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Abstract

The incidence of celiac disease has risen quickly and has a worldwide distribution in Europe, North and
South America, Asia, the Middle East and Africa. This is attributed in part to increased availability in
screening but also to the fast-rising gluten consumption and perhaps unknown environmental factors.
In daily practice, this means that more subclinical cases and very young and elderly patients are diag-
nosed. The pathogenesis of celiac disease is a T-cell driven process initiated by gluten, leading to increased
intestinal permeability and villous atrophy. The process requires HLA genotypes DQ2, DQS8 or both.
Additional non-HLA alleles have been identified in genome-wide association studies. Serological testing,
followed by duodenal biopsies, are still required to confirm the diagnosis. Advances are in the making
for novel biomarkers to monitor disease and for pharmacological support of celiac disease. Medical costs
and patient-perceived disease burden remain high in celiac disease, which point to the need for ongoing
research in drug development to improve quality of daily life. Drugs undergoing phase I and phase II clin-
ical trials include intraluminal therapies and vaccines to restore immune tolerance. These therapies aim to

reduce symptoms and mucosal injuries as adjunct therapies to a gluten-free diet.
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Celiac disease (CeD) is an autoimmune enteropathy generated
from exposure to gluten in genetically predisposed individ-
uals (1-3). Gluten is naturally present in wheat as gliadin, in
barley as hordein and in rye as secalin (4). The classic view on
CeD pathogenesis requires human leukocyte antigen (HLA)
Class II genes and tissue transglutaminase (TT'G). Gluten and
gluten peptides increase intestinal permeability via the zonulin
signaling pathway to allow an influx of these peptides by cross-
ing the intestinal epithelium. Tissue transglutaminase deam-
idates gluten, allowing high affinity binding to HLA DQ2/
DQ8+ antigen-presenting cells (APC), which turns on DQ2
and DQ8 restricted CD4+ T cells to produce pro-inflammatory
cytokines (4). Celiac disease causes mucosal tissue damage of
the upper small bowel, with villous atrophy being the hallmark
of the disease, leading to malabsorption and its complications.
The risk of small bowel lymphoma in celiac disease is increased
(5). Extra-luminal manifestations include neuropsychiatric di-
sease, dermatitis herpetiformis, arthritis and hyposplenism (6).

The conditionisassociatedwithcryptogenichypertransaminase-
mia, type 1diabetesmellitus,osteoporosis,irondeficiencyanemia,
autoimmune liver disease and autoimmune thyroid disease (7).
This review discusses the current global prevalence of celiac dis-
ease, newest insights on pathogenesis, diagnosis, treatment and
the economic impact on daily living. Celiac disease is an exam-
ple of a complex interaction between the environment, genetic
predisposition, the human immune system and potential roles

from the gut microbioma.

EPIDEMIOLOGY

In the first half of the 20th century, celiac disease was de-
tailed in textbooks by physicians from Great Britain and the
Netherlands who studied the same constellation of symptoms
in children characterized by malabsorption and malnutri-
tion in their respective countries (8-10). These symptoms
were ameliorated by the withdrawal of bread and cereal and
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recurred when challenged with these compounds. In the 21st
century, the global map of celiac disease has changed both in
distribution and its presentation, paralleling the growth in
knowledge and public awareness of the disease (8, 11). Less
than 36% are diagnosed in childhood, and the average age of
diagnosis is around 44 to 52 (12). The reported incidence
and prevalence of celiac disease is no longer gauged by symp-
toms alone but rather with an emphasis on serological testing
or small-bowel biopsy results in adults and children. The in-
cidence of biopsy-proven villous atrophy in celiac disease is
always lower than the diagnosis made by serological testing.
In Europe, wheat and cereal consumption remains high, and
there is a common genetic predisposition toward a high prev-
alence of HLA DQ2 and HLA DQ8, which is present in 30%
to 40% of the general population (13, 14). In Western Europe,
0.7% to 1% of the population may have celiac disease based on
serological screenings (3, 13, 15, 16). In Northern European
countries, the prevalence is estimated at 2% to 3% (13, 15).
Gender distribution shows a female to male ratio of about two
to one (15,17, 18).

The spectrum of celiac disease presentation varies signifi-
cantly across various time periods and by geography. In mid-to
late-20th century, celiac disease was mainly diagnosed in those
with classical symptoms (Table 1), usually in children and
adults ages 20 to 40 years (12, 19). This is still true in countries
like China and India but less so in Europe and North America,
where nonclassical and silent celiac disease (Table 1) is rising
fast (19). In Ireland, classical presentation decreased from 85%
before 1985 to 48% after 2010, while nonclassical or silent pre-
sentation increased from 15% to $1% in the same period (18).
This may reflect the disparity in celiac disease screening prac-
tices and access to gluten-free foods across the globe. Currently,
the average age at diagnosis in resource-rich countries has
increased to S0 years of age, and the time diagnostic delay is
about 10 to 12 years. An increasing number of new cases has

occurred in patients over age 60 in up to 25% of all cases in the

Table 1. Classical versus nonclassical presentations of celiac disease

United Kingdom, North America and Sweden (20). In the pe-
diatric population, the prevalence has increased from 0.10% to
0.17% between 2010 and 2014, respectively (21). Only 34% of
the pediatric cohort presented with classical symptoms at the
time of diagnosis, while 43% had nonclassical presentations,
and 23% were asymptomatic (21).

