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SUMMARY

Celiac disease (CD) is a common chronic autoimmune enteropa-
thy caused by gluten intake. To date, the only therapy for CD is the
complete exclusion of dietary sources of grains and any food con-
taining gluten. It has been hypothesized that the intestinal micro-
biota is somehow involved in CD. For this reason, probiotics are
appearing as an interesting adjuvant in the dietetic management
of CD. This review aims to discuss the characteristics of the mi-
crobiota in CD subjects and the use of probiotics as a novel ther-
apy for CD. Comparisons between children with CD and controls
show that their microbiota profiles differ; the former have fewer
lactobacilli and bifidobacteria. Specific probiotics have been
found to digest or alter gluten polypeptides. It has also been dem-
onstrated that some bacterial species belonging to the genera Lac-
tobacillus and Bifidobacterium exert protective properties on epi-
thelial cells from damage caused by gliadin.

INTRODUCTION

Celiac disease (CD) is a common chronic lifelong autoimmune
enteropathy triggered by the consumption of specific proteins

by genetically predisposed individuals (1, 2). Such proteins are
present specifically in cereals and receive specific names according
to the food source, such as gliadin (present in wheat), hordein
(present in barley), and secalin (present in rye) (Fig. 1). As these
proteins share structural similarities, they are collectively known
as gluten (3, 4). Among gluten proteins, two main fractions can be
distinguished: the soluble gliadins and the insoluble glutenins.
Both groups are characterized by high glutamine and proline con-
tents (5).

Genetic predisposition is an important aspect of CD. It is asso-
ciated mostly with the human leukocyte antigen (HLA-DQ) sys-
tem, which participates in the recognition of self and nonself mol-
ecules by the immune system. The variants HLA-DQ2 and/or
-DQ8 as well as HLA-DP and HLA-DR are commonly observed in
CD patients (6, 7). These gene variants produce receptors that
bind to gliadin peptides more tightly than other forms of the an-
tigen-presenting receptor. This may increase the likelihood for
immune cell activation and autoimmunity. Additionally, pro-
teases from the intestine of CD patients may inefficiently break
down gluten peptides, therefore enhancing the availability of en-
tire peptides. These may thus translocate through the intestinal

epithelial mucosa via either epithelial transcytosis or increased
epithelial tight junction (TJ) permeability (2). In the lamina pro-
pria, HLA molecules present gluten peptides to CD4� T immune
cells (8), thus activating the secretion of Th1 cytokines, i.e.,
gamma interferon (IFN-�) and tumor necrosis factor alpha
(TNF-�), and matrix metalloproteinases. Together, this response
promotes matrix degradation, mucosal remodeling, villous atro-
phy, crypt cell hyperplasia, and increases in intraepithelial cell
numbers (9).

Therefore, an overload of peptides, such as gluten peptides, in
the lamina propria may lead to a loss of tolerance to their epitopes
in predisposed subjects. Peptide transport through intestinal mu-
cosa, which is also regulated by TJ assembly, may be an important
step in the development of CD (10). Thus, the disassembly of TJ
and the consequent increased paracellular transport may favor
this overload of peptides in the lamina propria and immune dys-
regulation. Emerging evidence strongly suggests that enhanced
intestinal permeability is one of the factors involved in the devel-
opment of various autoimmune disorders as well as CD (11–14).
However, it is still not clear whether altered intestinal perme-
ability is a primary cause or a consequence of CD and also if this
alteration is induced by gluten itself, by alterations of the mi-
crobiota, or by a combination of both. Zonulin is a protein that
exhibits the ability to reversibly modulate intercellular TJ (15).
Gliadin activates zonulin signaling in CD patients, leading to
increased intestinal permeability to macromolecules (16). On
the contrary, some studies indicate that shifts in gut microbiota
may also lead to increased intestinal permeability in diseases
different from CD (17, 18).

In this context, it has been hypothesized that the microbiota is
somehow involved in CD. In addition, probiotics appear to be an
interesting adjuvant in the dietetic management of CD (Fig. 2).
This review aims to discuss the characteristics of the microbiota of
patients with CD and the application of probiotics as a novel ther-
apy for CD.

Address correspondence to Luís Fernando de Sousa Moraes,
nandomoraesufv@yahoo.com.br.

Copyright © 2014, American Society for Microbiology. All Rights Reserved.

doi:10.1128/CMR.00106-13

482 cmr.asm.org Clinical Microbiology Reviews p. 482– 489 July 2014 Volume 27 Number 3

 on July 2, 2014 by U
N

IV
E

R
S

IT
Y

 O
F

 T
U

R
K

U
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://dx.doi.org/10.1128/CMR.00106-13
http://cmr.asm.org
http://cmr.asm.org/


MICROBIOTA AND CD

The human gastrointestinal tract is a complex and dynamic envi-
ronment, sheltering a vast number and variety of commensal mi-
croorganisms (19). This balanced microecosystem provides the
host a natural defense against invasion of potential pathogens.
Recently, research has focused on the important role of the human
intestinal microbiota in health and disease (20). Studies on the
role of the gut microbiota in CD pathophysiology are still in their
early stages. The main findings related to microbiota composition
in CD subjects are summarized in Table 1.

