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Abstract

Background: Several studies report an inhibitory effect of probiotics on
Helicobacter pylori.

Aim: To test whether Lactobacillus reuteri ATCC 55730 reduces H. pylori
intragastric load in vivo, decreases dyspeptic symptoms, and affects eradication
rates after conventional treatment.

Materials and Methods: In a double-blind placebo-controlled study, 40
H. pylori-positive subjects were given L. reuteri once a day for 4 weeks or placebo.
All underwent upper endoscopy, *C-urea breath test, and H. pylori stool antigen
determination at entry and *C-urea breath test and H. pylori stool antigen (used
as both qualitative and semiquantitative markers) after 4 weeks of treatment.
Sequential treatment was administered subsequently to all.

Results: In vivo, L. reuteri reduces H. pylori load as semiquantitatively assessed
by both *C-urea breath test 8-value and H. pylori stool antigen quantification
after 4 weeks of treatment (p < .05). No change was shown in patients receiving
placebo. L. reuteri administration was followed by a significant decrease in the
Gastrointestinal Symptom Rating Scale as compared to pretreatment value
(p < .05) that was not present in those receiving placebo (p = not significant). No
difference in eradication rates was observed.

Conclusions: L. reuteri effectively suppresses H. pylori infection in humans and
decreases the occurrence of dyspeptic symptoms. Nevertheless, it does not seem
to affect antibiotic therapy outcome.

infection is

The need to treat Helicobacter pylori
unequivocally related to the therapy of peptic ulcer disease
and gastric mucosa-associated lymphoid tissue (MALT)
lymphoma, and further, the possibility of preventing
gastric carcinoma has also been emphasized [1-3]. At
present, there are numerous treatment options for curing
H. pylori infection and many are still under investigation.
One-week triple therapy, combining acid suppression with
clarithromycin, amoxicillin, or nitroimidazolic compounds,
represents first-line regimens administered for either
7 days or 14 days as recommended by European and
American guidelines, respectively [4]. However, eradication
rates in the community setting vary from approximately
65% to 80%, and poor patient compliance, primary and
secondary bacterial resistance, and the occurrence of
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antibiotic side-effects are among the factors that may
contribute to treatment failure [5,6].

3C-urea breath test (*C-UBT) is the most accurate
noninvasive test for the diagnosis of H. pylori infection [7]
and is widely used in clinical practice, clinical trials, and
epidemiologic studies. According to recent studies, *C-UBT,
by measuring the intragastric urease activity, is able to
estimate the H. pylori bacterial load [7] and the severity of
gastritis activity [8,9].

Strategies targeted to improve treatment tolerability and to
raise eradication rates are needed [7], and the report from the
Maastricht IIT Consensus Report on H. pylori includes pro-
biotics as “possible” tools for management of the infection [4].

Lactobacillus reuteri ATCC 55730, a probiotic of human origin,
reportedly exerts a beneficial effect in the prevention and
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treatment of several intestinal conditions [10,11] and,
turther, L. reuteri strains have been demonstrated to colonize
the human gastric mucosa [12], to inhibit the binding of
H. pylori to gastric epithelial cell lines [13], to reduce
side-effects during anti-H. pylori treatment [14], and could
therefore play a role in the treatment of H. pylori infection
in humans.

The primary end-point of the current study was to
test the hypothesis that a 28-day supplementation with
L. reuteri would change the intragastric H. pylori bacterial
load. The secondary end-points were the improvement of
dyspeptic symptoms and the assessment of the effect of the
pretreatment with L. reuteri on the eradication rate of
H. pylori after conventional antibiotic therapy.

Methods

Patients

The study was carried out on 40 H. pylori-positive dyspeptic
patients [23 males; mean age: 55 + 15 years (range: 35-68)],
consecutively referred to the Department of Gastroenterology
of the University of Bari, Italy, between January 2006 and
September 2006. The study population consisted of
subjects who had never been treated for H. pylori infection
before. Subjects with a positive medical history for upper
gastrointestinal surgery, active peptic ulcer disease or
neurologic, cardiovascular, metabolic, hematologic or
endocrine disorders, and those with previous exposure to
drugs that might interfere with H. pylori status, such as recent
(a month prior to the start of the study) or continuing use
of antibiotics, bismuth compounds, proton pump inhibitors,
or H,-receptor antagonists, were excluded from the study.

