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Abstract

Interactions between the immune system and the intestinal microbiota may play a role in coeliac disease (CD). In the present study, the
potential effects of Bifidobacterium longum CECT 7347 in children with newly diagnosed CD were evaluated. A double-blind, randomised,
placebo-controlled trial was conducted in thirty-three children who received a capsule containing either B. longum CECT 7347 (10° colony-
forming units) or placebo (excipients) daily for 3 months together with a gluten-free diet (GFD). Outcome measures (baseline and post-
intervention) included immune phenotype of peripheral blood cells, serum cytokine concentration, faecal secretory IgA (sIgA) content,
anthropometric parameters and intestinal microbiota composition. Comparisons between the groups revealed greater height percentile
increases (P=0-048) in the B. longum CECT 7347 group than in the placebo group, as well as decreased peripheral CD3" T lymphocytes
(P=0-004) and slightly reduced TNF-a concentration (P=0-067). Within-group comparisons of baseline and final values did not reveal any
differences in T lymphocytes and cytokines in the placebo group, while decreased CD31 (P = 0-013) and human leucocyte antigen (HLA)-
DR" T lymphocytes (P = 0-029) and slightly reduced TNF-a concentration (P=0-085) were detected in the B. longum CECT 7347 group.
Comparison between the groups showed that the administration of B. longum CECT 7347 reduced the numbers of the Bacteroides fragilis
group (P=0-020) and the content of sIgA in stools (P=0:011) compared with the administration of placebo. Although this is a first explora-
tory intervention with limitations, the findings suggest that B. longum CECT 7347 could help improve the health status of CD patients who
tend to show alterations in gut microbiota composition and a biased immune response even on a GFD.
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Coeliac disease (CD) is an autoimmune enteropathy caused by
a permanent intolerance to dietary proteins of wheat, barley
and rye in genetically predisposed (human leucocyte antigen
(HLA)-DQ2/8) individuals. In CD patients, gluten proteins
induce a deregulated immune response that typically leads
to severe small-intestinal mucosal injury, malabsorption and
gastrointestinal symptoms'”. Gluten proteins are the main
environmental factor involved in CD pathogenesis; however,
recent studies have shown that other factors influencing
the interplay between the gut microbiota and the mucosal
immune system, including breast-feeding and gastrointestinal

infections, could contribute to determining the disease

t(2)

onset . Observational studies conducted so far have reported

associations between intestinal dysbiosis and CD®, with a

few exceptions™>. Our studies have reported that the duode-
nal and faecal microbiota of CD patients is unbalanced with
decreased numbers of Bifidobacterium spp. and increased
numbers of Bacteroides spp. and Escherichia coli clones
with higher virulence features, which are only partially nor-
malised after a long-term gluten-free diet (GFD)®_ One of
the most recent studies has also reported that CD patients
with gastrointestinal symptoms had different microbiota
composition in comparison with controls and patients with
dermatitis herpetiformis, suggesting that the microbiota may
play a role in the manifestation of the disease”. In vitro
and animal studies have demonstrated that the dysbiotic gut
microbiota of CD patients and specific isolates may potentially
enhance the inflammatory response elicited by gluten and

Abbreviations: CD, coeliac disease; GFD, gluten-free diet; HLA, human leucocyte antigen; sIgA, secretory IgA; (TG, tissue transglutaminase.
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contribute to increasing intestinal epithelial permeability and
gliadin peptide translocation’®~'®. In contrast, Bifidobacterium
longum CECT 7347 has been shown to attenuate the inflam-
matory effects of the dysbiotic gut microbiota of CD patients
on peripheral blood mononuclear cells partially via the induc-
tion of IL-10 production®'®_ This strain has also been proven
to reduce the cytotoxic and inflammatory effects of gliadin
peptides on epithelial cells iz vitro via the degradation of
gliadin peptides>'®. The administration of B. longum CECT
7347 has also been shown to reduce the numbers of peri-
pheral CD4™ T cells, and increase I1L-10 and reduce TNF-a
production in jejunal sections in an animal model of gliadin-
induced enteropathy”.

The only current treatment for CD is adherence to a strict
GFD, which usually results in symptomatic, serological and
histological remission*#'?,
strict GFD is very difficult due to the presence of gluten in
most processed foods and the social restriction implied;
thus, overall, the GFD is far from optimal. In practice, CD
patients may continue suffering from clinical symptoms, nutri-
tional deficiencies and higher health risks***~?. For example,
it has been reported that even under a GFD, CD children®
and women®® have a much higher prevalence of gastrointes-
tinal symptoms than do controls, and they also use healthcare
services more often®”. Whether or not this is due to residual
chronic inflammation, exposure to minimum amounts of

However, compliance with a

gluten and/or intestinal dysbiosis remains unknown. Whether
complete normalisation of lymphocyte subsets in peripheral
blood can be achieved remains unclear**>. Other studies
have also indicated that small-intestinal bacterial overgrowth
is often associated with non-responsive CD®. The duodenal
and faecal microbiota of CD patients has also been shown
not to be completely normalised after adherence to a GFD,
which can also contribute to the lack of complete restoration
of intestinal immune homeostasis in those patients®”. There-
fore, adjunctive strategies that can improve the effects of
a GFD are being investigated®”.

