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changes in fecal microbiota and irritable bowel syndrome (IBS)

symptoms. Eighty�one IBS patients were randomly assigned to

receive either probiotic mixture (n = 39; containing Lactobacillus

acidophilus, L. rhamnosus, Bifidobacterium breve, B. actis, B.

longum, and Streptococcus thermophilus) or placebo (n = 42) for

4 weeks. A questionnaire regarding general symptom relief was

administered. The change in total symptom scores (sum of 10 IBS

symptoms) and subtotal scores in 4 domains (pain, constipation,

diarrhea, and bloating/gas) were evaluated. The change in fecal

flora was determined by quantitative real�time PCR. The concen�

tration of probiotic strains significantly increased after ingestion

in probiotics group (B. bifidum, p = 0.043; B. lactis, p<0.001; L.

acidophilus, p = 0.016; L. rhamnosus, p<0.001). The proportion of

patients with adequate symptom relief was higher in probiotics

group than in placebo group (74.4% vs 61.9%, p = 0.230). The

decrease in total symptom score over time was not significantly

different between the groups (p = 0.703). Among subtotal scores

of 4 IBS symptom domains, the time effect was significantly dif�

ferent for diarrhea�symptom score between the groups (p = 0.017).

A 4�week administration of multi�species probiotic mixture signifi�

cantly increased the fecal concentration of most probiotic strains

and improved diarrhea�symptom scores in IBS patients.
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IntroductionIrritable bowel syndrome (IBS) is a very common gastrointes-
tinal disease worldwide.(1) Although IBS does not reduce the

patient’s life expectancy, it decreases the patient’s quality of life
through repeated waxing and waning of the symptoms over a long
period,(2) and increases the burden on medical services.(3) How-
ever, at present, no optimal treatment—more effective than other
alternative treatment options—has been determined.

Probiotics, which are very safe and have few adverse effects,
have been widely studied for the treatment of IBS. Recent meta-
analysis suggested that probiotics might even be better than
psychopharmacological interventions such as antispasmodics and
antidepressants in terms of the improved therapeutic efficacy.(4)

However, the results of different studies vary, and the overall
efficacy of probiotics on IBS remains controversial. Moreover,
it is difficult to interpret the results of systemic reviews and meta-
analyses on this subject for the following reasons:(5) (i) patients

with IBS are heterogeneous in their pathogeneses and symptoms;
(ii) the methods that evaluated the responses to probiotics also
varied with different studies; and (iii) the dose, strain, and combi-
nation of probiotics differed. When mixtures of several probiotics
were compared with single strains of probiotics in the treatment
of IBS, the systematic reviews and meta-analyses indicated that
the multi-strain probiotics were more effective than single-strain
probiotics.(6,7) Recently, a Korean study reported that a multi-species
probiotic mixture containing Lactobacillus and Bifidobacterium
(LacClean Gold-S®) is more effective than a placebo for the
improvement of symptoms in IBS patients.(8) However, that study
had several limitations. In particular, although a greater number of
patients in the probiotics group experienced global relief of IBS
symptoms, which was a dichotomous endpoint, as compared to
patients in the placebo group, there were no significant differences
in the change in each IBS symptom relative to the baseline
between the 2 groups. In addition, among the 6 strains constituting
the probiotic mixture, only 2 strains showed a significant increase
in concentration in the fecal material after treatment in the pro-
biotics group than in the placebo group: Lactobacillus rhamnosus
(L. rhamnosus) and Streptococcus thermophilus (S. thermophilus).
Considering that S. thermophilus is mainly used as a starter in
probiotic production rather than as an effective probiotic in itself,(9)

it is reasonable to conclude that the probiotic strain that success-
fully colonized in the intestines of subjects was L. rhamnosus only.

Thus, in the present study, we aimed to determine the effect
of using a multi-species probiotic mixture on IBS symptoms in
a larger number of subjects. First, we evaluated whether the
administration of a multi-species probiotic mixture could increase
the concentration of each probiotic strain in the subjects’ fecal
material compared with control subjects. Second, we compared
the change in IBS symptoms over time between the probiotics and
placebo groups using both binary and continuous assessment
tools.

