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Coeliac disease, an immune- mediated enteropathy 
triggered by gluten, is a relatively common condition 
affecting ~1% of the world population that can develop 
across the lifespan1,2. The incidence has been increasing  
rapidly over the past four decades worldwide3. A diag-
nosis of coeliac disease is associated with increased  
overall mortality4. Currently, the primary management 
for coeliac disease is a strict gluten- free diet, which is 
practically challenging and socially difficult to follow5. 
Thus, patients often have inadequate symptom control on  
a gluten-free diet, yet the few alternative therapies avail-
able are repurposed medications, such as budesonide, 
that are not disease specific.

To establish priorities for the support of relevant 
and high- yield areas of research, the Celiac Disease 
Foundation (CDF) and the Society for the Study of 
Celiac Disease (SSCD) convened the first SSCD con-
sensus workshop on ‘Research Opportunities in Celiac 
Disease’ in March 2020 (ref.6). The consensus workshop 
was attended by leaders from academia and pharma-
ceutical companies, patient support group members 

and scientists from government institutions (NIH) 
that support research in coeliac disease. The consensus 
workshop was organized under the umbrella of SSCD 
and CDF. Workshop participants were identified and 
invited based on their area of expertise. A workshop 
outline was determined a priori, and each expert was 
asked to address specific topics. A round- table discus-
sion followed each presentation. After the workshop, 
participants ranked the initiatives in a formal voting pro-
cess (25 participants submitted votes for each topic), to 
determine prioritization. The complete list of attendants 
of the workshop in addition to the authors is detailed in 
the Acknowledgments. The authors of this article were 
selected by the SSCD to report on the discussion and 
recommendations arising from the workshop.

This Roadmap summarizes the latest advances and 
controversies in the field (Table 1) and provides informa-
tion on selected milestones and consensus recommenda-
tions to address gaps and opportunities in pathogenesis 
and genetics (Table 2), and diagnosis, management and 
prevention of coeliac disease (Table 3). Recognized gaps 
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in epidemiology are related to the unknown reason for 
the increasing incidence of coeliac disease and the prev-
alence of coeliac disease outside North America and 
Europe. Major questions have emerged about who to 
screen for coeliac disease, when and how to confirm the 
diagnosis. In terms of pathogenesis, although research 
has yielded various animal models of coeliac disease, 
there remain substantial gaps in understanding how glu-
ten tolerance is lost and tissue destruction ensues. Gaps 
in disease management are also identified, as research 
has shown that patients are not able to maintain a strict 
gluten- free diet owing to the ubiquitous presence of glu-
ten in the food supply. There is also a concern regarding 
persistent low diagnostic rates and poor understanding 
of the complications related to coeliac disease within the 
medical community and broader population that can be 
addressed through further education and development 
of stronger partnerships between patients, clinicians and 
academic researchers.

Milestones and gaps in pathogenesis
Coeliac disease is triggered by the ingestion of gluten 
in a subgroup of genetically predisposed individuals2. 
Specifically, coeliac disease confirmed by recall response 
to gluten challenge is currently limited to individuals 
positive for HLA- DQ2, HLA- DQ8 or, rarely, HLA- DQ7 
(ref.7). Gluten- specific CD4+ T cells in coeliac disease are 
activated by particular peptide fragments derived from 
gluten proteins and related prolamins present in wheat, 
barley and rye when they are bound to HLA- DQ2 or 
HLA- DQ8 (currently no HLA- DQ7 gluten epitopes are 
defined)8. Deamidation of wild- type gluten in the lam-
ina propria by tissue transglutaminase 2 (TG2) increases 

binding efficiency to HLA- DQ2 (ref.9) and HLA- DQ8 
(ref.10), which preferentially accommodate peptides with 
negatively charged residues at anchor sites. HLA- DQ–
gluten peptide complexes activate CD4+ T cells, lead-
ing to the release of pro- inflammatory cytokines and 
chemokines that favour inflammatory cell infiltration 
and CD8+ T cell cytotoxic activity that contributes to 
mucosal damage in coeliac disease11. Patients with coe-
liac disease can develop typical upper gastrointestinal 
symptoms, such as nausea and abdominal pain and 
systemic markers of immune activation within hours of 
oral or intradermal gluten exposure11. It is clear that both 
gluten and permissive HLA- DQ genotypes are required 
for disease development; however, other genetic12 
and environmental13 factors (such as enteric infec-
tions and high gluten load) also influence disease risk.  
As such, coeliac disease represents a model condition 
in gastroenterology and autoimmunity with exquisite  
pathophysiological insight.

