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OBJECTIVES: Several studies show that probiotics may pre-INTRODUCTION
vent side effects during therapy agaihtalicobacter pylori
(H. pylori). Other reports indicate competitive interaction

between some probiotics amtl pylori. We compared effi- , ) B
fects. In fact, despite the fact that 2-wk-long triple antibiotic

cacy of two different probiotics and one probiotic combi- "™~ : S
nation with placebo for preventing anki-pylori therapy- regimens have progressively been abandoned as a first line
approach to the infection, poor treatment tolerability—most

related side effects and for improving the eradication rate. o ) )
often related to antimicrobials—is a cause of concern and

METHODS: A total of 85 H. pylori positive, asymptomatic may lead to treatment interruption. Today, bacterial resis-
patients were randomized in four groups to receive probioti¢ance and side effect occurrence represent the second most
or placebo both during and for 7 days after a 1-wk triplefrequent cause for anti- pylori treatment failure in clinical
therapy scheme (rabeprazole 20 imgd., clarithromycin  practice (1). A strategy targeted to improve treatment tol-
500 mgh.i.d., and tinidazole 500 mg.i.d.). Group | (n= erability might increase compliance and eventually raise
21) received_actobacillus GG; group Il (n= 22), Saccha- eradication rate.

romyces boulardii; group lll (n = 21), a combination of A probiotic is defined as a living microbial species that,
Lactobacillus spp. and biphidobacteria; and group IV @ upon administration, may positively affect bowel micro-
21), placebo. Subjects filled in weekly symptom question-ecology and improve health conditions (2). Previous data
naires for 4 wk. Blinded investigators collected and ana-have shown, in a placebo-controlled fashion, efficacy of
lyzed dataH. pylori status was rechecked after 5-7 wk. Lactobacillus GG in preventing several side effects associ-

RESULTS: Side effects occurred mainly during the eradica—atecj to antiH. pylori therapy. A separate open label study

tion week. None of them caused therapy discontinuation. IrY\”th a different strainl. acidophilus La, has documented

all probiotic-supplemented groups, there was a significantl)p'gher eradication rates in patients whose treatment is sup-

lower incidence of diarrhea and taste disturbance during thglemeqted W't?.bt.h Its' ptrr(])blotlc trllan m300; trf)rthUbJeCt? fvvho
eradication week with respect to the placebo group. Overaw‘eremglve;iaﬂt' 2'8(;% e;]ap);aone (m: r)'n (le_gspc;rrirom
assessment of tolerability was significantly better in the € Maastricht . conse fus conterencerbnpylo

. . , include probiotics as “possible” tools for management of the
actively treated patients than in the placebo group. Na

. . S . infection (5).
differences in the incidence of side effects between the On the other hand, use of probiotics in antibiotic-associ-

probiotic groups were observed. Thi ponr! grad|cat|on ated diarrhea dates to decades ago, and its impact has been
rate was almost identical between the probiotic and placebo . . .
groups. proved in severgl plagebp—controlled trials. S_tudles ha_ve
been conducted in pediatric and adult populations showing
CONCLUSIONS: All the probiotics used were superior to preventive effects both fdractobacillus spp. strains and for
placebo for side effect prevention, but were not associate@accharomyces boulardii (S. boulardii) on the occurrence of
with better compliance with antibiotic therapy. The effect of diarrhea during and after antibiotic administration (6—10).
probiotic supplementation on side effects during atti— Many commercially available preparations containing
pylori regimens seemed to be independent of the probiotiprobiotics are available both in the European community
species used. (Am J Gastroenterol 2002;97:2744—-274%nd in the United States. Most preparations contain single

© 2002 by Am. Coll. of Gastroenterology) probiotic strains. Others are based on cocktails of several

Multiple antibiotic schemes againidielicobacter pylori (H.
pylori) infection carry the potential burden of Gl side ef-
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Figure 1. Outline of study profile.

different strains, and the amount of bacterial colonies they
contain is profoundly variable.

The aim of the present study was to test the efficacy of
two different widely available, single strain probiotic prep-
arations, along with the efficacy of a multistrain combina-
tion versus placebo, for preventing side effects during a
standard anti—H. pylori therapy, and, as a secondary end-
point, for improving the eradication rate.

