Aliment Pharmacol Ther 2005; 22: 387-394.

doi: 10.1111/j.1365-2036.2005.02579.x

A probiotic mixture alleviates symptoms in irritable bowel syndrome
patients: a controlled 6-month intervention
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SUMMARY

Background: Trritable bowel syndrome is a gastrointes-
tinal disorder of unknown aetiology. The effect of
probiotics in this syndrome remains unclear.

Aim: To investigate whether a probiotic mixture con-
taining Lactobacillus rhamnosus GG, L. rhamnosus LC705,
Bifidobacterium breve Bb99 and Propionibacterium freud-
enreichii ssp. shermanii ]S is effective in alleviating
irritable bowel syndrome symptoms.

Methods: A total of 103 patients fulfilling the Rome I or I
criteria took part in this 6-month, randomized, double-
blind placebo-controlled trial. The patients received a
probiotic capsule or a placebo capsule daily. Gastrointes-
tinal symptoms and bowel habits were recorded.

Results: At the end the total symptom score (abdominal
pain + distension + flatulence + borborygmi) was 7.7
(95% CI: —13.9 to —1.6) points lower in the probiotic
group (P = 0.015). This represents a median reduction
of 42% in the symptom score of the probiotic group
compared with 6% in the placebo group. In individual
symptoms, borborygmi was milder in the probiotic
group (P = 0.008), and for the rest of the symptoms
there was a non-significant trend.

Conclusions: The results indicate that this probiotic
mixture is effective in alleviating irritable bowel syn-
drome symptoms. Considering the high prevalence of
irritable bowel syndrome and the lack of effective
therapies, even a slight reduction in symptoms could
have positive public health consequences.

INTRODUCTION

Irritable bowel syndrome (IBS) is one of the most
common gastrointestinal (GI) disorders, and approxi-
mately 5-20% of the population is estimated to suffer
from it."" ? The main clinical features of IBS include
abdominal discomfort or pain, diarrhoea, constipation,
bloating and flatulence. Existing therapies for IBS are
considered to be only moderately effective and new
therapies are being constantly sought.

The pathogenesis of IBS remains unknown, but current
evidence suggests that altered gut motility, visceral
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hypersensitivity and dysregulation of the brain—gut axis
play a crucial role. There is also evidence that, at least in
a subgroup of patients, an imbalance in the intestinal
microbiota may be associated with IBS.> * An imbal-
anced microbiota may contribute to GI symptoms
through altered colonic fermentation resulting in the
increased formation of gas and an abnormal pattern of
short chain fatty acids.” © Evidence from inflammatory
bowel disease also shows that enteric bacteria can trigger
mucosal wall inflammation.” The possible role of low-
grade mucosal inflammation in IBS has recently attracted
growing attention. A raised number of inflammatory cells
in mucosal biopsies® '° and an abnormal interleukin (IL)-
10/1L-12 ratio'! suggest the presence of inflammation in
some IBS patients. Studies in animal models clearly
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indicate that a causal relationship exists between
mucosal inflammation, altered GI motor function and
visceral hypersensitivity.'?

Some probiotic bacteria have been shown to be
effective in the prevention and treatment of various GI
disturbances, such as rotavirus diarrhoea.'? Lactobacil-
lus rhamnosus GG (LGG) has also been shown to have
immunomodulatory effects, e.g. the lowering of the
proinflammatory cytokines, such as tumour necrosis
factor (TNF)-a in allergic children'* and IL-6 and TNF-a
in healthy volunteers.'> The effect of probiotics in IBS is,
however, unclear.'® Some intervention studies have
reported improvements in IBS symptoms, ! 17 18
others have found probiotics to be ineffective.
Taking into consideration the instability and hetero-
geneity of IBS symptoms, most of these studies have
been of relatively short duration.

