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See editorial on page 783.

ackground & Aims: The aim of this study was to com-
are the response of symptoms and cytokine ratios in

rritable bowel syndrome (IBS) with ingestion of probiotic
reparations containing a lactobacillus or bifidobacterium
train. Methods: Seventy-seven subjects with IBS were ran-
omized to receive either Lactobacillus salivarius
CC4331 or Bifidobacterium infantis 35624, each in a
ose of 1 � 1010 live bacterial cells in a malted milk drink,
r the malted milk drink alone as placebo for 8 weeks. The
ardinal symptoms of IBS were recorded on a daily basis
nd assessed each week. Quality of life assessment, stool
icrobiologic studies, and blood sampling for estimation

f peripheral blood mononuclear cell release of the cyto-
ines interleukin (IL)-10 and IL-12 were performed at the
eginning and at the end of the treatment phase. Results:
or all symptoms, with the exception of bowel movement
requency and consistency, those randomized to B infantis
5624 experienced a greater reduction in symptom
cores; composite and individual scores for abdominal
ain/discomfort, bloating/distention, and bowel move-
ent difficulty were significantly lower than for placebo for

hose randomized to B infantis 35624 for most weeks of
he treatment phase. At baseline, patients with IBS dem-
nstrated an abnormal IL-10/IL-12 ratio, indicative of a
roinflammatory, Th-1 state. This ratio was normalized by
infantis 35624 feeding alone. Conclusions: B infantis

5624 alleviates symptoms in IBS; this symptomatic re-
ponse was associated with normalization of the ratio of
n anti-inflammatory to a proinflammatory cytokine, sug-
esting an immune-modulating role for this organism, in
his disorder.

rritable bowel syndrome (IBS) is a common functional
disorder usually defined by the coexistence of abdom-

nal pain or discomfort and an alteration in bowel

abit.1–3 IBS may lead to impaired social and personal
unction and can diminish quality of life to a degree
sually associated with major organic diseases such as
ypertension and diabetes.4,5 IBS represents a significant
herapeutic challenge; currently available therapies pro-
ide symptomatic relief at best, and none have been
hown to alter the natural history of the disorder.1,2,6–11

hile the precise pathophysiology of IBS remains to be
lucidated,12 dysmotility and altered visceral perception/
ensation are currently the most popular hypotheses.13

ore recently, roles for enteric infection and intestinal
nflammation have been proposed. Thus, both retrospec-
ive and prospective studies have documented the new
nset of IBS following bacteriologically confirmed bac-
erial gastroenteritis14–21 and others have provided evi-
ence of low-grade mucosal inflammation22–24 and im-
une activation25–27 in patients with IBS. The enteric

ora has also been implicated; there has been a sugges-
ion that some patients with IBS may harbor bacterial
vergrowth and that their symptoms may be ameliorated
y its eradication.28–31 Despite these observations, our
ver-increasing understanding of gut flora-mucosa inter-
ctions,32 and the existence of a significant body of basic
esearch to support a role for inflammatory and immune
rocesses in contributing to enteric neuromuscular dys-
unction,33 the role of lumen-mucosa interactions in IBS
emains largely unexplored.

Probiotics, defined as live or attenuated bacteria or
acterial products that confer a significant health benefit
o the host,34 have the potential to provide a clinical tool
o explore these interactions. There are several reasons
hy these agents might, in theory, prove of therapeutic

Abbreviations used in this paper: AUC, area under the curve; IBS,
rritable bowel syndrome; IL, interleukin; PBMC, peripheral blood

ononuclear cell; VAS, visual analogue scale.
© 2005 by the American Gastroenterological Association
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542 O’MAHONY ET AL GASTROENTEROLOGY Vol. 128, No. 3
enefit in IBS. Firstly, many probiotic organisms exert
ntibacterial and antiviral effects and could thereby pre-
ent or modify the course of postinfective IBS.35,36 Sec-
ndly, probiotics have been demonstrated to exert anti-
nflammatory effects at mucosal surfaces37,38; by reducing

ucosal inflammation, probiotics could decrease im-
une-mediated activation of enteric motor and sensory

eurons and modify neural traffic between the gut and
he central nervous system. Thirdly, probiotics could
lter the composition of the gut flora. While the status of
he gut flora in IBS remains a source of some contro-
ersy,12,39,40 probiotic-related changes in the enteric flora
ould directly (through the augmentation of commensal
actobacilli or bifidobacteria or the elimination of patho-
ens) or indirectly (through a reduction in either patho-
en-related inflammation or bacterial fermentation41) in-
uence gut function. Finally, probiotics could alter the
olume and/or composition of stool and gas42 or increase
ntestinal mucus secretion,43 effects that could influence
ntestinal handling of its contents and thus modulate
ymptoms such as constipation and diarrhea.

