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BACKGROUND: Probiotic bacteria exhibit a variety of properties, including immunomodulatory activity, which are
unique to a particular strain. Thus, not all species will necessarily have the same therapeutic
potential in a particular condition. We have preliminary evidence that Bifidobacterium infantis
35624 may have utility in irritable bowel syndrome (IBS).

OBJECTIVES: This study was designed to confirm the efficacy of the probiotic bacteria B. infantis 35624 in a
large-scale, multicenter, clinical trial of women with IBS. A second objective of the study was to
determine the optimal dosage of probiotic for administration in an encapsulated formulation.

METHODS: After a 2-wk baseline, 362 primary care IBS patients, with any bowel habit subtype, were
randomized to either placebo or freeze-dried, encapsulated B. infantis at a dose of 1 × 106, 1 ×
108, or 1 × 1010, cfu/mL for 4 wk. IBS symptoms were monitored daily and scored on to a 6-point
Likert scale with the primary outcome variable being abdominal pain or discomfort. A composite
symptom score, the subject’s global assessment of IBS symptom relief, and measures of quality of
life (using the IBS-QOL instrument) were also recorded.

RESULTS: B. infantis 35624 at a dose of 1 × 108 cfu was significantly superior to placebo and all other
bifidobacterium doses for the primary efficacy variable of abdominal pain as well as the composite
score and scores for bloating, bowel dysfunction, incomplete evacuation, straining, and the passage
of gas at the end of the 4-wk study. The improvement in global symptom assessment exceeded
placebo by more than 20% (p < 0.02). Two other doses of probiotic (1 × 106 and 1 × 1010) were
not significantly different from placebo; of these, the 1 × 1010 dose was associated with significant
formulation problems. No significant adverse events were recorded.

CONCLUSIONS: B. infantis 35624 is a probiotic that specifically relieves many of the symptoms of IBS. At a dosage
level of 1 × 108 cfu, it can be delivered by a capsule making it stable, convenient to administer,
and amenable to widespread use. The lack of benefits observed with the other dosage levels of the
probiotic highlight the need for clinical data in the final dosage form and dose of probiotic before
these products should be used in practice.

(Am J Gastroenterol 2006;101:1581–1590)

INTRODUCTION

After many years without therapeutic innovation, new med-
ications have recently become available for irritable bowel
syndrome (IBS). A number of potential targets for manip-
ulation such as cholecystokinin (1), neurokinin (2), corti-
cotrophin (3), and serotonin (4) have been identified, with
the latter being the focus of particular attention. One of the
drawbacks associated with the advent of some of the newer
drugs is that it has become essential, in many instances, to se-
lect patients for a specific treatment according to bowel habit

subtype (diarrhea- or constipation-predominant), rather than
necessarily being able to give a single medication to any IBS
patient, as has been traditional in the past (5, 6).

Another more recent development in the understanding of
the pathogenesis of IBS is the recognition that in a propor-
tion of patients, there might be an inflammatory component
(7). Up to 25% of patients date the onset of their problem
from a gastrointestinal infection (8), and evidence accumu-
lates to indicate the presence of an inflammatory response in
the gastrointestinal mucosa in IBS (9–12). In addition, the
observation that IBS may be exacerbated by antibiotics (13),

1581



1582 Whorwell et al.

Assessed for eligibility
(N = 599)

Excluded (N = 237)
Not meeting inclusion 
criteria (N = 216)
Refused to participate 
(N = 17)
Other reasons (N = 4)

Randomized to treatment
(N = 362)

(1 x 1010)
Allocated to 
intervention (N = 90):
Received allocated  
intervention (N = 90)

(1 x 108)
Allocated to 
intervention (N = 90):
Received allocated  
intervention (N = 90)

(1 x 106)
Allocated to 
intervention (N = 90):
Received allocated  
intervention (N = 90)

(Placebo)
Allocated to 
intervention (N = 92):
Received allocated  
intervention (N = 92)

E
nr

ol
lm

en
t

A
llo

ca
ti

on

Lost to follow-up (N = 3)

Discontinued intervention 
(N = 4):

AE (N = 3)
Voluntary withdrawal 
(N = 1)

Lost to follow-up (N = 1)

Discontinued intervention 
(N = 6):

AE (N = 2)
Protocol violation (N = 4)

Lost to follow-up (N = 0)

Discontinued intervention 
(N = 6):

AE (N = 3)
Protocol violation (N = 1)
Voluntary withdrawal 
(N = 1)

Lost to follow-up (N = 2)

Discontinued intervention 
(N = 10)

AE (N = 9)
Investigator 
recommendation (N = 1)

F
ol

lo
w

-u
p

Intent to treat (ITT) 
analysis: (N = 90)

Evaluable per protocol:
(N = 71)

Discontinued during 
treatment phase (N = 4)

Insufficient data (N = 7)
Used excluded medication 
(N = 8)

Intent to treat (ITT) analysis: 
(N = 90)

Evaluable per protocol:
(N = 72)

Discontinued during 
treatment phase (N = 7)

Insufficient data (N = 6)
Used excluded medication 
(N = 5)

A
na

ly
si

s

Intent to treat (ITT) analysis:
(N = 90)

Evaluable per protocol:
(N = 74)

Discontinued during 
treatment phase (N = 6)

Insufficient data (N = 5)
Used excluded medication 

(N = 5)

Intent to treat (ITT) analysis:
(N = 92)

Evaluable per protocol:
(N = 76)

Discontinued during 
treatment phase (N = 10)

Insufficient data (N = 2)
Used excluded medication 

(N = 4)

Figure 1. Diagram of flow of subjects through the study protocol.

coupled with reports of abnormal colonization of the small
bowel in some patients (14, 15), suggests that it is possible
that alterations in the bacterial flora of the gut may be of
relevance.

