 
just because you want to screen a baby. And so, the training 
for primary care providers is very key, again, just because 
many babies or patients that, for example, you are treating 
for an infection, you give all the standard therapy, but the 
baby does not get better, it is maybe a metabolic disorder. But 
again, the challenges of how expensive is the treatment? Or 
the efficacy of a treatment.

There are private companies that push countries to screen 
for conditions where treatment is so expensive, and it is 
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not that efficacious to improve quality of life, too, like the 
lysosomal storage disorders. In countries like in Brazil, where 
sometimes the availability for treatment is not possible. But, I 
think to give a diagnosis, regardless of the resources available, 
will be ideal. But of course, I think education should be first, 
not only for the primary care but also the population. I think 
it will be the most important thing before expanding all types 
of DNA testing because there is a lot of what Dong said, 
skepticism and misconception about what we can do with 
these results. 

“We assume that the health care resources are 
equitable, like everybody can get equal access 
to all these health care resources, but it is not 
the case.”

Dong Dong: 
We have some assumptions here. We assume that the health 
care resources are equitable, like everybody can get equal 
access to all these health care resources, but it is not the case. 
It is not just at a global level but within the country or even 
within one city. So, if one parent or, one family, get a diagnosis 
on the baby, and if the baby [is] living in a wealthy family, so 
definitely he or she can get enough support. Even if s/he lives 
in Canada, or in other countries who have very good health 
care systems, the support is mostly free, so the family can get 
support. 

In China, which is a big country, we also have lots of issues. 
Rare disease is not the top of the list of the health care 
issues that we want to deal with. So, in China there are lots 
of discussions as to whether we should use national health 
care insurance to cover the treatment and diagnosis cost for 
rare disease patients. There is push back from the public and 
from experts. They are saying that we have so many common 
diseases like cancer, and Crohn’s disease, that we need to deal 
with. If it is based on an equalized basis, everybody can share 
just one slice from this big pie, this big health care insurance 
system. For rare disease patients, lots of the treatments 
are expensive and lifelong, and the effectiveness cannot be 
measured using the traditional economic ways of doing it. 
It is not cost-effective. That is why you should not take the 
same slice of the pie or even bigger slice of the pie from the 
national health care system. That means nobody is trying to 
support rare disease patients. They are not doing anything 
based on health equity or, the concept of health equity. They 
are functioning based on the concept of health equalization. 
We are proposing that rare disease patients have different 
needs, if they want to raise their quality of life, if they want to 
have a good treatment, and if they are going to have all this 
expensive treatment. They are going to take a bigger piece 
of the pie from this national health care insurance. If you 
cannot allow people to do that, then how can we talk about 
giving everybody a diagnosis and the treatment; there are no 
available resources.

Durhane Wong-Rieger: 
Huge advances in terms of understanding and research are 
not going to happen unless we actually invest. I see rare 
diseases and many other diseases as well as an investment; 
what can we do here? We are investing in the patient, we are 
investing in the family, we are investing in research, we are 
investing in new treatments, because if we do not do it, then 
we are always going to be stuck in the same spot, and we are 
not going to be able to advance.

China, quite frankly, has a vibrant rare disease community, 
doing some of the best work in terms of genomics. If look at 
gene therapies, we have advanced to the point where we can 
cure some of these diseases. That will have a huge impact. 
“Should we go into space when there are so many other 
needs,” somebody asked Jeff Bezos.” He said, “These are 
things we invest in because there is a future here.” What we are 
going to learn from genome sequencing and gene therapy is 
going to help. At some point we are going to cure cancer, and 
we are going to cure some of these genetic diseases using 
some of what we have learned from rare diseases.

Sean Sanders: 
Let me ask, just related to this, how do we empower patients 
and their families to advocate: to the government, to their local 
government, to their doctors. 

Eyby Leon Janampa: 
Parents especially, are very driven to promote research in rare 
disorders. In my center, we see families where they want to not 
only create support groups, but also promote research that 
will deal with potential therapies for rare disorders. There have 
been more and more groups where they have been able to 
create animal models just through funding with a social media 
and being able to get a better understanding of the pathways 
that are affected with these mutations or changes in the DNA 
that cause the disorders. Genetic testing often is available 
to many of the families that we see in the center, and we are, 
almost every few months, getting new diagnosis of very rare 
disorders where only a couple of patients have been reported, 
and the parents are already looking for more answers.

There is a national organization of rare disorders in this 
country that is trying to help these families for them to own 
their own data, so they can share this information to several 
entities instead of, for example, a pharmaceutical company 
using this data for profit only, and not able to share or not 
wanting to share this data to other potential companies that 
can invest for research and treatment. I think that is very 
key because we already have problems with other not so 
rare disorders that have treatments, current treatments, for 
example, lysosomal disorders, where different companies own 
data of different diseases that belong to the same pathway, 
and they do not share that information. And they have this 
humongous data that yes, they will publish, some of it but not 
all, and it will delay potential treatments for the future that will 
benefit these families.
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Sean Sanders: 
Something I wanted to touch on in the last quarter of this 
webinar is looking to the future, where do we go from here? 
Durhane, earlier, raised several important pathways I think 
that we could follow. The first question I had, and Durhane, 
maybe I will come to you to answer this one, is what are some of 
the unique advantages that a general practitioner or a primary 
care physician, or family physician has in diagnosing a rare 
condition? Also, what are some of the unique challenges that 
they might face in low- and middle-income countries where they 
maybe do not have the resources to do the testing that they would 
like to do?

Durhane Wong-Rieger: 
I am very sensitive to what Dong said, and that is, we test 
and we identify a disease but do we have the resources? 
Do we have the support to send this family to the doctor 
needed? I think this is true in many, many countries. The 
family physician, the general practitioner is in fact that focal 
point, so we have got to do a better job of empowering them. 
Somebody said to me, “90% of the time,” he says, “we can 
identify a disease by symptoms — if I know enough about 
symptoms, I do not need to go to the fancy stuff yet [e.g. 
genetic testing].” So that is very interesting but of course, the 
challenge is, can we really explain 6,000 diseases to a GP and 
say, “Okay, you might come across one of this. You are going to 
spin the rolodex, and it is going to come up.”