In previous studies LGG alone has not been successful
in relieving IBS symptoms. IBS is a heterogeneous and
most probably multiaetiological condition, and thus it
can be hypothesized that a probiotic mixture may be
more effective than a single strain. Therefore, the aim of
the present study was to investigate whether a probiotic
mixture containing LGG, L. rhamnosus LC705, Bifido-
bacterium breve Bb99 and Propionibacterium freudenreichii
ssp. shermanii JS is effective in alleviating IBS symptoms
during a controlled intervention study lasting
6 months. LGG is of human origin, and it is known to
prevent and treat several GI disorders, especially
diarrhoea.'® L. rhamnosus LC705 has been shown to
have antimicrobial effects in vitro,”' and together with
P. freudenreichii ssp. shermanii JS it inhibits yeasts and
moulds in food and feed?? and alleviates constipation.>>

Both L. rhamnosus LC705 and P. freudenreichii ssp.
shermanii ]S originate from milk. B. breve is a normal gut
microbe in infants, and there is a growing body of
evidence that bifidobacteria have favourable clinical
effects.”*

while
19, 20

MATERIALS AND METHODS
Subjects

Experienced doctors in endoscopy units in the Helsinki
metropolitan area recruited a total of 103 patients with a
well-established IBS diagnosis (Table 1). In all, 86
patients completed the study. All the patients fulfilled
the Rome I criteria,?® and the majority (68%) also fulfilled
the Rome II criteria.”® Patients were divided into a

Table 1. Patient characteristics at baseline (n = 103)

Probiotic group Placebo
(n=152) group (n = 51)
Age [years; mean (range)] 46 (23-65) 45 (21-65)
Gender (F/M) 39 (75%)/13 40 (78%)/11
(25%) (22%)
BMI [kg/m?); mean (range)] 25.7 244
(16.9-36.6) (16.3-39.3)
Predominant bowel habit®
Diarrhoea, n (%) 26 (50) 23 (45)
Constipation, n (%) 11 (21) 13 (25)
Alternating, n (%) 15 (29) 15 (29)
Fulfil Rome I criteria, n (%) 52 (100) 51 (100)
Fulfil Rome 1II criteria, n (%) 37 (71) 33 (65)
Regular IBS medication, n (%) 18 (34) 20 (39)

# According to the Rome criteria.
BMI, body mass index; IBS, irritable bowel syndrome.

diarrhoea-predominant, a constipation-predominant
and a mixed subgroup according to the supportive
symptoms in the Rome II criteria. Additional inclusion
criteria were: age between 20 and 65 years, and a clinical
investigation with endoscopy or a barium enema of the GI
tract performed during the year prior to the study.
Patients who were pregnant, lactating, or had organic
intestinal diseases or severe systemic diseases, previous
major or complicated abdominal surgery, severe endo-
metriosis, dementia or were otherwise incapable of
adequate cooperation, were excluded. Subjects were also
excluded if they had received antimicrobial medication
during the previous 2 months. Patients with lactose
intolerance were allowed to take part if they followed
their previous low lactose or lactose-free diet.

Study design

The study was conducted as a 6-month, randomized,
double-blind, placebo-controlled trial. The trial was
preceded by a 1-week baseline period. During the
intervention period the probiotic group received daily
one capsule containing LGG, L. rhamnosus LC705,
B. breve Bb99 and P. freudenreichii ssp. shermanii JS
(Valio Ltd, Helsinki, Finland; total amount of bacteria
8-9 x 10° CFU/day; equal amount of each strain) and
the control group received a placebo capsule. The
placebo capsule consisted of microcrystalline cellulose,
magnesium stearate and gelatine as encapsulating
material. Some of the patients (n = 55) gave faecal
samples at baseline, halfway through and at the end of

© 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 22, 387-394



A PROBIOTIC MIXTURE IN IRRITABLE BOWEL SYNDROME 389

the study. The faecal samples were analysed for
recovery of LGG in order to confirm compliance.

Other products containing probiotic bacteria were
forbidden during the study. Because of the relatively
long duration of the study, patients who were on
previous IBS medication (mainly commercial fibre
analogues, but also laxatives, antidiarrhoeals, anti-
spasmodics, antiflatulence drugs and antidepressants)
on an as-needed basis were allowed to continue this
medication throughout the study. Any other regular
medication was also allowed. The patients were advised
not to change any medication or life style habits during
the study, and to record antimicrobial treatments and
other medication taken throughout the intervention.
There were no differences between the groups in the use
of IBS medication during the trial.

Symptom diaries and life style questionnaires

At baseline and throughout the 6-month trial the
participants completed a symptom diary every month
for a period of 1 week. The diary was developed for this
study, based on the literature data on IBS diaries.
Intensity of GI symptoms, frequency and form of stools
and any IBS medication used were recorded in the
symptom diary. The intensity of each symptom was
measured on a scale of 0—4, where ‘O’ represented
absence of symptoms and ‘4’ severe symptoms. The
primary symptoms studied were: abdominal pain,
distension, postmeal distension, distension following
long periods of sitting, flatulence and borborygmi. In
addition to these parameters the following secondary
symptoms were recorded: urgency, feeling of incomplete
evacuation, straining, belching, heartburn, nausea,
postmeal nausea, postmeal fullness, vomiting and
mucus or blood in stools.

