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INTRODUCTION

Celiac disease (CD) is a complex and multigenic disorder. This 
condition can affect individuals of all ages. People with CD 
experience an inability to tolerate a protein found in wheat 
(gliadins), rye (secalins), and barley (hordeins). Proteins found 
in wheat, rye, and barley share similar structures, they are 
collectively referred to as gluten. When gluten is consumed, 
the immune system responds by attacking the lining of the 
small intestine. This immune response damages the small 
finger-like projections called villi, which are responsible for 
absorbing nutrients from food. As a result, individuals with 
CD may experience malabsorption of essential nutrients such 
as iron, calcium, vitamins and many more which can affect a 
broad range of conditions that can impact various aspects of 
the body or multiple organ systems. CD is estimated to impact 
around 1% of the global population (Roshan et al., 2011; 
Kochhar et al., 2016).

The symptoms of CD can vary greatly, and some individuals 
may not experience any symptoms at all. Common symptoms 
include diarrhea, bloating, abdominal pain, fatigue, and weight 
loss. In children, the disease can lead to delayed growth and 
development. If left untreated, CD can give rise to serious health 
complications including anemia, osteoporosis, and certain types 

of cancer (Swinson et al., 1983; Logan et al., 1989). Nutrient 
deficiencies caused by the damage to the small intestine may 
make individuals with CD more susceptible to infections and 
other diseases, as the immune system relies on nutrients such 
as iron and vitamins to function properly (Dieterich et al., 1997; 
Fasano & Catassi, 2001).

CD is primarily a genetic disorder, meaning that it arises from 
specific genes inherited from parents. These genes are located 
on chromosome 6 and are known as human leukocyte antigen 
(HLA) genes. Particularly, the HLA-DQ2 and HLA-DQ8 genes 
are strongly associated with CD (Schuppan, 2000; Pozo-Rubio 
et al., 2012). These genes produce proteins that assist the 
immune system in distinguishing between “self” and “non-
self” cells, identifying foreign invaders like bacteria or viruses. 
In people with CD, the proteins produced by the HLA-DQ2 
or HLA-DQ8 genes are more likely to recognize and respond to 
gluten as if it were a foreign invader. However, it’s important to 
note that not all individuals carrying these genes will develop 
CD. In addition to genetic factors, environmental influences 
may also contribute to the development of CD (van Heel et al., 
2007; Lionetti & Catassi, 2011). Factors such as the timing 
of gluten introduction during infancy, breastfeeding, viral 
infections, and the composition of the gut microbiome may 
impact an individual’s risk of developing the disease. Gluten 
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exposure, specifically the amount and duration, can affect the 
severity and progression of the condition. CD can develop at 
any age, but it is most commonly diagnosed in childhood or 
early adulthood (Roehr et al., 2004; Cosnes et al., 2008; Narula 
et al., 2021). Individuals with autoimmune disorders, like 
type 1 diabetes, autoimmune thyroid disease, or autoimmune 
liver disease, have an increased risk of developing CD. The 
gut microbiome, consisting of microorganisms in the gut, can 
influence the immune system’s response to gluten and thereby 
affect the development of CD (de Sousa Moraes et al., 2014). 
Antibiotic use during infancy may also impact the likelihood 
of developing CD (Guidetti et al., 2001; Ouaka-Kchaou et al., 
2008). It’s crucial to recognize that while these factors may 
heighten the risk of developing CD, not all individuals with 
these risk factors will develop the condition. Furthermore, some 
individuals may develop CD without any known risk factors.

What is Gluten?

Gluten is found in grains from the family Gramineae, specifically 
in the subfamily Festucoideae, tribe Triticeae, and subtypes 
Triticinae and Hordeinae. The most commonly consumed grains 
that contain gluten are wheat (genus Triticum), rye (genus 
Secale), and barley (genus Hordeum) (Kasarda et al., 1984). 
Some other grains such as spelt, kamut, triticale, and farro also 
contain gluten (Wolters & Wijmenga, 2008; Lionetti & Catassi, 
2011). Figure 1 explains taxonomic groupings and relation of 
major cereal grains.

Gluten has specific names depending on the cereal it comes 
from, such as gliadin in wheat, hordein in barley, and secalin in 
rye. Despite their different names, these proteins share similar 
structures and properties. Collectively, they are referred to as 
gluten (Fernández et al., 2010; de Sousa Moraes et al., 2014). 
Gluten proteins can be divided into two main groups: gliadin 
and glutenin. Gliadins are soluble proteins, meaning they can 
dissolve in water, they are the smaller of the two proteins and 
are mainly responsible for triggering the immune response in 
individuals with CD or gluten sensitivity (Shan et al., 2002; 
Green & Cellier, 2007). Glutenins, on the other hand, are 
insoluble proteins that form a complex network when mixed 
with water and provide elasticity and strength to the gluten 

structure, which allows bread dough to stretch and rise during 
baking. Both gliadins and glutenins are characterized by high 
levels of the amino acids glutamine and proline (Wieser, 2007).

