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Abstract

AIM: To determine whether Lactobacillus casei strain
Shirota (Yakult”) can alter small intestinal bacterial
overgrowth (SIBO), as tested by the lactulose breath
test, and whether this is associated with changes in
symptoms in irritable bowel syndrome (IBS).
METHODS: 18 patients with IBS (Rome 1 criteria),
who showed an early rise in breath hydrogen with
lactulose (ERBHAL), consumed 65 mL of Yakult® daily
for 6 wk. Lactulose breath test was repeated at the
end of the treatment period. Symptoms were recorded
daily using a 10 cm visual analogue scale.

RESULTS: 14 patients completed the study, 9 (64%)
had reversal of ERBHAL, with the median time of first
rise in breath hydrogen increasing from 45 to 75 min
(P = 0.03). There was no significant improvement in
the symptom score with probiotic therapy, except for
wind (P = 0.04). Patients commencing with at least
moderate symptoms and who no longer had ERBHAL
at the end of treatment, showed improvement in the
overall symptoms scores [median final score 5.3 (IQR
3.9-5.9), 55% reduction; 7 = 6] to a greater extent
than those who had had persisting ERBHAL [final score
6.9 (5.0-7.0), 12% reduction; 7 = 5; P = 0.18].
CONCLUSION: Yakult® is effective in altering
fermentation patterns in the small bowel, consistent
with reducing SIBO. The loss of ERBHAL was
associated with reduced symptoms. The true
interpretation of these findings awaits a randomised,
controlled trial.
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INTRODUCTION

Irritable bowel syndrome (IBS) is the most common
gastrointestinal disorder, thought to affect approximately
15% of the population'. Differences in gut microflora
are evident between IBS sufferers and controls,
with the former demonstrating significantly lower
concentrations of bifidobacteria and lactobacilli,
and higher concentrations of Streptococcus, E. coli and
Clostridia™. Small intestinal bactetial overgrowth (SIBO)
occurs in up to 78% patients with IBS, and may be
directly related to the genesis of IBS symptoms'™’. The
mechanism by which symptoms are generated from
SIBO is most probably through fermentation, with rapid
production of hydrogen, methane and carbon dioxide.
This results in distention of the small intestine, leading
to discomfort, sensation of bloating and secondary
disturbances in motility.

SIBO is difficult to assess, but can be detected
indirectly through the use of lactulose breath hydrogen
or “C-xylose breath tests. In the case of the lactulose
hydrogen breath test, a rise in breath hydrogen is
expected approximately 90 min after the solution
is consumed. An early rise in breath hydrogen after
lactulose (ERBHAL) leads to one of two conclusions:
either bacterial fermentation is occurring in the small
intestine due to bacterial overgrowth, or there is rapid
small intestinal transit,

The role of SIBO in the genesis of IBS symptoms has
been reviewed recentlym. Several clinical trials have played
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a key role in examining this association, in which antibiotic
use has not only normalized lactulose breath hydrogen
tests but has also led to an improvement in the symptoms
of IBSP*'". It has also been suggested that malabsorption
of fructose and lactose may result from SIBO, which,
when corrected with antibiotics (as demonstrated by
normalisation of the lactulose breath test), is associated
with improved absorption of these sugars™.

Apart from antibiotics, other potential therapies
have been suggested for the treatment of SIBO. Dietary
restriction of fermentable carbohydrates is promising,
as shown by the use of elemental diets!"". However,
an elemental diet is not a practical solution. Secondly,
prokinetic agents, such as tegaserod, may play a role in
promoting clearance of the lumen'?. Finally, probiotics
may influence bacterial populations in the small
intestinal biofilm, manifesting as reduction in the total
count or as a change in the activity, such that symptoms
are not induced. It has been well documented that
probiotics modify fermentation in the large intestine by
increasing the absolute count of probiotic-type bacteria
and reducing the Streptococcus counts”, It has also been
shown that some probiotic strains improve symptoms
of bloating, wind and pain in IBS patients'*'”. However,
the impact of probiotics specifically on SIBO in IBS
patients has not been formally investigated.

The primary aim of the present study was to address
the hypothesis that probiotics reverse SIBO, as defined
by the breath hydrogen criteria. The secondary aim
was to determine whether changes in the symptoms
were associated with changes in breath test patterns. To
examine this, an open label, pilot study was performed
to assess the effect of L. case/ strain Shirota (Yakult') on
ERBHAL in patients with IBS and ERBHAL.

