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Abstract
Celiac disease (CD) is an immune-mediated enteropathy correlated to the gluten ingestion in genetically predisposed subjects. The current
and only therapy is a Gluten Free Diet (GFD). In recent years, new therapies and complementary strategies are being studied, including the
modulation of the intestinal microbiome. The gut microbiota is involved in the onset and perpetuation of intestinal inflammation of various
chronic bowel diseases, including CD. Intestinal dysbiosis has been reported in not treated or treated (with the GFD) celiac individuals, compared
to healthy ones. Numerous studies have identified different bacterial clusters associated with CD. However, it’s still unclear whether gut dysbiosis
is the cause or effect of CD.
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Introduction
Celiac disease (CD) is an immune-mediated enteropathy
triggered by the ingestion of gluten, in genetically predisposed
individuals (positive for HLA DQ2 / DQ8 haplotype) [1]. Globally,
the prevalence of CD has increased considerably, in North America
it increased in tandem with inflammatory bowel diseases [2].
In recent decades, population based studies have confirmed
that CD was also common in non-European countries with a
predominantly Caucasian population, such as in the United States
[3], Australia [4] and some Latin American countries including
Peru, Argentina and Brazil [5]. Studies carried out in the Middle
East and Southeast Asia [6], show a similar prevalence [7]. It’s
important to specify that other elements are involved in the
CD etiopathogenesis, such as the environmental factors. For
this reason, only 30% of genetically predisposed subjects will
develop CD. Globally, there is a prevalence of 1-2% [1] while in
Italy a slightly lower but still significant prevalence is observed.
For this reason, in 2001 CD has been added in the list of “social”
diseases. A recent study shows an estimated Italian prevalence
of 1.58%, significantly higher than in previous years [8]. In fact,
around 10,000 new cases are diagnosed every year. Furthermore,
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a very interesting data is observed: 4 out of 6 patients are
not aware that are celiac. CD typically has symptoms mainly
linked to gut malabsorption such as nausea, vomiting, diarrhea,
steatorrhea and constipation [9]. In recent years, there has been
a change in the CD symptoms, in fact the “non-specific” forms are
more frequent. The latter have very heterogeneous symptoms,
defined as “extraintestinal” characterized by: weight loss [10],
asthenia, chronic fatigue [11], headache [12], inappetence, short
stature [13], delayed puberty [14], osteoporosis [15], infertility
and abortion [16], asthma, dermatitis herpetiformis and others
[17]. Among the extraintestinal symptoms we also find oral
manifestations, such as recurrent aphthous stomatitis, enamel
defects, glossitis and cheilitis [18-20]. The classic CD form has a
typical symptomatology that doesn’t pose diagnostic problems
and allows a timely implementation of a “gluten free” diet
(GFD), which is the only therapy that causes disease regress and
avoids the onset of possible complications [21]. Conversely, the
undiagnosed forms can progress and present various associated
pathologies such as T-cell lymphoma [22], aplastic anemia [23],
encephalitis [24] and vasculopathies [25].
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Therefore, it’s evident that the focus of the disease is early
diagnosis. In the child, one of the most complications are the
growth slowing, so an early diagnosis is essential to allow the child
to express all the height that he can genetically reach. Diagnosis
must be made within 8/9 years, because growth potential is lost
beyond this age [1,26]. Thanks to recent epidemiological studies
and contrary to the original paradigm, it is now established
that CD can present at any age with a wide range of intestinal
and extraintestinal symptoms. Its prevalence, as in many other
autoimmune diseases often found together with CD, has increased
over time, especially in geographic regions characterized
by a Western lifestyle. Initially, it was hypothesized that this
phenomenon was secondary to the time of the gluten introduction
at weaning, although several prospective studies that have
monitored the child from birth, have challenged this premise by
showing that neither the delayed nor early introduction of gluten,
modify the CD risk [27-29]. In recent years, attention has been
focused on the correlation between intestinal microbiota and
CD to verify if there is a link between these two aspects [30,31].
Particularly, Bacteroides, Escherichia coli, Enterobacteriaceae and
Staphylococcus were significantly more abundant in CD patients
than in controls with greater diversity of these species [32-35].
According to these studies, gluten and also intestinal infections
promote dysbiosis. As for the pathogenesis, gluten consists of
two protein classes: gluteline (called glutenins in wheat) and
prolamines (called gliadins in wheat, hordes in barley, secaline in
rye, avenins in oats). Indeed, it’s not all gluten that is responsible