Pathogenesis of Celiac Disease

In CD, the immune system’s response to gluten involves the 
production of antibodies against gluten. These antibodies can 
be found in the blood as well as in other tissues, such as the 
skin and the small intestine. Unfortunately, these antibodies 
can also attack the body’s tissues, leading to the development 
of other autoimmune disorders.

The small intestine’s lamina propria contains various immune 
cells, including T cells, B cells, macrophages, and dendritic 
cells. These immune cells play crucial roles in both innate and 
adaptive immune responses. They work together to monitor 
the intestinal environment for potential pathogens and 
respond to foreign substances that may be present. In CD, the 
lamina propria experiences inflammation characterized by an 
influx of lymphocytes and plasma cells. This inflammation is 
accompanied by increased production of cytokines, such as 
interferon gamma and interleukin-15, resulting in damage to 
the intestinal lining (Maiuri et al., 2000; Fehniger & Caligiuri, 
2001; Lionetti & Catassi, 2011).

T cells play a key role in the pathogenesis of CD. When gluten is 
ingested in the small intestine, it is broken down into gliadin and 
glutenin. The enzyme tissue transglutaminase (tTG) modifies 
the gliadin peptides through deamidation, a process that 
changes their structure. This modification allows the gliadin 
peptides to bind more strongly to HLA molecules, which are 
responsible for presenting antigens to T cells. In individuals with 
CD, T cells recognize the modified gliadin peptides as foreign, 
triggering an immune response. The immune response involves 
the activation of T cells, which release cytokines. Cytokines 
are chemical messengers that attract other immune cells to 
the site of the reaction. The activated T cells also proliferate 
and differentiate into effector cells, producing different types 
of interferons, cytokines, and tumor necrosis factor (Schuppan 
et al., 2009; Pender et al., 1997). These substances contribute 
to inflammation and tissue damage.

Figure 1: Taxonomic Groupings and Relation of Major Cereal Grains
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B cells are stimulated by the T cell activation to produce 
antibodies against gliadin. These antibodies, including 
anti-gliadin, anti-endomysial, and tTG antibodies, are 
characteristic markers of CD (Dieterich et al., 1997; Di 
Sabatino & Corazza, 2009). These antibodies can further 
contribute to tissue damage by forming immune complexes 
that deposit in the small intestine. Additionally, these 
autoantibodies can be used for diagnostic purposes and may 
play a role in the development of the disease. Pathogenesis 
of CD is explained in Figure 2.

In addition to triggering the adaptive immune response, 
gluten can also activate the innate immune response. 
Immune cells, such as natural killer cells, macrophages, and 
eosinophils, present in the lining of the small intestine, also 
contribute to the immune response. They release additional 
cytokines and chemical mediators that further promote 
inflammation and tissue damage. Over time, the immune 
response in CD leads to villous atrophy and structural 
changes in the small intestine. These changes impair nutrient 
absorption and exacerbate symptoms. It is important to note 
that genetic factors, particularly the presence of specific 
HLA-DQ molecules, known as HLA-DQ2 and HLA-DQ8, 

play a significant role in the development of CD. However, 
not all individuals with these genetic susceptibilities develop 
CD, suggesting that other factors are involved. Further 
research is needed to understand how genes interact with 
other factors to contribute to the development of this 
complex disorder.

Types of Celiac Disease

Celiac disease can be classified into different subgroups based 
on the variety of symptoms exhibited by individuals and 
the results obtained from laboratory findings as explain in 
Table 1.

Classical (typical form) CD

The classical form of CD usually develops between 6 and 
24 months of age. It is characterized by villous atrophy and 
symptoms related to intestinal malabsorption. Common 
findings in this form of CD include chronic diarrhea, anemia, 
impaired growth, abnormal stools, abdominal distension, muscle 
wasting, hypotonia, poor appetite, and unhappy behavior 
(Dewar & Ciclitira, 2005).

Figure 2: Pathogenesis of Celiac Disease- Undigested gluten peptides to reach the lamina propria. There tissue transglutaminase modifies the 
gluten peptides and presented to HLA in antigen-presenting cells leading to specifically B cell and Effector cell immune responses. These immune 
responses lead to the production of antibodies and inflammation in the mucosal lining of the intestine
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Non-classical (Atypical form) CD

Non-classical forms of CD are characterized by a prevalence of 
extra-intestinal symptoms, often with few or no gastrointestinal 
symptoms. They are commonly seen in older children and 
adults. The symptoms and manifestations of atypical CD can 
vary widely and affect various organ systems. Some common 
features include recurrent abdominal pain, nausea, vomiting, 
bloating, dental enamel defects, recurrent aphthous stomatitis, 
isolated increase in liver enzymes, anemia (particularly iron 
deficiency anemia), dermatitis herpetiformis (a blistering skin 
disease), short stature, arthritis and arthralgia, chronic hepatitis 
and elevated liver enzymes, osteoporosis, neurological problems, 
delayed onset of puberty, recurrent miscarriage, reduced fertility, 
and reduced bone mineral density (Lionetti & Catassi, 2011; 
Parzanese et al., 2017).