A very recent meta-analysis on the global prevalence of
CeD has exposed the ongoing need for population-based
prevalence studies (11). In most Asian countries, data on
celiac disease are scarce due to the lack of biopsies or sero-
logical tests performed in local hospitals (13, 15,22). In one
Chinese study, the prevalence of CeD among patients pre-
senting with diarrhea-predominant irritable bowel-like syn-
drome (IBS-D) was 1%; CeD might be present in 0.28% of
the general Chinese population (22). Recent meta-analysis
shows CeD prevalence in North Africa, the Middle East, and
India (8) is approaching the Western world prevalence (15).
We can expect a rapidly growing incidence rate in countries
where wheat is a staple food, such as in the Middle East and
North Africa. In India, we see a difference in prevalence from
the ‘wheat belt’ region in northern India where CeD prev-
alence is high (23) and rice consumption is low versus its
southern region, where rice is still the staple food (8, 13, 15).
In the northern community of India, the prevalence of CeD
is 1% based on positive serology and positive duodenal biop-
sies (24).

Data on the prevalence of CeD among First Nations in
Canada are currently also lacking. Although evidence suggests
primary biliary cholangitis and other autoimmune liver dis-
ease has a high prevalence among Canadian First Nation com-
munities (25), it remains unknown how celiac disease affects
them. An association between primary biliary cholangitis and
CeD has been recognized (26). A study from South America
suggested that 51% of Amerindians carried at-risk HLA geno-
types and that 2.7% of the studied subjects had strongly positive

auto-antibodies that met a serological diagnosis (27).

Small Bowel Histology Clinical Symptoms Response to Gluten ~ Serology: anti-TTG
Withdrawal or antibody
Challenge
Classical Villous atrophy Diarrhea, weight loss, vitamin Positive Positive
deficiency
Nonclassical ~ Villous atrophy IDA, osteoporosis, neurological Positive Positive
symptoms, dental enamel defects,
elevated liver enzymes, infertility
Silent Villous atrophy or crypt None in majority Usually positive Positive
hyperplasia in majority
Latent Increased intraepithelial None Usually positive Sometimes positive

lymphocytes
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DIAGNOSIS

It is controversial whether population screening for celiac dis-
ease should be considered. Cost-benefit analysis does not sup-
port mass screening in all children and adults (28). However, a
new study from 2018 challenged the existing screening guide-
lines on the basis of underdiagnosis (29). Current guidelines,
including those from the American College of Gastroenterology
(ACG) and the European Society of Pediatric Gastroenterology
Hepatology and Nutrition (30), recommend serological testing
in adults with classical or nonclassical symptoms associated
with celiac disease and otherwise not explained (Table 1), with
a history of type 1 diabetes with possible signs and symptoms
related to celiac disease, and in first degree relatives of con-
firmed celiac disease patients, especially if they are symptomatic
(31). The initial test of choice is IgA based antitissue transgluta-
minase antibody (anti-IT'G) in individuals older than two years
old and with concomitant IgA level assessment. IgA deficiency
occurs in 2% of patients with celiac disease, making the IgA
based anti-TTG test falsely negative in them (32). In confirmed
IgA-deficient individuals (IgA < 0.2 g/L), IgG-based tests,
such as IgG-based deamidated gliadin peptides (DGP) or IgG
antitissue transglutaminase, should be done (31). In children
younger than two years old, combined DGP (IgA and IgG)
may be recommended (31). In all adults and in the majority of
children, positive serology should be confirmed by a duodenal
biopsy (31). The exceptions are those subjects with confirmed
dermatitis herpetiformis by a skin biopsy and children who
have very high serology titers (anti-TT'G titer >10 times upper
limit of normal), where duodenal biopsy may be avoided (30).
The typical and validated histological findings are outlined by
the modified Marsh Classification (Table 2). A simpler classi-
fication by Corazza et al. is another used histological classifica-
tion (33).

If patients suspected of having celiac disease are already on
a gluten-free diet, aforementioned serological tests are still the
first tests of choice. If negative, these should be followed by
HLA DQ2/8 genotyping, which has a high negative predictive
value at 98% (34). Potential patients with celiac disease with
positive HLA genotypes should be subjected to 3 g/day gluten
challenge for two to eight weeks (31). Positive serology should

Table 2. Modified Marsh classification

then be followed by duodenal biopsies to confirm the diagnosis
in adults.

There are a few points to ponder when interpreting a negative
or positive histology. Small bowel disease may be patchy, and in
a small percentage the abnormality is present only in the duo-
denal bulb (35). At least one bulb (D1) and four D2 biopsies
should be sampled and graded according to modified Marsh
classification for any evidence of increased intra-epithelial lym-
phocytes, villous atrophy, crypt elongation, and assessment of
villous-crypt ratio (36, 37).

While the normalization of anti-TT'G antibody titer is a con-
ventionally used indicator of adherence to GFD, there is cur-
rently no consensus for repeating duodenal biopsies to assess
mucosal healing in all newly diagnosed cases after one or two
years of GFD. A retrospective study found that repeat biopsies
were more commonly performed in those with severe disease at
diagnosis (38). Histological normalization time may take years,
and although mucosal healing is achievable in the majority of
patients on GFD, up to 6% to 40% may not achieve histological
remission, which may be linked to recurrent gluten exposure
(39-41). In one pediatric study, normalization of serology gen-
erally took more than one year to achieve in the majority of chil-
dren (42). Another reason for failure of mucosal healing is that
at least 30% of patients do not adhere to strict GFD. However,
true refractory CeD, which is defined by persistent symptoms
despite strict GFD adherence for at least six to twelve months,
occurs in less than 1% (43). The majority of refractory cases
are Type 1, with normal intraepithelial CD3, CD4, CD8 lym-
phocyte phenotype, and a response to thiopurine or steroids.
Clonal expansions of aberrant intraepithelial lymphocyte and
T-cell receptor gamma gene rearrangement are seen in refrac-
tory CeD Type 2, which carries an increased risk of enteropathy
T-lymphocyte type lymphoma (43).