H. pylori Assessment

At baseline, patients underwent upper endoscopy, >C-UBT,
and H. pylori stool antigen determination.

Endoscopy was performed by the same physician after
sedation with intravenous midazolam and biopsies for
histology (two samples from the antrum and two samples
from the corpus), and for rapid urease test (one sample
from the antrum) (CP test, Yamanouchi Pharma S.p.A.,
Carugate, Italy), taken. Histologic examinations were
carried out by the same observer using hematoxylin and
eosin staining for assessment of gastritis, as stated in the
updated Sydney system, and Giemsa stain for detection of
H. pylori.

In order to achieve the best correlation with *C-UBT
and H. pylori bacterial load [8], the test was conducted
according to the »C-UBT European Standard Protocol [14].
13C-UBT was performed by all patients within 24 hours
before the endoscopy. Briefly, after an overnight fasting, a
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fatty meal (100 mL) and a solution of *C urea [75 mg "*C
urea (AB Analitica srl Padova, Italy)] were given to each
patient. Breath samples were collected before and
30 minutes after the dose of urea. The ratio of *C to '?C in
the expired air samples was measured using a dual-inlet-
ratio mass spectrometer (Automated Breath '*Carbon
Analyzer, Europa Scientific, Ltd, Crawley, West Sussex,
UK). Results were expressed as parts per million of excess
of A*CO2 (by subtraction of the baseline pretest breath
sample). The presence of gastric urease activity was revealed
by a change of 3.5 per thousand (or more) related to the
baseline signal (8-value) [15]. In the cases where medications
such as antibiotics or antiacids were used, the *C-UBT was
differed for at least 4 weeks.

H. pylori in stool specimens (carried out on the day of
3C-UBT) was investigated by a commercial enzymatic
immunoassay test (HpSA, Meridian Diagnostic Inc, Cincinnati,
OH, USA). This test uses polyclonal anti-H. pylori antibodies
that are adsorbed into microwells. Diluted stool samples
were tested according to the manufacturer’s instructions.
Plates were read spectrophotometrically at a wavelength
of 450 nm. Stool testing was performed blind, without
knowledge of the other test results. Our group has previously
shown that HpSA, similarly to UBT delta, may represent a
semiquantitative determination of bacterial intragastric
load [16] after application of the statistical principle of
“standard points” [17] to adsorbance units obtained at
spectrophtometric reading of stool samples of all patients
(Net/Control value).

At entry, patients were considered H. pylori positive if
three of four tests (histology, rapid urease test, >*C-UBT,
HPsA) were positive.

Symptom Assessment

All patients attended an interview to recall history of
gastrointestinal symptoms, and the following data were
collected: 1, a detailed physical examination, 2, the 15-item
Gastrointestinal Symptom Rating Scale (GSRS) to assess
severity and frequency of symptoms [18], and 3, questions
to assess other variables that may have affected study
results (i.e. intercurrent infections, life events). The following
symptoms were specifically investigated: epigastric burning
and/or pain, abdominal pain, acid regurgitation, heartburn,
sucking sensation in the epigastrium, nausea, vomiting,
bloating, abdominal distension, eructation, increased flatus,
disorders of defecation [decreased/increased passage of
stools, consistency of stools (loose/hard), urgency, feeling
of incomplete evacuation], inappetence, halitosis, taste
disturbance, and urticaria. The patients scored symptoms
on a four-point scale: mild (noninterfering with daily
activities), moderate (slightly interfering with daily activities),
severe (interfering with daily activities), and very severe
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(continuous and if on therapy, producing treatment
interruption). Stool consistency was graded from hard (0)
to watery (4). Data were collected before (1 week before
intervention) and after completion of therapy, and
patients were invited to return their diaries immediately
after the intervention period.

Therapy Regimens

An independent physician prescribed either probiotic or
placebo according to a computer-generated randomization
list, blindly to researchers. Patients were randomly assigned to
receive either L. reuteri or placebo both provided by Né6os
(BioGaia AB, Sweden) as chewable tablets and included
either L. reuteri (each tablet containing 10® colony-forming
units of L. reuteri ATCC 55730 (Reuterin, N6os) or placebo
which consisted of tablets identical in taste and appearance
to the active study product except for the absence of freeze-
dried L. reuteri (and cryoprotectants). Boxes containing
placebo had the same shape, dimension, indication, and
appearance as those containing the viable L. reuteri and
were provided by the probiotic producer, which ensured
that the study was blinded for investigators and patients.
Both placebo and probiotics were prescribed as one tablet,
once a day (2 hours after meals) for 28 days. Patients were
thoroughly instructed and motivated for the therapy.
Adherence to treatment was evaluated by counting the
tablets returned by the subject; a minimum tablet intake of
95% was considered as acceptable.