Although studies performed in biopsy samples and 
human tissue pioneered important discoveries in coe-
liac disease and continue to be key in the study of its 
pathogenesis, the development of animal models in 
coeliac disease has long been an unmet need, in parti-
cular to promote and accelerate development and test-
ing of preclinical therapies. Various animal models 
have been developed that reveal key relevant pathways 
amenable to diagnostic and therapeutic modulation,  
as well as additional risk factors that constitute future  
targets for primary prevention. Most models are based on  
MHC class II transgenic mice expressing HLA- DQ2 or 
HLA- DQ8 (refs14,15), as well as transgenic expression 
of IL-15 (ref.16), a key cytokine in cytotoxic transfor-
mation of intraepithelial lymphocytes. Animal models 
have also revealed the role of microbial factors in the 
metabolism of the main dietary trigger, gluten, as well as 
other dietary components (such as the essential amino 
acid tryptophan) that participate in the activation of 
immune pathways that can affect coeliac disease risk17–19. 
Models that combine genetic susceptibility and trans-
genic expression of IL-15 have been essential to unravel 
epithelial- cytotoxicity mechanisms and the role of tran-
sient viral infection in the breakdown of oral tolerance to 
gluten20. Although no single mouse model recapitulates 
all features of human disease, well- characterized human-
ized mouse models expressing different key features of 
coeliac disease pathogenesis and disease stages are now 
available and represent an invaluable research tool.

In  vitro models based on organoid technology  
have now gained attention. As in other intestinal inflam-
matory disorders, 3D organoids, as well as 2D organoid- 
derived monolayers from patients with coeliac disease,  
expressed phenotypic differences compared with 
those derived from healthy individuals as controls21–23. 
Advantages of these tools reside on the physiological 
complexity of the intestinal epithelium compared with 
classic transformed or primary cell lines. The limitations 
are common to organoid modelling, including lack of 
vasculature and immune cells, high cost, technical dif-
ficulties and the closed nature of the 3D structure. Chip 
technology, microfluidics and co- culturing systems 
could address some of these limitations24,25. However, 
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collectively, the cellular and mouse models developed 
in the past decade provide a long- awaited milestone that 
should stimulate translational and preclinical research 
in coeliac disease.

Challenges. Despite the key milestones achieved, there is 
limited understanding of pathways of disease tolerance 
and tissue destruction. This gap in knowledge limits 
the development of preventive agents, pharmaceutical 
adjuncts to diet or curative therapies for coeliac disease. 
Furthermore, one consequence of the lack of prescrip-
tion therapies and alternatives to a gluten- free diet is that 
patients might not consistently receive follow- up care26, 
so the medical community and, to a lesser extent, the 
research community, is disengaged from patient needs 
and the burden of disease. In addition, as suspected 
by many in the research community, several different 
coeliac disease phenotypes exist that should be bet-
ter defined, as differing treatments could be required.  
In particular, improved quantitative assays that enable 
clinical and immune phenotype to be accurately defined 
will play a crucial part in future efforts to develop ther-
apeutics, and might also enable coeliac disease to be 
redefined and diagnosed on the basis of a recall immune 
response to gluten.

Opportunities. In contrast to other T cell- mediated 
organ- specific immune diseases, many of which are 
genetically linked or associated with coeliac disease, 
researchers can undertake patient- based so- called 
proof- of- concept studies with outcomes broadly rele-
vant to understanding and treating other conditions. 

For example, antigen- specific adaptive immunity has 
a central role in many serious autoimmune diseases27, 
but coeliac disease is the only one for which mole cular 
determinants of cellular and humoral immunity are 
confidently known, and tissue from the affected organ 
can be sampled while exposure to the causative antigen 
is safely manipulated. Blood and tissue biomarkers of 
humoral immunity including gliadin and autoantigen 
(TG2)- specific antibodies, B cells and plasma cells can 
be assessed, and the gluten- specific CD4+ T cell popu-
lation can be studied in gut tissue, repeatedly in blood 
for single- cell analyses or in fresh samples for functional 
assessments28. A newly characterized human serum 
cytokine release profile dominated by pronounced, 
early elevations in the T cell- associated cytokine IL-2 
following acute gluten exposure provides an additional 
biomarker for coeliac disease research and promises to 
inform diagnostics and therapeutics development11,29. 
Relevant animal models are available to reverse- translate 
hypotheses generated from human studies, and progress 
is being made in the development of physiological coe-
liac epithelial models based on organoid technology 
to study variations in gene expression21, microbiota–
host interactions22 and immune response to gliadin23. 
Altogether in vitro systems and the latest mouse models 
enable understanding of specific pathogenic mecha-
nisms that are difficult to study clinically and for pre-
clinical drug testing. Thus, researchers have developed a 
unique toolbox for understanding and developing treat-
ment of antigen- specific cell- mediated human disease by 
focusing their efforts on coeliac disease. In fact, patients 
with coeliac disease are often affected by other common 

Table 1 | selected milestones and gaps in coeliac disease

area of interest Milestones Challenges opportunities readiness

Pathogenesis Key pathways revealed by 
animal models (MHC class II 
HLA- DQ2 or HLA- DQ8 and 
transgenic for IL-15)