CELIAC DISEASE GENETICS

Celiac disease is an inheritable, HLA haplotype—associated au-
toimmune disease (17, 44). Major genetic association is strongly
linked within the major histocompatibility complex (MHC)
locus; 88% of celiacs are positive with HLA DR3-DQ2.5, 4%
with HLADR3-DQ2.2, and 6% with HLA DR4-DQS8 (17). The

Increased Intraepithelial Lymphocytes (>40/100 enterocytes) Crypt Hyperplasia Villous Atrophy
0 No No None
1 Yes No None
2 Yes Yes None
3a Yes Yes Partial
3b Yes Yes Subtotal
3c Yes Yes Total




164 Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 4

prevalence of these alleles in the general Caucasian population is
about 40%. Cumulative risks of developing celiac disease can be
predicted from an individual's HLA haplotype (44). The cumu-
lative incidence of CeD in the first 15 years was highest among
those carrying DR3-DQ2 allele in homozygosity, followed by
DQ2/DQ8 heterozygosity (44). When newborns with any of
the susceptible genotypes for celiac disease and Type 1 diabetes
were followed for 20 years, 5% developed CeD, and another
3.5% developed CeD auto-antibodies without villous atrophy
(44-46). In DR3-DQ2/DR3-DQ2 homozygous newborns, au-
toimmunity was seen in 26%, and 11% developed CeD by the
age five (46). In contrast, HLA DR3-DQ2 prevalence is below
5% in South Korea (47), while it is 5% to 20% in Turkey, 5% to
10% in Malaysia and China, compared with 20% to 30 % in India
and the Middle Eastern countries (8, 15). However, HLA DQS8
is prevalent in 5% to 10% of Iran, and 1% to 5% in Japan, India
and China (47). HLA-DQ9.3 is a susceptible allele associated
with celiac disease unique to the Chinese population (22).
Genome-wide association studies (GWAS) also identified
more than 40 non-HLA loci linked to the disease, including
many noncoding regions (14, 17). Among those, a 70 kb LD
region in intron two of LPP gene is strongly associated with the
development of celiac disease. Lower expression of LPP gene,
involved in cell motility and cell-cell adhesion, is seen in Marsh
3 celiac disease (48). A recent study shows that Inc13, a non-
coding RNA (IncRNA), is significantly downregulated in celiac
disease (48). Decreased Inc13 as a regulator of pro-inflamma-
tory genes can potentiate inflammation (48). Single nucleotide
polymorphism (SNP) variants, like Inc13, have also identified
SNP’s overlapping B lymphocyte transcription factor binding
sites and regulatory sites (48). The role of B cells in the patho-
genesis of CeD is highlighted through these studies (48, 49).

Biomarkers for
Monitoring

Gluten Exposure and Disease

Seronegative CeD occurs in about 1.7% to 15% of the celiac pop-
ulation (50). This poses additional challenges for diagnosis and
disease monitoring. Etiologies for seronegativity are multifacto-
rial, including IgA deficiency, immunosuppressant use, self-im-
posed gluten restriction, early and late stage of celiac disease,
and mild enteropathy (50). For example, in patients with proven
dermatitis herpetiformis, up to 50% were seronegative with rou-
tine IgA- and IgG-based serology tests when duodenal biopsies
were normal at the time of testing (51). Similarly, patients with
suspected neuro-celiac disease were more likely to be seroneg-
ative when there was no or minor intestinal involvement, sug-
gesting that enteropathy is necessary to yield positive serological
results (52). More importantly, the IgA anti-TT'G antibody test
has been reported to poorly predict dietary compliance to GFD
(53). The utility of anti-IT'G antibody in monitoring histological
recovery in patients on GFD was questioned, due to high false
negativities, as reported to be greater than 66% when compared

with the gold standard duodenal biopsy (54). On the other
hand, one cannot diagnose CeD based on villous atrophy alone.
There are many nonceliac causes of duodenal villous atrophy,
and the differentials range from combined variable immunode-
ficiency and infectious agents to drug-induced villous atrophy
(55). Drug-induced villous atrophy is well documented in non-
steroidal anti-inflammatory medications (e.g., mycophenolate,
olmesartan and losartan) (55).

As a result of false negative anti-TT'G tests in many scenarios,
there has been an increased effort to find other noninvasive bio-
markers of celiac disease. Urinary volatile organic compounds
(VOC) analysis was reported to successfully differentiate clas-
sical CeD from irritable bowel syndrome (56). Serum intestinal
fatty acid-binding protein (I-FABP), a marker of enterocyte
damage, was shown to correlate with the Marsh severity grade in
uncontrolled CeD, compared with healthy controls (r=0.265)
(57). Intestinal fatty acid-binding protein may become a non-
invasive marker for monitoring mucosal healing in CeD in chil-
dren and adults on GFD (58).

New Understanding on Pathogenesis

In the classic view of CeD pathogenesis, the key ingredients are
HLA DQ2/DQ8 genes and tissue transglutaminase 2 (TG2).
Ingested gluten peptides (i.e., gliadin) increase intestinal per-
meability by activating zonulin signaling in the enterocytes.
Zonulin modulates the permeability of the intestinal tight junc-
tions, thereby allowing gluten peptides to enter the lamina pro-
pria. Intestinal barrier-forming claudins are downregulated and
channel-forming claudins are upregulated in CeD (49). This
leads to increased permeability to gluten, furthering immuno-
genic injury to the intestinal mucosa. The theory was tested in
an in vivo study, where intestinal permeability was measured
using the urine lactulose to mannitol ratio. Patients with celiac
disease had the highest intestinal permeability compared with
healthy controls (59).

