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Decrease in lactobacilli in the intestinal microbiota of celiac
children with a gluten-free diet, and selection of potentially
probiotic strains

Maria J. Lorenzo Pisarello, Elisa O. Vintifi, Silvia N. Gonzdlez, Florencia Pagani, and Marcela S. Medina

Abstract: The intestinal microbiota would be implicated in pathology associated with celiac disease caused by an abnormal
immune system reaction against gluten present in cereal grains. The objectives of this work were to detect through basic
methods the changes in the composition of the most common genera of bacteria from the intestinal microbiota of symptom-free
celiac disease children with a gluten-free diet compared with healthy children from Tucumdn and to select lactobacilli (Lb)
strains with probiotic potential from the feces of healthy children. Results demonstrated that the feces of celiac children with
a gluten-free diet showed significantly lower counts of Lb (P < 0.05) compared with healthy children, while enterobacteria tended
to increase in celiac children. On the basis of these results, isolation of some Lb from the feces of healthy children was carried
out. Thus, 5 Lb strains were selected because of their high resistance percentages to gastrointestinal tract conditions. In addition,
their autoaggregation and hydrophobicity properties were evaluated: Lactobacillus rhamnosus (LC4) showed the highest percent-
age of autoaggregation while Lactobacillus paracasei (LC9) showed high hydrophobicity. Based on these results, LC4 and LC9 were
selected, and their use as potential probiotic strains to improve signs and symptoms associated with celiac disease is discussed.
This is the first study performed in Argentina concerning the relationship between intestinal microbiota and celiac disease in
celiac children with a gluten-free diet. In addition, the development of a probiotic food addressed towards celiac patients and
designed with Lb isolated from the feces of healthy children from our province represents a promising alternative to improve the
quality of life of celiac patients.
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Résumé : Il appert que la microflore intestinale serait impliquée dans la pathologie associée a la maladie cceliaque, qui est causée
par une réaction immunitaire anormale envers le gluten présent dans les grains céréaliers. Les objectifs du présent ouvrage
étaient de détecter au moyen de méthodes de base des variations dans la composition des genres de bactéries les plus fréquents
de la microflore intestinale d’enfants cceliaques asymptomatiques sous alimentation sans gluten (ECASG) comparativement a
des enfants sains (ES) de Tucumadn et de sélectionner a partir de selles d’ES des souches de lactobacilles (Lb) présentant un
potentiel probiotique. Les résultats ont démontré que les selles d’enfants cceliaques a I’alimentation dépourvue de gluten
renfermaient des comptes de Lb significativement inférieurs (P < 0,05) a celles d’enfants sains, tandis que les entérobactéries
avaient tendance a étre plus nombreuses chez les enfants cceliaques. Ainsi, on a sélectionné 5 souches de Lb en vertu de leur taux
élevé de résistance aux conditions sévissant dans le tube digestif. Par ailleurs, on a évalué leurs attributs d’autoagrégation et
d’hydrophobicité. A cet égard, Lactobacillus rhamnosus (LC4) présentait le plus haut pourcentage d’autoagrégation tandis que
Lactoacillus paracasei (LC9) était le plus hydrophobe. En s’appuyant sur ces résultats, LC4 et LC9 ont été retenus et ’on a traité de
leur usage possible en tant que souches probiotiques destinées a améliorer les signes et les symptdomes associés a la maladie
ceceliaque. Il s’agit de la premieére étude réalisée en Argentine portant sur la relation entre la microflore intestinale et la maladie
cceliaque chez des patients cceliaques suivant un régime sans gluten. En outre, la préparation d’aliments probiotiques destinés
aux patients coeliaques et congus avec des Lb isolés de selles d’enfants sains de notre province représente une solution promet-
teuse pour améliorer la qualité de vie des patients coeliaques. [Traduit par la Rédaction]

Mots-clés : microflore intestinale, maladie cceliaque, Lactobacillus, probiotiques.