On day 29, H. pylori status was assessed by repeating a
BC-UBT and HPsA. An informed consent was obtained by
all patients.

At the end of the trial, patients received a 10-day
sequential therapy comprising of rabeprazole (20 mg twice
a day) plus amoxicillin (1 g, twice daily) for 5 days followed
by rabeprazole (20 mg twice a day) plus clarithromycin
(500 mg, twice daily), and tinidazole (500 mg, twice daily)
for the next 5 days [19]. The code was revealed to the
researchers once recruitment, data collection, and laboratory
analyses and statistical analyses were completed.

The local Ethical Committee approved the study protocol.

Statistical Analysis

All data are expressed as median with a range. All data
analysis was carried out according to a pre-established
analysis plan. The sample size was calculated assuming a
reduction of H.pylori bacterial load in at least 65% of
treated patients [20], aiming to detect a difference of 35%;
based on a 0.80 power to detect significant difference
(p=.05, two-sided), 20 patients were required for each
arm. Proportions were compared by using chi-squared
tests with continuity correction or Fisher’s exact test when
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appropriate; comparison of continuous variables was
performed using Mann—-Whitney. A p < 0.05 was considered
significant. The statistical analysis was performed using the
Software Program Stata System (SPSS) version 13.0 (SPSS
Inc., Chicago, IL, USA) program.

Results

Baseline Characteristics

The baseline demographic and clinical characteristics of
the enrolled patients are reported in Table 1. As shown,
the two groups did not differ for age, sex, and baseline
GSRS score, as well as for mean mean *C-UBT § and HPsA
Net/Co value (Table 1). No difference was found in the
endoscopic features detected (Table 2) and in histology,
H. pylori was observed in the gastric antrum of all patients.
The presence of the bacterium was always associated with
chronic gastritis (lymphocytes and plasma cells in the
lamina propria) with a variable degree of activity. None

Table 1 Baseline demographic and clinical characteristics of trial groups

Lactobacillus Placebo

reuteri (n: 20) (n: 20) p
Mean agetSDinyears 53.3%+13.3 52.4+£13.1 1.0
Sex (male/female) 11/9 12/8 0.8
Mean GSRS = SD 11.4+£9.7 11.8+85 0.9
Mean "3C-UBT £ SD 33.8 + 15% 35.8+15.5% 0.8

Mean HpSA £ SD 18.1+6.4 Net/Co 17.6+65Net/Co 0.8

'3C-UBT, *C-urea breath test; GSRS, Gastrointestinal Symptom Rating
Scale; SD, standard deviation.

Table 2 Endoscopic and histologic findings in the two treatment groups

Lactobacillus Placebo
reuteri (n: 20) (n: 20) p
Endoscopic findings
Macroscopic nodular antral 16 (80%) 14 (70%) 0.9
gastritis with hyperemia
Antral hyperaemia without 1 (5%) 3 (15%) 0.6
macroscopic nodularity
Pangastritis 15 (75%) 16 (80%) 1
Gastric ulcer Nil Nil -
Duodenal ulcer Nil Nil -
Erosive bulbitis 5 (25%) 4 (20%) 1
Esophagitis Nil Nil 1
Histologic findings
Pangastritis 13 (65%) 14 (70%) 1
Antral gastritis mild 4 (50%) 5 (50%) 0.7
Antral gastritis moderate 14 (70%) 12 (60%) 0.7
Antral gastritis severe 2 (10%) 3 (15%) 0.7
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had gastric atrophy or ulcer or intestinal metaplasia (Table 2).
In all patients, all the four tests were positive.

Trial Flow

All patients completed the study and there were no
protocol deviations. Compliance to the treatment was
good (>95%) in all enrolled cases, and no patient
discontinued therapy. There were no differences in
adherence to treatment schedules (100% in both groups);
however, seven patients (four in the probiotic and three in
the placebo group) did not present at follow-up 8 weeks
after the completion of the eradicating regimen.