Gluten peptides are deamidated by TG2 (60), a key step
required to amplify affinity for APC carrying HLA-DQ2/
HLA-DQ8 antigens, which in turn activates CD4+ T cells (61).
In vitro, CD4+ T cells barely responded to minimally deami-
dated gluten peptides (62). CD4+ T cells, when activated, pro-
duce interferon-y and interleukin-13, which attract cytotoxic
CD8+ T cells to attack intestinal mucosa, resulting in villous
atrophy, crypt hyperplasia, and inflammation. Gluten peptides
also upregulate interleukin-15 (IL-15) expression in lamina
propria and intestinal epithelium, a feature seen in active CeD
and not in those on GFD (63). The role of IL-15 is multifaceted.
Under the influence of IL-15, pro-inflammatory T-cell response
is promoted; regulatory response is prevented at the level of
T helper cell differentiation, and oral tolerance is lost (63).
Interaction between IL-15 and NKG2D promotes cytolysis via
arachidonic acid release, resulting in tissue injury (Figure 1).
Interleukin-15 also plays a role in prolonging intraepithelial
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lymphocyte survival and causing a subset of intraepithelial lym-
phocyte to expand (CD3- lymphocytes) (63).

Early or delayed gluten feeding pattern among newborns was
explored in multicentred, randomized, placebo-controlled stud-
ies such as PreventCD and CELIPREV (64). The PreventCD
study randomized 944 infants who were at high genetic risk for
celiac disease into an early gluten feeding group by introducing
daily gluten into their diets between four and six months old
versus a placebo group. This study found no association of early
dietary gluten feeding pattern in biopsy-confirmed celiac dis-
ease by age 3 (65). Breast-feeding practice and pattern also did
not seem to negatively or positively influence the development
of celiac disease in these studies. Similarly, late gluten feeding at
12 months versus six months of age also did not affect degrees of
autoimmunity or biopsy-proven disease development at age 5
(64). Children with high risk HLA genotypes were more likely
to develop celiac disease by age 10, suggesting that genetic pre-
disposition was the more important predictor, whereas infant
dietary pattern played no significant role (64). Interestingly, a
Finnish study reported a disproportionally high incidence of
celiac disease in Finland compared with other European coun-
tries, suggesting that unknown environmental factors may be
the missing puzzle pieces (66).

A recent Canadian study identified pivotal roles played by
duodenal microbes, such as Pseudomonas aeruginosa and
Lactobacillus species, in celiac disease pathogenesis. Regulation
of the immunogenicity of the gluten peptides is exerted on the
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intestinal mucosal level by various microbial proteases that se-
lectively cleave the peptides into difference polymers, which
process may heighten or lessen their immunogenicity. Using the
mouse model for celiac disease, a study linked bacterial dysbio-
sis to the pathogenesis of celiac disease (67).

Viral agents such as rotavirus are also implicated in the early
pathogenesis of celiac disease (68). Rotavirus was reported to
disrupt the intestinal mucosa and promote immunity response
to dietary antigens. Rotavirus is a common cause of viral gastro-
enteritis in children. A prospective study followed 1931 geneti-
cally susceptible infants after birth and used rotavirus antibody
titers to estimate the frequency of rotavirus infection. Rotavirus

titers predicted the risk of celiac disease in these children (69).

New Therapies

The mainstay treatment of CeD is a strict GFD without wheat,
rye, barley, or their byproducts. Oats are naturally gluten free,
except contaminated oats, which may contain trace gluten.
Moderate oats consumption was not associated with the devel-
opment of celiac disease or adverse effects, as reported by one
randomized controlled study; therefore, oats are considered a
gluten-free alternative (70).

There are a few pharmacological therapies to treat celiac
disease. This paper limits the discussion to randomized, con-
trolled human studies (Table 3) (71). One approach is to re-
store intestinal permeability using a zonulin inhibitor such
as larazotide acetate (72). Larazotide reduced in vitro tight
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Figure 1. Classic view on the pathogenesis of celiac disease. Dietary gluten peptides increase epithelial permeability by activating zonulin signaling pathway, allowing gluten peptides to cross the
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Table 3. New pharmacological therapies in celiac disease

Mechanism of Action Studies Results
Nexvax2 Vaccine to restore tolerance to gluten; Phase I trial Well tolerated in healthy volunteers
modify pathogenic T-cell response
Larazotide Zonulin inhibitor and tight junction =~ Randomized controlled Reduction of gluten induced antibody
acetate regulator peptide trials (RCT) formation against tTG; reduction of GI
symptoms
Latiglutinase Prolyl endopeptidase Phase II trial No improvement in villous height to depth

ratio; no difference in clinical symptoms

junction disassembly and blocked translocation of gliadin poly-
mers (73). In randomized, double-blinded, placebo-controlled
clinical trials, larazotide arm had gluten-induced antibody for-
mation against tissue transglutaminase and diminished gas-
trointestinal symptoms, even after a gluten challenge (72, 74).
The study demonstrated that larazotide at 0.5 mg per day was
beneficial in reducing gastrointestinal symptoms in persistently
symptomatic patients despite GFD (75).

Another approach is to enhance gluten detoxification and
digestion at the intraluminal phase. In a phase II study, oral
recombinant, gluten-specific proteases (AVL003) attenuated
gluten-induced mucosal injury compared with placebo in
celiac disease patients after six weeks of daily gluten challenge;
although there was no difference in symptom severity between
the treatment and control groups (76). However, in a 2013
study with a small number of CeD patients taking Aspergillus
niger prolyl endoprotease, there was neither improvement in
Marsh score nor changes in auto-antibody titer in the short
term (77). It remains to be determined whether intraluminal
proteases are efficacious adjunctive therapy in patients on GFD.

Nexvax2®, a vaccination designed to restore tolerance to glu-
ten molecules by modifying the T-cell response, underwent
phase I clinical trials (78). In this three-week trial, weekly
injection of Nexvax2® was well tolerated in healthy volunteers.
This vaccination targets genetically susceptible HLA-DQ2
populations.