The aim of the present study was to conduct a 3-month
double-blind, randomised, placebo-controlled intervention
trial in children with newly diagnosed CD following a GFD
in order to evaluate the effects of B. longum CECT 7347
administration on immune and anthropometric parameters,
and on intestinal microbiota composition.

Materials and methods
Subjects and study design

A total of thirty-six children were recruited at the Hospital
Universitari Sant Joan (Reus, Tarragona) and Hospital Univer-
sitario Sant Joan de Deu (Barcelona) from November 2011 to
June 2012. The inclusion criteria were children aged 2-17
years with newly diagnosed CD according to the European
Society of Pedriatric Gastroenterology Hepatology and Nutri-
tion (ESPGHAN) criteria, based on symptoms, positive anti-
tissue transglutaminase (tTG) antibodies quantified using a
tTG-IgA ELISA kit (Pharmacia Diagnostics GmbH) and duo-
denal biopsy demonstrating villous atrophy. The exclusion

criteria did not allow subjects enrolled in another clinic
study, treated with antibiotics 30d before starting the study
and/or with food allergy or others pathologies. Demographic
and clinical characteristics of the subjects included in the study
are shown in Table 1.

A double-blind, randomised, placebo-controlled interven-
tion trial was conducted. A graphical representation of the
study protocol is shown in Fig. 1. All children who were
recruited (7 36) met the inclusion criteria and were randomly
assigned to either the B. longum CECT 7347 (n 18) or the
placebo (1 18) group. The randomisation design was gene-
rated using the SAS module PROC PLAN (version 9.1.3,
service pack 2; SAS Institute Inc.) multiple of two sized
blocks and a 1:1 pattern through a centralised randomisation
list. The test group longum CECT 7347
(10° colony-forming units/capsule per d) and the placebo
group received an indistinguishable capsule containing only
the excipient (skimmed milk with 30 % sucrose and 0-5 % vita-
min C per d) taken at lunchtime or with other food intake, for
3 months after CD diagnosis and in parallel with the GFD.
Capsule groups were labelled with codes consisting of a
letter and three numbers assigned randomly by an external
scientist involved in bacterial strain production but not in its
evaluation in the present study. Study personnel, including
clinicians and research assistants involved in experimental
work and data analysis, were naive as to which treatment
these labels represented. All these measures ensured true allo-
cation concealment and proper blinding. Visits to paediatri-
cians and parameters monitored are shown in Fig. 1. The
trial was not registered because it was a first exploratory study.

received B.

Ethical considerations

The study was approved by the ethics committees of Consejo
Superior de Investigaciones Cientificas (CSIC) and the hospi-
tals involved in the study (Hospital Universitario Sant Joan
(Reus, Tarragona) and Hospital Universitario Sant Joan de
Deu (Barcelona)), and conducted in accordance with the
1975 Declaration of Helsinki as revised in 1983. Written
informed consent was obtained from the parents of the
children included in the study.

Gluten-free diet and dietary records

Children adhered to a strict GFD, after confirmation of CD
diagnosis, by replacing gluten-containing foods by equivalent
ones certified as gluten free (<20 parts per million (mg/kg)
according to the EC Regulation no. 41/2009). Dietitians pro-
vided dietary counselling to select naturally and certified
gluten-free products. They were also advised not to consume
prebiotic- and probiotic-containing foods. To control diet as
a variable, food diary records were collected for 72h (two
weekdays and one weekend day) before the start of the inter-
vention and at the end of the 3-month intervention. At the
front of the diary, detailed information on how to record
food and beverages consumed using common household
measures was provided. Food diary records were returned
to the dietitian for their analysis for energy, macronutrient
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Table 1. Clinical characteristics of the subjects of the two study groups
(Mean values with their standard errors; medians and interquartile ranges (IQR))

Study group
Bifidobacterium
Placebo longum CECT 7347
Characteristics Mean SE Mean SE P*
Cases (n) 16 17
Sex (n) 0-437
Male 8 7
Female 8 10
Age (years) 8-5 1.2 6-8 0-9 0-265
Baseline height (cm) 265 3-8 21.8 34 0-301
Baseline weight (kg) 119-8 5.7 109-3 6-4 0-449
Height percentile (baseline/post-intervention) 0-530/0-530
Children above percentile 50 2/2 3/3
Children at percentile 50 0/0 0/0
Children under percentile 50 14/14 14/14
Increased height percentile 7-0 1.5 7-8 2:2 0-591
Post-intervention— baseline/baseline 0-048*
Median 0-30 1.29
IQR 0-1-0-53 0-22-2-85
Weight percentile (baseline/post-intervention) 0-530/0-365
Children above percentile 50 3/3 4/6
Children at percentile 50 0/ 0/0
Children under percentile 50 13/12 13/11
Increased weight percentile 32 1.7 5.7 1.8 0-186
Post-intervention — baseline/baseline 0-234
Median 0.22 0-26
IQR 0-09-0-47 0-14-1-64
Histology (Marsh categorisation)t 0-701
Marsh 1 0 1
Marsh 2 0 1
Marsh 3a 5 3
Marsh 3b 8 10
Marsh 3c 3 2
Anti-transglutaminase antibodies 0-418
(post-intervention — baseline/baseline)
Median —0-60 -0-84
IQR —0-88 to —0-61 —0-88to —0-75

* Categorical variables were analysed using the Fisher test and continuous variables were analysed using the t test except for few exceptions
for which the Mann—Whitney U test was applied (increased height and weight percentiles expressed as a quotient of post-intervention —
baseline/baseline and changes in the content of anti-transglutaminase antibodies) for a comparison between the groups (placebo v. B. longum
CECT 7347). In all the cases, significant differences were established at a P value <0-05.