Before the intervention, halfway through, and at the
end of the study the participants also filled in a
health-related quality of life questionnaire and a food-
frequency questionnaire. The quality of life question-
naire was the RAND 36-item health survey,?” which
assesses eight health concepts: physical functioning,
bodily pain, role limitations due to physical health
problems, role limitations due to personal or emotional
problems, general mental health, social functioning,
energy/fatigue and general health perceptions. The
food-frequency questionnaire assessed the frequency of
use of the major foodstuffs (dairy products, cereals,
meat, fruit and vegetables, fats and beverages) and the
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consumption of foods generally considered to be
symptom provoking, such as certain gas-producing
fruit and vegetables, and spicy foods. The aim of the
questionnaire was to obtain a general picture of the
patients’ diets, and to detect possible changes in
the diets during the intervention. A large proportion
of IBS patients feel that certain foods exacerbate their
symptoms, and thus modifications in the diet could
affect symptom severity.

Sample size and randomization

The sample size was calculated on the assumption
that a clinically significant reduction in symptoms
would occur in 70% of the patients in the probiotic
group and 40% in the placebo group. It was
calculated that, with a power of 80% and at a
significance level of 0.05, the difference between the
groups would be statistically significant with 42
patients per group. Altogether 103 patients were
recruited in order to allow for possible dropouts. The
subjects were randomized into the probiotic or the
placebo group according to a computer-generated,
blocked randomization list with a block size of 4.

Statistical analysis

The primary end points were the weekly sum of each GI
symptom (abdominal pain, distension, flatulence and
borborygmi; range: 0-28 for each), the total weekly
symptom score calculated as the sum of all these
symptoms (range: 0-112), and bowel habits. The
weekly sums of other symptoms (urgency, feeling of
incomplete evacuation, straining, belching, heartburn,
nausea, postmeal nausea, postmeal fullness, vomiting
and mucus or blood in stools; range: 0—28 for each)
were considered as secondary end points.

The symptoms during the second half of the study
period (months 4-6), and at the last month (month 6)
were considered in the primary analyses. Because of the
chronic and fluctuating nature of IBS, the mean scores
for the second half of the study period were considered
in most of the analyses. Differences between the groups
were compared by ANcova, including baseline symptom
as a covariate. Analyses were performed on the per-
protocol (PP) population defined as those who fulfilled
criteria for study compliance and who completed and
returned all the symptom diaries (n = 81). The results
are given for the PP population, unless otherwise stated.
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A t-test for paired samples or a Mann—Whitney test was
used for the quality of life data. The food-frequency data
were tested by means of a chi-square test.

Ethics

All the participants gave their written informed consent
and were told that they could withdraw from the study
at any time. The Human Ethics Committee of the Joint
Authority for the Hospital District of Helsinki and
Uusimaa (HUS) approved the study protocol.

RESULTS
Gastrointestinal symptoms

During the last month of the study the treatment
difference in the baseline-adjusted symptom score
(abdominal pain + distension + flatulence + borborygmi)
was —7.7 points (95% CI: —13.9 to —1.6) when the
probiotic group was compared with placebo (P =
0.015; Figure 1). This is comparable with a median
reduction of 42% in the symptom score for the probiotic
group vs. a 6% reduction for the placebo group. During
the second half of the trial the treatment difference in
the total symptom score was —6.5 points (95% CI:

4 5 —e— Probiotic mix

—o— Placebo
21 P=0.015
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Figure 1. Change (mean = S.E.M.) in total symptom score
(abdominal pain + distension + flatulence + borborygmi) during
the 6-month intervention (P = 0.015 at 6 months; n = 81).

