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Abstract
Background and Aim: Helicobacter pylori eradication clearly decreases peptic ulcer
recurrence rates. H. pylori eradication is achieved in 70–90% of cases, but treatment
failures due to poor patient compliance and resistant organisms do occur. Lactobacillus
gasseri can suppress both clarithromycin-susceptible and -resistant strains of H. pylori in
vitro. The aim of this study was to determine the effect of pretreatment with L. gasseri-
containing yogurt on H. pylori eradication. We conducted a randomized, controlled clinical
trial in patients with H. pylori infection.
Methods: A total of 229 patients were randomized into either a 1-week triple therapy of
rabeprazole (10 mg bid), amoxicillin (750 mg bid), and clarithromycin (200 mg bid) or
triple therapy plus L. gasseri-containing yogurt. In the yogurt-plus-triple therapy groups,
yogurt containing L. gasseri OLL2716 (112 g) was given twice daily for 4 weeks (3 weeks
pretreatment and also 1 week during eradication therapy). Clarithromycin resistance was
determined by the detection of a mutation in 23S rRNA using nested polymerase chain
reaction and the direct sequencing of DNA from pretreatment feces. H. pylori eradication
was diagnosed based on the urea breath test and a stool antigen test after 8 weeks of
eradication.
Results: The status of H. pylori susceptibility to clarithromycin was successively deter-
mined in 188 out of 229 samples. The rate of infection with clarithromycin-resistant strains
of H. pylori was 27.1%. Overall eradication (intention to treat/per protocol) was 69.3/
74.5% for the triple-only group, and 82.6/85.6% for the yogurt-plus-triple group
(P = 0.018/P = 0.041). Eradication of primary clarithromycin-resistant strains tended to be
higher for yogurt-plus-triple therapy than triple-only therapy (38.5 vs 28.0%, respectively,
P = 0.458).
Conclusion: This study confirmed that the major cause of treatment failure is resistance to
clarithromycin. A 4-week treatment with L. gasseri-containing yogurt improves the effi-
cacy of triple therapy in patients with H. pylori infection.
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Introduction
Helicobacter pylori is a Gram-negative bacillus isolated from the
gastric mucosa of patients with chronic gastritis.1 In Japan,
approximately 50 million people are estimated to have H. pylori
infection, and the infection rate in individuals aged � 50 years is
more than 70%.2 H. pylori is also detected at a high rate in patients
with gastric and duodenal ulcers. H. pylori eradication clearly
prevents ulcer recurrence, and eradication therapy is now standard
in the prevention of peptic ulcer recurrence.3 H. pylori-positive
chronic gastritis is often asymptomatic and has been associated
with gastric malignancies, including gastric cancer4 and

mucosa-associated lymphoid tissue (MALT) lymphoma. The
annual incidence of gastric cancer in H. pylori-infected patients is
about 0.5%, yet adequate treatment of chronic gastritis remains a
major problem. First-line treatment for H. pylori eradication typi-
cally includes three drugs: a proton pump inhibitor (PPI) and the
antibiotics amoxicillin and clarithromycin (CAM). Eradication
clearly decreases peptic ulcer recurrence rates.3 H. pylori eradica-
tion is achieved in 70–90% of cases, but treatment failures due to
poor patient compliance and resistant organisms do occur. One
reason for decreased patient compliance is diarrhea, often associ-
ated with antibiotic therapy. In addition, CAM, a first-line drug
for community-acquired pneumonia, is widely prescribed for
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respiratory and oropharyngeal infections, thus increasing drug-
resistant organisms. A surveillance study by the Japanese Society
for Helicobacter Research reported that approximately 30% of
H. pylori infections in Japan are resistant to treatment with CAM.

