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Definition

A permanent sensitivity to gluten resulting in a small-in-
testinal inflammatory disorder occurring in genetically pre-
disposed individuals belonging to human leukocyte antigen 
(HLA)-class II specific haplotypes, celiac disease (CD) is 
characterized by a variable combination of elevated titers of 
celiac-specific autoantibodies, an inflammatory enteropathy 
with variable degrees of severity, and a wide range of gastro-
intestinal (GI) and extraintestinal complaints [1, 2].

Described in modern times by Samuel Gee in 1888 [3], it 
was only in the 1940s that Dicke identified the central role of 
gluten [4]. The subsequent availability, in the 1960s [5], of a 
capsule to obtain biopsies from the small intestine allowed 
the description of the typical changes caused by gluten in 
the duodenal mucosa of affected individuals. In the follow-
ing decades, it became clear that CD reached far beyond 
the intestine as it was associated with many non-GI signs 
and symptoms, some HLA-associated, some not. Among 
the best described are: short stature [6, 7], osteoporosis [8, 
9], iron-deficiency anemia (IDA) [10–12], arthritis [13–15], 
headaches [16–18], liver and biliary tract abnormalities [19, 
20], myalgia [21, 22], adverse pregnancy outcomes [23–25], 
dental enamel defects [26, 27], dermatitis herpetiformis [28, 
29], and others. In addition, a clear association with other 
autoimmune conditions such as type 1 diabetes has been well 
documented [30–32], and its link with some congenital dis-
orders such as IgA deficiency and Down syndrome among 
others was discovered [33]. Although a genetic-based dis-
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ease, CD can have its onset at any age, from infancy to old 
age, triggered by traumatic events, or in most cases without 
any obvious precipitating factor.

Epidemiology

The prevalence of CD is increasing at a remarkable pace dur-
ing the past few decades [34–39]. Once thought to be a rare 
condition, affecting no more than 1/10,000 people, thanks to 
the availability and widespread use of specific and sensitive 
serological markers, CD is now recognized worldwide as a 
common disorder, with a prevalence varying between 3 and 
13 per 1000 [40]. While an increased awareness, especially 
in North America, is responsible for increased diagnostic 
rates, reliable epidemiological data document worldwide a 
true increase in prevalence, of the order of doubling rates 
every 20 years or so. In Northern Sweden, an epidemiologi-
cal investigation employing a combined serological/endo-
scopic approach in an unselected population of 1000 adults 
found a prevalence of almost 2 % [41]. It is assumed that 
a variety of environmental factors are responsible for such 
a rapid change [34–39]. Among them: modalities of deliv-
ery [42, 43], early-life infections [44], including RSV infec-
tions leading to hospitalization [45], exposure to antibiotics 
[46], infant feeding practices [47, 48], and even socioeco-
nomic status [49, 50]. However, only a limited portion of 
the expected celiac patients is actually identified, with pro-
portions varying between different countries: in the USA, 
even though CD overall prevalence should be around 1 %, 
only about 15 % of this population (including children and 
adults) has been diagnosed and can therefore be treated [51]. 
This phenomenon of underdiagnosis is likely due to a com-
bination of inadequate awareness and a high prevalence of 
asymptomatic patients and appears to be quite widespread. 
Recent data suggest that unless a mass screening is imple-
mented, it might be hard to improve substantially our current 
diagnosis rates, as even strategies based on large-scale case 
finding have failed to improve diagnostic rates [52].
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Of interest, CD seems to affect more females than males, 
with a ratio of about 2:1. However, since studies of preva-
lence based on screening do not show such clear-cut differ-
ence, it is currently thought that the female predominance, 
while in part due to a true higher prevalence in girls versus 
boys, could also in part be attributed to the fact that women 
appear to utilize health-care services more than men [53, 54]. 
Currently, in most populations, women constitute 60–70 % 
of individuals with diagnosed CD [55, 56].

Etiopathogenesis

Like most multifactorial disorders, CD is the result of a com-
plex interaction between genes, immune status of the host, 
and environmental triggers.

Genetic Factors

The weight of genetic predisposing factors in CD pathogen-
esis is relevant, as initially suggested by the observation of 
a strong familiar aggregation [57], with a prevalence of CD 
among first-degree relatives of around 10 %. The most im-
portant and best-characterized susceptibility gene is the HLA 
class II; in particular, the HLA-DQ2 and HLA-DQ8 alleles 
are required for CD development. The concordance rate is 
about 30 % among HLA-identical siblings, 80 % in monozy-
gotic twins, and 10 % in dizygotic twins [58]. The HLA-DQ2 
molecules are expressed on the surface of antigen-presenting 
cells; they contain positively charged pockets that preferen-
tially bind negatively charged epitopes, such as deamidated 
gliadin peptides (DGP), and present them to cluster of differ-
entiation-4 (CD4)+ T cells thereby activating them [59, 60].

The Central Role of HLA-DQ Haplotype

HLA genes are located on chromosome six and are divided 
into three classes (I–III). HLA-DQ (6p21.3) belongs to class 
II and is composed of a heterodimer located on antigen-
presenting cells and encoded by HLA-DQA1 and HLA-
DQB1. Each of the copies of the HLA-DQ gene encodes 
for a heterodimer, resulting in four proteins (one couple per 
chromosome). HLA-DQ2 homozygotes (DQB1*02 on both 
chromosomes) subjects have the highest risk to develop CD, 
fivefold higher than heterozygotes [61, 62]. Even if more rare 
in the general population, DQ2 homozygosis is characteristic 
of 25 % of all CD patients and often relates to a more severe 
clinical outcome, as suggested by its association with earlier 
disease onset [63, 64] and its higher prevalence in refractory 
CD patients [65]. In fact, the immune response arising in 

homozygous individuals is stronger than the response from 
heterozygous individuals [57, 66]. The most common con-
figuration (more than 50 % of CD patients) is represented by 
DQ2.5 (DQB1*02/DQA1*05) heterozygotes [62].