1 Histological data were obtained only at the diagnosis stage.

and micronutrient contents based on the CESNID food
composition database of Spanish foods™®®.

Clinical assessments

At baseline and after the 3-month intervention period, sero-
logical markers of CD, anthropometric parameters (height
and weight) and evolution of clinical symptoms were assessed
by paediatricians specialised in gastroenterology. Parents were
also instructed to register the data on compliance with pro-
biotic intake, gastrointestinal symptoms (presence or absence
of vomiting, diarrhoea, constipation or abdominal pain) and
concomitant treatments (e.g. antibiotics, drugs interfering
with intestinal function, etc.), and serious adverse events
(hospitalisation, any life-threatening event, etc.) on a weekly
basis and to report them to the paediatrician at each visit.
Compliance was considered to be accomplished when the
intake of the test capsules was not interrupted for more than

two consecutive days and no more than three times during
the whole intervention period (3 months). Parents were also
provided a round-the-clock call service and e-mail address
for immediate reporting if necessary.

Lymphocyte phenotyping

At baseline and at the end of the 3-month intervention period,
peripheral blood samples were collected in heparin tubes and
separated into two aliquots; one was mixed with stabilising
blood Transfix reagent (Cytomark) and sent immediately to
IATA-CSIC at room temperature for cytometry analysis. The
second blood sample was centrifuged (1200g, 10 min, 4°C)
and serum was stored at —80°C. Furthermore, a routine
haemogram was carried out with all the blood samples. Flow
cytometry was used to determine the expression of surface
markers of different lymphocyte subsets. Aliquots (100 wl) of
stabilised peripheral blood were incubated with different
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Fig. 1. Graphical representation of the study protocol and the timing for sample collection and assessments during the 3 months of intervention. CD, coeliac

disease; slgA, secretory IgA.

fluorochrome-conjugated antibodies (eBiosciences) at room
temperature for 10min and then prepared for flow cyto-
metry analysis using the Immunoprep kit (Beckman Coulter),
according to the manufacturer’s instructions. The samples
were analysed in a FACS-Canto II Deckton Dickinson cytometer
(BD Bioscience). To analyse the subsets of T-lymphocytes, cells
were stained with the following monoclonal antibodies: CD45-
phycoerythrin (clone HI30); CD3-allophycocyanin (clone
OKT3); HLA-DR-fluorescein isothiocyanate (clone LN3);
CD4-fluorescein isothiocyanate (clone OKT4); Foxp3-allophy-
cocyanin (clone PCHI101); CD8-allophycocyanin (clone
RPA-T8). Lymphocyte subsets were classified based on the pat-
tern of their surface marker expression as follows: CD45TCD3*
(mature T cells); CD45"HLA-DR* (late activation marker posi-
tive T cells); CcDh45tCcD4™ (helper T cells); CD45TCD4" and
Foxp3™ (regulatory T cells); CD45TCD8" (cytotoxic T cells).
Data from 100000 events were acquired, and percentages of
each subpopulation related to the gated lymphocytes labelled
with the leucocyte marker CD45" were estimated using the
BD FACSDiva™ software version 5.0 (BD Bioscience).

Cytokine and Ig quantification

In serum samples, the initial and final contents of the pro- and
anti-inflammatory cytokines (TNF-q, interferon-y, IL-13 and
IL-10) were quantified using a commercial ELISA kit following
the manufacturer’s instructions (catalogue no. 31673019,
31333539 and 31330139; Immunotools; catalogue no. 430605;
Biolegend). Analysis of transforming growth factor-B1 inclu-
ded the activation of the molecule (incubation with 1 M-HCI
for 1h and neutralisation with 0-5M-NaOH) before its quanti-
fication with an ELISA (catalogue no. 437708; Biolegend).
IgG1l (catalogue no. ELH-IGG1-001; RayBiotech) and I1gG4

(catalogue no. CSB-E13728h; Cusabio) contents were also
quantified using specific ELISA Kkits.

Secretory IgA quantification

Faecal samples were collected at baseline and at the end of
the intervention trial and stored at —80°C. Briefly, 1g of the
faecal sample was weighed, diluted 1:10 (w/v) with PBS
buffer (130 mM-NaCl and 10 mm-sodium phosphate-buffered
saline, pH 7-4) and homogenised in a stomacher for 5min.
The mixture was also homogenised in a tube with glass
beads of 5 mm using a vortex and subjected to low-speed cen-
trifugation (600 g, 2min). The supernatants were collected for
secretory IgA (sIgA) quantification by ELISA, according to the
manufacturer’s instructions (catalogue no. E80-102; Bethyl), as
well as for DNA extraction as described below.