A few studies further explored the roles of gut microbiota as
modulators of immune response in patients with celiac disease.
One study randomized 22 patients with active CeD to supple-
mental Bifidobacterium infantis versus placebo; patients on
Bifidobacterium infantis had lower scores on the gastrointesti-
nal symptom rating scale and lower auto-antibody titers (79).
Another study used experimental hookworm in 12 patients
undergoing gluten challenge and found GI symptoms were lower
in the hookworm arm after 52 weeks, and their Marsh scores did
not progress despite the escalation of gluten exposure (79, 80).

Refractory celiac disease continues to be difficult to treat.
Immunosuppressants, such as systemic glucocorticoids, azathio-
prine, 6-mercaptopurine, budesonide and cladribine, have shown
various degrees of satisfactory clinical responses (43, 81-83).

GFD Challenges, Economic Burden and Health
Care Costs

Like other autoimmune diseases, CeD has a considerable eco-
nomical and patient-perceived disease burden (19, 84). The
benefits of GFD are improvement in symptoms, nutritional sta-
tus, body composition and bone mineral density within the first
year of treatment (61, 85). Although improvement in serology
and mucosal healing may take years to achieve (85), a recent
study showed that GFD significantly altered the gut microbi-
ome composition and function of microbial pathways, which
could also mediate early alleviation of gastrointestinal symp-
toms (86).

Uncontrolled celiac disease has serious health consequences
and can generate more than 20 systemic disorders from oste-
oporosis and infertility to neurological sequela and lymphop-
roliferative disorders (28, 87). Undiagnosed CeD is associated
with an increased all-cause mortality compared with those
who are seronegative (88). Causes of poor CeD control may
be noncompliance to GFD, unintentional gluten ingestion,
or lack of response to GFD. In Europe and the United States,
the threshold of gluten-free foods is up to 20 parts per million
of gluten (ppm) established by the FDA (19, 89). Strict GFD
poses unique challenges for those trying to adhere to it (90). Up
to 50% of patients with CeD reported gluten intake during the
GFD period either intentionally or unintentionally (90). Given
that gluten is ubiquitous in foods, environment and medical
products, unrecognized gluten ingestion is a common cause of
lack of clinical response in patients with celiac disease (90). The
economic burden associated with CeD is comparable to other
autoimmune conditions. When comparing ulcerative colitis to
CeD in the Unites States, the average annual direct cost in CeD
patients is higher, with excess medical costs associated with
hospitalization and emergency room visits (84). Celiac disease
patients in partial remission have the highest total mean all-
cause costs and all-cause medical costs (91). From a patient’s
perceptive, CeD patients are more likely to report a higher treat-
ment burden than patients with hypertension or gastro-esoph-
ageal reflux disease, and the perceived disease burden is similar
to individuals with congestive heart failure and end-stage renal

disease (92). Barriers to adherence to a gluten-free diet may
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also be the access to gluten-free foods and the high costs asso-
ciated with gluten-free foods above that of regular foods (84).

In Canada, patients certified with celiac disease by their
physicians are eligible for financial subsidies from the fed-
eral government in the form of income tax reduction under
medical expenses to reimburse the incremental costs of glu-
ten-free foods incurred in the previous year (93 ). However, this
approach has several limitations. It is not a real-time financial
subsidy that mirrors a person’s day-to-day need for gluten-free
(GF) products. It also disadvantages low-income families and
their children with celiac disease, as tax-reduction provides
little financial gain to them. Furthermore, additional costs for
food transportation, gasoline or shipping fees for GF prod-
ucts are not covered, forcing patients to pay out of their pock-
ets, something that many low income families cannot afford.
Alternatives such as monthly allowances and strict food provi-
sion for patients with celiac disease are modelled in countries
like Italy, Argentina and Spain (93). Another plausible model
is practiced in New Zealand, the Republic of Ireland, and parts
of the United Kingdom, where a price subsidy exists and where
certain gluten-free products fall under physician prescriptions
that are then covered by medical health insurance (93).

In summary, celiac disease has transformed from being a
regional pediatric disease in the first half of the 20th century
to a global disease affecting all ages—especially adults 40 to
60 years of age—in this millennium. It is clear that celiac dis-
ease is more prevalent than once thought. With the advances in
the understanding of disease pathogenesis and disease genetics,
the treatment of celiac disease has evolved beyond the dietary
restriction of gluten-containing foods toward potentially new
adjunctive therapies that could modify disease severity and lead
to improved long-term outcomes. Celiac disease is rapidly mov-
ing forward in daily practice and is entering the mainstream of
gastroenterology.

References

1. Veeraraghavan G, Leffler DA, Kaswala DH, et al. Celiac disease
2015 update: New therapies. Expert Rev Gastroenterol Hepatol
2015;9(7):913-27.

2. Jericho H, Assiri A, Guandalini S. Celiac disease and wheat intol-
erance syndrome: A critical update and reappraisal. J Pediatr
Gastroenterol Nutr 2017;64(1):15-21.

3. Chou R, Bougatsos C, Blazina I, et al. Screening for celiac disease:
Evidence report and systematic review for the US preventive serv-
ices task force. JAMA 2017;317(12):1258-68.

4. Kagnoff ME. Overview and pathogenesis of celiac disease.
Gastroenterology 2005;128(4 Suppl 1):510-8.

S. Catassi C, Fabiani E, Corrao G, et al. Risk of non-Hodgkin lym-
phoma in celiac disease. JAMA 2002;287(11):1413-9.

6. Leffler DA, Green PH, Fasano A. Extraintestinal manifes-
tations of coeliac disease. Nat Rev Gastroenterol Hepatol
2015;12(10):561-71.

7. Neuhausen SL, Steele L, Ryan S, et al. Co-occurrence of celiac di-
sease and other autoimmune diseases in celiacs and their first-de-
gree relatives. ] Autoimmun 2008;31(2):160-5.

8. Lionetti E, Gatti S, Pulvirenti A, et al. Celiac disease from a global
perspective. Best Pract Res Clin Gastroenterol 2015;29(3):365-79.