The therapeutic potential of probiotic bacteria, especially
lactobacilli and bifidobacteria, is the center of considerable
interest in a number of fields and gastroenterology is no ex-
ception (16). Some of these organisms appear to have prop-
erties that might be advantageous, especially in conditions
in which there maybe an infectious trigger or an inflamma-
tory component, such as IBS. We have demonstrated that one
specific strain, Bifidobacterium infantis 35624, stimulates an
antiinflammatory response within the host (17, 18), inhibits
the growth of pathogenic organisms such as salmonella, and
prevents bacterial translocation (19). These properties are not
shared by every strain and while combinations of probiotics
may have theoretical appeal, such synergies are not always
borne out when two or more strains are formally tested to-
gether, being found, in some instances, to be antagonistic

(18). These observations might explain why, despite their ap-
parent promise, previous trials using other species and strains
have been disappointing (20).

In contrast, we recently reported that B. infantis 35624 ap-
pears to have considerable promise in the treatment of IBS
(21). However, the organism was delivered in milk, a for-
mulation which is not optimal or practical for use in clinical
practice. The objectives of this study were, therefore, first, to
confirm our observations in the pilot study, second, to evalu-
ate a more convenient encapsulated formulation of B. infan-
tis 35624 and, third, to establish the optimal dosage for this
formulation.

PATIENTS AND METHODS

Study Population
Patients were recruited from 20 primary care centers across
the United Kingdom. The study protocol was approved by
MREC (Multi Research Ethics Committee), and all subjects
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Table 1. Demographic Characteristics (Intent-to-Treat Population)

Group
BIFIDO10 BIFIDO8 BIFIDO6 Placebo Overall

Demographic Statistic (N = 90) (N = 90) (N = 90) (N = 92) (N = 362) p Value∗

Age Mean (SE) 41.8 (1.10) 42.7 (1.10) 40.8 (1.10) 42.4 (1.09) 41.9 (0.55) 0.6206
Min–max 22–63 20–62 20–65 19–69 19–69

Alcohol (units/wk) Mean (SE) 4.42 (0.54) 3.77 (0.54) 3.59 (0.54) 5.32 (0.53) 4.28 (0.27) 0.0915
Min–max 0–28 0–20 0–18 0–21 0–28

Height (cm) Mean (SE) 163 (0.79) 163 (0.79) 163 (0.79) 164 (0.78) 163 (0.39) 0.8992
Min–max 147–176 149–180 101–179 145–179 101–180

Weight (kg) Mean (SE) 69.2 (1.57) 71.6 (1.57) 71.7 (1.57) 71.4 (1.55) 71.0 (0.78) 0.6317
Min–max 46–118 48–155 48–130 50–118 46–155

Smoker?–N (%) No 73 (81.1) 67 (74.4) 74 (82.2) 70 (76.1) 284 (78.5) 0.5139
Yes 17 (18.9) 23 (25.6) 16 (17.8) 22 (23.9) 78 (21.5)

Race–N (%) Caucasian 89 (98.9) 89 (98.9) 89 (98.9) 90 (97.8) 357 (98.6) 0.5469
Asian Indian 0 (0.0) 1 (1.1) 1 (1.1) 2 (2.2) 4 (1.1)
Multiracial 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3)

Sex–N (%) Female 90 (100) 90 (100) 90 (100) 92 (100) 362 (100) N/A

∗p values were obtained by using analysis of variance or Pearson’s χ2 test.

provided informed consent. Women aged between 18 and 65
yr of age who met Rome II criteria (22) for the diagnosis of
IBS and in whom organic diseases, including inflammatory
bowel disease, and significant systemic diseases had been
excluded were eligible to participate. Subjects were also ex-
cluded if they were over 55 yr of age and had not had a
sigmoidoscopy or colonoscopy performed in the previous 5
yr, had used antipsychotic medications within the prior 3
months or systemic steroids within the prior month, had suf-

Table 2. LS Mean Scores for Efficacy Variables at Wk 4: B. infantis Compared with Placebo

LS Mean Scores ± SE (Change from Baseline)—B. infantis versus Placebo

Bifido p versus Bifido p versus Bifido p versus
Placebo 1 × 106 placebo 1 × 108 placebo 1 × 1010 placebo

Base size 92 90 90 90
Abdominal pain/discomfort∗ 1.73 ± 0.10 1.89 ± 0.10 0.24 1.43 ± 0.10 <0.03 1.84 ± 0.10 0.44

(−0.58) (−0.42) (−0.89) (−0.47)
Bloating/distention∗ 1.96 ± 0.10 2.04 ± 0.10 0.54 1.70 ± 0.10 <0.05 2.07 ± 0.10 0.43

(−0.44) (−0.36) (−0.71) (−0.34)
Urgency∗ 1.68 ± 0.09 1.81 ± 0.09 0.29 1.48 ± 0.09 0.09 1.63 ± 0.09 0.71

(−0.34) (−0.21) (−0.54) (−0.38)
Incomplete evacuation∗ 1.73 ± 0.10 1.67 ± 0.10 0.69 1.43 ± 0.10 <0.04 1.86 ± 0.10 0.34

(−0.25) (−0.30) (−0.54) (−0.12)
Straining∗ 1.63 ± 0.09 1.46 ± 0.09 0.19 1.32 ± 0.09 <0.02 1.65 ± 0.09 0.89

(−0.07) (−0.24) (−0.38) (−0.05)
Passage of gas∗ 2.04 ± 0.09 2.13 ± 0.09 0.47 1.80 ± 0.09 <0.04 2.10 ± 0.09 0.63