for the CD pathogenesis but some of its epitopes (sequences of
amino acids), such as the 33-MER [36]. The 33-MER sequence
is the most important toxic epitope responsible for most of the
pathological effects of gluten. 33-MER would be able to trigger
a series of inflammatory factors responsible for a progressive
flattening of the intestinal mucosa up to complete atrophy of the
villi (decrease in the ratio between the height and the surface
of the villus). Histopathological examination also shows: crypts
hypertrophy, infiltration of inflammatory cells (plasma cells,
lymphocytes, eosinophils and mast cells) in the context of lamina
propria and an increase of immunoglobulins (IgA, IgG and IgM),
thus causing malabsorption symptoms (Figure 1 & 2). In healthy
subjects, 33 MER is further degraded by intestinal bacterial
proteases. In the celiac patient, on the other hand, the following
changes are found:
a) Decrease of Lactobacillus and Bifidobacterium species
(this cluster is used as a marker of good systemic health).
b)
c)

Increase of Bacteroides and Escherichia coli.

Slight increase of Salmonella, Shigella, Klebsiella.

d) Qualitative depletion of the microflora, i.e., at the
same microbial concentration, the microbiota is depleted: fewer
species are present than those should normally be present. In
fact, normally there is an imprinting in our microbiota in which
there are 30-40 different species. This is bad because a decrease
in biodiversity is always a negative factor in natural ecosystems
[37,38].

Figure 1: Histological section of intestinal villi in a healthy subject.

Figure 2: Histological section of intestinal villi in a subject affected by CD.
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These four signs are always present in celiac patients and
are considered the four signs to be investigated (in addition
to serological and histological tests) in order to understand if a
subject is affected by CD or not. To support the important role
of the microbiota and particularly the correlations between
microbiota and CD, there is a very scientific evidence [39,40].
Wacklin et al. [38] were the first to introduce the gluten sensibility
challenge. They highlighted that celiac patients, even if they follow
a gluten free diet, will never have a complete re-establishment of
the microbiota (even after years). Therefore, they will never have
a condition of eubiosis, because the gut microbiota (GM) is altered.
One of the hypotheses to contrast dysbiosis in celiac patients is the
possibility of administering probiotics to mediate the restoration
of the GM [41].

What are the possible probiotics benefits? [42,43]

i.
Competition with pathogenic bacteria, particularly with
gram-negative ones (which are increased in celiac patients).

ii.
Modulation of the gut microflora, because probiotics
promote Lactobacilli and Bifidobacterium, that are the useful
bacterial component.

Interesting is the following scheme

iii.
Effect on the mucosa functionality. There are many
scientific evidence that probiotics promote a partial digestion of
fibers, which lead to the production of short-chain fatty acids. The
latter have an intestinal trophic function because they restore the
mucosa barrier function.
Recent studies suggest that integration with Lactobacillus
and Bifidobacterium spp may have a protective role because they
decrease the 33-MER peptide immunogenicity. Furthermore,
Lactobacillus and Bifidobacterium spp., have a complex proteolytic
and peptidolytic system, thus they help the breakdown reaction of
gluten and its peptides. Dysbiosis in the celiac patient is associated
with alterations of the tight junctions with consequent greater
intestinal permeability. In this way, there is a greater translocation
of the gliadin peptides to the lamina propria [44,45]. De Simone
formulation [46], a probiotic preparation composed mainly by
Lactobacilli and Bifidobacteria, not only hydrolyzed the epitopes
62-75 and the peptide 33-MER derived from gliadin, but also
improved the epithelial barrier function by stabilizing the tight
junctions, through the modulation of zonulin [47]. In fact, zonulin
appears to be partly responsible for the increased intestinal
permeability, linked to the disassembly of tight junctions, which
characterizes the initial phase of CD [48].