In the age of internet and digital, and AI, we are developing 
some of these very amazing portals where you can actually 
enter symptoms, and it begins to guess what the condition 
might be. You get to a point where it says, “Okay, we think it is 
this, this, and this.” And then, you can begin to also do a little 
bit of your own research and be able then make a referral. But 
that also presumes that you have got a physician who not 
only cares, but has the time and the resources to do that. Not 
everybody is in a position where they can say, “okay, I have 
got hundreds of patients, and I am going to take the time it 
requires to actually diagnose a rare disease patient.” It is easy 
for the families to get frustrated and say, “You are not hearing 
me, you are not listening to me, you are not following up on 
me.” The poor physician is beleaguered because they have 
got tons of other patients that they could probably easily treat 
within that same period.

“The poor physician is beleaguered because 
they have got tons of other patients that they 
could probably easily treat within that same 
period.”

It is also getting people the right tools. I think we need 
more centers like the Children’s Hospital where it becomes a 
referral site, and where they are better resourced to take these 

referrals and they can be the specialists. We have a new thing 
that we are trying to talk about — how do we train a network 
of maybe GPs and pediatricians to become rare disease 
specialists? The same as we have cancer specialists in the 
GP community. We have them especially more in Canada. We 
think about people who live in northern communities; where 
they do not have access to centers, and specialists, can we 
train you up to become somewhat of a specialist? We then can 
link you, electronically, to a major center where you can get 
the support. European centers or reference networks are like 
that.

Under RDI, we have a concept of creating with the WHO 
what we call a Collaborative Global Network for Rare Diseases 
— creating a global community of rare disease centers of 
excellence and being able to network them so that they can 
service resources. If you are far away from any major center, 
that you can access the right specialist. That is a big goal. It  
is a 10-year goal, it could be a 20-year goal, but that to me,  
that is the way we can empower a family and physician on  
the front lines to access the right kinds of specialists to make 
that happen. 

Where does the care and support come from? It comes 
from an international community that hopefully, with a great 
deal of technology, people can tap into. It is a vision, it is a long 
way out, it is going to take a lot of resourcing, and not just from 
each country’s own public system but it is going to take a lot of 
private support as well, but that is the goal.

Dong Dong:
I agree with everything you said but I want to play the devil’s 
advocate here a little bit. Because I really do not think we 
should overburden the primary care system. Rare disease 
diagnosis requires lots of specialties and lots of trainings in 
multi-disciplinary areas. Many rare diseases do not belong to 
one particular discipline. Rare disease patients need doctors 
and specialists from different areas. They can work together 
and coordinate, then provide a diagnosis. For the primary 
care system, for the GPs and the family medicine, they do not 
have, and we should not ask them to have this kind of training. 
That is not fair for them because their job is to take care of the 
public. How can you ask these doctors to spend years of years 
of training feeling like they are failing themselves for not being 
able to diagnose rare diseases?

Durhane Wong-Rieger: 
It is the opposite of what I was saying, Dong, and that is, they 
do not do the years and years of training. They do enough to 
understand that the patient may have a rare disease and in 
what area that rare disease might be. If I can give you easier 
access to the information that says, “Okay, now I need to refer 
you over to here,” or to multiple centers. The goal is to take the 
burden off the front line. I agree with you totally, it is not up to 
the primary doctor to reach that diagnosis. They should not be 
burdened with the diagnosis, but they should be able to know 
and have places where they can refer the patients to, the same 
as they can do a deep diagnosis of cancer. We do not expect 
them to do that, we expect them to be able to refer it over. So 
that what we do not have is “Where am I going to refer these 
patients to?”
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“They should be able to know and have places 
where they can refer the patients to ... So that 
what we do not have is “Where am I going to 
refer these patients to?”

Dong Dong: 
Based on China’s experience, one of the reasons why Chinese 
patients can get a diagnosis very efficiently is because of this 
uneven distribution of health care resources. It is amazing. 
When you think about uneven distribution of health care 
resources, we may think this is a barrier for people to get 
diagnosis, but, it is not. Because whenever a patient cannot 
get a diagnosis at the local level, like from the community 
hospital, they just fly to Beijing or Shanghai, big cities, with the 
best hospitals in the country, then boom! They get a diagnosis 
immediately. So that is why the whole diagnostic journey is 
so short in China just because of this uneven distribution of 
medical resources. It sounds ridiculous, but in a sense, it also 
tells us that we should not totally rely on the primary care 
system. We should let people understand that diagnosis of 
rare disease is not just one person’s responsibility. It requires 
lots of support from the entire medical community.

That is also why, in China, they are trying to do 
teleconferences and teletraining courses centering on these 
big hospitals. Such as Peking Union College Hospitals in 
Beijing, one of the best hospitals, and they train the doctors at 
the local level in the community hospitals, try to let them have 
a common sense of what rare disease is. Then, they establish 
this network, so whenever those doctors at the primary care 
system they see something peculiar, something strange, they 
will refer them immediately to those doctors who have this 
capacity, who has this ability to give a correct diagnosis. I truly 
believe this is a more efficient way, and this is one of the best 
way for patients to get a diagnosis.

“Whenever those doctors at the primary 
care system they see something peculiar, 
something strange, they will refer them 
immediately to those doctors who have this 
capacity, who has this ability to give a correct 
diagnosis.”

Sean Sanders: 
Helen, I am very interested to hear your thoughts on the position 
in South Africa.

Helen Malherbe: 
I think, ultimately, it comes down to education and advocacy 
at all levels, whether it be the GP or the MD in the hospital. 
You must remember, in South Africa, the primary health 
care setting, a lot of the time, a patient is seeing nurses, so 

you need to build up the curriculum for genetics at nursing 
college. The first line of nurses will then know when they need 
to refer to a doctor, and then up through the referral network 
that we have here in South Africa. I think knowing when to 
refer to is so crucial and so key. It is very interesting listening 
to colleagues from around the world because, obviously, 
every country is in a unique situation. I have painted a rather 
negative picture, in some respects, for South Africa, but there 
is so much happening here because advocacy is ongoing at 
so many levels and education is happening at so many levels. 
For example, we are now developing a rare disease strategy 
for the country, which is exciting, and we are involving all the 
different stakeholders and then have that strategy recognized 
by government. 