—12.5 to —0.4) when the probiotic group was compared
with the placebo group (P = 0.037), and the total
symptom score had decreased from the baseline in 76%
of the patients receiving probiotics and 43% of those
receiving placebo (P = 0.002; Table 2). The use of
antibiotics during the intervention period was greater in
the control group (50% vs. 27%, P = 0.032). Because
antibiotics are known to influence the composition of
the microbiota and affect the severity of IBS symptoms
in some patients, an analysis from which all antibiotic-
treated subjects were excluded was performed. In this
subsample of patients (probiotics n = 30, placebo n =
20) probiotics also appeared to be more effective in
alleviating the symptoms during the last 3 months of
the study: the treatment difference was —8.3 (95% CI:
—17.3 to 0.4) points when the probiotic group was
compared with the placebo (P = 0.062).

There was a trend towards milder symptoms in the
probiotic group with all the primary symptoms
(abdominal pain, distension, flatulence and bor-
borygmi). However, the differences between the
groups were non-significant with the exception of
borborygmi (Table 2). During the last 3 months of the
study the baseline-adjusted weekly score for bor-
borygmi was —2.2 points (95% CI: -3.8 to —0.6)
when the probiotic was compared with placebo (P =
0.008). When the proportion of patients in whom the
symptom score had decreased was considered, the
probiotic treatment appeared to have a beneficial
effect in all symptoms. During the second half of the
trial flatulence had decreased in 68% of the patients
in the probiotic group and 40% of the patients in the
placebo group (P = 0.011). The corresponding figures
for the other symptoms and the total symptom score
are shown in Table 2.

Defecation

The defecation data were analysed for all the patients,
and separately for the diarrhoea-predominant, the
constipation-predominant and the mixed subgroup,
according to the Rome II criteria. The defecation data
are presented in Table 3. A trend towards increased
weekly frequency in the probiotic group was noted in
the constipation and mixed subgroups during the last
3 months of the study. There were no significant
differences between the treatment groups, but an almost
significant difference could be seen for the mixed
subgroup (12.2. vs. 10.2; P = 0.076). When the
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Table 2. Baseline-adjusted gastrointestinal symptoms during the second half of the study (4—6 months) and proportion of patients in

whom the symptom was alleviated (n = 81)

Symptoms alleviated from baseline to
the second half of the study (% of

Baseline-adjusted symptom score during the second half of the study patients)

Symptom score Probiotic [n = 41; Placebo [n = 40; Probiotic vs. placebo?, Probiotic Placebo

per week mean (95% CI)] mean (95% CI)]  mean (95% CI) P-value® (%; n =41) (%; n = 40) P-value®

Abdominal pain 4.2 (2.9-5.6) 5.8 (4.4-7.1) -1.5 (-3.5 to 0.4) 0.110 66 43 0.035

Distension 5.1 (3.8-6.4) 6.7 (5.4-8.0) -1.6 (-3.4 to 0.2) 0.083 56 43 0.221

Flatulence 8.2 (6.8-9.7) 9.5 (8.0-10.9) -1.2(-3.3 to 0.8) 0.232 68 40 0.011

Borborygmi 2.8 (1.6-3.9) 5.0 (3.8-6.2) -2.2(-3.8to -0.6) 0.008 61 38 0.035

Total symptom score 20.4 (16.1-24.6) 26.8 (22.5-31.1) -6.5 (-12.5to -0.4) 0.037 76 43 0.002

The possible range for each weekly symptom score is 0-28, and for the total symptom score 0-112.

Statistically significant values (P <0.05) have been written in bold.

& ANCOVA, baseline symptom as covariate.

b Chi-square test.

Table 3. Baseline-adjusted weekly defec- .

. . Probiotic vs.
ation frequency during the second half of
the study (4—6 months) . placebo
Probiotic [n = 41; Placebo [n = 40;

IBS subgroup mean (95% CI)] mean (95% CI)] Mean (95% CI) P-value®
Diarrhoea 14.0 (12.1-15.9) 13.5(11.3-15.6) 0.5 (-2.4to3.4) 0.712
Constipation (7.1-12.4) 7.3 (5.2-9.4) 24 (-1.0to 5.9) 0.152
Mixed 12.2 (10.7-13.6)  10.2 (8.7-11.8) 1.9 (-0.2to 4.1) 0.076
All (n = 81) 12.4 (11.3-13.5) 11.1 (10.0-12.2) 1.3 (-0.3to 2.9) 0.102

Results are given separately for the diarrhoea-predominant, the constipation-predominant and
the mixed subgroup according to Rome II criteria (n = 81).