CD is a common disorder in both children and adults (21).
Nevertheless, our knowledge about the intestinal microbiota of
adults with CD is still sparse. Indeed, studies characterizing the
microbiota of adult CD patients only began in 2012 (12, 22). A
year later, two studies concerning gut microbiota and CD were
reported (23, 24). Studies before 2012 were conducted notably
with children (13, 25–31). A single study of both children and
adults reported a slight difference in the percentages of the main
phyla between subjects and also a more diverse profile in duodenal
biopsy specimens from adults (12). The Firmicutes are the most
abundant bacteria in CD adults, while Proteobacteria are present
mainly in CD children. Other phyla shared between CD adults and

CD children belong to the Bacteroidetes and Actinobacteria. Re-
garding bacterial genera, CD adults harbor larger numbers of My-
cobacterium spp. and Methylobacterium spp., while Neisseria spp.
and Haemophilus spp. are more abundant in CD children. Future
studies should focus on the similarities between children and
adults with CD compared with healthy controls. If the aim is to
establish causality, a specific bacterial group might be expected to
be pathogenic in both adults and children.

It is still not clear whether an altered microbiota in CD patients
could be the cause or the consequence of this disease. It is hypoth-
esized that Gram-negative bacteria in genetically susceptible indi-
viduals may contribute to the loss of tolerance to gluten. If a mod-
ified microbiota is a result of this disease, the disrupted mucosa
overlaid by immature enterocytes could lead to conditions favor-
ing Gram-negative instead of Gram-positive bacterial coloniza-
tion. Duodenal biopsy specimens from untreated CD children
showed higher total and Gram-negative populations than did
treated CD and healthy control groups. Furthermore, the counts
of Gram-positive bacteria were reduced in CD children (untreated
and treated) compared to controls (26). Thus, the proportions of
Gram-negative and Gram-positive bacteria seem to be of impor-
tance.

The possibility that unfavorable bacteria may colonize the in-
testinal mucosa indicates the need to evaluate the microbiota from
this site. Sampling by biopsy is an invasive method in healthy
individuals, while feces still remain the easiest and most noninva-
sive source of data collection. Even so, the numbers of studies of
CD using biopsy specimens and those using fecal samples for mi-
crobiota characterization are almost the same so far. In general,
clear differences between mucosa-associated microorganisms and
fecal microbiota are expected (32, 33). Indeed, Ouwehand and
collaborators (33) found 4-times-higher numbers of bifidobacte-
ria in the feces of healthy infants than in the mucosa of a group
with rectal bleeding. Corroborating this finding, Di Cagno and
coworkers (31) did not find bifidobacteria in biopsy specimens of
CD subjects but detected them in fecal samples. In addition, those
authors showed that the level microbiota diversity was higher in
fecal samples than in biopsy specimens (31). In contrast, Collado
et al. (28) showed a high level of correlation between the fecal and
biopsy specimen levels of Bifidobacterium, Bacteroides, Staphylo-
coccus, Clostridium coccoides, Clostridium leptum, Lactobacillus,
and Escherichia coli in untreated and treated CD patients and a
control group. An Akkermansia muciniphila correlation was de-
tected only in controls. Nevertheless, the presented data suggest
that the unidentified part of the microbiota, especially in the mu-
cosa, deserves more attention.

Comparison between CD children and controls shows that
their microbiota profiles differ. Higher Bacteroides counts are de-
tected in CD children (13, 26) than in controls. Particularly, Bac-
teroides bacteria are an important fraction of the human gut mi-
crobiota, and some species, such as B. vulgatus and B. fragilis, have
been found to exhibit proinflammatory effects (34), indicating the
importance of investigations of this group at the species level. Data
on the levels of Atopobium, Staphylococcus, E. coli, Eubacterium
rectale-C. coccoides, the Clostridium histolyticum group, Clostrid-
ium lituseburense, and sulfate-reducing bacteria are still contradic-
tory, as there have been reports showing increased levels in CD
patients (13) or no difference (26, 28, 30) in comparison to con-
trols. Reports regarding the characterization of the main groups
containing probiotic species, such as Lactobacillus and Bifidobac-

FIG 1 Different cereal-derived products and intestinal inflammation in CD
subjects. Consumption of food-derived products containing wheat, barley,
and rye by individuals genetically susceptible to CD leads to villous atrophy,
intestinal inflammation, and disassembly of tight junctions.
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terium, are of great interest. Since these bacteria are associated
with protective beneficial mechanisms for the host and anti-in-
flammatory effects, it is expected that CD subjects would present
lower lactobacillus and bifidobacterial levels. Indeed, their levels
tend to be lower in CD children than in healthy controls (13). The
ratio of beneficial lactobacilli and bifidobacteria to possibly harm-
ful Gram-negative bacteria, such as Bacteroides-Prevotella and E.
coli, was found to be significantly higher in controls than in CD
children (26). Regarding bifidobacterial diversity in CD patients,
contradictory results have been reported: lower diversity in CD
children (25) and higher diversity of lactobacilli and bifidobacte-
ria in CD adults (22) than in controls. It has been shown that levels
of specific species of lactobacilli and bifidobacteria may be higher,
lower, or not detected in CD patients in comparison to controls
(Table 1). However, the exact value of this information still re-
mains unclear.

Since intake of gluten is a common characteristic of this disease

worldwide, it has been demonstrated that there are clear differ-
ences in microbiota composition associated with geographical lo-
cation (35–39). To search for similarities of microbiota among CD
patients from different global regions, it may be helpful to identify
groups of microbes involved in the development of disease or in
alleviating the symptoms of already-present CD.

It is also important to note that gluten is not an issue for CD
patients only. Ideally, characterization and comparison of micro-
biota, genetic background, intestinal permeability, and immune
function of subjects presenting CD and other gluten-related dis-
orders, i.e., gluten ataxia, dermatitis herpetiformis, wheat allergy,
and nonceliac gluten sensitivity, may advance the knowledge to
elaborate treatment options adequate for each condition.

