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Background & Aims: The aim of this study was to com-
pare the response of symptoms and cytokine ratios in
irritable bowel syndrome (IBS) with ingestion of probiotic
preparations containing a lactobacillus or bifidobacterium
strain. Methods: Seventy-seven subjects with IBS were ran-
domized to receive either Lactobacillus salivarius
UCC4331 or Bifidobacterium infantis 35624, each in a
dose of 1 X 100 live bacterial cells in a malted milk drink,
or the malted milk drink alone as placebo for 8 weeks. The
cardinal symptoms of IBS were recorded on a daily basis
and assessed each week. Quality of life assessment, stool
microbiologic studies, and blood sampling for estimation
of peripheral blood mononuclear cell release of the cyto-
kines interleukin (IL)-10 and IL-12 were performed at the
beginning and at the end of the treatment phase. Results:
For all symptoms, with the exception of bowel movement
frequency and consistency, those randomized to B infantis
35624 experienced a greater reduction in symptom
scores; composite and individual scores for abdominal
pain/discomfort, bloating/distention, and bowel move-
ment difficulty were significantly lower than for placebo for
those randomized to B infantis 35624 for most weeks of
the treatment phase. At baseline, patients with IBS dem-
onstrated an abnormal IL-10/IL-12 ratio, indicative of a
proinflammatory, Th-1 state. This ratio was normalized by
B infantis 35624 feeding alone. Conclusions: B infantis
35624 alleviates symptoms in IBS; this symptomatic re-
sponse was associated with normalization of the ratio of
an anti-inflammatory to a proinflammatory cytokine, sug-
gesting an immune-modulating role for this organism, in
this disorder.

rritable bowel syndrome (IBS) is a common functional
disorder usually defined by the coexistence of abdom-
inal pain or discomfort and an alteration in bowel
habit.’-3 IBS may lead to impaired social and personal

function and can diminish quality of life to a degree
usually associated with major organic diseases such as
hypertension and diabetes.*> IBS represents a significant
therapeutic challenge; currently available therapies pro-
vide symptomatic relief at best, and none have been
shown to alter the natural history of the disorder.-2.6-11
While the precise pathophysiology of IBS remains to be
elucidated,!? dysmotility and altered visceral perception/
sensation are currently the most popular hypotheses.!3
More recently, roles for enteric infection and intestinal
inflammation have been proposed. Thus, both retrospec-
tive and prospective studies have documented the new
onset of IBS following bacteriologically confirmed bac-
terial gastroenteritis'*—2! and others have provided evi-
dence of low-grade mucosal inflammation??>-?4 and im-
mune activation®>—2’7 in patients with IBS. The enteric
flora has also been implicated; there has been a sugges-
tion that some patients with IBS may harbor bacterial
overgrowth and that their symptoms may be ameliorated
by its eradication.?83! Despite these observations, our
ever-increasing understanding of gut flora-mucosa inter-
actions,?? and the existence of a significant body of basic
research to support a role for inflammatory and immune
processes in contributing to enteric neuromuscular dys-
function,?? the role of lumen-mucosa interactions in IBS
remains largely unexplored.

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

Abbreviations used in this paper: AUC, area under the curve; IBS,
irritable bowel syndrome; IL, interleukin; PBMC, peripheral blood
mononuclear cell; VAS, visual analogue scale.
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benefit in IBS. Firstly, many probiotic organisms exert
antibacterial and antiviral effects and could thereby pre-
vent or modify the course of postinfective IBS.33-3¢ Sec-
ondly, probiotics have been demonstrated to exert anti-
inflammatory effects at mucosal surfaces®”-38; by reducing
mucosal inflammation, probiotics could decrease im-
mune-mediated activation of enteric motor and sensory
neurons and modify neural traffic between the gut and
the central nervous system. Thirdly, probiotics could
alter the composition of the gut flora. While the status of
the gut flora in IBS remains a source of some contro-
versy,'23940 probiotic-related changes in the enteric flora
could directly (through the augmentation of commensal
lactobacilli or bifidobacteria or the elimination of patho-
gens) or indirectly (through a reduction in either patho-
gen-related inflammation or bacterial fermentation!) in-
fluence gut function. Finally, probiotics could alter the
volume and/or composition of stool and gas*? or increase
intestinal mucus secretion,®? effects that could influence
intestinal handling of its contents and thus modulate
symptoms such as constipation and diarrhea.