9. Smits BJ. History of coeliac disease. BMJ 1989;298(6670):387.

10. Dicke WK, Van De Kamer JH, Weijers HA. Celiac disease. Adv
Pediatr 1957;9:277-318.

11. Singh P, Arora A, Strand TA, et al. Global prevalence of celiac di-
sease: Systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2018 Jun;16(6):823-836.

12. van Gils T, Rootsaert B, Bouma G, Mulder CJ. Celiac disease in The
Netherlands: Demographic data of members of the Dutch Celiac
society. ] Gastrointestin Liver Dis 2016;25(4):441-S5.

13. Catassi C, Gatti S, Fasano A. The new epidemiology of celiac di-
sease. ] Pediatr Gastroenterol Nutr 2014;59(Suppl 1):S7-9.

14. Sharma A, Liu X, Hadley D, et al. Identification of non-HLA
genes associated with celiac disease and country-specific dif-
ferences in a large, international pediatric cohort. PLoS One
2016;11(3):e0152476.

15. Singh P, Arora S, Singh A, et al. Prevalence of celiac disease in Asia:
A systematic review and meta-analysis. ] Gastroenterol Hepatol
2016;31(6):1095-101.

16. Unalp-Arida A, Ruhl CE, Choung RS, et al. Lower prevalence
of Celiac disease and gluten-related disorders in persons liv-
ing in Southern vs Northern latitudes of the United States.
Gastroenterology 2017;152(8):1922-1932.

17. Abraham G, Rohmer A, Tye-Din JA, et al. Genomic prediction of
celiac disease targeting HLA-positive individuals. Genome Med
2015;7(1):72.

18. Dominguez Castro P, Harkin G, Hussey M, et al. Changes in pre-
sentation of Celiac disease in Ireland from the 1960s to 2015. Clin
Gastroenterol Hepatol 2016;15(6):864-871.

19. Newnham ED. Coeliac disease in the 21st century: Paradigm shifts
in the modern age. ] Gastroenterol Hepatol 2017;32(Suppl 1):82-S.

20.Freeman HJ. Adult celiac disease in the elderly. World J
Gastroenterol 2008;14(45):6911-4.

21. Almallouhi E, King KS, Patel B, et al. Increasing incidence and
altered presentation in a population-based study of pediatric
Celiac disease in North America. J Pediatr Gastroenterol Nutr
2017;65(4):432-437.

22.Wang H, Zhou G, Luo L, et al. Serological screening for Celiac di-
sease in adult Chinese patients with diarrhea predominant irritable
bowel syndrome. Medicine (Baltimore) 2015;94(42):e1779.

23. Ramakrishna BS, Makharia GK, Chetri K, et al. Prevalence of adult
celiac disease in India: Regional variations and associations. Am J
Gastroenterol 2016;111(1):115-23.

24. Makharia GK, Verma AK, Amarchand R, et al. Prevalence of celiac
disease in the northern part of India: A community based study. J
Gastroenterol Hepatol 2011;26(5):894-900.

25. Arbour L, Rupps R, Field L, et al. Characteristics of primary bil-
iary cirrhosis in British Columbia’s First Nations population. Can J
Gastroenterol 2005;19(5):305-10.

26. Kingham JG, Parker DR. The association between primary biliary
cirrhosis and coeliac disease: A study of relative prevalences. Gut
1998;42(1):120-2.



168 Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 4

27.Vazquez H, de la Paz Temprano M, Sugai E, et al. Prevalence
of celiac disease and celiac autoimmunity in the Toba Native
Amerindian community of Argentina. Can J Gastroenterol Hepatol
2015;29(8):431-4.

28. Collin P. Should adults be screened for celiac disease? What are the
benefits and harms of screening? Gastroenterology 2005;128(4
Suppl 1):S104-8.

29. Hujoel IA, Van Dyke CT, Brantner T, et al. Natural history and clin-
ical detection of undiagnosed coeliac disease in a North American
community. Aliment Pharmacol Ther 2018;47(10):1358-66.

30. Husby S, Koletzko S, Korponay-Szabo IR, et al. European Society
for Pediatric Gastroenterology, Hepatology, and Nutrition guide-
lines for the diagnosis of coeliac disease. J Pediatr Gastroenterol
Nutr 2012;54(1):136-60.

31. Rubio-Tapia A, Hill ID, Kelly CP, et al.; American College of G.
ACG clinical guidelines: Diagnosis and management of celiac di-
sease. Am J Gastroenterol 2013;108(5):656-676; quiz 77.

32. Chow MA, Lebwohl B, Reilly NR, et al. Inmunoglobulin A defi-
ciency in celiac disease. J Clin Gastroenterol 2012;46(10):850-4.

33.Corazza GR, Villanacci V. Coeliac disease. J Clin Pathol
2005;58(6):573-4.

34. Pallav K, Kabbani T, Tariq S, et al. Clinical utility of celiac dis-
ease-associated HLA testing. Dig Dis Sci 2014;59(9):2199-206.

35.Rashid M, MacDonald A. Importance of duodenal bulb biopsies
in children for diagnosis of celiac disease in clinical practice. BMC
Gastroenterol 2009;9:78.

36.Marsh MN. Gluten, major histocompatibility complex, and the
small intestine. A molecular and immunobiologic approach to the
spectrum of gluten sensitivity (‘celiac sprue’). Gastroenterology
1992;102(1):330-54.

37.Rostami K, Kerckhaert J, Tiemessen R, v et al. Sensitivity of
antiendomysium and antigliadin antibodies in untreated celiac
disease: Disappointing in clinical practice. Am J Gastroenterol
1999;94(4):888-94.