(−0.30) (−0.21) (−0.54) (−0.24)
Bowel habit satisfaction† 2.21 ± 0.09 2.17 ± 0.09 0.75 1.92 ± 0.09 <0.02 2.32 ± 0.09 0.39

(−0.26) (−0.29) (−0.55) (−0.15)
Overall assessment of IBS symptoms∗ 2.09 ± 0.10 2.15 ± 0.09 0.63 1.76 ± 0.09 <0.01 2.13 ± 0.09 0.76

(−0.42) (−0.36) (−0.76) (−0.38)
Composite score‡ 5.91 ± 0.26 6.09 ± 0.25 0.59 5.06 ± 0.25 <0.02 6.22 ± 0.26 0.36

(−1.27) (−1.09) (−2.12) (−0.96)
Global assessment of pain relief § 51.6 ± 6.1 43.2 ± 6.1 0.29 58.8 ± 6.0 0.36 39.1 ± 6.0 0.11
Global assessment of IBS relief § 42.0 ± 6.4 44.0 ± 6.4 0.80 62.3 ± 6.2 <0.02 36.9 ± 6.1 0.51

Wherever available, baseline values are provided.
∗Assessed using a 6-point scale where 0 = none and 5 = very severe.
†Assessed using a 6-point scale where 0 = very satisfied and 5 = very dissatisfied.
‡Combined variable of scores for abdominal pain/discomfort, bloating, and bowel habit satisfaction.
§Yes or No answer assessed at end of each treatment wk. No baseline value is available. Percent reported is percent of subjects responding “yes.”

fered from a major psychiatric disorder (DSM-III-R or DSM-
IV) (23) within the past 2 years, were pregnant, had known
lactose intolerance or immunodeficiency, or had undergone
any abdominal surgery, with the exception of hernia repair or
appendectomy.

Study Protocol
This was a randomized, double-blind, placebo-controlled,
multicenter, dose-ranging study. Each potentially eligible
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Figure 2. Comparison of effects of placebo and Bifidobacterium
infantis 35624 on abdominal pain/discomfort. Recorded on a six-
point scale from 0 (none) to 5 (severe). Treatment commenced at
wk 0 and continued to wk 4.

patient was evaluated by a full review of clinical history
and physical examination as well as full blood count and
serum chemistry. Clinically significant abnormalities in any
of the latter tests resulted in exclusion of the patient from
the study. All clinical assessments were standardized across
sites.

Eligible patients entered a 2-wk run-in phase during which
symptoms were recorded on a daily basis using a telephone-
based interactive voice recording system (IVRS). The second
wk of this run-in phase was considered as the baseline period
for statistical analysis.

At the end of the baseline period, diary data obtained from
the IVRS over the last 7 days were reviewed and subjects with
at least 5 days of complete symptom data, at least one bowel
movement in that wk, an average abdominal pain/discomfort
score of at least one but not exceeding four, and an average
Bristol Stool Form score (24) for that wk exceeding two but
less than seven, were considered for randomization.

Table 3. LS Mean Scores for Efficacy Variables by IBS Subtype—Change from Baseline

Change in LS Mean Scores—B. infantis 1 × 108 versus Placebo

IBS-D p Value IBS-C p Value IBS-A p Value

Base size: Bifido 49 18 18
Placebo 56 18 23
Abdominal pain/discomfort −0.29 0.099 −0.58 0.036 −0.24 0.403
Bloating/distention −0.33 0.056 −0.15 0.622 −0.25 0.362
Urgency −0.29 0.075 0.01 0.978 −0.12 0.623
Incomplete evacuation −0.45 0.008 −0.07 0.834 −0.11 0.730
Straining −0.39 0.007 0.08 0.799 −0.34 0.263
Passage of gas −0.28 0.073 −0.00 0.995 −0.35 0.169
Bowel habit satisfaction −0.37 0.014 −0.59 0.047 0.24 0.355
Overall assessment of IBS symptoms −0.36 0.028 −0.48 0.078 −0.21 0.456
Composite score −0.99 0.027 −1.32 0.074 −0.15 0.838

Values in bold are significant.

Figure 3. Comparison of effects of placebo and Bifidobacterium
infantis 35624 on bloating/distension.

Subjects eligible for the treatment phase were stratified by
study center and average Bristol Stool Form scale (scores <4
and ≥ 4) during the last wk of the baseline phase. Subjects
were randomly assigned to receive one of four treatments:
B. infantis 35624 at treatment concentrations of 1 × 106 live
bacterial cells, B. infantis 35624 1 × 108, B. infantis 35624
1 × 1010, or placebo, in a 1:1:1:1 ratio. Each treatment was
provided in an identical capsule and taken once daily for 4
wk during the treatment phase.

On completion of the treatment phase subjects were fol-
lowed, off all therapy, for a further 2 wk: the follow-up (wash-
out) phase. At the end of the study, a full review of clinical
history, physical examination, and analysis of full blood count
and serum chemistry were performed.

Probiotic Preparation
Clinical product was prepared for this study by The Proc-
ter & Gamble Company under good manufacturing pro-
cess (GMP) conditions. Probiotic bacteria were grown in
a protein-rich liquid growth medium by an internationally
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recognized fermentation specialist. Probiotic bacteria were
harvested through centrifugation, stabilized, freeze-dried,
milled, and sieved. The dry powder bacteria were mixed with
an excipient and packed into capsules. For this study, the
blend of bacteria to excipient was adjusted to achieve the
desired dosing concentrations for the active probiotic cap-
sules. Because of the hygroscopic nature of the product, con-
tainers used for the clinical product contained an integrated
desiccant. Placebo capsules were identical in all aspects, but
contained excipient only.