Microbiota analysis by real-time PCR

DNA was extracted using the QIAamp DNA Stool Mini Kit
(Qiagen) following the manufacturer’s instructions. Real-time
PCR analyses were run to quantify the content of different bac-
terial groups and Bifidobacterium spp. using specific primers
as described previously (see online supplementary Table S1).
PCR amplification was performed in a LightCycler® 480 Real-
Time PCR System (Roche) in a multi-well plate with 15wl of
reaction mixture that consisted of 7-5ul SYBR Green PCR
Master Mix (Roche), 3-5 ul DNase-free water, 0-75 ul of each
specific primer (10mm) and 2:5pl of the DNA sample. 16S
rRNA gene copy numbers were calculated by comparing
the cycle threshold (C) values obtained with those from a
standard curve™®. Standard curves were generated from
serial dilutions of a known copy number of the target gene
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cloned into a plasmid vector. For each reference strain, the 16S
rRNA gene was cloned into a pGEM-T Easy Vector System
(Promega) and an E. coli DH5a strain was transformed with
the recombinant plasmids. Plasmid DNA was extracted from
E. coli by the miniprep method®®.

Statistical analyses

Data distribution of continuous variables was tested using
the Shapiro—Wilk W test. When data showed a normal distri-
bution (P > 0-05), a ¢ test for comparisons of paired samples
was used, and results are expressed as means with their
standard errors of the mean. For non-normally distributed
data, the Mann—Whitney U test was used for comparisons of
paired samples, and data are expressed as medians and inter-
quartile ranges. Microbiological data were transformed from
exponential numbers into logarithms to adjust to normal. All
parameters measured during the intervention period are
expressed as the difference between the baseline value and
the post-intervention value, divided by the baseline value
for pair comparisons between the two study groups using
either the ¢ test or the Mann—Whitney U test. A generalised
linear model was also applied to absolute values of all para-
meters measured to establish the differences between the
two study groups and possible time X treatment interactions.
Correlations between the microbiota composition data and
immunological data were established by using the Pearson
coefficient.

Categorical demographic data of the study subjects (Table 1)
and the incidence of gastrointestinal symptoms (Table 2) are
expressed as absolute values or proportions, and analysed
using the Fisher test.

Statistical analyses were conducted using the SPSS software
(version 19.0; SPSS, Inc.) and in all the cases, statistically
significant differences were considered at a P value <0-05.

Results
Characteristics of the trial subjects

From November 2011 to June 2012 a group of thirty-six
children newly diagnosed with CD were enrolled in a
double-blind, randomised, placebo-controlled intervention

Table 2. Number of cases self-reporting gastrointestinal symptoms
at least once during the 3 months of intervention together with the
gluten-free diet

Bifidobacterium
longum CECT
7347 group (n 17)

Placebo
group (n 16)

Initial ~ Final P* Initial Final P*

Diarrhoea 6 4 0-352 6 5 0-500
Constipation 3 2 0-500 3 2 0-500
Abdominal pain 6 4 0-352 10 9 0-500
Vomiting 5 1 0.087 4 1 0-206

*Data were compared using the Fisher test and significant differences were
established at a P value <0-05.

trial to evaluate the effects of the intervention with
B. longum CECT 7347 together with those of the GFD on
the gut ecosystem. There were three withdrawals registered:
one due to the parents’ complaints of the child’s reduced
appetite and two due to the intake of antibiotics. Of these
withdrawals, two belonged to the placebo group and one to
the B. longum group. Finally, data from seventeen subjects
of the intervention group and sixteen of the placebo group
were included in the statistical analyses. Taking into account
the number of the children enrolled, the mean missed doses
were 1-3 and 19 in the placebo and intervention groups,
respectively, which did not differ significantly (P=0-193).

Dietary records did not reveal significant differences
between the groups in terms of the intake of energy and
specific nutrients (P>0-05). The adherence to the GFD only
led to a slight reduction in the intake of dietary fibre in
the children of both groups (see online supplementary
Table S2). Intake of other probiotics or prebiotics was not
reported during the study period.

The demographic and clinical characteristics of children
from the two groups are shown in Table 1. Proper randomis-
ation was achieved as there were no significant differences in
the baseline characteristics between the two groups. Serum
antibodies to tTG-IgA were normalised, decreasing to similar
levels (P=0-418) in both groups after 3 months of adherence
to a GFD and the intervention (Table 1). No adverse events
were reported during the intervention. Height and weight
data were analysed according to the WHO growth-chart per-
centiles. As is shown in Table 1, at the time of diagnosis,
84-:8% (1 28/33) and 78:8% (1 26/33) of the children enrolled
in the study were under percentile 50 for height and weight,
respectively, corresponding to their age. After 3 months
of intervention, two children in the B. longum CECT 7347
group and one child in the placebo group gained weight so
they were included in the group of children above percentile
50 and in the group of children at percentile 50, respectively.
The mean increases in height and weight percentiles (differ-
ence in the percentile from baseline and post-intervention)
were higher in the B. longum CECT 7347 group (A7-8
(sE 2-2) and A57 (sE 1-8), respectively) than in the placebo
group (A7-0 (sE 1-5) and A3-2 (sE 1-7), respectively). Compari-
son of these changes between the groups revealed that
increases in height percentile were significantly greater in
the B. longum CECT 7347 group than in the placebo group
(P=0-048), while statistically significant differences in weight
percentile increases were not detected (P=0-234).