A small number of studies have evaluated the response
of IBS to probiotic preparations; while results between
studies are difficult to compare because of differences in
study design, probiotic dose, and strain, there has been
some, but by no means consistent, evidence of symptom
improvement.*—3 The overall impact of probiotics in
IBS remains unclear.>4-58 Several of these studies have
involved either lactobacilli or bifidobacteria, although
none have involved a direct comparison of these strains.>>

Patients and Methods
Study Population

Patients were recruited from gastroenterology clinics
at Cork University Hospital and by direct advertisement on
the university campus and in a local newspaper. Individuals
aged between 18 and 75 years who satisfied Rome II criteria
for the diagnosis of IBS? and in whom organic gastrointestinal
diseases, including inflammatory bowel disease, and clinically
significant systemic diseases had been excluded were consid-
ered for inclusion in the study. Pregnant women, individuals
with known lactose intolerance or immunodeficiency, and
individuals who had undergone any abdominal surgery, with
the exception of hernia repair and appendectomy, were ex-
cluded.

Trial Protocol

Each potentially eligible patient was evaluated by a
full review of clinical history and performance of a physical
examination as well as full blood count, serum chemistry, and
quantitative serum immunoglobulin levels. Clinically signifi-
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cant abnormalities in any of the latter test results led to
exclusion from randomization. Eligible subjects then entered a
4-week run-in period during which they recorded symptoms,
as well as stool frequency and form, each day on a diary card.
During this time and throughout the rest of the study, subjects
were instructed not to take any medications that could influ-
ence gut motor or absorptive function, including laxatives and
antidiarrheal agents, as well as any preparation that could alter
the enteric flora, including antibiotics and commercially avail-
able probiotic preparations.

At the end of the run-in period, subjects were randomized
to receive either a lactobacillus or bifidobacterium, each deliv-
ered in a dose of 1 X 10'° live bacterial cells in a malted milk
drink, or the malted milk drink alone as placebo. All prepa-
rations were identical in color, taste, and consistency. Ran-
domization was performed by picking a card from a pack of
prerandomized identical cards in the presence of a study coor-
dinator; all other investigators, as well as patients, remained
blinded to the randomization process until completion of the
trial. Subjects were instructed to ingest the preparation once a
day, in the morning, for 8 weeks and record symptoms and
stool characteristics on a daily basis throughout the study
period. Compliance was assessed by direct questioning at clinic
visits and by fecal flora analysis. On completion of the 8-week
treatment phase, subjects continued to complete the daily
symptom cards for a further 4-week washout period while off
all therapy.

Probiotic Preparations

The probiotic preparations used in this study, Lacto-
bacillus salivarius subspecies salivarius UCC4331 and Bifidobac-
terium infantis 35624, were originally isolated from the ileoce-
cal region of an adult human undergoing reconstructive
surgery. These strains were selected on the basis of the follow-
ing probiotic properties: being of human origin, nonpatho-
genic, and resistant to intestinal acid and bile; demonstrating
an ability to adhere to human epithelial cells; and demonstrat-
ing an ability to temporarily colonize and be metabolically
active within the human gastrointestinal tract.*° Further-
more, these organisms have been previously shown in volun-
teer studies to survive transit through the gastrointestinal
tract, to be free of side effects, and to demonstrate anti-
inflammatory activity in a number of models.®*! L salivarius
UCC4331 was cultured in de Man/Rogosa/Sharp broth (Ox-
oid, Basingstoke, United Kingdom) at 37°C in an anaerobic
environment for 24 hours. B infantis 35624 was cultured in de
Man/Rogosa/Sharp broth enriched with cysteine at 37°C in an
anaerobic environment for 48 hours.