MATERIALS AND METHODS

Study Subjects and Protocol

The study profile is outlined in Figure 1. A total of 97
subjects (age range 18—61 yr, 54 women and 43 men) were
enrolled in the study. Subjects had voluntarily undergone H.
pylori testing with the C urea breath test and had tested
positive. Subjects underwent H. pylori testing in the frame-
work of a survey conducted in an urban area of the city of
Rome, Italy. All subjects declared themselves as free of Gl
symptoms at enrollment. They wished to be treated for H.
pylori after asking and receiving information by the inpa-
tient physician on the impact of H. pylori infection on the
community, and its association with chronic gastritis, peptic
ulcer, and gastric cancer. Subjects, who gave written in-
formed consent, initially answered a questionnaire on Gl
and extraintestinal symptoms, drug history, and reactions.
This questionnaire was filled out at the end of each week in
a 3-wk run-in period. Subjects who recorded occurrence of
any symptoms or who even incidentaly used any drug
associated with Gl sde effects were excluded from the study.

Table 1. Prospectus of Probiotic Preparations Used
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After the run-in period, 12 subjects were excluded be-
cause of the occurrence of fever or flu-like syndrome (four
patients), use of a calcium channel blocker (three patients),
L-thyroxine (one patient), occasional use of laxatives (three
patients), or anticholinergic drugs (one patient). These sub-
jects were offered a PPl and dual antibiotic scheme against
H. pylori.

The remaining 85 H. pylori positive patients were ran-
domized by computer to four groups. The computer list was
generated and kept by the pharmacy, so that none of the
investigators knew the treatment allocation. For each pa-
tient, a marked, numbered box containing the sachets was
designated. Treatment groups were asfollows: group | (n =
21) received rabeprazole 20 mg b.i.d., clarythromicin 500
mg b.i.d., and tinidazole 500 mg b.i.d. (collectively desig-
nated as RCT) for 7 days, plus a Lactobacillus GG prepa-
ration (Giflorex, Errekappa Euroterapici, Milan, Italy) ad-
ministered b.i.d. during the antibiotic week and for 1 wk
thereafter. Group |1 (n = 22) received RCT for 7 days plus
a S boulardii preparation (Codex, SmithKline Beecham,
Milan, Italy) given twice during the antibiotic week and 1
wk thereafter. Group 11l (n = 21) received RCT for 7 days
plus a probiotic multistrain combination (Ferzym, Specchia-
sol, Milan, Italy) administered b.i.d. during the antibiotic
week and 1 wk thereafter. Group IV (n = 21) received RCT
for 7 days plus placebo administered with the same regimen
of probiotic preparations. The probiatic strains, prescription
regimen, and amount of colony forming units per single
dose are shown in Table 1.

Placebo was administered in the same amount of sachets
of probictic schemes (2 sachets/day). Boxes containing ac-
tive study treatments and placebo were identical in shape
and color, and contained the same number of sachets. No
trademark identifications were present, either on the probi-
otic or the placebo sachets.

H. pylori status was rechecked in al patients 5 to 7 wk
after the end of the RCT week by means of **C urea breath
test. Adherence to the study protocol was evaluated by
counting the empty boxes returned at the control visit (day
of control **C Urea breath test).

Side Effects Evaluation

The questionnaire proposed and validated by De Boer et al.,
which is specifically designed for anti—H. pylori therapy
side effects, wasfilled in by study participants at the end of
the antibiotic week and last day of the each of the next 3 wk

Active Treatment Group Species Contained Total CFU Administered* Other Active Contents
Group 1 Lactobacillus casei subsp. rhamnosus (GG) 6 - 10%sachet None
Group 2 Saccharomyces boulardii 5- 10%/sachet None
Group 3 Lactobacillus acidophilus 5- 10%capsule (in sachet) Vitamin B,
Biphidobacterium lactis Vitamin Bg
Vitamin B,
Vitamin PP
Pantotenic acid

* Amount of colony forming units (CFU) for the combination is approximate and includes all probiotic species.
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(11). Each questionnaire included the following side effects
record boxes: taste disturbance, nausea, loss of appetite,
vomiting, diarrhea, bloating, constipation, skin rash, and
epigastric pain. A grading scale was provided for each
symptom, scoring intensity from 1to 5 (1 = no side effects;
2 = dlight discomfort, not interfering with daily activities;
3 = moderate discomfort, sometimes interfering with daily
activities, 4 = severe discomfort, inability to perform daily
working activities; and 5 = severe discomfort, subject
forced to discontinue treatment). An identical grading scale
(1-5) was used to record overall assessment of treatment
tolerability, which was assessed in a separate form by each
patient at the end of the eradication week. Two outpatient
physicians (M.G., L.S.) trained patients on how to fill out
the questionnaires. Data from the questionnaires were col-
lected by two separate blinded investigators (S.D.C. and
A.A.), who performed the control visit, and the data were
analyzed by a blinded statistician (M.C.).