HLA-DQ8 is found in 5–10 % of CD patients [62, 67], 
with DQ8 homozygosis conferring increased risk compared 
to DQ8 heterozygosis [68]. It must be noted that about 5 % 
of CD patients carry only one of the HLA-DQ2 heterodimer 
alleles (HLA-DQA1*05 or HLA-DQB1*02), therefore en-
coding for the so-called “half heterodimer.” These patients 
constitute the overwhelming majority of CD subjects not 
carrying the full HLA-DQ2 and/or -DQ8 alleles [69]. The 
highest risk group includes individuals who inherit both 
DQ8 and DQ2.

Only less than 1 % of patients who fulfill clinical criteria 
for CD do not carry the DQ2 (including half heterodimer) 
nor the DQ8 alleles [69]. Thus, in the clinical practice CD 
can be virtually excluded in individuals lacking HLA-DQ2 
or -DQ8.

Interestingly, 30 % of European descent individuals carry 
HLA-DQ2 susceptibility allele, however only about 4 % of 
these individuals will develop CD [61]. This suggests that 
even though those molecules are necessary, they are not suf-
ficient to induce the disease, implying that other genetic and 
environmental factors must contribute to it.

Non-HLA Genetic Susceptibility Factors

HLA alleles explain only 35 % of the disease genetic suscep-
tibility, while the remaining is due to numerous non-HLA 
genes that singularly contribute to a much lower extent to 
CD heritability. A recent dense genotyping study [70] iden-
tified 13 new CD risk loci reaching genome-wide signifi-
cance, bringing the number of known CD-associated suscep-
tibility loci (including the HLA locus) to 40. Notably, 64 % 
of the 39 non-HLA loci were shared with at least another 
autoimmune disease (e.g., type 1 diabetes), reinforcing the 
idea that autoimmune disorders may share common patho-
genic pathways [71].

In those regions, more than 115 non-HLA genes have 
been associated to CD, individually contributing only 
modestly to the overall disease risk. Twenty-eight of them 
encode for molecules involved in the immune response, 
reinforcing the central role of immune dysregulation in 
CD pathogenesis. Post-genome-wide association studies 
(GWAS) will need to focus on elucidating the functional 
basis of these genetic variants, in particular, the role of reg-
ulatory variation. Furthermore, considering multiple gene 
variants may help refining risk prediction models and iden-
tifying high-risk individuals that could benefit of preven-
tive strategies.
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Environmental Factors

The high impact of genetic predisposing factors in CD does 
not exclude a key role of the environment in triggering dis-
ease development. In fact, the increased incidence of CD in 
the past decades cannot be explained by genetic drift and 
most likely results from faster changes in the environment. 
In an elegant review, Abadie et al. [72] show that CD preva-
lence does not perfectly correlate, as it would be predicted, 
with the levels of wheat consumption and frequencies of 
HLA-DQ predisposing alleles, thus emphasizing the role of 
environmental factors in CD pathogenesis.

Infant Feeding Practices and CD Development

Mode of delivery and breast-feeding contributes to shape the 
infant immune system, thus suggesting that both maternal 
microbial intestinal flora and early infant feeding practices 
may have a key role in determining future development of 
immune-mediated diseases.

As for modalities of delivery, elective cesarean section 
(C-section) has been associated with a modest increased risk 
of later CD, possibly related to the profound differences in 
the intestinal microbiota found between vaginally versus C-
section delivered babies [43, 73].

The importance of early infant feeding and timing of 
first gluten introduction had been highlighted by the so-
called “Swedish epidemic.” In the late 1980s in Sweden, a 
fourfold increase in CD incidence was recorded in children 
below the age of two that dropped to pre-1985 rates a decade 
later [74, 75]. This rapid rise in disease incidence correlated 
with several changes in infant dietary patterns including in-
troduction of gluten after completing breast-feeding and in-
creased amount of gluten in the infant diet. Of interest, such 
increased incidence declined to pre-epidemic levels only 
after these changes were reverted [76, 77]. Prolonged breast-
feeding too had been thought to have a protective effect on 
later onset of the disease [78, 79]. On this basis, gradual in-
troduction of small amounts of gluten during breast-feeding 
has been proposed as strategy to prevent early onset of CD, 
and breast-feeding is recommended, in infants born in fami-
lies at risk for CD, for the whole first year of life, with gluten 
introduction advised between 4 and 6 months of life [80, 81]. 
While prior studies had suggested, as we have seen,  that 
infant feeding practices and timing of initial gluten exposure 
are important, two recent multicenter randomized trials that 
tested strategies of early or delayed gluten introduction in in-
fants, showed that neither strategy appeared to influence ce-
liac disease risk. Additionally, breast-feeding was not show 
to protect against the development of CD [82, 83].

Viral Infections

Among environmental factors that contribute to trigger CD, 
infective agents have been proposed. Higher rates of sum-
mer births were described in children with CD, suggesting 
that exposure of 4–6-month-old infants to winter-linked 
viral infections such as rotavirus may play a role. The first 
correlation between viruses and CD dates back to the 1980s 
when a homology between alpha gliadin and a protein of the 
human adenovirus [84] had been described and related to 
increased frequency of adenovirus infection in CD patients 
[85] compared to controls. More recently, increased rate of 
rotavirus infections (as measured by anti-rotavirus antibody 
titers) has been associated with a moderate, but significantly 
increased risk of CD in HLA-susceptible children [86]. The 
mechanisms through which viral infections in early life can 
increase CD occurrence in later years have not been eluci-
dated.

Microbiome

The composition of intestinal microbiota as well as bacterial 
metabolic products (and especially short-chain fatty acids) 
can affect intestinal epithelium function and mucosal im-
mune homeostasis. Both quantitative and qualitative differ-
ences in the composition of the intestinal microbiome have 
been observed in patients with autoimmune disorders [87, 
88], as well as CD [89–93] when compared to healthy indi-
viduals. In the context of CD, an expansion of some patho-
genic bacterial populations ( Escherichia coli and Staphy-
lococcus) [93, 94] and a reduction in butyrate-producing 
bacteria (Bifidobacterium) [95, 96] have been described. 
Currently, it is still unclear whether the observed changes 
in the microbial composition are the cause or the result of 
the intestinal inflammatory process. Indeed, epithelial altera-
tions, such as those described in CD, could create a specific 
environment favoring the selective colonization of some 
microbial species, thus contributing to the creation of the 
microenvironmental milieu that favors the disease develop-
ment. This is clearly a rapidly evolving field, likely to bring 
important new acquisitions in the near future.