In summary, low levels of lactobacilli and bifidobacteria are
the most consistent findings in CD children. Different techniques
have been applied to study the mucosal and luminal microbiota of
CD patients, providing quantitative (fluorescent in situ hybridiza-

FIG 2 Inflammation process and possible routes of probiotic action in the maintenance of CD. In CD patients, increased epithelial tight junction permeability
(“leaky gut”) favors the entrance of non-well-digested gluten peptides from the lumen to the lamina propria. Once there, they are deamidated by the tissue
transglutaminase (tTG) enzyme and presented to CD4� T immune cells by the human leukocyte antigen (HLA) in antigen-presenting cells (APCs), which in CD
patients is often of the haplotypes DQ2 and DQ8. Thereafter, Th1 and Th2 immune responses are triggered, resulting in autoimmunity, mucosal inflammation,
and the growth of unfavorable microbiota, worsening the prognosis of disease. Three large arrows indicate where probiotics could act.
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tion coupled with flow cytometry [FISH-FC] and real-time PCR)
and qualitative (denaturing gradient gel electrophoresis [DGGE]
and HITChip [human intestinal tract chip]) results. This may
contribute to the lack of a consensus about the exact bacterial
content in patients with CD, together with the patients’ age range,
specimen type (biopsy specimen or fecal sample), small number of
studies, and small sample size.

PROBIOTICS AND CD

To date, the only therapy for CD is the mandatory and complete
exclusion of dietary sources of grains and any food containing
gluten (40, 41). However, many patients face difficulties in follow-
ing a gluten-free diet (GFD). The compliance to therapy varies
widely, from around 80% in patients diagnosed before 4 years of
age to �40% in those diagnosed after 4 years of age (42).

Recent advances in CD pathophysiology have contributed to
the development of novel and promising therapeutic solutions.
Thus, many other treatments have been identified, such as genet-
ically modified gluten, zonulin inhibitors, therapeutic vaccines,
tissue transglutaminase inhibitors, and, recently, probiotics (43).

According to the FAO/WHO (44), a probiotic is defined as a
“live microorganism, which when administered in adequate
amounts confers a health benefit on the host.” Abnormalities in
the gut microbiome in CD patients have led to the use of probiot-
ics as a promising alternative.

The beneficial effects of probiotics on the gut health of the host
can be manifested through (i) production of inhibitory substances
against pathogens (hydrogen peroxide, bacteriocins, and organic
acids), (ii) blockage of adhesion sites, (iii) competition for nutri-
ents, (iv) degradation of toxin receptors, and (v) regulation of
immunity (45). The molecular mechanisms of probiotic action
still need to be characterized. More studies are required to assess
the actions of particular probiotics against specific pathogens and
disorders and to define which of these actions may benefit CD
patients.

Some probiotics have been found to digest or alter gluten poly-
peptides. De Angelis and coworkers (37) analyzed the potential
role of the specific probiotic preparation VSL#3 (a cocktail of eight
strains belonging to the species Bifidobacterium breve, B. longum,
B. infantis, Lactobacillus plantarum, L. acidophilus, L. casei, L. del-
brueckii subsp. bulgaricus, and Streptococcus thermophilus) in de-
creasing the toxic properties of wheat flour during prolonged fer-
mentation. That study found that the probiotic VSL#3 was highly
effective in hydrolyzing gliadin polypeptides compared to other
commercial probiotic products such as Oxadrop (B. infantis, L.
acidophilus, L. brevis, and S. thermophilus), Florisia (L. brevis, L.
salivarius subsp. salicinius, and L. plantarum), and Yovis (B. breve,
B. infantis, B. longum, L. acidophilus, L. plantarum, L. casei, L.
delbrueckii subsp. bulgaricus, Streptococcus salivarius subsp. ther-
mophilus, and Enterococcus faecium). Furthermore, the activities
of enzymes digesting proline-rich peptides and aminopeptidases,
which regulate the hydrolysis of gliadin epitopes, were widely
present in VSL#3. The other commercial probiotic products ap-
pear to lack the same ability to break down gliadin polypeptides.
Interestingly, another study by De Angelis et al. (46) also reported
that the capacity of VSL#3 to degrade gliadin was disabled when
the probiotic strains were tested individually. The outcomes sug-
gest that a single probiotic strain is not sufficient to degrade glia-
din peptides and therefore must be used together with other
strains to exert the beneficial effect against CD. The probiotic

preparation VSL#3 may thus provide better effectiveness in the
treatment of CD, since following a gluten-free diet is often a great
challenge for patients, for instance, due to cross-contamination.

Specific lactobacillus and bifidobacterial strains have been
found to improve gut health. De Palma and collaborators (30)
evaluated in vitro immunomodulatory properties of B. bifidum
strain IATA-ES2 and B. longum strain ATCC 15707 versus B. fra-
gilis strain DSM2451, E. coli strain CBL2, and Shigella sp. strain
CBD8 on peripheral blood mononuclear cells (PBMCs), under
effects of gliadin and IFN-�. B. bifidum strain IATA-ES2 and B.
longum strain ATCC 15707 were able to induce lower levels of
interleukin-12 (IL-12) and IFN-� secretion than E. coli CBL2 and
Shigella sp. CBD8. The release of TNF-� was induced by all strains
tested, but its level was lower with B. bifidum IATA-ES2 than with
B. fragilis DSM2451 and Shigella strain CBD8. The highest level of
IL-10 secretion was observed in the presence of B. longum ATCC
15707. It seems that Gram-negative bacteria, such as E. coli CBL2
and Shigella strain CBD8, usually trigger higher levels of produc-
tion of proinflammatory cytokines, which in turn contribute to
the development of disease. On the other hand, B. bifidum IATA-
ES2 was able to improve intestinal epithelial permeability, since it
stimulated the lowest levels of production of TNF-� and IFN-�.