MATERIALS AND METHODS

Patients

Patients referred for breath testing, who were found to
have ERBHAL and fulfilled Rome 1I criteria for IBS,
were invited to participate in the study. Patients were
excluded if they were currently taking IBS medication,
had previous specific dietary therapy, had taken
probiotics for greater than 2 wk within the previous
six months, or antibiotics in the previous 2 mo, were
ingesting aspirin, non-steroidal anti-inflammatory drugs
ot alcohol in excess of 20 g/d, or had any clinically
significant co-morbidity. Eighteen patients were
recruited. The mean age (range) was 44 (20-70) years;
five subjects were male. All patients fulfilled Rome
Il criteria for IBS, with 8 (44%) being constipation-
predominant, 4 (22%) diarrhoea-predominant, and 6
(33%) having alternating bowel habits.

Experimental protocol

Patients undertook a 1 to 2 wk run in period during
which they completed a daily symptom diary. Daily
recordings were made regarding symptom severity
and, at the end of each week, the patients rated their
symptoms overall, including the following specific

symptoms-abdominal pain/discomfort, bloating,
satisfaction with stool consistency, passage of wind,
tiredness, and nausea-using a 10 cm visual analogue
scale (VAS). The symptoms were classified as “mild” if
VAS was < 3 cm, “moderate” 3 to < 7 cm and “severe”
= 7 cm. The patients were then started on probiotic
therapy, comprising of 65 mL (one bottle, 6.5 billion
bacteria, 1 g lactose per dose) of L. case/ strain Shirota
in a solution containing sucrose, skim milk powder and
dextrose (Yakult‘m, Yakult Ltd, Melbourne Australia),
which was taken each morning prior to breakfast, for
6 wk. The same symptom diary and weekly questionnaire
was completed throughout the treatment period. The
patients were reviewed after 3 and 6 wk of treatment.
During the last week of the study, the lactulose breath
test was repeated.

Patients whose symptoms worsened significantly,
terminated the study eatly and, if possible, the lactulose
breath hydrogen test was performed prior to the
cessation of the probiotic therapy. The symptom scores
were considered valid if the patient had completed at
least 3 wk of treatment.

Breath hydrogen test

Prior to the breath hydrogen test, dietary restriction
(minimising intake of fibre and poorly absorbed short-
chain carbohydrates) was advised for 24 h and the
subjects fasted overnight. The patients consumed
15 g lactulose, made up to a 100 mL solution with water.
Breath hydrogen samples were collected at baseline and
every 15 min for at least 2 h.

ERBHAL was defined as a rise of breath hydrogen
of 10 ppm or greater above the baseline breath
hydrogen on two consecutive 15-min samples before
90 min, following the ingestion of lactulose. The time of
the first rise in breath hydrogen of 10 ppm or more was
recorded.

Statistical analysis

Data were expressed as mean and standard error of the
mean (SEM), or median and interquartile range (IQR)
according to the distribution of the findings. Changes
in the end-points were compared using a Wilcoxon
matched pairs test. Univariate regression analyses were
performed and Pearson’s correlation coefficients were
calculated. All statistical tests were performed using
Microsoft Office” Excel 2003 and GraphPad Prism
(version 3.00 for Windows, GraphPad Software, San
Diego California USA). P < 0.05 was considered
statistically significant.

RESULTS

Patient baseline symptom characteristics

On the self-rated scales, the overall symptom severity
varied across the patients, with three patients experiencing
very mild symptoms, 11 moderate symptoms and two
severe symptoms. However, all patients, rated at least one
specific abdominal symptom as = 3 c¢m, with the passage
of wind and dissatisfaction with stool consistency being

www.wjgnet.com



5022  ISSN 1007-9327

CN 14-1219/R  World ] Gastroenterol

August 28, 2008  Volume 14  Number 32

Heartburn

I Mild (VAS < 3 cm)

Nausea

I Moderate (VAS 3-7 cm)

Fatigue

Wind I

W Severe (VAS 7-10 cm)

Satisfaction with stool consistency

Bloating

Abdominal pain

Overall symptoms ]

1
0% 10% 20% 30% 40% 50%

60% 70% 80% 90% 100%

Proportion of patients

Figure 1 Individual and overall symptom scores at baseline, based on the visual analogue scale (VAS).
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Figure 2 The time of the first rise at or above 10 ppm in breath hydrogen after
lactulose during the baseline period, and during treatment with L. casei strain
Shirota. The time during the treatment period was significantly later compared
to at baseline (P = 0.03, Wilcoxon matched pairs test).

the most frequently reported symptoms. The proportion
of patients with mild, moderate or severe baseline
symptoms is shown in Figure 1.