Limited understanding of pathways 
of disease tolerance and tissue 
destruction, as well as different 
phenotypes of the disease

Current knowledge of mechanisms 
generates opportunities in 
translational research

Animal and organoid models are  
useful to investigate mechanisms  
for biomarker and drug discovery

Tools 
available

Diagnosis Once thought to afflict 
primarily children of Irish 
descent, coeliac disease is a 
common condition affecting 
nearly 1% of the worldwide 
population, and the incidence 
is increasing3

The reason for increasing incidence 
over time is unclear

There are insufficient data to support 
mass screening

There is disagreement on the need for 
duodenal biopsy to confirm coeliac 
disease

Clinical trials on high- risk population 
using novel approaches such as 
HLA- DQ–gluten tetramer assays or IL-2 
release to measure immune response

Tools 
available

Disease 
management

Novel tools to improve 
detection of gluten to 
improve disease management

GFD is difficult to follow and a great 
proportion of those with coeliac 
disease remain symptomatic

Histological recovery is inconsistent 
with clinical presentation and coeliac 
disease- specific serology

Lack of coeliac disease academic 
research centres and experts

No approved disease- specific therapy

Identification of markers of preclinical 
disease and development of more 
accurate tools to assess disease 
activity, which could be tested in 
preclinical models

Continuing education of community  
in coeliac disease

Development of pharmacological 
therapies

Needs 
development

Funding Research efforts in coeliac 
disease have proved highly 
efficient, leading to a better 
understanding of the disease

Funding for research is lower than  
for other less prevalent conditions, 
such as Crohn’s disease55

Increasing funding would catalyse 
and sustain coeliac disease research 
centres, supporting patients and 
generating new knowledge

Insufficient

GFD, gluten- free diet.

Nature reviews | GastroenteroloGy & HepatoloGy

R o a d m a p



0123456789();: 

autoimmune diseases such as type 1 diabetes mellitus30. 
Future research implementing mechanistic models, 
including organoids, to selectively modify gluten immu-
nity is likely to be broadly applicable to antigen- specific 
immunotherapy of autoimmune disease.

Milestones and gaps in diagnosis
By epidemiological standards, coeliac disease is common 
(affecting nearly 1% of the worldwide population) and 
has shown increasing incidence over the past several 
decades3. On the basis of birth cohort studies in Finland 
and Colorado, USA, there is evidence that disease  
penetration is deeper than commonly assumed31.

Challenges. Researchers do not know why disease inci-
dence is increasing, although environmental factors 
including viral infections during childhood or changes 
in gut microbiota (composition or metabolite produc-
tion)32, which have led to an increase in many auto-
immune and allergic conditions, have been implicated. 
Despite the combination of high prevalence and low 
diagnosis, major questions have emerged about who 
to test for coeliac disease and when. Although screen-
ing of first- degree relatives might be feasible, there is 
insufficient data to determine whether there is a bene-
fit to screening asymptomatic individuals, particularly 
adults33. The alternative to screening is a case- finding 

Table 2 | selected milestones and current and future research objectives in pathogenesis and genetics

Mechanism or feature 
(time frame)

Milestones Current and future research objectives

Cereal protein chemistry 
and genetics (1900s–)

Osborne66 characterized cereal grain proteins as 
‘prolamins’. Starting with wheat α- gliadin, protein 
and gene sequencing provided key information for 
defining candidate toxic and/or antigenic gluten 
peptides67,68

Refining understanding of a safe threshold for dietary gluten; 
improving food testing for gluten; breeding cereals with reduced 
immunogenicity; defining other cereal components that trigger 
symptoms; understanding gluten digestion, absorption and 
systemic handling in health and disease

Environmental antigens 
(1950s–)

Protease- resistant peptides from prolamins  
in wheat, rye, barley and, possibly, oats69 drive 
coeliac disease

More comprehensive molecular characterization of targets for 
gluten- driven immunity in all genetic subtypes of coeliac disease; 
triggers for disease onset; microbiome and infections as modifiers 
of gluten immunity and tissue injury

Genetic susceptibility 
(1970s–)

Starting with HLA associations70 and defining 
HLA- DQ2.5 as the primary genetic susceptibility, 
subsequent genome- wide studies identify multiple 
non- HLA linkages and genes in common with other 
HLA- linked autoimmune diseases such as type 1 
diabetes mellitus71

Precise localization and functional characterization of germline 
non- MHC genes and any additional MHC genes implicated in 
coeliac disease and gluten immunity; understanding gene–gene 
interactions, DNA modification and acquired T cell and B cell 
receptor mutations facilitating gluten immunity

Animal models, ex vivo 
tissue and in vitro cell 
culture (1970s–)

Intestinal biopsies, cell lines and clones developed 
as bioassays for gluten; gluten immunity tested in 
humanized HLA- transgenic mice from 2000s72