Lindfors and coworkers (47) found that B. lactis exerted a pro-
tective effect on epithelial cells against cellular damage induced by
gliadin incubation. Furthermore, it was observed that the addition
of 106 and 107 CFU/ml, but not 105 CFU/ml, of B. lactis was able to
preserve TJ in comparison to epithelial cells maintained in the
presence of gliadin alone. Administration of L. fermentum at the
tested concentrations was unable to stimulate the recovery of
transepithelial resistance.

Recently, a study using a gliadin-induced enteropathy animal
model was developed to observe whether B. longum CECT 7347
could provide beneficial effects. The administration of B. longum
CECT 7347 enhanced villus width and enterocyte height, which
partially restored alterations in animals sensitized with IFN-� and
fed gliadin. In addition, it also reduced levels of TNF-� and in-
creased levels of IL-10 synthesis, demonstrating its ability to favor
an anti-inflammatory response in the gut mucosa. B. longum
CECT 7347 administered to gliadin-fed animals sensitized with
IFN-� was able to moderately diminish some of the alterations in
jejunal structure. This effect could apparently contribute to an
improvement in the gut barrier function and prevent the translo-
cation of gliadin to the lamina propria (48). Similar to previous
work, L. casei ATCC 9595 administration was able to significantly
reduce the levels of TNF-� and to repair the intestinal injury in-
duced by gliadin in HLA-DQ8 transgenic mice under indometh-
acin treatment (49).

Studies regarding probiotics and CD in humans are very
scarce. In a randomized, double-blind, placebo-controlled study,
Smecuol and coworkers (50) evaluated the effect of the B. infantis
Natren Life Start (NLS) superstrain on gut permeability, the oc-
currence of symptoms, and the presence of inflammatory cyto-
kines in untreated adult CD patients. Results showed that probi-
otic administration was unable to modify gut barrier function,
probably due to a short time of treatment or inadequate dose.
After 3 weeks from the beginning of treatment with the B. infantis
NLS superstrain, a marked improvement in digestion and reduc-
tion in constipation were noted. Abdominal pain and diarrheal
symptom scores were also diminished although without signifi-
cance. In addition, no differences in inflammatory markers were

de Sousa Moraes et al.
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observed in either of the groups. Although there was a slight im-
provement in digestive symptoms, this noteworthy study demon-
strates that the B. infantis NLS superstrain could be a promising
tool in CD therapy.

CONCLUSIONS

CD is an autoimmune enteropathy triggered by gluten proteins.
Consequently, damage in the mucosa often occurs, accompanied
by altered intestinal microbiota and increased epithelial permea-
bility. The causality association is not yet defined. It has been
demonstrated that levels of bifidobacteria and lactobacilli are re-
duced in CD patients, and thus, these bacteria have been seen as
promising targets for probiotic therapy. However, there is still a
lack of consensus regarding the shifts in bacterial composition,
primarily at the species level. Thus, future studies should empha-
size microbiota characterization with potential benefits to gut
health. Strains capable of producing enzymes that degrade gliadin
peptides and induce anti-inflammatory effects are believed to be
better suited for the treatment of this disorder. Moreover, studies
including a larger sample size and involving international health
and research centers would contribute to the design of common
directions and guidelines for the treatment of CD and advance the
knowledge regarding the importance of microbiota in CD devel-
opment.

ACKNOWLEDGMENT

L.M.G. was supported by the Coordenação de Aperfeiçoamento de Pes-
soal de Nível Superior (CAPES), Brazil.

REFERENCES
1. Pozo-Rubio T, Olivares M, Nova E, De Palma G, Mujico JR, Ferrer

MD, Marcos A, Sanz Y. 2012. Immune development and intestinal mi-
crobiota in celiac disease. Clin. Dev. Immunol. 2012:654143. http://dx.doi
.org/10.1155/2012/654143.

2. Schuppan D, Junker Y, Barisani D. 2009. Celiac disease: from pathogen-
esis to novel therapies. Gastroenterology 137:1912–1933. http://dx.doi
.org/10.1053/j.gastro.2009.09.008.

3. Fernández A, González L, De La Fuente J. 2010. Coeliac disease: clinical
features in adult populations. Rev. Esp. Enferm. Dig. 102:466 – 471. http:
//www.grupoaran.com/mrmUpdate/lecturaPDFfromXML.asp?IdArt�4
619000&TO�RVN&Eng�1.

4. Roma E, Roubani A, Kolia E, Panayiotou J, Zellos A, Syriopoulou VP.
2010. Dietary compliance and life style of children with celiac disease. J.
Hum. Nutr. Diet. 23:176 –182. http://dx.doi.org/10.1111/j.1365-277X
.2009.01036.x.

5. Wieser H. 2007. Chemistry of gluten proteins. Food Microbiol. 24:115–
119. http://dx.doi.org/10.1016/j.fm.2006.07.004.

6. Spurkland A, Sollid LM, Ronningen KS, Bosnes V, Ek J, Vartdal F,
Thorsby E. 1990. Susceptibility to develop celiac disease is primarily as-
sociated with HLA-DQ alleles. Hum. Immunol. 29:157–165. http://dx.doi
.org/10.1016/0198-8859(90)90111-2.

7. Fernández-Cavada-Pollo MJ, Alcalá-Peña MI, Vargas-Pérez ML, Ver-
gara-Prieto E, Vallcorba-Gómez-Del Valle I, Melero-Ruiz J, Márquez-
Armenteros AM, Romero-Albillos JA, Narváez-Rodríguez I, Fernán-
dez-de-Mera JJ, González-Roiz C. 2013. Celiac disease and HLA-DQ
genotype: diagnosis of different genetic risk profiles related to the age in
Badajoz, southwestern Spain. Rev. Esp. Enferm. Dig. 105:469 – 476. http:
//dx.doi.org/10.4321/S1130-01082013000800005.