Pathogenesis

CD is a chronic inflammatory disorder with autoimmune fea-
tures, characterized by a T cell-mediated immune response 
arising in the small-intestinal mucosa upon gluten ingestion. 
In genetically susceptible individuals, gliadin peptides acti-
vate stress pathways and provide ligands for innate immune 
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receptors, leading to the release of pro-inflammatory media-
tors that then sustain the T cell response both in the lamina 
propria and in the epithelium (Fig. 40.1). This inflammatory 
reaction typically involves both the innate and the adaptive 
arms of the immune response. In this model, two hits are 
required, each one being necessary but not sufficient for the 
development of CD: one is the activation of stress markers 
in intestinal epithelial cells and the second is the rise of a 
gluten-specific proinflammatory CD4 T cell response in the 
lamina propria [97, 215]. These two events lead to the full 
activation of mobilization of lymphocytes in the intestinal 

epithelium (intraepithelial lymphocytes—IELs), final re-
sponsible of tissue destruction [98].

The immunological reaction occurring in CD patients 
follows the ingestion of gluten-containing cereals: wheat, 
rye, and barley. Glutenins and gliadins, typical gluten com-
ponents, are responsible for the viscosity and elasticity of 
the wheat dough [99, 100].Their high concentration of glu-
tamine and proline residues (35 and 15 % of the total amino 
acid content) renders them highly resistant to GI enzymes 
[101]. Indeed, the lack of prolyl-endopeptidase activity in 
any of the human digestive enzymes prevents enzymatic at-

Fig. 40.1   CD pathogenesis. Celiac disease ( CD) is a multifactorial 
disorder induced by gluten in genetically susceptible subjects. Several 
environmental factors (i.e., viral infections, alterations in microbiome 
composition, etc.) can contribute to trigger the disease by inducing epi-
thelial stress in the intestinal mucosa, and the production of innate im-
mune cytokines, such as interleukin 15 ( IL-15) and type-1 interferon 
( type-1 IFN). Those cytokines contribute to create a pro-inflammatory 
environment that enhances dendritic cells activation. Undigested glia-
din peptides ( purple circles) reach the intestinal lamina propria where 
they are deamidated by tissue-transglutaminase 2 ( TG2). Deamidation 
renders gliadin peptides more suitable to be presented by HLA-DQ 
molecules. Only dendritic cells expressing the CD-associated HLA-
DQ2 and/or -DQ8 molecules ( orange) can present deamidated gliadin 
peptides ( green circles) to naïve CD4+ T cells ( red cells). Inflammatory 

dendritic cells ( purple) enhance the arise of a gluten-specific CD4+ T 
cell response, characterized by the production of high levels of pro-
inflammatory cytokines such as interferon-gamma ( IFN-γ) and inter-
leukin 21 ( IL-21). These cytokines are thought to contribute to induce 
a full activation of cytotoxic CD8+ intraepithelial lymphocytes ( IEL). 
The second hit required for the induction of a full activation of IEL is 
the expression of stress markers (i.e., MIC-A and IL-15) in intestinal 
epithelial cells. Fully activated CD8+ IEL are responsible for the intesti-
nal epithelial destruction and the induction of villous atrophy in CD pa-
tients. Furthermore, gluten-reactive CD4+ T cells provide the required 
help to TG2-specific B cells, presenting TG2–gliadin complexes, in a 
hapten carrier-like manner and drive TG2-specific antibody production. 
NKG2D natural-killer group 2, member D, MIC macrophage inhibitory 
cytokine
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tack of proline-rich domains in gluten proteins.Thus, at the 
end of a normal, full digestive process of gluten, many glia-
din peptides remain undigested in the intestinal lumen. The 
mechanism through which such peptides reach the intestinal 
lamina propria is not entirely clear. Even though an increase 
in intestinal permeability has been shown in CD, a retro-tran-
scytosis pathway has been described for secretory antibod-
ies, potentially having a role also for gliadin transport [102].

Tissue-Tranglutaminase 2

In the subsequent steps in CD pathogenesis, the enzyme tis-
sue transglutaminase 2 (tTG) has a pivotal role. tTG is a cal-
cium-dependent transamidating enzyme that catalyzes cova-
lent cross-linking of proteins. When located extracellularly 
in the presence of calcium, tTG is in an open and active form 
[103]; furthermore, an inflammatory environment leads to 
its constitutive activation [104]. tTG is the main autoantigen 
for CD: In addition, it has a crucial role in inducing post-
translational modification of gluten peptides. In fact, in the 
lamina propria, tTG mediates the conversion of glutamine 
into glutamic acid, introducing negatively charged residues 
into gliadin peptides that act as immunogenic epitopes bind-
ing to HLA-DQ molecules with relatively higher affinity, 
thus representing a prerequisite for a gluten-specific T cell 
response [105].

Autoantibodies

Genetic, mechanistic, and epidemiological data relate CD to 
other autoimmune disorders. One of the key diagnostic fea-
tures of CD is the presence of serum anti-tTG IgA and IgG 
autoantibodies. The mechanisms leading to their production 
in CD are unclear. The upregulation and activation of tTG in 
inflamed tissues may generate additional antigenic epitopes 
by cross-linking or deamidating exogenous or endogenous 
proteins. However, the most accepted hypothesis for their 
formation, which explains also their dependence on dietary 
gluten, is that the enzyme cross-links itself to gluten during 
the substrate–enzyme interaction [106]. Once internalized, 
those complexes are processed and gluten epitopes bind 
HLA-DQ molecules of the B cell that may allow gluten-re-
active CD4 T cells provide the required help to tTG-specific 
B cells in a hapten carrier-like manner and drive tTG-specif-
ic antibody production.

