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Abstract: Celiac disease (CD) is a multifactorial disorder, defined by a complex interplay of genetic 
and environmental factors. Both genetic predisposition and dietary exposure to gluten are essential 
factors in triggering CD. However, there is proof that their presence is necessary, but not sufficient, 
for disease development. Through gut microbiota modulation, several additional environmental 
factors have shown their potential role as co-factors in CD pathogenesis. The aim of this review is 
to illustrate the possible mechanisms that stand behind the gut microbiota’s involvement in CD 
pathogenesis. Furthermore, we discuss microbiota manipulation’s potential role as both a 
preventative and therapeutic option. The available literature provides evidence that even before CD 
onset, factors including cesarean birth and formula feeding, as well as intestinal infection exposure, 
amplify the risk of CD in genetically predisposed individuals, due to their influence on the intestinal 
microbiome composition. Active CD was associated with elevated levels of several Gram-negative 
bacterial genera, including Bacteroides, Escherichia, and Prevotella, while beneficial bacteria such as 
lactobacilli and bifidobacteria were less abundant. Viral and fungal dysbiosis has also been 
described in CD, evidencing specific taxa alteration. A gluten-free diet (GFD) may improve the 
clinical symptoms and duodenal histopathology, but the persistence of intestinal dysbiosis in CD 
children under a GFD urges the need for additional therapy. Probiotics, prebiotics, and fecal 
microbial transplant have demonstrated their efficacy in restoring gut microbiota eubiosis in adult 
CD patients; however, their efficacy and safety as adjunctive therapies to a GFD in pediatric patients 
needs further investigation. 
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1. Introduction 
Celiac disease (CD) is an autoimmune-mediated, chronic systemic disease, triggered 

by alimentary exposure to gluten, in genetically predisposed individuals [1]. Although, in 
the past, CD was considered a rare disease, recent epidemiologic evidence offers proof of 
an increase in CD’s incidence, both in adults and children, affecting 0.7% of the general 
population and almost 1% of the pediatric population [2,3]. The incidence of CD is twice 
as high in children compared to adults, with women being 1.5 times more likely to be 
affected than men [4].  

CD has been mentioned numerous times across history, but it was only at the end of 
the 1940s when it was defined as an independent entity. The pediatrician Willem-Karel 
Dicke first characterized CD, together with the effects of the consumption of bread 
containing gluten [5]. The histologic anomalies associated with CD were described by 
Paulley in 1954, after analyzing surgical samples that were taken from patients who were 
known to have CD [6]. In 1964, Berger and colleagues [7] first reported the presence of 
anti-gliadin antibodies (AGAs), while Falchuk, in 1972, described the association of CD 
and a special HLA haplotype [8]. The first guidelines referring to CD diagnosis were 
published in 1969 and updated periodically by the European Society for Paediatric 
Gastroenterology and Nutrition (ESPGHAN) [9–12]. Currently, diagnosis is based on 
serum IgA anti-transglutaminase (tTG) auto-antibody detection, in association with 
duodenal villous atrophy, while treatment relies on an accurate gluten-free diet (GFD) [9]. 
Despite extensive research, there are still gaps in knowledge regarding CD pathogenesis, 
as well as in its therapeutic options.  

The gastrointestinal tract hosts the largest number of microorganisms in the human 
body, including bacteria, fungi, viruses, archaea, and protozoa, and its composition 
changes continuously. Microbiome development begins during prenatal life and proceeds 
throughout senescence, depending on each individual’s exposure to several factors [13–
15]. Gut microbiota is known to be responsible for many physiological processes of the 
human body, including metabolism, nutrition, and immune system function [13]. During 
the last decade, our comprehension of the microbiome and its complex synergy with host 
cells and organisms has increased exponentially, due to the wide availability of modern 
technology, including next-generation sequencing. There is emerging evidence that gut-
associated microorganisms also contribute to CD pathogenesis and disease progression. 
This review summarizes the current CD-related microbiome data in order to obtain a 
beĴer understanding of the possible mechanisms that stand behind the gut microbiota’s 
involvement in CD pathogenesis. Furthermore, as a component of personalized medical 
management, we discuss microbiota manipulation’s potential role as both a preventative 
and therapeutic option. 

2. Genetic and Environmental Determinants of Celiac Disease 
Genetics represent an important factor in CD, as genetic susceptibility associated to 

a gluten-rich diet leads to different geographical variations of CD prevalence. HLA testing 
in CD has a low positive predictive value, while its negative value has a high predictive 
validity [16]. HLA-DQ2/8, which is characteristic to CD, can also be found in 40% of the 
general population, suggesting that genetics are not enough for CD progression [17]. 
However, 90% of CD patients have an HLA-DQ 2.5 genotype, while the other 10% share 
an HLA-DQ 2.2 or HLA-DQ 8 version [18]. These genotypes and their different 
associations can be correlated to distinct clinical features and might play a role in 
predicting disease severity [18].  

