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Abstract  The perception of celiac disease (CD) has changed dramatically during the last two decades, with the 
introduction of new serological tests with high specificity and sensitivity. CD prevalence in recent years is increasing 
as it is for other autoimmune diseases. Due to the high prevalence of CD, it is one of the most important diseases of 
the digestive tract. The clinical manifestations of CD have changed significantly in the last two decades, and these 
are much more diverse than reported previously. The new European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition diagnostic criteria for CD indicate that biopsy can be avoided in strictly selected groups 
of pediatric patients. The first experiences with these new criteria are positive. A meta-analysis evaluating the 
relationship between early nutrition and the risk of CD recommends that both early (< 4 months) and late (> 7 
months) introduction of gluten to the diet should be avoided, and that gluten should be introduced while the infant is 
still breastfeeding. The prevalence rates of CD between two cohorts with different infant feeding practice were 
significantly different, and the prevalence of CD in 12-year-old children were significantly reduced, suggesting that 
prevention of CD is possible. 
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1. Introduction 
Celiac disease (CD) has been recently defined by the 

European Society for Paediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN) as an immune-
mediated systemic disorder elicited by gluten and related 
prolamines in genetically susceptible individuals. [1]. It is 
characterized by the presence of a variable combination of 
gluten-dependent clinical manifestations, CD-specific 
antibodies, specific haplotypes of the major histocompatibility 
complex-human leukocyte antigen (HLA) class II genes 
(HLA-DQ2 or HLA-DQ8), and enteropathy. CD-specific 
antibodies comprise autoantibodies against tissue 
transglutaminase (anti-TG), endomysial antibodies (EMA), 
and antibodies against deamidated forms of gliadin 
peptides. [1] CD is the most common, life-long heritable 
food intolerance worldwide. 

The immune response to gluten triggers characteristic 
lesions in the small intestinal mucosa (atrophy of the villi, 
crypt hyperplasia, and increased number of intraepithelial 
lymphocytes [IEL]). The disease occurs in some genetically 
predisposed individuals who ingest prolamins in their diet, 
i.e., alcohol soluble proteins rich in glutamine and proline, 
which are present in wheat, rye, and barley. 

The typical presentation of CD is enteropathy, leading 
to malabsorption of nutrients, which lasts sufficiently long, 
causing significant malnutrition. 

2. Epidemiology 

Recent new serological tests EMA and anti-TG , with 
high specificity and sensitivity have dramatically changed 
the epidemiology and diagnosis of CD. The current 
prevalence rates of 1:40-1:330 [2] are higher than those of 
1:1000-1:3000, which were based on clinical signs and 
earlier screening data. [3,4] In the first Norwegian study, 
the nationwide prevalence of clinically diagnosed CD in 
children at 12 years of age was 5.0:1000 The association 
between CD and various comorbidities was found to be 
7.1% (type 1 diabetes mellitus, 4.7%; Down syndrome, 
1.6%; thyroid diseases, 1.4 %) [5]. 

Nevertheless, CD remains under-diagnosed in the entire 
European population. For example, the estimated prevalence 
of CD in the Czech Republic is 1:200-1:250, i.e., about 
40.000-50.000 patients with CD in a population of 10 
million inhabitants, but only 15% are diagnosed to have 
CD. [6] With the new serological testing, CD is diagnosed 
at an later age and the clinical presentation has changed. 
Gastrointestinal manifestations are less often the 
presenting symptoms. Almost 25% of children with CD 
are diagnosed by targeted screening in high risk groups for 
CD. However, most children with CD remain undiagnosed. 
[7] Owing to its high prevalence, CD is one of the most 
important diseases of the digestive tract. 

Higher prevalence rates are because of improved 
diagnostic methods (i.e., the availability of sensitive and 
specific serological tests), better awareness of CD among 
physicians and the general population, and greater use of 
serological tests to identify patients with either 
extraintestinal or subclinical presentations. [8,9,10] For 
example, antibody testing for CD tripled the number of 
patients diagnosed with CD and quadrupled the median 
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age of CD diagnosis. [11] On the other hand, the incidence 
of classic pediatric CD increased 6.4-fold over 20 years in 
Scotland, which strongly suggests a real increase in CD 
incidence [12]. 