Probiotics are living microorganisms that improve the intestinal
environment and inhibit harmful bacteria. Lactobacilli have been
shown to exhibit beneficial effects on the stomach and inhibit
H. pylori. H. pylori is able to colonize germ-free mice, but colo-
nization does not occur in specific pathogen free (SPF) mice.5 In
the mouse stomach, Lactobacillus sp. has demonstrated antimicro-
bial effects against H. pylori in vitro and in mouse models of
H. pylori infection.5,6 We previously reported that yogurt-
containing Lactobacillus gasseri (OLL2716) had a suppressive
effect on H. pylori infection.7 The beneficial effects of fermented
milk containing Lactobacillus sp. on H. pylori infection have also
been reported.8,9 However, the administration of probiotics alone
does not eradicate H. pylori. Recent evidence suggests that supple-
mentation with probiotics could be effective in increasing eradi-
cation rates of anti-H. pylori therapy.10 L. gasseri OLL2716 can
suppress both CAM-susceptible and -resistant strains of H. pylori
in vitro and in an H. pylori-infected murine model.11 In order to
determine the effect of pretreatment with L. gasseri contained in
yogurt on H. pylori eradication, we conducted a randomized, con-
trolled clinical trial in patients with H. pylori infection.

Methods

Patients

A total of 229 patients diagnosed with an H. pylori infection par-
ticipated in this study from April 2008 to August 2010. Patients
were defined as positive for H. pylori infection if the culture was
positive, or if histology and rapid urease test were positive. The
following exclusion criteria were applied: age below 18 or above
80 years, previous H. pylori eradication, and the use of antimicro-
bials or gastrointestinal medications like PPI within the previous
2 months. The ethics committee of Tokai University Hospital
approved the protocol, and written informed consent was obtained
from all patients.

Determination of CAM resistance

CAM resistance was determined by the detection of a mutation in
23S rRNA using nested polymerase chain reaction (PCR) and
direct sequencing of DNA from pretreatment feces.12 Briefly, pre-
treatment feces were pooled and kept in -20°C. DNA was
extracted from feces using a bead-crushing method. Approxi-

mately 50 mg of feces was added to a tube with sodium phosphate
buffer and 7.5 M guanidine solution and homogenized. The solu-
tion was centrifuged and subject to nested PCR. Nested PCR for
the detection of mutations in the H. pylori 23S rRNA gene was
performed. PCR primer pairs are shown in Table 1. DNA sequenc-
ing was carried out using an ABI PRISM 3100 DNA sequencer
(Applied Biosystems, Carlsbad, CA, USA).

Yogurt

The yogurt containing L. gasseri OLL2716 (� 109c.f.u.) was
obtained from Meiji Dairies Corporation, Tokyo, Japan.

Protocol

A total of 229 patients were randomized either to 1 week of triple
therapy comprising rabeprazole (10 mg bid), amoxicillin (750 mg
bid), and clarithromycin (200 mg bid) or triple therapy plus
L. gasseri-containing yogurt. In the yogurt-plus-triple therapy
group, yogurt containing L. gasseri OLL2716 (112 g) was con-
sumed twice daily for 4 weeks (3 weeks pretreatment followed by
1 week during eradication therapy). The triple therapy regimen in
this study used the same doses based on a large-scale study in
Japan.13 Randomization was carried out according to a computer-
generated randomization list. As a combination of the urea breath
test (UBT) and a stool antigen test is useful for the clinical evalu-
ation of eradication therapy,14 H. pylori eradication was diagnosed
based on UBT and stool antigen test after 8 weeks of eradication.
For discordant results between UBT and stool antigen test, endo-
scopic biopsy specimens were obtained and H. pylori culture was
carried out.