Gluten, as already stated, represents another condition that is necessary for CD 
induction. As a protein mixture, gluten’s main components are gliadin and glutein. 
Gliadin is the principal antigen that triggers CD thorough its components glutamine and 
proline. When they arrive in the small intestine, these proline-rich peptides have a longer 
period of degradation, increasing the chance of activating an immune response. Once both 
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the innate and the adaptive responses are triggered, this will further lead to crypt 
hyperplasia, villus atrophy, and to the infiltration of the intestinal epithelial inflammatory 
cells [19]. In addition, these pathological modifications will be followed by an increase in 
intestinal permeability and to intestinal epithelial cell destruction, clinically translated as 
diarrhea, emaciation, abdominal pain, abdominal meteorism, and dermatitis 
herpetiformis, as well as features of CD pathogenesis [16]. 

However, the current medical literature sustains the fact that a gluten-rich diet in a 
genetically predisposed individual does not offer full premises for CD autoimmunity 
(CDA) development, indicating the role of additional environmental factors, as well as 
gluten, in the disease pathological process [20]. CD pathogenesis seems to involve several 
factors, including the type of birth, infant feeding techniques, and intestinal infections, as 
well as drug exposure, due to their ability to influence microbiota composition [1], as 
shown in Figure 1. 

 
Figure 1. Genetic and environmental factors in CD. 

It is well known that the human microbiome has a great influence on one’s state of 
health, as well as their state of disease. Gut bacterial community dysbiosis can alter the 
gastrointestinal microecological environment, turning into a pathogenic factor element for 
a broad spectrum of disorders, such as gastrointestinal, cardiac, respiratory, neurological, 
and metabolic diseases [13,21,22]. The recent advances in human microbiome study have 
offered evidence that diet is a major determinant of the intestinal microbiota’s 
composition and function, and gluten can have an important influence on the gut 
microbiota’s stability. 

3. Gut Microbiota Profile in CD Progressors 
By mediating the interactions between the immune system of the host and 

gluten/environmental factors, the gut microbiome seems to play a key role in CD 
pathogenesis [23]. 

Several studies have explored the relationship between the alteration of the intestinal 
microbiota and different environmental factors in subjects at risk of developing CD. 
Evaluating the gut microbiota composition of children at risk of developing CD before the 
onset of the disease might be useful in identifying possible CD progression markers. Pozo-
Rubio and colleagues [24] analyzed the fecal microbial composition of children at risk of 
CD and reported some association between some pre-selected microbial taxa and the 
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delivery mode, feeding practices of the infant, the administration of the rotavirus vaccine, 
and antibiotic exposure [24].  

Similarly, Leonard et al [25] focused their efforts on analyzing the influence of genetic 
and environmental risk factors on the composition of the intestinal microbiota, before 
solid food and gluten introduction, in infants known to be at risk for CD. In their report, 
infants who were genetically predisposed to CD displayed a decreased amount of several 
Coprococcus, Streptococcus, Parabacteroides, and Veillonella species and Clostridium 
perfringens at four and six months of age [25], which was similar to the results of Hov and 
colleagues [26], who also identified lower levels of Coprocococcus in individuals genetically 
at risk of different autoimmune disorders [26]. Infants with a genetic risk of CD presented 
increased amounts of Bacteroides and Enterococcus species, as proven in several different 
studies [25,27,28]. As for the type of delivery, the intestinal microbiota of children deliv-
ered via cesarean section was characterized by an elevated abundance of Enterococcus fae-
calis at 3 months after birth, while several species of Parabacteroides and Bacteroides were 
reported in lower amounts compared to infants born through vaginal delivery, at all time 
points [25]. The association of cesarean section with decreased levels of Bacteroides vulgatus 
and Bacteroides dorei strengthens the influence of the birth method on CD risk. These ben-
eficial species, in increased amounts, are reported to lower the production of microbial 
lipopolysaccharide, leading to an improvement in the host’s immune response [29]. Fur-
thermore, infants born via cesarean section displayed decreased folate synthesis and ribo-
flavin metabolism at the ages of four and six months, changes that might be associated 
with an altered immune response to viral aggression and a reduced natural killer cell ac-
tivity [25,29]. Some authors correlate the last finding with the increased probability of de-
veloping type 1 diabetes, a disorder that is often associated with CD [30].  