The Adaptive Immune Response in CD

CD originates as a result of both innate immunity and adap-
tive immunity activation. Adaptive response, characterized 
by the activation a gluten-specific CD4 T cell response in the 

intestinal lamina propria, is a key event in CD pathogenesis. 
Gluten contains a large number of peptides capable of stimu-
lating T cells. Dendritic cells present negatively charged gli-
adin peptides through HLA-DQ2 or HLA-DQ8 molecules to 
naïve CD4 T cells, thus enhancing a T helper 1 inflammatory 
response, characterized by the production of high levels of 
interferon-γ (Fig. 40.1).

The gluten-specific CD4 T cell response is sustained by 
several cytokines, including IL-15 and IL-21. The expres-
sion of IL-21, enhanced by gluten, is very high in active CD 
patients, while it is downregulated in potential CD [107], 
supporting its role in the induction of tissue damage. It acts 
in synergy with IL-15 [108] promoting interferon-γ produc-
tion and enhancing cytotoxic CD8 T cells proliferation and 
survival; however, the mechanism initiating its production in 
CD is unclear.

The Innate Immune Response

As mentioned, innate immune activation is also necessary 
for the development of CD. There is in fact evidence that 
in addition to the immunodominant epitopes, which as, dis-
cussed, are presented to CD4 naïve T cells, gliadin also con-
tains fragments which are able to enhance epithelial stress 
and induce an innate immune effect [109–111]. The best-
known fragment is the peptide 31–43 (P31–43) of α-gliadin, 
which is able to upregulate major histocompatibility com-
plex (MHC) class I-related molecules (MICs) [112] to ac-
tivate the mitogen-activated protein (MAP) kinase pathway 
and induce apoptosis in intestinal epithelial cells. P31–43 
induces cell proliferation and actin cytoskeleton rearrange-
ments in in vitro and ex vivo models [109–111, 113, 114]. 
The proliferative response elicited by P31–43 in CD mucosa 
involves epidermal growth factor (EGF)/IL15 cooperation. 
Of note, a constitutive activation of the EGF receptor (EGF-
R)/extracellular signal-regulated kinases (ERK) pathway has 
been found in celiac patients [110] potentially representing 
a predisposing condition to the damaging effects of gliadin.

Of interest, P31–43 is able to impair actin cytoskeleton 
in healthy subjects, suggesting that it can act on similar 
pathways altered in CD cells. In addition, it enhances the 
expression of IL-15, a key innate cytokine involved in CD 
pathogenesis, as it contributes actively to enhance the ex-
pression of activating natural killer cells (NK) receptors (i.e., 
NKG2D) on IELs and impair the T regulatory cells function 
in celiac patients [115, 116].

IELs Activation and the Induction of Tissue 
Damage

The tissue damage typical of CD, characterized by villous 
atrophy and crypt hyperplasia, is due to a profound remod-
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eling of the small intestinal architecture and is mainly me-
diated by cytotoxic IELs. IELs represent a heterogeneous 
population including TcRα/β CD8 cells NK-like cells, and 
TcRγ/δ cells.

As evident in potential CD patients, the gluten-specific 
T cell adaptive immune response alone can occur even in 
the absence of villous atrophy, suggesting that other signals 
are required to induce tissue damage [98]. Indeed, the full 
activation of IELs and acquisition of their cytotoxic killing 
phenotype requires also stimuli from the epithelial com-
partment. Increased expression of stress molecules, such as 
nonclassical MHC class I molecules (i.e., MIC and HLA-E), 
has been shown in intestinal epithelial cells of active CD pa-
tients, as part of the innate stress response induced by gluten 
or by other environmental triggers. MIC and HLA-E are li-
gands for NKG2D and CD94, activating NK receptors that 
are upregulated on IELs in CD patients and whose expres-
sion is enhanced by IL15. Activation of IELs, with increased 
Fas ligand expression, results in epithelial cell apoptosis and 
villous atrophy via interactions with Fas on intestinal epithe-
lial cells.Altogether, the end result of these various events is 
to lead to IEL infiltration and the resulting tissue destruction, 
characterized by crypt hyperplasia and villous atrophy.

These changes occur in a continuum, going from normal 
to a complete flattening of the villi in a slow progression. 
Marsh [117] described in great detail such progression and 
his description is also utilized in the pathology reports from 
duodenal biopsies. Thus, the intestinal damage seen in CD is 
described as follows:

Type 0 or pre-infiltrative stage (normal);
Type 1 or infiltrative stage (increased IELs);
Type 2 or hyperplastic stage (type 1 + hyperplastic crypts);
Type 3 or destructive stage (type 2 + villous atrophy of pro-

gressively more severe degrees, denominated 3a—partial 
atrophy, 3b—subtotal atrophy, and 3c—total atrophy).

Clinical Presentations

The inflammatory changes described in the previous section, 
resulting in the most advanced cases in severe villous atro-
phy, lead to a wide variety of clinical presentations. While 
GI manifestations are understandably present and in many 
cases prominent, CD goes well beyond the GI tract, so that 
basically all systems and organs can be involved. GI signs 
and symptoms due to malabsorption, such as diarrhea and 
abdominal pain, are very common and easily lead to evalu-
ation for CD, but they are by no means universally present. 
In fact, there is evidence [118–122] that CD presentation in 
children and teenagers has substantially changed over time, 
moving from a malabsorptive disorder causing GI symptoms 
and malnutrition to a more subtle condition causing a variety 
of extraintestinal manifestations (see Table 40.1). Thus, it is 
understandable that the term “typical,” reserved for the GI 

manifestations of CD, is quickly becoming obsolete, as the 
extraintestinal manifestations are now so prevalent they are 
no longer to be referred to as “atypical” [123]. It is indeed 
this variety of presentations, and the fact that CD may also 
be entirely asymptomatic, that is responsible for the dismal 
rate of diagnoses around the globe.

Table 40.1 reports the main clinical presentations of CD, 
with their prevalent age distribution. As it can be seen, the 
clinical manifestations can be protean, thus making the di-
agnosis not obvious in most cases. When CD has its onset 
in infancy and very early childhood, the GI manifestations 
prevail and can be quite aggressive, resulting in a clinical 
picture of malnutrition and failure to thrive, often associated 
with a protein-losing enteropathy. Subsequently, however, 
the onset may be more subtle, and more extraintestinal mani-
festations become common.