13C-urea breath test

The urea breath test was conducted 8 weeks after the end of
eradication therapy. It was performed after overnight fasting using
100 mg 13C-urea tablets (Dainippon Sumitomo Pharmaceutical
Co., Tokyo, Japan). Breath samples were collected before and
20 min after the ingestion of 13C-urea. The cut-off value of 13C
value was defined as 3.5‰.15

H. pylori stool antigen test

Stool samples were frozen at -70°C until assaying. The investiga-
tors were blinded to the results of other H. pylori tests. A commer-
cial EIA (Testmate H. pylori; Wakamoto Pharmaceutical, Tokyo,
Japan) was used to detect H. pylori, according to the manufactur-

Table 1 Oligonucleotide primers used for nested-PCR

PCR Primer name Sequence (5’ to 3’) Tm (°C) Size of PCR product (bp) Primer position in 23SrRNA†

1st PCR F GGTCTCAGCAAAGAGTCCCT 62.4 493 1835
R CCCACCAAGCATTGTCCT 63.6 2327

2nd PCR F-nested AGGATGCGTCAGTCGCAAGAT 68.2 367 1942
R-nested CCTGTGGATAACACAGGCCAGT 67.1 2308

†Position in 23S rRNA gene of H. pylori strain 26695 (GenBank accession no. AE000569) was shown.
F, forward primer for 1st PCR; F-nested, forward primer for 2nd PCR; PCR, polymerase chain reaction; R, reverse primer for 1st PCR; R-nested, reverse
primer for 2nd PCR.
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er’s instructions. About a 100-mg fecal sample was diluted in
0.4 mL of dilution buffer. Fifty microliters of diluted fecal sample
and peroxidase-conjugated monoclonal antibody were added to
each well of microtiter plates, and the plates were incubated for 1 h
at 25°C. The absorbance at dual wavelengths (450 and 630 nm)
was measured on a microplate reader. The cut-off value for the
stool antigen test was < 0.100 for a negative and � 0.100 for a
positive result.15

Statistical analysis

The number of patients required for the study was calculated such
that a difference of 17% in the eradication rates between the two
study groups could be detected. Thus we calculated that at least
110 patients per group were required to give the study 80% power
at a significant level of 5%. Eradication rates were determined for
both groups employing per-protocol (PP) and intention-to-treat
(ITT) analyses. For ITT analysis, all enrolled patients were
included. For PP analysis, those who had not undergone the UBT
and stool antigen test, or those who had taken less than 70% of any
drugs, were excluded (Fig. 1).

Eradication rates were compared using the c2-test. Significance
was set at P < 0.05. Statistical analysis was performed using spss
17.0J Windows (spss Japan, Inc., Tokyo, Japan).

Results

Demographic background

Demographic characteristics and adverse effects are shown in
Table 2. There were no significant differences in demographic
features and endoscopic diagnoses. H. pylori was diagnosed by
either the UBT or H. pylori culture during endoscopic examina-
tion. There were no significant differences between the two groups
regarding adverse effects.

H. pylori susceptibility to CAM

The status of H. pylori susceptibility to CAM was successively
determined in 188 of 229 samples. DNA sequencing of the H.
pylori 23S rRNA gene without mutation (wild type) was archived
in 137 patients. The 23S rRNA gene with 2142G or A2143G
mutation was detected in 51 patients. Mixed infections with both
CAM-susceptible and-resistant H. pylori were detected in 13
samples.

H. pylori eradication rates

UBT and stool antigen test results were consistent except in
one patient. This discordant case was followed by endoscopic

Figure 1 Flow schematic of the study
involving intention-to-treat (ITT) and per-
protocol (PP) analyses.

Table 2 Demographic characteristics of the two groups

Variables Yogurt-plus-triple group Triple-therapy-only group P-values

n = 115 n = 114
Mean age (years) 55.9 57.8 0.75
Women 39 (33.9%) 48 (42.1%) 0.202
PUD 87 (75.7%) 82 (71.9%) 0.552
Clarithromycin resistance 26/96 (27.1%) 25/92 (27.2%) 0.981
Side-effect

Diarrhea 6 4 0.748

PUD, peptic ulcer disease.
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examination, and was revealed to be a false-positive result of the
stool antigen test.