Refinement of bioengineering, organoid and microfluidic 
technologies to develop organ- on- a- chip models to complement 
humanized mouse models

Autoimmunity in coeliac 
disease (1980s–)

Endomysial antibody later determined to recognize 
tissue transglutaminase 2, the main autoantigen for 
gluten- dependent autoantibodies in active coeliac 
disease45

Molecular characterization of targets for autoimmunity 
accounting for extraintestinal manifestations; more detailed 
understanding of humoral and cellular autoimmunity, and its 
relationship to gluten immunity

Host receptor- mediated 
recognition of gluten 
(1990s–)

The molecular and cellular basis for recognition 
of gluten was determined by cloning intestinal 
gluten- specific CD4+ T cells exclusively from 
patients with coeliac disease73, which were 
complemented by HLA- DQ–peptide binding assays, 
determining epitope restriction elements and,  
more recently, structural biology studies9,74

Refining understanding of gluten recognition and contributions 
of innate and adaptive immunity or other pathways facilitating 
gluten- mediated intestinal and extraintestinal manifestations of 
coeliac disease; expanding understanding of antigen- presenting 
cells including B cells specific for gluten and transglutaminase

Immune–intestinal 
epithelial cell 
interactions (1990s–)

Identification of crucial innate immune pathways 
involving IEC–NK cell receptor interactions 
supported by IL-15 that are conducive to atrophy75

Characterization of the role of IEC–NK cell receptor interactions 
across coeliac disease states and further elucidation of signals 
leading to licensing of cytotoxicity

Extraintestinal immune 
response to dietary 
gluten (2000s–)

Gluten ingestion drives expansion of peripheral 
blood gut- homing gluten- reactive CD4+ T cells and 
CD8+ T cells days later29. Serum cytokines, especially 
IL-2, are elevated within hours76

Improved characterization of the sources and effects of gluten- 
stimulated systemic cytokine release; understanding of the cause  
and effects of intestinal CD8+ T cell expansion in blood and 
gut tissue; establishing phenotypic and functional changes in 
gluten- specific CD4+ T cells

Additional 
environmental triggers 
(2010s–)

Resurgence of the microbial hypothesis supported 
by sequencing technology and longitudinal at- risk 
cohorts. Used in combination with humanized 
models, microorganisms could influence key 
mechanisms in coeliac disease (e.g. gluten 
metabolism, loss of tolerance, molecular mimicry)77

Continued identification of microorganisms and mechanisms that 
protect or incite breakdown of tolerance to gluten; identify and 
validate new microbial therapeutics that modulate pathogenic 
targets in coeliac disease

Gluten peptide-specific 
activation and 
modulation of gluten 
immunity (2010s–)

Systemically administered immunogenic gluten 
peptides cause acute digestive symptoms and 
immune activation with subsequent tachyphylaxis11

Enhanced understanding of natural mechanisms that regulate 
gluten immunity and disease manifestations; understanding of 
the basis for potential coeliac disease versus highly symptomatic 
disease; more complete understanding of molecular events 
enabling development of neoplasia associated with coeliac disease

IEC, intestinal epithelial cell; MHC, major histocompatibility complex; NK cell, natural killer cell.
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approach, but the optimal set of clinical criteria that 
should trigger testing has not been established, and there 
is not a well- defined set of symptoms that increases the 
probability of a diagnosis of coeliac disease34,35. The pri-
mary limitation of case finding, even when well imple-
mented, is that subclinical cases will be missed and, 
owing to the many protean manifestations of coeliac 
disease and symptom overlap, diagnosis will be delayed 
as the condition is overlooked or not considered in  
the differential diagnosis. The correct balance between the  
costs and unintended consequences of mass screening 
and missed opportunities to improve health outcomes 

by addressing perpetually low coeliac disease diagnosis 
rates has yet to be found.

There is also disagreement regarding diagnos-
tic standards as to the necessity of intestinal biopsy.  
A biopsy- free approach for those with markedly ele-
vated serum TG2 IgA levels (>10 times the upper limit 
of normal of the assay) was delineated by the European 
Society for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESGPHAN) in 2020 (ref.36), but this 
approach has not been formally adopted by paediatric 
counterparts in the USA, and the more rigid non- biopsy 
pathway outlined in the ESPGHAN 2012 guideline was 

Table 3 | selected milestones and current and future research objectives in diagnosis, management, therapeutics and prevention of 
coeliac disease

Feature  
(time frame)

Milestone research objectives

Diagnosis

Established 
diagnostic 
markers of 
coeliac disease 
(1950s–)

First descriptions of histological features of gluten 
enteropathy and subsequent development of capsule 
biopsy78 for histological diagnosis

Advances in serodiagnostics and HLA- DQ genotyping have 
led to serology- based diagnosis without biopsy36

Future studies need to address the need for diagnosis confirmation 
by biopsy, particularly in adult populations; regular updates 
of evidence- based diagnostic guidelines informed by large, 
well- designed clinical trials