GI Manifestations

Abdominal pain and distention is probably the most common 
symptom of patients diagnosed with CD worldwide; in Cana-
dian children, it has been reported in as many as 90 % [124]. 
Chronic or intermitted diarrhea, characterized by bulky, 
foul-smelling, greasy stool, is a very common symptom in 
children with CD. Its occurrence, however, is progressively 
becoming less frequent than in the past. Counterintuitively, 
long-standing and occasionally severe constipation can be 
the presenting manifestation in a significant amount of pa-
tients, children, as well as adults [125]. Constipation appears 
to be related to a well-documented delay in oro-cecal transit 
time [126, 127], possibly caused in part by disturbed upper 
GI motor function [128]. Other presenting symptoms related 
to the GI tract are vomiting (especially in infants and tod-
dlers), weight loss, or failure to thrive leading—particularly 
in cases of delayed diagnosis—to severe malnutrition and 
cachexia. However, it should be noted that children with CD 
can also be overweight or obese, as well documented in the 
literature, (reviewed in [129]) so that the absence of malnu-
trition should by no means rule out the possibility of CD. 
More rarely, other disorders such as acute electrolyte distur-
bances, hypotension, and lethargy can accompany the clini-
cal picture [130]. Recurrent intussusception, an uncommon 
but important GI sign, was first described in children in 1997 
[131], and it is now well recognized as an event occurring 
more frequently in CD children before their diagnosis than 
in control populations [132].

Mild elevation of liver transaminases is well described 
in pediatric CD. A recent meta-analysis [133] revealed that 
this sign is presented by 36 % of children with CD, while 
12 % of children with mild unexplained hypertransaminas-
emia have CD. Of note, a gluten-free diet (GFD) normalized 
transaminase levels in 77–100 % of patients with CD within 
4–8 months.
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Extraintestinal Manifestations

Anemia in celiac children can be the end result of several dif-
ferent, and sometimes combined, causes; however, the single 
most common type of anemia is due to iron deficiency.

IDA has in fact been reported in between 12 and 69 % of 
newly diagnosed celiac cases [10–12, 122, 134]. Even when 
asymptomatic, CD can lead to IDA; in a large series of pa-
tients with subclinical CD, IDA was indeed found in almost 
half of the patients, with adults having a higher incidence 
than children: 46 versus 35 % [10]. The pathogenesis of iron 
deficiency in celiac seems to be straightforward; in fact, iron 
is absorbed in the duodenum and proximal jejunum, areas 
that are typically most affected in florid CD. Thus, most 
cases result from an impaired absorption of iron. The high-
er prevalence of anemia in celiac patients with an atrophic 
mucosa (Marsh 3) compared to those with mild enteropathy 
(Marsh 1 or 2) recently found in a study conducted in Italy 
on a large number of patients [135] provides indirect support 
for this.

Dermatitis herpetiformis (DH) is considered the skin pre-
sentation of CD. Rare in children, DH affects mostly teen-

agers and adults who present symmetrical, pruritic blisters 
followed by erosions, excoriations, and hyperpigmentation. 
The most commonly involved sites are the elbows (90 %), 
knees (30 %), shoulders, buttocks, sacral region, and face. 
Itching of variable intensity, scratching, and burning sensa-
tion immediately preceding the development of lesions are 
common [136, 137]. The diagnosis rests on a combination of 
clinical, serological (same autoantibodies utilized for CD), 
and histological criteria showing the typical IgA deposits in 
skin biopsies [138, 139]. Its treatment is based on a strict 
GFD. Dapsone and/or other drugs should be used during the 
period until the GFD is effective [138].

Dental enamel hypoplasia is more common in patients 
with CD compared to the general population [26], and in CD 
it has been reported with a prevalence ranging from 10 to 
97 %. It appears to be more prevalent in children, compared 
with adults with CD and is thought to be secondary to nutri-
tional deficiencies and immune disturbances during the pe-
riod of enamel formation in the first 7 years [27].

Aphthous ulcers too can be present in children and adults 
with CD and they often regress once the patients are on a 
GFD [28].

Type Sign or symptom Age most commonly involved
Gastrointestinal Abdominal pain, bloating All ages

Diarrhea All ages
Vomiting Infancy
Anorexia Infancy to early childhood
Constipation Child to adolescent
Failure to thrive Infancy and early childhood
Weight loss Child to adult
Recurrent intussusception Infancy to early childhood
Hypertransaminasemia and other liver issues All ages

Extraintestinal Sad mood Infancy to early childhood
Delayed puberty Adolescent
Short stature Child to adolescent
Iron-deficient anemia Adolescent to adult
Dermatitis herpetiformis Adolescent to adult
Dental enamel defects Child to adult
Aphthous ulcers Child to adult
Fatigue Adolescent to adult
Arthritis Adolescent to adult
Osteopenia Adolescent to adult
Osteoporosis Adult
Psychiatric disorders Adolescent to adult
Idiopathic seizures Child to adult
Headaches, migraines Adolescent to adult
Numbness/neuropathy Adult
Cerebellar ataxia Adult
Unexplained infertility (in women) Adult

Gastrointestinal presentations are commonly also referred to as “Typical” D while all extraintestinal manifes-
tations are called “Atypical.” Historically, these denominations arose because for decades CD was thought to 
be restricted to symptoms and signs of malabsorption, and all extraintestinal manifestations were considered 
rare and not belonging to the classical presentation

Table 40.1   Clinical presenta-
tions of celiac disease according 
to age most commonly involved
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Low bone mineral density is found in the vast major-
ity of newly diagnosed patients, and in some cases it is 
advanced to osteoporosis and can be associated with frac-
tures. The etiology of such bone alterations in CD is mul-
tifactorial, thought to be mostly secondary to the combina-
tion of intestinal malabsorption and chronic inflammation. 
At diagnosis, approximately one-third of adult CD patients 
have osteoporosis, one-third have osteopenia, and one-
third have normal bone mineral density [29]. While chil-
dren with CD, once on a GFD, seem to be able to improve 
their bone mineral density more fastly, adult patients’ bone 
mineral density was found to be significantly lower than 
expected for the normal population, not just at diagnosis, 
but even after 1 or 2 years of GFD [140]. Thus, there is a 
risk for suboptimal peak bone mass acquisition and a re-
tarded growth in CD children, as the bone density increas-
es until the end of puberty, when it reaches its peak value: 
if normal peak bone mass is not achieved, the individual is 
at a higher risk for developing osteoporosis [141].