Based on ITT analysis, eradication rates in the yogurt-plus-
triple and triple-only groups were 82.6 and 69.3%, respectively
(P = 0.018) (Table 3). PP analysis also showed that H. pylori
eradication rates in the yogurt-plus-triple group (85.6%) were
significantly higher than those in the triple-therapy-only group
(74.5%) (P = 0.041). Eradication rates of CAM-sensitive H. pylori
were high in both groups (Table 4). Eradication of primary CAM-
resistant strains tended to be higher in the yogurt-plus-triple group
than in the triple-therapy-only group (38.5 vs 28.0%, respectively,
P = 0.428). In addition, in mixed infections with both CAM-
susceptible and -resistant H. pylori, the eradication rate in the
yogurt-plus-triple group was 50% (3/6), however, that in the triple-
therapy-only group was 0% (0/4). One patient in the yogurt-plus-
triple group and two patients in the triple-therapy-only group were
lost to follow up.

Discussion
In the present study, 4-week pretreatment with yogurt containing
L. gasseri before triple therapy improved the eradication rates. The
use of probiotics for H. pylori infection was first adopted follow-
ing a series of research studies in germ-free mice. The studies
reported that H. pylori colonizes germ-free but not SPF mice, and
that Lactobacillus in the stomach of SPF mice inhibits coloniza-

tion by H. pylori.5,6 In a subsequent study involving human volun-
teers, L. gasseri (OLL2716) decreased the H. pylori density and
improved gastritis.7 Several studies also reported that the ingestion
of fermented milk containing Lactobacillus improved H. pylori-
infected gastritis, but eradication was not successful, and, after
stopping ingestion, this effect on H. pylori suppression was lost.
Recent evidence revealed that supplementation with probiotics
could be effective in increasing eradication rates due to anti-
H. pylori therapy. Tong et al.10 conducted a meta-analysis of
supplemental probiotics in eradication therapy. Among 14 ran-
domized trials, the eradication rates for eradication therapy alone
and eradication therapy with probiotics were 74.8 and 83.6%,
respectively. With combined treatment, the eradication rate
increased, and adverse effects, such as diarrhea, decreased.
However, the eradication rate varies by protocol. Typically, probi-
otics were given during the eradication therapy or following
3–4 weeks.16–18 In contrast, Sheu et al.19 reported that pretreatment
with Lactobacillius and Bifidobacterium-containing yogurt
improved the efficacy of quadruple therapy after failed triple
therapy. They also demonstrated a decreased bacterial load after
pretreatment with yogurt. Therefore, we chose a protocol involv-
ing pretreatment with L. gasseri-containing yogurt. Based on ITT
analysis, eradication rates in the yogurt-plus-triple and triple-
therapy-only groups were 82.6% and 69.3%, respectively
(P = 0.018) (Table 3). PP analysis also showed that H. pylori
eradication rates in the yogurt-plus-triple group (85.6%) were

Table 3 Helicobacter pylori eradication rate

Yogurt-plus-triple group Triple-therapy-only group P-value

ITT analysis
Eradication rate 82.6% (95 of 115) 69.3% (79 of 114) 0.018
95%CI 75.7–89.5% 60.8–78.3%

PP analysis
Eradication rate 85.6% (95 of 111) 74.5% (79 of 106) 0.041
95%CI 78.9–92.1% 66.2–82.8%

CI, confidence interval; ITT, intention-to-treat; PP, per-protocol.

Table 4 H. pylori eradication rates in CAM-susceptible and -resistant infection

Yogurt-plus-triple group Triple-therapy-only group P-value

CAM-susceptible
ITT analysis n = 70 n = 67

Eradication rates 92.8% (65 of 70) 85.6% (58 of 67) 0.224
95%CI 86.8–98.8% 77.2–94.0%

PP analysis n = 56 n = 54
Eradication rates 95.6% (65 of 68) 93.5% (58 of 62) 0.607
95%CI 90.7–100% 87.5–99.5%

CAM-resistant
ITT analysis n = 26 n = 25

Eradication rates 38.5% (10 of 26) 28.0% (7 of 25) 0.428
95%CI 19.8–57.2% 10.4–45.6%

PP analysis n = 25 n = 23
Eradication rates 40% (10 of 25) 30.4% (7 of 23) 0.489
95%CI 20.8–59.2% 11.7–49.1%

CAM, clarithromycin; CI, confidence interval; ITT, intention-to-treat; PP, per-protocol.
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significantly higher than those in the triple-therapy-only group
(74.5%) (P = 0.046).