The hygiene hypothesis postulates that the increasing 
CD prevalence in recent years in Europe and the USA, as 
well as for other autoimmune diseases, may be owing to 
reduced bacterial exposure in the first years of life. [13] 
However, other hypotheses suggest the higher prevalence 
of CD may be because of infant feeding practices [14,15] 
and repeated infections. Previous studies have shown an 
association between the occurrence of CD and infections. 
[16,17,18] Stene et al. found an increased risk for CD in 
children with repeated rotavirus infection, as indicated by 
serum positivity for anti-rotavirus antibodies. [19] 
However, later studies did not confirm these findings. [20] 
In a recent population-based, incident case-reference study, 
an increased CD risk was found in infants who had three 
or more parent-reported infections before 6 months of age, 
regardless of the type of infection. [21] A recent Swedish 
study showed that vaccination at an early age is not a risk 
factor for CD [22]. 

3. Clinical Presentation 
Clinical manifestations of the disease have changed 

significantly in the last two decades, and these are much 
more diverse than those reported previously. The 
symptoms and intensity of symptoms of CD vary widely. 
It has been estimated that only 1 in every 3 to 1 in every 7 
adult CD patient is symptomatic. Most of the cases of CD 
remain undiagnosed so we have only diagnosed the tip of 
the iceberg in terms of prevalence. In the same period, a 
temporal shift in the period at which CD first manifests 
has been noted, which is often that a later age than that 
reported previously. Several factors may explain this delay, 
including prolonged duration of breastfeeding, the later 
introduction of gluten in the diet, and smaller amount of 
gluten that children consume. However, other additional, 
unknown factors may be involved. 

Several forms of CD are currently recognized, and their 
definitions were amended in 2013. [23]:  

Pediatric classical CD presents with symptoms and 
signs of malabsorption, such as diarrhea, steatorrhea, 
failure to thrive, muscle wasting, poor appetite, abdominal 
distension, and emotional distress. 

Non-classical CD presents without signs and symptoms 
of malabsorption. Patients with monosymptomatic CD 
(other than diarrhea or steatorrhea) usually have non-
classical CD. Patients with non-classical CD have bone 
and muscle manifestations, skin and cutaneous symptoms, 
neurological and hematological manifestations, disturbances in 
reproduction, and various other symptoms such as 
elevated aminotransferase levels. 

Subclinical CD (previously silent CD) is below the 
threshold of clinical detection, i.e. it manifests without 
sufficient symptoms or signs; therefore, CD testing in 
routine practice is not initiated. 

Asymptomatic CD is not accompanied by symptoms. 
Individuals with asymptomatic CD are usually found 
through screening programs in families in which a 
member was diagnosed with CD or are found on screening 
patients with disorders associated with a high risk of CD. 

Many of these individuals have a reduced quality of life 
and mild symptoms, which resolve with a gluten-free diet 
(GFD). These patients do not have asymptomatic CD and 
should be diagnosed with subclinical CD. 

Potential CD is that in which in individuals have a 
normal, small intestinal mucosa but have positive CD 
serology. The difficulty in making a CD diagnosis in a 
patient with potential CD may be compounded by an 
inadequate biopsy. It is therefore recommended that at 
least 5 biopsies must be taken from different areas of the 
mucosa, including one of the duodenal bulb in order to 
increase the sensitivity in patients whose histological 
changes are not diffuse. The number of patients with 
potential CD has recently increased because of the 
increased awareness of CD and the screening of at-risk 
groups. Most children with potential CD remain healthy, 
and in one study, villous atrophy developed in 33% of 
children after 3 years of normal diet with gluten [24]. 