Joint involvement, though not too common, has been de-
scribed in children and adults with CD and it is suggested 
that patients presenting with unexplained articular manifes-
tations be tested for CD [142].

Children with CD have a slightly increased frequency of 
neurological symptoms compared to controls. These include 
headache [143], peripheral neuropathy [144], and seizures; 
ataxia is described only in adult cases [145]. The prevalence 
of epilepsy in CD children also appears to be slightly higher 
than expected, around 1 % [146]. Seizures are often general-
ized tonic–clonic, but partial and occasionally absence sei-
zures are also reported [146, 147]. A recent epidemiologic 
study of nearly 29,000 subjects with CD and 143,000 con-
trols found that CD increased the risk of epilepsy, including 
in children, by 1.4-fold [148]. In some patients with CD and 
epilepsy refractory to antiepileptic drugs, seizures have been 
controlled with a GFD [149, 150].

Relatively common in adolescents are also psychiatric is-
sues: anxiety, often with recurrent panic attacks, hallucina-
tions, depression, leading to a slightly higher prevalence of 
suicidal behavior in celiac patients [30]. Interestingly, there 
is some evidence that the GFD may help in alleviating de-
pression in celiac adolescents [31].

Disease Associations

A series of recent large-scale epidemiological investiga-
tions, mostly, but not solely, conducted in Sweden, have also 
revealed a growing number of associated conditions that 
can occur with CD, although in most cases the reasons for 
such associations and the clinical relevance of them remain 
unclear. Among the conditions with increased prevalence 
in CD, in most cases related to adult patients, are: chronic 

obstructive pulmonary disease [151], ischemic heart dis-
ease [152], urticaria [153], eosinophilic esophagitis and 
gastroesophageal reflux disease [154], pancreatitis [155], 
hemochromatosis [156], cataracts and uveitis [157, 158], 
idiopathic dilated cardiomyopathy [159], nephrolithiasis 
[160], end-stage renal disease [161], eating disorders [162], 
primary hyperparathyroidism [38] (a risk however subsiding 
on GFD), adrenal insufficiency [33], systemic lupus [163], 
cataract [40], and endometriosis [39].

In addition, the offspring of celiac mothers appear to also 
be at an increased risk for a number of adverse events, in-
cluding congenital malformations [164].

On the other hand, a reduced risk for ovarian and breast 
cancer has been reported for celiac women [165].

IgA deficiency has also been associated with CD. In fact, 
about 8 % of IgA-deficient children are celiac [166] and 
about 2 % of CD children are IgA-deficient [167]. While 
clinically not relevant, this association is important in the 
strategy of screening for CD (see below).

Autoimmune Conditions

A strong association has also been shown between CD and 
autoimmune disorders, thought to be mostly due to a shared 
genetic component in the HLA region. The best described 
association is with type 1 diabetes mellitus (T1DM), where a 
prevalence of approximately 10 % of CD is found [32, 168]. 
About two-thirds of children diagnosed with CD after T1DM 
onset have elevated levels of celiac antibodies at the time 
of T1DM diagnosis or within the first 24 months; however, 
an additional 40 % of patients develop CD a few years after 
diabetes onset [169], and even adults with a long history of 
T1DM show a progressively higher prevalence of CD [170]. 
Thus, it is recommended that T1DM children be repeatedly 
tested for CD. Of note, it has been shown that the presence 
or absence of GI symptoms in children with T1DM has no 
predictable value for biopsy-confirmed CD or not [168]. 
Clearly, once diagnosed with CD, children with T1DM need 
to follow a GFD. Its effects on diabetic control are however 
unclear: In fact, glycemic control, both in children with or 
without malabsorption, has been found either improved or 
unaffected [171].

The issue of whether the onset of autoimmune disorders 
in CD patients is favored by the ingestion of gluten remains 
controversial. An increased prevalence of autoimmune dis-
orders was found in parallel with the increasing age at di-
agnosis of CD [172], suggesting that prolonged exposure to 
gluten may favor the onset of autoimmune conditions; how-
ever, these results have not been reproduced by subsequent 
investigations [173, 174], leaving the question unresolved 
[175].
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Chromosomal Disorders

Down syndrome [176], Turner syndrome [177], and Wil-
liams syndrome [178] are conditions where the prevalence 
of CD has been found to be higher than in the general popu-
lation, and hence children with such syndromes need to be 
screened for CD.

Diagnosing CD

Given the many various manifestations of CD, in children 
as well as adults, clearly the first requisite for diagnosis is a 
high degree of suspicion. Table 40.2 lists the circumstances 
that demand testing for CD.

The availability of very sensitive and specific autoanti-
bodies in the IgA subclass, generated in the small intestinal 
mucosa and detectable in the serum, such as the tTG-IgA 
or anti-endomysium IgA (EMA-IgA) [179] has given the 
physician a powerful screening tool. In addition, another 
class of antibodies has also been found valuable in screen-
ing (especially in very young children when tTG-IgA could 
be negative [180, 181]) and in following up patients with 
CD: the anti-DGP, both -IgA and -IgG antibodies produced 
against the gliadin peptides after they have been modified 
by the tTG [182]. Currently, it is universally recommended 
[33, 179, 183] that tTG-IgA and total serum IgA be the first 
line of screening, due to the very elevated sensitivity of this 
test. Total serum IgA needs to be added in order to ascer-
tain that the individual is able to produce tTG-IgA: In fact, 
celiac patients who happen to be IgA-deficient may have a 
false-negative tTG-IgA. In these circumstances, both tTG-
IgG [184–186] and DGP-IgG [187] can be usefully checked 
as markers of CD.