Data Analysis
Throughout the study, subjects recorded symptoms on a daily
basis using the IVRS, whereby patients telephoned a voice-
prompted recording system and recorded scores for the pri-
mary symptoms of IBS (abdominal pain/discomfort, bloat-
ing/distension, sense of incomplete evacuation, straining at
stool, urgency of bowel movement, passage of gas and mu-
cus, and bowel habit satisfaction). Each was recorded on a
six-point scale, which ranged from 0 (none) to 5 (very se-
vere). They also recorded the frequency (number per day)
and consistency (Bristol Stool Form (24); seven-point scale)
of bowel movements. Rescue medication (bisacodyl 5 mg
for constipation, if no bowel movement on four consecu-
tive days or loperamide 2 mg for troublesome diarrhea) us-
age was also recorded. During the treatment phase, subjects
also recorded, at the end of each wk, their global assessment
(SGA) of relief for both abdominal pain/discomfort and IBS
symptoms. This assessment was obtained by defining the re-
sponse (Yes or No) to the following question. “Please consider
how you felt in the past week in regard to your IBS-related
abdominal pain and discomfort (or, your IBS, in particular
your overall well-being, and symptoms of abdominal discom-
fort or pain, bloating or distension and altered bowel habit).
Compared to the way you usually felt before beginning the
study medication, have you had adequate relief of your IBS-
related abdominal pain and discomfort (or IBS symptoms)?”
At these same intervals they were also asked to give an opin-
ion as to whether they were receiving an active treatment or a
placebo.

At baseline, at the end of the treatment phase and at the end
of the study each subject completed an IBS-specific quality of
life questionnaire (IBS-QOL) (25) and the Hospital Anxiety
and Depression Scale (26).

Statistical Analyses
All data were collected and analyzed independently of the
investigators, who did not have access to the data until the
study had been completed. Thereafter, investigators had full
access to all data. Wk 0 (the end of the second wk of the run-in
phase) was considered as baseline in all statistical analyses.

As designated by the protocol, the primary comparison
for efficacy was the daily abdominal pain/discomfort score,
with the last wk of the treatment period (wk 4) considered
as primary and the other wk of the treatment and follow-up
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Figure 4. Comparison of effects of placebo and Bifidobacterium
infantis 35624 on IBS Composite Score. Treatment commenced
at wk 0 and continued to wk 4. The Composite Score represents
the sum of individual scores for abdominal pain/discomfort, bloat-
ing/distension, and bowel movement difficulty (straining at stool or
urgency of bowel movement). Recorded on a 0–15 scale.

period considered as secondary. All other efficacy variables
were considered as secondary.

Two sets of populations were identified for the purpose
of assessing efficacy, namely, the “intent-to-treat” population
and the “per-protocol” (PP) population. Efficacy results were
similar on both populations, therefore only the results based
on the “intent-to-treat” population are reported because this
analysis is more conservative. All the statistical comparisons
were two-sided using the 0.05 significance level. After adjust-
ing by baseline and taking into account the different sources
of variability, the daily IVRS symptom scores were analyzed
on a weekly basis using a linear mixed model so that LS means
are interpreted as weekly averages. Because an analysis of
covariance was performed at each wk, symptom scores and
changes in symptom scores are presented as adjusted (least-
squares [LS]) means. In the mixed models, the fixed effects
were BASELINE and TREATMENTS. The baseline was the
average of the repeated measurements during the second wk
of the screening phase. The random effects of the linear mixed
model were CENTERS, SUBJECTS WITHIN CENTERS,
and RESIDUAL. Weekly global assessments were analyzed
using a generalized linear mixed model with logistic link and
binomial distribution. The fixed effect was TREATMENTS
and the random CENTERS.

Based on the data from our prior probiotic study (21)∗,
we determined that a sample size of 90 women per treatment
group would provide at least 95% power to detect a difference
of 0.7 unit in the wk 4 abdominal pain/discomfort score on
a 0 to 5 point scale (previous probiotic IBS study∗ used a
0–7 scale) assuming a variance of 1.13 and a two-sided type
I error rate of 0.05. Because the study was sized and powered
based on a primary efficacy end point at a specific time point,
no adjustments for multiple comparisons were made.
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Figure 5. Comparison of effects of placebo and Bifidobacterium in-
fantis 35624 on Subjects’ Global Assessment (SGA) of IBS symp-
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“Please consider how you felt in the past week in regard to your IBS,
in particular your general well-being, and symptoms of abdominal
discomfort or pain, bloating or distension and altered bowel habit.
Compared to the way you felt before beginning the medication, have
you had adequate relief of your IBS symptoms?”

RESULTS

Subjects
Figure 1 describes the flow of subjects through the protocol.
A total of 362 subjects were randomized to treatments; 32
discontinued and 330 completed the study. Prior to unblinding
of the data, a further 37 subjects were deemed nonevaluable
thus providing an intention-to-treat (ITT) population of 362
and a PP population of 293.

Baseline Characteristics
No significant differences were evident between the groups
in terms of baseline characteristics (Table 1). Using Rome
II criteria and a previously described scoring algorithm (27),
55.5% subjects were classified as diarrhea-predominant IBS
(D-IBS), 20.7% as constipation-predominant IBS (C-IBS),
and 23.8% of subjects as alternators (A-IBS); at baseline,
a similar distribution of IBS subgroups was evident in all
treatment groups (p = 0.55). No significant differences were
found between the bifidobacterium 1 × 108 group and the
placebo group in terms of the mean scores for the symptom
efficacy variables at baseline.