Consistent with several studies available in the literature, exclusive formula feeding 
is associated with elevated levels of Lachnospiraceae bacterium and Rumminococcus gnavus, 
previously associated with colonic inflammation, diabetes, and allergy disorders [25,31–
33]. Antibiotic exposure was found to be related to an elevated level of Bacteroides thetai-
otaomicron in the intestinal microbiota of four- to six-month-old infants at risk of CD, 
which is a bacterium known to be an important metabolizer of polysaccharides [25,34]. 

In a recent cross-sectional and longitudinal metagenomic analysis of the fecal micro-
bial communities of infants at risk of CD, Leonard and colleagues [23] evaluated the gut 
microbiota composition and its associated metabolites in infants who progressed to CD, 
in comparison to matching non-affected controls. The surveillance started 18 months be-
fore the disease onset. The cross-sectional analysis that was performed at the moment of 
the onset reported differences in the abundance of several bacterial strains and derived 
metabolites in the infants who developed CD compared to the controls, while the pathway 
abundance and microbial species evaluation revealed no modification. Bacteroides vulgatus 
and B. uniformis were found in decreased levels, which was further associated with a re-
duced efficacy of the immune defense mechanisms. The longitudinal study before the dis-
ease onset, however, described elevated levels of different microbial species, strains, and 
metabolites. Some microbial species were also reported to be associated with some other 
autoimmune disorders, suggesting that they could be used as possible biomarkers in au-
toimmune disease identification. Dialister invisus was found in elevated levels at all of the 
time points when compared to its levels at CD onset [23], while other studies reported an 
increased abundance in children with pre-type-1 diabetes and individuals who further 
developed CD [35,36]. 

The number of Parabacteroides species was also higher before CD onset, similar to 
other autoimmune disorders, such as type 1 diabetes and Behcet’s disease [37,38]. Lachno-
spiraceae bacterium is another representative whose abundance was found to be higher 
prior to CD onset. L. bacterium colonization in mice was linked to diabetes and obesity in 
genetically predisposed subjects, also being capable of inducing colonic inflammation 
[39,40]. In contrast, bacteria with anti-inflammatory proprieties, including Streptococcus 
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thermopilus and Faecalibacterium prausniĵii, were found to be decreased in abundance in 
patients before CD onset [23]. 

Immunoglobulin A (IgA) is the main representative antibody of mucosal immunity. 
Recent evidence has revealed that, at the age of five, the humoral immune response of CD 
progressors appeared altered, as such individuals displayed higher levels of IgA positive-
coated bacteria and unique targets of IgA in their intestinal microbiota, in comparison 
with controls [35]. An important observation is that the top targets of the immune mucosal 
response in these patients are reported to be intestinal-barrier-protective commensals [41].  

Another interesting finding in CD progressors is that they have an increased level of 
taurodeoycholic acid (TDCA) in their plasma [35]. TDCA is a microbiota-derived metab-
olite that has been shown to stimulate inflammation and cause villous atrophy in the small 
intestines of mice [42]. Its plasma levels could be used as an early marker for CD diagnosis, 
while TDCA-producing bacteria could serve as a target in a microbiota-modulation strat-
egy of treatment [35]. The main findings regarding the microbiota profile of children at 
risk of CD, before disease onset, are summarized in Table 1. 

Table 1. Microbiota alterations before CD onset in children with a genetic risk of CD. 

Study Subjects Sample and Techniques Microbiota Alterations 

Pozo-Rubio et 
al. [24] 

55 infants 

Blood-sample-flow 
cytometry analysis 
Fecal sample quantitative 
PCR analysis 

-Infants born through cesarean delivery: 
↓ B. catenulatum 
↑B. angulatum 
-Antibiotic use during pregnancy 
↓B. angulatum 
-Formula feeding 
↓B. angulatum 
-Antibiotic use during first the 4 months of life 
↑Bacteroides fragilis 
↑B. angulatum 
↓Bifidobacterium spp. 
B. longum 
-Rotavirus vaccine 
↓Bacteroides fragilis 
-Allergy and dermatitis 
↓B. angulatum 

Leonard et al.
[25] 

21 genetically 
predisposed 
infants 
5 genetically 
non-
predisposed 
infants 

Fecal sample metagenomic 
analysis 

-Standard and high risk of CD: 
↓Streptococcus spp. 
↓Coprococcus spp. 
↓Veillonella spp. 
↓Parabacteroides spp. 
↓Clostridium perfringens 
↑Bacteroides spp. 
↑Enterococcus spp. 
-Infants born through cesarean delivery: 
↓ Bacteroides spp. 
↓Parabacteroides spp. 
↑Enterococcus faecalis 
-Formula feeding 
↓Bifidobacterium breve 
↓Staphylococcus epidermis 
↑Bifidobacterium adolescentis 
↑Ruminococcus gnavus  
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↑Lachnospiraceae bacterium 
-Infant antibiotic exposure 
↑Bacteroides thetaiotaomicron 
↑Propionibacterium spp. 
↑Subdoligranulum spp. 
↓Bifidobacterium merycicum  
↓Streptococcus lutetiensis 

de Palma et al.
[27] 