A small number of studies have evaluated the response
f IBS to probiotic preparations; while results between
tudies are difficult to compare because of differences in
tudy design, probiotic dose, and strain, there has been
ome, but by no means consistent, evidence of symptom
mprovement.44–53 The overall impact of probiotics in
BS remains unclear.54–58 Several of these studies have
nvolved either lactobacilli or bifidobacteria, although
one have involved a direct comparison of these strains.55

Patients and Methods

Study Population

Patients were recruited from gastroenterology clinics
t Cork University Hospital and by direct advertisement on
he university campus and in a local newspaper. Individuals
ged between 18 and 75 years who satisfied Rome II criteria
or the diagnosis of IBS3 and in whom organic gastrointestinal
iseases, including inflammatory bowel disease, and clinically
ignificant systemic diseases had been excluded were consid-
red for inclusion in the study. Pregnant women, individuals
ith known lactose intolerance or immunodeficiency, and

ndividuals who had undergone any abdominal surgery, with
he exception of hernia repair and appendectomy, were ex-
luded.

Trial Protocol

Each potentially eligible patient was evaluated by a
ull review of clinical history and performance of a physical
xamination as well as full blood count, serum chemistry, and

uantitative serum immunoglobulin levels. Clinically signifi- m
ant abnormalities in any of the latter test results led to
xclusion from randomization. Eligible subjects then entered a
-week run-in period during which they recorded symptoms,
s well as stool frequency and form, each day on a diary card.
uring this time and throughout the rest of the study, subjects
ere instructed not to take any medications that could influ-

nce gut motor or absorptive function, including laxatives and
ntidiarrheal agents, as well as any preparation that could alter
he enteric flora, including antibiotics and commercially avail-
ble probiotic preparations.

At the end of the run-in period, subjects were randomized
o receive either a lactobacillus or bifidobacterium, each deliv-
red in a dose of 1 � 1010 live bacterial cells in a malted milk
rink, or the malted milk drink alone as placebo. All prepa-
ations were identical in color, taste, and consistency. Ran-
omization was performed by picking a card from a pack of
rerandomized identical cards in the presence of a study coor-
inator; all other investigators, as well as patients, remained
linded to the randomization process until completion of the
rial. Subjects were instructed to ingest the preparation once a
ay, in the morning, for 8 weeks and record symptoms and
tool characteristics on a daily basis throughout the study
eriod. Compliance was assessed by direct questioning at clinic
isits and by fecal flora analysis. On completion of the 8-week
reatment phase, subjects continued to complete the daily
ymptom cards for a further 4-week washout period while off
ll therapy.

Probiotic Preparations

The probiotic preparations used in this study, Lacto-
acillus salivarius subspecies salivarius UCC4331 and Bifidobac-
erium infantis 35624, were originally isolated from the ileoce-
al region of an adult human undergoing reconstructive
urgery. These strains were selected on the basis of the follow-
ng probiotic properties: being of human origin, nonpatho-
enic, and resistant to intestinal acid and bile; demonstrating
n ability to adhere to human epithelial cells; and demonstrat-
ng an ability to temporarily colonize and be metabolically
ctive within the human gastrointestinal tract.59,60 Further-
ore, these organisms have been previously shown in volun-

eer studies to survive transit through the gastrointestinal
ract, to be free of side effects, and to demonstrate anti-
nflammatory activity in a number of models.60,61 L salivarius
CC4331 was cultured in de Man/Rogosa/Sharp broth (Ox-

id, Basingstoke, United Kingdom) at 37°C in an anaerobic
nvironment for 24 hours. B infantis 35624 was cultured in de
an/Rogosa/Sharp broth enriched with cysteine at 37°C in an

naerobic environment for 48 hours.

Assessments

Throughout the entire study, subjects were seen on a
eekly basis and diary cards collected. The following 3 cardi-
al IBS symptom clusters were assessed: (1) abdominal pain or
iscomfort, (2) bloating or distention, and (3) bowel move-

ent difficulty. The latter could reflect either difficulty with
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vacuation (ie, straining or a sense of incomplete evacuation) or
rgency. Each symptom was evaluated using both an ordinal
cale (Likert scale; maximum score, 7) and a 10-cm visual
nalogue scale (VAS; maximum score, 10).62 A composite
core, comprised of the sums of the 3 cardinal symptoms
pain/discomfort, bloating/distention, and bowel movement
ifficulty scores) was also calculated for each patient (maxi-
um score: Likert scale, 21; VAS, 30).
Bowel movement frequency was recorded as number per

ay, and consistency was evaluated using the Bristol Stool
cale.63

Quality of life was assessed by administration of an IBS-
pecific questionnaire developed and validated by Drossman et
l64 at the time of randomization and at the end of the
reatment and washout periods. The following 8 domains were
ssessed on each occasion in each patient: dysphoria, interfer-
nce with activity, body image, health worry, food avoidance,
ocial reaction, sexual function, and impact on relationships.