The mechanism by which probiotics reduce H. pylori-related
gastric mucosal injury has not been elucidated. Gastric mucosal
inflammation due to H. pylori infection is primarily mediated by
cytokines. Cytokines involved in the clinical manifestations of
H. pylori infection of the gastric epithelium include interleukin
(IL)-1, IL-8, and tumor necrosis factor.20,21 In H. pylori infection,
neutrophil infiltration is a characteristic histologic finding. IL-8 is
a neutrophil chemotactic factor produced by H. pylori-infected
gastric epithelium. Previously, we reported IL-8 concentrations in
the gastric mucosa measured before and after L. gasseri-
containing yogurt consumption. L. gasseri consumption signifi-
cantly decreased IL-8, whereas with a placebo, there was no
decrease in IL-8.22 In that 8-week study, although eradication was
not observed, some volunteers showed histologic improvement of
gastritis.

The major cause of eradication failure was CAM-resistance due
to mutation of the 23S rRNA gene. Eradication rates of CAM-
susceptible H. pylori were high in both groups (Table 4). Eradica-
tion rates of primary CAM-resistant strains tended to be higher in
the yogurt-plus-triple group than that in triple-only group (38.5 vs
28.0%, respectively, P = 0.428). The detection of CAM-resistance
based on analyzing feces is a non-invasive method. Furthermore,
mixed infections with both CAM-susceptible and -resistant
H. pylori were detected in 13 patients.

In mixed infections with both CAM-susceptible and -resistant
H. pylori, the eradication rate in the yogurt-plus-triple group was
50% (3/6), however, that in the triple-therapy-only group was 0%
(0/4).

In conclusion, our data suggested that supplementation with
yogurt containing L. gasseri is effective for first-line eradication
therapy. A further large-scale study is required to clarify the effec-
tiveness of L. gasseri against CAM-resistant H. pylori infection.

References
1 Marshall BJ, Warren JR. Unidentified curved bacilli in the stomach

of patients with gastritis and peptic ulceration. Lancet 1984; 323:
1311–15.

2 Asaka M, Kimura T, Kudo M et al. Relationship of Helicobacter
pylori to serum pepsinogens in an asymptomatic Japanese
population. Gastroenterology 1992; 102: 760–6.

3 Asaka M, Kato M, Sugiyama T et al. Follow-up survey of a
large-scale multicenter, double-blind study of triple therapy with
lansoprazole, amoxicillin, and clarithromycin for eradication of
Helicobacter pylori in Japanese peptic ulcer patients. J.
Gastroenterol. 2003; 38: 339–47.

4 Uemura N, Okamoto S, Yamamoto S et al. Helicobacter pylori
infection and the development of gastric cancer. N. Engl. J. Med.
2001; 345: 784–9.

5 Kabir AMA, Aiba Y, Takagi A, Kamiya S, Miwa T, Koga Y.
Prevention of Helicobacter pylori infection by lactobacilli in a
gnotobiotic murine model. Gut 1997; 41: 49–55.

6 Aiba Y, Suzuki N, Kabir AMA, Takagi A, Koga Y. Lactic
acid-mediated suppression of Helicobacter pylori by the oral
administration of Lactobacillus salivarius as a probiotic in a
gnotobiotic murine model. Am. J. Gastroenterol. 1998; 93:
2097–101.

7 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.

8 Cruchet S, Obregon MC, Salazar G, Diaz E, Gotteland M. Effect of
the ingestion of dietary product containing Lactobacillus johnsonii
La1 on Helicobacter pylori colonization of children. Nutrition 2003;
19: 716–21.