8. Kupfer SS, Jabri B. 2012. Pathophysiology of celiac disease. Gastrointest.
Endosc. Clin. N. Am. 22:639 – 660. http://dx.doi.org/10.1016/j.giec.2012
.07.003.

9. Lionetti E, Catassi C. 2011. New clues in celiac disease epidemiology,
pathogenesis, clinical manifestations, and treatment. Int. Rev. Immunol.
30:219 –231. http://dx.doi.org/10.3109/08830185.2011.602443.

10. Wapenaar MC, Monsuur AJ, Van Bodegraven AA, Weersma RK,
Bevova MR, Linskens RK, Howdle P, Holmes G, Mulder CJ, Dijkstra G,
Van Heel DA, Wijmenga C. 2008. Associations with tight junction genes

PARD3 and MAGI2 in Dutch patients point to a common barrier defect
for coeliac disease and ulcerative colitis. Gut 57:463– 467. http://dx.doi
.org/10.1136/gut.2007.133132.

11. Kalliomäki M, Satokari R, Lähteenoja H, Vähämiko S, Grönlund J,
Routi T, Salminen S. 2012. Expression of microbiota, Toll-like recep-
tors, and their regulators in the small intestinal mucosa in celiac dis-
ease. J. Pediatr. Gastroenterol. Nutr. 54:727–732. http://dx.doi.org/10
.1097/MPG.0b013e318241cfa8.

12. Nistal E, Caminero A, Herrán AR, Arias L, Vivas S, Ruiz de Morales JM,
Calleja S, Sáenz de Miera LE, Arroyo P, Casqueiro J. 2012. Differences
of small intestinal bacteria populations in adults and children with/
without celiac disease: effect of age, gluten diet, and disease. Inflamm.
Bowel Dis. 18:649 – 656. http://dx.doi.org/10.1002/ibd.21830.

13. Collado M, Calabuig M, Sanz Y. 2007. Differences between the fecal
microbiota of coeliac infants and healthy controls. Curr. Issues Intest.
Microbiol. 8:9 –14.

14. Van Elburg RM, Uil JJ, Mulder CJ, Heymans HSA. 1993. Intestinal
permeability in patients with coeliac disease and relatives of patients with
celiac disease. Gut 34:354 –357. http://dx.doi.org/10.1136/gut.34.3.354.

15. Fasano A. 2011. Zonulin and its regulation of intestinal barrier function:
the biological door to inflammation, autoimmunity, and cancer. Physiol.
Rev. 91:151–175. http://dx.doi.org/10.1152/physrev.00003.2008.

16. Drago S, El Asmar R, Di Pierro M, Grazia Clemente M, Tripathi A,
Sapone A, Thakar M, Iacono G, Carroccio A, D’Agate C, Not T,
Zampini L, Catassi C, Fasano A. 2006. Gliadin, zonulin and gut perme-
ability: effects on celiac and non-celiac intestinal mucosa and intestinal
cell lines. Scand. J. Gastroenterol. 41:408 – 419. http://dx.doi.org/10.1080
/00365520500235334.

17. Frazier TH, DiBaise JK, McClain CJ. 2011. Gut microbiota, intestinal
permeability, obesity-induced inflammation, and liver injury. J. Parenter.
Enteral Nutr. 35:14S–20S. http://dx.doi.org/10.1177/0148607111413772.

18. Cani PD, Possemiers S, Van de Wiele T, Guiot Y, Everard A, Rottier O,
Geurts L, Naslain D, Neyrinck A, Lambert DM, Muccioli GG, Delzenne
NM. 2009. Changes in gut microbiota control inflammation in obese mice
through a mechanism involving GLP-2-driven improvement of gut per-
meability. Gut 58:1091–1093. http://dx.doi.org/10.1136/gut.2008.165886.

19. Kau AL, Ahern PP, Griffin NW, Goodman AL, Gordon JI. 2011. Human
nutrition, the gut microbiome and the immune system. Nature 474:327–
336. http://dx.doi.org/10.1038/nature10213.

20. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R,
Gordon JI. 2007. The human microbiome project. Nature 449:804 – 810.
http://dx.doi.org/10.1038/nature06244.

21. Vivas S, Ruiz de Morales JM, Fernandez M, Hernando M, Herrero B,
Casqueiro J, Gutierrez S. 2008. Age-related clinical, serological, and his-
topathological features of celiac disease. Am. J. Gastroenterol. 103:2360 –
2365. http://dx.doi.org/10.1111/j.1572-0241.2008.01977.x.

22. Nistal E, Caminero A, Vivas S, Ruiz De Morales JM, Sáenz De Miera
LE, Rodríguez-Aparicio LB, Casqueiro J. 2012. Differences in faecal
bacteria populations and faecal bacteria metabolism in healthy adults and
celiac disease patients. Biochimie 94:1724 –1729. http://dx.doi.org/10
.1016/j.biochi.2012.03.025.

23. Cheng J, Kalliomäki M, Heilig HGHJ, Palva A, Lähteenoja H, de Vos
WM, Salojärvi J, Satokari R. 2013. Duodenal microbiota composition
and mucosal homeostasis in pediatric celiac disease. BMC Gastroenterol.
13:113. http://dx.doi.org/10.1186/1471-230X-13-113.

24. Wacklin P, Kaukinen K, Tuovinen E, Collin P, Lindfors K, Partanen J,
Mäki M, Mättö J. 2013. The duodenal microbiota composition of adult
celiac disease patients is associated with the clinical manifestation of the
disease. Inflamm. Bowel Dis. 19:934 –941. http://dx.doi.org/10.1097/MIB
.0b013e31828029a9.