Refractory CD involves persistent or recurrent 
malabsorptive symptoms and signs with villous atrophy 
despite the patient being on a strict GFD for more than 12 
months. Patients with refractory CD may be negative for 
EMA and anti-TG. If they are antibody positive, then an 
undetected gluten exposure should be excluded. Patients 
with refractory CD are usually adults with typical long-
term symptoms. Two types of refractory CD exist: type I 
with a normal IEL phenotype and type II with clonal 
expansion of an aberrant IEL population. 

4. Diagnosis 
The diagnostic criteria for CD were first published by 

the ESPGAN in 1969. [25] A diagnosis of CD was based 
on three biopsies. In the first biopsy, finding a 
characteristic histological lesion was necessary to 
establish a preliminary diagnosis. Then, a second biopsy 
was performed after the patient had been on a GFD, and 
resolution of the lesions was required. A third biopsy was 
performed after gluten challenge, and finding a new 
histological lesion confirmed the diagnosis. In 1990, the 
diagnostic criteria were modified such that gluten 
challenge was limited to children in whom the first biopsy 
was performed at age less than 2 years, in order to exclude 
other causes of enteropathy. Gluten challenge was also 
used when the initial diagnosis was uncertain [26]. 

In the late 1980s, EMA and anti-TG antibodies were 
discovered, thus fundamentally changing the understanding 
of this disease. [27,28] Since then, both immunoglobulin 
(Ig)A-EMA and IgA-anti-TG were shown to be both 
highly sensitive and specific for CD (> 95%). [6,20] 
Furthermore, correlations between anti-TG levels and 
histopathologic features of CD have been repeatedly 
described in children with high titers of anti-TG, directly 
correlating with villous atrophy. [29,30,31,32] A strong 
association of CD with HLA-DQ2 and HLA-DQ8 was 
also found, with a diagnostic sensitivity of >96%. 
Consequently, a negative HLA-DQ2 and/or HLA-DQ8 
result makes the diagnosis of CD highly unlikely [33]. 

Based on these studies, the ESPGHAN working group 
on CD prepared new guidelines for CD diagnosis. [1] 
According to the new ESPGHAN criteria, diagnosis is 
based on the combined evaluation of symptoms, CD-
specific antibodies, histology, and genetics. In patients 
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who are symptomatic and have anti-TG titers >10 times 
the upper limit of normal and are positive for EMA, a 
biopsy is not needed. Additionally, a positive test for 
HLA-DQ2 and/or HLA-DQ8 is required for the diagnosis 
of CD. A recent study demonstrated the usefulness of 
these new criteria. [34] Similarly, we retrospectively 
found that symptomatic pediatric patients who were 
positive for EMA and had anti-TG antibodies more than 
ten times the upper limit of normal, the specificity for 
Marsh Scores of type 2-3 was 99%. Results revealed that 
intestinal biopsies could be omitted in 28 % of patients 
according to the new ESPGHAN guidelines. Due to the 
high accuracy of serological tests in combination with 
clinical symptoms for the diagnosis of CD, this new 
guideline seems to be applicable even without use of HLA 
testing. The specificity of serological tests in 
asymptomatic individuals was much lower (67%), and it is, 
therefore, always necessary to perform a biopsy. [35] In a 
retrospective, multicenter study in Spain, the authors 
concluded that biopsy could be omitted in 50% of 
symptomatic patients without a risk of overdiagnosis 
(100% specificity), while in asymptomatic patients, 
regardless of serology, a biopsy was mandatory [36]. 

Intestinal biopsy was hitherto the cornerstone for the 
diagnosis of CD, and avoiding this in selected patients is a 
revolutionary change. The new ESPGHAN recommendations 
are therefore not currently accepted without reservations, 
and some authors have provided critical comments. One is 
that there are more than 20 different tests to determine 
anti-TG levels, which can provide substantially varied 
results, and thus, patients may mistakenly be categorized 
into a group in which a biopsy is not deemed necessary. 
[37] One study that discussed the new criteria noted that, 
in patients in whom the diagnosis of CD is performed 
without biopsy and in whom endoscopic procedure is 
avoided, other additional, unexpected diagnoses may be 
missed in > 10 % of symptomatic patients [38] It was 
particularly emphasized that symptomatic patients with 
CD diagnosed without a biopsy must be carefully 
monitored if their symptoms resolved after instituting a 
GFD, and if their symptoms do not resolve, then it is 
necessary to look for other possible diseases [39]. 