Assessments

Throughout the entire study, subjects were seen on a
weekly basis and diary cards collected. The following 3 cardi-
nal IBS symptom clusters were assessed: (1) abdominal pain or
discomfort, (2) bloating or distention, and (3) bowel move-
ment difficulty. The latter could reflect either difficulty with
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evacuation (ie, straining or a sense of incomplete evacuation) or
urgency. Each symptom was evaluated using both an ordinal
scale (Likert scale; maximum score, 7) and a 10-cm visual
analogue scale (VAS; maximum score, 10).°> A composite
score, comprised of the sums of the 3 cardinal symptoms
(pain/discomfort, bloating/distention, and bowel movement
difficulty scores) was also calculated for each patient (maxi-
mum score: Likert scale, 21; VAS, 30).

Bowel movement frequency was recorded as number per
day, and consistency was evaluated using the Bristol Stool
Scale.®?

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

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

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

Peripheral blood samples from patients with IBS was obtained
both before and after treatment for cytokine levels and compared
with that obtained from a group of age- and sex-matched healthy
volunteers (n = 20). Peripheral blood samples were taken directly
into sterile EDTA-containing Vacutainers (Econo-med, Long Sut-
ton, United Kingdom). Mononuclear cells were isolated by Ficoll-
Hypaque density centrifugation® and resuspended at 1 X 10°
cells/mL in complete media/Dulbecco’s modified Eagle medium
containing 25 mmol/L glucose, 10% fetal calf serum, 1% nones-
sential amino acids, 50 U/mL penicillin, and 50 pg/mL strepto-
mycin (Invitrogen, Paisley, Scotland). These mononuclear cells are
termed peripheral blood mononuclear cells (PBMCs). PBMCs
were incubated, nonstimulated, for 72 hours at 37°C in a 5% 0,
humidified atmosphere. Nonstimulated PBMC cytokine produc-
tion reflects the cytokine milieu from which the PBMCs were
originally 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-
zyme-linked immunosorbent assays (R&D Systems, Abington,
United Kingdom).

Statistical Methods

All data were collected and analyzed independently of the
investigators, who did not have access to the data or to its analysis

LACTOBACILLUS AND BIFIDOBACTERIUM IN IBS 543

until the latter had been completed. All of the efficacy analyses
were summarized on data from all evaluative subjects and ana-
lyzed on an intention-to-treat basis. Baseline and demographic
data were tested for balance across treatment groups using 1-way
analysis of variance, X test, or Fisher exact test, as appropriate.

For each of the IBS symptoms and the composite score, efficacy
data were analyzed in 2 ways. First, weekly individual symptom
scores and composite scores were analyzed using a repeated-
measures analysis of covariance model, with fixed effects for
treatment and for the mean week —1 (baseline) symptom or
composite score, as applicable. The variance/covariance matrix in
this model was assumed to have compound symmetry. Second, to
compare scores over the entire treatment phase, an area-under-the
curve (AUC) analysis was performed for each symptom and the
composite score. Symptom scores were first averaged within each
week for each subject. AUCs were then calculated for each subject
by using week 1 to week 8 scores in the treatment phase. AUCs
were then analyzed using analysis of covariance using the baseline
score at week 2 of the run-in phase as covariate and treatment as
the factor in the model. Tukey’s method for adjustment for
multiple treatment comparisons was used to obtain the adjusted
P values for between-treatments comparisons. Both adjusted and
unadjusted P values were reported.

Quality-of-life measurements were analyzed using analysis
of covariance with fixed effects for treatment group and base-
line.

Results
Subjects

A total of 80 subjects were enrolled in the study.
Two subjects (1 randomized to B infantis 35624 and 1 to
placebo) were subsequently found to have taken antibiotics
from the beginning of the treatment phase and were there-
fore determined to be nonevaluable. A further 3 subjects
dropped out before the treatment phase. Therefore, 75
subjects provided some evaluable data. Of these, 3 subjects
took an antibiotic during the course of the study; only data
up to the commencement of antibiotic use were deemed to
be evaluable. Another subject took a commercially available
probiotic preparation during the washout/follow-up period
(weeks 8—12); only data up to week 8 were determined to
be evaluable for this subject. Four additional subjects failed
to complete the washout phase; therefore, 67 subjects sat-
isfactorily completed all phases of the study.