Blood samples for blood count, serum chemistry, and quan-
itative immunoglobulin levels were obtained at initial eval-
ation and at the end of the study and analyzed using standard
aboratory methods.

Stool samples for fecal flora analysis were obtained at ran-
omization and at the end of the treatment phase. Spontaneous
ifampicin-resistant variants of both probiotic strains were
solated before initiation of this study to facilitate the differ-
ntiation of these bacteria from all other lactobacilli and
ifidobacteria. Representative fecal suspensions were serially
iluted and plated on de Man/Rogosa/Sharp agar containing
ifampicin or de Man/Rogosa/Sharp agar containing cysteine
nd rifampicin to enumerate L salivarius UCC4331 or B
nfantis 35624, respectively.

Peripheral blood samples from patients with IBS was obtained
oth before and after treatment for cytokine levels and compared
ith that obtained from a group of age- and sex-matched healthy
olunteers (n � 20). Peripheral blood samples were taken directly
nto sterile EDTA-containing Vacutainers (Econo-med, Long Sut-
on, United Kingdom). Mononuclear cells were isolated by Ficoll-
ypaque density centrifugation65 and resuspended at 1 � 106

ells/mL in complete media/Dulbecco’s modified Eagle medium
ontaining 25 mmol/L glucose, 10% fetal calf serum, 1% nones-
ential amino acids, 50 U/mL penicillin, and 50 �g/mL strepto-
ycin (Invitrogen, Paisley, Scotland). These mononuclear cells are

ermed peripheral blood mononuclear cells (PBMCs). PBMCs
ere incubated, nonstimulated, for 72 hours at 37°C in a 5% CO2

umidified atmosphere. Nonstimulated PBMC cytokine produc-
ion reflects the cytokine milieu from which the PBMCs were
riginally isolated. Cell-free supernatants were stored frozen at
70°C and analyzed for cytokine levels in batches. Interleukin

IL)-10 and IL-12p40 cytokine levels were measured using en-
yme-linked immunosorbent assays (R&D Systems, Abington,
nited Kingdom).

Statistical Methods

All data were collected and analyzed independently of the

nvestigators, who did not have access to the data or to its analysis d
ntil the latter had been completed. All of the efficacy analyses
ere summarized on data from all evaluative subjects and ana-

yzed on an intention-to-treat basis. Baseline and demographic
ata were tested for balance across treatment groups using 1-way
nalysis of variance, �2 test, or Fisher exact test, as appropriate.

For each of the IBS symptoms and the composite score, efficacy
ata were analyzed in 2 ways. First, weekly individual symptom
cores and composite scores were analyzed using a repeated-
easures analysis of covariance model, with fixed effects for

reatment and for the mean week �1 (baseline) symptom or
omposite score, as applicable. The variance/covariance matrix in
his model was assumed to have compound symmetry. Second, to
ompare scores over the entire treatment phase, an area-under-the
urve (AUC) analysis was performed for each symptom and the
omposite score. Symptom scores were first averaged within each
eek for each subject. AUCs were then calculated for each subject
y using week 1 to week 8 scores in the treatment phase. AUCs
ere then analyzed using analysis of covariance using the baseline

core at week 2 of the run-in phase as covariate and treatment as
he factor in the model. Tukey’s method for adjustment for
ultiple treatment comparisons was used to obtain the adjusted
values for between-treatments comparisons. Both adjusted and

nadjusted P values were reported.
Quality-of-life measurements were analyzed using analysis

f covariance with fixed effects for treatment group and base-
ine.

Results

Subjects

A total of 80 subjects were enrolled in the study.
wo subjects (1 randomized to B infantis 35624 and 1 to
lacebo) were subsequently found to have taken antibiotics
rom the beginning of the treatment phase and were there-
ore determined to be nonevaluable. A further 3 subjects
ropped out before the treatment phase. Therefore, 75
ubjects provided some evaluable data. Of these, 3 subjects
ook an antibiotic during the course of the study; only data
p to the commencement of antibiotic use were deemed to
e evaluable. Another subject took a commercially available
robiotic preparation during the washout/follow-up period
weeks 8–12); only data up to week 8 were determined to
e evaluable for this subject. Four additional subjects failed
o complete the washout phase; therefore, 67 subjects sat-
sfactorily completed all phases of the study.