20 infants 
Fecal sample fluorescence 
in situ hybridization 
analysis 

-High-risk infants 
↑Gram-negative bacteria 
↑Bacteroides-Prevotella group 
↑E. coli 
↑Streptococcus-Lactococcus spp. 
↑E. rectale-C. coccoides 
-Sulfate-reducing bacteria 
↑C. lituseburense 
↑C. histolyticum 

Olivares et al.
[28] 

22 infants 

Fecal sample 16S rRNA 
gene pyrosequencing and 
real-time quantitative PCR 
analysis 

-High-risk infants 
↑ Bacillota phylum 
↑Pseudomonadota phylum  
↑Corynebacterium genus 
↑Gemella genus 
↑Clostridium sensu stricto 
↑Escherichia/Shigella 
↓Actinomycetota phylum 
↓Bifidobacterium spp 

Leonard et al.
[23] 

20 infants 
Fecal sample analysis 
using shotgun sequencing 
and metabolomic profiling 

↓Bacteroides vulgatus str_3775_S_1080 Branch 
↓Bacteroides uniformis_ 
-American Type Culture Collection (ATCC)_8492 
↓Streptococcus thermophiles 
↓Faecalibacterium 
prausnitzii 
↓Clostridium clostridioforme 
↓Veillonella parvula 
↑Dialister invisus strain DSM_15470 
↑Parabacteroides species and strains 
↑Lachnospiraceae bacterium 
↑Bifidobacterium longum 
↑Bifidobacterium breve 
↑Escherichia coli 
↑Clostridium hathewayi 
↑Eubacterium eligens 

Ghirdhar et al.
[35] 

33 children 

Fecal sample 16S rRNA 
sequencing and flow 
cytometry analysis 
Blood plasma sample 
metabolomic analysis 

↑IgA-coated bacteria and unique targets 
of IgA in their gut microbiota 

Rintala et al.
[43] 

27 infants 
Fecal sample 16S rRNA 
sequencing 

No statistically significant differences in early microbiota 
composition between children that later developed CD and 
healthy controls were found  

Olivares et al.
[44] 

127 infants 
Fecal sample 16S rRNA 
sequencing 

-High risk of CD, both formula and breastfeeding 
↑ETEC 
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-Formula feeding 
↑C. perfringens 
↑C. difficile 

ETEC—enterotoxigenic E. coli; ↑ increased levels; ↓decreased levels. 

4. Gut Microbiota Profile at CD Onset 
The fecal microbiota of children with CD seems to be defined by a decrease in the 

abundance of enterococci, lactobacilli, and bifidobacteria [45]. In their study, El Mouzan 
and colleagues [46] reported that CD patients display lower levels of the phylum Actino-
mycetota, mainly representatives of the genus Bifidobacterium, which are bacteria with im-
munomodulatory effects, often used as probiotics. Roseburia and Lachnospiraceae species, 
also known as beneficial bacteria, were found in decreased abundance in newly diagnosed 
CD children. As for the species that were found in an increased in abundance in these 
children, elevated levels of Subdoligranulum species were noted on several occasions, in-
cluding before disease onset in children with an increased genetic risk of CD [25,46,47].  

Furthermore, intestinal microbial diversity might vary in CD patients according to 
their clinical features [48]. The microbiota of patients known to have CD associated with 
gastrointestinal symptomatology is mainly represented by the Pseudomonadota phylum 
and decreased microbial diversity, whereas the Bacillota phylum dominates the microbi-
ota of patients with dyspepsia or dermatitis herpetiformis as their main manifestation [49]. 
These findings offer evidence that intestinal dysbiosis can have an essential role in CD 
pathogenesis and clinical course.  

Di Biase and colleagues [50], in their pilot study, tried to identify a paĴern between 
the gut microbiota composition and the associated clinical elements present in children at 
CD onset. After analyzing the stool and duodenal mucosa samples of CD patients in com-
parison with healthy controls, it was reported that the duodenal microbiota of patients 
with CD is mainly represented by the Enterobacteriaceae family, followed by the Bacteroi-
dota phylum and Streptococcus species as major representatives. The stool samples of these 
patients, on the other hand, are characterized by decreased levels of genus such as Akker-
mansia, Bacteroides, and Prevotella, and a reduction in levels of the Staphylococcaceae family 
[50]. Furthermore, the authors have pointed out a possible correlation between the pres-
ence of abdominal pain in some CD patients and elevated levels of pro-inflammatory mi-
crobiota such as Enterobacteriaceae and Bacillaceae family representatives. In addition to 
these findings, the levels of bacterial-derived metabolites such as short-chain faĴy acids 
(SCFAs) and Bacteroides fragilis-derived polysaccharide A also appeared to be modified in 
CD patients [50]. 