“I think knowing when to refer to is so crucial 
and so key.”

We are presenting at one of the portfolio committees next 
week on our input into the National Health Initiative in South 
Africa, which is essentially a funding mechanism for universal 
health care here in South Africa. Of course, it has been blown 
out of the water by the required COVID response, and so all 
the funding has been reallocated to COVID. But nevertheless, 
we have got a universal health care approach there that is 
gradually being implemented. There is resistance, yes, it is 
slow, but it is there. We have been able to comment on that 
and feed into that process, which is where we are headed next 
week to government. We also have a human genetics policy 
that is being revised here in South Africa and we have some 
great policies and laws, but implementation is where we are 
falling short, and it does come down to resources. That brings 
me back again to advocacy, education, awareness at all levels, 
whether it is talking amongst patients, patient support groups, 
clinicians, nurses, government, policy makers, researchers, 
whoever. There is a need at all levels and every sphere for 
improved education and advocacy.

“There is a need at all levels and every sphere 
for improved education and advocacy.”

Sean Sanders: 
Something that both you, Helen and Dong, also touched on is 
this hidden population, which I think is really critical, and it is 
not something we have talked about in previous webinars, but 
I think finding that population, getting to them, diagnosing, 
detecting rare diseases, and then being able to treat them is really 
critical. With that in mind, for the last few minutes, I wanted to 
talk about what needs to change in the next decade or two. This 
is a marathon, it is not a sprint, it is going to take a long time to 
change things, so what do we need to move things forward? 
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Helen Malherbe: 
From my perspective we need evidence for South Africa. Our 
health system is evidence-based, and it will only take notice 
if we have the data; if we have the published research and, 
if we have that expert knowledge from rare disease patients 
themselves, As a collective, it will become a cacophony but 
the government will have to have to listen to and will hopefully 
make an impact in the same way that HIV activists actually got 
HIV on the agenda here in South Africa.

Education is very important for not only the medical care 
providers, but also for the general population.

Eyby Leon Janampa: 
I think education is very important for not only the medical 
care providers, but also for the general population. So many 
times, families come to us with a diagnosis because they 
found it on Google. I think a better policy is to have rules, 
very clear rules of data and how to share that data from 
laboratories. We should have, by now, a better system where 
we can share all the information worldwide. There are little 
steps that the American Academy of Genetics are trying to 
do, but we are way behind based on the technology that is 
available, so we need to catch up. The only way, I think, to go 
forward is to share it internationally with everybody.

“Better policy is to have rules, very clear 
rules of data and how to share that data from 
laboratories. We should have, by now, a better 
system where we can share all the information 
worldwide.”

Durhane Wong-Rieger: 
I will pick up on two things. One is that we need the evidence. I 
think we need the evidence, and we need economic evidence. 
I asked Samuel Wiafe, who runs the Rare Disease Initiative, 
Ghana, “How did you get the government to pay attention, 
to begin to introduce newborn screening, to actually have 
training, and how did you get your colleagues on board to 
actually treat rare diseases?” The answer was by collecting 
evidence and collecting the data. Some of that was very 
simple, for example to show how many patients were ending 
up in hospital with rare diseases that were not diagnosed, 
and who could have avoided the hospital if we had diagnosed 
them. That was collecting that evidence. It does not have to 
be big, high-powered data. What does rare disease care cost? 
What would be the benefit? I think we need to do a good job 
of being able to collect the evidence and turn it into economic 
data.

The second thing that I will say is I think we need to work 
together as a global community. Rare Diseases International 
is introducing a resolution at the United Nations. It is a 
resolution to recognize rare diseases because it is not just a 
health care issue; it is a social issue, it is an equity issue, it is 
an education issue, it is a women’s issue, and it has a huge 

impact. The United Nations included rare diseases in universal 
health coverage a couple of years ago, we fought very hard for 
that, and it really was part of what we felt was an important 
message and that is, leave no one behind.

“Rare diseases … is not just a health care 
issue; it is a social issue, it is an equity issue, 
it is an education issue, it is a women’s issue, 
and it has a huge impact….leave no one 
behind.”

Just because you have a disease that is representative of a 
very small number, it does not mean you should be ignored. 
You have as much of a right to get access to health care and 
to be treated and supported, familywise, etcetera, as anybody 
else. But secondly, by working together, there are many 
common solutions for rare diseases. It is not as if I have to 
take each and every one of these 6,000 diseases and come 
up with a unique pathway for diagnosis and treatment. We 
know that is not the case. 80% of them are genetic. There are 
lots of things that can be done in common. It is the same with 
cancers — we think about them collectively, 6,000 or 7,000, 
and we have many commonalities in that strategy and many 
of those strategies will work across the globe. These strategies 
will also work only if we take global action. I am very excited 
about opportunities like this where you hear what other 
countries and other specialists are doing. We need to continue 
to forge that global alliance in looking for solutions.

We need to have transborder and transdisciplinary, 
transracial, even transglobal collaborations.

Dong Dong: 
When I was thinking about this question, I thought about 
several keywords. The first word is “trans.” We need to 
have transborder and transdisciplinary, transracial, even 
transglobal collaborations. We also need to break down the 
walls. There are lots of walls built up in the past few years 
at different levels, so we need to tear those walls down and 
try to get connected. We need to share; share information, 
share our knowledge, but also share our life stories, share 
our experiences, the tears and loss, among the community. 
We need to have belief in these patient communities. I 
have seen in the last several years, how creative they can 
be, how strategic they can be, how vibrant they can be. 
Patient communities can find out different ways to empower 
themselves and to enlighten others. 