Introduction and activating innate and adaptive immunity (Sanz 2010). The
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prising hundreds of bacterial species. Intestinal microbiota plays et al. 2008; Liszt et al. 2009).

a key role in health and disease (Gibson and Roberfroid 1995; Celiac disease (CD) is an immune-mediated small intestinal

Moreau and Gaboriau-Routhiau 2001) by metabolizing nutrients enteropathy triggered by gluten ingestion in genetically sus-
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ceptible individuals, with a prevalence of 1% (Rubio-Tapia et al.
2012) in the United States. In Argentina, a prevalence of 1.26% of
celiac (1/79 children) diagnosed by histopathology has been esti-
mated (Mora et al. 2012). CD classically includes gastrointestinal
symptoms such as diarrhea, malabsorption, and weight loss. A
gluten-free diet (GFD), currently the only treatment for CD, is
effective in the vast majority of patients (Nachman et al. 2009;
Murray et al. 2004). CD has a multifactorial pathogenesis involv-
ing genetic, immunological, and environmental factors, and the
role of intestinal bacteria in its development and treatment is not
fully understood yet (Collado et al. 2007; Medina et al. 2008). In
contrast to healthy individuals, the gut microbiota of celiac pa-
tients is characterized by higher numbers of Gram-negative bac-
teria and lower numbers of Gram-positive bacteria (De Palma et al.
2009). The former activate pro-inflammatory pathways while the
latter, including lactobacilli (Lb) and bifidobacteria, inhibit toxic
effects induced by other species or gluten antigens (Laparra et al.
2013) on the gastrointestinal tract. In this sense, probiotics, de-
fined as “live microorganisms ingested in adequate amounts which
are capable of exerting a beneficial effect on the health of the host”
(FAO/WHO 2002), would be a promising alternative to improve
gut microbiota dysbiosis and chronic intestinal inflammation in
celiac patients. The dietary habits of a population, which are
closely associated with the socio-economic environment, are one
of the main factors determining the diversity of the human gut
microbiota (Bickhed et al. 2005; De Filippo et al. 2010). Long-term
dietary treatments aimed at food-related diseases can affect the
composition of resident microbiota and thus its functional rela-
tionships with various organs and tissues of the host. The objec-
tives of this study were (i) to detect through basic methods the
changes in the composition of the most common genera of bacte-
ria from the intestinal microbiota of symptom-free celiac disease
children with a gluten-free diet (CCGFD) compared with healthy
children (HC) from Tucumadn, and (ii) to select from the feces of HC
Lb strains with probiotic potential based on in vitro evidence. The
survey of the intestinal microbiota of celiac patients represents
the first work in this topic in our province.

Materials and methods

Subjects and fecal sampling

This experimental study was conducted between May 2011 and
April 2012. A total of 30 children were included in the study:
15 healthy children (HC) (mean age, 6.5 years; range, 2-11 years)
with no family history of food intolerance, and 15 symptom-free
children (mean age = 7.5, range: 3-14 years) with a previously con-
firmed diagnosis of celiac disease and a gluten-free diet (CCGFD:
celiac children with a gluten-free diet). CD was diagnosed on the
basis of clinical symptoms, positive serology markers (antigliadin
and antitransglutaminase antibodies), and signs of severe enter-
opathy by duodenal biopsy examination and positive response to
a GFD. CCGFD patients had adhered to a GFD for a period longer
than 6 months, and their clinical symptoms, serological tests, and
histopathological evaluation of duodenal biopsy specimens were
negative. The children included in the study had not been treated
with antibiotics for at least 1 month before the sampling time. The
study was approved by the Ethical Committee of the Facultad de
Medicina of the Universidad Nacional de Tucumdn, which regu-
lates clinical research in humans. Children were enrolled in the
study after the written informed consent of their parents.

Fecal samples from the 2 groups of children under study were
collected in sterile recipients, diluted 10-fold in sterile physiolog-
ical solution, and homogenized. Aliquots of this dilution were
kept at -80 °C for further immunological studies.

