UNIVERSITYOF
BIRMINGHAM

Probiotics for the prevention of
antibiotic associated diarrhea:
a systematic review

Inger Scheike, Martin Connock, Rod Taylor, Anne Fry-Smith, Dereck Ward

Department of Public Health and Epidemiology
West Midlands Health Technology Assessment Group

DPHE 2006, Report Number 56



Probiotics for the prevention of antibiotic associa ted diarrhoea: a

systematic review

A WEST MIDLANDS HEALTH TECHNOLOGY ASSESSMENT

Produced by:

Authors:

Correspondence to:

Date Completed:

Expiry Date:

Report Number:

ISBN Number:

COLLABORATION REPORT

West Midlands Health Technology Assessment Collaboration
Department of Public Health and Epidemiology
The University of Birmingham

Ms Inger Scheike Honorary Research Assistant and visiting
Student, University of Nijmegen.

Dr Martin Connock Systematic Reviewer

Dr Rod Taylor Senior Lecturer

Ms Anne Fry-Smith Information Specialist

Dr Derek Ward Consultant in Communicable Disease

Dr Rod Taylor

Department of Public Health and Epidemiology
The University of Birmingham

Edgbaston

Birmingham

B15 2TT

Email: r.a.taylor@bham.ac.uk

November 2005

November 2010

56

07044 25807

© Copyright, West Midlands Health Technology Assessment Collaboration
Department of Public Health and Epidemiology
The University of Birmingham 2005



Probiotics for prevention of antibiotic associatiarrhoea

West Midlands Health Technology Assessment Collabor ation (WMHTAC)

The West Midlands Health Technology Assessment Collaboration (WMHTAC) produce rapid
systematic reviews about the effectiveness of healthcare interventions and technologies, in
response to requests from West Midlands Health Authorities or the HTA programme.
Reviews usually take 3-6 months and aim to give a timely and accurate analysis of the
guality, strength and direction of the available evidence, generating an economic analysis

(where possible a cost-utility) of the intervention.

Conflicts of interest

The authors all declare that they have no conflicts of interest.

Contribution of the authors

This review was planned by RST and MC with assistance from all authors. IS developed the
search strategy, undertook the searches, appraised the articles, and extracted the data. IS
analysed the data with the help of RST and MC. Writing up the report was principally done by
IS with input from all members of the review team. In particular, RST advised on systematic
review methods and DJW advised on important clinical aspects of antibiotic associated

diarrhoea and the current service provision.

Acknowledgments

The authors would like to thank Dr Chris Hyde (ARIF, The University of Birmingham) for his
initial advice on undertaking this review and Sue Bayliss and Anne Fry-Smith (Department of
Public Health & Epidemiology, The University of Birmingham) for their help in devising the
search strategies. Thanks are also due to John K MacDonald (Coordinator Cochrane
Inflammatory Bowel Disease and Functional Bowel Disorders Review Group, London,
Ontario,Canada) and Dr Savita Gossain (Consultant Medical Microbiologist, HPA West

Midlands Laboratory) for commenting on the draft report.



Probiotics for prevention of antibiotic associatiarrhoea

West Midlands Regional Evaluation Panel
Recommendation
Recommended — but a definitive RCT is needed to take forward this important

research subject

Anticipated expiry date:

The advice contained in the report is current until 2010 or until a definitive RCT

is reported.
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1. Summary

Background

Antibiotic associated diarrhoea (AAD) is a potential side effect of antibiotic treatment, due to
disturbance of the gastrointestinal flora. Infection with Clostridium difficile, a gram-positive
toxin producing bacterium can lead to more severe diarrhoea, which can result in pseudo
membranous colitis and in some cases death. It is estimated that between 5 to 39% of
patients receiving antibiotic treatment develop diarrhoea, generating immense costs for the
health care system. There were 43682 cases of C. difficile in the UK in 2004, having a large
impact on the health care system; furthermore, considering the severe health impacts and
frequent recurrences, these figures are worrying. There are no clear national guidelines for
the treatment of AAD. Although the treatment of C. difficile associated diarrhoea with oral

metronidazole and vancomycin is effective, recurrences do still occur.

Probiotics are non-pathogenic bacteria or yeast, which have a beneficial influence on the
gastrointestinal micro flora. A number of studies have shown that probiotics can prevent the
development of AAD in a variety of populations and settings. Two previous systematic
reviews have addressed the question of the preventive impact of probiotics on AAD.
However, these reviews are out of date and did not address the impact of probiotics on C.
difficile.