Materials and Methods

Patients. Patients who were diagnosed with IBS based on the
Rome III criteria were consecutively enrolled. Patients aged 19–
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75 years who did not have any organic disease—as confirmed by
common blood counts, biochemistry tests, and colonoscopy—
during the screening period were included. Patients who had
lactose intolerance, severe systemic illnesses, and a history of
psychiatric disorder were excluded. Moreover, patients who took
drugs during the study period that might influence the evaluation
of treatment efficacy were excluded. All patients provided in-
formed consent and this study was approved by the institutional
review board of Seoul National University Bundang Hospital
(IRB number: B-0905/076-001).

Study design. Fig. 1 is a flow diagram illustrating the study
design. In patients who fulfilled the inclusion criteria, the baseline
(week 0) stool form, stool frequency, and visual analogue scale
(VAS) score (from 0 to 10) for 10 symptoms associated with IBS
were recorded. The 10 symptoms encompass the 4 major domains
representing the physical symptoms of IBS: pain (abdominal pain,
abdominal discomfort), constipation (hard/lumpy stools, stool
straining, incomplete evacuation), diarrhea (loose/watery stools,
mucus in stools, bowel urgency), and bloating/gas (bloating,
passage of gas).(10) Four subtypes of IBS were also classified
according to the predominant stool pattern.(11) After fecal samples
were collected, patients were randomized to receive either a multi-
species probiotic mixture or placebo. Randomization was per-
formed by a computer-generated table in blocks of 4. All patients
and investigators, except for the study coordinator, remained
blinded to the randomization process until study completion.

Patients visited the clinic to obtain their investigational products
and to undergo an assessment for compliance, symptoms, and
safety at 2 weeks and 4 weeks after the first administration. At
these visits, patients submitted self-administered questionnaires
on stool form/frequency and VAS scores for each IBS symptom.
At 4 weeks, we administered a questionnaire on whether any relief
in the general symptoms was achieved, and collected a follow-up
fecal sample.

According to the Rome III Committee recommendations,(12)

we used 2 types of measurement: binary endpoints addressing
the construct of relief and an integrative symptom questionnaire
that addressed the change in the severity of each IBS symptom.
The primary outcome was the proportion of patients who reported
adequate relief of overall IBS symptoms over 4 weeks of treat-
ment. The secondary outcomes were as follows: the change in
the fecal microbiota, as determined by quantitative real-time poly-
merase chain reaction (PCR); the change of stool form/frequency;
total symptom scores, which represented the sum of 10 IBS
symptom scores; and subtotal scores of the 4 IBS symptom
domains during the study period.

Study medication. LacClean Gold-S® (Cell Biotech, Co.,
Ltd., Gimpo, Korea) included 6 strains of probiotics: Bifido-
bacterium bifidum (KCTC 12199BP), B. lactis (KCTC11904BP),
B. longum (KCTC 12200BP), Lactobacillus acidophilus (KCTC
11906BP), L. rhamnosus (KCTC 12202BP), and Streptococcus

thermophilus (KCTC 11870BP). A total of 5 × 109 viable cells
in a lyophilized powder form were included in a capsule and
constituted 13.1% (w/w) of the total weight (500 mg/capsule).
The other ingredients in the capsules included maltodextrin (50%,
w/w), corn starch (35.9%, w/w), and silicon dioxide (1%, w/w).
Two capsules were administered orally, daily, for 4 weeks. The
placebo powder had almost the same contents as the active medi-
cation, although the bacteria were replaced with maltodextrin.

Analysis of fecal microbiota. Fecal samples were collected
from patients before and after treatment using a sterile container,
which was then brought to the laboratory in a frozen condition and
stored at −80°C until analysis. We measured the quantity of the 6
probiotic strains that were included in the probiotic mixture.
Moreover, as the ratio of Firmicutes to Bacteroidetes in fecal
samples of patients with IBS is reportedly increased as compared
with healthy controls,(13,14) the quantity of these 2 bacterial phyla
were assessed. The methods of preparation of bacterial genomic
DNA from the fecal samples and the quantitative real-time PCR
tests were performed, as described previously.(8) The primer sets
used in quantitative real-time PCR are shown in Table 1.