Refractory CD

The refractory form of CD refers to a condition where 
individuals continue to experience malabsorptive symptoms 
and have persistent villous atrophy in the small intestine 
despite following a strict gluten-free diet for at least one year. 
It is estimated that approximately 5% to 30% of individuals 
with refractory CD do not respond to the gluten-free diet 
(Green & Cellier, 2007; Kochhar et al., 2016), while others may 
initially respond but later experience a recurrence of symptoms 
and intestinal damage. There are two recognized subtypes of 
refractory CD based on the characteristics of intraepithelial 
lymphocytes in the small intestine.

Type 1 refractory CD, is characterized by a normal count of 
intraepithelial lymphocytes. In this subtype, although the 
symptoms and villous atrophy persist, there are no abnormal 
cell populations observed. Type 1 refractory CD can often be 
managed with medications and other treatment approaches 
(Freeman et al., 2011; Lähdeaho et al., 2014).

Type 2 refractory CD, on the other hand, involves the presence 
of aberrant or abnormal intraepithelial lymphocytes in the 
small intestine. In celiac disease, T-cells react to gluten, causing 
intestinal damage. With a gluten-free diet, this damage usually 
heals. In Type 2 refractory CD, T-cells are activated without 

gluten, and intestinal damage persists even without gluten 
consumption. This subtype carries a higher risk of developing 
into a type of lymphoma, a cancer of the lymphatic system 
(Cellier et al., 2000; Jabri et al., 2005).

Asymptomatic (silent form) CD

This type refers to a form of the condition where individuals do 
not exhibit the typical symptoms associated with celiac disease 
such as diarrhea, abdominal pain, and weight loss, but still 
have the characteristic small intestine damage when gluten is 
consumed. They are still at risk for the long-term complications 
of CD, including nutritional deficiencies, osteoporosis, and 
an increased risk of certain autoimmune conditions and 
malignancies.

Potential CD

Potential CD refers to individuals who have not been diagnosed 
with CD but display certain indications that suggest a potential 
risk for developing the condition. These individuals typically 
have the appropriate genetic background associated with CD, 
specifically the presence of HLA genotypes HLA-DQ2 and/or 
HLA-DQ8, which are known to be associated with increased 
susceptibility to CD (Parzanese et al., 2017). In addition 
to the genetic markers, individuals with potential CD also 
exhibit positive serology. This means that they have detectable 
antibodies in their blood that are commonly associated 
with CD, such as anti-tissue transglutaminase antibodies 
and/or anti-endomysial antibodies (EMA) (Di Sabatino & 
Corazza, 2009). The presence of these antibody tests is used 
to screen for CD and can indicate an immune response to 
gluten. However, despite having a genetic predisposition 
and positive serology, the histological examination of their 
intestinal mucosa appears normal or only mildly abnormal. 
The presence of normal or mildly abnormal histology means 
that the microscopic examination of the intestinal tissue does 
not show the characteristic damage associated with CD, such 
as villous atrophy or significant inflammation. Individuals with 
potential CD may or may not experience symptoms related 
to gluten consumption. Some may have gastrointestinal 
symptoms, while others may be asymptomatic (Lionetti & 
Catassi, 2011).

Table 1: Types of Celiac Disease and Their Respective Symptoms
Type of CD Typical Symptoms Atypical or Extraintestinal 

Symptoms
Other Characteristics

Classical CD Diarrhea, Abdominal pain, Bloating, Weight 
loss, Fatigue

Nutritional 
deficiencies (e.g. iron, calcium, 
vitamin D, B12)

Most common type

Non‑classical CD Anemia, Osteoporosis, Neuropathy, Skin rash, Headaches or migraines, 
depression or anxiety, infertility

Symptoms may not involve the 
gastrointestinal tract

Refractory CD Persistent gastrointestinal symptoms, Weight 
loss, Malnutrition

Nutritional deficiencies, 
abdominal distention, anemia

Rare and severe, may require 
more aggressive treatment

Asymptomatic or 
silent CD

No apparent symptoms, but Iron Deficiency, 
Behavioral Disturbances, Impaired physical 
fitness, and reduced bone mineral density

Positive CD serology, intestinal 
damage on biopsy

May be discovered incidentally 
during screening or biopsy

Potential CD No symptoms or Mild gastrointestinal 
symptoms

Positive CD serology, no 
intestinal damage on biopsy

May require monitoring or a 
gluten‑free diet
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Complications and Related Diseases Associated with 
Celiac Disease

CD is an autoimmune disorder that affects the small intestine. 
However, several other conditions are commonly associated with 
CD. One condition that is closely related to CD is dermatitis 
herpetiformis. Dermatitis herpetiformis is a type of blistering 
skin disease characterized by the presence of immunoglobulin 
A(IgA) deposits in the skin (Fry, 1995; Zone et al., 1996). It is 
now considered a variant of CD. While dermatitis herpetiformis 
does not typically cause intestinal symptoms, most patients 
with this skin condition have some degree of enteropathy 
(inflammation of the small intestine) when a biopsy is taken 
(Jaskowski et al., 2009). The rash associated with dermatitis 
herpetiformis is often found on the elbows, knees, and buttocks.