38.Pekki H, Kurppa K, Maki M, et al. Performing routine follow-up
biopsy 1 year after diagnosis does not affect long-term outcomes in
coeliac disease. Aliment Pharmacol Ther 2017;45(11):1459-1468.

39.Lebwohl B, Granath F, Ekbom A, et al. Mucosal healing
and mortality in coeliac disease. Aliment Pharmacol Ther
2013;37(3):332-9.

40.Lebwohl B, Murray JA, Rubio-Tapia A, et al. Predictors of per-
sistent villous atrophy in coeliac disease: A population-based study.
Aliment Pharmacol Ther 2014;39(5):488-95.

41. Haere P, Hoie O, Schulz T, et al. Long-term mucosal recovery and
healing in celiac disease is the rule—not the exception. Scand J
Gastroenterol 2016;51(12):1439-46.

42. Gidrewicz D, Trevenen CL, Lyon M, et al. Normalization time
of celiac serology in children on a gluten-free diet. J Pediatr
Gastroenterol Nutr 2017;64(3):362-7.

43. Mukewar SS, Sharma A, Rubio-Tapia A, et al. Open-capsule
budesonide for refractory celiac disease. Am ] Gastroenterol
2017;112(6):959-967.

44.Liu E, Dong F, Baron AE, et al. High incidence of celiac disease
in a long-term study of adolescents with susceptibility genotypes.
Gastroenterology 2017;152(6):1329-1336.

4S. Gutierrez-Achury J, Romanos J, Bakker SF, et al. Contrasting the
genetic background of type 1 diabetes and celiac disease autoim-
munity. Diabetes Care 2015;38(Suppl 2):S37-44.

46.Liu E, Lee HS, Aronsson CA, et al. Risk of pediatric celiac di-
sease according to HLA haplotype and country. N Engl ] Med
2014;371(1):42-9.

47.Kang JY, Kang AH, Green A, et al. Systematic review: Worldwide
variation in the frequency of coeliac disease and changes over time.
Aliment Pharmacol Ther 2013;38(3):226-4S.

48. Almeida R, Ricano-Ponce I, Kumar V, et al. Fine mapping of the
celiac disease-associated LPP locus reveals a potential functional
variant. Hum Mol Genet 2014;23(9):2481-9.

49. Schumann M, Siegmund B, Schulzke JD, et al. Celiac disease:
Role of the epithelial barrier. Cell Mol Gastroenterol Hepatol
2017;3(2):150-62.

50.Lau MS, Sanders DS. Optimizing the diagnosis of celiac disease.
Curr Opin Gastroenterol 2017;33(3):173-80.

S1.Sugai E, Smecuol E, Niveloni S, et al. Celiac disease serology
in dermatitis herpetiformis. Which is the best option for
detecting gluten sensitivity? Acta Gastroenterol Latinoam
2006;36(4):197-201.

52.Rashtak S, Rashtak S, Snyder MR, et al. Serology of celiac disease
in gluten-sensitive ataxia or neuropathy: Role of deamidated glia-
din antibody. ] Neuroimmunol 2011;230(1-2):130-4.

53.Vahedi K, Mascart F, Mary JY, et al. Reliability of antitransgluta-
minase antibodies as predictors of gluten-free diet compliance in
adult celiac disease. Am J Gastroenterol 2003;98(5):1079-87.

S4.Tursi A, Brandimarte G, Giorgetti GM. Lack of usefulness of
anti-transglutaminase antibodies in assessing histologic re-
covery after gluten-free diet in celiac disease. J Clin Gastroenterol
2003;37(5):387-91.

5S.Kamboj AK, Oxentenko AS. Clinical and histologic mimickers of
celiac disease. Clin Transl Gastroenterol 2017;8(8):e114.

56. Arasaradnam RP, Westenbrink E, McFarlane MJ, et al
Differentiating coeliac disease from irritable bowel syndrome by
urinary volatile organic compound analysis—a pilot study. PLoS
One 2014;9(10):e107312.

57. Adriaanse MP, Tack GJ, Passos VL, et al. Serum I-FABP as marker
for enterocyte damage in coeliac disease and its relation to villous
atrophy and circulating autoantibodies. Aliment Pharmacol Ther
2013;37(4):482-90.

58.Vreugdenhil AC, Wolters VM, Adriaanse MP, et al. Additional
value of serum I-FABP levels for evaluating celiac disease activity
in children. Scand J Gastroenterol 2011;46(12):1435-41.

59.van Elburg RM, Uil JJ, Mulder CJ, et al. Intestinal permeability in
patients with coeliac disease and relatives of patients with coeliac
disease. Gut 1993;34(3):354-7.

60. Abadie V, Sollid LM, Barreiro LB, et al. Integration of genetic and
immunological insights into a model of celiac disease pathogenesis.
Annu Rev Immunol 2011;29:493-525.

61. Institute AGA. AGA institute medical position statement on the
diagnosis and management of celiac disease. Gastroenterology
2006;131(6):1977-80.

62.Molberg O, McAdam S, Lundin KE, et al. T cells from ce-
liac disease lesions recognize gliadin epitopes deamidated in



Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 4 169

situ by endogenous tissue transglutaminase. Eur J Immunol
2001;31(5):1317-23.

63. Abadie V, Jabri B. IL-15: A central regulator of celiac disease immu-
nopathology. Immunol Rev 2014;260(1):221-34.

64. Lionetti E, Castellaneta S, Francavilla R, et al. Introduction of
gluten, HLA status, and the risk of celiac disease in children. N Engl
J Med 2014;371(14):1295-303.

6S. Vriezinga SL, Auricchio R, Bravi E, et al. Randomized feeding in-
tervention in infants at high risk for celiac disease. N Engl J] Med
2014;371(14):1304-15.

66. Maki M, Mustalahti K, Kokkonen], etal. Prevalence of Celiac disease
among children in Finland. N Engl ] Med 2003;348(25):2517-24.