Baseline Characteristics

Among the 75 evaluable subjects, 64% were
women and 36% were men. Subjects averaged 44.3 years
in age (range, 18—73 years). Sex and age were both
balanced across treatment groups. All subjects were
white. Classification of subjects at baseline by predomi-
nant symptom indicated that 45% were alternators, 28%
diarrhea predominant, and 26% constipation predomi-
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Figure 1. Composite Likert scale and VAS scores. Comparison of the
effects of placebo, L salivarius UCC4331, and B infantis 35624 on a
composite score of IBS symptoms. The scores are derived from the
sum of scores for abdominal pain/discomfort, bloating/distention,
and bowel movement difficulty. Note the significant reduction in com-
posite scores throughout the treatment period and into the washout
phase for subjects treated with B infantis 35624 but not with L
salivarius UCC4331 or placebo. *P < .05 vs placebo; all comparisons
adjusted for any differences in baseline symptom score.

nant. In addition, 25% of the subjects were smokers and
88% drank alcohol. Although subjects were balanced
across treatment groups with respect to use of alcohol,
there was imbalance detected with regard to smoking
status; of the subjects responding, 72% of the L salivarius
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Figure 2. Abdominal pain scores on the Likert scale. Comparison of
the effects of placebo, L salivarius UCC4331, and B infantis 35624
on abdominal pain/discomfort in IBS. Note the significant reduction in
pain/discomfort score during most weeks of the treatment phase and
into the washout phase among patients treated with B infantis
35624, for those randomized to L salivarius UCC4331, a significant
benefit was evident at week 2 alone. *P < .05 vs placebo; all
comparisons adjusted for any differences in baseline symptom score.
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Figure 3. Bloating scores on the Likert scale. Comparison of the
effects of placebo, L salivarius UCC4331, and B infantis 35624 on
bloating/distention in IBS. Note the significant reduction in bloating/
distention during weeks 2, 5, and 6 for those randomized to B infantis
35624; there was no significant benefit for those randomized to L
salivarius UCC4331. *P < .05 vs placebo; all comparisons adjusted
for any differences in baseline symptom score.

UCC4331 group did not smoke, compared with 92% of
the B infantis 35624 group and 58% of the placebo
group (P = .03).

The 3 treatment groups were not quite balanced for
baseline symptom scores. Statistically significant imbal-
ance was detected at the a = .05 level for the following
baseline scores: abdominal pain/Likert score (week —2),
bloating/Likert score (week —2), bloating/Likert score
(week —1), bloating/VAS score (week —2), bloating/
VAS score (week —1), and the composite Likert score
(week —2). In consideration of these baseline differences,
efficacy analyses were performed using baseline, as cal-
culated by the average of the week —1 symptom scores,
as a covariate.

Response to Treatment

Figures 1-4 summarize the least-squares means
and standard errors for composite score and each of the
primary symptom efficacy measurements (abdominal
pain/discomfort, bloating/distention, and bowel move-
ment difficulty) according to treatment and for each
week of the 8-week treatment period and the 4-week
washout period. Because similar results were obtained for
all parameters studied using both the Likert scale and the
VAS, results for both scales are presented for composite
score alone; elsewhere, only the Likert scale results are
presented. Table 1 presents results of the AUC analyses.

A comparison of scores for each week showed that
subjects treated with B infantis 35624 had lower com-
posite scores than those receiving placebo for all weeks in
the treatment phase and the entire washout phase. Of the
VAS scores for each of these 12 weeks, 10 were signifi-
cantly lower than those for placebo. The only 2 weeks in
which scores were not significantly lower than those for
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Figure 4. Bowel movement difficulty scores on the Likert scale. Com-
parison of the effects of placebo, L salivarius UCC4331, and B
infantis 35624 on bowel movement difficulty in IBS. Note the signif-
icant reduction in bowel movement difficulty during weeks 2, 3, and
5-7 for those randomized to B infantis 35624; there was no signifi-
cant benefit for those randomized to L salivarius UCC4331. *P < .05
vs placebo; all comparisons adjusted for any differences in baseline
symptom score.

placebo were weeks 10 and 11, during the washout phase
(Figure 1). In comparison, those randomized to L saliva-
rins UCC4331 achieved a statistically significant reduc-
tion in composite symptom score during the second week
of the treatment period alone (Figure 1). Furthermore, on
at least 1 of the scales, composite scores for those treated
with B infantis 35624 were significantly lower than for
those treated with L salivarius UCC4331 during the
second, fourth, sixth, and eighth weeks of the treatment
phase and for 3 of the 4 weeks of the washout phase
(Figure 1).