Baseline Characteristics

Among the 75 evaluable subjects, 64% were
omen and 36% were men. Subjects averaged 44.3 years

n age (range, 18–73 years). Sex and age were both
alanced across treatment groups. All subjects were
hite. Classification of subjects at baseline by predomi-
ant symptom indicated that 45% were alternators, 28%

iarrhea predominant, and 26% constipation predomi-
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ant. In addition, 25% of the subjects were smokers and
8% drank alcohol. Although subjects were balanced
cross treatment groups with respect to use of alcohol,
here was imbalance detected with regard to smoking
tatus; of the subjects responding, 72% of the L salivarius

igure 1. Composite Likert scale and VAS scores. Comparison of the
ffects of placebo, L salivarius UCC4331, and B infantis 35624 on a
omposite score of IBS symptoms. The scores are derived from the
um of scores for abdominal pain/discomfort, bloating/distention,
nd bowel movement difficulty. Note the significant reduction in com-
osite scores throughout the treatment period and into the washout
hase for subjects treated with B infantis 35624 but not with L
alivarius UCC4331 or placebo. *P � .05 vs placebo; all comparisons
djusted for any differences in baseline symptom score.

igure 2. Abdominal pain scores on the Likert scale. Comparison of
he effects of placebo, L salivarius UCC4331, and B infantis 35624
n abdominal pain/discomfort in IBS. Note the significant reduction in
ain/discomfort score during most weeks of the treatment phase and

nto the washout phase among patients treated with B infantis
5624; for those randomized to L salivarius UCC4331, a significant
enefit was evident at week 2 alone. *P � .05 vs placebo; all
womparisons adjusted for any differences in baseline symptom score.
CC4331 group did not smoke, compared with 92% of
he B infantis 35624 group and 58% of the placebo
roup (P � .03).
The 3 treatment groups were not quite balanced for

aseline symptom scores. Statistically significant imbal-
nce was detected at the � � .05 level for the following
aseline scores: abdominal pain/Likert score (week �2),
loating/Likert score (week �2), bloating/Likert score
week �1), bloating/VAS score (week �2), bloating/
AS score (week �1), and the composite Likert score

week �2). In consideration of these baseline differences,
fficacy analyses were performed using baseline, as cal-
ulated by the average of the week �1 symptom scores,
s a covariate.

Response to Treatment

Figures 1–4 summarize the least-squares means
nd standard errors for composite score and each of the
rimary symptom efficacy measurements (abdominal
ain/discomfort, bloating/distention, and bowel move-
ent difficulty) according to treatment and for each
eek of the 8-week treatment period and the 4-week
ashout period. Because similar results were obtained for

ll parameters studied using both the Likert scale and the
AS, results for both scales are presented for composite

core alone; elsewhere, only the Likert scale results are
resented. Table 1 presents results of the AUC analyses.

A comparison of scores for each week showed that
ubjects treated with B infantis 35624 had lower com-
osite scores than those receiving placebo for all weeks in
he treatment phase and the entire washout phase. Of the
AS scores for each of these 12 weeks, 10 were signifi-

antly lower than those for placebo. The only 2 weeks in

igure 3. Bloating scores on the Likert scale. Comparison of the
ffects of placebo, L salivarius UCC4331, and B infantis 35624 on
loating/distention in IBS. Note the significant reduction in bloating/
istention during weeks 2, 5, and 6 for those randomized to B infantis
5624; there was no significant benefit for those randomized to L
alivarius UCC4331. *P � .05 vs placebo; all comparisons adjusted
or any differences in baseline symptom score.
hich scores were not significantly lower than those for
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lacebo were weeks 10 and 11, during the washout phase
Figure 1). In comparison, those randomized to L saliva-
ius UCC4331 achieved a statistically significant reduc-
ion in composite symptom score during the second week
f the treatment period alone (Figure 1). Furthermore, on
t least 1 of the scales, composite scores for those treated
ith B infantis 35624 were significantly lower than for

hose treated with L salivarius UCC4331 during the
econd, fourth, sixth, and eighth weeks of the treatment
hase and for 3 of the 4 weeks of the washout phase
Figure 1).