“We need to share; share information, share 
our knowledge, but also share our life stories, 
share our experiences, the tears and loss, 
among the community. We need to have belief 
in these patient communities.”
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The last thing I want to share with you is a doctor’s note 
about rare disease from a few years ago. He was proposing 
that we should not say the disease is rare or not because 
when we are trying to label rare diseases as rare, no doctors 
will think that they are going to encounter any of this disease 
in their lifetime because they are rare, so we should not 
emphasize on this concept anymore. We shall let people know 
that no disease is rare, every disease can be common, and 
you are and you will encounter these rare cases in your life, 
so get prepared. Everybody needs to think about there is no 
such thing as rare in our life. In that way, we can help people to 
better understand all these diseases, all these difficulties that 

human beings, human society is facing right now, so that we 
can work together trying to deal with it.

Everybody needs to think about [the fact that] there is no 
such thing as rare in our life. In that way, we can help people to 
better understand all these diseases, all these difficulties that 
human beings, human society is facing right now, so that we 
can work together trying to deal with it.

Sean Sanders: 
If you would like to send us your thoughts on today’s webinar, 
please email webinar@aaas.org. Thank you.

Panelists

Tim Guilliams, Ph.D.
Healx, Cambridge, UK

Marta Mosca, M.D., Ph.D.
University of Pisa, Pisa, Italy

David A. Pearce, Ph.D.
Sanford Health, Sioux Falls, SD

Domenica Taruscio, M.D.
National Centre for Rare Diseases,  
Rome, Italy

Sean Sanders, Ph.D.
Moderator

What’s the plan? From 
detection to diagnosis to 
treatment of rare diseases 
If our ability to test for and detect rare diseases 
can be significantly improved, a predictable future 
challenge will be that patients are diagnosed but there 
is no available means or expertise to provide optimal 
treatment and ongoing support. In this webinar, we will 
discuss strategies for solving this issue, including how 
data collected by international consortia in diverse 
settings might inform possible solutions, and how 
these solutions might be implemented.

The Conversation
Sean Sanders: 
In this webinar we are going to turn to finding solutions, and I 
will be questioning our panel about current and future pathways 
to better detection, diagnosis and treatment of rare diseases. 

Domenica Taruscio: 
I am the director of the National Centre for Rare Diseases after 
the Italian National Institute of Health in Roma, in Italy, and I 
have always worked on rare diseases. My interests are from 
primary prevention to diagnosis, to surveillance, to education, 
and of course a translational research. I am interested in all 
aspects of rare diseases.

Tim Guilliams: 
I am the co-founder and CEO of Healx. Healx is a mission-
driven tech company focused on accelerating treatments 
for rare diseases, and it is an immense privilege to be here 
today. And our approach for finding rare disease treatments 
is slightly different to trying do this with a new drug discovery 
paradigm, and at a different scale, so delighted to be here 
today.

David Pearce: 
I am president for research innovation in the World Clinic 
Program for Sanford Health. I’ve been on an incredible 
journey in the last few years, having had a basic research 
lab, which was looking to understand a rare disorder called 
Batten disease, and go into the first ever clinical trial for that 
particular disease, which made me appreciate the need for 
registries and natural history studies. Without that, we would 
never have gone to a clinical trial. That journey has taken me to 
lead a large research institution with a focus on rare diseases 
and we have established a national, if not international, 
registry program for rare diseases. I also am the vice chair for 
the International Research Consortium.

Marta Mosca: 
I amprofessor of rheumatology and chief of the rheumatology 
unit at the University of Pisa in Italy. I am the coordinator of a 
European Reference Network [ERN]. The name of the network 
is Reconnect, and [it] is the network dedicated to the rare and 
complex connective tissue and musculoskeletal diseases. So 
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this is a wonderful project from the European Commission 
and dedicated to the care of patients with rare diseases. As a 
doctor, my mission is to diagnose and treat these patients and 
to research on how to better monitor and treat patients with 
rare rheumatic diseases.

Sean Sanders: 
David, what can be done to get a more accurate diagnosis? This 
is a huge problem for anyone with a rare disease. What are we 
currently doing, and what do you think the future will hold for 
this? 

David Pearce: 
The diagnostic odyssey, as we often called it in rare diseases, 
is a problem that has been with us for many years. And it 
is a really difficult problem as a physician, if you encounter 
someone that has some of the symptoms with respect to 
the rare diseases because there can be multiple symptoms, 
which make it very difficult to get to the direct diagnosis 
because there could be a variety of different things that are 
presenting. So therefore, you might say, “Okay, well you have 
this symptom and this could lead to this particular disease.” 
But the problem is you may then you have multiple codes, and 
certainly in the United States, you have your ICD-10 codes for 
diagnosis. Therefore you may ultimately have many diagnoses, 
but not the correct one, because the vast majority of rare 
diseases do not have a ICD-10 diagnostic codes.

That makes it tremendously difficult with respect to 
putting the appropriate treatment in place. So through this 
International Rare Diseases Research Consortium I’ve talked 
about, we have put workshops together. The idea is to better 
mine the electronic medical record and then probably use 
artificial intelligence and some sort of sophisticated approach 
to indicate, “Okay, these are the different symptoms that 
are associate with a given disease.” When it comes down to 
it, despite the fact we want a genetic diagnosis, most rare 
diseases still only have a clinical diagnosis based on the 
symptomatic presentation of the disease. I think we need to 
get providers, payers, and researchers to use all that data and 
figure out a better way to expedite getting to a treatment and 
diagnosis.

“Despite the fact we want a genetic diagnosis, 
most rare diseases still only have a clinical 
diagnosis based on the symptomatic 
presentation of the disease.”

Domenica Taruscio: 
I would like also to add that there are many problems around 
this issue, not only coding, which is very important. There 
are also problems with nomenclature which we should use 
internationally. We need a set of agreed-upon nomenclatures 
to understand each other and collect data which are also 
machinable. This is a big issue, and the diagnosis is still a 
problem for many patients that even with all these studies and 

efforts, they do not have a diagnosis. There is an international 
network on undiagnosed diseases, and this is dedicated at 
the global level to collect information for patients without 
diagnosis and share best practices, best protocols and 
experiences. So I think that there is a big, huge effort at the 
global level also to allign the synergies. 