Adherence to protocol and treatment
Two patients terminated the study after taking Yakult®
for < 2 wk due to intolerable symptoms (increasing
nausea). They were excluded from the analysis as per
protocol. An additional patient terminated after 3 wk,
also because of increasing nausea but did not agree for
a repeat hydrogen breath test. One patient commenced
antibiotics for an unrelated illness after taking Yakult”
for 3 wk and was withdrawn from the study due to
the confounding influence of antibiotic therapy. Thus,
breath test assessment was performed as per protocol
in 14 patients and the effect of probiotics on symptoms
was evaluable in 16 patients.

Adherence to the study treatment was > 95% in all
the participants, as judged by the returned open and
unused probiotic bottles.

Effect of Yakult” on end-points

Prior to treatment, the median time after ingestion of
lactulose when breath hydrogen deviated by = 10 ppm
from the baseline was 45 min (IQR 30-60) (Figure 2).

www.wjgnet.com

During probiotic therapy, the median time for the first
breath hydrogen rise increased to 75 min (IQR 60-90) (P
= 0.03) with 9 patients (64%) no longer demonstrating
an ERBHAL, according to the entry criterion (Figure 2).
There was no significant difference in the VAS score
for the overall abdominal symptoms from baseline (mean
+ SEM, 4.8 £ 0.56 cm) to the final week of treatment
(4.2 + 0.68 cm) (P = 0.33). The effect of probiotic
treatment was examined for each individual symptom.
Only the VAS score for the passage of wind improved
significantly with Yakult” (6.1 £ 0.5 cm to 4.4 £ 0.56 cm;
P = 0.04), while none of the symptoms worsened
significantly. There was no association of change in the
symptoms with the subtype of IBS (data not shown).

Relationship between final ERBHAL status and change
in symptoms

Patients were divided into two groups: those who no
longer had ERBHAL at the end of 6 wk’s therapy (“no-
ERBHAL” group; # = 9), and those with continuing
ERBHAL (“ERBHAL” group; » = 5). The change in
VAS for the overall symptoms in the two groups is
shown in Figure 3. Seven of the 9 patients in the no-
ERBHAL group had moderate overall symptoms prior
to treatment; 5 improved by at least 2 cm on the VAS,
compared with none of 5 patients in the ERBHAL
group (P = 0.06; Fisher’s exact test). The change in the
overall symptom score in patients with at least moderate
symptoms prior to treatment was greater in those who
no longer had ERBHAL [median final score 5.3 (IQR
3.9-5.9), 55% reduction; # = 6] compared to patients
with continuing ERBHAL [final score 6.9 (5.0-7.0), 12%
reduction; #» = 5; P = 0.18; Mann Whitney £test].

DISCUSSION

This is the first study on the effect of a probiotic
agent in patients with IBS and ERBHAL. The findings
show that Yakult™-induced change in the fermentation
pattern resulted in 64% patients no longer fulfilling the
definition of ERBHAL at the end of the treatment
petiod. While such a change may represent regression
towards the mean due to the repetition of the breath
test'”, it more likely reflects a physiological change. This
could conceivably be due to slower oro-caecal transit,
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Figure 3 The overall abdominal symptom score at baseline in patients with
more than minimal symptoms (VAS < 3 cm), compared with scores at week 6
of treatment, with and without ERBHAL at the conclusion of the treatment. A:
Without ERBHAL; B: With continuing ERBHAL. Shading indicates the minimal
symptom score category. These changes were statistically not significant.

however, there are no reports of L. casei altering gastric
emptying or small intestinal transit time. Alternatively,
the effect may represent a more distal intestinal shift in
the initial fermentation of lactulose. Formal radionuclide
transit tests could address this issue in future studies,
but the findings that ERBHAL represents SIBO in
the majority of patients has been observed previously,
along with the findings of reduction in functional gut
symptoms, with the use of antibiotics and elemental
diet[S,B,‘),] ]]'

The criteria used for the diagnosis of SIBO by
the lactulose breath test have varied with different
investigators. Much of the earlier work used bacterial
cultures of the proximal small bowel as the gold
standard®'”. However, such methodology is not helpful
in detecting an increase in bacterial biofilm, if it occurs
in the distal small bowel. The presence of findings such
as a double peak in hydrogen production after lactulose,
or high basal breath hydrogen are not well validated
in patients with IBS, and are no longer considered
appropriate diagnostic features. Glucose breath hydrogen
test is useful for the detection of proximal bacterial
overgrowth, but since glucose is readily absorbed in the
proximal small intestine, SIBO occurring more distally
is not detected"”. The most consistent and accepted
measure is the time of the first significant rise (usually
= 10 ppm) in breath hydrogen after lactulose, which
therefore was applied in the present study.