In 1990, the European Society of Pediatric Gastroenter-
ology, Hepatology and Nutrition (ESPGHAN) published 
diagnostic criteria [188] that have been universally applied 
for over 20 years, both in pediatric age and in adults. While 
reducing the number of biopsy procedures needed for a firm 

diagnosis from three of the original guidelines (initial one 
showing typical changes, followed after a year on GFD by a 
second one documenting healing, and finally by a third one 
after gluten challenge to show relapse) to only one, they still 
called for the indispensable role of documenting the flatten-
ing of small-intestinal mucosal villi in patients with a con-
sistent history and laboratory findings. In 2012, an ad hoc 
task force of the same society published revised criteria [1] 
and produced an evidence-based algorithm that allowed the 
physician to skip the duodenal biopsy under certain circum-
stances, namely, in children and teenagers showing a genetic 
asset and a history compatible with CD, a very elevated titer 
(more than ten times the upper limit of normal) of tTG-IgA, 
along with a positive EMA titer. While this simplified ap-
proach appears certainly valid, as it possesses a positive pre-
dictive value close to 100 %, one needs to apply it with great 
care. In fact, children with GI complaints diagnosed without 
the endoscopy may have additional disorders that would go 
undiagnosed by skipping this procedure.

Figure  40.2 is an algorithm (based in part on the ESP-
GHAN guidelines [1]) that summarizes the diagnostic steps 
for a child or teenager suspected of CD. Again, Table 40.2 
lists the presentations that require screening. The subject 
with normal serum IgA and normal tTG-IgA do not need to 
be considered celiac, given the high sensitivity of the test; 
however, since it would appear that in the infant and toddler 
tTG-IgA may not be as sensitive as in later ages, DGP-IgA 
and DGP-IgG can be measured additionally. Furthermore, in 
the presence of a strong clinical suspicion in the very young 
child, it would be appropriate to still proceed with an esoph-
ago-gastro-duodenoscopy (EGD) with biopsy even if celiac 
serology is negative.

If the subject has positive tTG-IgA, then the titer becomes 
important. In fact, as mentioned, with titers that are more 
than ten times the upper limit of normal range, the EMA titer 
must be checked and if it too is clearly positive, then the di-
agnosis of CD can be considered definitive. On the contrary, 
the EGD would be necessary if the EMA prove negative, or 
in all cases where the tTG-IgA increase does not reach the 
threshold of > 10× normal. It is important to notice that it 
is recommended [1, 183, 189] that at least four biopsies be 
taken from the distal duodenum, and also one or two from 
the bulb, otherwise the diagnostic yield may be jeopardized 
by the occasional patchy duodenal lesions.

The interpretation of the pathology of the duodenal bi-
opsies guides the final diagnosis: while pathology changes 
showing lesions of Marsh type 2–3, in the presence of posi-
tive serology, confirm the diagnosis, caution must be exerted 
for findings of Marsh type 1, especially when not supported 
by positive serology. In fact, such increased presence of IELs 
(“lymphocytic duodenosis”) has been found to be due to ce-
liac in no more than 16–39 % of cases [190, 191]. Thus, ad-
ditional conditions (see Table 40.3) must be carefully looked 
at before concluding for its association with CD.

Table 40.2   Subjects to be screened for CD
All conditions listed in Table 40.1
First-degree relatives of celiac patients
IgA deficiency
Autoimmune conditions
Type 1 diabetes
Autoimmune thyroiditis
Autoimmune hepatitis
Addison’s disease
Chromosomal disorders
Down syndrome
Turner syndrome
Williams syndrome
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As for those with a Marsh type 0, the call is even more 
delicate. In fact, the patient can be defined as “potential” if 
tTG-IgA are elevated > 10× and/or EMA titer is positive; 
but with tTG-IgA increased less than ten times and a nega-
tive EMA, then the possibility of a false-positive tTG-IgA 
must be considered. This occurrence is especially common, 
for unclear reasons, in children with T1DM, where tTG-IgA 
have also been found to spontaneously normalize [192]. 
Such patients should therefore remain on a gluten-containing 
diet and be carefully monitored.

More complex is the decision about the need for a GFD 
for true “potential” celiac children and adolescents who are 
asymptomatic. The literature shows in fact variable percent-
ages (between 30 and 60 %) of evolution into full-blown 
CD when they are left on gluten [193–195], including the 

possibility of some eventually becoming serologically nega-
tive. It seems in fact that potential CD patients show a low 
grade of inflammation that likely could be due to active 
regulatory mechanisms preventing the progression toward a 
mucosal damage [196]. In essence, while research will even-
tually allow us to predict which patients would develop full-
blown CD if left on gluten, currently we do not have this ca-
pacity, so that the decision on whether or not to put potential 
celiac patients on a GFD must be taken with great care, on an 
individual basis, and be properly agreed upon by the family.

Complications

Refractory CD

Better known by the older terminology as “refractory sprue,” 
refractory CD is a very severe form of CD that does not re-
spond to a GFD, in spite of normalization of celiac serology 
[197]. Refractory CD almost exclusively occurs in adults or 
elderly patients who have been suffering from malabsorptive 
symptoms for a long time prior to being diagnosed. This con-
dition is further classified into type I and type II on the basis 
of gamma chain T cell clonal rearrangement and aberrant T 
cell phenotypes. Type II refractory CD is the most aggressive 
form, leading to the most feared complication of CD: the 

Table 40.3   Conditions causing lymphocytic duodenosis (Marsh type 
1 changes)
Celiac disease
H. pylori gastritis
Small-bowel bacterial overgrowth
NSAID and other drugs
Immune dysregulation
Crohn’s disease
Food protein-induced enteropathy
Infections

NSAID nonsteroidal anti-inflammatory drugs

Fig. 40.2   Suggested diagnostic 
algorithm
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enteropathy-associated T cell lymphoma (EATL). As a con-
sequence, refractory CD results in an increased mortality 
rate, with a 5-year survival rate of 80–96 % for patients with 
type I refractory CD and 44–58 % for type II cases [197]. 
When examining the survival rate of those patients with type 
II refractory CD who developed EATL, the survival rate at 5 
years was a dismal 8 % [198]. New treatment modalities, in-
cluding autologous stem cell transplant, are becoming avail-
able for this aggressive condition [199, 200].