The incidence of gastrointestinal symptoms (diarrhoea, con-
stipation, abdominal pain and vomiting) in the two study
groups during the 3 months of intervention is shown in
Table 2. No statistically significant differences in the number
of cases self-reporting the incidence of these symptoms
were detected either between the groups or within the
placebo or B. longum group.

Lymphocyte phenotype and haemogram

The results of immune phenotyping of peripheral blood
cells by flow cytometry are shown in Table 3 and Fig. 2.
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Table 3. Changes in the subsets of CD45" T lymphocytes within the
placebo or Bifidobacterium longum CECT 7347 group during the 3 months
of intervention together with the gluten-free diet

(Mean values with their standard errors)

Post-
Baseline intervention
Mean SE Mean SE P*

Placebo group

CcD3* 6696 2.85 7003 217 0-144

HLA-DR* 099 0-19 072 024 0422

CD4+ 41.78 4.37 4260 4-89 0-898

CD4"Foxp3™ 2.99 0-82 377 1.36 0-322

cDs* 22.08 1.95 2068 113 0-344
B. longum CECT 7347 group

CcD3* 7005 2.23 6342 2.04 0-013

HLA-DR* 062 0-10 0-38 0-82 0-029

CD4* 44.68 240 4596 359 0-748

CD4*Foxp3™ 3.13 0-66 345 073 0.728

cDs* 2392 1.55 21.59 098 0-152

* Differences between the baseline and post-intervention values within the study
groups (placebo or B. longum CECT 7347) were established at P<0-05 using
the two-sided t test.

Within-group comparisons did not reveal statistically signifi-
cant changes in the placebo group during the 3 months of
intervention when comparing the baseline values with the
post-intervention ones (Table 3). In contrast, B. longum
CECT 7347 administration led to significant decreases in
CD3" (P=0013) and HLA-DR' (P=0:029) T-cell popu-
lations when comparing the baseline values with the post-
intervention ones within this group (Table 3). Baseline
values of the measured parameters were not significantly
different between the groups. Comparisons between the
groups revealed that the administration of B. longum CECT
7347 significantly reduced (P = 0-004) the CD3" T-cell popu-
lation when compared with placebo treatment (Fig. 2). No
statistically significant differences were detected in the subsets
of T lymphocytes HLA-DR*, CD4", CD4*Foxp3™ and CD8"
between the groups (P =0-328, P= 0970, P= 0504 and
P = 0376, respectively; Fig. 2).

Similar differences were detected between the groups by
applying a generalised linear model. This model also revealed
a significant effect of the intervention with B. longum CECT
7347, resulting in a reduction of the CD3" population that
was opposite to the effect of the treatment with the GFD
(P=0-020) and a statistically significant time X treatment
interaction (P=0-021). The baseline values for CD3" were
not different between the two groups (P=0-950).

No changes in the counts of total leucocytes and leucocyte
subtypes (lymphocytes, monocytes, granulocytes, eosinophils
and basophils) or Hb content were observed on analysing
the haemogram (data not shown), either within or between
the groups.

Cytokines and Ig content

The results of serum cytokines and Ig concentrations are
shown in Table 4 and Fig. 3. Within-group comparisons
revealed that the administration of B. longum CECT 7347

slightly reduced serum TNF-a concentrations, but differences
did not reach statistical significance (P=0-085). Changes in
other serum cytokines and Ig concentrations, comparing the
baseline and post-intervention values within the groups,
were not significantly different in the B. longum CECT 7347
or the placebo group (Table 4). Comparisons between the
groups (B. longum CECT 7347 and placebo) for changes in
serum cytokines and Ig levels are shown in Fig. 3. The base-
line values of the measured parameters were not significantly
different between the groups. The administration of B. longum
CECT 7347 slightly reduced serum TNF-a concentration com-
pared with the placebo treatment, but did not reach statistical
significance (P=0-067). No statistically significant differences
were detected in the concentrations of serum IL-10, inter-
feron-vy, IL-13, transforming growth factor-B1, IgG1 and 1gG4
between the groups.

In the generalised linear model, significant differences in
IgG4 (P=0:038) were detected, showing increased values for
the placebo group. Significant effects or interactions were
not detected for other parameters.

Microbiota composition and faecal secretory IgA content

Within-group changes in microbiota composition as a result of
the intervention showed that the GFD plus placebo adminis-
tration led to a statistically significant increase in gene copy
numbers of the Bacteroides fragilis group (P=0-013) and
in the family Enterobacteriaceae (P=0-038) (placebo group;
Table 5). The gene copy numbers of Bifidobacterium spp.
were also slightly reduced as a consequence of the GFD,
although differences did not reach statistical significance
(P=0151). Within-group comparisons also showed that the
ratio of Lactobacillus group + Bifidobacterium spp./B. fragilis
group + Enterobacteriaceae was significantly reduced in the
placebo group (1-:26 (s 0-08) ». 1:00 (se 0-04); P=0-000),
while the B. longum CECT 7347 group did not show
statistically significant differences (1-19 (s& 0-07) ». 1-16
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Post-intervention-baseline/baseline
values of T-lymphocytes subsets in
total CD45™ cells (%)

cD3* HLA-DR* CD4*  CD4*Foxp3*  CD8*

Fig. 2. Changes in the subsets of CD45" estimated as the difference
between the baseline value and the post-intervention value, divided by the
baseline value of the placebo (@) and Bifidobacterium longum CECT 7347 (m)
groups during the 3 months of intervention together with the gluten-free diet.
Values are means, with their standard errors represented by vertical bars.
*Mean value was significantly different from that of the placebo group
(P<0-05; two-sided Mann—Whitney U test). HLA, human leucocyte antigen.
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Table 4. Changes in the contents of cytokines (pg/ml) and Ig (ng/ml) within the placebo or Bifidobacterium longum CECT 7347 group
during the 3 months of intervention together with the gluten-free diet