3C-UBT

After 4 weeks of treatment, the urease activity, as determined
by *C-UBT &-value, decreased from 33.8 + 15%o (95%CL:
26.8-40.0%0) t0 27.3 = 12.1%o0 (95%CL: 21.6-33%0) (p < .05)
in those receiving L. reuteri as compared to unchanged results
from 35.8 = 15%0 (95%CL: 25.9-41.5%0) t0 37.3 = 16.2%o
(95%CI: 29.7-44.9%0) in those receiving placebo (p = .8)
(Fig. 1A). *C-UBT decreased by at least 10% in 13 of 20
(65%) receiving L. reuteri and in six of the 20 (30%) receiving
placebo (p < .03). Overall, we observed a decrease of *C-
UBT &-value of about 13% in those receiving L. reuteri as
compared to a 3% increase in those receiving placebo
[-13.7 £ 28%0 (95%CI: —26.8-13.5%0) vs. 3.6 £ 34.8%o
(95%CI: —12.8-41.5%0); p < .009] (Fig. 2A).

HpSA

After 4 weeks of treatment, the HpSA decreased from
18.1 + 6.4 Net/Co (95%CI: 21.1 + 15.2 Net/Co) to 14.4 £ 5.2
Net/Co (95%CI: 12-16.8 Net/Co) in those receiving L.
reuteri as compared to unchanged results from 17.6 + 6.5
Net/Co (95%CI: 14.6-20.7 Net/Co) to 18.8 £ 7.0 Net/Co
(95%CI: 15.6-22.1 Net/Co) in those receiving placebo
(p < .05) (Fig. 1B). HpSA decreased by at least 10% in 14
of 20 receiving L. reuteri and in five of the 20 receiving
placebo (65% vs. 25%; p < .004). Overall, we observed a
decrease of HpSA of about 15% in those receiving L. reuteri
as compared to a 10% increase in those receiving placebo
[-15+26.8 Net/Co (95%CI: -29.6-9.4 Net/Co) vs.
12.4 + 35.6 Net/Co (95%CI: -8.3-29.1 Net/Co); p < .006]
(Fig. 2B).

Symptom Assessment

In patients receiving L. reuteri for 4 weeks, we observed a
significant decrease of GSRS as compared to the pretreatment
value [7.9 £ 4.1 (95%CIL 6.3-9.8) vs. 11.8 + 8.5 (95%CIL:
7.8-15.7); p < .05] that was not present in those receiving
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Figure 1 H. pylori bacterial load assessed by '3C-urea breath test (A) and
HpSA (B) before and after placebo or Lactobacillus reuteri supplementation.

placebo [9.7 + 8.7 (95%CIL: 5.6-13.8) vs. 11.4 + 9.7 (95%Cl:
6.8-15.9); p = not significant], although a reduction was
still noted (Fig. 3). No difference was found in the
numbers of patients that reported a decrease of the GSRS
(14 of 20 in each group; p =1.0). In detail, when the
frequencies of the symptoms were evaluated by taking
into account only the occurrence of new or worsened
symptoms after the weeks of treatment compared to the
baseline, we found that patients receiving L. reuteri referred
less frequently than those receiving placebo, abdominal
distension (25% vs. 55%; difference: -30%; p <.05),
disorders of defecation (10% vs. 35%; difference: —25%;
p <.05), and flatus (5% vs. 30%; difference: —25%; p < .04)
than those receiving placebo. No adverse events were
reported.

H. pylori Eradication

After the probiotic/placebo supplementation, none of
the patients had eradicated the H. pylori infection. After the
10-day sequential regimen, there was no difference in the
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Figure 3 Gastrointestinal Symptom Rating Scale (GSRS) assessed before
and after placebo or Lactobacillus reuteri supplementation.

rate of H. pylori eradication in those who had previously
received probiotic or placebo (88% vs. 82%; p = .8).

Discussion

In this randomized, placebo-controlled pilot study, we
have shown that L. reuteri may exert an inhibitory effect
on H. pylori growth as demonstrated by the simultaneous
and significant decrease of both '*C-UBT & and HpSA Net/
Co. Moreover, L. reuteri appears to be able to decrease
dyspeptic symptoms in infected individuals.