CD and type 1 diabetes are closely associated with autoimmune 
disorders that affect the pancreas and cause the body to produce 
little or no insulin (Kumar et al., 2001; Mahmud et al., 2005; 
Parzanese et al., 2017). Research has shown that individuals with 
type 1 diabetes have a 5- to 10-fold higher risk of developing CD 
compared to the general population, especially in children. This 
increased risk is partly due to shared genetic factors, particularly 
the HLA genes. Approximately 5% to 10% of individuals with 
type  1 diabetes have CD-related antibodies, and up to 75% 
of them show abnormalities in the small intestine (Nepom 
& Kwok, 1998; Hummel et al., 2000). On the other hand, 
individuals with CD also have an increased risk of developing 
type 1 diabetes. The association between these two conditions 
is well-established, and individuals with CD need to be aware 
of the heightened risk of developing type 1 diabetes.

The relationship between CD and osteoporosis is closely linked. 
Osteoporosis and its precursor, osteopenia, are commonly seen 
in individuals with CD due to malabsorption of vitamin D 
(Mora et al., 1999; Fouda et al., 2012). Approximately two-thirds 
of patients with CD may develop osteoporosis or osteopenia 
(Meyer et al., 2001). CD affects the small intestine, leading to 
damage to the intestinal lining and impairing the absorption 
of important nutrients, including vitamin D. Vitamin D plays 
a crucial role in maintaining bone health by promoting calcium 
absorption and regulating bone metabolism. Deficiency in 
vitamin D can lead to decreased calcium absorption and 
impaired bone mineralization, contributing to the development 
of osteoporosis (Sategna-Guidetti et al., 2000).

Additionally, CD can lead to iron deficiency anemia, a condition 
in which there are too few red blood cells in the body, which can 
lead to fatigue, weakness, and other symptoms. Iron deficiency 
anemia is a common symptom of CD. It may be the only sign of 
the disorder and is often unresponsive to oral iron supplements.

CD and thyroid disorders, particularly autoimmune thyroid 
diseases like Hashimoto’s thyroiditis and Graves’ disease, are 
associated with each other (Stazi & Trinti, 2010; van der Pals et al., 
2014). CD involves the immune system mistakenly attacking the 
small intestine in response to gluten, while autoimmune thyroid 
diseases involve the immune system attacking the thyroid gland. 

Individuals with CD have a higher likelihood of developing 
thyroid disorders, and it is recommended to screen both CD 
patients for thyroid abnormalities and vice versa. Genetic 
factors, specifically HLA-DQ2 haplotypes, are shared between 
CD and Hashimoto’s thyroiditis (Nepom & Kwok, 1998; 
Kumar et al., 2001; Bluestone et al., 2015). Selenium deficiency 
resulting from abnormal absorption in CD may contribute to 
thyroid and intestinal damage, as the thyroid is sensitive to 
selenium deficiency. Monitoring growth, pubertal status, and 
CD markers is important in individuals with autoimmune 
thyroid disease. Screening for thyroid abnormalities is suggested 
in some cases for individuals with CD.

Liver abnormalities are a common occurrence in individuals 
with CD. When people are diagnosed with CD and show 
typical symptoms, around 40% of adults and 54% of children 
have elevated levels of liver enzymes, a condition known 
as hypertransaminasemia. Conversely, the CD is found 
in about 9% of patients who have chronic unexplained 
hypertransaminasemia (Rubio-Tapia & Murray, 2007). The 
mechanism behind liver damage in CD is believed to involve 
the entry of toxins, inflammatory molecules, and antigens into 
the portal circulation. It has been suggested that individuals 
with persistent hypertransaminasemia of unknown cause 
should undergo serological screening for CD. Additionally, it 
is important to exclude gluten-related liver damage in patients 
with autoimmune liver disorders or severe liver diseases of 
unknown etiology, as well as in those who are being considered 
for liver transplantation. Prolonged exposure to gluten in 
individuals with undiagnosed CD can lead to chronic hepatitis 
and liver cirrhosis. Therefore, it is crucial to consider CD as a 
potential underlying cause of liver abnormalities, and screening 
for CD should be conducted in relevant patient populations.

Individuals with CD have an increased risk of developing 
certain malignancies particularly those of the gastrointestinal 
tract (Swinson et al., 1983; Summaries for patients, 2013). 
The most common malignancies associated with CD are 
enteropathy-associated T-cell lymphoma, a type of non-Hodgkin 
lymphoma, and small bowel adenocarcinoma (Elfström et al., 
2012). Other malignancies that have been reported to be more 
frequent in individuals with CD include esophageal cancer, 
gastric cancer, pancreatic cancer, thyroid cancer, malignant 
melanoma and hepatocellular carcinoma (Lebwohl et al., 2014). 
The risk of developing malignancies in individuals with CD is 
thought to be related to chronic inflammation and immune 
dysfunction associated with the disease. Therefore, individuals 
with CD need to receive appropriate medical care and regular 
monitoring for the development of malignancies. Compliance 
with a strict gluten-free diet has been shown to reduce the risk 
of malignancies in individuals with CD.