Aims
To assess the clinical effectiveness and cost effectiveness of probiotics for the prevention of
AAD.

Methods

MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials, CINAHL, DARE,
Science Citation Index and NHS EED were searched for relevant studies. Randomised
controlled trials were included that examined the effect of probiotics on the incidence of AAD
and C. difficile. Trials were included if they compared any from of antibiotic treatment
supplemented with probiotics compared to placebo, no therapy or active comparator. There
were no restrictions on study population age or the setting of the trial. Studies were excluded
if they examined the effect of probiotics as treatment for diarrhoea. Data on study and patient
characteristics, outcomes, direction of effect and quality were extracted by one reviewer and
checked by a second reviewer. Key trial quality criteria were assessed using standard

checklists. Numerical pooling of data was performed where possible and a random effect
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meta-analysis model applied where there was evidence of statistical heterogeneity. Statistical
heterogeneity across studies was explored with stratified meta- analyses and meta-

regression

Identified studies
A total of 23 randomised controlled trials were included Trials were conducted between 1977
and 2005, across a variety of populations, settings and assessed different types of probiotics

and antibiotics.

Clinical Effectiveness

The results of this review suggest that probiotics can significantly decrease the incidence and
duration of AAD by 52% (95% CI: 37% to 63%) and by 0.6 days (95% CI: 0.04 to 1.11)
respectively. The benefit of probiotics is found in the comparison with placebo or no
treatment (RR=0.48, 95% CI 0.37 — 0.63, NNT=8) However, the incidence of AAD did not
differ between probiotic and active comparator groups (RR: 1.45, 95% CI: 0.91 to 2.30).
Furthermore, the incidence of C. difficile associated diarrhoea was reduced by 46% (95% CI:
14%-76%, NNT= 36). However, colonisation by C. difficile did not differ between the probiotic
and placebo groups (RR: 0.95; 95% CI: 0.66-1.36).

Probiotics have no effect on the severity and time to developing symptoms of diarrhoea.

There were no reports with adverse events with probiotics.

Cost effectiveness
No cost effectiveness studies were found and there was little information on the potential
costs of probiotics. One study quoted a cost of £3.64 per treatment course of two weeks at

2002 prices (currency conversion Euro to £ for 2005).

Conclusion
Probiotics appear to be effective in the prevention of AAD including C. difficile and have little
or no harmful effects. Given the low cost of a course of treatment and their potential to

reduce downstream healthcare resource utilisation, probiotics may well be cost saving.
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2. Introduction

Antibiotic associated diarrhoea (AAD) has been recognised as an important side effect of
antibiotic treatment since 1950 and the evolution of broad-spectrum antibiotics. AAD was
considered as mild, until patients who were treated with Clindamycin presented with pseudo
membranous colitis. In 1978 Clostridium difficile had been identified as the agent for pseudo
membranous colitis and from that time point onwards, research has been widely carried out
leading to a better understanding of the mechanisms of AAD.* C. difficile-associated
diarrhoea (CDAD) in particular can have major impacts in terms of health impact for the
patient and corresponding impact on the health care system. Probiotics are non-pathogenic
bacteria or yeast, which have a beneficial influence on the gastrointestinal micro flora.
Increasing knowledge about the aetiology of AAD and the working mechanisms of probiotics
indicated the possible link and clinical benefit that could be achieved. Since the 1970s, a
number of studies have been conducted to determine the preventive as well as the
therapeutic effect of probiotics on AAD and C. difficile associated diarrhoea.

Although two systematic reviews have shown the benefit of probiotics on AAD, a number of

uncertainties remain.

* What is the magnitude of the effect of probiotics in preventing AAD and in particular

the effect on C. difficile associated diarrhoea?

* What patient groups should receive probiotics as supplements to their antibiotic

treatment?
* Which, if any, particular antibiotics are best suited to probiotic supplementation?
* Isthere arelative advantage of one probiotic versus others?

* Isthere a clinical effective dosage of probiotics, therefore a threshold dosage, and is

the timing of probiotic administration important?

* What is the cost effectiveness of probiotics?
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3. Background
3.1 Underlying health problem

AAD is clinically defined as three or more mushy or watery stools per day, following and/or
during antibiotic treatment.? The antibiotics disrupt the equilibrium of the normal gut flora by
altering some of the physiological functions of the micro flora.’ Results of this disturbance are
changes in colonic carbohydrate digestion, decreased short-chain fatty acid absorption and
osmotic diarrhoea.® Furthermore, the resistance to colonization can be influenced, enabling
pathogenic organisms such as C. difficile to emerge.® Although C. difficile is the most
prominent pathogenic cause of AAD, other reported infectious causes include Clostridium
perfringens, Klebsiella oxytoca, Candida species and Staphylococcus aureus.?