Comparison of AUCs for the treatment phase showed
ignificantly lower Likert scale and VAS composite scores
or the group randomized to B infantis 35624 compared
ith the placebo group, even after controlling for mul-

iple between-treatments comparisons (Table 1).
For each individual symptom, with the notable excep-

ions of bowel movement frequency and consistency, the
roup randomized to B infantis 35624 experienced a
reater reduction in symptom scores during the treat-
ent period (Figures 1–4 and Table 1). Thus, subjects

andomized to B infantis 35624 achieved lower scores for
ain/discomfort (AUC, P � .05 vs placebo for unad-
usted scores, Table 1; Likert scale scores for individual
eeks, P � .05 vs placebo for weeks 1, 2, 4, 5, and 7 of

he treatment phase and week 1 of the washout phase,
igure 2), bloating/distention (AUC, P � .07 vs placebo
or unadjusted scores, Table 1; Likert scale scores for
ndividual weeks, P � .05 vs placebo for weeks 2, 5, and
of the treatment phase, Figure 3), and bowel movement
ifficulty (AUC, P � .005 vs placebo for adjusted scores,
able 1; Likert scale scores for individual weeks, P � .05

igure 4. Bowel movement difficulty scores on the Likert scale. Com-
arison of the effects of placebo, L salivarius UCC4331, and B
nfantis 35624 on bowel movement difficulty in IBS. Note the signif-
cant reduction in bowel movement difficulty during weeks 2, 3, and
–7 for those randomized to B infantis 35624; there was no signifi-
ant benefit for those randomized to L salivarius UCC4331. *P � .05
s placebo; all comparisons adjusted for any differences in baseline
ymptom score.
s placebo for weeks 2, 3, 5, and 6 of the treatment phase c
nd week 1 of the washout phase, Figure 4). In contrast,
he only symptom improvement observed for those ran-
omized to L salivarius UCC4331 was an improvement
n abdominal pain during weeks 2 and 7 of the treatment
hase (Likert scale, P � .05, Figure 2); none of the AUC
omparisons showed a significant effect for L salivarius
CC4331 on an individual symptom (Table 1).
Direct comparisons between the 2 probiotic-treated

roups showed significantly lower (P � .05) scores for
owel movement difficulty for those treated with B
nfantis 35624 (AUC, P � .05 B infantis 35624 vs
lacebo or L salivarius UCC4331, Table 1; Likert scale
cores for individual weeks, P � .05 B infantis 35624 vs

salivarius UCC4331 for weeks 2, 3, and 6 of the
reatment phase and weeks 1 and 4 of the washout phase,
igure 4).
The time course of the response to B infantis 35624

emonstrated a relatively rapid response; improvement
as evident at the end of the first week and reached a
aximum by the end of the second week of an 8-week

ourse of therapy (Figures 1 and 4).
Subjects receiving the 3 treatments reported a similar

umber of bowel movements per week and similar bowel
ovement consistency scores across all 8 weeks of the

reatment period.

Quality of Life

For most domains, quality-of-life scores were nu-
erically lower than those for placebo for the patients

andomized to the probiotics but reached statistical sig-
ificance versus placebo during the treatment phase only
or health worry for bifidobacterium (at the .05 level) and
ysphoria for lactobacillus (at the .10 level).

able 1. AUC Analysis of Therapeutic Response

L salivarius
UCC4331

B infantis
35624 Placebo

bdominal pain
Likert score 8.98 (1.36) 7.78 (1.36)a 12.21 (1.85)
VAS score 11.40 (1.82) 9.45 (1.69)a 14.92 (2.39)

loating
Likert score 12.61 (1.68) 10.17 (1.67)b 14.39 (2.18)
VAS score 15.32 (2.44) 11.66 (2.35)b 17.04 (3.14)

owel movement
difficulty

Likert score 15.61 (1.85) 7.84 (1.91)c 16.79 (2.34)
VAS score 19.71 (2.18)b 11.16 (2.14)c 24.50 (2.83)

tool consistency 22.22 (1.66) 25.51 (1.65) 22.98 (2.11)
omposite
Likert score 34.64 (3.60) 24.56 (3.63)c 40.52 (4.68)
VAS score 42.35 (4.93) 30.15 (4.80)c 52.14 (6.39)

OTE. Values are expressed as least-squares mean (SE).
P � .05.
.05 � P � .10, between-treatments difference without adjustment.
P � .05 between-treatments difference after adjustment for multiple

omparisons.