There is growing evidence suggesting a potential association 
between CD and various neurological disorders. However, the 
available data on this topic are still limited. One neurological 
disorder that has been linked to CD is ataxia, which is 
characterized by a loss of coordination (Pellecchia et al., 
1999). Additionally, epilepsy is the most common neurological 
condition among individuals with CD, with a prevalence 
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ranging from 1.2% to 5%. The clinical presentation of epilepsy in 
association with CD can vary, ranging from focal to generalized 
seizures, with different outcomes and responses to a gluten-free 
diet. In some cases, a specific syndrome called CD, epilepsy, 
and occipital calcifications have been described. It is believed 
that the HLA genotype associated with CD also predisposes 
individuals to occipital calcifications (Gobbi, 2005). CD 
can also manifest with other neurological symptoms such as 
headaches, peripheral neuropathy (nerve damage affecting the 
extremities), and behavioral changes. It has been observed that 
gluten sensitivity is common among patients with neurological 
disorders of unknown cause.

Lactose intolerance: CD can damage the lining of the small 
intestine, which can make it more difficult for the body to 
digest lactose, a sugar found in dairy products. Short stature 
is a symptom of CD that is common in some older children 
and adolescents. Up to 10% of those with idiopathic short 
stature may have CD (Groll et al., 1980; Cacciari et al., 1983) 
Patients with this symptom may have significantly impaired 
bone age and growth velocity. Some may also have reduced 
growth hormone production, which typically returns to 
normal after they adopt a GFD. Dental enamel hypoplasia 
is a condition in which the teeth have less enamel than 
normal. It is found in up to 30% of untreated CD patients 
(Swinson et al., 1983).

Arthritis and arthralgia are joint symptoms that are reported 
in 1.5% to 7.5% of patients with rheumatoid arthritis (George 
et al., 1996; Mahadev et al., 2018). In some cases, these 
symptoms are the only sign of CD, and they improve when 
a GFD is adopted. Other extragastrointestinal symptoms of 
CD include delayed onset of puberty, recurrent abortions, 
and reduced fertility (Farthing et al., 1983). Women with 
CD have a higher risk of abortion than healthy individuals. If 
left untreated, CD can lead to a range of complications and 
health problems, including malnutrition, anemia, infertility 
and miscarriage, intestinal cancer, neurological problems, and 
other autoimmune disorders. Compliance with a strict gluten-
free diet has been shown to reduce the risk of malignancies 
in individuals with CD. However, it’s important to note that 
not everyone with CD will develop these conditions, and the 
severity and presentation of symptoms can vary widely between 
individuals.

Diagnostic Methods for Celiac Disease

Serological tests

It plays a crucial role in the diagnosis of CD by examining the 
presence of specific antibodies in a patient’s blood. These tests 
help identify individuals who may have an immune response to 
gluten proteins, indicating the likelihood of CD. Here are some 
key points regarding serological tests for CD:

IgA anti-tissue transglutaminase antibodies

This test is considered the most effective serological test for CD. 
It detects the presence of IgA antibodies against tTG using an 

enzyme-linked immunosorbent assay (ELISA). Elevated levels 
of tTG antibodies are highly indicative of CD (Fasano, 1999; 
Sblattero et al., 2000).

IgA anti-endomysial antibodies (IgA EMA)

In cases where tTG antibodies are positive, IgA EMA antibodies 
are used as a confirmatory test. IgA EMA antibodies are specific 
to the endomysium, a connective tissue component, and their 
presence further supports the diagnosis of CD (Green & Cellier, 
2007; Lionetti & Catassi, 2011; Parzanese et al., 2017)

tTG-IgG testing

When individuals have a deficiency in IgA antibodies, which 
can occur in a small percentage of CD patients, IgA-based 
tests may yield false negative results. In such cases, tTG-IgG 
testing is recommended to ensure accurate diagnosis. This test 
detects Immunoglobulin G (IgG) antibodies against tissue 
transglutaminase (Kumar et al., 2001).

Anti-gliadin antibodies

Traditional anti-gliadin antibodies are no longer recommended 
as their accuracy is relatively low, except in younger children. 
They have been replaced by more reliable tests such as IgA tTG 
antibodies and IgA EMA (Dieterich et al., 1997; Rubio-Tapia 
et al., 2013).

Deamidated gliadin peptides

Deamidated gliadin peptides are a newer type of immunoassay 
that has replaced the use of anti-gliadin antibodies. These tests 
have shown improved accuracy and sensitivity in detecting CD 
(Kumar et al., 2001; Parzanese et al., 2017).

It’s important to note that serological tests are usually performed 
in conjunction with other diagnostic evaluations, such as 
genetic testing and duodenal biopsy, to establish a definitive 
diagnosis of CD.