Some authors have criticized the recommendation to 
begin HLA testing in asymptomatic subjects in an effort to 
reduce further examinations if HLA-DQ 2/8 is not found. 
[40] Testing these HLA-DQ alleles is expensive, and the 
alleles are common in the general population (20-40%) 
and CD is present in only 1%. Their routine testing is also 
not available worldwide. If patients are aware that CD can 
be diagnosed without the need for biopsy, then some 
patients with suspected CD may refuse to undergo biopsy 
It can be also difficult to explaining to parents that a 
symptomatic child does not require a biopsy while an 
asymptomatic sibling may require one.  

The new recommendations make it obligatory for 
general practitioners to refer a child with a positive anti-
TG test to a pediatric gastroenterologist for the final 
diagnosis of CD. However, there is no guarantee that 
referral always occurs, and if not, then the number of 
incorrect diagnoses may increase. The new 
recommendations provide a new diagnostic opportunity 
but are still not considered as fixed guidelines and are only 
help select serologically well-defined symptomatic 
pediatric patients who do not require biopsy. If a pediatric 

gastroenterologist does not agree with this diagnostic 
procedure or all the necessary tests are not available, a 
biopsy may still be performed to confirm the diagnosis. 

5. Prevention of CD 
Primary prevention focusses on preventing the 

development of CD. Recently, much attention is paid to 
the possibility of primary prevention of CD through early 
nutrition, particularly on the timing and circumstances 
under which gluten is introduced. [41] A meta-analysis of 
observational studies concluded that if an infant was 
breastfed during the introduction of dietary gluten or was 
breastfed for a prolonged duration, the risk of developing 
CD was reduced. Based on previous studies, however, it is 
not clear whether breast-feeding delays the initiation of 
CD symptoms or prevents CD. [42] The difference in CD 
risk between two birth cohorts of comparable age suggests 
an opportunity for primary prevention. [43] Another meta-
analysis evaluating studies that investigated the 
relationship between early nutrition and the risk of CD 
recommended that both early (< 4 months) and late (> 7 
months) introduction of gluten should be avoided, and that 
gluten should be introduced while the infant is still 
breastfed. [44] However, the relationship between breast-
feeding infants and the occurrence of CD remains 
controversial, and only further studies will clarify the 
relationship [42,45,46]. 

Nevertheless, the incidence rates of CD between the 
two birth cohorts differing in infant feeding practices 
(regarding the age for introduction of gluten-containing 
complementary foods and the difference in the proportion 
in infants being introduced to gluten during ongoing 
breastfeeding) were significantly different, indicating that 
early CD can be prevented. [47] The significant reduction 
in prevalence of CD in 12-year-old children suggests that 
the present infant feeding recommendation to gradually 
introduce gluten-containing foods from 4 months of age, 
preferably during ongoing breastfeeding, is favorable [48]. 

The first, prospective population-based birth cohort 
with 107,000 children showed that CD had a high risk 
when gluten introduction was delayed (that is, >6 months) 
as well as when breastfeeding was prolonged (12 months). 
Patients may develop tolerance by the timely introduction 
of gluten, but elucidating the factors involved in the loss 
of tolerance needs future studies [49]. 