Intestinal microbiota bacterial counts
Successive dilutions (1:100) in 0.1% peptone water were per-
formed with the fecal samples collected. Dilutions were plated
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in duplicate in the following culture media: Brain Heart Agar
(for total aerobic bacteria), Brain Heart Agar supplemented
with vitamin K and hemin (for total anaerobic bacteria), Rogosa
agar (for Lb), and Violet Red Bile Glucose agar (for enterobacteria).
Plates for Lb, enterobacteria, and total aerobic bacteria were incu-
bated aerobically at 37 °C. Total anaerobic bacteria were incu-
bated anaerobically at 37 °C with Anaerocult® gas generating
envelopes for anaerobic incubation (Merck, Argentina). The plates
were counted 48-96 h after incubation and reported as colony-
forming units per gram of feces (CFU/g feces).

Isolation of Lb

Lb isolation was performed from fecal suspensions in sterile
physiological solution (1/10 m/v) which were seeded in duplicate in
LBS medium (semidefined medium for the selective isolation and
enumeration of Lb from foods and intestinal, vaginal, and dental
flora) in plates that were incubated at 37 °C for 48 h. Bacteria were
isolated by successive seeding with the cross-streak method and a
collection of 5 strains was obtained. Microbiological purity and
identification of bacteria were tested by Gram staining, catalase
test, appearance of colony and cell morphology, and fermentation
profiles of carbohydrates (Oliszewski et al 2006; Gusils et al 2004).
Although several genera of lactic acid bacteria grew in the LBS
medium, only those identified as Lactobacillus were selected for
further studies.

Biochemical identification of Lb

Selected strains were transferred to MRS liquid culture medium
and incubated at 30 °C for 48 h. After 3 successive passages, sugar
fermentation profile was analyzed using the API 50 CHL system
(BioMerieux) according to manufacturer’s instructions. The gal-
lery was incubated under aerobic conditions at 37 °C for 24-48 h.
The biochemical profile of each strain, based on the observation
of the color developed in each of the tubes, was analyzed by api-
web® software provided by the manufacturer.

Autoaggregation assays

The autoaggregation capacity of strains was assessed according
to the technique described by Vandevoorde et al; 1992. Briefly,
cultures of each Lb strain, grown for different time periods and
under various growth conditions, were centrifuged (6000g, 15 min),
washed with PBS (pH 7), and resuspended in the same buffer to an
optical density (OD) of 0.6 + 0.05 at 600 nm. Variation in OD at
600 nm of cell suspensions was monitored every 1 h for 4 h with-
out agitation of the suspensions during spectrophotometric deter-
minations.

Autoaggregation percentage was calculated by the following
expression:

OD; iti1 — OD
Autoaggregation (%) = W x 100
initial

where ODj, ;. is OD at initial time (t = 0) of the autoaggregation
assay, and ODy, ., is OD at each time point after the beginning of
the assay (t=1, 2, 3, or 4 h).

Hydrophobicity assays

The degree of hydrophobicity was assessed by the microbial
adhesion to hydrocarbons (MATH) method according to a previ-
ous report (Judrez Tomds et al. 2005). The hydrophobic solvent
xylene was employed. The strains to be studied were activated
using 2 successive passages, and an overnight culture of each
strain was centrifuged for 10 min at 10 000 rpm. Bacterial pellets
were washed and resuspended in saline to obtain an optical den-
sity (ODggo) Of 0.5-0.7. The solvent was added to each cell sus-
pension and the mixture was vortexed vigorously for 1 min. Then
suspensions were kept still to allow the immiscible solvent and
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Fig. 1. Bacterial counts (CFU/g) of the most common microbial groups in fecal samples of celiac children with a gluten-free diet (CCGFD) and
of healthy children (HC). Data are the means of 3 independent experiments from each sample. Each experimental group was composed of
15 individuals. Median values and ranges are given. *, indicates a significant difference at P < 0.05, by Tukey’s test after ANOVA.
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aqueous phase to separate. The lower aqueous layer was carefully
removed using Pasteur pipettes and transferred to clean tubes.
Absorbance was measured at 600 nm and each solution was vor-
texed for 90 s. Then the tubes were allowed to rest for 15 min to
allow the separation of the 2 phases, and the ODg,, of the aqueous
phase (lower phase) was measured again.

Hydrophobicity percentage was obtained from the following
calculation:

0D, - OD
% hydrophobicity = ("(‘)D—ﬁ) x 100
before

The strains were classified into 3 categories: high (71%-100%),
medium (70%-36%), and low (35%-0%) hydrophobicity (24).