(Mean values with their standard errors)

Baseline Post-intervention
Mean SE Mean SE P*
Placebo group
TNF-a 1669-56 338-47 1515.24 254.34 0-443
IFN-y 306-42 32-59 297-59 36-32 0-815
IL-10 42.99 925 59-30 9-33 0-249
IL-13 137-71 12.85 163-86 21.16 0-239
TGF-B1 116-43 38-62 146-63 25.71 0-537
1gG1 441.85 84.04 477-39 94.43 0-644
1gG4 4.63 0-42 6-29 1-18 0-212
B. longum CECT 7347 group
TNF-a 1803-29 187-95 1442.94 153-20 0-085
IFN-y 267-02 33.52 235-49 23.97 0-423
IL-10 69-14 12-15 52-02 5.28 0-240
IL-13 116-21 20-85 119-96 711 0-854
TGF-B1 130-67 34-41 138-42 33.52 0-851
1gG1 368-91 57-51 400-82 74.43 0-590
1gG4 4.38 0-19 4.42 0-34 0-919

IFN-vy, interferon-y; TGF-B1, transforming growth factor-g1.

* Differences between the baseline and post-intervention values within the placebo or B. longum CECT 7347 group were established at P<0-05 using the

two-sided t test.

(SE 0:07); P=0-811). Comparisons between the groups
revealed that gene copy numbers of the B. fragilis group
increased significantly in the placebo group compared with
the B. longum CECT 7347 group (P=0-020; Fig. 4). The
quantification of sIgA content in the faeces showed that
the treatments caused opposite changes within the groups,
which were statistically significant for the placebo group,
showing an increase in faecal sIgA concentrations (P=0-009;
Table 5). Comparisons between the groups revealed that the
administration of B. longum CECT 7347 led to significant
reductions in faecal sIgA concentration compared with the
placebo treatment (P=0-011; Fig. 5).

In the B. longum CECT 7347 group, decreases in stool sIgA
levels correlated with decreases in total bacteria and the gene
copy numbers of the B. fragilis group (r 0-729, P=0-005 and
r 0-522, P=0-047, respectively; Fig. 6). No correlations were
found between bacteria and other immune parameters in
either the placebo or the B. longum group.

In the generalised linear model of analysis, the placebo
group showed increases in the numbers of the B. fragilis
group with borderline significance compared with the inter-
vention group (P=0-055). Significant and opposite changes
in the sIgA content depending on the treatment were also
detected (P=0-031) as well as a time X treatment interaction
(P=0-010): faecal sIgA content decreased in the B. longum
CECT 7347 group, while it increased in the placebo group.
The baseline values for the numbers of the B. fragilis group
and faecal sIgA content were not different between the two
groups (P = 0972 and P=0416, respectively).

Discussion

The influence of administering B. longum CECT 7347 orally
to children with newly diagnosed CD following a GFD was

evaluated in a 3-month double-blind, randomised, placebo-
controlled intervention trial. The aim of the present study
was to assess whether the intervention in the gut ecosystem
with B. longum CECT 7347 improved the efficacy of the
GFD. Adherence to the GFD, with and without B. longum
CECT 7347 supplementation, led to the positive effects on
growth-related parameters in the children under study, as
expected. Furthermore, B. longum CECT 7347 administration
led to additional improvements, corresponding to greater
increases in the height percentile compared with the placebo
treatment. Adherence to a GFD is associated with restoring
growth, measured as the increase in height percentile and
the decrease in weight deficit, as reported in a cohort of

2:0 -

15 |

10 -

and Ig (ng/ml)

0-0

Post-intervention-baseline/baseline
values of serum cytokines (pg/ml)

—05 L
TNFo INFy 110

I-13 TGFB1 1gG1  I1gG4
Fig. 3. Changes in the contents of cytokines and Ig estimated as the differ-
ence between the baseline value and the post-intervention value, divided
by the baseline value of the placebo (@) and Bifidobacterium longum CECT
7347 (m) groups during the 3 months of intervention together with the gluten-
free diet. Values are means, with their standard errors represented by vertical
bars. INF-v, interferon-y, TGF-B1, transforming growth factor-g1.
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longum CECT 7347 group during the 3 months of intervention together with the gluten-free diet

(Mean values with their standard errors)

Table 5. Changes in the composition of intestinal microbiota (log gene copy numbers/g stools) within the placebo or Bifidobacterium