Response to Treatment
PRIMARY EFFICACY VARIABLE—WK 4 ABDOMINAL
PAIN/DISCOMFORT. As stated in the methods, wk 4 was
declared as the a priori time point to be considered the pri-
mary end point. At wk 4, the LS mean values for each dose
of the probiotic capsule were compared with placebo. Only
one of the three dosages studied, Bifidobacterium in a dose
of 1 × 108, was associated with a significant improvement in

the primary variable of abdominal pain/discomfort (change
from baseline of −0.89 vs −0.58, p = 0.023): a therapeutic
gain of 0.31 (Table 2, Fig. 2). The other dosages were not
significantly different from placebo (1 × 106, change from
baseline −0.42 vs −0.58, p = 0.24; 1 × 1010 change from
baseline −0.47 vs −0.58, p = 0.44).

SECONDARY EFFICACY VARIABLES—WK 4 RE-
SULTS VERSUS PLACEBO. Table 3 provides the wk 4
LS mean scores and the change from baseline symptoms
scores for the probiotic doses compared with placebo. For
the 1 × 108 capsule dose, the secondary variables of bloat-
ing/distension (Fig. 3), sense of incomplete evacuation, pas-
sage of gas, straining, and bowel habit satisfaction were all
significant in comparison to placebo. The magnitude of the
therapeutic gain for the other symptoms in which 1 × 108

had a significant benefit was similar to the gain for the pri-
mary efficacy variable (0.25–0.31). There was no significant
change in the quality of life or HAD scores with any of the
probiotic dosages in comparison to placebo.

Comparisons of the effects of the various doses on a
composite score (the sum of the individual scores for the
three cardinal IBS symptoms: abdominal pain/discomfort,
bloating/distension, and bowel movement satisfaction) also
demonstrated a significant benefit for the Bifidobacterium
1 × 108 capsule over placebo (Table 3, Fig. 4). At wk 4, the
reduction in composite score was 2.12 for 1 × 108 and 1.27
for placebo, a therapeutic gain of 0.85 (p < 0.02).

Figure 5 illustrates the response rates for the SGA of IBS
symptoms. Response rates for Bifidobacterium in a dose of
1 × 108 was again superior to placebo, being over 20% greater
than placebo (p < 0.02).

Subjects were asked each wk to guess whether they were
on active or placebo therapy. Among subjects randomized to
Bifidobacterium in doses of 1 × 106, 1 × 108, 1 × 1010, and
placebo, 48%, 70%, 42%, and 46%, respectively, stated that
they were on an active medication when questioned at wk 4;
p < 0.003 for the 1 × 108 capsule group versus placebo.

SECONDARY EFFICACY VARIABLES—RESULTS AT
OTHER TIME POINTS VERSUS PLACEBO. The probi-
otic legs were compared with placebo at other time points as
part of the secondary analysis. The 1 × 108 capsule contin-
ued to show efficacy for abdominal pain/discomfort during
wk 5 when compared with placebo (p < 0.03). This capsule
dosage was also significant versus placebo for urgency at wk 3
(p < 0.04), reduction in passage of gas at wk 1 (p < 0.02) and
wk 6 (p < 0.01), increased bowel habit satisfaction at wk 6
(p < 0.02), and composite score at wk 6 (p < 0.05). There
were two time points for which the 1 × 106 capsule was su-
perior to placebo for softer stool form using the Bristol Stool
Form scale—wk 4 (p < 0.01) and wk 5 (p < 0.02). There
were no time points at which the 1 × 1010 capsule was signifi-
cantly different from placebo, and additionally, there were no
time points for which the placebo capsule was significantly
better than any of the probiotic doses.
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Table 4. Analysis by Baseline BM Frequency

Week 4

Change from Baseline: Number of Daily BMs

Baseline Percentile Average BM/Day B. infantis 35624 1 × 108 capsule Placebo Difference p Value

10th 0.71 +0.57 +0.31 +0.25 0.037
15th 0.80 +0.51 +0.27 +0.23 0.049
25th 1.00 +0.36 +0.18 +0.18 0.098
50th 1.43 +0.04 −0.03 +0.07 0.457
75th 2.29 −0.58 −0.44 −0.15 0.145
81st 2.57 −0.79 −0.58 −0.22 0.049
88th 3.00 −1.11 −0.78 −0.33 0.010
90th 3.14 −1.21 −0.85 −0.36 0.007

Stool frequencies at baseline arranged in percentiles and changes from baseline for each percentile calculated and compared between probiotic and placebo groups. Note significant
increase in frequency noted for those treated with Bifidobacterium infantis 35624, who had lower frequencies at baseline (10th and 15th percentiles), and reduced frequency for
those who had higher frequencies at baseline (81st, 88th, 90th percentiles).

ANALYSIS BY IBS SUBTYPE AND BASELINE BM
FREQUENCY. To determine the impact of the probiotic on
each IBS subtype, two additional post hoc analyses were per-
formed. For the first analysis, subjects were categorized based
on the Rome II criteria and symptom efficacy and LS mean
scores for the effective Bifidobacterium dosage of 1 × 108

were compared with placebo within each subtype for each of
the efficacy variables. Additionally, the effects of the probiotic
on those with different frequencies of bowel movement was
evaluated by grouping subjects, at baseline, into percentiles
based on BM frequency, and then comparing the change in
BM frequency, from baseline, within each percentile group at
wk 4 between Bifidobacterium 1 × 108 and placebo groups.

The data for each IBS subtype are provided in Table 3.
Even with the very small baseline sizes in this subanaly-
sis, there were some significant results. Of interest, first, is
that the improvement in scores for bowel habit satisfaction
were significant for both the IBS-D and the IBS-C subtypes,
and, second, that the assessment of overall IBS relief and the
IBS composite score were both significantly improved in the
larger IBS-D group and approached significance in the IBS-C
group.