67. Caminero A, Galipeau HJ, McCarville JL, et al. Duodenal bacteria
from patients with celiac disease and healthy subjects distinctly
affect gluten breakdown and immunogenicity. Gastroenterology
2016;151(4):670-83.

68. Bouziat R, Hinterleitner R, Brown JJ, et al. Reovirus infection trig-
gers inflammatory responses to dietary antigens and development
of celiac disease. Science 2017;356(6333):44-50.

69. Stene LC, Honeyman MC, Hoffenberg EJ, et al. Rotavirus in-
fection frequency and risk of celiac disease autoimmunity in
early childhood: A longitudinal study. Am J Gastroenterol
2006;101(10):2333-40.

70. Janatuinen EK, Pikkarainen PH, Kemppainen TA, et al. A compar-
ison of diets with and without oats in adults with celiac disease. N
EnglJ Med 1995;333(16):1033-7.

71.McCarville JL, Caminero A, Verdu EF. Pharmacological
approaches in
201S5;25:7-12.

72.Leffler DA, Kelly CP, Abdallah HZ, et al. A randomized, dou-
ble-blind study of larazotide acetate to prevent the activation

celiac disease. Curr Opin Pharmacol

of celiac disease during gluten challenge. Am J Gastroenterol
2012;107(10):1554-62.

73. Gopalakrishnan S, Tripathi A, Tamiz AP, et al. Larazotide ace-
tate promotes tight junction assembly in epithelial cells. Peptides
2012;35(1):95-101.

74.Kelly CP, Green PH, Murray JA, et al. Larazotide acetate in
patients with coeliac disease undergoing a gluten challenge:
A randomised placebo-controlled study. Aliment Pharmacol Ther
2013;37(2):252-62.

7S5.Lefller DA, Kelly CP, Green PH, et al. Larazotide ace-
tate for persistent symptoms of celiac disease despite a glu-
ten-free diet: A randomized controlled trial. Gastroenterology
2015;148(7):1311-9 e6.

76. Lahdeaho ML, Kaukinen K, Laurila K, et al. Glutenase ALV003
attenuates gluten-induced mucosal injury in patients with celiac di-
sease. Gastroenterology 2014;146(7):1649-58.

77. Tack GJ, van de Water JM, Bruins MJ, et al. Consumption of gluten
with gluten-degrading enzyme by celiac patients: A pilot-study.
World J Gastroenterol 2013;19(35):5837-47.

78.Bakshi A, Stephen S, Borum ML, et al. Emerging therapeutic
options for celiac disease: Potential alternatives to a gluten-free
diet. Gastroenterol Hepatol (N'Y) 2012;8(9):582-8.

79.Smecuol E, Hwang HJ, Sugai E, et al. Exploratory, random-
ized, double-blind, placebo-controlled study on the effects of
Bifidobacterium infantis natren life start strain super strain in active
celiac disease. ] Clin Gastroenterol 2013;47(2):139-47.

80. Croese J, Giacomin P, Navarro S, et al. Experimental hookworm
infection and gluten microchallenge promote tolerance in celiac di-
sease. ] Allergy Clin Immunol 2015;135(2):508-16.

81. Tack GJ, van Asseldonk DP, van Wanrooij RL, et al. Tioguanine in
the treatment of refractory coeliac disease—a single centre experi-
ence. Aliment Pharmacol Ther 2012;36(3):274-81.

82. Tack GJ, Verbeek WH, Al-Toma A, et al. Evaluation of Cladribine
treatment in refractory celiac disease type II. World J Gastroenterol
2011;17(4):506-13.

83. Al-Toma A, Goerres MS, Meijer JW, et al. Cladribine therapy in
refractory celiac disease with aberrant T cells. Clin Gastroenterol
Hepatol 2006;4(11):1322-1327; quiz 00.

84.Lee AR, Ng DL, Zivin J, et al. Economic burden of a gluten-free
diet. ] Hum Nutr Diet 2007;20(5):423-30.

85. Newnham ED, Shepherd SJ, Strauss BJ, et al. Adherence to the glu-
ten-free diet can achieve the therapeutic goals in almost all patients
with coeliac disease: A S-year longitudinal study from diagnosis. J
Gastroenterol Hepatol 2016;31(2):342-9.

86. Bonder MJ, Tigchelaar EF, Cai X, et al. The influence of a short-
term gluten-free diet on the human gut microbiome. Genome Med
2016;8(1):45.

87.Viljamaa M, Collin P, Huhtala H, et al. Is coeliac disease screen-
ing in risk groups justified? A fourteen-year follow-up with special
focus on compliance and quality of life. Aliment Pharmacol Ther
2005;22(4):317-24.

88. Rubio-Tapia A, Kyle RA, Kaplan EL, et al. Increased prevalence
and mortality in undiagnosed celiac disease. Gastroenterology
2009;137(1):88-93.

89.Food, Drug Administration HHS. Food labeling: Gluten-
free labeling of foods. Final rule. Fed Regist 2013;78(150):
47154-79.

90. Samasca G, Lerner A, Girbovan AM, et al. Challenging in Gluten-
free diet in celiac disease: Prague consensus. Eur J Clin Invest 2017.

91. Guandalini S, Tundia N, Thakkar R, et al. Direct costs in patients
with celiac disease in the USA: A retrospective claims analysis. Dig
Dis Sci 2016;61(10):2823-30.

92.Shah S, Akbari M, Vanga R, et al. Patient perception of treatment
burden is high in celiac disease compared with other common con-
ditions. Am J Gastroenterol 2014;109(9):1304-11.

93. Pinto-Sanchez M1, Verdu EF, Gordillo MC, et al. Tax-deductible
provisions for gluten-free diet in Canada compared with systems
for gluten-free diet coverage available in various countries. Can J
Gastroenterol Hepatol 2015;29(2):104-10.