Marta Mosca: 
One important aspect is that we base our diagnosis on 
clinical symptoms, and sometimes, these symptoms are 
very mild in rare diseases. The very first step before coding, 
before genetics is the knowledge that there are rare diseases. 
We are here today discussing this.  We need to make these 
conditions more clear. One important aspect is that we do 
not recognize what we do not know. All this information 
should be made available for all the doctors and the physician 
dealing with patients and then move onto codification, and 
nomenclature. Often, as said above, there are very mild clinical 
manifestations and collecting data and registries become very 
important. This entry step is very important for diagnosing a 
rare disease.

“We do not recognize what we do not know.”

Tim Guilliams: 
From a tech and AI perspective, what is going to be be possible 
soon, and is already possible but not being adopted yet, is to 
try and think about diagnosis in a less narrow way. A patient 
could potentially be 60% Bartter syndrome, 30% Pitt-Hopkins 
syndrome, and 10% Rett syndrome, for example. We might 
think about diagnosis in a slightly different way and so form 
different ways of puting patients and diseases together. This 
may inform smart patient and disease clusters. We may 
use this approach to try and predict new treatments. But I 
think it could start with diagnosis where there are so many 
comorbidities, and so many links between rare and common 
diseases. The technology is available to make sense of that 
and maybe have a bit more holistic diagnosis so that it is not 
just one rare disease at a time.

Sean Sanders: 
So just coming back to the training of physicians to think about 
rare diseases. How do we need to think about this? What needs to 
change in the training of physicians so that they are more aware 
of rare diseases and maybe do not just dismiss or misdiagnose, 
which is another, clearly another issue? 

Marta Mosca: 
We need to start to build up teaching and courses even at 
the university level on rare diseases. For example, I teach at 
university and there is no specific teaching for doctors, or 
medical students. I think that this is an important first step 
because they need to understand from the beginning of 
their careers, that there are rare diseases. Probably, there 
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should be a dedicated course on rare diseases, on how 
we deal with this or the issues we have with patients with 
rare diseases, sometimes even in spite of the diagnosis or 
the type of disease. But then we need to move further. For 
example, we have educational projects for GPs, and health 
care professionals including nurses and physiotherapists. 
Diagnosis might come from any health care professional, 
not only physicians. This is very important because a patient 
might go to a physiotherapist or nutrition specialist for some 
symptoms, and these symptoms might be related to a rare 
disease. So this is something we do and different levels. 
We need to start from the basics and then move on, and 
continuously build on this.

Domenica Taruscio: 
We need to start from the medical school and then go on, 
so that there is a continuum of education across all multi-
stakeholder teams. We should also teach, I think, how to work 
together in a multi-stakeholder team because just one doctor 
or just one nurse working alone cannot do the best that they 
can do; they cannot make the right or correct diagnosis by 
themselves. Now, it is a must to work in a multi-dimensional 
team. Maybe we should use the European Reference net to 
deliver e-learning platforms, for example, to provide a second 
opinion consultation in one country or transversally in a multi-
country level or international level. The picture is changing so 
fast, and we should really to take advantage of these.

“It is a must to work in a multi-dimensional 
team.”

Domenica Taruscio: 
There are many new activities, and new possibilities. We 
should synergize and make an effort to do our best. There are 
many societies, for example, ICORD, which is an International 
Conference Society For Rare Diseases and other initiatives, 
but there is not a unique hub where we can collect all this 
information. So maybe we need a unique hub at international 
level, not just European, or not just Australian, or U.S.A., but 
globally. We must use these global instruments.

David Pearce: 
The problem is that this is just a huge task, isn’t it? To get all 
of that information out there. When I think of the journey I’ve 
been on with the pediatric neurologist that I recruited to do 
this natural history study, when I first met him he said, “I’ve 
seen one child with the disease you’re talking about.”

Many physicians really in their lives will only see, maybe one 
of these children or adults with a rare disease. So in trying to 
map out that education for what we think it could be 7,000 
rare diseases, it is going to be be tremendously difficult. I think 
in my area how many diseases present with seizures. You have 
to say maybe take all the 300 or so disorders that present with 
seizures and follow that map along to rach a diagnosis. We 
have to get there with the education, but how we actually get 

to the different sub-specialties is going to be critical. Primary 
care physicians in particular, have to manage this from the 
get-go. The first piece of the puzzle is to get patients to the 
right sub-speciality sooner rather than later.

Tim Guilliams: 
There are 7,000 rare diseases. In rare diseases, it is really 
important to find the links with common diseases. That is how 
you can make breakthroughs faster. It would be great if some 
technology developers could come up with an app where you 
could almost use it per disease or per disease cluster. We need 
a design that is relevant for patients. We need technologies 
that are relevant. Then patients and families can use the app 
to talk to various stakeholders and educate the nurses, the 
doctors, everyone involved. My message to those who are 
developing apps, is could you please help us design something 
like this where you can go from the 7,000, but then also 
something more specific, where we can examine one disease 
or one disease cluster at a time.

Sean Sanders: 
I actually wanted to stay with you on a related topic, and that 
is just taking one step before diagnosis, looking at detection. A 
comment was made in one of our webinars that there are many 
people out there who do not know that they have a rare disease, 
and that this is a huge problem. So I am wondering how the tech 
side of things and about the work that you do to help identify 
patients, maybe through apps. Do you have any thoughts on 
that? 

“You almost want to be preventative in a way. 
You want to let people know before the disease 
manifests.”

Tim Guilliams: 
You almost want to be preventative in a way. You want to let 
people know before the disease manifests, because I think 
when symptoms are prevalent, most people will understand 
that there is something going on. We often take eight to ten 
years to get a diagnosis, which is incredibly slow. I do not know 
what could be designed because it is a fine line. You almost 
want to go preventative, but also you do not want to alarm 
people when it is not needed.

Domenica Taruscio: 
Well, of course, I think that we can also use a traditional 
tools such as genetic counseling, for example. So you can 
have great genetic counseling and see if there are families or 
members in a given family with high risk. We should push in 
this direction because it is not used in many countries. Genetic 
counseling is part of the follow-up, but it is not mandatory, 
for example. So I think that we can have this possibility for 
families at risk. 
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“Genetic counseling is part of the follow-up, 
but it is not mandatory.”