Statistical Analysis

A total sample size of 73 subjects was calculated as appro-
priate to detect a difference of 20% in symptom occurrence
between active treatment and placebo groups. We assumed
an expected incidence of any side effect in 25% of subjects
treated with antibiotics, with an 80% power to detect dif-
ferences and a two-sided « of 0.05.

The x? test was used to analyze symptoms score reported,
the Kruskal-Wallis test to analyze differences in overall
assessment of tolerability score, and the Tukey-Kramer test
to assess pairwise differences among groups. Calculations
were performed using JIMP software (SAS Ingtitute, Cary,
NC).

RESULTS

No major side effects leading to treatment discontinuation
were observed. Compliance was optimal in all groups. All
subjects (21 of 21) completed therapy in the Lactobacillus
GG group. In the combination group, 21 of 22 subjects
(95%) completed therapy inthe S. boulardii group and 20 of
21 (95%) in the placebo group. The subject in S. boulardii
group who did not complete therapy was excluded because
of incomplete adherence to the antibiotic treatment because
of self-reported lack of motivation; the subject in the pla-
cebo group was excluded because of inadequate filling of
symptom reports in week 1 and 3 of the study. All the
remaining subjects completed the regimen assigned and
returned properly filled out questionnaires, as separately
assessed by the two investigators.

Differences among treatment groups in side effect occur-
rence were observed only during week 1 of observation
(Fig. 2). The incidence was three of 21 subjects (15%) for
both groups | and I1; five of 21 subjects (24%) in group I11;
and 12 of 20 subjects (60%) in the placebo group, with an
overall value of p = 0.0025. Detailed information on type of
side effectsisprovided in Table 2. Theincidence of diarrhea
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Figure 2. Incidence of side effects reported during the 4 wk of
follow-up.

was significantly lower in all three probiotic treatment
groups compared to the placebo group. The relative risk for
diarrhea during week 1 for individuals actively treated ver-
sus placebo was 0.16 (95% Cl = 0.04-0.56). There was
also a lower incidence of taste disturbance in al active
treatment groups. The relative risk for taste disturbance
during week 1 was 0.15 (95% ClI = 0.05-0.46). No sub-
stantial difference in occurrence of other side effects was
registered. A lower incidence of diarrheaincidence persisted
during week 2 among all of the probiotic groups, with
borderline significance. All of the differences were observed
between subjects treated with any of the probiotic prepara-
tion versus placebo. None of the probiotic species or com-
binations used showed substantial superiority over the oth-
ers.

The overall judgment of tolerability, based on afive-point
scale, was significantly superior in al treatment groups
compared to the placebo group (p = 0.0016). All of the
probiotic preparations were associated with better tolerabil-
ity compared to placebo, but there were no significant dif-
ferences among the probiotic treatment groups (Table 3).

H. pylori eradication rates, assessed using the*C urea
breath test, were not significantly different between probi-
otic and placebo groups. In the Lactobacillus GG group, H.
pylori was eradicated in 16 of 21 patients (76%); in the S
boulardii group, it was eradicated in 17 of 20 patients
(81%); in the combination group, in 18 of 21 patients (86%);
and in the placebo group, in 16 of 20 patients (80%).

Cost Data

The additional cost to the antibiotics and to the proton pump
inhibitor of each dose of any of the probioctic preparations
used was Euro 0.84 for the single strain preparation, and
Euro 0.38 for the combination, with a final cost of 11.8
Euros and 5.3 Euros respectively, for the full 2 wk, to be
added to the price of atriple anti—H. pylori regimen.
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Table 2. Side Effect Frequencies During Eradication Week

Symptom Group 1 (%) Group 2 (%) Group 3 (%) Group 4 (%) p Vaue
Nausea 9.5 5 9.5 15 0.75
Vomiting 0 0 0 5 0.36
Diarrhea 5 5 5 30 0.018*
Constipation 19 14.2 95 20 0.77
Loss of appetite 0 9.5 5 15 0.28
Taste disturbance 95 5 5 40 0.0027*
Epigastric pain 14.2 14.2 5 14.2 0.7
Bloating 19 19 9.5 19 0.77
Belching 5 0 9.5 0 0.29
Skin rash 0 0 5 0 0.39
p Values based on y? test.