Figure 3: It shows probiotic action’s mechanism in the control of gastrointestinal symptoms in celiac patients

The figure shows probiotic action’s mechanism in the control
of gastrointestinal symptoms in celiac patients (Figure 3). Recent
studies have shown that celiac subjects have an altered GM (1) and
those with the HLA-DQ-2 or DQ-8 histocompatibility complex are
predisposed to a state of dysbiosis (2). Celiac patients usually have
gastrointestinal symptoms (3) that can persist also with a strictly
GFD; moreover, the GM alteration can be one of the main causes of
the persistence of gastrointestinal symptoms (4). Therefore, celiac
patients must follow a GFD and reduce the intake of polysaccharides
(fructans). These have a prebiotic action, and constitute one of the
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main sources of energy for the commensal bacteria of GM. This
could further worsen intestinal dysbiosis (6). In turn, this leads
to the persistence of gastrointestinal symptoms. To conclude this
brief description on the correlation between GM and CD it’s clear
that the intestinal microbiota is an essential mediator of health.
Its imbalance could be followed by an alteration of the functions
of the microbiota with a negative impact on health. Research over
the past ten years have shed new light on the role of the GM in
CD and on the complex relationship between its composition,
genetic background, GFD and persistence of clinical symptoms.
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Although many critical issues remain to be defined, some aspects
are not yet clear. GM participates and mediates gluten-related
inflammation. At present there is no defined CD microbial cluster,
although some microbial alterations are consistently reported,
both in biopsies and fecal samples (Bacteroides spp’s abundance
and Bifidobacterium spp’s figure 3).

Some alterations in GM composition return to normal, while
others are supported by a GFD and may be partly responsible for
the persistence of symptoms in these patients. Some probiotics
with proven clinical efficacy may be clinically helpful in controlling
gluten-mediated inflammation and improving symptoms. It’s
the author’s opinion that we future nutritionists have a key and
important role in curing multiple diseases through diet. Informing
and educating the patient is one of our most important challenges.
The trend of the moment is to eat gluten-free products, moreover
many people, without properly documenting themselves, claim
that gluten is harmful to health. Why is it suggested to administer
gluten-free products, even to non-celiac subjects? Because we
don’t know enough about food technology. In a gluten-free
food there are well-defined structures that are added precisely
because gluten is missing (gluten in the dough has an important
structuring). Reading the labels of a gluten-free food we can notice
that the caloric income is higher than that of a food containing
gluten [49] In addition, these lipid matrices could have a negative
effect on Bifidobacterium (remember that this bacterial species is
a healthy marker).

Today, in gluten-free food products, we try to increase the
fiber content precisely to mediate the negative effects of these
structuring agents. In a person not suffering from CD, why should
we trigger a dysbiosis, which over time could cause other negative
effects? For this reason, gastroenterologists have risen up out
against this trend, which is considered harmful and reckless for
the health of the general population. This imprudence is precisely
linked to dysbiosis, in celiac subjects, is mediated precisely by
gluten free foods and by present structuring agents, which favor
some species of the microbiota and, on the other hand, can
limit others. This imprudence is precisely linked to the fact that
dysbiosis, in celiac patients, is due to gluten-free foods and by the
structures present, which favor some species of the microbiota and
on the other hand, may limit other ones. It’s the author’s opinion
that further studies are needed to understand all aspects of the
GM and consequently to be able to implement new therapeutic
approaches to various pathologies.
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