25. Sanz Y, Sánchez E, Marzotto M, Calabuig M, Torriani S, Dellaglio F.
2007. Differences in faecal bacterial communities in coeliac and healthy
children as detected by PCR and denaturing gradient gel electrophoresis.
FEMS Immunol. Med. Microbiol. 51:562–568. http://dx.doi.org/10.1111
/j.1574-695X.2007.00337.x.

26. Nadal I, Donant E, Ribes-Koninckx C, Calabuig M, Sanz Y. 2007.
Imbalance in the composition of the duodenal microbiota of children with
coeliac disease. J. Med. Microbiol. 56:1669 –1674. http://dx.doi.org/10
.1099/jmm.0.47410-0.

27. Collado M, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. 2008.
Imbalances in faecal and duodenal Bifidobacterium species composition in
active and non-active coeliac disease. BMC Microbiol. 8:232. http://dx.doi
.org/10.1186/1471-2180-8-232.

Microbiota and Celiac Disease

July 2014 Volume 27 Number 3 cmr.asm.org 487

 on July 2, 2014 by U
N

IV
E

R
S

IT
Y

 O
F

 T
U

R
K

U
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://dx.doi.org/10.1155/2012/654143
http://dx.doi.org/10.1155/2012/654143
http://dx.doi.org/10.1053/j.gastro.2009.09.008
http://dx.doi.org/10.1053/j.gastro.2009.09.008
http://www.grupoaran.com/mrmUpdate/lecturaPDFfromXML.asp?IdArt=4619000&TO=RVN&Eng=1
http://www.grupoaran.com/mrmUpdate/lecturaPDFfromXML.asp?IdArt=4619000&TO=RVN&Eng=1
http://www.grupoaran.com/mrmUpdate/lecturaPDFfromXML.asp?IdArt=4619000&TO=RVN&Eng=1
http://dx.doi.org/10.1111/j.1365-277X.2009.01036.x
http://dx.doi.org/10.1111/j.1365-277X.2009.01036.x
http://dx.doi.org/10.1016/j.fm.2006.07.004
http://dx.doi.org/10.1016/0198-8859(90)90111-2
http://dx.doi.org/10.1016/0198-8859(90)90111-2
http://dx.doi.org/10.4321/S1130-01082013000800005
http://dx.doi.org/10.4321/S1130-01082013000800005
http://dx.doi.org/10.1016/j.giec.2012.07.003
http://dx.doi.org/10.1016/j.giec.2012.07.003
http://dx.doi.org/10.3109/08830185.2011.602443
http://dx.doi.org/10.1136/gut.2007.133132
http://dx.doi.org/10.1136/gut.2007.133132
http://dx.doi.org/10.1097/MPG.0b013e318241cfa8
http://dx.doi.org/10.1097/MPG.0b013e318241cfa8
http://dx.doi.org/10.1002/ibd.21830
http://dx.doi.org/10.1136/gut.34.3.354
http://dx.doi.org/10.1152/physrev.00003.2008
http://dx.doi.org/10.1080/00365520500235334
http://dx.doi.org/10.1080/00365520500235334
http://dx.doi.org/10.1177/0148607111413772
http://dx.doi.org/10.1136/gut.2008.165886
http://dx.doi.org/10.1038/nature10213
http://dx.doi.org/10.1038/nature06244
http://dx.doi.org/10.1111/j.1572-0241.2008.01977.x
http://dx.doi.org/10.1016/j.biochi.2012.03.025
http://dx.doi.org/10.1016/j.biochi.2012.03.025
http://dx.doi.org/10.1186/1471-230X-13-113
http://dx.doi.org/10.1097/MIB.0b013e31828029a9
http://dx.doi.org/10.1097/MIB.0b013e31828029a9
http://dx.doi.org/10.1111/j.1574-695X.2007.00337.x
http://dx.doi.org/10.1111/j.1574-695X.2007.00337.x
http://dx.doi.org/10.1099/jmm.0.47410-0
http://dx.doi.org/10.1099/jmm.0.47410-0
http://dx.doi.org/10.1186/1471-2180-8-232
http://dx.doi.org/10.1186/1471-2180-8-232
http://cmr.asm.org
http://cmr.asm.org/


28. Collado M, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y. 2009.
Specific duodenal and faecal bacterial groups associated with paediatric
coeliac disease. J. Clin. Pathol. 62:264 –269. http://dx.doi.org/10.1136/jcp
.2008.061366.

29. Di Cagno R, Rizziello CG, Gagliardi F, Ricciuti P, Ndagijimana M,
Francavilla R, Guerzoni ME, Crecchio C, Gobbetti M, De Angelis M.
2009. Different fecal microbiotas and volatile organic compounds in
treated and untreated children with celiac disease. Appl. Environ. Micro-
biol. 75:3963–3971. http://dx.doi.org/10.1128/AEM.02793-08.

30. De Palma G, Cinova J, Stepankova R, Tuckova L, Sanz Y. 2010. Pivotal
advance: bifidobacteria and Gram-negative bacteria differentially influ-
ence immune responses in the proinflammatory milieu of celiac disease. J.
Leukoc. Biol. 87:765–778. http://dx.doi.org/10.1189/jlb.0709471.

31. Di Cagno R, De Angelis M, De Pasquale I, Ndagijimana M, Vernocchi
P, Ricciuti P, Gagliardi F, Laghi L, Crecchio C, Guerzoni ME, Gobbetti
M, Francavilla R. 2011. Duodenal and faecal microbiota of celiac chil-
dren: molecular, phenotype and metabolome characterization. BMC Mi-
crobiol. 11:219. http://dx.doi.org/10.1186/1471-2180-11-219.