The ability of a probiotic to decrease the *C-UBT 6 and
therefore the intragastric urease activity has some impor-
tant implications. Indeed, recent studies have clearly
reported a significant correlation between the *C-UBT,
H. pylori bacterial load [8,21] (assessed on the whole
gastric mucosa and not in the antrum alone), grade of
gastritis activity (neutrophils infiltration of gastric mucosa)
[8,9], and gastric mucosal myeloperoxidase activity that is
a quantitative marker of gastrointestinal inflammation
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distribution of bacteria on mucosal surface) cannot be still
considered as a reliable gold standard. Therefore, it is
possible to speculate that L. reuteri may exert a beneficial
effect during H. pylori infection determining a reduction of
the bacterial load and consequently of gastric inflammation.
Finally, a reduction of bacterial load seems to be associated
with an reduced risk of gastroduodenal endoscopic lesions,
such as peptic ulcer disease and its complications [24,25].
We do believe that our finding is genuine since: 1, both
tests ("*C-UBT and HpSA) showed a similar and proportional
reduction in patients receiving L. reuteri and 2, the effect
was observed in the absolute value of the tests, the percentage
of its variation as well as at the number of patients achieving
a decrease of at least 10% vs. baseline. Nevertheless, this
result is not unexpected and agrees with earlier studies
where the administration of L. gasseri [26], L. casei [20], or
a strain of L. acidophilus Lal [27] decreased H. pylori density
(measured by *C-UBT §) in adults and in children [28].
Interestingly, in a study by Myllyluoma [29] only patients
receiving the probiotic (but not the placebo), who were
not eradicated, had borderline results from *C-UBT after
completion of eradicating therapy. Finally, as reported in a
recent review [30], the effect on H. pylori is strain specific
with some strains having no effect on modulation of
intragastric bacterial load and/or gastric inflammation
[20,31].
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Currently, there are at least 10 clinical trials on the use
of single or mixtures of probiotic strains administered
alone (or with dairy products) for the treatment of H. pylori.
The results vary with some showing no effect [20,31],
while others being able to eradicate the infection in some
patients [30], to decrease the value of >C-UBT or HpSA
[28,32,33,34], or to decrease gastric inflammation [35].
These trials have used L. johnsonii Lal given for a minimum
of two [32] and up to 16 weeks [35], or different strains of
L. acidophilus [31,33,36], L. casei [21,31], or L. gasseri [26].
Unfortunately, these studies are difficult to compare since
only four were randomized and placebo controlled
[20,26,27,32], and the probiotics were delivered in different
forms, for different periods of time with different doses,
and in some cases the bacteria used were killed organisms.
Our choice to use L. reuteri ATCC 55730 is based on several
observations. L. reuteri has been extensively studied and is
widely used as a food additive to improve human gastro-
intestinal health. Oral administration delivers L. reuteri ATCC
55730 to the gastrointestinal tract, leading to shedding of
live bacteria in the feces [37]. Clinical trials have shown
that L. reuteri ATCC 55730 administration is safe [38] and
significantly reduces gastrointestinal infections [11]. Being
acid resistant, it persists in the stomach longer than other
bacteria surviving in high proportions (> 80%) in the gastric
environment for periods of 2 hours. L. reuteri adheres to
gastric epithelial cells in vitro [39], and recently Valeur
et al. have shown the adhesion of L. reuteri to epithelial
cells from corpus and antral gastric biopsies providing the
first clear and direct evidence of colonization of the human
stomach [12]. Finally, in vitro studies have demonstrated
that L. reuteri exerts a significant inhibitory effect on
H. pylori growth on the plate and bacterial diffusion disk
method showed an annular radius of inhibition on the
plate by this probiotic strain [40]. The mechanisms by
which L. reuteri could be responsible for the inhibition of
H. pylori growth [39,41-43] may be: 1, direct and non-
specific bacteriostatic activity, 2, production of inhibitory
compounds such as lactate, hydrogen peroxide, and
bacteriocidal substances (reuterin), 3, competition for
nutrients, 4, nonspecificimmunostimulation of mucosal IgA
production, and 4, adherent capacity of L. reuteri to gastric
epithelial cells.

The second aim of our study was to assess whether
L. reuteri could be of help in ameliorating the symptoms
perceived by H. pylori-infected individuals. We have shown
that only those receiving the probiotic experienced a
significant improvement of the GSRS, while no difference
was observed in those receiving the placebo. However, we
cannot be sure that the effect we observed reflects the
improvement of H. pylori status since the symptoms of
dyspepsia have a multifactorial origin and an overlap of
manifestations of different conditions, such as irritable
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bowel syndrome (IBS), may strongly be involved. IBS is a
symptomatic motility and sensory disorder of the lower
gastrointestinal tract and it is a wide spread condition in
the adult population with a prevalence in Europe and
North America of about 15-30% [44]. The main
symptoms of IBS such as abdominal discomfort, bloating,
and altered bowel activity are those that were significantly
decreased in the L. reuteri group, and it is known that such
symptoms can be controlled by the administration of
probiotics [45], and therefore our finding may reflect a
control of IBS rather than of H. pylori-related dyspepsia.
More studies on larger samples are needed before definite
conclusion can be drawn on this issue.