Statistical analysis. SPSS for Windows (ver. 18.0; SPSS,
Chicago, IL) was used for statistical analysis. Continuous
variables were analyzed using Student’s t tests and categorical
variables were analyzed using Chi-square tests or Fisher’s exact
tests. To assess the quantitative changes of fecal microbiota
before and after the study period in both groups, paired t tests were
performed. To evaluate the change in the stool form/frequency,
total symptom score, and subtotal score in the 4 IBS symptom
domains over time, and to compare the score between the groups,
we used a general linear model with repeated-measures analysis
of variance. Results were considered statistically significant when
the p values were <0.05.

Results

Between October 2009 and May 2012, a total of 103 patients
were screened. Eight patients did not meet the inclusion criteria
and 14 dropped out; finally, 81 patients (placebo group: 42,
probiotics group: 39) completed the study. Among these patients,
40 in the placebo group and 38 in the probiotics group submitted
both pre- and post-study fecal samples (96.3%). There was no
significant difference in the baseline characteristics between the
2 groups (Table 2). IBS with diarrhea was the most common
subtype of IBS in both groups.

Fig. 2 shows the quantitative changes in probiotic strains in
fecal samples before and after the study period. There was no
significant difference in the levels of probiotic strains in the
placebo group. However, the concentrations of most of the
probiotic strains significantly increased after ingestion in the
probiotics group (B. bifidum, p = 0.043; B. lactis, p<0.001; L.
acidophilus, p = 0.016; L. rhamnosus, p<0.001). There was no

Fig. 1. A flow diagram illustrating the study design. *Questionnaire on stool form/frequency and VAS scores for 10 IBS symptoms. **Questionnaire
on stool form/frequency, VAS scores for 10 IBS symptoms, and whether any relief in the general symptoms was achieved.
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significant difference in the levels of Bacteroidetes and Firmicutes
and in the Firmicutes/Bacteroidetes ratio before and after the
study period in both groups (Fig. 3).

The proportion of patients with adequate symptom relief was
higher in the probiotics group than in the placebo group (Table 3);
however, the difference was not statistically significant (74.4% vs
61.9%, p = 0.230). In addition, there was no significant difference
in the proportion of patients with adequate symptom relief in both
groups according to the IBS subtype.

No time effect for stool form and frequency was noted in
both groups (Fig. 4a and b). The repeated-measures analysis of
variance showed a significant time effect for the total symptom
score (p<0.001); however, the decrease in score over time did not
significantly differ according to the group (p = 0.703) (Fig. 4c).

Fig. 5 shows the change of the subtotal score in the 4 IBS
symptom domains during the study period. Similar to the total
symptom score, each subtotal score of the 4 IBS symptom
domains significantly decreased over time (pain/discomfort score,
p<0.001; constipation-symptom score, p = 0.017; diarrhea-symptom
score, p<0.001; bloating/gas score, p<0.001). However, the time
effect showed a significant difference according to the groups only
for the diarrhea-symptom score (p = 0.017).

Discussion

In a previous study wherein a probiotic mixture—similar to
that used in the present study—was used in IBS patients, the levels
of only a few probiotic strains increased in the fecal samples of
the probiotics group.(8) Hence, the authors could not easily explain
the improvement of IBS symptoms in the probiotics group in
relation to the change in fecal microbiota. In contrast, in the
present study, we demonstrated that the 4-week administration of
a multi-species probiotic mixture could successfully increase the
concentration of each probiotic strain in the subjects’ intestines,
and it is more effective than the placebo in attenuating diarrhea-
related symptoms in IBS patients. However, the ratio of the
Firmicutes/Bacteroidetes levels did not significantly differ before
and after the study period in both groups. These results imply that
the mechanisms involved in improving IBS symptoms after the
ingestion of probiotics might involve more factors than just
changes in the gut microbiota composition.(15)