The recent data suggest that gut-microbiota-associated dysbiosis could be used in the 
diagnosis process of CD. A group of researchers that evaluated the predictive power of 
fecal microbial dysbiosis in CD diagnosis reported that a combination of viruses and bac-
teria indicated an important predictive power in CD diagnosis, whereas, in mucosal sam-
ples, the strongest predictive power was obtained when the bacterial communities were 
analyzed alone. Compared to healthy controls’ microbiota composition, CD patients 
could be identified by the reduction in Burkholderiales bacterium 1-1-47 and Bacteroides in-
testinalis levels in their fecal samples, or by Human endogenous retrovirus K in their duode-
nal mucosa specimens [51]. The reduced abundance of the two bacteria, with roles in de-
grading dietary fibers and reducing the gluten content of aliments, could be used to gen-
erate new therapeutic strategies [46]. The role of Human endogenous retrovirus K in CD pa-
tients, however, needs further investigation, as this group of viruses can present both 
damaging and protective actions, depending on their levels [52]. 

It is well known that fungi are able to relate with the human immune system and 
with bacteria. The current evidence sustains their role in gastrointestinal disorders, in-
cluding irritable bowel syndrome and inflammatory bowel disease [53,54]. A study of fun-
gal dysbiosis recently reported in children suggests that fungi might also be an important 
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element in CD pathogenesis. In a metagenomic analysis of mucosal and fecal samples of 
children known to have CD, taxa such as Saccharomyces cerevisiae and Saccharomycetaceae 
were reported to be more abundant in the fecal samples, whereas Pichiaceae and Pichia 
kudriavzevii were found in decreased abundance. The mucosal samples were more abun-
dant in taxa including Sacchharomycetes and Candida, while Pneumocystis and Pneumocystis 
jirovecii levels were decreased compared to controls [55].  

Saccharomyces cerevisiae might represent an important factor in CD-associated dysbio-
sis. Found in increased levels in patients with CD, several studies have noted its reduction 
or complete disappearance in patients under a gluten-free diet, suggesting its potential 
role in CD pathogenesis [56,57].  

Candida albicans is one of the yeasts whose immunologic involvement in CD has been 
the subject of research. It seems that C. albicans hyphal wall protein 1 can be covalently 
associated with endomysium components and to tissue transglutaminase, due to its 
amino acid sequences, which are similar to CD-related gamma-gliadin and alpha-gliadin 
T-cell epitopes [58]. Several studies have confirmed the correlation between CD and C. 
albicans, indicating a possible connection with CD initiation and progression [55,59,60]. 

Although less studied, the human virome represents an important element of the gut 
microbiome, with a possible implication in the pathogenesis of several digestive immune-
mediated disorders. In a study by El Mouzan and colleagues [61], both fecal and duodenal 
mucosa samples that were obtained from children with CD were characterized by the 
presence of a viral dysbiosis when compared to non-celiac controls. While the analysis of 
the mucosal samples found no important association with CD and any viral species, the 
stool samples were reported to be abundant in species such as Enterobacteria phage mEpX1, 
Human polyomavirus 2, and Human polyomavirus 2, whereas Streptococcus phage Abc2 and 
Lactococcus phages ul36 were less abundant [61]. Although, so far, no causality has been 
found between CD and the intestinal virome, the strong association among them raises 
the suspicion of an important role of viruses, particularly bacteriophages, in CD patho-
genesis. The main findings regarding the microbiota profile of children at CD onset are 
summarized in Table 2. 

Table 2. Gut microbiota alterations in children at CD onset. 

Study Subjects 
Sample and 
Techniques 

Microbiota Alterations Other Findings 

El Mouzan 
et al. [46] 

20 CD children 
20 fecal controls 
19 mucosal controls 

 

Duodenal samples of CD 
↑Pseudomonadota phylum 
↑Lactobacillus acidophilus, Neisseria spp 
↑Coprococcus spp. 
Fecal samples of CD 
↑Verucomicrobia spp. 
↑Clostridium spp. 
↑Escherichia spp. 
↑Lachnospiraceae_bacterium_oral 
↓Bifidobacterium genus 
↓Bacteroides spp. 