Most of the presentations of clinical AAD are uncomplicated, but it can also be associated
with colitis including fever, vomiting, abdominal pain, hypoalbuminemia and leukocytosis.* It
occurs in hospitalised and outpatient settings and in most cases the discontinuation or
replacement of the inciting antibiotic can be effective.® One of the major risk factors for the
occurrence of AAD is the age of the patient. Patients younger than 6 years and older than 65
years are reportedly at higher risk.”? AAD can be related to nearly all antibiotics, particularly
if the anaerobic intestinal flora forms part of their antibacterial spectrum. The exceptions are
vancomycin and aminoglycosides. ° (see Appendix page 55)

The more severe cases of AAD are especially associated with C. difficile infection; the
treatment therefore may require additional antibiotics such as metronidazole or glycopeptides
to treat the diarrhoea.’

C. difficile is a Gram-positive anaerobic bacterium that, in its infectious form, produces two
toxins, an enterotoxin A and a cytotoxin B, which causes colitis. It is likely to cause a
spectrum of largely but not exclusively hospital-acquired diseases, often consequent to
antibiotic exposure. The spectrum of disease ranges from asymptomatic colonization of the
intestinal flora, diarrhoea, colitis, and pseudo membranous colitis to death.® The produced
toxins inflame the colon, which results in an influx of white blood cells. In more severe cases,
the toxins damage the tissues of the inner lining of the colon. The mixture of dead tissues
and white blood cells (pus) appears like a white membranous patch covering the inner lining
of the colon. This form of severe colitis is called pseudo membranous, as the patches appear
like membranes, but are not true membranes.”® C. difficile associated disease is the term
used to describe the symptomatic manifestations due to the colonisation with C. difficile, such
as i.e. diarrhoea or colitis, but not the asymptomatic carriage. The antibiotics, which are
especially related with C. difficile associated diarrhoea, are cephalosporins and clindamycin.’

Colonisation with C. difficile is not necessarily associated with diarrhoea, only if toxins A

10
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and/or B are detectable in the faeces and diarrhoea is present, clinical steps have to be
undertaken. Symptoms can occur as mild diarrhoea, similar to the diarrhoea found in general
AAD where no specific therapy is needed for recovery.”> However, nearly all cases of colitis
and pseudo membranous colitis are associated with a C. difficile infection.’

The most important complication with C. difficile associated diarrhoea is the frequency of
recurrences, which leads to increased antibiotics consumption, prolonged stays in hospitals
and other medical complications.* The recurrence of C. difficile infections has been an
increasing problem in recent years, the probability reaching up to 47% of patients treated
with oral metronidazole.'®** In recurrent forms of pseudo membranous colitis, a severe form
of C. difficile associated diarrhoea; the mortality rates increase significantly and range

between 10% to 38%.*>*?

3.2 Epidemiology and burden of disease

Antibiotic associated diarrhoea: general considerat ions

Data on the incidence or prevalence of AAD in the UK are lacking. Nevertheless, data on the
number of antibiotic prescriptions in the UK is available which can be used to at least
estimate the extent of the problem. The incidence of AAD differs with the antibiotic used and
has been reported to vary from 5% to 39% of patients receiving antibiotic treatment.>**?
Based on the number of antibiotic prescriptions in the UK in 2000 has been 36,9 million, the
number of antibiotic associated diarrhoeic events ranges somewhere between 1,8 million to
14,4 million events per year.”® **

C. difficile associated diarrhoea:

C. difficile infection is probably responsible for about 10% to 20% of all AAD and is currently
one of the most common nosocomial infections.>**The number of reported C. difficile
infections increased from 20,556 reports in 2000 to 28,819 in 2002 in England, Wales and
Northern Ireland.® It is not clear how much of the increase represents increased
ascertainment and increases in number of contributing laboratories. Nevertheless, in 2004
there were 43682 reported cases in the UK.' These numbers demonstrate the importance
for preventive approaches, as C. difficile associated diarrhoea has considerable impact on
health, health care consumption and costs regarding the health problem of AAD. In contrast
to general AAD, younger age ( < 6-years) is not related with a higher risk of C. difficile
associated diarrhoea. However, much higher rates of detected C. difficile associated
diarrhoea occur in the elderly. In 2002 eighty-two per cent of all reported cases in England,
Wales and Northern Ireland concerned patients aged 65 or over.® In a Swedish study 42% of

cases of CDAD presented in the community, half of whom had no history of hospitalisation in