Increased Mortality Rate

Aside from the risks related to refractory CD, evidence is 
mounting that unrecognized, and hence untreated, CD may 
carry a risk for increased mortality rate [201]. There appears 
to be a positive correlation between diagnostic delay and/
or insufficient compliance with the diet and decreased life 
expectancy, which has been documented in a large retrospec-
tive study in Italy [202]. More recently, increased mortal-
ity has also been reported in undiagnosed patients (based on 
elevated serum tTG-IgA) in the USA [203] and in Europe 
[204–206].

All of the evidence therefore strongly emphasizes the 
importance of an aggressive strategy for early detection and 
treatment of patients with CD.

Treatment

CD is a lifelong condition and a strict GFD is currently the 
only available treatment. While the exact amount of gluten 
that can be tolerated daily by CD patients is unknown and 
is likely to be subject to a wide interindividual variability, 
there is evidence that no patient would react to a daily dose 
of up to 10 mg, while the majority would at 100 mg or above 
[207]. In practice, many patients, and especially older chil-
dren and adults, do not present any symptom after inadver-
tent gluten ingestion or sporadic intentional consumption of 
gluten-containing products. In addition, dietary compliance 
assessment is not always an easy task, since serology often 
fails to reveal slight transgressions. Therefore, a periodical 
follow-up is needed and the importance of a lifelong diet 
should be constantly reinforced, especially to asymptomatic 
patients. The dietary restriction must include wheat, rye, bar-
ley, and their derivatives such as triticale, spelt, and kamut. 
Other cereals such as rice, corn, maize, and buckwheat are 
perfectly safe for CD patients and can be used as wheat sub-
stitutes. Oats were included in the first group of toxic cere-
als, but later evidence has conclusively shown that they are 
tolerated by the vast majority of patients, provided the oats-
based products are manufactured in plants that can guaran-
tee absence of any possible cross-contamination with flours 

based on wheat, rye, or barley. In any case, introducing them 
with prudence is recommended in order to recognize any ad-
verse effect.

Gluten withdrawal is necessary to shut down the inflam-
matory response arising in the gut. However, whether a GFD 
could prevent the development of associated autoimmune 
conditions or complications, such as malignancies, is still 
debated [175]. As discussed previously, since the benefits of 
GFD in terms of prevention of complications and comorbidi-
ties in patients with potential CD are still unclear, it remains 
controversial whether such dietary regimen should be pro-
posed to all of them, particularly those who are asymptom-
atic.

Future Potential Therapeutic Strategies

Following a lifelong strict dietary regimen is not an easy 
task for many patients, especially teenagers and young adults 
who may not easily accept limitations to their social life. On 
the other hand, there is a subgroup of CD patients (i.e., re-
fractory CD) who fail to respond even to a strict GFD, thus 
reinforcing the concept that GFD could not be considered a 
cure for all CD patients. Importantly, a variety of commer-
cial food products and some safe cereals can be cross-con-
taminated with unsafe cereals as the result of mixing during 
transportation and processing. Hence, there is a requirement 
for alternative approaches to treat CD.

A first approach may consist in creating new varieties of 
wheat that are safe for CD patients. The identification of the 
full sequences of immune-stimulating peptides may lead to 
the production of wheat varieties lacking biologically active 
peptide sequences through breeding programs and/or trans-
genic technology. Large-scale cultivars where these cereals 
could replace the current toxic varieties could reduce the risk 
of possible cross-contamination. However, it is evident that 
this process will take a long time to be developed and would 
still require for the patients the need to carefully select such 
products.

Recent progresses in understanding the cellular and mo-
lecular basis of CD have helped in identifying several pos-
sible therapeutical targets, from already available molecules 
that can find a new application in this disease to new drugs 
that may be developed. Strategies vary from gliadin-degrad-
ing enzymes that would allow the occasional consumption 
of gluten-containing products to the more ambitious attempt 
to reestablish immunological tolerance toward gluten using 
a peptide-based “vaccine.”

Given the high content in proline residues, gliadin peptides 
are highly resistant to proteolysis, thus favoring the accumula-
tion of long fragments within the intestinal lumen. Exogenous 
proline and/or glutamine-specific proteases-based drugs and/or 
dietary supplements (i.e., ALV003 (glutenase Alvine 003) and 
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AN-PEP (alanyl (membrane) aminopeptidase)) facilitate glu-
ten digestion and T cell epitopes destruction [208], thus repre-
senting a useful “adjunctive” tool for CD under a GFD, in par-
ticular situations where there is a risk of cross-contamination. 
Another possible gluten detoxifying strategy is represented by 
gluten-sequestering polymers (i.e., hydroxyethyl methacrylate-
co-styrene sulfonate; HEMA-co-SS) that bind gluten frag-
ments, reducing their effects on the intestinal mucosa [209].

A pharmacological reduction of intestinal permeability 
may contribute to reduce the load of gliadin peptides reach-
ing the intestinal lamina propria. In this perspective, laraz-
otide (AT-1001), a zonulin antagonist, is undergoing clinical 
trials in CD patients. Furthermore, inhibition of Rho kinase 
(RhoA or ROCK), two molecules regulating cytoskeleton 
and tight junction structure, has been proposed as future po-
tential target [210].

Furthermore, the identification of specific epitopes may 
also provide the basis for immunomodulation by antigenic 
peptides. In this regard, the most ambitious and promising 
therapeutic intervention for CD patients is represented by a 
vaccine based on a set of gliadin immunodominant peptides 
recognized selectively by HLA-DQ2 and that should pro-
mote the induction of tolerance to gluten through a peptide-
based desensitization [211].

Other promising approaches include preventing gliadin 
presentation to T cells by blocking HLA-binding sites [212] 
or use of tTG inhibitors [213], thus impairing the adaptive 
immune response activated by gliadin peptides. Any im-
munomodulatory approach will be required to have a high 
safety profile to be a valuable substitute to the GFD.

Anti-IL-15 monoclonal antibodies, already tested in 
rheumatoid arthritis and psoriasis, have been proposed for 
refractory CD, where the expansion of IELs is dependent on 
this cytokine. Blocking NKG2D to prevent full activation of 
IELs has also been proposed as a further potential therapeu-
tic target in CD patients [214]. Again, security profile, side 
effects, and compliance will need to be taken into account 
before any of those treatments could replace GFD.
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