Fecal samples were more diverse 
and richer in bacteria compared 
with mucosal samples 
Bacillota and Bacteroidota were 
the most abundant phyla in both 
fecal and mucosal samples 

Zafeiropo
ulou et al.
[47] 

20 CD children 
45 CD under GFD 
57 healthy controls 
19 children at risk of 
CD 

Fecal sample 
16S rRNA 
sequencing 

Untreated CD 
↓Clostridium sensu stricto 1 genus 
↓Ruminococcus genus 

Microbial dysbiosis was not 
reported in CD compared to 
healthy controls 
Alistipes was correlated with the 
presence of symptoms of CD 

Di Base et 
al. [50] 

21 CD children 
16 healthy controls 

Fecal samples 
Duodenal 
sample 16S 

Duodenal samples of CD 
↑Enterobacteriaceae family 
↑Bacteroidetes/Streptococcus spp. 

Patients with abdominal pain 
↑Bacillaceae family  
↑Enterobaeriaceae family 
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rRNA 
sequencing 

Fecal samples of CD 
↓ Bacteroides–Prevotella 
↓Akkermansia spp. 
↓Staphylococcaceae family 

Patients with diarrhea 
↓Clostridium cluster XIVa 
↓Akkermansia 
↑Bacillaceae 
↑Fusobacterium 

Schippa et 
al. [62] 

20 CD children, 
before and after GFD 
10 healthy controls 

Duodenal 
sample 16S 
ribosomal 
DNA 
analysis 
compared 
with TTGE 

In CD patients vs. controls 
↑Bacteroides vulgatus 
↑Escherichia coli 
Active CD vs. Inactive CD prevalence 
B. vulgatus (80% vs. 90%) 
Clostridium coccoides group (50% vs. 
90%) 
Bifidobacterium spp (20% vs. 40%) 

Mean interindividual similarity 
index:  
54.9% ± 14.9%  
Active CD  
55.6% ± 15.7% remission state 
21.8% ± 30.16% controls 
Similarity index between CD 
children before and after GFD: 
63.9% ± 15.8% 

Sample et 
al. [63] 

22 CD children, 
before and after GFD 
17 healthy controls 

Fecal 
sample16S 
ribosomal 
RNA 
sequencing 

Active CD vs. Controls 
↑Haemophilus genera 
↑Alistipes genera 
↑Bacteroides genera 

 

El Mouzan 
et al. [51] 

40 CD children 
39 controls 

Fecal samples 
Duodenal 
sample 
metagenomic 
analysis of 
microbial 
DNA 

Fecal samples of CD 
↓Bacteroides intestinalis 
↓Burkholderiales bacterium 1-1-47 
Mucosal samples of CD 
↓Human_endogenous_retrovirus_K) 

 

El Mouzan 
et al. [61] 

40 CD children 
39 controls 

Fecal samples 
Duodenal 
sample 
metagenomic 
analysis of 
microbial 
DNA 

Fecal samples 
↑ Human polyomavirus 2, Enterobacteria 
phage mEpX1, Enterobacteria phage 
mEpX2 

Mucosal samples—no 
association with CD 

El Mouzan 
et al. [55] 

40 CD children 
39 controls 

Fecal samples 
Duodenal 
sample 
metagenomic 
analysis of 
microbial 
DNA 

Fecal samples of CD 
↓Pichiaceae family 
↓Pichia kudriavzevii 
↑Saccharomycetes family 
↑Saccharomyces cerevisiae 
↑Tricholomataceae family 
↑Mucosal samples of CD 
↑ Saccharomycetaceae family 
↑Candida spp. 
↓Pneumocystis spp. 
↓Pneumocystis jirovecii 

Fecal fungal communities were 
more abundant than those 
observed in mucosal samples  

Sanchez et 
al. [64] 

32 active CD on GFD 
17 
8 healthy controls 

Duodenal 
mucosa 
sample 16S 
ribosomal 
RNA 
sequencing 

Active CD 
↑Pseudomonadota phylum 
↑Enterobacteriaceae family 
↑Klebsiella oxytoca  
↑Staphylococcus epidermidis 
↑Staphylococcus pasteuri 
↓Bacillota phylum 

Non-active CD 
↑Streptococcus mitis group 
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↓Streptococcaceae family 
TTGE-temporal temperature gradient gel electrophoresis; ↑ increased levels; ↓decreased levels. 

5. CD Prevention Strategies 
In order to prevent CD, several gluten interventions have been recommended during 

recent years. Breastfeeding was thought to have a protective effect against CD, and an 
early introduction of gluten during a breastfeeding period in infants from four to six 
months of age was expected to have beneficial outcomes on disease onset [65]. 