Simulated gastrointestinal digestion

The resistance to gastrointestinal digestion of 5 Lb strain iso-
lates was tested by a sequential protocol. Overnight cultures were
adjusted to 1 x 108 CFU/mL and washed twice with PBS. Then,
0.5 mL of simile saliva solution (2 mg/mL lysozyme in PBS, pH 7.00)
was added to 1.750 mL of each cell suspension, and they were
incubated for 5 min at 41 + 0.5 °C. After that, 2.250 mL of simile
gastric juice (125 mmol/L NaCl, 7 mmol/L KCl, 45 mmol/L NaHCO,,
3 g/L pepsine, pH 2.00) was added, pH was adjusted to 3.00-3.50,
and the suspensions were incubated for 1 h at 41+ 0.5 °C. Prior to
2 h of incubation at 41 * 0.5 °C, 3 mL of simile intestinal juice
(0.75% (m/fv) bile salts and 2 mg/mL pancreatin, pH 8.00) were_
added and pH was adjusted to 8.00. The tubes were centrifuged
(10 000g, 10 min, 4 °C) and pellets were then resuspended in
1750 mL of PBS. At the beginning and end of the assay, bacterial
suspensions were plated on MRS and incubated at 37 °C for 48 h.
A reduction greater than 2 log in bacterial counts indicates no
survival to simulated conditions in the gastrointestinal tract.

Statistical analysis

Significant differences between means were determined by
Tukey’s test after analysis of variance (ANOVA) with a Minitab
Statistic Program, release 12 for Windows. A P value of <0.05 was
considered statistically significant.

Results

Intestinal microbiota bacterial counts

Selective media were used to enumerate the most common
culturable bacterial genera present in fecal samples. A compari-
son of these bacterial genera between CCGFD and HC is shown in

Fig. 1. The total count of aerobic and anaerobic bacteria showed no F1

significant differences between the 2 groups analyzed. Thus, an-
aerobic bacteria count was (2.09 * 9.08) x 10° CFU/g for HC and
(1.37 £ 5.47) x 10° CFU/g for CCGFD, while aerobic bacteria were
(3.31 + 2.57) x 10° for HC and (1.54 * 5.47) x 109 for CCGFD. The
enterobacteria population tended to increase in CCGFD compared
with that in HC; however, no significant differences were found
between the 2 groups (HC = (6.60 * 5.23) x 105> CFU/g; CCGFD =
(1.18 £7.69) x 10° CFU/g). In contrast, Lb counts in the CCGFD group
revealed significantly lower values (P < 0.05) than those in the HC
group (HC = (4.00 * 2.45) x 109 CCGFD = (4.38 * 3.14) x 10@

Lb isolation from fecal microbiota and biochemical
identification of Lactobacillus spp.

Lb isolation from fecal samples of HC was performed in LBS
medium. The colonies developed were large, white, raised, con-
vex, opaque, with well-defined edges, which correspond to the
characteristics presented by Lb in this culture medium and agree
with the description of the genus indicated by Kandler and Weiss
1992. Microscopic examination and Gram staining allowed iden-
tification of Gram-positive strains from 5 pure colonies grown in
MRS. The catalase test was negative in all cases. Biochemical iden-

< Published by NRC Research Press


jcostigan
Cross-Out

jcostigan
Inserted Text
was
It is OK

jcostigan
Inserted Text
CFU/g 
it is correct

jcostigan
Inserted Text
 CFU/g
it is correct


jcostigan
Inserted Text
CFU/g
it is correct

jcostigan
Inserted Text
CFU/g

Marcela
Nota adhesiva
It is correct


| rich2/cjm-cjm/cjm-cjm/cjm99914/cjm0256d14z | xppws | S=3 | 11/18/14 | 5:19 | Art: cjm-2014-0472 | Input-1st disk, 2nd ?? |

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

Can. J. Microbiol. Vol. 61, 2015

Fig. 2. Autoaggregation results of lactobacilli strain isolates from the intestinal microbiota of healthy children. The autoaggregation
percentages obtained for each sample of bacterial culture were plotted as a function of the time of duration of the autoaggregation assay
(0-4 h). Error bars represent standard deviations of the mean values of results from 3 replicate experiments.
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tification of 5 Lb strains was performed using the API-50 CHL
system, a study of the fermentation of 49 sugars, according to
manufacturer’s specifications. The results obtained, which consti-
tute the biochemical profile of the strain, are used for its identi-
fication. This technique allowed the identification of LC2, LC3,
LC4, and LC5 as Lactobacillus paracasei, while LC9 was identified as
Lactobacillus rhamnosus.