Biopsy

The most reliable method for diagnosing CD is through a 
duodenal biopsy. This procedure involves taking a small tissue 
sample from the lining of the duodenum, which is the first 
part of the small intestine. The tissue sample is then examined 
under a microscope to assess the histologic features, providing 
important diagnostic information. During the histologic 
examination, the pathologist looks for specific changes that are 
indicative of CD. These changes may include:

Flattening of Intestinal Villi: In a healthy intestine, the 
surface area for nutrient absorption is increased by finger-like 
projections called villi. In CD, the villi may appear flattened or 
blunted, reducing the absorptive surface area. This flattening 
is one of the key features observed in the biopsy (Villanacci 
et al., 2011).
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Crypt Hyperplasia: Crypts are small, tube-like structures located 
between the villi. In CD, the crypts may appear enlarged or 
hyperplastic. This change is often seen in conjunction with 
villous flattening (Fouda et al., 2012).

Infiltration of Lymphocytes: The lamina propria, a layer of tissue 
beneath the surface epithelium, may show an increased number 
of lymphocytes. Lymphocytes are a type of white blood cell 
involved in the immune response. Their presence in the lamina 
propria is a characteristic finding in CD (Kochhar et al., 2016).

By examining these histologic features, a pathologist can 
confirm or rule out a diagnosis of CD. It’s important to 
note that the duodenal biopsy is typically performed after 
positive serologic testing for CD, which includes blood tests 
for antibodies associated with the disease. The combination 
of serologic testing and histologic examination of the biopsy 
provides a more definitive diagnosis. It’s worth mentioning that 
the biopsy findings can vary in their severity and extent among 
different individuals. Some individuals may show severe damage 
to the villi, while others may have milder changes. The degree 
of histologic abnormalities can also correlate with the duration 
and severity of the disease.

Genetic testing

For HLA-DQ2 and HLA-DQ8 is a valuable tool in the diagnosis 
of CD, especially in cases where there is discordance between 
serologic tests and histopathological findings. If one type of 
test is positive (either serologic or histologic) and the other 
is negative, genetic testing can help clarify the diagnosis. 
A negative genetic test for HLA-DQ2 and HLA-DQ8 makes 
CD highly unlikely, as these genetic markers are present in the 
majority of individuals with the condition (Hadithi et al., 2007; 
Catassi & Fasano, 2010). HLA testing can also be useful for 
ruling out CD in family members of celiac patients. Genetic 
testing is particularly useful in certain scenarios. For example, 
if a patient is already following a gluten-free diet before seeking 
medical evaluation and has not undergone prior testing for 
CD, a negative genetic test for HLA-DQ2 and HLA-DQ8 
suggests that CD is unlikely to be the cause of their symptoms. 
However, it’s important to note that a positive genetic test alone 
is not sufficient to diagnose CD definitively. It indicates the 
presence of genetic susceptibility to the condition but does not 
differentiate between CD and non-celiac gluten sensitivity. If 
the genetic test is positive, further testing is necessary to confirm 
the diagnosis. This typically involves a gluten challenge.

Gluten challenge

It is a diagnostic procedure that involves reintroducing gluten 
into the diet of individuals suspected of having CD. It is 
conducted when serologic and genetic testing is inconclusive 
and aims to assess the response to gluten consumption and the 
recurrence of symptoms. The duration of the gluten challenge 
may vary, and it should be performed under the supervision 
of a healthcare professional. During a gluten challenge, the 
patient is instructed to consume foods that contain gluten, 
such as wheat, barley, and rye, for a specific period. Ideally, the 

duration of the gluten challenge is 8 weeks, as this allows for 
a sufficient amount of time to assess the response to gluten. 
However, in cases where longer consumption of gluten is not 
tolerable for the patient, a minimum period of 2 weeks may be 
considered. The purpose of the gluten challenge is to observe 
if the reintroduction of gluten triggers the return of symptoms 
associated with CD. If the patient experiences a recurrence 
of symptoms, it provides supportive evidence for a diagnosis 
of CD.

Stool tests

These tests can detect elevated levels of fat in the stool, which 
can be a sign of malabsorption due to CD.

Imaging tests

Imaging tests such as a small bowel series or abdominal CT 
scan may be used to look for signs of intestinal damage or 
inflammation.

Endoscopy with capsule endoscopy

This test involves swallowing a small capsule that contains a 
camera, which takes pictures of the small intestine as it passes 
through the digestive tract. This can be useful in detecting areas 
of damage or inflammation that may be missed by traditional 
endoscopy.

Individuals should not start a gluten-free diet before being 
tested for CD.

Doing so can lead to false negative results and make it more 
difficult to diagnose the condition.

Treatments for Celiac disease

The primary treatment for CD is a gluten-free diet. This means 
avoiding all foods and products that contain gluten, which 
is a protein found in wheat, barley, and rye, as well as any 
products made with these grains. When individuals with CD 
follow a gluten-free diet, they typically experience significant 
improvements in their symptoms. Here are the key points 
regarding the benefits of a gluten-free diet: a) Abdominal Pain 
Improvement: Many patients with CD experience abdominal 
pain as one of their symptoms. After starting a gluten-free diet, 
most patients report a noticeable improvement in abdominal 
pain within just a few days. This rapid response is encouraging 
and reinforces the importance of dietary management (Murray 
et al., 2004). b) Diarrhea Improvement: Diarrhea is another 
common symptom of CD caused by the malabsorption of 
nutrients in the small intestine. With the elimination of gluten 
from the diet, the intestinal lining begins to heal, and the body 
becomes better able to absorb nutrients properly. As a result, 
diarrhea typically improves within a few weeks of starting a 
gluten-free diet. It’s worth noting that the timeline for symptom 
improvement may vary among individuals. While some people 
may experience rapid relief, others may require more time for 
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their symptoms to subside. The extent of intestinal damage and 
individual differences can influence the rate of improvement.