As for dietary intervention in children with a known genetic risk of CD, several clin-
ical trials have evaluated the outcomes of a delayed gluten introduction at 6 and 12 months 
of age. The BABYDIET clinical trial observed its subjects for 3 and 8 years, concluding 
that, in genetically at-risk children, a delayed gluten introduction at the age of 12 months 
does not offer a reduction in the risk of celiac disease autoimmunity (CDA) or an impact 
on the persistence of tTGA positivity [66,67]. However, there is evidence that a delayed 
exposure to gluten might lead to a delayed onset of the disease [68,69], while an early 
introduction of a small, fixed amount of gluten in infants with a known genetic risk re-
ported no effect on disease onset [70]. 

Data from children with disease onset by the age of six years have revealed that these 
children had a rich gluten-containing diet after two years of age [71], whereas high gluten 
consumption during the second year of life increased the risk of CD [72,73]. Two ongoing 
clinical trials are evaluating the outcome of a late introduction of gluten/a restricted gluten 
intake up to an age of three and five years old, respectivley. The researchers behind these 
studies aim to obtain CD prevention, or at least to delay the disease onset to an older age, 
in children at genetic risk [74]. Furthermore, the Prevention Celiaki i Skåne (PreCiSe) 
study evaluated whether the intake of a daily probiotic during the first 3 years of life 
would prevent CD onset up to the age of seven, in comparison with keeping a GFD, or 
with no dietary intervention. Two strains of Lactobacillus (Lactobacillus plantarum HEAL9 
and Lactobacillus paracasei 8700:2) were chosen, due to their positive actions on the intesti-
nal environment, to modify the underlying mechanisms of CD pathogenesis. The use of 
Lactobacillus plantarum HEAL9 aims to restore the normal permeability of the intestinal 
mucosa, while Lactobacillus paracasei 8700:2 exerts its immunomodulatory effects by regu-
latory T cells stimulation [75,76]. 

On several occasions, it has been suggested that viral infectious episodes during the 
period of inducing tolerance to gluten could have a significant impact on the risk of de-
veloping CD [74]. Although the pathophysiologic mechanism that stands behind the viral 
immune activation of T cells against gluten peptides and the activation of B cells to pro-
duce tTGA has not currently been brought to light, there is proof of a strong correlation 
between viral exposure and celiac disease autoimmunity (CDA) development. An in-
creased exposure to enterovirus B during a child’s first 2 years of life might elevate the 
risk of CDA, while a diet rich in gluten, in association with an enterovirus B infection 
history, would offer a cumulative effect regarding the risk of CD [77]. While children who 
have experienced rotavirus infections have an increased risk of CDA, those who received 
a rotavirus vaccination seem to be protected from CDA, as long as gluten is introduced in 
their alimentation before their 6th month of life, suggesting that limiting an infant’s viral 
exposure might have a beneficial influence on CD risk [78,79]. 

6. Modulation of Gut Microbiota as a Potential Target in Celiac Disease 
Dysbiosis was proved to be an important factor in CD pathogenesis and progression. 

Dietary exclusion of gluten, the key therapeutic option for CD, is not able to fully restore 
the disrupted intestinal microbiota of CD patients, even after long periods of adherence 
to a gluten-free diet [45,63]. The available evidence of gut dysbiosis in patients under a 
GFD is summarized in Table 3. 

Table 3. Gut microbiota alterations in CD patients under a GFD. 
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Study Subjects 
Sample and 
Techniques 

Microbiota Alterations Other Findings 

Di Cagno 
[45] 

19 CD children 
under GFD (T-CD) 
15 non-celiac 
controls 

Fecal samples 
Duodenal samples,-
both on PCR and 
DGGE analysis 

Duodenal biopsy 
↑Eubacteria in T-CD 
Fecal samples of T-CD 
↑Bacteroides spp. 
↑Staphylococcus spp. 
↑Salmonella spp. 
↑Shigella spp. 
↑Klebsiella spp. 

 

Sample et al.
[63] 

22 CD children 
before and after 
GFD 
17 healthy controls 

Fecal sample 16S 
ribosomal RNA 
sequencing 

CD after GFD vs. 
controls 
↑Haemophilus genera 
↑Alistipes genera 
↑Bacteroides genera 
↑Holdemania genera 
↑Blautia genera 

Faecalibacterium and Roseburia were 
enriched in patients whose aTTG levels 

did not normalize after GFD 

DGGE—denaturing gradient gel electrophoresis; ↑ increased levels; ↓decreased levels. 

Currently, there are many available methods of modulating the CD-associated dysbi-
otic intestinal microbiota in adult patients, including dietary interventions (prebiotics, 
probiotics, and postbiotics are also included) and fecal transplantation, as shown in Figure 
2. However, in pediatric patients, several reports from the available literature have place 
diet modification (GFD) and probiotic and probiotic use as the main options for the mod-
ulation of the gut microbiota. 

 
Figure 2. Microbiota modulation therapeutic options in CD. 