Secondary prevention targets early diagnosis of the 
disease with the option of preventing disease progression 
or reducing the severity of symptoms. However, mass 
screening for CD in the general population is not 
recommended primarily because the natural course of CD 
is not well known. Currently, it is not clear whether cases 
found by screening have the same risk for long-term 
complications as clinically diagnosed patients. Similarly, 
it is unclear whether asymptomatic patients should be 
treated, and whether they may find it difficult to adhere to 
GFD. In contrast, the higher incidence of other forms of 
CD than that of classical forms, significant risks 
associated with late diagnosis and therapy in CD 
associated with autoimmune diseases, and severe, CD-
related complications require the introduction of targeted 
screening for CD. Therefore, testing certain groups of 
patients with high risk of CD has been advocated, 
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particularly in patients at risk of disease and risk groups, 
such as those with probable symptoms, autoimmune 
diseases, and other possible complications. Screening is 
also recommended among first-degree relatives of 
individuals with CD, even if they are asymptomatic. 

Mass screening is not recommended owing to the 
above-mentioned reasons and because case finding in 
high-risk groups does not detect all patients with CD, and 
a large proportion of patients remain undiagnosed; therefore, 
the methods for improving this situation are required. One 
solution could be to determine the levels of anti-TG with 
parental consent among children whose blood samples are 
occasionally taken for other reasons [50]. 

The early diagnosis of CD can also be achieved by 
promoting greater awareness among health professionals 
and the public about the disease by using methodological 
protocols in the form of recommendations for all 
physicians and through the early use of serological tests in 
symptomatic patients. The effectiveness of educational 
campaigns was demonstrated in a study in Finland, with 
an estimated CD detection of 70% [51]. 

Tertiary prevention aims to reduce the negative 
impact of already existing diseases. Since GFD reduces 
complications related to this disease, it may be considered 
tertiary prevention. 

6. Treatment 
Strict lifelong GFD involving the complete elimination 

of wheat, rye, and barley is the only casual therapy for CD. 
The clinical response to a GFD in symptomatic patients is 
often dramatic and occurs within few weeks. Mucosa in 
children usually returns to normal after about 6 months. 
However, GFD is a strict regime, which requires lifelong 
exclusion of raw materials, foods, and beverages 
containing gluten. Maintaining a GFD requires a 
significant and permanent change in lifestyle. In this 
situation, any extension in the assortment of raw materials 
by alternative cereal is desirable. For this, oats, which 
increases a diet’s nutritional value, has been considered, 
but their use remains controversial. Contamination of oats 
during production and processing with prolamins of other 
cereals is common and it is essential that patients use only 
uncontaminated oats. Some clinical and experimental 
studies show that 5% of CD patients may not even tolerate 
pure oats, which are labeled gluten free. We recommend 
starting treatment with a strict GFD diet, excluding oats. 
After symptoms disappear and no antibodies specific for 
CD are detected in the serum, gluten-free oats can be 
introduced into the GFD under careful clinical and 
laboratory monitoring. [52] We suggest the need to select 
oat cultivars with low avenin content and to develop 
recombinant oat varieties complying with these 
requirements. Assays for detecting avenins in oat products 
are also needed, and guidelines for the processing of oats 
and manufacture of oat products, as well as 
recommendations for follow-up of patients with CD who 
consume oats are needed [53]. 

Future prospects for the treatment of CD may include 
the production of genetically modified grains without 
biologically active peptide sequences, the development of 
drugs that block tissue transglutaminase or immunomodulate 
antigenic polypeptides, or some other method. 

7. Conclusion 
CD is a common treatable illness with many different 

symptoms and serious complications, with an increasing 
prevalence. Despite this, CD remains significantly 
underdiagnosed in the general population, especially 
among adults. New diagnostic criteria offer the potential 
to omit a diagnostic biopsy in selected symptomatic 
pediatric patients. Significant differences in the prevalence 
of CD between the two cohorts differing in infant feeding 
practice suggest an opportunity for primary prevention. 
Targeted serological screening programs aimed at patients 
at risk and those with diseases, suspicious symptoms, or 
associated autoimmune diseases is the most important 
measure required to improve the present situation, in 
which CD is underdiagnosed. .Case finding in groups of 
patients with high risk for CD is advocated. 
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