Evaluation of autoaggregation of Lactobacillus spp.

The autoaggregation ability of probiotic strains appears to be a
necessary requirement for their adherence to intestinal epithelial
cells, which occupy specific locations to prevent potential coloni-
zation by pathogens (Kandler and Weiss 1992; Boris et al. 1997).
Autoaggregation percentages obtained for each Lb strain were
plotted as a function of the time of duration of the autoaggrega-
tion assay (0—-4 h). Autoaggregation was assayed based on the
settling characteristics of the microorganisms. LC2, LC3, LC5, and
LC9 showed constant turbidity and an autoaggregation percent-
age below 5%, while LC4 showed precipitate formation and auto-
aggregation close to 30%. In view of these results, LC4 seems to be
more appropriate than the other strains for its use as a probiotic.
The results are expressed in Fig. 2.

Hydrophobicity test

The ability of probiotic strains to adhere to tissues is considered
an important factor in the colonization of different environments
of the human body (Del Re et al. 2000). Some characteristics of the
bacterial surface can be studied to infer strain adhesion proper-
ties. Therefore, in this work we studied the hydrophobicity of
Lb isolates. LC2 and LC3 showed low hydrophobicity with val-
ues of 5.80% * 0.12% and 2.94% * 4.16%, respectively, while LC4

had a moderate hydrophobicity percentage of 21.91% + 9.7%. The
LC9 strain showed the highest hydrophobicity rate: 61.18% * 1.66%.
Based on this property, LC9 would favor adhesion to epithelial
intestinal cells, while LC4 would also have probiotic potential.

Resistance to gastrointestinal tract conditions

Bile salts and heartburn are some of the barriers to be overcome
by microorganisms that act as probiotics. That is why in this study
the isolates were subjected to a treatment that simulated stomach
conditions (pH 3) and intestinal secretions (pancreatin, pepsin,
pH 8). This is a modification of the technique of Madureira et al.
2005, which combines the effect of exposure to gastric juice fol-
lowed by exposure to bile salts over a 120 min period. This assay
was aimed at simulating 2 situations that occur during transit
through the gastrointestinal tract: passage through the stomach
followed by the effect of bile salts on the small intestine. All Lb
studied showed high resistance to the conditions of the gastroin-
testinal tract; LC3 showing the highest viability value after
exposure to low pH and intestinal secretions (98%), followed by
LC4 (90%), LC2 (89.28%), and LC5 (86.52%). The LC9 strain was least
resistant but still maintained 80% viability in the assay conditions.
Figure 3 shows the counts for all strains at the beginning and end
of the assay.

Discussion

The relationship between intestinal microbiota and diet and
that between the microbiota and health or disease have been
extensively studied in the last few years (Quigley 2013). Diet has an
important impact on the bacterial diversity of the intestinal mi-
crobiota (Ley et al. 2008; Liszt et al. 2009) by influencing its com-
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Fig. 3. Resistance to gastrointestinal digestion of 5 lactobacilli strain isolates. Results are expressed in log CFU/mL. Black bars indicate values
at the beginning of the assay, white bars are the values at the end of the assay. Error bars represent standard deviations of the mean values of