Marta Mosca: 
I just wanted to highlight the fact that there are many different 
types of rare diseases. So for some diseases, this obviously 
can be done and there is something we can do on a family 
basis, but there are also rare diseases for which the diagnosis 
is based on the clinical manifestations. The idea is appealing 
to capture very early clinical manifestations. For example, this 
is my experience in rheumatological brain diseases where 
there is a delay in diagnosis and the disease onset sometimes 
is very mild. The risk is to over-diagnose or have too many 
referrals for rare diseases, which cannot be done. Rare disease 
by definitions are rare and if you over refer patients it is going 
to be difficult to be supported. I think it is a tricky thing that is 
different for different rare diseases.

Sean Sanders: 
[Something] a number of you have mentioned a few times 
is databases or patient registries. There are some out there. 
They appear to be more localized than broadly international. 
Domenica,  you talked about a few of the databases that are 
currently being used. Are they effective? And how can everybody 
work to bring those together to connect all of that information? 

Domenica Taruscio: 
I would like to speak about registries. Registries are precious 
and effective tools; information systems should collect data in 
a standardized way to be really informative. For example there 
are registries for a specific disease, for groups of diseases, or 
for population-based public health purposes and also for drug 
properties. So, there are different registries.

“We need registries… there is a long list of 
registries, more than 600, some of them 
are national, some are regional, some are 
international… For a registry to be useful and 
effective, it should be really high quality.”

Their first point is that up to now, there has been a long list 
of registries, more than 600, some of them are national, some 
are regional, some are international. But the point is that all 
these registries are not at an equal level. Some are at a high 
level; they have a high level of quality because they ensure 
standardized collection, analysis, governance, sustainability 
and so on. Others are not useful; they collect information 
but are not useful. We need registries, because they are very 
important for many purposes: to study the etiology of disease, 
the pathogenesis, the natural history and for other aims. For a 

registry to be useful and effective, it should be really  
high quality.

The second point is the data collected should be fair. Fair 
means defendable, accessible, interoperable, and reusable 
data. There is a lot of work behind this but, then the data can 
be really useful for science, research, and additional studies.

The third point is that there is a high heterogeneity. On 
Friday, we closed the ninth addition of the International 
Summer School on registries for rare diseases and verification 
of data. This summer school was started nine years ago, and 
was funded by the Instituto Superiore di Sanita by the Italian 
Public Health Institute. Now it is co-founded by the European 
Commission through a European project, which is called an 
important project, AJP project. This summer school over five 
days included experts on database registration, verification, 
and so on. Not only students about also professionals who 
want to improve how to run a registry and how to have a 
registry at high quality. There are many problems. A lot has 
to be done to reach results. After many years working on 
registries, this is my conclusion. 

Sean Sanders: 
Very briefly, what do you mean by high quality? Just so that the 
audience can understand what you mean.

Domenica Taruscio: 
High quality means that there is internal quality control, 
external quality control, and several other procedures that 
scientists and registry managers should follow. There are strict 
rules to be observed in order to obtain high-quality data. Then 
we can analyze the data and obtain good results. Otherwise, 
if you do not observe these rules, you have a “garbage in” and 
a “garbage out.”  If you want to have useful research registries 
to understand the pathogenesis and etiology of diseases and 
provide useful input for new therapies, we need high-quality 
data.

David Pearce: 
Domenica is absolutely right. The problem is that we are 
dealing with the heterogeneity of different rare diseases and 
the different types of data that you would want to collect, 
depending on how the disorder manifests. I have a slightly 
different approach; when families have a diagnosis of a 
rare disease, they reach out, they want answers and want 
information. First of all, it is okay to just have what I call a 
contact registry. If you do not have the individuals registered 
then you cannot go to the next step and maybe put a natural 
history studies together. And then depending on the disease 
and the group that you’re working with, what we do with our 
rare disease registries is allow them to put together their own 
survey questions, because they know the disease, they know 
themselves, the symptoms and the clinical profile better than 
anybody else.

That will evolve into that sophisticated database by 
scientists saying, “Hey, can we have access to your medical 
records?” or “Can we have a researcher or a physician who is 
very familiar with the disease, put a more sophisticated survey 
together?”
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A rare disease diagnosis or an undiagnosed disease — 
before you get to that diagnosis — is a terrible journey. So 
providing hope, I think is one of the underlying things of 
putting that first registry and natural history study together 
because it shows that there are people who are interested and 
want to help.

There is a lot of mistrust in the rare disease field. Sometimes, 
we have to walk before we can run, to actually get to that stage, 
and so build some trust.  We can develop simple data sets first 
and then get to that higher level.

“Patients know the importance of registries, 
and they really want to be reassured, and they 
are really keen on participating and giving data 
because they really know that this is, I am not 
saying the only way, but a very, very important 
way to help them…”

Marta Mosca: 
I would like to share with you the experience of ERNs, because 
within the ERNs, we need to develop registries. But I would 
like just to say that patients are willing to share their data. Our 
patients know the importance of registries, and they really 
want to be reassured, and they are really keen on participating 
and giving data because they really know that this is, I am 
not saying the only way, but a very, very important way to 
help them. So within the ERNs, there are actions together 
with patients aimed at understanding, and Domenica knows 
this very well because she works with many ERNs and with 
us to find ways to share data. They want to be sure, they 
want their data to be used, but they want to give their data, 
and so we really need to find a way and to collect what we 
need. Sometimes it is epidemiological data; sometimes, and 
sometimes it is more detailed data. For some diseases, we 
really do not know much and so registries really are very basic, 
for us to gain information on.

Sean Sanders: 
Tim, I wanted to ask you if you could speak to the quality of the 
data and how that has been used in the type of work that you do. 
Domenica mentioned “garbage in, garbage out,” which might be 
a term that some people are not familiar with so maybe, you can 
just explain what that means from a data perspective? 