The proportion of patients with adequate symptom relief was
12.5% higher in the probiotics group than in the placebo group.
This finding is consistent with the fact that most treatments
showed an additional benefit of approximately 10% in the relief
of IBS symptoms as compared with the placebo.(16) However,

Table 1. Oligonucleotides used for quantitative real�time polymerase chain reaction assays

Target bacteria Primer sets Primer sequences (5'�3') References

B. bifidum BiBIF�1 CCACATGATCGCATGTGATTG (18)

BiBIF�2 CCGAAGGCTTGCTCCCAAA

B. lactis BlactF CCCTTTCCACGGGTCCC (19)

BlactR AAGGGAAACCGTGTCTCCAC

B.longum BlonF CAGTTGATCGCATGGTCTT (20)

BlonR TACCCGTCGAAGCCAC

L. acidophilus F�acid�IS GAAAGAGCCCAAACCAAGTGATT (21)

R�acid�IS CTTCCCAGATAATTCAACTATCGCTTA

L. rhamnosus LU�5 CTAGCGGGTGCGACTTTGTT (22)

RhaII GCGATGCGAATTTCTATTAT

S. thermophilus ST�F ACGGAATGTACTTGAGTTTC (23)

ST�R TTTGGCCTTTCGACCTAAC

Bacteriodetes Bact934F GGARCATGTGGTTTAATTCGATGAT (24)

Bact1060R AGCTGACGACAACCATGCAG

Firmicutes Firm934F GGAGYATGTGGTTTAATTCGAAGCA (24)

Firm1060R AGCTGACGACAACCATGCAC

Table 2. Baseline characteristics of patients

BSFS, Bristol Stool Form Scale; IBS, irritable bowel syndrome; IBS�C, IBS with constipation; IBS�D, IBS with
diarrhea; IBS�M, mixed IBS; IBS�U, un�subtyped IBS; SD, standard deviation.

Placebo group (n = 42) Probiotics group (n = 39) p value

Male, n (%) 24 (57.1) 19 (48.7) 0.448

Mean age ± SD (years) 58.8 ± 13.3 59.9 ± 11.1 0.712

IBS subtype, n (%) 0.548

IBS�C 6 (14.3) 9 (23.1)

IBS�D 23 (54.8) 16 (41.0)

IBS�M 9 (21.4) 8 (20.5)

IBS�U 4 (9.5) 6 (15.4)

Stool form (BSFS) 4.5 4.6 0.682

Stool frequency/week 8.8 7.9 0.489

Total symptom score 21.2 ± 12.3 22.1 ± 13.3 0.773

Pain/discomfort score 5.4 ± 3.5 4.9 ± 3.9 0.552

Constipation score 4.7 ± 4.9 4.8 ± 4.5 0.877

Diarrhea score 2.9 ± 4.0 5.5 ± 5.3 0.013

Bloat/gas score 8.3 ± 4.7 6.8 ± 4.8 0.155
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we believe that our results failed to reach statistical significance
because the rate of symptom relief in the placebo group in the
present study was very high (61.9%), compared with that in
previous studies (approximately 40%).(16) This finding confirms
that a remarkably high placebo effect is a major obstacle in evalu-
ating the true efficacy of probiotics on IBS treatment.(5) Hence,
better study designs should be developed for clinical trials
involving probiotics for IBS treatment.

When subgroup analyses were performed according to the IBS
type, no significant difference was noted in the proportion of
patients with adequate symptom relief between the probiotics
and placebo groups. However, the difference in the proportion of
patients with adequate symptom relief between the 2 groups was
most remarkable in patients with diarrhea-type IBS (IBS-D)

Fig. 2. The quantitative changes in the probiotics in the fecal sample before and after the study period. (a) Bifidobacterium bifidum, (b) B. lactis,
(c) B. longum, (d) Lactobacillus acidophilus, (e) L. rhamnosus, (f) Streptococcus thermophilus; PLC�B, placebo group before the study period; PLC�A,
placebo group after the study period; PRB�B, probiotics group before the study period; PRB�A, probiotics group after the study period; *p<0.05,
**p<0.001.