32. Wang M, Ahrne S, Jeppsson B, Molin G. 2005. Comparison of bacterial
diversity along the human intestinal tract by direct cloning and sequenc-
ing of 16S rRNA genes. FEMS Microbiol. Ecol. 54:219 –231. http://dx.doi
.org/10.1016/j.femsec.2005.03.012.

33. Ouwehand AC, Salminen S, Arvola T, Ruuska T, Isolauri E. 2004.
Microbiota composition of the intestinal mucosa: association with fecal
microbiota? Microbiol. Immunol. 48:497–500. http://dx.doi.org/10.1111
/j.1348-0421.2004.tb03544.x.

34. Setoyama H, Imaoka A, Ishikawa H, Umesaki Y. 2003. Prevention of gut
inflammation by Bifidobacterium in dextran sulfate-treated gnotobiotic
mice associated with Bacteroides strains isolated from ulcerative colitis
patients. Microbes Infect. 5:115–122. http://dx.doi.org/10.1016/S1286
-4579(02)00080-1.

35. Grzeskowiak LM, Collado MC, Mangani C, Maleta K, Laitinen K,
Ashorn P, Salminen S. 2012. Distinct gut microbiota in southeastern
African and northern European infants. J. Pediatr. Gastroenterol. Nutr.
54:812– 816. http://dx.doi.org/10.1097/MPG.0b013e318249039c.

36. Grzeskowiak LM, Grönlund MM, Beckmann C, Salminen S, von Berg
A, Isolauri E. 2012. The impact of perinatal probiotic intervention on gut
microbiota: double-blind placebo-controlled trials in Finland and Ger-
many. Anaerobe 18:7–13. http://dx.doi.org/10.1016/j.anaerobe.2011.09
.006.

37. Fallani M, Young D, Scott J, Norin E, Amarri S, Adam R, Aguilera M,
Khanna S, Gil A, Edwards CA, Doré J. 2010. Intestinal microbiota of
6-week-old infants across Europe: geographic influence beyond delivery
mode, breast-feeding, and antibiotics. J. Pediatr. Gastroenterol. Nutr. 51:
77– 84. http://dx.doi.org/10.1097/MPG.0b013e3181d1b11e.

38. De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB,
Massart S, Collini S, Pieraccini G, Lionetti P. 2010. Impact of diet in
shaping gut microbiota revealed by a comparative study in children from
Europe and rural Africa. Proc. Natl. Acad. Sci. U. S. A. 107:14691–14696.
http://dx.doi.org/10.1073/pnas.1005963107.

39. Mueller S, Saunier K, Hanisch C, Norin E, Alm L, Midtvedt T, Cresci

A, Silvi S, Orpianesi C, Verdenelli MC, Clavel T, Koebnick C, Zunft HJ,
Doré J, Blaut M. 2006. Differences in fecal microbiota in different Euro-
pean study populations in relation to age, gender, and country: a cross-
sectional study. Appl. Environ. Microbiol. 72:1027–1033. http://dx.doi
.org/10.1128/AEM.72.2.1027-1033.2006.

40. Tack GJ, Verbeek WHM, Schreurs MWJ, Mulder CJJ. 2010. The spectrum
of celiac disease: epidemiology, clinical aspects and treatment. Nat. Rev. Gas-
troenterol. Hepatol. 7:204–213. http://dx.doi.org/10.1038/nrgastro.2010.23.

41. Fasano A, Catassi C. 2001. Current approaches to diagnosis and treat-
ment of celiac disease: an evolving spectrum. Gastroenterology 120:636 –
651. http://dx.doi.org/10.1053/gast.2001.22123.

42. Högberg L, Grodzinsky E, Stenhammar L. 2003. Better dietary compliance in
patientswithcoeliacdiseasediagnosedinearlychildhood.Scand.J.Gastroenterol.
38:751–754. http://dx.doi.org/10.1080/00365520310003318.

43. Bakshi A, Stephen S, Borum ML, Doman DB. 2012. Emerging thera-
peutic options for celiac disease: potential alternatives to a gluten-free diet.
Gastroenterol. Hepatol. 8:582–588. http://www.ncbi.nlm.nih.gov/pmc
/articles/PMC3594957/.

44. Food and Agriculture Organization of the United Nations, World
Health Organization. 2002. Guidelines for the evaluation of probiotics in
food. World Health Organization, Geneva, Switzerland. ftp://ftp.fao.org
/es/esn/food/wgreport2.pdf. Accessed 27 April 2014.

45. Vanderpool C, Yan F, Polk DB. 2008. Mechanisms of probiotic action:
implications for therapeutic applications in inflammatory bowel diseases.
Inflamm. Bowel Dis. 14:1585–1596. http://dx.doi.org/10.1002/ibd.20525.

46. De Angelis M, Rizzelo CG, Fasano A, Clemente MG, De Simone C,
Silano M, De Vincenzi M, Losito I, Gobbetti M. 2006. VSL#3 probiotic
preparation has the capacity to hydrolyze gliadin polypeptides responsible
for celiac sprue. Biochim. Biophys. Acta 1762:80 –93. http://dx.doi.org/10
.1016/j.bbadis.2005.09.008.

47. Lindfors K, Blomqvist T, Juuti-Uusitalo K, Stenman S, Venäläinen J,
Mäki M, Kaukinen K. 2008. Live probiotic Bifidobacterium lactis bacteria
inhibit the toxic effects induced by wheat gliadin in epithelial cell culture.
Clin. Exp. Immunol. 152:552–558. http://dx.doi.org/10.1111/j.1365-2249
.2008.03635.x.

48. Laparra JM, Olivares M, Gallina O, Sanz Y. 2012. Bifidobacterium
longum CECT 7347 modulates immune responses in a gliadin-induced
enteropathy animal model. PLoS One 7:e30744. http://dx.doi.org/10.1371
/journal.pone.0030744.