Novel diagnostic 
markers of 
gluten immunity 
and coeliac 
disease (2000s–)

Detection of peripheral blood CD4+ T cells enable 
redefinition of coeliac disease and diagnosis without 
requiring intestinal biopsy while regularly consuming 
gluten41

Well- designed clinical trials of novel diagnostics; development 
of accurate blood diagnostics that minimize invasive procedures; 
biomarkers indicative of gluten immunity that do not require 
sustained re- introduction of gluten

Management and therapeutics

Centres 
of clinical 
excellence 
and research 
(1950s–)

Paediatric centres established early, but adult centres for 
transition of care and the bulk of new diagnoses resulting 
from increased awareness since the ‘coeliac disease 
iceberg’ was identified have lagged

Misdiagnosis and underdiagnosis of coeliac disease are 
commonplace, unnecessary use of GFD is widespread  
and follow- up of patients after diagnosis is inconsistent79

More centres for training health- care professionals in all aspects 
of medical care of coeliac disease are warranted to enhance 
current standard of care for diagnosis, management and follow- up 
of patients; centres integrating patient care and translational 
research in key areas such as immunology, dietetics and therapeutics 
development will drive future advances in clinical care

Monitoring on 
GFD (1960s)

Reversal of intestinal injury with strict GFD reported in 
children having follow- up capsule biopsy80

Follow- up serology poorly sensitive for mucosal injury  
on GFD81. Debate continues regarding the utility of 
follow- up biopsy

Quantitative histology studies suggest villous atrophy is 
under- reported in treated, seronegative coeliac disease82,83

Tools that objectively detect gluten immunogenic 
peptides84 developed in 2000s

Enhance standard practice for handling and assessing small bowel 
biopsies to accurately assess villous atrophy; development of 
molecular markers that quantify mucosal injury; clinical guidelines 
for integration of new tests such as gluten immunogenic peptides 
in clinical use and follow- up; development of models of care for 
specialized dietitian and medical assessment during lifelong GFD

Repurposing 
drugs for coeliac 
disease (1970s–)

Many immunosuppressive drugs starting with prednisolone 
shown to reduce gluten- mediated intestinal injury, 
but undesirable long- term adverse effects deter their 
widespread use85

Assessment of pharmaceuticals approved for other indications that 
target key mediators of gluten- dependent disease and immunity 
and have acceptable safety profile

Drug 
development 
specifically for 
coeliac disease 
(2000s–)

‘Druggable’ targets identified: gluten, microorganism–
gluten–immune interactions, transglutaminase, epithelial 
gluten transport, HLA- DQ and gluten- specific immunity53,86

Drug development evolves to include symptom and 
histological end points87,88

Regulatory approval for treatment of coeliac disease not 
achieved

Comprehensive assessment of immune and non- immune drug 
targets to augment or replace GFD; understand mechanisms and 
interventions to restore gluten- specific immune tolerance; identify 
cytokines responsible for pathology; advance understanding of 
transglutaminase effects on gluten and normal tissues; understand 
gluten metabolism in vivo

Prevention

Prevention of 
coeliac disease 
(2000s–)

Prospective gluten feeding studies in at- risk infants failed 
to identify a window of opportunity to decrease coeliac 
disease risk89. Gluten dose and infections and/or microbial 
changes might affect risk

Development of strategies to reduce the age of diagnosis and 
overall incidence of coeliac disease; understand potential 
coeliac disease and progression from health to development  
of active disease

GFD, gluten- free diet.
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not necessarily implemented, even in central Europe37. 
Guidelines for diagnosis of coeliac disease in adults have 
continued to advocate for intestinal biopsy5, although 
a biopsy- avoidant approach was offered by the British 
Society of Gastroenterology in 2020 in the context of 
the COVID-19 pandemic38. There is also debate sur-
rounding best practices for gluten challenge in patients 
already on a gluten- free diet before testing for coeliac 
disease, how to evaluate patients whose diagnosis of 
coeliac disease did not include a small intestinal biopsy 
for eligibility in clinical trials and how to manage these 
patients during clinical evaluation of non- responsive 
coeliac disease5,39,40.

Opportunities. The uncertainty regarding whether and 
how to screen for coeliac disease in average- risk and high-  
risk individuals provides the clinical equipoise neces-
sary to justify a randomized trial. For feasibility, testing 
screening strategies should first be planned in high- risk 
groups such as those with a family history of coeliac dis-
ease. Although a non- biopsy approach will remain the 
subject of ongoing debate, it might be rendered moot if 
a non- invasive diagnostic method is validated to have 
high- performance characteristics, such as a simple, 
HLA- DQ- diagnostic blood- based assay identifying 
gluten- specific T cells or biomarkers released by T cells 
in response to gluten in vivo or ex vivo11,41,42. These mod-
ern assays are less dependent on gluten avoidance and/or 
exposure and might ultimately prove to obviate a gluten 
challenge. Such a test could foreshadow redefinition of 
coeliac disease as an acquired antigen- specific immune 
disorder diagnosed by the presence of gluten- specific 
T cells. With improved alignment of inter national 
and paediatric and adult coeliac disease diagnostic 
approaches, resources would be freed to focus on crucial 
questions related to treatment outcomes.