Comparison of AUCs for the treatment phase showed
significantly lower Likert scale and VAS composite scores
for the group randomized to B infantis 35624 compared
with the placebo group, even after controlling for mul-
tiple between-treatments comparisons (Table 1).

For each individual symptom, with the notable excep-
tions of bowel movement frequency and consistency, the
group randomized to B infantis 35624 experienced a
greater reduction in symptom scores during the treat-
ment period (Figures 1-4 and Table 1). Thus, subjects
randomized to B infantis 35624 achieved lower scores for
pain/discomfort (AUC, P < .05 vs placebo for unad-
justed scores, Table 1; Likert scale scores for individual
weeks, P << .05 vs placebo for weeks 1, 2, 4, 5, and 7 of
the treatment phase and week 1 of the washout phase,
Figure 2), bloating/distention (AUC, P < .07 vs placebo
for unadjusted scores, Table 1; Likert scale scores for
individual weeks, P << .05 vs placebo for weeks 2, 5, and
6 of the treatment phase, Figure 3), and bowel movement
difficuley (AUC, P < .005 vs placebo for adjusted scores,
Table 1; Likert scale scores for individual weeks, P < .05
vs placebo for weeks 2, 3, 5, and 6 of the treatment phase
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and week 1 of the washout phase, Figure 4). In contrast,
the only symptom improvement observed for those ran-
domized to L salivarius UCC4331 was an improvement
in abdominal pain during weeks 2 and 7 of the treatment
phase (Likert scale, P < .05, Figure 2); none of the AUC
comparisons showed a significant effect for L salivarius
UCC4331 on an individual symptom (Table 1).

Direct comparisons between the 2 probiotic-treated
groups showed significantly lower (P = .05) scores for
bowel movement difficulty for those treated with B
infantis 35624 (AUC, P < .05 B infantis 35624 vs
placebo or L salivarius UCC4331, Table 1; Likert scale
scores for individual weeks, P << .05 B infantis 35624 vs
L salivarius UCC4331 for weeks 2, 3, and 6 of the
treatment phase and weeks 1 and 4 of the washout phase,
Figure 4).

The time course of the response to B infantis 35624
demonstrated a relatively rapid response; improvement
was evident at the end of the first week and reached a
maximum by the end of the second week of an 8-week
course of therapy (Figures 1 and 4).

Subjects receiving the 3 treatments reported a similar
number of bowel movements per week and similar bowel
movement consistency scores across all 8 weeks of the
treatment period.

Quality of Life

For most domains, quality-of-life scores were nu-
merically lower than those for placebo for the patients
randomized to the probiotics but reached statistical sig-
nificance versus placebo during the treatment phase only
for health worry for bifidobacterium (at the .05 level) and
dysphoria for lactobacillus (at the .10 level).

Table 1. AUC Analysis of Therapeutic Response

L salivarius B infantis
UCC4331 35624 Placebo
Abdominal pain
Likert score 8.98(1.36) 7.78 (1.36)7 12.21 (1.85)
VAS score 11.40 (1.82) 9.45 (1.69)2 14.92(2.39)
Bloating
Likert score 12.61 (1.68) 10.17 (1.67)>  14.39(2.18)
VAS score 15.32 (2.44) 11.66 (2.35)> 17.04 (3.14)
Bowel movement
difficulty
Likert score 15.61 (1.85) 7.84(1.91)° 16.79(2.34)
VAS score 19.71(2.18)" 11.16(2.14)° 24.50 (2.83)
Stool consistency  22.22 (1.66) 25.51 (1.65) 22.98 (2.11)
Composite
Likert score 34.64 (3.60) 24.56 (3.63)° 40.52 (4.68)
VAS score 42.35 (4.93) 30.15 (4.80)°¢ 52.14 (6.39)

NOTE. Values are expressed as least-squares mean (SE).

ap < ,05.

b 05 < P < .10, between-treatments difference without adjustment.
¢P < .05 between-treatments difference after adjustment for multiple
comparisons.
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PBMC Cytokine Levels

In vitro production of IL-10 and IL-12 by PBMCs
was dysregulated at baseline in patients with IBS com-
pared with healthy volunteers (Figure 5). IL-10 levels
were lower in patients with IBS (575 = 108 pg/mL vs
968 * 220 pg/mL), whereas IL-12 levels were increased
in patients with IBS (15 £ 2 pg/mL vs 6 * 4 pg/mL).
The ratio of IL-10/IL-12 levels was significantly different
between the 2 groups (IBS, 69 * 15; healthy volunteers,
176 £ 31; P = .003).