We did not find any difference in rates of eradication
between those who did or did not receive the probiotic
prior to treatment. This result is in agreement with
previous experience with probiotics where eradication has
occurred sporadically [30] and mainly in children [36] in
whom H. pylori infection can be transient [46]. Moreover,
due to the high eradication rates that we have achieved
with the sequential treatment, to detect a 10% increase in
eradication secondary to the use of a probiotic strain and
maintaining the statistical power of 80%, we would have
needed 150 patients in each arm.

We are aware of the limit of our study, namely the
absence of a follow-up gastric biopsy and the small sample
size; however, a second endoscopy would not have been
accepted by patients who are not affected by major gastric
lesions such as ulcer or preneoplastic disease.

In summary, we report that a 4-week supplementation
with L. reuteri is effective in reducing H. pylori bacterial
load in humans and theoretically may help to control gastric
inflammation; although this pilot study open new areas of
investigation, further studies on larger number of patients
are needed to define its real clinical application.

We thank Mrs Nicoletta Iavernaro for her precious help in the
preparation of the manuscript.

References

1 Palli D, Menegatti M, Masala G, Ricci C, Saieva C, Holton J,
Gatta L, Miglioli M, Vaira D. Helicobacter pylori infection, anti-cagA
antibodies and peptic ulcer: a case-control study in Italy.

Aliment Pharmacol Ther 2002;16:1015-38.

2 Bayerdorffer E, Morgner A. Gastric marginal zone B-cell

lymphoma of the mucosa-associated lymphoid tissue type:

management of the disease. Dig Liver Dis 2000;32:192—4.

Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S,

Yamakido M, Taniyama K, Sasaki N, Schlemper RJ. Helicobacter

pyloriinfection and the development of gastric cancer. N Engl J Med

2001;345:784-9.

4 Malfertheiner P, Megraud F, O’'morain C, Bazzoli F, El-Omar E,
Graham D, Hunt R, Rokkas T, Vakil N, Kuipers EJ. Current
concepts in the management of Helicobacter pylori infection: the
Maastricht III Consensus Report. Gut 2007;56:772-81.

w

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd, Helicobacter 13: 127-134



Francavilla et al.

5 Nord CE, Heimdal A, Kager L. Antimicrobial induced alterations of
the human oropharyngeal and intestinal microflora. Scand J Infect
Dis 1986;49:64-72.

Adamsson I, Nord CE, Lundquist P, Sjostedt S, Edlund C.

Comparative effectsof omeprazole, amoxycillin, plus

metronidazole versus omeprazole, clarithromycin plus

metronidazole on the oral, gastric and intestinal microflora in

Helicobacter pylori-infected patients. J Antimicrob Chemother

1999;44:629-40.

Graham DY, Klein PD. Accurate diagnosis of Helicobacter

pylori >C-urea breath test. Gastroenterol Clin North Am

2000;29:885-93.

Zagari RM, Pozzato P, Martuzzi C, Fuccio L, Martinelli G, Roda E,

Bazzoli E. *C-urea breath test to assess Helicobacter pylori bacterial

load. Helicobacter 2005;10:615-9.

Matthews GM, Cummins AG, Lawrence A, Johnson B, Campbell

F, Butler RN. *C-urea breath test: reproducibility and association

with the severity of Helicobacter pylori-associated antral gastritis.

J Gastroenterol Hepatol 2005;20:270-4.

10 Weizman Z, Asli G, Alsheikh A. Effect of a probiotic infant formula

on infections in child care centers: comparison of two probiotic

agents. Pediatrics 2005;115:5-9.

Shornikova A, Casas IA, Isolauri E, Mykkanen H, Vesikari T.

Lactobacillus reuteri as a therapeutic agent in acute diarrhea in

young children. J Pediatr Gastroenterol Nutr 1997;24:399-404.

12 Valeur N, Engel P, Carbajal N, Connolly E, Ladefoged K.
Colonization and immunomodulation by Lactobacillus reuteri ATCC
55730 in the human gastrointestinal tract. Appl Envirol Microbiol
2004;70:1176-81.