Tim Guilliams: 
From a data perspective, this is incredibly important. So the 
amount of information that companies like Healx (https://
healx.io/) could use to try and predict a treatment is not a 
snapshot, but something that keeps evolving because most 
rare diseases are progressive and so you want something 
longitudinal. You want information that goes with the patient. 

On the one hand, yes, there is this principle of garbage in, 
garbage out. However, there are also new algorithms, which 
allow you to basically work with much more noisy data 
and incomplete data. A big focus of Healx is that we have 
developed a rare disease knowledge graph. And a knowledge 
graph is basically a database of relationships. 

Like with Google when you search for something, usually 
in the top three, you have the right answer. But here, as 
part of this graph, you want different levels of certainty 
and relationship, and some of those relationships will be 
wrong, some of those will be right, but from imperfect data 
and existing relationships, you want to start predicting new 
relationships and gaps. This is a really big breakthrough, 
because it means that even with noisy, imperfect data, you 
may be able to use machine learning to try and make sense 
of imperfect information. If you could find a way to empower 
patients and give them the right tools, knowledge will advance. 
But how do we make it possible for patients and families 
to share their data; to empower them to do so, and also 
potentially help come up with solutions that are useful beyond 
the natural history and research? 

I do not know the exact solution, but I think we should focus 
on the patient, their journey and making it as easy as possible 
for them to share information and to contribute. Patients and 
families are the experts. They need to help us develop the right 
treatments.

Domenica Taruscio: 
There is a breakthrough to share with you from Italy. Since 
2021, the National Registry for Rare Diseases, which is a 
national registry, has collected information on more than 
500 different rare diseases. This was for public health. We 
have a patients come to us, at Instituto (an Italian Public 
Health Institute) and say, “Listen, I would like as a patient, or 
an association to better understand our disease,” or, “Please 
can you help us to build a high-quality registry?” From these 
requests, we have started ten specific rare diseases registries, 
for example, Prader-Willi syndrome and cystic fibrosis. These 
registries have been started because patients want to better 
know their diseases, and improve the quality of their lives. 
This is another perspective you should be aware of — driven 
by patients. It is not the old perspective of collecting data like 
20 years ago, by experts, epidemiologists, and statisticians. 
Now it has completely changed and the patient community 
comes first. The changes are being made first by patients and 
associations, and second by experts, stakeholders, expert 
teams, and institutions. 

“The patient community comes first. The 
changes are being made first by patients 
and associations, and second by experts, 
stakeholders, expert teams, and institutions.”
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Tim Guilliams: 
This is a nice example of a true partnership where researchers, 
patient communities and focus groups work together to 
make a difference and align behind a common mission, which 
is to diagnose faster, and get treatments to rare disease 
patients faster. This is an area where patients’ families, patient 
advocacy groups can really help make a difference, and it 
is so important to get it right. There are many initiatives 
already happening, and I would like to encourage everyone to 
continue.

“This is an area where patients’ families, 
patient advocacy groups can really help make 
a difference.”

Sean Sanders: 
David, maybe you can just briefly explain for the audience what 
are natural history studies and how might they be used? 

David Pearce: 
I will use the example of a physician I met years ago, when he 
said, “I’ve only seen one child with Batten disease before.” So 
the natural history study is, first of all to examine and follow 
a patient over a period of time to become familiar with the 
symptomology and phenotype of the disease. I want to give 
a shout out to patient advocacy groups because when these 
groups meet, it is a fantastic opportunity for a physician 
to interact with group of individuals with the rare disease 
on a routine basis, follow them, and see how the disease is 
progresses — that has what we have done that with Batten 
disease.

“A natural history study is tracking the 
progression of a disease and the effects it has 
on the individual.”

A natural history study can be as a simple as, “Okay, so how 
are you feeling today? And how are you feeling tomorrow? 
And how are you feeling the next day?” in terms of what the 
phenotype is. This is regardless of  whether it is a neurological 
disorder, kidney disorder, or liver disorder. A natural history 
study is tracking the progression of a disease and the effects 
it has on the individual. And then you can graph those 
symptoms and pinpoint exactly where somebody is during 
the course of this disease. This becomes incredibly important 
when you want to put a clinical trial together. A natural history 
study helps track the progression of a disease and the effects 
it has on an individual.  When you have an intervention, 
you can see if you are actually slowing that progression or 

stopping the disease. A natural history study is incredibly 
important for understanding  treatment options and their 
effectiveness.

Sean Sanders: 
I would like to talk about treatments. In the research and 
development of treatments, what are some of the major barriers 
and the specific opportunities to eliminate these barriers? 

“One of the major barriers are the numbers of 
the patients and the fact that these patients 
are scattered everywhere, so it is really 
difficult to make sense to find these patients 
and to treat them in a trial.”

Marta Mosca: 
One of the major barriers are the numbers of the patients and 
the fact that these patients are scattered everywhere, so it is 
really difficult to make sense to find these patients and to treat 
them in a trial. Even if we had a treatment that we think might 
be very useful, we need numbers. There are solutions for this 
that include different techniques and statistical analysis which 
can be used.

We can learn from the COVID pandemic. Maybe in the 
future, we might enroll patients into trials, even patients living 
far away using virtual care and telemedicine or on a virtual 
platform. We need to have networks of experts and GPs. With 
these networks and virtual medicine platforms, we might be 
able to increase trial enrollment. This may enable patients to 
take an advantage of new treatments. I think this could be one 
method to improve the way we are working in this field.

Tim Guilliams: 
There are a number of barriers and one of them is facilitating 
work with the patient communities. This is really important 
because patients know a great deal about what matters to 
them, what they have tried before, what did not work, and 
who is the expert. Patent groups can open all the doors. Healx 
was started because of a person called Nick Sireau who lives 
in Cambridge, UK, and his son, Julian, was diagnosed with a 
retroviral disease called black bone disease. We met Nick in 
2014. He was on a journey to find a different treatment. He 
was trying to purpose raw chemical components to treat his 
children. This was successful and the treatment has now been 
approved by the EMA [European Medicines Agency]. This is 
an inspirational story of a super human, Nick, who has a child 
with a rare disease, but no scientific or AI background. They do 
not take no for an answer, they are going on a mission to find a 
treatment, and then they succeed, which is incredible. One of 
the key barriers for therapies is to partner with patient groups.