4 ANCOVA, baseline defecation frequency as covariate.

IBS, irritable bowel syndrome; CI, confidence interval.

probiotic group was compared with the placebo in the
constipation subgroup, the proportion of hard stools
had decreased. The treatment difference between the
groups was —25% (95% CI: —=52.5 to 2.0; P = 0.067).
There were no differences between the groups in the
weekly bowel frequency (14.0 vs. 13.5; P = 0.712) or
the faecal consistency for the diarrhoea-predominant
patients. Looking only at the diarrhoea-predominant
patients (n = 38), we also analysed the incidence of
diarrhoea (at least 1 day with a minimum of three loose
or watery stools) during the study. In the probiotic
group nine patients (43%) suffered from diarrhoea at
least once during the second half of the study, while the
corresponding number for the placebo was four (24%).

Secondary symptoms

In the case of the secondary symptoms the probiotic
treatment had a positive effect on urgency and the
feeling of incomplete evacuation. During the last
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3 months of the study the baseline-adjusted urgency
score was 5.2 for the placebo and 3.3 for the probiotic,
resulting in a treatment difference of —1.9 (95% CI:
—3.5to —0.3; P = 0.021). The treatment difference for
the feeling of incomplete evacuation score was
—2.1 points (95% CI: —4.0 to —0.1; P = 0.039). There
were no other significant differences between the groups
to do with the secondary symptoms.

Quality of life

At baseline the mean quality of life score was somewhat
higher in the probiotic group, but the difference
between the groups was non-significant (72 of 100 vs.
64 of 100 points; P = 0.094). Compared with the
baseline, there was no change in the mean score at
3 months or at 6 months in either group. Looking at
the change in the eight individual concepts during the
intervention, there was a difference between the groups
in only one. The score describing the patients’ general
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health perceptions decreased slightly in the probiotic
group (3.5 points) while it increased with the placebo
subjects (2.2 points; P = 0.053).

Food intake

There were no major differences between the groups
regarding change in overall food consumption or in the
consumption of foodstuffs generally considered as
symptom provoking.

Study compliance and dropouts

Study compliance was estimated by counting the
number of capsules remaining in each returned carton,
and by analysing LGG from faecal samples. The mean
study compliance was considered good with the
returned capsules (mean compliance 96%, range: 74—

100). The recovery figures for faecal LGG in the
probiotic group and in the placebo group were 89.5%
vs. 4.8% in the middle of the study and 78.9% vs.
14.3% at the end of the study. However, a larger
proportion of patients in the probiotic group already had
LGG in the faeces at baseline (31.6% vs. 9.5%).

In all, 17 patients (eight probiotic, nine placebo)
withdrew from the study. The reasons for withdrawal
were the following: illness or hospitalization for other
causes than IBS (one probiotic, three placebo), a
sensation of increased GI symptoms (three probiotic,
one placebo), a desire to use other probiotic products
during antimicrobial treatment for other causes than
IBS (two probiotic), pregnancy (two placebo), non-
compliance (one placebo) and other reasons (two
probiotic, two placebo).

DISCUSSION

This study examined whether probiotic therapy with
LGG, L. rhamnosus LC705, B. breve Bb99 and
P. freudenreichii ssp. shermanii ]S is effective in allevi-
ating IBS symptoms. The results indicate that the
probiotic mixture is helpful in treating IBS symptoms.
This is the first long-term study (6 months) reporting
the effects of probiotic treatment in IBS. Earlier inter-
ventions on probiotics in IBS have been of shorter
duration, lasting from 10 days to 8 weeks.!! 1772¢
Given the chronicity of functional GI disorders, a
minimum treatment duration of 8-12 weeks is gener-
ally recommended for IBS trials.?®

The study was conducted as a 6-month, randomized,
double-blind, parallel-group, placebo-controlled trial.
According to current recommendations, this is the
optimum study design.?® All the patients fulfilled the
Rome I criteria for IBS, and most of them (68%) also
fulfilled the Rome II criteria. Overall, the study
population is considered to represent IBS patients in
primary care relatively well. All other published
studies on probiotic therapy in IBS have been
conducted with smaller numbers of patients than in
this study. In contrast to most other studies, the
patients were allowed to use their regular IBS
medication throughout the study. Because of the long
duration of the intervention, it was felt that it would
be unethical to ask the patients to withhold their
usual medication. The proportion of patients on IBS
medication was the same in both treatment groups
and remained stable during the study.