Following treatment with B infantis 35624, PBMC
cytokine levels returned to levels similar to those ob-
served for the healthy volunteer group (Figure 5). In
contrast, PBMC cytokine levels did not return to levels
observed for healthy volunteers in the subjects with IBS
who received L salivarius UCC4331 or placebo.

Adverse Events

Four subjects reported adverse events during the
study; 1 developed an episode of epistaxis that resolved
spontaneously, 1 was hospitalized with unstable angina
and another with an episode of chest pain that was
attributed to anxiety, and 1 was hospitalized with ab-
dominal pain that was attributed to an exacerbation of
IBS and constipation. No clinically significant changes in
full blood count, serum chemistry, or serum immuno-
globulin levels were recorded in any of the subjects
during the study.

Stool Recovery of Probiotics

Growth was observed on rifampicin-containing
media with samples obtained from probiotic-treated
patients, thus confirming that the probiotics con-
sumed had survived gastrointestinal transit in the
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Figure 5. PBMC IL-10/IL-12 ratio. Comparison of PBMC IL-10/IL-12
ratios at baseline and following therapy with placebo, L salivarius
UCC4331, and B infantis 35624 with that of a normal control period.
Note the abnormal baseline ratio in subjects with IBS, with a normal-
ization of this ratio following the administration of B infantis 35624
alone.
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patients with IBS. No growth was observed from fecal
samples obtained before probiotic feeding or at any
point in patients receiving placebo.

Discussion

In this study, we compared, for the first time,
the effects of 2 probiotic strains on symptoms in
patients with IBS. We have shown superiority for
bifidobacterium over both a lactobacillus and placebo
for each of the cardinal symptoms of IBS and for a
composite score. These symptomatic benefits were as-
sociated with parallel trends in a quality-of-life mea-
sure developed specifically for IBS.%* Furthermore, this
therapy was well tolerated and free of significant ad-
verse events. Interestingly, these benefits, in contrast
to those observed with 2 newly approved therapies for
IBS, namely alosetron®® and tegaserod,®”-%® were ob-
served independent of any change in stool frequency or
form and cannot therefore be attributed to either a
laxative or an antidiarrheal effect.

This study is not without its limitations. The small
size of the study population may have failed to detect
significant effects of either of the probiotics on some
symptoms. Furthermore, the study was not powered to
detect significant changes in quality of life. Symptoms
were assessed on the basis of paper diaries, which are
subject to recall bias and are therefore less accurate
than electronic diaries. To capture the overall impact
of IBS on the subject, we chose to use a composite
score comprised of the cardinal features of IBS; an
alternative approach to this same issue would have
been to use some form of global assessment instru-
ment. Assessments of individual symptoms also per-
mitted the evaluation of the therapies on individual
components of IBS. It needs to be stressed, however,
that the small size of this study would, if anything,
have mitigated against our ability to demonstrate
differences. The fact that we did demonstrate efficacy
for one probiotic strain over both placebo and another
strain further supports the validity of these observa-
tions and suggests that the bifidobacterium strain used
may have a selective and specific effect in IBS. It
should also be noted that the placebo response rate
observed in this study was similar to that recorded in
many other IBS studies. As evidenced by their symp-
tom scores at entry, the patients studied lay at the
mild end of IBS and were more reflective of the type of
patients with IBS seen in the community rather than
in referral centers. Whether bifidobacterium would be
similarly effective in the latter population remains to
be seen. We chose to accept all eligible patients with
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IBS for this study and did not exclude on the basis of
sex or symptom predominance, an approach that has
been adopted in studies of the serotonin agonists and
antagonists.®®~%8 In an attempt to score equally for
symptoms related to defecation in a diarrhea- or con-
stipation-predominant subject with IBS, we used the
parameter of bowel movement difficulty, which could
score for either urgency in the patient with diarrhea,
or difficulty with evacuation (straining, incomplete
evacuation), which is a symptom complex associated
with constipation. Furthermore, the individual treat-
ment groups were too small to permit a meaningful
post-hoc subgroup analysis of response based on these
or other parameters. The duration of the study was
also similar to that of other recent studies but does not
permit an assessment of the long-term effects of this
therapy. Although this study did not involve a com-
parison with any other therapeutic modality and the
study design differed in some aspects from recent large
trials of serotonergic agonists and antagonists, the
therapeutic gain observed for bifidobacterium over
placebo (20%—-25%) is certainly no less than that
reported for tegaserod and alosetron (10%—20%).6¢-68