Bifidobacterium strains have shown their potential as probiotics in restoring the nor-
mal Bacillota/Bacteroidota ratio in children with CD by increasing Bacillota phylum abun-
dance. Furthermore, Bifidobacterium breve BR03 and B632 administration in CD patients 
under a GFD restored Lactobacillaceae family levels close to those reported in healthy indi-
viduals [80]. The re–establishment of the Bacillota/Bacteroidota ratio was negatively associ-
ated with TNF-alpha serum levels after probiotic intake [81–83]. 



Nutrients 2023, 15, 2499 12 of 16 
 

 

Bifidobacterium longum CECT 7347 supplementation in children with new-onset CD 
following a GFD was evaluated in a double-blind, randomized, placebo-controlled 3-
month-intervention trial. The probiotic administration resulted in positive effects on the 
children’s growth; furthermore, there was no significant difference in gastrointestinal 
symptoms in the treated CD versus the placebo. Moreover, in the treated patients, there 
was a decrease in B. fragilis fecal and sIgA levels in the fecal samples. As for the TNF-alpha 
serum levels, only a slight reduction was obtained after bifidobacteria administration [82]. 

Bifidobacterium breve BR03 (DSM 16604) and Bifidobacterium breve B632 (DSM 24706) 
administration in CD children under a GFD resulted in a decreased serum level of the pro-
inflammatory cytokine TNF-alpha [81,83]. Although the beneficial effect lasts only during 
the probiotic administration period [81], lowering TNF-alpha is important in CD patients, 
as these probiotic strains have the capacity to decrease both intestinal and systemic com-
plications of the disease [82].  

Prebiotic use has shown its potential in restoring intestinal homeostasis in CD pa-
tients. A randomized placebo-controlled trial evaluated the effect of oligofructose-en-
riched inulin (Synergy 1) supplementation in CD children under a GFD compared to a 
placebo. After 3 months, the patients receiving the prebiotic presented a significant in-
crease in Bifidobacterium count. Furthermore, prebiotic administration increased acetate 
and butyrate fecal levels, evidence of the stimulation of bacterial metabolite production in 
CD patients [84].  

These promising results are encouraging further research, as there is a lack of clinical 
trials in children with CD. There is a need to generate new evidence regarding the efficacy 
and safety of these methods of microbiota modulation, since a GFD alone is not enough 
to re-establish gut microbiota eubiosis. 

7. Limitations in the Study of Gut Microbiota and CD 
Progress has been made in understanding the complex relationship between gut mi-

crobiota and CD, due to the advances in the study of the microbiome’s structure and func-
tion. However, significant gaps still characterize our knowledge regarding the implication 
of the gut microbiota in pediatric celiac disease pathogenesis. Most frequently, this is due 
to the reduced amount of existing prospective and cross-sectional studies, their small 
number of participants, and their different applied methodologies (16s ribosomal RNA 
sequencing, fluorescence in situ hybridization-PCR assay, and denaturing gradient gel 
electrophoresis). This lack of uniformity leads to different results, which interferes with 
the aim of identifying a distinctive microbial signature in children with CD. Recognizing 
early changes in the composition of the intestinal microbiota of children who are genet-
ically susceptible to CD and monitoring the influence of several environmental factors on 
the gut microbiota’s profile over time is another challenge in CD study that would benefit 
from further research, as these results could be used to develop a future prevention strat-
egy. With a gluten-free diet being the only available treatment for CD, there is a need for 
additional therapies that would improve patients’ symptoms and quality of life. In adult 
services, several therapeutic approaches based on microbiota modulation have already 
proved their efficacy and safety, and their introduction in pediatric practice represents a 
future challenge for scientists interested in CD research. 

8. Conclusions 
Recent advances in human microbiome research offer evidence of gut-associated mi-

crobiota involvement in CD pathogenesis. Children with CD display an abundance of 
several Gram-negative bacterial genera, including Bacteroides, Escherichia, and Prevotella, a 
reduction in beneficial bacteria such as lactobacilli and bifidobacteria, and associated fun-
gal and viral dysbiosis. Furthermore, changes in the microbiota’s normal composition can 
be identified even before disease onset in children who are at risk of CD development. 
This comes as evidence of how several environmental factors influence the gut microbiota, 
increasing the risk of CD. Despite being the only way to improve clinical symptoms and 
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duodenal histopathology, a GFD is not able to fully recover the normal composition of the 
gut microbiota. The findings associated with gut microbiota research in CD patients have 
led to the conclusion that different strains of Lactobacillus and Bifidobacterium, in addi-
tion to a GFD, could restore the altered intestinal microbiota. Microbiota modulation ther-
apy offers promising results in treating CD children; however, further research is re-
quired. 
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