No consistent effect of treatment with Yakult' was
observed on abdominal symptoms or fatigue; some
patients worsened whereas others improved. Three patients
terminated the study early because of increasing nausea.
All three complained of nausea at baseline and only one
had previously been tested for lactose intolerance (that
person was not lactose intolerant). However, regardless of
whether these patients were lactose intolerant, it is unlikely
that the small amount of lactose in 1 bottle of Yakult (1 g)
was the cause of these symptoms, given that up to 7 g of
lactose in one sitting is well tolerated even in true lactose
intolerant patients'"”,

The loss of ERBHAL resulted in improvement in

the overall abdominal symptom VAS score by at least
2 cm in 71% of the patients with moderate to severe
baseline symptoms compared to 0% who maintained
the eatly rise. However, one patient who lost ERBHAL
developed more severe symptoms compared to the
baseline findings. It cannot be expected that all patients
will improve with the correction of ERBHAL, since
only 35% improved symptomatically when ERBHAL
was corrected with the use of antibiotics”. Previous
studies on IBS have identified a particular ability of
probiotics to improve bloating and wind”**. While
bloating did not improve with Yakult’, a significant
improvement was seen in the passage of wind. A
pathogenic link between the passage of wind, bacterial
overgrowth and fermentation can be postulated. The
present study was not designed to specifically address
the effect on symptoms. However, our findings
raise the possibility that symptomatic benefit can be
obtained when ERBHAL is corrected with the use of
Yakult".

In conclusion, the hypothesis that treatment with
Yakult” alters the fermentation pattern, exhibited by
hydrogen breath testing after lactulose was supported in
this uncontrolled, proof-of-concept study. A small dose
of L. casei strain Shirota led to a statistically significant
shift in the time of early rise of breath hydrogen after
lactulose, suggesting a reduction in SIBO. Furthermore,
the overall abdominal symptoms tended to improve
when ERBHAL was corrected. Our findings suggest
that probiotics may have a beneficial effect, but further
work is required to determine the dose effects and
clinical relevance with well powered, double blind,
placebo-controlled trials including the measurement of
transit time to support the interpretation of ERBHAL.
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COMMENTS

Background

Small intestinal bacterial overgrowth (SIBO) is a common feature of irritable
bowel syndrome (IBS) and may be directly related to the genesis of IBS
symptoms. An early rise in breath hydrogen after lactulose (ERBHAL) may
indicate SIBO. The use of antibiotics and elemental diets has been shown to be
effective in treating SIBO, but the efficacy of probiotics is untested.

Research frontiers

This was a pilot study designed to determine the effect of Lactobacillus casei
strain Shirota (Yakult”) on the intestinal fermentation pattern in IBS, using the
lactulose breath test. The results indicate that Yakult alters the fermentation
pattern suggesting a reduction in SIBO. ERBHAL may also indicate rapid transit
and therefore, in order to confirm the effect of Yakult on SIBO, future studies
should include monitoring of transit time in addition to a placebo control group.

Innovations and breakthroughs
The most promising treatments to date for SIBO are antibiotics and elemental
diets, the side effects and practicalities of which make them undesirable

www.wjgnet.com



5024  ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

August 28, 2008  Volume 14  Number 32

options. This is the first study evaluating the effect of a probiotic on SIBO. The
shift of the time of the first rise of hydrogen following lactulose indicating SIBO
was no longer present at the end of 6 wk of treatment. These results offer a
promising alternative treatment for SIBO in IBS. A placebo controlled trial is
required to confirm these findings.

Applications

The results indicate that Yakult” may be an effective treatment for SIBO in IBS.
Our findings have important implications in the treatment of IBS if these results
are supported by a placebo controlled trial.

Peer review

The shift in fermentation patterns and the trend towards improvement of
symptoms indicates the need for further work to examine the dose effects
and clinical relevance with well powered, double blind, placebo controlled
trials including the measurement of transit time to support the interpretation of
ERBHAL. This is a well written paper with a nice literature review.
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