The median BM frequency at baseline was 1.43 BM/day,
with an interquartile range of 1 BM/day to 2.39 BM/day. The
distribution of BM frequencies over the entire range of per-
centiles is illustrated in Table 4. While there were no statisti-
cal differences in the change in BM frequency from baseline
between placebo and Bifidobacterium at the midpoint of the
distribution frequency, significant differences (p < 0.05) were
noted at both ends (i.e., below the 15th percentile and above
the 81st percentile) of the frequency distribution, with the
Bifidobacterium-treated group experiencing a normalization
of bowel habit in each instance (Table 4).

Use of Rescue Medication
Use of rescue medication was low in all treatment groups; no
significant treatment effect was noted.

ADVERSE EVENTS. Only 17 (<5%) of all subjects with-
drew from the study because of an adverse event. The over-

all prevalence of adverse events was not different between
placebo and active treatment groups.

DISCUSSION

This study provides additional evidence, in a much larger
cohort of patients than our pilot study, and in a more conve-
nient formulation, that a specific probiotic strain B. infantis
35624 at a dosage level of 1 × 108 cfu, is effective, albeit in
a short-term, 4-wk study, in reducing the symptoms of IBS
irrespective of bowel habit subtype (IBS-C or IBS-D) and
independent of an effect on stool form or frequency. Indeed,
subjects at the extremes of bowel habit frequency at base-
line experienced a normalization of stool frequency and ther-
apy, with the probiotic demonstrating efficacy among subjects
who, at baseline, were defined as constipation- and diarrhea-
predominant according to Rome II criteria. We acknowledge,
however, that the numbers in some of these subgroups were
small and that there were trends toward more efficacy for the
IBS-D subgroup.

The effective dosage level of 1 × 108 cfu of B. infantis
35624 was effective across a range of IBS symptoms. In this
study, we chose pain as the primary outcome measure, in
line with the recently proposed points-to-consider for IBS
trials developed by the European Agency for the Evalua-
tion of Medicinal Products (EMEA) (CPMP/EWP/785/97:
www.emea.eu) (28). We emphasize that although pain or dis-
comfort was the primary outcome measure, other parameters
showed significant improvement. In particular, there was a
positive effect on bloating, which is a notoriously difficult
symptom to treat (29). This more generalized beneficial effect
on symptoms is important as some of the traditional medica-
tions for IBS only improve one feature, such as pain or bowel
habit. Furthermore, when the outcome was evaluated by an
instrument which determined the SGA of improvement of
IBS symptoms, taken as a whole, it was striking that the ther-
apeutic gain for the 1 × 108 dose was in excess of 20% over
placebo, whereas the effects of this dose on individual symp-
toms was more modest. This suggests that a given SGA of
all of their symptoms captures elements of symptomatology,
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Figure 6. Photographs of results of experiments with study product. The first series of photographs (upper panels) shows the dissolution
experiment and time to capsule rupture. Note that for the high-dose capsule, not only is the time significantly longer but also the capsule
breaks apart in a different manner. The second series of photographs (lower panels) shows the formulation response to exposure to moisture.
Capsules were exposed to ambient temperatures and humidity overnight and then opened. The high dose capsule solidified while, under the
same conditions, the lower dosage capsules continued to disperse in a normal fashion when opened.

positively influenced by probiotic therapy, and of consider-
able clinical significance to the patient, which are not captured
by conventional scores of “classical” IBS symptoms. This is
not surprising, given the description of the frequent occur-
rence, in IBS, of other symptoms, both gastrointestinal (30,
31) and extra-intestinal (32–34), which may impact consid-
erably on quality of life. We suggest that some form of global
assessment of total IBS symptomatology be an integral part of
future studies. This global effect of the probiotic, producing
improvement in symptoms other than those usually regarded
as primary outcomes in IBS studies, might also explain why,
in this study, patients on the effective active treatment had a
striking ability to correctly conclude that they were not on
placebo. The validity of this observation is supported by the
fact that this effect became more marked over the duration of
the trial rather than being apparent right from the beginning.

We deliberately chose to study IBS in a primary care setting
and to select patients who would be regarded as being at the
mild-to-moderate end of the spectrum. We felt that it was
important to render the study population as homogeneous as
possible and to avoid the various issues that arise when one
studies a tertiary referral population. Furthermore, should
this product become available, as other probiotic products
have, over-the-counter, it is most likely to be sought as an
initial therapy by patients with such symptomatology.

This trial demonstrated that B. infantis 35624, in a dose of
1 × 108 cfu, provided greatest benefit. Given that the 1 × 1010

dosage level of the same probiotic strain had been demon-
strated effective when provided in a milk-based formulation
(21), the lack of efficacy with the capsule formulation in this
current study was surprising. A series of post hoc dissolution
experiments found that the dissolution characteristics of the

three different strength capsules clearly showed that the high-
est dose formulation, 1 × 1010 cfu, “coagulated” into a firm
glue-like mass which was resistant to acid and intense, pro-
longed agitation, a phenomenon that can be explained by the
intensely hygroscopic nature of this organism (Fig. 6). The
formation of such a coagulum would impact the growth char-
acteristics of the organism, especially in the proximal gut, a
site which probably contributes to the symptoms of IBS just
as much as the large bowel. These findings highlight the need
for the development of rigorous quality control standards for
this industry and preferably, for clinical trials to be conducted
with probiotic products, in the final formulation, prior to their
use in clinical practice. Furthermore, it needs to be reiterated
that a milk vehicle was used in the pilot study and a capsule
in this study.