During the last month of the study the treatment
difference in the symptom score was —7.7 points when
the probiotic group was compared with placebo. The
differences for the weekly scores for all primary
symptoms were also in the favour of probiotic therapy.
In contrast to earlier studies where LGG on its own has
been shown to prevent and treat certain diarrhoeas,*>
no effect on defecation frequency, consistency or
incidence of diarrhoea in diarrhoea-predominant
patients could be seen. There is evidence that two of
the strains in the mixture, L. rhamnosus LC705 and
P. freudenreichii ssp. shermanii ]S alleviate constipation,
and thus it could be that the mixture used in this trial is
not optimal for diarrhoea. Probiotics could influence IBS
symptoms by balancing the microbiota. There is some
evidence of an imbalanced microbiota in IBS,* * but the
data are not entirely consistent. An inflammatory
component has also been suggested in IBS, especially
in postinfectious IBS. When they were asked, only two
of the study patients reported having had a gastroen-
teritis episode during the previous year, and thus this
study population cannot be considered as suffering from
postinfectious IBS. LGG, one of the probiotics in the
mixture, has been shown to have immunomodulatory
properties,'* '* and could hence alleviate a possible
low-grade inflammation. On the contrary, LGG alone
was not effective in treating IBS symptoms in an 8-week
crossover study.?’ Recent trials on atopic children
indicate that the probiotic mixture used in this study
appears to modulate the immune responses in a
different way from LGG alone.?’>! In addition to the
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balancing effect on the microbiota and the immuno-
modulatory effects, recent studies also suggest that
probiotics may influence intestinal motility. In vitro
studies on isolated intestines of guinea-pigs have shown
that probiotics, especially bifidobacteria, have a relaxing
effect on the colon.>? Lactobacillus paracasei seems also to
attenuate postinfective dysmotility in an animal model
of IBS.?? Besides alleviating IBS symptoms, the data
from a pilot study also suggest that the probiotic
supplementation used in this study improves tolerance
to Helicobacter pylori eradication therapy.**

Previous studies have found another probiotic mixture,
VSL-3, to be effective in treating IBS in one placebo-
controlled trial®®> and in an open, uncontrolled 20-day
study.'® Lactobacillus plantarum 299v, too, has been
shown to be effective in alleviating flatulence,'” and in
reducing abdominal pain and the total symptom
score.’® A very recent trial shows that B. infantis
35624 feeding alleviates IBS symptoms and normalizes
an abnormal IL-10/IL-12 ratio.'! However, the lack of a
common symptom questionnaire makes it difficult to
compare the results and the size of the symptom
improvement with other studies.

The use of validated quality of life instruments in
treatment interventions is strongly recommended.’®
Even though the probiotic treatment had a positive
effect on the IBS symptoms, no increase in the quality
of life could be seen. In one recent trial on IBS and
probiotics, slight improvements in quality of life could
be seen,!' but no other reported trials on IBS and
probiotics have included quality of life measurements.
It is possible that the reduction in symptoms, which
we observed, was of such magnitude that there was
no effect on the quality of life measurements. The
RAND-36 survey used in this study is not IBS-specific,
and thus it could also be that it was unable to detect
possible changes in IBS-related quality of life.

Lactobacilli and bifidobacteria are considered to be safe
for healthy and immunosuppressed individuals.?” Three
subjects in the probiotic group and one subject in the
placebo group experienced an increase in GI symptoms
following the administration of the capsules. However,
no apparent adverse effects were observed. Considering
the high prevalence of IBS and the ineffectiveness of
current therapies, even a slight reduction in symptoms
could have positive public health consequences. In the
treatment of a non-malignant syndrome such as IBS,
the safety of the therapy is of particular importance, and
hence probiotics may be a relevant option.

© 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 22, 387-394

In conclusion, a probiotic supplementation with LGG,
L. rhamnosus LC705, B. breve Bb99 and P. freudenreichii
ssp. shermanii JS could be a safe and easy way of
alleviating IBS symptoms.

ACKNOWLEDGEMENTS

Authors wish to express their gratitude to the clinicians
(Ari Aimolahti MD, Markku Hartikka MD, Aino Oksa-
nen MD, PhD, Hannu Paimela MD, PhD, Kristiina
Séderlund MD and Lea Veijola MD) for their immense
help in recruiting the patients, to Prof. Heikki Vapaatalo
for his invaluable comments on reviewing the manu-
script, to Tiina Jauhiainen MSc for helping during the
study visits and to Mimi Ponsonby MA for her excellent
language editing.