We chose L salivarius UCC4331 over several lactoba-
cillus probiotic strains isolated and characterized in our
laboratories, based on in vitro activity against several
pathogens, tolerance to acid and bile, and our prior
demonstration in a study conducted in 80 human vol-
unteers that L saz/ivarius UCC4331, delivered in either a
milk drink or a yogurt, is well tolerated, successfully
colonizes the gastrointestinal tract, and produces ex-
pected quantitative and qualitative changes in the gut
flora.59-¢! Furthermore, the introduced lactobacilli were
found to stimulate a mucosal but not a systemic immune
response. Finally, related strains had been shown to be of
benefit in the prevention of human diarrheal conditions
such as toddlers’ diarrhea and Clostridium difficile—related,
antibiotic-associated diarrhea.3%-36:69-74

B infantis 35624 was chosen from among several bi-
fidobacterium probiotic strains developed in University
College Cork based on tolerance to acid and bile and the
demonstration in mouse models of inflammatory bowel
disease that B infantis 35624 may prove highly effective
in beneficially altering gut flora and in alleviating the
inflammatory changes that characterize these models.?87>

What is the mechanism of action of this probiotic in
IBS? This organism has been shown to exert potent
immune effects, including the promotion of anti-inflam-
matory and the inhibition of proinflammatory cytokines.
For example, oral administration of the bifidobacterium
used in this study exerted a profound anti-inflammatory
effect in the IL-10 knockout mouse, a potent model of
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inflammatory bowel disease that was associated with a
suppression of the proinflammatory cytokines interferon
gamma, tumor necrosis factor o, and IL-12 while pre-
serving activity of the anti-inflammatory cytokine trans-
forming growth factor [3.3% This is of particular interest
given recent reports of low-grade inflammation and a
similar pattern of cytokine activation among patients
with IBS.?3-27 Our finding in this study of a cytokine
ratio in IBS skewed toward a Thl, proinflammatory
profile provides further support for this hypothesis.
Based on these and other observations,?° it is tempting to
speculate that failure to adequately down-regulate a
proinflammatory response following a precipitating
event (eg, gastrointestinal infection) may sustain the IBS
state. This study has taken this concept one step further;
by demonstrating a normalization of the IL-10/IL-12
ratio in the bifidobacteria-fed subjects alone, and in
parallel with symptomatic improvement, we provide the
first evidence for efficacy for an anti-inflammatory ap-
proach in IBS.

While this study protocol did not include biopsies,
thus precluding an evaluation of the effects of this ther-
apy on colorectal mucosal histology or immune activa-
tion, others have recently shown potent anti-inflamma-
tory effects at the mucosal level for probiotic preparations
that contained bifidobacteria.’¢77 In this context, we
must also acknowledge that the mucosa is functionally
and operationally distinct from the systemic or periph-
eral immune systems and that direct relationships be-
tween these compartments have not been shown in hu-
mans. We are currently exploring these relationships in
humans in IBS and in response to probiotic therapy;
meanwhile, we would draw attention to studies from our
group, albeit in a murine model, showing parallel mu-
cosal and systemic cytokine responses to the same pro-
biotic strains as used in this study.?® The hypothesis that
bifidobacterium is acting through an anti-inflammatory
mechanism is indeed an attractive one; this effect could
abrogate the induction of hypersensitivity, hyperalgesia,
altered central perception, and dysmotility by inflamma-
tory triggers.”® There is indeed some preliminary evi-
dence that probiotic administration may diminish
visceral hypersensitivity in animal models.”-%° Further-
more, effects on motility and perception could also go
some way toward explaining the beneficial effects on
bloating, given current concepts on the roles of altered
gas transit and visceral hypersensitivity in the pathogen-
esis of this symptom.81-83