Adhering to a gluten-free diet requires strict avoidance of 
gluten-containing foods and ingredients. This involves careful 
reading of food labels, selecting naturally gluten-free foods, 
and being aware of hidden sources of gluten in processed 
foods and cross-contamination risks in food preparation. It 
is important to work with a healthcare professional and a 
registered dietitian to develop a well-balanced gluten-free diet 
that meets all the nutritional needs. This can involve replacing 
gluten-containing products with gluten-free alternatives. There 
are now many gluten-free alternatives available for individuals 
with CD, including gluten-free bread, pasta, flour, and baked 
goods. It is important to choose products that are fortified 
with key nutrients and that are free from other potential 
allergens or intolerances. In addition to a gluten-free diet, the 
healthcare provider may also recommend vitamin and mineral 
supplements, such as iron, calcium, vitamin D, vitamin B12, 
and folate, to address any deficiencies that may have developed 
due to malabsorption (Hopman et al., 2006; Freeman et al., 
2011). It’s important to note that strict adherence to a gluten-
free diet is necessary to manage CD and prevent complications. 
Even small amounts of gluten can cause damage to the small 
intestine and lead to symptoms and long-term complications. 
In rare cases where a strict gluten-free diet is not effective in 
managing symptoms or complications, other treatments such as 
medications or additional interventions may be recommended 
by a healthcare professional. The examples of gluten containing 
and gluten free products are listed in Table 2.

The gut microbiome, which refers to the complex community 
of microorganisms that inhabit the digestive tract, may play 
an important role in the recovery and management of CD. 
Researches (Turnbaugh et al., 2009; Kau et al., 2011; de 
Sousa Moraes et al., 2014) have shown that individuals with 
CD may have an altered gut microbiome compared to those 
without the condition. Specifically, there may be a reduction 

in beneficial bacteria and an increase in potentially harmful 
bacteria in the gut. Studies have also suggested that changes 
in the gut microbiome may contribute to the development 
and progression of CD, as well as associated conditions such as 
irritable bowel syndrome. The gut microbiota may play a role 
in the pathogenesis and management of CD. gut microbiota 
can modulate the immune response to gluten and influence 
the severity of CD. Certain strains of bacteria have been 
shown to degrade gluten peptides, potentially reducing the 
immunogenicity of gluten, and decreasing the inflammatory 
response in the gut (Sommer et al., 1987; Wu et al., 2010). The 
probiotic VSL#3 appears to have a protective effect by mitigating 
the abnormal response to gliadin in celiac disease. Gliadins 
treated with the probiotic VSL#3 were found to decrease the 
activation of zonulin release, cytoskeleton reorganization, and 
intestinal permeability compared to non-hydrolyzed wheat 
gliadins. Probiotic bacteria in VSL#3 enhanced tight junctions 
in intestinal cells, preventing the dissolution of tight junctions 
and redistribution of zonulin-1, which are associated with 
increased permeability.VSL#3 preparation influences T cell 
activation and the immune response in the small intestine, 
reducing the infiltration of CD3+ intraepithelial lymphocytes. 
Modifying the gut microbiome through interventions such as 
probiotics, prebiotics, and dietary changes may have potential 
benefits in the management of CD. Probiotics may help to 
restore a healthy balance of gut bacteria, while prebiotics may 
promote the growth of beneficial bacteria (De Angelis et al., 
2006; Lindfors et al., 2008).

CD is currently treated with a life-long gluten-free diet, which 
usually results in clinical improvement within a few weeks, 
and the mucosal damage recovers in 1-2 years (Guidetti et al., 
2001; Cosnes et al., 2008). However, the gluten-free diet may 
be difficult to follow, and even products specifically targeted to 
dietary treatment of CD may contain tiny amounts of gluten 
proteins. Refractory CD is a form of the disease that may require 
corticosteroids and other immunosuppressant drugs, which can 
improve clinical symptoms in most patients, but not in all cases 

Table 2: Examples of Gluten‑Containing and Gluten‑Free Products
Food and food products that contain gluten Foods that are naturally gluten‑free

Wheat (including spelt, kamut, and farro)
Barley
Rye
Triticale (combination of wheat and rey)
Semolina
Farina
Bread, pasta, and baked goods made from wheat flour
Beer and other malt beverages
Cereals and granolas that contain wheat, barley, or rye
Processed foods that contain wheat, barley, or rye as  
an ingredient, such as soups, sauces, and salad dressings
Croutons and breadcrumbs
Couscous
Bulgur
Seitan (wheat meat)
Soy sauce and other sauces that contain wheat
Some types of vinegar, such as malt vinegar
Some types of food starch, such as modified food starch
Some types of flavorings and spices, such as seasoning 
mixes and spice blends that contain wheat, barley, or rye