13 Mukai T, Asasaka T, Sato E, Mori K, Matsumoto M, Ohori H.
Inhibition of binding of Helicobacter pylori to the glycolipid receptors
by probiotic Lactobacillus reuteri. FEMS Immunol Med Microbiol
2002;32:105-10.

14 Lionetti E, Miniello VL, Castellaneta SP, Magista AM, de Canio A,

Maurogiovanni G, lerardi E, Cavallo L, Francavilla R. Lactobacillus

reuteri therapy to reduce side-effects during anti-Helicobacter pylori

treatment in children: a randomized placebo controlled trial.

Aliment Pharmacol Ther 2006;24:1461-8.

Logan RP, Polson RJ, Misiewicz JJ, Rao G, Karim NQ, Newell D,

Johnson P, Wadsworth J, Walker MM, Baron JH. Simplified single

sample 13carbon urea breath test for Helicobacter pylori.

Comparison with histology, culture, and ELISA serology. Gut

1991;32:1461-4.

16 Ierardi E, Margiotta M, Monno R, De Francesco V, Minenna MF,
Burattini O, Faleo D, Panella C, Francavilla A, Cuomo R. A new
semiquantitative method of quantifying Helicobacter pylori in
antigen stools. J Clin Gastroenterol 2002;35:375-8.

17 Dryer RL, Lata GF. Experimental Biochemistry. Oxford, UK: Oxford
University Press, 1989;376-8.

18 Svedlund J, Sjodin I, Dotevall G. GSRS: a clinical rating scale
for gastrointestinal symptoms in patients with irritable
bowel syndrome and peptic ulcer disease. Dig Dis Sci 1988;33:129—
34.

19 Zullo A, Vaira D, Vakil N, et al. High eradication rates of Helicobacter
pylori with a new sequential treatment. Aliment Pharmacol Ther
2003;17:719-26.

20 Cats A, Kuipers EJ, Bosschaert MA, Pot RG, Vandenbroucke-

Grauls CM, Kusters JG. Effect of frequent consumption of a

Lactobacillus casei-containing milk drink in Helicobacter pylori-

colonized subjects. Aliment Pharmacol Ther 2003;17:429-35.

Perri F, Clemente R, Pastore M, et al. The *C-urea breath test as a

predictor of intragastric bacterial load and severity of Helicobacter

pylori gastritis. Scand J Clin Lab Invest 1998;58:19-27.

[=)}

~

o]

O

1

—

1

w1

2

—

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd, Helicobacter 13: 127134

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Inhibition of H. pylori by L. reuteri

Sekizuka E, Grisham MB, Li MA, Deitch EA, Granger DN.
Inflammation-induced intestinal hyperemia in the rat: role
neutrophils. Gastroenterology 1988;95:1528-34.

Sasayama Y, Kawano S, Tsuji S, Fusamoto H, Kamada T, Fukui H,
Yoneda S, Okishio T. Relationship between interleukin-8 levels
and myeloperoxidase activity in human gastric mucosa. J
Gastroenterol Hepatol 1997;12:104-8.

Khulusi S, Mendall MA, Patel P, Levy J, Badve S, Northfield TC.
Helicobacter pylori infection density and gastric inflammation in
duodenal ulcer and non-ulcer subjects. Gut 1995;37:319-24.
Alam K, Schubert TT, Bologna SD, Ma CK. Increased density of
Helicobacter pylori on antral biopsy is associated with severity of
acute and chronic inflammation and likelihood of duodenal
ulceration. Am J Gastroenterol 1992;87:424-8.

Sakamoto I, Igarashi M, Kimura K, Takagi A, Miwa T, Koga Y.
Suppressive effect of Lactobacillus gasseri OLL 2716 (LG21) on
Helicobacter pylori infection in humans. J Antimicrob Chemother
2001;47:709-10.

Michetti P, Dorta G, Wiesel PH, et al. Effect of whey-based culture
supernatant of Lactobacillus acidophilus ( johnsonii) Lal on
Helicobacter pylori infection in humans. Digestion

1999;60:203-9.

Cruchet S, Obregon MC, Salazar G, Diaz E, Gotteland M. Effect of
the ingestion of a dietary product containing Lactobacillus johnsonii
Lal on Helicobacter pylori colonization in children. Nutrition
2003;19:716-21.