w
p
w
9
i
T
b
1

c
s
c
o
w

s
s
a
a
d
I
f
g
d

m
p
s

p
s
p

t
p
b
f
c
s
s
t
v
t
I
s
f
l

s
s
s
d
w
s
t
o
s
a
b
m
m
c
t
h
d
f
s
t
m
s
o
m
t
m
p
i
s

F
r
U
N
i
a

546 O’MAHONY ET AL GASTROENTEROLOGY Vol. 128, No. 3
PBMC Cytokine Levels

In vitro production of IL-10 and IL-12 by PBMCs
as dysregulated at baseline in patients with IBS com-
ared with healthy volunteers (Figure 5). IL-10 levels
ere lower in patients with IBS (575 � 108 pg/mL vs
68 � 220 pg/mL), whereas IL-12 levels were increased
n patients with IBS (15 � 2 pg/mL vs 6 � 4 pg/mL).
he ratio of IL-10/IL-12 levels was significantly different
etween the 2 groups (IBS, 69 � 15; healthy volunteers,
76 � 31; P � .003).
Following treatment with B infantis 35624, PBMC

ytokine levels returned to levels similar to those ob-
erved for the healthy volunteer group (Figure 5). In
ontrast, PBMC cytokine levels did not return to levels
bserved for healthy volunteers in the subjects with IBS
ho received L salivarius UCC4331 or placebo.

Adverse Events

Four subjects reported adverse events during the
tudy; 1 developed an episode of epistaxis that resolved
pontaneously, 1 was hospitalized with unstable angina
nd another with an episode of chest pain that was
ttributed to anxiety, and 1 was hospitalized with ab-
ominal pain that was attributed to an exacerbation of
BS and constipation. No clinically significant changes in
ull blood count, serum chemistry, or serum immuno-
lobulin levels were recorded in any of the subjects
uring the study.

Stool Recovery of Probiotics

Growth was observed on rifampicin-containing
edia with samples obtained from probiotic-treated

atients, thus confirming that the probiotics con-
umed had survived gastrointestinal transit in the

igure 5. PBMC IL-10/IL-12 ratio. Comparison of PBMC IL-10/IL-12
atios at baseline and following therapy with placebo, L salivarius
CC4331, and B infantis 35624 with that of a normal control period.
ote the abnormal baseline ratio in subjects with IBS, with a normal-

zation of this ratio following the administration of B infantis 35624

blone.
atients with IBS. No growth was observed from fecal
amples obtained before probiotic feeding or at any
oint in patients receiving placebo.

Discussion

In this study, we compared, for the first time,
he effects of 2 probiotic strains on symptoms in
atients with IBS. We have shown superiority for
ifidobacterium over both a lactobacillus and placebo
or each of the cardinal symptoms of IBS and for a
omposite score. These symptomatic benefits were as-
ociated with parallel trends in a quality-of-life mea-
ure developed specifically for IBS.64 Furthermore, this
herapy was well tolerated and free of significant ad-
erse events. Interestingly, these benefits, in contrast
o those observed with 2 newly approved therapies for
BS, namely alosetron66 and tegaserod,67,68 were ob-
erved independent of any change in stool frequency or
orm and cannot therefore be attributed to either a
axative or an antidiarrheal effect.

This study is not without its limitations. The small
ize of the study population may have failed to detect
ignificant effects of either of the probiotics on some
ymptoms. Furthermore, the study was not powered to
etect significant changes in quality of life. Symptoms
ere assessed on the basis of paper diaries, which are

ubject to recall bias and are therefore less accurate
han electronic diaries. To capture the overall impact
f IBS on the subject, we chose to use a composite
core comprised of the cardinal features of IBS; an
lternative approach to this same issue would have
een to use some form of global assessment instru-
ent. Assessments of individual symptoms also per-
itted the evaluation of the therapies on individual

omponents of IBS. It needs to be stressed, however,
hat the small size of this study would, if anything,
ave mitigated against our ability to demonstrate
ifferences. The fact that we did demonstrate efficacy
or one probiotic strain over both placebo and another
train further supports the validity of these observa-
ions and suggests that the bifidobacterium strain used
ay have a selective and specific effect in IBS. It

hould also be noted that the placebo response rate
bserved in this study was similar to that recorded in
any other IBS studies. As evidenced by their symp-

om scores at entry, the patients studied lay at the
ild end of IBS and were more reflective of the type of

atients with IBS seen in the community rather than
n referral centers. Whether bifidobacterium would be
imilarly effective in the latter population remains to

e seen. We chose to accept all eligible patients with
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BS for this study and did not exclude on the basis of
ex or symptom predominance, an approach that has
een adopted in studies of the serotonin agonists and
ntagonists.66 – 68 In an attempt to score equally for
ymptoms related to defecation in a diarrhea- or con-
tipation-predominant subject with IBS, we used the
arameter of bowel movement difficulty, which could
core for either urgency in the patient with diarrhea,
r difficulty with evacuation (straining, incomplete
vacuation), which is a symptom complex associated
ith constipation. Furthermore, the individual treat-
ent groups were too small to permit a meaningful

ost-hoc subgroup analysis of response based on these
r other parameters. The duration of the study was
lso similar to that of other recent studies but does not
ermit an assessment of the long-term effects of this
herapy. Although this study did not involve a com-
arison with any other therapeutic modality and the
tudy design differed in some aspects from recent large
rials of serotonergic agonists and antagonists, the
herapeutic gain observed for bifidobacterium over
lacebo (20%–25%) is certainly no less than that
eported for tegaserod and alosetron (10%–20%).66 – 68