Fruits and vegetables
Fresh meats, fish, and poultry (without added marinades or seasonings)
Eggs
Dairy products (without added flavors or thickeners)
Beans and legumes (chickpeas, lentils, kidney beans, etc.)
Nuts and seeds (almonds, walnuts, sunflower seeds, etc.)
Gluten‑free grains (rice, amaranth, sorghum millet quinoa, etc.)
Gluten‑free flours and starches (potato starch, tapioca starch, cornstarch, etc.)
Gluten‑free pasta (made from rice, corn, or quinoa)
Gluten‑free breads and baked goods (made from gluten‑free flours)
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(Logan et al., 1983; Green & Cellier, 2007). Gluten-degrading 
enzymes have been proposed to accelerate gluten digestion in 
the gastrointestinal tract and destroy T-cell epitopes, and two 
drug candidates, ALV003 and AN-PEP, are undergoing clinical 
trials (Fasano et al., 2008; Siegel et al., 2012). Modified grains 
can be developed to silence immunostimulatory sequences, and 
a zonulin inhibitor, larazotide (AT-1001), has shown promise in 
clinical trials (Setty et al., 2008; Schuppan et al., 2009; Lionetti 
& Catassi, 2011). Rho/Rho kinase inhibition may reverse the 
gluten-dependent increase in intestinal permeability in these 
patients (Utech et al., 2005). Immunotherapy is also being 
investigated, and IL-15 blocking antibodies have shown promise 
in inducing intra-epithelial lymphocytes apoptosis in the 
intestinal epithelium of human IL-15 transgenic mouse models 
(Green & Cellier, 2007; Rashtak & Murray, 2012). A lot of work 
and study should be done in these areas because focusing simply 
on a gluten-free diet won’t benefit people with CD because 
obtaining a gluten-free diet involves several criteria, including 
availability, economy, and contamination. Yet even if you follow 
a gluten-free diet, a gluten-free diet alone may not be sufficient 
to treat all forms of celiac disease, such as refractory CD.

CONCLUSION

CD is a multifaceted disorder that is associated with a range of 
other diseases, making it challenging for individuals to recognize 
their condition. In this condition, the lining of the intestine, 
which houses approximately 70% of the body’s immune cells, 
undergoes damage. As a result, the absorption of nutrients is 
impaired, leading to diverse immune responses. When nutrition 
absorption is compromised, the body does not receive the 
necessary nutrients required for optimal performance. This 
deficiency in nutrients such as B12, iron, magnesium, and others 
hinder the body’s ability to function normally. Consequently, 
a variety of hormones and body parts are adversely affected, 
resulting in many health conditions such as mental disorders, 
thyroid disorders, osteoporosis, infertility, and more. The 
intestine lining triggers immune responses that contribute to 
the development of autoimmune disorders linked to CD. These 
immune responses extend beyond gluten-specific reactions and 
produce different antibodies. These antibodies not only cause 
intestinal damage but also activate interleukins, tumor necrosis 
factors, and cytokinins, leading to effects that surpass the 
intestine lining. Consequently, CD is not solely an autoimmune 
disorder; it extends to other areas and is associated with various 
tumor and cancers. Individuals with CD have an increased risk 
of developing certain types of cancer, particularly lymphomas 
and gastrointestinal cancers. The underlying mechanisms for 
this association are not fully understood, but it is believed to be 
related to the chronic inflammation and immune dysregulation 
present in CD. Regular monitoring and early detection of 
cancer are important for individuals with CD to manage their 
health effectively. Therefore, CD is not limited to being an 
autoimmune disorder but has far-reaching implications.

That’s why there is a pressing need to raise awareness about 
CD and its potential complications. It is crucial to emphasize 
the importance of educating people about CD and its various 

manifestations. Furthermore, there is a critical need to promote 
awareness about the diagnostic tests available for CD. It is 
imperative that individuals suspected of having CD undergo 
proper diagnostic testing before initiating a gluten-free diet 
or any other precautionary measures. Starting a gluten-free 
diet without a confirmed diagnosis may lead to false-negative 
results and hinder accurate identification of the condition. 
Therefore, it is essential to prioritize diagnostic tests as the 
initial step in managing CD. Once an individual has been 
positively diagnosed with CD, it is of utmost importance 
to take the prescribed treatment and precautions seriously. 
Adhering to a strict gluten-free diet (GFD) becomes essential 
to avoid the adverse consequences associated with CD. Gut 
microbiota has been found to play a significant role in the 
recovery and management of celiac disease (CD). Probiotics 
and prebiotics are beneficial substances that can positively 
influence the composition and activity of the gut microbiota. 
Immunotherapy, enzyme therapy and vaccines are among the 
areas of active investigation. These emerging approaches offer 
hope for more effective management and treatment options 
for individuals living with celiac disease. Neglecting or leaving 
CD untreated can result in severe complications and worsen 
the overall health condition.
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