The second barier is a more complex: the drug discovery 
paradigm. Traditional drug discovery is basically target-based 
drug discovery. It is based on one disease, one target, one 
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drug. Human disease biology is more complicated than that, 
and so, particularly for rare disease patients, the industry 
massively under-delivers. You have 7,000 rare diseases, 95% 
of which do not have an approved treatment. Behind that 
is an awfully simple drug discovery paradigm. Because of 
this you end up with a very large failure rate, amazingly long 
development timelines, and high costs, because you started 
with the wrong hypothesis in the beginning. It is important for 
companies to come up with new drug discovery paradigms 
that are more combinatorial, more complex, where you do 
not know why a particular drug is matched to a rare disease, 
but your algorithms identify that those two drugs could 
potentially help that rare disease. This type of novel approach 
is pioneering the next generation of drug discovery that is no 
longer based on “one disease, one target, one drug.”

“The next generation of drug discovery […] is 
no longer based on ‘one disease, one target, 
one drug.’”

There has to be a fundamental shift. It is happening 
right now because a new disease biology is available: your 
genome, your transcriptome, your proteome. We can start to 
understand disease biology in a much more complex way, and 
then you also have the AI technology and new data that [is] 
being generated. On top of that, now there is the deployment 
of capital. Just for drug discovery last year [2021] there was 
about $14 billion of investments, and so you now have all 
these key ingredients — not incremental improvements to a 
broken drug discovery process. We can really try and do things 
differently. 

This will take less than five years to really have an impact. 
People will look at this time as the time where the third 
generation of drug discovery happens. We started phenotype-
based, then we had target-based, and now we are going 
into more AI power. It is an incredibly exciting time where 
fundamental changes are happening, and we are proud to 
be working on that. Not everyone is as convinced, but this is 
happening right now.

“It is an incredibly exciting time where 
fundamental changes are happening, and we 
are proud to be working on that.”

David Pearce: 
The human genome is around about 3.2 billion base pairs, 
and we maybe understand about 1% of it right now, and many 
rare diseases are of a genetic basis. One single change in that 
3.2 billion letters can result in a rare disease, if you have two 
copies of that change. Figuring out how one missing piece, one 
genetic defect can result in a devastating neurodegenerative 

disease is a real challenge when we do not understand how 
the brain works normally in its entirety, we do not understand 
the biology of something. To try and fix something, when you 
do not actually have a table of contents and a complete list of 
all the components and what they do, is very hard. 

“To try and fix something, when you do 
not actually have a table of contents and a 
complete list of all the components and what 
they do, is very hard.”

It is difficult to fix something when it is broken, and when 
you do not even have any of the tools and/or instructions to go 
with it, [it] is always going to be be very difficult. The difficulty 
is exacerbated by the rarity of the diseases and the complexity 
of understanding what a single gene can do in a complicated 
human being. It is an exciting time on the basis of genetics 
right now. Specifically fixing that fundamental defect is 
certainly on the horizon and a reality in some cases right now. 
The bottom line is that there is a long way to go to understand 
the human, and the human condition.

Domenica Taruscio: 
I like the discussion about a new paradigm. Let us also speak 
about changing the EMA and the FDA [medical regulatory 
bodies]. Sponsors have incentives, for example, at a European 
level, the FDA and in Japan. But are these incentives enough? 
Or are they the most appropriate? Maybe it is time to open 
a discussion about this because after 20 years many things 
have changed, at least in Europe, since Regulation 141, and in 
U.S.A., the same. Maybe the regulatory agencies should start a 
discussion. I worked for the European EMA for nine years, but I 
think this discussion is important to promote at a global level.

Tim Guilliams: 
I think that is spot on. I think one of the big bottlenecks will 
be around the regulatory environment. The orphan drug 
designation, etcetera, represents a big shift in the right 
direction. But for example, at Healx, we start hypothesis-free. 
So we start without the target, and then of course, we analyze 
the data and we come up with much more complex signatures, 
and sometimes, we do not know how a medicine works, but we 
test  it and it works! How do you explain that to a regulator — 
that maybe you do not know the target? How do you explain to 
a Pharma partner that you do not carry out target-based drug 
discovery? There is a real shift and it is important to engage 
with the right stakeholders and particularly, the regulators 
early on. The regulators  need to ensure patient safety and 
so this approach is very challenging for them. We need open 
discussions to help incentivize companies to develop rare 
disease treatments.

Domenica Taruscio: 
There is no doubt that we should ensure the safety for all 
citizens, but let us start the discussion focused on rare 
disease. Discussions about orphan drugs started in the 1980s 
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in the U.S.A. and Europe, and in 2020 in other countries. Now, 
after 40 years many things have changed. I think it is time to 
have an open discussion on these new approaches.

Sean Sanders: 
This webinar is aimed at a general audience and particularly 
patients with rare diseases, the families of patients and rare 
disease organizations; what can they do? Is there any advice 
you can give them on how they can play a role, more of a role, 
particularly in clinical trials, getting clinical trials set up for new 
treatments? 

Marta Mosca: 
Patient groups are very involved and they are essential.  The 
paradigm has shifted thanks to patient organizations. As 
doctors and  researchers, we need to understand this. We 
work for patients, and patients need to know this. We are 
there for them. So what should they do? They do many things 
already. Engage us, discuss with us, and share your ordeals 
with us. For example, we work on patient pathways and we 
build patient pathways based on a patient’s point of view, not 
the physician’s point of view. I am a clinician; this is the very 
first step. [I say to] patient groups: tell us, work with us and tell 
us about your needs, share with us your data, and guide us. 

“[I say to] patient groups: tell us, work with 
us and tell us about your needs, share with us 
your data, and guide us.”

Sean Sanders: 
Thank you once again to our fantastic panel and to Fondation 
Ipsen for enabling this conversation through their kind 
sponsorship. 
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