Milestones and gaps in management
Major advances in coeliac disease management to date 
have been identification of the role of gluten in per-
petuating the disease43, identification of HLA- DQ2.5 
and HLA- DQ8 as the main haplotypes associated 
with coeliac disease44, and confirmation of TG2 as an 
auto- antigen and TG2 IgA antibodies as a biomarker of 
untreated disease45. The capacity to identify gluten pep-
tide sequences in foods and the consensus for 20 ppm as 
the upper threshold of gluten for a foodstuff to be con-
sidered gluten free46 have led to more unified regulations 
in food processing and labelling worldwide.

Challenges. Studies47,48 show that patients are not able 
to maintain a strict gluten- free diet owing to the great 
difficulty of adherence, but, as we are all aware, no 
alternatives exist as yet. In practice, many patients are 
lost to follow- up, particularly those who do not adopt 
or who discontinue a gluten- free diet, so the long- term 
population outcomes are not well characterized26,49. 
Nevertheless, it is known that histological recovery 
(villi and/or gut healing) is inconsistent, and it seems 
that younger patients recover better than older patients50. 
Researchers acknowledge that the long- term implica-
tions of undiagnosed or undertreated coeliac disease are 

poorly understood51. There was broad acknowledgement 
among the workshop attendees that poor understanding 
of the disease in the medical community and broader 
population, coupled with misconceptions about indica-
tions for a gluten- free diet, has confused many about  
the seriousness of coeliac disease. On the other hand, the 
higher cost of gluten- free products, as well as difficulties 
in accessing an expert coeliac dietitian, are major chal-
lenges for the patient community. There was also consen-
sus that the scarcity of coeliac disease academic research 
centres, particularly in North America (in contrast to the 
many for inflammatory bowel disease (IBD) and type 1  
diabetes mellitus) and the lack of young researchers 
studying coeliac disease, were major impediments. 
Initiatives to partner with primary or secondary centres 
to facilitate the diagnosis and management of patients 
with coeliac disease, for instance, through more timely 
and efficient access to endoscopy and dietetic services, 
would improve diagnosis and clinical management, pro-
viding that health- care professionals are educated in the 
current standards. Quality certification programmes for 
clinics or health- care professionals involved in the care 
of patients with coeliac disease, recognized by scientific 
societies, can help to achieve this milestone (coeliac 
disease centres). The dearth of pharmaco- economic 
data52 has led to an underappreciation of disease burden 
by employers, insurers and government, and has also 
severely limited the development of treatments.

Opportunities. There is increasing interest and support 
from industry for development programmes in coeliac 
disease, and the number of potential therapeutic tar-
gets and clinical trials has grown exponentially over 
the past 15 years53,54. In addition to the much- needed 
therapies in coeliac disease, there is a need to improve 
non- pharmacological management of coeliac disease 
through optimization of the only currently available 
management — the gluten- free diet. This progress can 
be achieved by providing financial support to patients; 
intensifying education efforts in the patient and medical 
community and the food industry; improving access to 
a coeliac dietitian, which requires training programmes 
and patient access through coverage of these services; 
implementation of new monitoring tools in food, urine 
and stool gluten immunogenic peptide detection tests in 
standard of care. New biomarkers (such as IL-2 and cir-
culating gluten- specific T cells11,29,41) could both simplify 
the diagnosis, especially when the individual is already 
on a gluten- free diet, and reduce the burden of study 
procedures in drug trials in coeliac disease.

Milestones and gaps in funding
Research in coeliac disease has long been a case of 
accomplishing much with little. Consistent with the 
authors’ anecdotal experience, systematic review of 
NIH funding has shown that coeliac disease receives 
proportionally less funding than a range of compara-
ble conditions (US$3 million annually compared with 
US$16 million for Crohn’s disease, US$13 million for 
Barrett oesophagus and US$7 million for nonalcoholic 
fatty liver disease (NAFLD)55, a situation that likely is 
the cause rather than the effect of a relatively small pool 
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of dedicated investigators. Research efforts in coeliac 
disease have proved highly efficient, leading to better 
understanding of its pathophysiology than that of many 
better- funded gastrointestinal conditions, such as IBD 
and Barrett oesophagus. Understanding of the key steps 
in pathophysiology has led to excellent diagnostic tests, 
which have in turn enabled large and highly accurate 
epidemiology studies that have uncovered very large 
populations of coeliac disease outside Europe and North 
America, which has previously not been recognized, as 
well as new insights into age and risk factors for coeliac 
disease onset. With some high- profile exceptions56,57, 
many of these studies were funded by sources outside 
the USA. The 2020 federal budget passed by the United 
States Congress explicitly encourages the NIH to devote 
sufficient, focused research to the study of coeliac dis-
ease; this new milestone might mark an inflexion point 
in the dedication of public funds to support coeliac 
disease research in the USA. We are unaware of similar 
mandates outside the USA.