Post-intervention

Mean SE Mean SE P*
Placebo group
Total bacteria 11.10 0-14 11.15 0-18 0-689
Bacteroides fragilis group 9.07 017 9-59 0.22 0-013
Enterobacteriaceae 6-03 0-38 6-93 0-34 0-038
Lactobacillus group 8-55 0-14 8-45 0-18 0-589
Bifidobacterium spp. 9.37 0-19 9.01 0-24 0-151
Clostridium coccoides group 8-85 0-33 9-31 0-28 0-115
Clostridium leptum group 9-86 0-23 10.07 0-30 0-434
slgA (mg/ml) 67-07 5.75 84.15 6-01 0-009
B. longum CECT 7347 group
Total bacteria 11.27 0-15 11-08 0-16 0-393
Bacteroides fragilis group 9-43 0-20 9-29 0-16 0-583
Enterobacteriaceae 5-90 0-46 6-34 0-43 0-424
Lactobacillus group 8-46 0-21 8-54 0-33 0-858
Bifidobacterium spp. 9.08 0.27 9-16 0-42 0-875
Clostridium coccoides group 9.22 0-23 9-60 0-42 0-469
Clostridium leptum group 10.23 0-23 10-01 0-16 0-447
slgA (mg/g stools) 77-53 4.89 60-83 7-16 0-109

37

slgA, secretory IgA.

* Differences between the baseline and post-intervention values within the placebo or B. longum CECT 7347 group were established at P<0-05 using

the two-sided t test.

ninety children (aged 0-5-7-5 years) with the disease®. The
effect of a GFD on the growth of a cohort of sixty CD children
(aged 2:3—10 years) in a 4-year study also showed that the
weight-for-height parameter normalised by the end of the
first year, while height recovery caught up steadily until
the third year of adherence to the GFD, revealing a faster
catch-up of weight than height®®
B. longum CECT 7347 caused significant decreases in mature
T lymphocytes (CD3™) and HLA-DR™ T lymphocytes, accord-
ing to the within-group comparisons, while the placebo
treatment did not. Moreover, there were reduced numbers of
mature T lymphocytes (CD3") according to the between-
group comparisons with respect to the placebo treatment.
Altogether, these results indicate that the bifidobacterial
strain exerted a greater effect on these lymphocyte subsets
than the GFD alone, which could presumably contribute to
better recovery from the inflammatory status associated with
the active phase of the disease, which is characterised
by increased T-cell activation that drives an inflammatory
response with increased pro-inflammatory cytokine pro-
duction®®. Statistically significant correlations between the
densities of mucosal CD3" with serum tTG-2 antibody levels
have been established in untreated and treated CD patients,
and the number of intraepithelial CD3" cells was also associ-
ated with the villus height:crypt depth ratio®®. Another study
in newly diagnosed CD children (aged 2-5 years) has also
reported increased peripheral prevalence of HLA-DR™ cells,
which was partially reduced after adherence to a GFD"?.
This is in agreement with our findings, pointing to an
improved effect of the GFD combined with B. longum
CECT 7347 intake on this lymphocyte subset. In the present
study, only regulatory (CD4 Foxp3™) T cells tended to increase
in the placebo group, and increased even more in the B. longum

. The administration of

CECT 7347 group together with helper (CD4%) T cells.
Although changes were not statistically significant, this could
indicate an induction of the regulatory mechanisms controlling
the unbalanced inflammatory T-cell response associated
with CD.
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Fig. 4. Changes in the composition of intestinal microbiota (log gene copy
numbers/g stools) estimated as the difference between the baseline value
and the post-intervention value, divided by the baseline value of the placebo
() and Bifidobacterium longum CECT 7347 (m) groups during the 3 months
of intervention together with the gluten-free diet. Values are means, with their
standard errors represented by vertical bars. *Mean value was significantly
different from that of the placebo group (P<0-05; two-sided Mann—Whitney
U test). B. fragilis, Bacteroides fragilis; C. cocoides, Clostridium coccoides;
C. leptum, Clostridium leptum.
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Fig. 5. Changes in the content of secretory IgA (slgA) in stools (mg/g) esti-
mated as the difference between the baseline value and the post-intervention
value, divided by the baseline value of the placebo (0) and Bifidobacterium
longum CECT 7347 (@) groups during the 3 months of intervention together
with the gluten-free diet. Values are means of individual data, with their
standard errors represented by vertical bars. *Mean value was significantly
different from that of the placebo group (P<0-05; two-sided t test).

Compared with the placebo treatment, B. longum CECT
7347 administration also tends to decrease serum TNF-a con-
centration, suggesting that this bifidobacterial strain could
contribute to reducing the inflammatory status of patients
to a greater extent than the GFD alone. This finding is also
supported by a recent study in an animal model of gliadin-
induced enteropathy reporting that B. longum CECT 7347
administration reduced TNF-a production in the small-
intestinal tissue but increased IL-10 production””. Statistically
significant positive correlations have been reported between
IgA-antitTG and serum TNF-a in subjects with both type 1
diabetes mellitus and CD®. Also, patients with newly diag-
nosed CD have been reported to have increased TNF-o
serum concentration®. In the context of CD, TNF-a pro-
duction, together with interferon-y, are thought to contribute
to increasing intestinal epithelial permeability, favouring
the access of higher antigen loads to the submucosa and,
therefore, aggravating CD pathogenesis(56). Recent studies in
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intestinal cultures i vitro and ex vivo have also demonstrated
that TNF-a may contribute to exacerbating the pathogenic
mechanism of CD by inducing tTG-2 expression, synergically
with interferon-y®”.