We chose L salivarius UCC4331 over several lactoba-
illus probiotic strains isolated and characterized in our
aboratories, based on in vitro activity against several
athogens, tolerance to acid and bile, and our prior
emonstration in a study conducted in 80 human vol-
nteers that L salivarius UCC4331, delivered in either a
ilk drink or a yogurt, is well tolerated, successfully

olonizes the gastrointestinal tract, and produces ex-
ected quantitative and qualitative changes in the gut
ora.59–61 Furthermore, the introduced lactobacilli were
ound to stimulate a mucosal but not a systemic immune
esponse. Finally, related strains had been shown to be of
enefit in the prevention of human diarrheal conditions
uch as toddlers’ diarrhea and Clostridium difficile–related,
ntibiotic-associated diarrhea.35,36,69–74

B infantis 35624 was chosen from among several bi-
dobacterium probiotic strains developed in University
ollege Cork based on tolerance to acid and bile and the
emonstration in mouse models of inflammatory bowel
isease that B infantis 35624 may prove highly effective
n beneficially altering gut flora and in alleviating the
nflammatory changes that characterize these models.38,75

What is the mechanism of action of this probiotic in
BS? This organism has been shown to exert potent
mmune effects, including the promotion of anti-inflam-
atory and the inhibition of proinflammatory cytokines.

or example, oral administration of the bifidobacterium
sed in this study exerted a profound anti-inflammatory

ffect in the IL-10 knockout mouse, a potent model of q
nflammatory bowel disease that was associated with a
uppression of the proinflammatory cytokines interferon
amma, tumor necrosis factor �, and IL-12 while pre-
erving activity of the anti-inflammatory cytokine trans-
orming growth factor 	.38 This is of particular interest
iven recent reports of low-grade inflammation and a
imilar pattern of cytokine activation among patients
ith IBS.23–27 Our finding in this study of a cytokine

atio in IBS skewed toward a Th1, proinflammatory
rofile provides further support for this hypothesis.
ased on these and other observations,26 it is tempting to

peculate that failure to adequately down-regulate a
roinflammatory response following a precipitating
vent (eg, gastrointestinal infection) may sustain the IBS
tate. This study has taken this concept one step further;
y demonstrating a normalization of the IL-10/IL-12
atio in the bifidobacteria-fed subjects alone, and in
arallel with symptomatic improvement, we provide the
rst evidence for efficacy for an anti-inflammatory ap-
roach in IBS.
While this study protocol did not include biopsies,

hus precluding an evaluation of the effects of this ther-
py on colorectal mucosal histology or immune activa-
ion, others have recently shown potent anti-inflamma-
ory effects at the mucosal level for probiotic preparations
hat contained bifidobacteria.76,77 In this context, we
ust also acknowledge that the mucosa is functionally

nd operationally distinct from the systemic or periph-
ral immune systems and that direct relationships be-
ween these compartments have not been shown in hu-
ans. We are currently exploring these relationships in

umans in IBS and in response to probiotic therapy;
eanwhile, we would draw attention to studies from our

roup, albeit in a murine model, showing parallel mu-
osal and systemic cytokine responses to the same pro-
iotic strains as used in this study.38 The hypothesis that
ifidobacterium is acting through an anti-inflammatory
echanism is indeed an attractive one; this effect could

brogate the induction of hypersensitivity, hyperalgesia,
ltered central perception, and dysmotility by inflamma-
ory triggers.78 There is indeed some preliminary evi-
ence that probiotic administration may diminish
isceral hypersensitivity in animal models.79,80 Further-
ore, effects on motility and perception could also go

ome way toward explaining the beneficial effects on
loating, given current concepts on the roles of altered
as transit and visceral hypersensitivity in the pathogen-
sis of this symptom.81–83