Of the other putative effects of probiotics, an effect on
stool bulking would seem unlikely because we failed to
observe any change in either stool consistency or fre-
quency. This apparent independence of the effects of
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bifidobacterium from any change in stool frequency or
form has important clinical implications, implying that
this therapeutic approach may be applicable to all pa-
tients with IBS, irrespective of stool pattern. Whether
qualitative or quantitative changes in small intestinal or
colonic flora accompany probiotic feeding and thereby
alter flora-mucosal interactions to the benefit of the host
cannot be determined from this study. We do know from
the stool recovery studies that the organisms survived
transit through the intestine, but we did not assess in
this study interactions between the indigenous flora and
the administered probiotics. These same studies from our
group have shown continued recovery of orally adminis-
tered probiotic organisms from stool for 3 or more weeks
in 12.5% of healthy volunteers,®" an observation that
may explain the persistence of benefit from bifidobacte-
rium in this study into the washout phase. Furthermore,
others®48> have shown that probiotic organisms can ad-
here to the colonic mucosa and can continue to be
recovered from colonic biopsy specimens long after the
discontinuation of oral feeding and after they cease to be
recovered from fecal samples.

Whether IBS is accompanied by quantitative or qual-
itative changes in the bacterial flora of the small or large
intestine remains a contentious issue; while some have
described bacterial overgrowth in the small intestine?$—3°
and qualitative alterations in the fecal flora®%-4%47 and
increased bacterial fermentation*! in IBS, others have
failed to replicate these findings.'>3181 A reduction in
bacterial fermentation by a modulation of the composi-
tion of the flora could certainly contribute to the allevi-
ation of the “gas-related” symptoms that are so common
in IBS®? and that seem to reflect a selective defect in
intestinal gas transport.®> Probiotics have also been
shown to modulate enteroendocrine cell populations in
the mouse intestine.¢

Other studies have evaluated the response of IBS to a
number of probiotic preparations. In a recent review,
Hamilton-Miller, while drawing attention to the short-
comings of prior trials in terms of study design, con-
cluded that there was, overall, sufficient evidence of
efficacy to warrant further evaluation.>> Most studies
reviewed were small in size and almost certainly under-
powered to show anything other than a very striking
benefit. Several did not verify bacterial transit and sur-
vival by confirmatory stool studies. Many different or-
ganisms and strains were used, and dosages varied from
as little as 10> to 10'3. Furthermore, some, including a
recent study, used probiotic “cocktails” rather than sin-
gle isolates, rendering it impossible to induce what, if
any, were the active moieties.>> Nevertheless, some pos-
itive results were noted. Niedzielin et al reported reso-
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lution of abdominal pain in all 20 patients treated for 4
weeks with Lactobacillus plantarum 299V, in contrast to
only 11 of 20 patients who received a placebo,*® and
Halpern et al noted a significant reduction in an IBS
symptom index with a capsule containing 5 X 107
heat-killed Lactobacillus acidophilus®* O’Sullivan and
O’Morain, while failing to detect an effect of Lactobacillus
casei GG on overall symptomatology, did note a trend
toward reduction in bloating.“® Nobaek et al, using L
plantarum (DSM 9843),%> described a similar benefit in
terms of relief of bloating, as did Kim et al in their
evaluation of the probiotic “cocktail” VSL#3.53

In contrast, the study reported herein provides, for the
first time, clear evidence for a benefit in IBS for a
clearly-defined single-organism probiotic preparation
and thereby suggests that some strains, and bifidobacte-
rium in particular, may be more effective that others for
this indication. Furthermore, this symptomatic response
was associated with a normalization of the ratio of an
anti-inflammatory to a proinflammatory cytokine, sug-
gesting an immune-modulating role for this organism,
in this disorder. While the limitations inherent to the
study mandate that its findings be interpreted with
caution, it should at the very least prompt large random-
ized controlled trials of this bifidobacterium strain in IBS
as well as detailed explorations of its mechanism(s) of
action.
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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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