The present study also demonstrated that in children with
newly diagnosed CD, imbalances in the microbiota resulting
from the GFD were counteracted by parallel administration
of B. longum CECT 7347. In this respect, in the placebo
group, the GFD led to significant increases in potentially
pathogenic bacteria (B. fragilis group and Enterobacteriaceae)
and reductions in the ratio of harmless to potentially
harmful bacteria. In agreement with the present findings,
increases in the ratio of the Bacteroides—Prevotella + E. coli/
Bifidobacterium + Lactobacillus group were detected in the
stools of untreated and treated CD children with a GFD pre-
viously(é). In addition, increases in the numbers of B. fragilis
in both stools and duodenal biopsies of patients with active
and non-active diseases have been reported previously”.
Furthermore, it was demonstrated that the abundance of
B. fragilis species coding for metalloproteases was increased
in both untreated and treated CD patients, which could pre-
sumably play a pathogenic role in cD"?. In fact, B. fragilis
and the strains producing metalloproteases are frequently
involved in opportunistic infections and aggravate colitis in
animal models®®. Studies in healthy adults have also shown
that the GFD per se shifts gut microbiota composition, redu-
cing the numbers of Bifidobacterium spp., B. longum and
the Lactobacillus group, and increasing those of Enterobacter-
iaceae and E. coli®”. In vitro and animal studies have also
shown that these microbiota alterations could contribute to
pathogenesis in the active phase of the disease as well as to
the lack of complete restoration of immune homeostasis in
GFD-treated patients” "' However, in the present study,
statistically significant changes specifically in the numbers of
Bifidobacterium spp. were not detected, neither associated
with the adherence to the GFD nor with probiotic adminis-
tration. It has been reported that changes in the microbiota
resulting from a dietary intervention depend among other
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Fig. 6. Correlation analyses of the changes between the baseline and post-intervention values of secretory IgA (slgA) concentrations (mg/g stools) and log
gene copy numbers of (a) total bacteria (r 0-729; P=0-005) and (b) Bacteroides fragilis group (r 0-522; P=0-047) in children treated with Bifidobacterium longum

CECT 7347 plus the gluten-free diet.
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factors on the initial microbiota composition, and, accordingly,
previous studies have indicated that changes in bifidobacterial
numbers can be minor after probiotic or prebiotic adminis-
tration in subjects with high initial bifidobacterial counts“®,
as it was the case for the present study. Also, according to
our previous studies, the GFD does not favour the growth
of bifidobateria®”.

The changes induced by the administration of B. longum
CECT 7347 in the intestinal microbiota were parallel to the
decreases in faecal sIgA concentration. sIgA is considered to
be the most likely host secretion to affect the localisation,
growth and composition of the gut microbiota, and can restrict
the colonisation of harmful bacteria®®'?. Nevertheless, it has
also been speculated that gut microbiota composition may
influence sIgA concentration and specificities as a result of
a bidirectional cross-talk between the host and its micro-
biota“™™?  The fact that the administration of B. longum
CECT 7347 led to a reduction in sIgA content that was statisti-
cally correlated with the lower gene copy numbers of total
bacteria and the B. fragilis group would suggest a reduction
in the host sIgA-mediated protective response against luminal
bacterial antigens due to the restoration of the gut ecosystem
with decreases in harmful bacteria™. A recent, double-blind,
randomised, placebo-controlled study has evaluated the
effect of B. infantis Natren Life Start (NLS) in untreated CD
patients consuming gluten to establish the effect of the probio-
tic independently of the GFD“*. The beneficial properties of
B. infantis NLS included the reduction of gastrointestinal
symptoms, specifically indigestion, constipation and reflux
with borderline significance. However, it neither improved
diarrhoea or abdominal pain, nor modified intestinal per-
meability or the pro-inflammatory status as reflected by the
analysis of serum cytokines and chemokines*?. Despite the
experimental differences, it is presumable that the mechan-
isms behind the effects exerted by B. infantis NLS differ
from those exerted by B. longum CECT 7347, as the latter
influences inflammatory markers and the gut microbiota and
host-related defence mechanisms.

The study reported herein has some limitations partly
inherent to exploratory interventions. These include the
following: small population size; lack of previous data for
power calculation; inclusion of children with a wide age
range, which could increase the variability of immune
parameters determined; a relatively short duration to detect
clinical effects. Nonetheless, the findings are interesting
enough to encourage further well-powered intervention
studies, which would provide sound data on the efficacy
of this bifidobacterial strain and shed light on its mode of
action in ameliorating inflammatory conditions such as CD.

In conclusion, the oral administration of B. longum CECT
7347 together with the GFD led to shifts in the intestinal
microbiota, characterised by the reductions in potentially
pro-inflammatory bacteria (B. fragilis group) related to CD
in previous human observational studies as well as faecal
sIgA. Likewise, B. longum CECT 7347 administration led to
reductions in activated T lymphocytes and also tended to
reduce inflammatory markers (TNF-o) that may contribute
to the recovery of immune homeostasis in CD patients.
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