The study was supported by Valio Ltd, Research &
Development, Helsinki, Finland.

REFERENCES

1 Drossman DA, Camilleri M, Mayer EA, Whitehead WE.
AGA technical review on irritable bowel syndrome.
Gastroenterology 2002; 123: 2108-31.

2 Hillila MT, Farkkila MA. Prevalence of irritable bowel
syndrome according to different diagnostic criteria in a non-
selected adult population. Aliment Pharmacol Ther 2004; 20:
339-45.

3 Malinen E, Rinttild T, Kajander K, et al. Analysis of the fecal
microbiota of irritable bowel syndrome patients and healthy
controls with real-time PCR. Am ] Gastroenterol 2005; 100:
373-82.

4 Maitto J, Maunuksela L, Kajander K, et al. Composition and
temporal stability of gastrointestinal microbiota in irritable
bowel syndrome — a longitudinal study in IBS and control
subjects. FEMS Immunol Med Microbiol 2005; 43: 213-22.

5 King TS, Elia M, Hunter JO. Abnormal colonic fermentation in
irritable bowel syndrome. Lancet 1998; 352: 1187-9.

6 Treem WR, Ahsan N, Kastoff G, Hyams JS. Fecal short-chain
fatty acids in patients with diarrhea-predominant irritable
bowel syndrome: in vitro studies of carbohydrate
fermentation. ] Pediatr Gastroenterol Nutr 1996; 23: 280-6.

7 Linskens RK, Huijsdens XW, Savelkoul PH, Vandenbroucke-
Grauls CM, Meuwissen SG. The bacterial flora in inflammatory
bowel disease: current insights in pathogenesis and the
influence of antibiotics and probiotics. Scand ] Gastroenterol
Suppl 2001; 36: 29-40.

8 Chadwick VS, Chen W, Shu D, et al. Activation of the mucosal
immune system in irritable bowel syndrome. Gastroenterology
2002; 122: 1778-83.

9 Barbara G, Stanghellini V, De Giorgio R, et al. Activated mast
cells in proximity to colonic nerves correlate with abdominal
pain in irritable bowel syndrome. Gastroenterology 2004;
126: 693-702.



394

10

11

12

13

14

15

16

17

18

19

20

21

22

23

K. KAJANDER et al.

Tornblom H, Lindberg G, Nyberg B, Veress B. Full-thickness
biopsy of the jejunum reveals inflammation and enteric
neuropathy in irritable bowel syndrome. Gastroenterology
2002; 123: 1972-9.

O’'Mahony L, McCarthy ], Kelly P, et al. Lactobacillus and
Bifidobacterium in irritable bowel syndrome: symptom
responses and relationship to cytokine profiles. Gastro-
enterology 2005; 128: 541-51.

Collins SM. The immunomodulation of enteric neuromuscular
function: implications for motility and inflammatory
disorders. Gastroenterology 1996; 111: 1683-99.

Huang JS, Bousvaros A, Lee JW, Diaz A, Davidson EJ. Efficacy
of probiotic use in acute diarrhea in children: a meta-analysis.
Dig Dis Sci 2002; 47: 2625-34.

Majamaa H, Isolauri E. Probiotics: a novel approach in the
management of food allergy. J Allergy Clin Immunol 1997;
99: 179-85.

Schultz M, Linde HJ, Lehn N, et al. Immunomodulatory
consequences of oral administration of Lactobacillus rhamnosus
strain GG in healthy volunteers. ] Dairy Res 2003; 70: 165-73.
Madden JA, Hunter JO. A review of the role of the gut
microflora in irritable bowel syndrome and the effects of
probiotics. Br ] Nutr 2002; 88 (Suppl. 1): S67-72.

Nobaek S, Johansson M-L, Molin G, Ahrné S, Jeppsson B.
Alteration of intestinal microflora is associated with reduction
in abdominal bloating and pain in patients with irritable
bowel syndrome. Am ] Gastroenterol 2000; 95: 1231-8.
Brigidi P, Vitali B, Swennen E, Bazzocchi G, Matteuzzi D.
Effects of probiotic administration upon the composition and
enzymatic activity of human fecal microbiota in patients with
irritable bowel syndrome or functional diarrhea. Res Microbiol
2001; 152: 735-41.