Of the other putative effects of probiotics, an effect on
tool bulking would seem unlikely because we failed to
bserve any change in either stool consistency or fre-

uency. This apparent independence of the effects of
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ifidobacterium from any change in stool frequency or
orm has important clinical implications, implying that
his therapeutic approach may be applicable to all pa-
ients with IBS, irrespective of stool pattern. Whether
ualitative or quantitative changes in small intestinal or
olonic flora accompany probiotic feeding and thereby
lter flora-mucosal interactions to the benefit of the host
annot be determined from this study. We do know from
he stool recovery studies that the organisms survived
ransit through the intestine, but we did not assess in
his study interactions between the indigenous flora and
he administered probiotics. These same studies from our
roup have shown continued recovery of orally adminis-
ered probiotic organisms from stool for 3 or more weeks
n 12.5% of healthy volunteers,61 an observation that
ay explain the persistence of benefit from bifidobacte-

ium in this study into the washout phase. Furthermore,
thers84,85 have shown that probiotic organisms can ad-
ere to the colonic mucosa and can continue to be
ecovered from colonic biopsy specimens long after the
iscontinuation of oral feeding and after they cease to be
ecovered from fecal samples.

Whether IBS is accompanied by quantitative or qual-
tative changes in the bacterial flora of the small or large
ntestine remains a contentious issue; while some have
escribed bacterial overgrowth in the small intestine28–30

nd qualitative alterations in the fecal flora39,40,47 and
ncreased bacterial fermentation41 in IBS, others have
ailed to replicate these findings.12,31,81 A reduction in
acterial fermentation by a modulation of the composi-
ion of the flora could certainly contribute to the allevi-
tion of the “gas-related” symptoms that are so common
n IBS82 and that seem to reflect a selective defect in
ntestinal gas transport.83 Probiotics have also been
hown to modulate enteroendocrine cell populations in
he mouse intestine.86

Other studies have evaluated the response of IBS to a
umber of probiotic preparations. In a recent review,
amilton-Miller, while drawing attention to the short-

omings of prior trials in terms of study design, con-
luded that there was, overall, sufficient evidence of
fficacy to warrant further evaluation.55 Most studies
eviewed were small in size and almost certainly under-
owered to show anything other than a very striking
enefit. Several did not verify bacterial transit and sur-
ival by confirmatory stool studies. Many different or-
anisms and strains were used, and dosages varied from
s little as 105 to 1013. Furthermore, some, including a
ecent study, used probiotic “cocktails” rather than sin-
le isolates, rendering it impossible to induce what, if
ny, were the active moieties.53 Nevertheless, some pos-

tive results were noted. Niedzielin et al reported reso-
ution of abdominal pain in all 20 patients treated for 4
eeks with Lactobacillus plantarum 299V, in contrast to
nly 11 of 20 patients who received a placebo,48 and
alpern et al noted a significant reduction in an IBS

ymptom index with a capsule containing 5 � 109

eat-killed Lactobacillus acidophilus.44 O’Sullivan and
’Morain, while failing to detect an effect of Lactobacillus

asei GG on overall symptomatology, did note a trend
oward reduction in bloating.46 Nobaek et al, using L
lantarum (DSM 9843),45 described a similar benefit in
erms of relief of bloating, as did Kim et al in their
valuation of the probiotic “cocktail” VSL#3.53

In contrast, the study reported herein provides, for the
rst time, clear evidence for a benefit in IBS for a
learly-defined single-organism probiotic preparation
nd thereby suggests that some strains, and bifidobacte-
ium in particular, may be more effective that others for
his indication. Furthermore, this symptomatic response
as associated with a normalization of the ratio of an

nti-inflammatory to a proinflammatory cytokine, sug-
esting an immune-modulating role for this organism,
n this disorder. While the limitations inherent to the
tudy mandate that its findings be interpreted with
aution, it should at the very least prompt large random-
zed controlled trials of this bifidobacterium strain in IBS
s well as detailed explorations of its mechanism(s) of
ction.
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Wirsung of the Duct of Wirsung

Johann Georg Wirsung (1600–1643) was born in Augsburg, Bavaria. From there he emigrated to the famed
school of medicine at Padua where he became a prosector in anatomy. It was there that one of his students
Maurice Hoffman came across a pancreatic duct in a rooster and displayed the dissection to his instructor.
Thereupon, Wirsung set out to demonstrate a counterpart in a human cadaver. This accomplished, Wirsung
communicated his finding, together with a detailed illustration, in a letter to Jean Riolan (1577–1657), a senior
colleague in Paris. In the following year 1643, Wirsung was fatally felled by a gunshot fired by an unknown
assassin, presumably the culmination of a dispute over priority of the discovery. The lesson, if any, is perhaps
to refrain from pressing one’s claim to originality with undue vigor.

—Contributed by WILLIAM S. HAUBRICH, M.D.
The Scripps Clinic, La Jolla, California
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