When compared with the milk-based 1 × 1010 dose used in
the previous study, it appears that the encapsulated probiotic
formulation may be associated with some delay in the onset of
noticeable benefits (21). It seems reasonable to assume that
with sustained use, the bacteria would replicate within the
gut, eventually reaching the concentrations that were attained
following administration of the milk-based formulation, and
efficacy would continue to improve with longer use. This
notion is supported by the observation that in this trial the
slope of the therapeutic response curve had not flattened out
by the end of the treatment phase. It is also noteworthy that
the beneficial effect was gradually lost after the cessation
of treatment, suggesting that more prolonged dosing may be
required if an improvement in symptoms is to be sustained.
We readily acknowledge that this was a short-term study of
only 4 wk duration in a condition that is, by definition, chronic
and often intermittent and that further long-term studies will
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be required before one can truly assess the impact of this
promising therapy in IBS.

The treatment was remarkably well tolerated. While the
quality of life and hospital anxiety and depression scores
did not improve, this would not necessarily be expected in
a trial only lasting 4 wk as these parameters are known to
change in either direction slowly. This view is supported
by the fact that in the previous trial using a milk vehicle
(21), which was of longer (8 wk) duration, quality of life did
improve.

B. infantis 35624 has been shown to be superior to Lacto-
bacillus salivarius UCC4331 (21) in a head-to-head compari-
son in IBS, and the results presented here are superior to those
achieved previously with other probiotic strains (20, 35–39)
suggesting that this particular organism may possess unique
properties that are especially important in the management of
IBS. Given the increasing evidence that some patients with
IBS may have dysregulation of pro- and antiinflammatory
cytokines and the demonstration that B. infantis 35624 has
been shown to restore the balance of these cytokines to nor-
mal in such individuals (21), the antiinflammatory effects of
this organism may be of particular relevance.

In conclusion, this study has shown that B. infantis 35624,
delivered in a formulation that is convenient for patient use
and when administered for a short, 4-wk period, is a safe and
effective treatment for patients with mild to moderate IBS
symptoms and has the distinct advantage that it can be given
to patients whose IBS is characterized by either diarrhea or
constipation.

STUDY HIGHLIGHTS

What Is Current Knowledge

� Irritable bowel syndrome (IBS) is a common disabling
disorder.

� Evidence accumulates to implicate mucosal inflamma-
tion and abnormalities in the enteric flora.

� Preliminary data suggest a possible role for probiotics.

What Is New Here

� The probiotic Bifidobacterium infantis 35624 can be
delivered to the human intestine in an encapsulated
form in doses of 106 and 108 cfu.

� Bifidobacterium infantis 35624 relieves the primary
symptoms of IBS in female subjects.

� This therapy is well tolerated.

Reprint requests and correspondence: Eamonn M. M. Quigley,
M.D., F.R.C.P., F.A.C.P., F.A.C.G., F.R.C.P.I., Alimentary Pharmabi-
otic Centre, Department of Medicine, Clinical Sciences Building,
Cork University Hospital Cork, Ireland.

Received January 11, 2006; accepted April 5, 2006.

REFERENCES

1. Cremonini F, Camilleri M, McKinzie S, et al. Effect of
CCK-1 antagonist, dexloxiglumide, in female patients with
irritable bowel syndrome: A pharmacodynamic and phar-
macogenomic study. Am J Gastroenterol 2005;100:652–
63.

2. Lecci A, Maggi CA. Peripheral tachykinin receptors as po-
tential therapeutic targets in visceral diseases. Expert Opin
Ther Targets 2003;7:343–62.

3. Tache Y. Corticotropin releasing factor receptor antag-
onists: Potential future therapy in gastroenterology? Gut
2004;53:919–21.

4. Talley NJ. Serotoninergic neuroenteric modulators. Lancet
2001;358:2061–8.

5. Cremonini F, Delgado-Aros S, Camilleri M. Efficacy of
alosetron in irritable bowel syndrome: A meta-analysis
of randomized controlled trials. Neurogastroenterol Motil
2003;15:79–86.

6. Muller-Lissner SA, Fumagalli I, Bardhan KD, et al.
Tegaserod, a 5-HT receptor partial agonist, relieves symp-
toms in irritable bowel syndrome patients with abdominal
pain, bloating and constipation. Aliment Pharmacol Ther
2001;15:1655–66.

7. Spiller RC. Postinfectious irritable bowel syndrome. Gas-
troenterology 2003;124:1662–71.

8. Chadwick V, Chen W, Shu D, et al. Activation of the mu-
cosal immune system in irritable bowel syndrome. Gastroen-
terology 2002;122:1778–83.

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

10. Gonsalkorale WM, Perrey C, Pravica V, et al. Interleukin
10 genotypes in irritable bowel syndrome: Evidence for an
inflammatory component? Gut 2003;52:91–3.

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

12. Quigley EM. Irritable bowel syndrome and inflammatory
bowel disease: Interrelated diseases? Chin J Dig Dis 2005;
6:122–32.

13. Maxwell PR, Rink E, Kumar D, et al. Antibiotics in-
crease functional abdominal symptoms. Am J Gastroenterol
2002;97:104–8.

14. Pimentel M, Chow EJ, Lin HC. Eradication of small bowel
bacterial overgrowth reduces symptoms of irritable bowel
syndrome. Am J Gastroenterol 2000;95:3503–6.

15. Pimentel M, Chow E, Lin H. Normalization of lactu-
lose breath testing correlates with symptom improvement
in irritable bowel syndrome: A double-blind, randomized,
placebo-controlled study. Am J Gastroenterol 2003;98:412–
9.