49. D’Arienzo R, Stefanile R, Maurano F, Mazzarella G, Ricca E, Troncone
R, Auricchio S, Rossi M. 2011. Immunomodulatory effects of Lactoba-
cillus casei administration in a mouse model of gliadin-sensitive enterop-
athy. Scand. J. Immunol. 74:335–341. http://dx.doi.org/10.1111/j.1365
-3083.2011.02582.x.

50. Smecuol E, Hwang HJ, Sugai E, Corso L, Cherñavsky AC, Bellavite FP,
González A, Vodánovich F, Moreno ML, Vázquez H, Lozano G,
Niveloni S, Mazure R, Meddings J, Mauriño E, Bai JC. 2013. Explor-
atory, randomized, double-blind, placebo-controlled study on the effects
of Bifidobacterium infantis Natren Life Start strain super strain in active
celiac disease. J. Clin. Gastroenterol. 47:139 –147. http://dx.doi.org/10
.1097/MCG.0b013e31827759ac.

Maria do Carmo Gouveia Peluzio, D.Sc.,
M.Sc., is an associate professor at the Depart-
ment of Nutrition and Health at the Federal
University of Viçosa in Brazil. She received an
M.Sc. in agrochemistry at the Federal Univer-
sity of Viçosa and a D.Sc. in biochemistry and
immunology at the Federal University of Minas
Gerais in Brazil. At the moment, Dr. Peluzio is
involved in studies on the role of functional
foods in the prevention of chronic diseases, in-
cluding atherosclerosis and colon and breast
cancers. Her areas of research also involve gut microbiota and probiotics in
celiac disease, obesity, and metabolic syndrome.

Luís Fernando de Sousa Moraes, M.Sc., gradu-
ated in Nutrition (2011). In 2013, he received an
M.Sc. in Nutrition Science from the Federal
University of Viçosa in Brazil. Mr. Moraes has
been working on celiac disease and intestinal
microbiota since 2011. At the moment, he is a
doctorate student at the same institution. His
interests cover nutrition, microbiota, and pro-
biotics under different clinical conditions, such
as celiac disease, obesity, and type II diabetes.

de Sousa Moraes et al.

488 cmr.asm.org Clinical Microbiology Reviews

 on July 2, 2014 by U
N

IV
E

R
S

IT
Y

 O
F

 T
U

R
K

U
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://dx.doi.org/10.1136/jcp.2008.061366
http://dx.doi.org/10.1136/jcp.2008.061366
http://dx.doi.org/10.1128/AEM.02793-08
http://dx.doi.org/10.1189/jlb.0709471
http://dx.doi.org/10.1186/1471-2180-11-219
http://dx.doi.org/10.1016/j.femsec.2005.03.012
http://dx.doi.org/10.1016/j.femsec.2005.03.012
http://dx.doi.org/10.1111/j.1348-0421.2004.tb03544.x
http://dx.doi.org/10.1111/j.1348-0421.2004.tb03544.x
http://dx.doi.org/10.1016/S1286-4579(02)00080-1
http://dx.doi.org/10.1016/S1286-4579(02)00080-1
http://dx.doi.org/10.1097/MPG.0b013e318249039c
http://dx.doi.org/10.1016/j.anaerobe.2011.09.006
http://dx.doi.org/10.1016/j.anaerobe.2011.09.006
http://dx.doi.org/10.1097/MPG.0b013e3181d1b11e
http://dx.doi.org/10.1073/pnas.1005963107
http://dx.doi.org/10.1128/AEM.72.2.1027-1033.2006
http://dx.doi.org/10.1128/AEM.72.2.1027-1033.2006
http://dx.doi.org/10.1038/nrgastro.2010.23
http://dx.doi.org/10.1053/gast.2001.22123
http://dx.doi.org/10.1080/00365520310003318
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3594957/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3594957/
ftp://ftp.fao.org/es/esn/food/wgreport2.pdf
ftp://ftp.fao.org/es/esn/food/wgreport2.pdf
http://dx.doi.org/10.1002/ibd.20525
http://dx.doi.org/10.1016/j.bbadis.2005.09.008
http://dx.doi.org/10.1016/j.bbadis.2005.09.008
http://dx.doi.org/10.1111/j.1365-2249.2008.03635.x
http://dx.doi.org/10.1111/j.1365-2249.2008.03635.x
http://dx.doi.org/10.1371/journal.pone.0030744
http://dx.doi.org/10.1371/journal.pone.0030744
http://dx.doi.org/10.1111/j.1365-3083.2011.02582.x
http://dx.doi.org/10.1111/j.1365-3083.2011.02582.x
http://dx.doi.org/10.1097/MCG.0b013e31827759ac
http://dx.doi.org/10.1097/MCG.0b013e31827759ac
http://cmr.asm.org
http://cmr.asm.org/


Tatiana Fiche de Salles Teixeira, D.Sc., M.Sc.,
graduated in Nutrition in 2005 and received an
M.Sc. in Nutrition Science in 2011. In 2014, she
received a D.Sc. in Nutrition Science from the
Federal University of Viçosa in Brazil. Her in-
terest in studying microbiota came recently
with advances in the areas of celiac disease, obe-
sity, and type II diabetes. Microbiota and pro-
biotic topics offer great challenges for research-
ers, and this has motivated her involvement in
this field since 2008.

Lukasz M. Grzeskowiak, Ph.D., M.Sc., is a Re-
search Scientist in the Functional Foods Forum
at the University of Turku in Finland. Cur-
rently, he is a visiting researcher in the Depart-
ment of Nutrition and Health at the Federal
University of Viçosa in Brazil. Dr. Grzeskowiak
received his M.Sc. in biology from the Poznań
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