Challenges. The coeliac disease research and dedicated 
clinical community is barely at replacement levels. There 
is a desperate need in many areas for new expert coe-
liac disease centres, and in some areas coeliac groups 
have disappeared with the retirement or move of a single 
dedicated clinician or researcher. Along with providing 
high- quality care for patients with coeliac disease, which 
is currently not routine in non- specialized practices, 
these clinics are synergistic with local research efforts 
providing access to patients and patient materials for 
research. New and increased funding would catalyse 
and sustain a new generation of coeliac disease centres, 
supporting patients and research in the coming years. 
Efforts should be made to improve training of commu-
nity physicians and other health- care providers through 
symposia, webinars and development of clinical guide-
lines, as well as increasing opportunities for research 
funding coming from industry or government (Table 4).

Opportunities. As with many areas of research today, lab-
oratories and clinical groups working individually will 
only be able to make incremental gains. Larger problems 

will only be able to be solved by larger teams. For both 
clinical and basic research, multinational networks, as 
exist for other conditions such as type 1 diabetes mellitus 
and IBD will be needed to address some of the most fun-
damental questions in coeliac disease. Relevant examples 
include TrialNet (in the diabetes research community) 
and ImproveCareNow for IBD, both of which have accel-
erated research in their respective fields. Researchers, 
physicians and stakeholders are working collaboratively 
with the community to accelerate innovation, discovery 
and the application of new knowledge to disease man-
agement, such as adoption of novel tools to detect gluten 
excretion in urine and stool in clinical practice58,59. Such 
networks will enable efficient clinical trials providing 
sufficient numbers of heterogeneous patients to ensure  
that findings are generalizable and reproduceable.  
In addition, networks of laboratories will enable distri-
bution of the cost and expertise needed to implement the 
latest technologies, including immune cell pheno typing, 
microbiome characterization, genome sequencing 
and reverse translation into improved animal models.  
In turn, this network would serve as an incubator for 
new clinicians and researchers, thereby forming a  
virtuous cycle.

As discussed in the next section, creation of an inter-
national coeliac disease consortium should be consid-
ered a key priority for the next decade. A summary of 
the milestones and gaps identified in coeliac disease 
is provided in Table 1, and a timeline of milestones in 
pathophysiology, diagnosis, treatment and management 
of coeliac disease is provided in fig. 1. These discoveries 
include examples of how coeliac disease researchers have 
made substantial contributions through partnership with 
type 1 diabetes mellitus researchers to include secondary 
aims related to coeliac disease in multi- site multinational 
collaboratives (for example, the TEDDY study60) and of 
how new therapeutic concepts in the autoimmunity field 
have been applied to coeliac disease61.

Final comments and reflections
Over the past decades, the field of coeliac disease has 
had many research accomplishments to celebrate. 
We have gained tremendous understanding of the 

Table 4 | Models for innovation and potential application in coeliac disease

Model examples outside 
coeliac disease

Dividends potential applications in coeliac disease

Clinical trials 
consortium

Children’s Oncology Group

TrialNet (type 1 diabetes); 
FARE (Food Allergy 
Research Education)

Successful multicentre treatment and prevention trials 
in difficult- to- recruit populations (e.g. double- blind 
placebo with oral peanut challenge in anaphylaxis); 
overall survival for childhood cancer >80%62; patients 
outside major academic centres participate in research

More rapid evaluation of increasing 
number of emerging therapies; increased 
generalizability of findings and increased 
rate of discovery and innovation; more 
efficient use of existing resources; 
identification of well- defined patients

Inception 
cohort study

Epic- IBD Identification of prognostic features Risk stratification at diagnosis; personalized 
dietary prescription

Screening 
study

Colorectal cancer 
screening trials

Justification for population- based cancer screening Evidence- based strategies regarding who to 
screen and why

Collaborative 
care network

Cystic Fibrosis Foundation 
Accredited Care Centers; 
ImproveCareNow (IBD)

Improved quality of care and life expectancy of patients 
with cystic fibrosis; increase in number of children with 
IBD in remission off steroids

Personalized treatment for different disease 
phenotypes; improved understanding of 
natural history of treated coeliac disease