16. Quigley EM. The use of probiotics in functional bowel dis-
ease. Gastroenterol Clin North Am 2005;34:533–45.

17. McCarthy J, O’Mahony L, O’Callaghan L, et al. Double
blind, placebo controlled trial of two probiotic strains in
interleukin 10 knockout mice and mechanistic link with cy-
tokine balance. Gut 2003;52:975–80.

18. Duke K, Murphy S, Smith M, et al. Probiotic performance in
IBD is not uniform: A multi-strain comparison in the lym-
phocyte transfer model of enterocolitis. Gastroenterology
2004;126:A283–4.

19. O’Mahony L, Sheil B, MacSharry J, et al. Mechanism of
probiotic/commensal mediated protection against invasive
salmonella infection. Gastroenterology 2004;126:A516.



1590 Whorwell et al.

20. Hamilton-Miller JMT. Probiotics in the management of ir-
ritable bowel syndrome: A review of clinical trials. Microb
Ecol Health Dis 2001;13:212–6.

21. O’Mahony L, McCarthy J, Kelly P, et al. Lactobacillus and
Bifidobacterium in irritable bowel syndrome: Symptom re-
sponses and relationship to cytokine profiles. Gastroenterol-
ogy 2005;128:541–51.

22. Thompson WG, Longstreth GF, Drossman DA, et al. Func-
tional bowel disorders and functional abdominal pain. Gut
1999;45:II43–7.

23. American Psychiatric Association. Diagnostic and statisti-
cal manual of mental disorders (DSM-IV). Washington DC:
American Psychiatric Association, 1994.

24. Heaton KW, Radvan J, Cripps H, et al. Defecation frequency
and timing, and stool form in the general population: A
prospective study. Gut 1992;33:818–24.

25. Drossman DA, Patrick DL, Whitehead WE, et al. Further
validation of the IBS-QOL: A disease-specific quality-of-
life questionnaire. Am J Gastroenterol 2000;95:999–1007.

26. Zigmond AS, Snaith RP. The hospital anxiety and depres-
sion index. Acta Psychiatr Scand 1983;67:361–70.

27. Drossman DA, Morris CB, Hu Y, et al. A prospective assess-
ment of bowel habit in irritable bowel syndrome in women:
Defining an alternator. Gastroenterology 2005;128:580–9.

28. Corazziari E, Bytzer P, Delvauz M, et al. Consensus re-
port: Clinical trial guidelines for pharmacological treat-
ment of irritable bowel syndrome. Aliment Pharmcol Ther
2003;18:569–80.

29. Quigley EMM. From comic relief to real understanding; how
intestinal gas causes symptoms. Gut 2003;52:1659–61.

30. Whorwell PJ, McCallum M, Creed FH, et al. Non-colonic
features of irritable bowel syndrome. Gut 1986;27:37–40.

31. Locke GR 3rd, Zinsmeister AR, Fett SL, et al. Overlap of
gastrointestinal symptom complexes in a US community.
Neurogastroenterol Motil 2005;17:29–34.

32. Azpiroz F, Dapoigny M, Pace F, et al. Nongastrointestinal
disorders in the irritable bowel syndrome. Digestion 2000;
62:66–72.

33. Whitehead WE, Palsson O, Jones KR. Systematic review
of the comorbidity of irritable bowel syndrome with other
disorders: What are the causes and implications? Gastroen-
terology 2002;122:1140–56.

34. Hungin APS, Whorwell PJ, Tack J, et al. The prevalence,
patterns and impact of irritable bowel syndrome: An inter-
national survey of 40,000 subjects. Aliment Pharmacol Ther
2003;17:643–50.

35. Kim HJ, Camilleri M, McKinzie S, et al. A randomized con-
trolled trial of a probiotic, VSL#3, on gut transit and symp-

toms in diarrhoea-predominant irritable bowel syndrome.
Aliment Pharmacol Ther 2003;17:895–904.

36. Kim HJ, Vazquez Roque MI, Camilleri M, et al. A ran-
domised controlled trial of probiotic combination VSL#3
and placebo in IBS with bloating. Neurogastroenterol Motil
2005;17:687–96.

37. Kajander K, Hatakka K, Poussa T, et al. A probiotic mix-
ture alleviates symptoms in irritable bowel syndrome: A
controlled 6-month intervention. Aliment Pharmacol Ther
2005;22:387–94.

38. Niv E, Naftali T, Hallak R, et al. The efficacy of Lacto-
bacillus reuterii ATCC 55740 in the treatment of patients
with irritable bowel syndrome—a double blind, placebo-
controlled, randomized study. Clin Nutr 2005;24:925–31.

39. Bausserman M, Michail S. The use of Lactobacillus GG in
irritable bowel syndrome in children: Results of a double-
blind randomized control trial. J Pediatr 2005;147:197–
201.

CONFLICT OF INTEREST

Guarantor: Eamonn M.M. Quigley
Specific author contributions: Peter J. Whorwell was the
principal investigator. All other authors participated in the
design and analysis of the study and in writing the manuscript.
Financial support: The authors are supported, in part, by
grants from the Higher Education Authority, Science Founda-
tion Ireland, the Health Research Board, the European Union
and Procter and Gamble.
Potential conflicts: Peter J. Whorwell

Linda Altringer, Jorge Morel, Yvonne Bond, and Duane
Charbonnean are employees of Procter and Gamble.

Liam O’Mahony is an employee of Alimentary Health and
the Alimentary Pharmabiotic Centre.

Barry Kiely is an employee of Alimentary Health.
Fergus Shanahan and Eamonn M.M. Quigley are affiliated

with a multidepartmental university campus company (Al-
imentary Health), which investigates host-flora interactions
and the therapeutic manipulation of these interactions in var-
ious human and animal disorders. The content of this article
was neither influenced nor constrained by this fact.