* Significant.

DISCUSSION mostly attributed to the use of antibiotics in moderate to

In this randomized, placebo-controlled study, all three
groups of patients on a standard anti—H. pylori regimen
supplemented with probiotics reported a lower incidence of
side effects compared to those in subjects whose regimens
were supplemented with placebo. The effect was significant
during week 1 of follow-up, which corresponded to the
course of antibiotic treatment. Overall treatment tolerability
was better in all active treatment groups compared to pla-
cebo. None of the probiotic preparations used was associ-
ated with alower incidence of any side effects or with better
overall tolerability compared to another preparation. No
major side effects were recorded, and compliance was op-
timal in all groups. Study dropouts were not because of side
effects. The incidence of diarrhea and taste disturbance (the
main side effects) was reduced in the active treatment
groups compared with the placebo group. There were no
significant differences among groups in the study secondary
endpoint, i.e., the rate of H. pylori eradication.

Probiotics have shown efficacy against antibiotic-associ-
ated diarrhea in several randomized controlled studies (12).
The rationale for their efficacy is mostly based on restora-
tion of normal flora colonization. Also, for Lactobacillus
GG, the inhibition of macrolides prokinetic action has been
proposed (13). Many animal experiments indicate some
degree of immune stimulation by probiotic species, and oral
bacteriotherapy is a hot topic in the current experimental
therapeutics of inflammatory bowel disease. To date, there
is no definitive evidence on the mechanisms by which these
biological agents influence the course of human disease
(14-16).

Occurrence of side effects in anti—H. pylori therapy is

Table 3. Assessment of Treatment Tolerability*

high doses and in combination. Although some specific side
effects such as diarrhea and bloating could be related to the
disruption of gut microflora from antimicrobials, the link
with bowel microecology for other common side effects
such as taste disturbance is difficult to prove. In fact, al-
though the probiotic combination used in this study con-
tained vitamins that could protect against the development
of glossitis, taste disturbance was lower even in patients
treated with probiotics alone.

In a previous study, we showed the efficacy of supple-
mentation with Lactobacillus GG versus placebo during
anti—H. pylori therapy for preventing such side effects as
diarrhea, bloating, and taste disturbance (3). The aim of the
present study was, besides validation of results previously
obtained with Lactobacillus GG, to compare different pro-
biotic preparations that are commercially available for pre-
vention of antibiotic-associated side effects. Choosing
symptom free subjects and including a run-in period was
mandatory for discriminating previous Gl symptoms from
newly occurring complaints. The use of an anti—H. pylori
multiple antibiotic regimen provided a convenient sample of
subjects, maintaining homogeneity among study groups
with regard to both the type of antibiotics administered and
the length of therapy. Using a nitroimidazole agent such as
tinidazole also reasonably lowered the probability of a ma-
jor event such as C. difficilerelated diarrhea. If we had
chosen amoxicillin, a mainstay drug for first line anti—H.
pylori therapy that is more frequently associated with Gl
side effects than are other antibiotics, we might have in-
creased the incidence of diarrhea. This could have helped to
detect differences among active treatments and placebo, but

Side Effect Burden Group 1 (%) Group 2 (%) Group 3 (%) Group 4 (%)
None 85.7 81 85.7 40
Mild 4.8 95 4.7 25
Moderate 9.5 95 4.7 25
Severe 0 0 4.7 10
Forced discontinuation 0 0 0 0

* All active treatments vs placebo, p = 0.0016.



2748 Cremonini et al.

with risk of decreasing compliance without significant im-
provement in the eradication rate as shown by previoustrials
(17), and aso with greater risk of harming subjects with
regard to C. difficile colitis. Moreover, we chose to be
consistent with our study on the effect of Lactobacillus GG
by using the same antibiotic regimen (3).