Fig. 3. The quantitative changes in the levels of Bacteroidetes and Firmicutes in the fecal sample before and after study period. (a) Firmicutes, (b)
Bacteroidetes, (c) Firmicutes/Bacteroidetes ratio; PLC�B, placebo group before the study period; PLC�A, placebo group after the study period; PRB�B,
probiotics group before the study period; PRB�A, probiotics group after the study period.

Table 3. Proportion of patients who reported adequate symptom relief

IBS�C, IBS with constipation; IBS�D, IBS with diarrhea; IBS�M, mixed IBS;
IBS�U, un�subtyped IBS.

Placebo group 
(n = 42)

Probiotics group 
(n = 39)

p value

Total, n (%) 26 (61.9) 29 (74.4) 0.230

IBS�C 5 (83.3) 6 (66.7) 0.604

IBS�D 12 (52.2) 13 (81.3) 0.063

IBS�M 6 (66.7) 5 (62.5) 1.0

IBS�U 3 (75.0) 5 (83.3) 1.0
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(81.3% vs 52.2%). Moreover, among the 4 IBS symptom domains,
the degree of symptom relief over time was significantly higher
in the probiotics group than in the placebo group in terms of the
diarrhea-symptom score. In the previous study, which reported
the effects of the same probiotic mixture used in the present study,
although subgroup analysis was not performed according to the
type of IBS due to a small sample size, >50% of patients had
IBS-D.(8) Another Korean study on the use of multi-species
probiotic mixtures, with a similar composition to that used in the
present study, also confirmed the effect of probiotics in patients
with IBS-D.(17) These results suggest that the effects of the multi-
species probiotic mixture may primarily be greater in patients with
diarrhea-dominant IBS.

In the present study, there was no time effect for stool form and
frequency in the probiotics and placebo groups. In contrast, the
total symptom score significantly decreased over time in both
groups. These results suggest that when therapeutic interventions

are attempted in patients with IBS, the therapeutic effects can
be measured using the patients’ subjective responses, irrespective
of any improvement in objective symptoms. These findings
confirmed the importance of the psychological aspect in the
perception of symptoms in IBS patients.

This study has several limitations. First, the study duration
was short. We demonstrated that most probiotic strains could
successfully colonize in patients’ intestines after a relatively short
administration period. However, because we could not follow up
the patients after the end of study, we could not determine whether
the increased fecal concentration of probiotic strains would be
maintained after stopping the probiotic administration. Similarly,
we did not assess the duration for which the diarrhea-related
symptoms in IBS patients would remain attenuated after stopping
probiotic administration. Second, among 6 strains included in the
multi-species probiotic mixture, the concentration of 2 strains did
not increase in the fecal sample of the probiotics group. As we

Fig. 4. The change in stool form/frequency and total symptom score during the study period. (a) Stool form, (b) Stool frequency, (c) Total symptom
score; Means and SE are shown. P values were calculated for time�group interactions by repeated�measures analysis of variance.

Fig. 5. The change of score in 4 IBS symptom domains during the study period. (a) Pain/discomfort score, (b) Constipation�relate symptom score,
(c) Diarrhea�related symptom score, (d) Bloat/gas score; Means and SE are shown. P values were calculated for time�group interactions by repeated�
measures analysis of variance.
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already mentioned in the introduction, because S. thermophilus
is just a starter in probiotic production, no change in the fecal
concentration of this strain is acceptable. However, we cannot
fully explain the reason why the concentration of B. longum did
not increase. Considering that this strain did not increase also in
the previous study,(8) we just speculate that this specific strain
might be relatively difficult to be settled down in human’s
intestine after a short duration of ingestion. Third, although IBS
decreases the patient’s quality of life, we did not analyze quality of
life using validated tool. Finally, mean age of enrolled patients
was close to 60 years old. Therefore, to determine whether we
could apply the results of this study to younger IBS patients,
further studies are needed.

In conclusion, the 4-week administration of a multi-species
probiotic mixture significantly increased the fecal concentration
of most probiotic strains and improved the diarrhea-symptom
score in IBS patients.
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