IBD, inflammatory bowel disease.
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physio pathology of the disease, which is one of very 
few autoimmune diseases for which the inciting anti-
gen can be administered safely, with the ability to track 
antigen- specific T cell responses. Thus, coeliac disease 
is a very attractive model for antigen- specific immune 
tolerance and other therapies. There are great oppor-
tunities for major research in coeliac disease with a 
potential for high returns on investment. However, as 
described already, the most important challenges and 
opportunities require the coordination of efforts in the 
laboratory and in the clinic and systematic data collec-
tion that exceeds the abilities of research groups working 
in isolation. As coeliac disease is common and hetero-
geneous with both individual and regional variations, 
a multinational consortium will be essential to solving 
the current gaps in diagnosis and management. At the 
same time, the strong current foundation of knowledge 
regarding coeliac disease pathophysiology and clinical 
impact, along with the advanced assortment of powerful 
clinically available tests such as highly accurate serol-
ogy and laboratory technologies including isoloation 
of circulating gluten- specific T cells, suggests that with 
targeted investment, there is the opportunity to make 
substantial progress in coeliac disease that would benefit 
autoimmune disorders broadly.

Specifically, this multidisciplinary working group 
makes the following recommendations for coeliac 
disease.
•	 Increase government funding, as philanthropic and 

industry funding is insufficient to achieve common 
goals. This approach would require lobbying govern-
ment to establish priority to allocate research funding 
in coeliac disease. Focusing on early detection and 
improvement in treatment and management of coe-
liac disease would reduce health- care costs, which 
will ultimately benefit the community.

•	 Improve understanding of coeliac disease as a serious 
medical condition among the health- care provider 
community, government and the public.

•	Develop the infrastructure to support an inter-
national consortium that links clinical, microbiome, 
genetic and immunological data, alongside adult and 
paediatric patient data, into one accessible commu-
nity resource that can promote mechanistic study 
of human disease, evidence- based management 
approaches and clinical trials.

•	 Innovative models that have been successful in 
manag ing other conditions could potentially be 
implemented in coeliac disease. For instance, success-
ful multicentre trials for treatment and prevention in 

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 20201997 20121979 20082007

Recognition of gluten elucidated
by cloning intestinal gluten-specific 
CD4+ T cells from coeliac disease

Development of humanized murine
models as preclinical research tools

Intestinal biopsies 
and cell lines used 
for in vitro studies

Molecular and cellular basis 
for host recognition of gluten 
by CD4+ T cells reported

Systemic administration of gluten 
causes symptoms and immune activation

Discovery of TG2 
as autoantigen

Protease-resistant peptides 
from prolamins in wheat, rye 
and barley drive autoimmunity

Cereal protein 
chemistry 
(‵prolamins′) 
and genetics

HLA-DQ2.5 recognized 
as primary genetic factor

Histological features of gluten 
enteropathy described

Capsule biopsy for histological diagnosis

First consensus guidelines recommend
biopsies at three different time points

European guidelines 
on serology and 
genetics (no biopsy) 
to diagnose 
symptomatic children

Widespread use of TG2 IgA 
assays for disease screening

Anti-gliadin and anti-endomysial 
antibodies used in clinical practice

Dicke reports use of 
GFD as a treatment

Widespread adoption of GFD by those without 
coeliac disease for perceived health benefits

Immunosuppressive drugs repurposed for coeliac 
disease abandoned owing to adverse effects

CODEX Alimentarius Commission 
defines gluten-free as <20 ppm gluten

Tools developed to detect gluten immunogenic peptides

First clinical trial of therapy developed 
specifically for coeliac disease

Pathogenesis

Diagnosis

Treatment and management

Fig. 1 | timeline of major advances and discoveries in coeliac disease. Graphical timeline description of the major 
milestones and discoveries in coeliac disease diagnosis, pathogenesis and clinical management since the discovery of its 
main environmental trigger. Detailed information and references related to each milestone are provided in Tables 2 and 3. 
GFD, gluten- free diet; TG2, tissue transglutaminase 2.
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populations with known difficulties in recruitment 
have been implemented by various groups, such as 
paediatric oncology62 and food allergy63. Moreover, 
population databases to establish risk factors as well 
as screening programmes have been implemented for 
IBD64 and cancer (such as the SEER database, which 
is supported by the Surveillance Research Program in 
the NCI’s Division of Cancer Control and Population 
Sciences. Collaborative multidisciplinary networks 
have improved the quality of care of patients with 
cystic fibrosis65 and IBD (such as the Promoting 
Access and Care through Centres of Excellence 
(PACE) network in Canada). More detailed expla-
nation of various models for innovation that can be 
applied in coeliac disease are shown in Table 4.

Conclusions
Overall, we remain confident that research break-
throughs in the near term have the potential to greatly 
improve clinical care in coeliac disease and facilitate  
innovations across autoimmunity. However, if funding  
opportunities do not increase for coeliac disease in 
the coming years, then the breakthroughs needed  
to continue to advance and possibly cure this morbid 
condition will be delayed or lost. We hope that this 
Roadmap will provide guidance to private organizations 
and governmental agencies justifying and prioritizing 
funding for coeliac disease, a common and serious yet  
underestimated condition.
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