9 Pantoflickova D, Corthesy-Theulaz I, Dorta G et al. Favourable
effect of regular intake of fermented milk containing Lactobacillus
johnsonii on Helicobacter pylori associated gastritis. Aliment.
Pharmacol. Ther. 2003; 18: 805–13.

10 Tong JL, Ran ZH, Shen J, Zhang CX, Xiao SD. Meta-analysis: the
effect of supplementation with probiotics on eradication rates and
adverse events during Helicobacter pylori eradication therapy.
Aliment. Pharmacol. Ther. 2007; 25: 155–68.

11 Ushiyama A, Takana K, Aiba Y et al. Lactobacillus gasseri
OLL2716 as a probiotic in clarithromycin-resistant Helicobacter
pylori infection. J. Gastroenterol. Hepatol. 2003; 18: 986–91.

12 Noguchi N, Rimbara E, Kato A et al. Detection of mixed
clarithromycin-resistant and -susceptible Helicobacter pylori using
nested PCR and direct sequencing of DNA extracted from faeces. J.
Med. Microbiol. 2007; 56: 1174–80.

13 Kuwayama H, Asaka M, Sugiyama T et al. The Japan Rabeprazole
Study Group. Rabeprazole-based eradication therapy for
Helicobacter pylori: a large-scale study in Japan. Aliment.
Pharmacol. Ther. 2007; 25: 1105–13.

14 Ito M, Tanaka S, Kim S et al. A combination of the Helicobacter
pylori stool antigen test and urea breath test is useful for clinical
evaluation of eradication therapy: a multicenter study. J.
Gastroenterol. Hepatol. 2005; 20: 1241–5.

15 Deguchi R, Matsushima M, Suzuki T et al. Comparison of a
monoclonal with a polyclonal antibody-based enzyme immunoassay
stool test in diagnosing Helicobacter pylori infection after
eradication therapy. J. Gastroenterol. 2009; 44: 713–16.

16 Szajewska H, Albrecht P, Topczewska-Cabanek A. Randomized,
double-blind, placebo-controlled trial: effect of Lactobacillus GG
supplementation on Helicobacter pylori eradication rates and side
effects during treatment in children. J. Pediatr. Gastroenterol. Nutr.
2009; 48: 431–6.

17 Kim MN, Kim N, Lee SH et al. The effects of probiotics on
PPI-triple therapy for Helicobacter pylori eradication. Helicobacter
2008; 13: 261–8.

18 Sheu B-S, Wu J-J, Lo C-Y et al. Impact of supplement with
Lactobacillus- and Bifidobacterium- containing yogurt on triple
therapy for Helicobacter eradication. Aliment. Pharmacol. Ther.
2002; 16: 1669–75.

19 Sheu B-S, Cheng H-C, Kao A-W et al. Pretreatment with
Lactobacillus- and Bifidobacterium-containing yogurt can improve
the efficacy of quadruple therapy in eradicating residual Helicobacter
pylori infection after failed triple therapy. Am. J. Clin. Nutr. 2006;
83: 864–9.

20 Crabtree JE, Peichl P, Wyatt JI, Stachl U, Lindley IJD. Gastric
interleukin-8 and IgA IL-8 autoantibodies in Helicobacter pylori
infection. Scand. J. Immunol. 1993; 37: 65–70.

21 Yamaoka Y, Kodama T, Kita M, Imanishi J, Kashima K,
Graham DY. Relationship between clinical presentation,
Helicobacter pylori, interleukin 1B and 8 production, and cagA
status. Gut 1999; 45: 804–11.

22 Tamura A, Kumai H, Nakamichi N et al. Suppression of
Helicobacter pylori-induced interleukin-8 production in vitro and
within the gastric mucosa by a live Lactobacillus strain. J.
Gastroenterol. Hepatol. 2006; 21: 1399–1406.

Probiotics on H. pylori eradication R Deguchi et al.

892 Journal of Gastroenterology and Hepatology 27 (2012) 888–892

© 2011 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd


