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Abstract
AIM: To investigate whether the addition of probiotics 
can improve the eradication effect of triple therapy for 
Helicobacter pylori  (H. pylori ) infection.

METHODS: This open randomized trial recruited 234 H. 
pylori  positive gastritis patients from seven local cen-
ters. The patients were randomized to one-week stan-
dard triple therapy (omeprazole 20 mg bid , clarithro-

mycin 500 mg bid , and amoxicillin 1000 mg bid ; OCA 
group, n  = 79); two weeks of pre-treatment with pro-
biotics, containing 3 × 107 Lactobacillus acidophilus  per 
day, prior to one week of triple therapy (POCA group, 
n  = 78); or one week of triple therapy followed by two 
weeks of the same probiotics (OCAP group, n  = 77). 
Successful eradication was defined as a negative C13 or 
C14 urease breath test four weeks after triple therapy. 
Patients were asked to report associated symptoms at 
baseline and during follow-up, and side effects related 
to therapy were recorded. Data were analyzed by both 
intention-to-treat (ITT) and per-protocol (PP) methods.

RESULTS: PP analysis involved 228 patients, 78 in the 
OCA, 76 in the POCA and 74 in the OCAP group. Suc-
cessful eradication was observed in 171 patients; by PP 
analysis, the eradication rates were significantly higher 
(P  = 0.007 each) in the POCA (62/76; 81.6%, 95% 
CI 72.8%-90.4%) and OCAP (61/74; 82.4%, 95% CI 
73.6%-91.2%) groups than in the OCA group (48/78; 
61.5%, 95% CI 50.6%-72.4%). ITT analysis also 
showed that eradication rates were significantly higher 
in the POCA (62/78; 79.5%, 95% CI 70.4%-88.6%) 
and OCAP (61/77; 79.2%, 95% CI 70%-88.4%) 
groups than in the OCA group (48/79; 60.8%, 95% CI 
49.9%-71.7%), (P  = 0.014 and P  = 0.015). The symp-
tom relieving rates in the POCA, OCAP and OCA groups 
were 85.5%, 89.2% and 87.2%, respectively. Only one 
of the 228 patients experienced an adverse reaction.

CONCLUSION: Administration of probiotics before 
or after standard triple therapy may improve H. pylori  
eradication rates.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Eradication therapy has been widely used since Helico-
bacter pylori (H. pylori) was recognized as a major cause of  
peptic ulcers, gastric atrophy and stomach neoplasms[1]. 
However, the classic one-week triple therapy, consist-
ing of  a proton pump inhibitor (PPI), clarithromycin 
and amoxicillin, has become less effective, with eradi-
cation rates as low as 50%-70%[2,3], especially in areas 
with a high prevalence of  clarithromycin resistance[4]. 
For example, in Shanghai from 2000 to 2009, the re-
sistance rates of  H. pylori to clarithromycin and levo-
floxacin increased from 8.6% to 20.7% and from 10.3% 
to 32.5%, respectively, whereas the resistance rates to 
metronidazole remained stable at 40%-50%[5]. In addi-
tion, the high rates of  antibiotic-associated side-effects 
may result in poor patient compliance[6]. Administration 
of  probiotics to adults[7,8] and children[9,10] has been re-
ported to improve H. pylori eradication rates and to re-
duce the side-effects of  PPI-based eradicating therapies. 
However, the timing of  probiotic administration relative 
to the triple therapy has not been well characterized. In 
most studies, probiotics were started immediately after 
the start of  triple therapy and were administered for 
one[11] to four[12] weeks. Bacteria of  the Lactobacillus fam-
ily were shown to inhibit H. pylori colonization of  the 
stomach[13,14] and the binding of  H. pylori to its glycolipid 
receptors[15]. To better investigate the effects of  probiot-
ics, in the present work we examined whether probiot-
ics administered before or after eradication therapy to 
H. pylori-infected individuals could better enhance the 
eradication rate.

Lactobacillus acidophilus (L. acidophilus) is a common 
bacterium that resides in the human gastrointestinal tract 
and is added to food and milk. Compared with other 
Lactobacillus species, L. acidophilus has shown promising 
effects in the treatment of  H. pylori[16,17]. We therefore 
used a compound probiotic, with L. acidophilus as the 
predominant bacterium. In this multicenter, open and 
randomized trial, we assessed whether probiotics, ad-
ministered before or after H. pylori eradication therapy, 
could enhance eradication rates. We found that both ap-
proaches improved eradication rates, although the rate 
was somewhat higher in patients administered probiotics 
after than before triple therapy.

MATERIALS AND METHODS
Patients
The patient population consisted of  individuals, aged 

18-65 years, newly diagnosed with gastritis or dyspepsia 
and infected with H. pylori. H. pylori infection was deter-
mined by rapid urease tests (RUT) during endoscopy; by 
pathologic examination of  antrum specimens; or by C13 
or C14 urea breath tests (UBT)[18]. The method used by 
each participating center is shown in Table 1. Candidates 
for inclusion were screened from November 2008 to 
July 2009. Exclusion criteria were: (1) neoplasm or peptic 
ulcer with or without complications, or gastroesophageal 
reflux disease; (2) previous failure of  H. pylori eradication 
or a history of  gastric surgery; (3) consumption of  acid-
inhibitors, bismuth compounds, antibiotics, or probiotics 
during the previous 4 wk; and (4) known allergy to anti-
biotics or probiotics.

Study design
The enrolled patients were randomized 1:1:1 into three 
groups (Figure 1). One group received standard triple 
therapy, consisting of  omeprazole 20 mg bid, clarithro-
mycin 500 mg bid, and amoxicillin 1000 mg bid for 7 d 
(OCA group). The second group received two weeks 
of  pre-treatment with probiotics, containing 3 × 107 L. 
acidophilus per day, prior to one week of  triple therapy 
(POCA group), and the third group received one week 
of  triple therapy followed by two weeks of  the same 
probiotics (OCAP group).

Due to uncertainties about the effects of  the addi-
tion of  probiotics, we estimated sample size by the non-
inferiority method. Assuming eradication rates of  90% 
and 85% in probiotic-combined and OCA groups (α = 
0.05 and β = 0.2), respectively, at least 70 individuals per 
group would be required. We calculated a final sample 
size of  240, including 30 patients at each center and 60 
at the leading institute. The randomization number was 
produced by SPSS 18.0 software with a block of  three 
and assigned to each center. 

Each probiotic tablet (Yi Jun Kang®, He Li Pharm. 
Co. Ltd. China), weighing 0.5 g, contained 5 × 106  

Table 1  Demographic characteristics of Helicobacter pylori  
infected patients in probiotic pre-treated, post-treated and 
standard therapy groups (per protocol set, n  = 228)

POCA 
(n  = 76)

OCAP 
(n  = 74)

OCA
(n  = 78)

P  value

Age, yr 44.9 ± 13.8 48.2 ± 12.2 48.0 ± 13.3   0.2271

Sex (male %) 32 (42.1) 26 (35.1) 33 (42.3)   0.5942

H. pylori test (pre-therapy)   0.9492

   13C-UBT 13 (17.1) 10 (13.5) 14 (17.9)
   14C-UBT 23 (30.3) 24 (32.4) 21 (26.9)
   RUT 34 (44.7) 34 (45.9) 34 (43.6)
   HE 6 (7.9) 6 (8.1)   9 (11.5)
H. pylori test (post-therapy)   0.8792

   13C-UBT 38 (50.0) 34 (45.9) 38 (48.7)
   14C-UBT 38 (50.0) 40 (54.1) 40 (51.3)
Mean follow-up time, d 58.2 ± 15.5 44.9 ± 12.3 43.2 ± 11.0 < 0.0011

Data are presented as mean ± SD or n (%). 1Student’s t test; 2Fisher’s exact 
test. H. pylori: Helicobacter pylori; UBT: Urea breath test; RUT: Rapid urease 
test; HE: Hematoxylin and eosin stain; POCA: Probiotic pre-treated group; 
OCAP: Probiotic post-treated group; OCA: Standard therapy group.
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L. acidophilus, 2.5 × 106 Streptococcus faecalis (S. faecalis) 
and 5 × 103 Bacillus subtilis (B. subtilis). Patients were in-
structed to take two of  these tablets 30 min after meal, 
three times a day. Boxes containing a sufficient number 
of  these tablets for the study period were provided to 
each patient by the probiotics producer. 

Patient compliance was evaluated by counting the 
number of  tablets returned, with an error rate lower than 
5% considered acceptable. Four weeks after the comple-
tion of  H. pylori eradication therapy, H. pylori status was 
assessed using a C13 or C14 based UBT (Table 2), with 
complete eradication defined as < 4.0 dpm and < 100 
dpm, respectively.

The study was performed in accordance with good 
clinical practice and the guidelines of  the Declaration of  
Helsinki. All patients provided a written informed con-
sent and the study protocol was approved by the Ethics 
Committee of  Changhai Hospital (CHEC2008-041).

Symptoms and safety evaluation
All patients were asked to report associated symptoms at 
baseline and during follow-up, including abdominal pain, 
acid regurgitation, heartburn, nausea, vomiting, abdomi-
nal distension and diarrhea. Any side effect related to 
therapy was recorded and analyzed.

Statistical analysis
Data were computerized and analyzed with SPSS 18.0 
software (IBM Corporation, NY, United States). The 
intention-to-treat (ITT) population consisted of  all 
randomized patients, whereas the per-protocol (PP) 
population consisted of  subjects who completed the 
entire study without any major protocol violations. The 
baseline demographic and clinical characteristics of  the 
ITT and PP populations, and of  the three groups of  
randomized patients in each population, were compared 
using Student’s t tests and Fisher’s exact tests, as war-
ranted. Eradication rates in the three groups were com-
pared by Fisher’s exact tests. The eradication rate and 
95% confidence intervals in each group were calculated 
for both the PP and ITT populations. All statistical tests 
were two-sided, with a 5% level of  significance.

RESULTS
We enrolled 234 H. pylori positive subjects. Of  them, 
228 were included in the PP population, with 76, 74 
and 78 subjects in the POCA, OCAP and OCA groups, 
respectively (Figure 2). Two patients were randomized 
in error, including one patient aged 81 years random-
ized to OCAP and one patient with a bleeding duodenal 
ulcer randomized to POCA. One subject in the OCAP 
group was reassessed by RUT. Two patients showed a 
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Figure 1  Flow chart of the study. OME: Omeprazole; CLA: Clarithromycin; AMO: Amoxicillin; POCA: Probiotic pre-treated group; OCAP: Probiotic post-treated 
group; OCA: Standard therapy group.

Table 2  Helicobacter pylori  eradication results in the partici-
pating centers

Center UBT n H. pylori  eradication rate (%)

POCA OCAP OCA Total

01 C13 52   83.3 (15/18)   80.0 (12/15)   52.6 (10/19) 71.2
02 C13 29 80.0 (8/10) 90.0 (9/10)   88.9 (8/9) 86.2
03 C14 30 70.0 (7/10) 50.0 (5/10) 30.0 (3/10) 50.0
04 C13 29 80.0 (8/10)   88.9 (8/9) 70.0 (7/10) 79.3
05 C14 30    100 (10/10)   70.0 (7/10) 60.0 (6/10) 76.7
06 C14 29   88.9 (8/9)   100 (10/10) 40.0 (4/10) 75.9
07 C14 29   66.7 (6/9)   100 (10/10)    100 (10/10) 89.7

H. pylori: Helicobacter pylori; UBT: Urea breath test; POCA: Probiotic pre-
treated group; OCAP: Probiotic post-treated group; OCA: Standard thera-
py group.

Du YQ et al . Pre- and post-probiotics treatment for H. pylori
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poor compliance with treatment, one each in the OCAP 
and OCA groups. One patient in the POCA group 
complained of  nausea and vomiting on the fourth day 
of  triple therapy and discontinued the study. The base-
line demographic and clinical characteristics of  the 228 
enrolled patients are shown in Table 1. There were no 
significant differences in mean age, sex distribution, and 
distribution of  H. pylori detecting methods. H. pylori was 
initially assessed by RUT in 102 (44.7%) patients, by 
UBT in 105 (46.1%) and by pathology in 21 (9.2%). C13 
UBT was used for the second assessment of  H. pylori in 
about 50% of  patients, and C14 UBT in the other 50%. 
The mean follow-up time was significantly longer in 
the POCA (58.2 d) than in the OCAP and OCA (44 d) 
groups, due to the study design and treatment protocol 
(Figure 1).

Helicobacter pylori eradication 
Four weeks after the completion of  triple therapy, H. pylori  
test on C13 or C14 UBT was negative in 171 (75%) 
of  the 228 patients. There were significant differences 
among the groups, however. PP analysis showed that the 
eradication rates were significantly higher in the POCA 
(81.6%, 95% CI: 72.8%-90.4%) and OCAP (82.4%, 95% 
CI: 73.6%-91.2%) groups than in the OCA (61.5%, 95% 
CI: 50.6%-72.4%) group (P = 0.007 each, Figure 3). ITT 
analysis showed that, compared with the OCA group 
(48/79; 60.8%, 95% CI: 49.9%-71.7%), success rates 
were significantly higher in the POCA (62/78; 79.5%, 
95% CI: 70.4%-88.6%, P = 0.014) and OCAP (61/77; 
79.2%, 95% CI: 70%-88.4%, P = 0.015) groups. Further 
analysis showed that probiotic supplementation was asso-
ciated with a higher eradication rate in all centers except 
for Centers 2 and 7 (Table 2).

Symptoms and safety assessment
The symptom relieving rates in the POCA, OCAP and 
OCA groups were 85.5% (65/76), 89.2% (66/74) and 
87.2% (68/78), respectively. Only one of  the 228 (0.4%) 

patients experienced an adverse effect. This patient, ran-
domized to the POCA group, experienced severe vom-
iting on the fourth day of  antibiotic treatment. Side-
effect rates did not differ significantly among the three 
groups.

DISCUSSION
To our knowledge, this study is the first to show that 
administration of  probiotics, either before or after tradi-
tional triple therapy, enhances H. pylori eradication rates. 
We found, in particular, that probiotic treatment after 
triple therapy significantly increased the eradication rate. 
Other than the studies, in which probiotics were started 
at the same time as PPI-based therapy, only one study has 
found that four weeks of  pre-treatment with Lactobacillus-  
and Bifidobacterium-containing yogurt resulted in a higher 
H. pylori eradication rate than quadruple therapy alone 
(85% vs 71%, P < 0.05)[19]. That study, however, assessed 
second-line therapy for H. pylori, whereas we evaluated 
first-line treatment. We found that pre-treatment with  
L. acidophilus, S. faecalis and B. subtilis for two weeks prior 
to triple therapy improved the eradication rate, from 
60.8% to 79.5%. Pretreatment with probiotics may de-
crease H. pylori load despite antimicrobial resistance, thus 
improving the efficacy of  eradication therapy[19].

Pretreatment with probiotics has been found to sig-
nificantly reduce the H. pylori colonization rate in mice, 
from 100% to 50% (P = 0.02)[20] and to reduce inflam-
mation in the gastric antrum. In humans, four weeks of  
treatment with Lactobacillus reuteri ATCC 55730 reduced 
H. pylori load and decreased the occurrence of  dyspeptic 
symptoms[21]. Although our results confirm previous 
findings[22], that pretreatment with suitable probiotics 
could benefit H. pylori infected patients, the optimal 
treatment period (two or four weeks) and optimal dose 
of  probiotics have not been determined. 

It is not clear whether simultaneously administered 
probiotics will be destroyed by anti-H. pylori drugs. Al-
though pre-treatment with probiotics may constitute a 
solution, it results in a prolonged course of  therapy, two 

OCAP
n = 74

Patients enrolled and randomized
n  = 234

ITT analysis
n  = 234

PP analysis
n  = 228

6 cases excluded:
2 wrong enrollment
1 used RUT as re-assess method
1 with nausea and vomiting
2 poor compliance

POCA
n = 76

OCA
n = 78

Figure 2  Flow diagram showing numbers of patients enrolled and missed 
for per protocol and intention-to-treat analyses. ITT: Intention-to-treat; PP:
Per-protocol; RUT: Rapid urease test; POCA: Probiotic pre-treated group; 
OCAP: Probiotic post-treated group; OCA: Standard therapy group.

Figure 3  Helicobacter pylori eradication rates in groups treated with triple 
therapy, with or without probiotics. aP < 0.05, bP < 0.01 vs the standard 
therapy group (OCA group) by Fisher’s exact test. H. pylori: Helicobacter pylori; 
POCA: Probiotic pre-treated group; OCAP: Probiotic post-treated group; PP: 
Per protocol; ITT: Intention-to-treat.
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weeks longer than the routine method. It is also unclear 
whether pre-treatment with probiotics could reduce the 
rates of  antibiotic-related side effects to those observed 
with combined therapy[23-26]. Large clinical trials are re-
quired to compare the side-effect reduction rates of  pa-
tients administered probiotics before and during eradica-
tion therapy.

Another possible regimen is to treat patients with 
probiotics after the completion of  eradication therapy. 
Interestingly, we found that this regimen significantly 
increased the H. pylori eradication rate compared with 
eradication therapy alone, from 60.8% to 79.2%. To 
compare the outcome, we performed repeat UBT in our 
OCAP group four weeks after triple therapy (two weeks 
after probiotic therapy). Probiotics may inhibit residual 
H. pylori and mask UBT tests as ‘false negatives’, similar 
to the effects of  PPIs. Further long-term studies are 
needed to determine if  H. pylori eradication is true and 
permanent.

The recommended species and number of  bacteria 
in probiotics have not been determined[27,28]. An 833-fold 
higher dose of  L. acidophilus (2.5 × 1010/d) than ours, 
when added to triple therapy containing esomeprazole, 
amoxicillin, and clarithromycin, failed to increase the 
eradication rate observed with triple therapy alone (an 
eradication rate, 83.9% vs 80.6%, P = 0.74)[29]. This may 
have been due to the relatively small number of  subjects, 
the short duration of  probiotic administration (8 d) and 
the use of  a single species of  bacteria. Probiotic mix-
tures appear to be effective against a wide range of  end 
points, including treatment of  H. pylori infection, with 
multi-strain probiotics showing greater efficacy than 
single strains, including strains that are components of  
the mixtures themselves[30]. H. pylori may be less sensitive 
to single than to multiple probiotics, similar to resistance 
to antibiotics. 

The probiotic mixture we tested is easily acquired in 
China and has been used widely to treat diarrhea and in-
flammatory bowel disease. If  our findings are confirmed, 
Chinese H. pylori infected patients may benefit from pro-
biotic treatment. 

Due to the low incidence of  side effects we obser-
ved, we could not evaluate whether probiotics reduce 
the adverse effects of  antibiotics. However, safety evalu-
ation was not a primary end point of  this study. Other 
limitations include the lack of  blinding; the absence 
of  a placebo group; the lack of  standardization of  the 
H. pylori assay method; the short follow-up period; and 
the lack of  confirmation of  H. pylori load by biopsy or 
culture. Nevertheless, this study is the first to provide 
information on the timing of  probiotics relative to rou-
tine eradication therapy in H. pylori infected patients. We 
found that both pre- and post-treatment with probiotics 
increased the eradication rates of  triple therapy, with 
post-treatment being more effective than pre-treatment.

In conclusion, our results suggest that either pre- 
or post-administration of  probiotics may improve the  
H. pylori eradication effect of  standard triple therapy. 
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