A recent study has also shown a temporary ateration of
intestinal microflora immediately after the end of triple
therapy using omeprazole, metronidazole, and clarithromy-
cinin H. pylori—-infected subjects. Such aregimen is almost
identical to that used in the present study. The alteration of
microflora included reduction in concentration of Entero-
coccus spp., Bifidobacterium spp., and an increase in con-
centration of aerobes in general and specifically of C. albi-
cans (18). The effect of Lactobacillus GG on restoring
intestinal microflora has been shown by several studies, as
well as that of S. boulardii, which in turn may potentially
inhibit C. albicans overgrowth, as shown by studiesin mice
(19). The probiotic combination used in the present study
contained Biphidobacteria, which could act by replacing the
losses observed by Buhling et al. in their study.

Compared to previous data from our group, no benefit
was observed from probiotics on the occurrence of bloating
in the present study, but the beneficial effect on diarrheaand
on taste disturbance was confirmed. Taste disturbance is a
side effect most commonly reported with the use of both
nitroimidazoles and clarithromycin. There is no evidence to
explain to what extent it could be related to intestinal mi-
croflora. There is aso no satisfactory explanation for a
positive effect of a probiotic on this symptom, although this
effect was observed in both of the placebo-controlled trials
that we conducted.

The use of any one of the studied probiotic preparations
corresponded to an absolute risk reduction of 0.25 for diar-
rhea, so that the number of patients needed to be treated to
prevent occurrence of one case of diarrhea was four.

To determine whether adding a probiotic to a first line
anti—H. pylori regimen might be a cost-effective option was
outside the aim of this study. However, the present data
support the Maastricht 2000 consensus conference state-
ment, which included probiotics as possibly useful “side
tools’ for the management of H. pylori infection. In this
study, probiotics were not useful to increase treatment com-
pliance, as aready suggested by previous data, but, rather, to
significantly improve treatment tolerability.

It should be noted that we did not observe any difference
among groupsin the H. pylori eradication rate. The positive
result on eradication obtained in a different study with L.
acidophilus is not in contrast with our data, as the L. aci-
dophilusin that study was administered as asingle probiotic
with its own culture supernatant, whereas in the current
study it was present only as a partial component of the
combination used (4).

Itisintriguing that a beneficial effect was observed for al
probiotic preparations, regardless of the species contained
and regardless of whether a single strain or a strain combi-
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nation was used. It could be speculated that a symptomatic
effect could be reached on the basis of microflora steady-
state restoration, irrespective of the strain intervening to
“repair” disruption. The answer to this question is unlikely
to be obtained from a clinical study.

The sample size in the present study was powered to
analyze differences from the three active treatment arms and
placebo, with an effect size detectable of 20% in symptom
occurrence, which we considered to be the minimal clini-
caly relevant effect. On the other hand, this study was not
explicitly designed and powered to show whether one pro-
biotic species worked dlightly better than another or vice
versa.

This study has some limitations. Until the pathophysio-
logical mechanisms of probiotics action are understood at
the molecular level, symptomatic benefits should be consid-
ered with caution, and appropriate patient selection for clin-
ical trials will be difficult. In our study, we did not perform
stool assessment for bacterial recovery. However, for the
species used, and for two of the three commercial prepara-
tions used, fecal recovery studies have been carried out with
positive results (20, 21). Also, the resistance to the two
antibiotics used in the triple regimen has been documented
for Lactobacillus GG, whereas S boulardii is a yeast, and
yeast concentration was shown to be unaltered after antibi-
otic administration in the study by Buhling et al. (19, 22). A
complete stool assessment for all actively treated subjects
would have been extremely demanding in terms of re-
sources and expertise, and eventually unjustified, consider-
ing that the probiotic species used have already been tested
in human studies and in different clinical settings. A further
limitation to our results is generalizability: in fact, we were
obliged to use symptom-free subjects who wished to have
H. pylori eradicated so as to detect a net response in terms
of symptoms reported. Thus, we are not able to predict from
these data whether similar results could be achieved in
individuals who are symptomatic or who have lesions such
as peptic ulcer. For these patients, evaluation of side effects
occurrence would be much more complex. Other limitations
include the facts that rigorous, reliable dose-seeking studies
on probiotics have not been conducted and that, despite the
confirmatory nature of our data compared with previous
studies, little is known still on the optimal number of pro-
biotic colony forming units that should be administered.

In conclusion, our data show that al three probiotic
preparations supplementing a standard anti—H. pylori regi-
men were associated with lower incidence of self-reported
side effects and with better treatment tolerability compared
to placebo, although there was no indication of any differ-
ence in effectiveness among the various agents used.
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