Myllyluoma E, Veijola L, Ahlroos T, Tynkkynen S, Kankuri E,
Vapaatalo H, Rautelin H, Korpela R. Probiotic supplementation
improves tolerance to Helicobacter pylori eradication therapy — a
placebo-controlled, double-blind randomized pilot study. Aliment
Pharmacol Ther 2005;21:1263-72.

Gotteland M, Brunser O, Cruchet S. Systematic review: are
probiotics useful in controlling gastric colonization by Helicobacter
pylori? Aliment Pharmacol Ther 2006;15:1077-86.

Wendakoon CN, Thomson ABR, Ozimek L. Lack of therapeutic
effect of a specially designed yogurt for the eradication of
Helicobacter pylori. Digestion 2002;65:16-20.

Gotteland M, Cruchet S. Suppressive effect of frequent ingestion of
Lactobacillus johnsonii Lal on Helicobacter pylori colonization in
asymptomatic volunteers. J Antimicrob Chemother 2003;51:1317-9.
Wang KY, Li SN, Liu CS, Perng DS, Su YC, Wu DC, Jan CM, Lai CH,
Wang TN, Wang WM. Effects of ingesting Lactobacillus- and
Bifidobacterium-containing yogurt in subjects with colonized
Helicobacter pylori. Am J Clin Nutr 2004;80:737-41.

Shimizu T, Haruna H, Hisada K, Yamashiro Y. Effects of
Lactobacillus gasseri OLL 2716 (LG21) on Helicobacter pylori infection
in children. J Antimicrobial Chemother 2002;50:617-8.
Pantoflickova D, Corthésy-Theulaz I, Dorta G, Stolte M, Isler P,
Rochat F, Enslen M, Blum AL. Favourable effect of regular in
take of fermented milk containing Lactobacillus johnsonii on
Helicobacter pylori associated gastritis. Aliment Pharmacol Ther
2003;18:805-13.

Gotteland M, Poliak L, Cruchet S, Brunser O. Effect of regular
ingestion of Saccharomyces boulardii plus inulin or Lactobacillus
acidophilus in children colonised by Helicobacter pylori. Acta Paediatr
2005;94:1747-51.

Shornikova AV, Casas IA, Mykkédnen H, Salo E, Vesikari T.
Bacteriotherapy with Lactobacillus reuteri in rotavirus
gastroenteritis. Pediatr Infect Dis J 1997;16:1103-7.

Wolf BW, Wheeler KB, Ataya DG, Garleb KA. Safety and tolerance
of Lactobacillus reuteri supplementation to a population infected
with the human immunodeficiency virus. Food Chem Toxicol
1998;36:1085-94.

133



Inhibition of H. pylori by L. reuteri

39

40

4

—

42

Conway PL, Gorbach SL, Goldin BR. Survival of lactic acid bacteria
in the human stomach and adhesion to intestinal cells. J Dairy Sci
1987;70:1-12.

Johnson C, Dicksved J, Jonsson H, Roos S. Anti Helicobacter pylori
activity among lactic acid bacteria isolated from gastric biopsies
and strains of Lactobacillus reuteri. (Abstract) Helicobacter
2003;8:473.

Lewis SJ, Freedman AR. Rewiev article: the use of biotherapeutic
agents in the prevention and treatment of gastrointestinal disease.
Aliment Pharmacol Ther 1998;12:807-22.

Jack RW, Tagg JR, Ray B. Bacteriocins of gram-positive bacteria.
Microbiol Rev 1995;59:171-200.

134

43

44

45

46

Francavilla et al.

Marteau P, Rambaud JC. Potential of using lactic acid bacteria for
therapy and immunomodulation in man. FEMS Microbiol Rev
1993;12:207-20.

Brandt LJ, Bjorkman D, Fennerty MB, Locke GR, Olden K,
Peterson W, Quigley E, Schoenfeld P, Schuster M, Talley N.
Systematic review on the management of irritable bowel
syndrome in North America. Am J Gastroenterol 2002;97:S7-26.
Young P, Cash BD. Probiotic use in irritable bowel syndrome.
Curr Gastroenterol Report 2006;8:321-6.

Tindberg Y, Blennow M, Glanstrom M. Clinical symptoms and
social factors in a cohort of children spontaneously clearing
Helicobacter pylori infection. Acta Pediatrica 1999;88:631-5.

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd, Helicobacter 13: 127-134