results from 3 replicate experiments.
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position and function and consequently the health of the host,
particularly in the case of patients suffering from food-related
diseases. In this sense, some studies showed that the microbiota
could be an important factor involved in the etiology of CD, and
changes in bacterial genera were observed in the microbiota of
celiac children compared with healthy ones. Genetic predisposi-
tion is also important in this enteropathy, and its relation to
microbiota was evaluated in some reports (Sellitto et al. 2012; De
Palma et al. 2012). In a previous work by De Palma et al. (2009), it
was reported that Lb and bifidobacteria decreased in adults on a
GFD compared with healthy individuals. In addition, a reduction
in bifidobacteria and Lb compared with Gram-negative bacteria
was detected in children with active CD and particularly in pa-
tients with a GFD treatment (Nadal et al. 2007). In this work we
studied the most common bacterial genera present in the feces of
HC and in those that, with a previous diagnosis of CD, were sub-
jected to a GFD for a period no shorter than 6 months. Changes
in the most common bacterial genera were found in the CCGFD
group. Thus, bacterial counts performed in this study showed a
significant decrease (P < 0.05) in Lb population in infants under-
going a GFD in relation to healthy individuals; bifidobacteria were
not evaluated in this work. No significant differences in entero-
bacteria were found between HC and CCGEFD, in contrast with
other studies (Nadal et al. 2007). This fact may be due to the basic
methodology employed in this work.

Previous investigations (Sellitto et al. 2012; De Palma et al. 2012;
Nadal et al. 2007) as well as this work would indicate that dietary
therapy in celiac patients could contribute to a reduction in the
number of beneficial bacteria such as Lb and bifidobacteria and
increase the count of enterobacteria (Fig. 1), which are character-
istic of microbiota associated with the active phase of CD (De
Palma et al. 2012; Nadal et al. 2007; Collado et al. 2009). On the
basis of these considerations, a GFD would allow the recovery of
intestinal histology but would not be fully effective in normaliz-

ing the intestinal dysbiosis associated with the intestinal microbiota
of celiac patients. Furthermore, although the immunosuppressive
effects of GDF can benefit celiac patients prone to Thi-type pro-
inflammatory response, they may be detrimental to the defense
against pathogens and to the regulation of the immune response
in chronic processes. In this scenario, probiotics with immuno-
modulatory properties and capable of improving host resistance
to infection may play an important role in enhancing or restoring
the compromised microbial balance that characterizes the intes-
tinal microbiota of celiac patients (de Sousa Moraes et al. 2014).
Lactobacillus is considered the genus with the largest number of
species with probiotic characteristics and, therefore, with benefi-
cial health properties. Thus, 5 strains of Lb with probiotic potential
from healthy eutrophic children were isolated. The requirements
for a microorganism to be considered a probiotic are diverse and
include resistance to the conditions of the gastrointestinal tract
and the ability to adhere to intestinal epithelial cells. The physi-
cochemical characteristics of the bacterial cell wall and the
nature of the surface to which bacteria adhere influence Lb
self-aggregation and adhesion. These properties are very impor-
tant in the selection of probiotic strains. Lactobacillus casei (LC4)
showed 30% autoaggregation with considerable hydrophobicity,
although Lactobacillus rhamnosus (LC9) showed the highest hy-
drophobicity level. Taken together, the results of the in vitro assays
allow us to consider that LC9 and LC4 present the best features for
their potential use as probiotics. On the other hand, further stud-
ies should be conducted to evaluate the immunomodulatory
properties of these lactic acid bacteria, employing both in vitro
and in vivo assays, since their effect on the immune system is one
of the main factors responsible for the beneficial influence of
probiotics on human health.

A recent study showed that the percentage of celiac patients in
the pediatric population in Argentina was higher than expected
(Mora et al. 2012), but no studies on the intestinal microbiota in
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celiac patients have been conducted. This is the first study in
Argentina concerning the relationship between intestinal micro-
biota and CD in celiac children with a GFD. Treatment with pro-
biotics does not aim at substituting the GFD but at attenuating the
altered inflammatory parameters in celiac individuals and favor-
ably modifying the composition of the intestinal microbiota, thus
reducing the counts of Gram-negative bacteria with greater patho-
genic and inflammatory impact.

Since the intestinal microbiota is affected by feeding and eating
habits dependent on the social, cultural, religious, and economic
characteristics of a population, the development of a probiotic
food addressed towards celiac patients and designed with Lb iso-
lated from the feces of healthy children of our province represents
a promising alternative to improve the quality of life of celiac
patients.
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