Sen S, Mullan MM, Parker TJ, Woolner JT, Tarry SA, Hunter
JO. Effect of Lactobacillus plantarum 299v on colonic
fermentation and symptoms of irritable bowel syndrome. Dig
Dis Sci 2002; 47: 2615-20.

O’Sullivan MA, O'Morain CA. Bacterial supplementation in
the irritable bowel syndrome. A randomised double-blind
placebo-controlled crossover study. Dig Liver Dis 2000; 32:
294-301.

Yang Z, Suomalainen T, Mdiyrd-Médkinen A, Huttunen E.
Antimicrobial activity of 2-pyrrolidone-5-carboxylic acid
produced by lactic acid bacteria. ] Food Prot 1997; 60:
786-90.

Suomalainen T, Méyrd-Mékinen A. Propionic acid bacteria as
protective cultures in fermented milks and breads. Lait 1999;
79: 165-74.

Ouwehand A, Lagstrom H, Suomalainen T, Salminen S. Effect
of probiotics on constipation, fecal azoreductase activity and
fecal mucin content in the elderly. Ann Nutr Metab 2002; 46:
159-62.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Orrhage K, Nord CE. Bifidobacteria and lactobacilli in human
health. Drugs Exp Clin Res 2000; 26: 95-111.

Thompson WG, Dotevall G, Drossman DA, Heaton KW, Kruis
W. TIrritable bowel syndrome: guidelines for the diagnosis.
Gastroenterol Int 1989; 2: 92-5.

Thompson WG, Longstreth GF, Drossman DA, Heaton KW,
Irvine EJ, Miiller-Lissner SA. Functional bowel disorders and
functional abdominal pain. Gut 1999; 45 (Suppl. 2): 143-7.
Hays RD, Sherbourne CD, Mazel RM. The RAND 36-Item
Health Survey 1.0. Health Econ 1993; 2: 217-27.
Veldhuyzen van Zanten SJ, Talley NJ, Bytzer P, Klein KB,
Whorwell PJ, Zinsmeister AR. Design of treatment trials for
functional gastrointestinal disorders. Gut 1999; 45 (Suppl. 2):
1169-77.

Viljanen M, Kuitunen M, Haahtela T, Juntunen-Backman K,
Korpela R, Savilahti E. Probiotic effects on faecal
inflammatory markers and on faecal IgA in food allergic
atopic eczema/dermatitis syndrome infants. Pediatr Allergy
Immunol 2005; 16: 65-71.

Viljanen M, Savilahti E, Haahtela T, et al. Probiotics in the
treatment of atopic eczema/dermatitis syndrome in infants: a
double-blind placebo-controlled trial. Allergy 2005; 60:
494-500.

Pohjavuori E, Viljanen M, Korpela R, et al. Lactobacillus GG
effect in increasing IFN-gamma production in infants with
cow’s milk allergy. J Allergy Clin Immunol 2004; 114: 131-6.
Massi M, Ioan P, Budriesi R, et al. The effects of probiotic
bacteria on spontaneous contraction of isolated guinea pig
intestine. Gastroenterology 2004; 126 (Suppl. 2): A517.
Verdu FF, Bercik P, Bergonzelli GE, et al. Lactobacillus paracasei
normalizes muscle hypercontractility in a murine model of
postinfective gut dysfunction. Gastroenterology 2004; 127:
826-37.

Myllyluoma E, Veijola L, Ahlroos T,
supplementation improves tolerance to Helicobacter pylori
eradication therapy — a placebo-controlled, double-blind
randomized pilot study. Aliment Pharmacol Ther 2005; 21:
1263-72.

Kim HJ, Camilleri M, McKinzie S, et al. A randomized controlled
trial of a probiotic, VSL3, on gut transit and symptoms in
diarrhoea-predominant irritable bowel syndrome. Aliment
Pharmacol Ther 2003; 17: 895-904.

Niedzielin K, Kordecki H, Birkenfeld B. A controlled, double-
blind, randomized study on the efficacy of Lactobacillus
plantarum 299V in patients with irritable bowel syndrome.
Eur J Gastroenterol Hepatol 2001; 13: 1143-7.

Borriello SP, Hammes WP, Holzapfel W, et al. Safety of
probiotics that contain lactobacilli or bifidobacteria. Clin Infect
Dis 2003; 36: 775-80.

et al. Probiotic

© 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 22, 387-394