11
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the previous month, and an Irish study reported that 11% of cases presenting had no history

of hospitalisation in the previous 60 days.***’

3.3 Current service provision

AAD is in most patients associated with mild symptoms that are self-resolving and are
managed by cessation of the antibiotic therapy or the replacement with a low risk antibiotic.
Only when more severe diarrhoea is observed, including C. difficile associated diarrhoea, is
an additional antibiotic to treat the Clostridium bacterium encouraged (see appendix page
56).1° Generally, patients older than 65 who develop diarrhoea are tested for Clostridium
(difficile). Diarrhoeal samples in younger patients are tested only if there are additional risk
factors present or the clinician has reasonable suspicion for the diagnosis.

There are several diagnostic tools available, but the most sensitive one is by culturing stool
on selective medium. It is important to be able to detect toxin A and toxin B to make the
clinically important distinction between asymptomatic carriers and the manifestation of the
disease. Once the diagnosis C. difficile associated diarrhoea is confirmed, the treatment with
oral metronidazole or vancomycin is started as they have high rates of efficacy with response
rates up to 97 per cent.’ Although the treatment of C. difficile associated diarrhoea and colitis
with antibiotics (vancomycin or metronidazole) is effective, recurrences occur in a small
number of patients.?*?C. difficile associated diarrhoea can results in prolonged stays in
hospitals and associated diagnostic and treatment costs. Wilcox et al state that the additional
costs for C. difficile infected patients in a medical ward exceeds £4000 per case.'® Using the
Hospital & Community Health Services (HCHS) Pay & Prices Index this inflates to £5643 for

2005. A prolonged hospital stay of 21 days and resulting additional costs of diagnostics and

treatment mainly generated these costs. The costs of recurrences were not included in this

calculation.

3.4 Description of new intervention

Probiotics are ‘live organisms which when administered in adequate amounts confer a health
benefit on the host’.*A single probiotic intervention can include more than one species of
bacteria, such as Bifidobacteria and Lactobacilli, which are both part of the normal human
intestinal flora, or yeast such as Saccharomyces species.”’ The virulence of probiotics

compared to other pathogens that can occur in the intestinal gut flora is very low.

12
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Although the specific mechanisms of how probiotics influence the intestinal flora are not fully
understood, it is widely agreed that there is a beneficial effect. Some invoke stimulation of the
immune system of the intestinal tract or suppression of the growth of enteric pathogens by
competition for nutrients and adherence sites or the production of antimicrobial agents.
1122021There have been some reports of severe infections caused by probiotic ingestion,

usually in severely ill or immune-suppressed patients. *°

3.5 Existing systematic reviews on prevention of an tibiotic-associated

diarrhoea by probiotics

At the outset of this report, a scoping search of the literature was undertaken. This search
identified two existing systematic reviews'*?* The ‘bottom line’ of both reviews was a
beneficial effect of probiotics in the prevention of AAD. However, both emphasize the need
for the collection of further data including the cost effectiveness of probiotics. Cremonini et
al* reported that a pooled relative risk for incidence of AAD across seven studies was 0.40
(95% Cl: 0.27 to 0.57) in favour of probiotic treatment over placebo. D’'Souza et al**found a
pooled odds ratio for the incidence of AAD of 0.37 (95% CI: 0.26 to 0.53). Methodological
guality of the two systematic reviews was assessed using a modified version of the Oxman

and Guyatt scale.”®**

Quality was expressed as an overall score with a maximum of 18. Both
reviews were judged to be of moderate quality. The review by D’'Souza scored 11 points and
Cremonini scored 15 points. Details of the quality assessment criteria and the scoring are
provided in the appendix page 57.

There were other limitations with these systematic reviews:

. Search dates: Both reviews concluded their searches in 2001 and therefore do not
include more recently published studies.

. Evidence identified: Both reviews identified 11 trials. However, only 5 trials were
common between the two reports. Given that the searches of both reviews were
performed at a similar time period and employed similar inclusion and exclusion criteria,
the reason for this lack of consistency is unclear.

. Outcomes assessed: Data synthesis and presentation of both reviews was restricted to
the prevention of diarrhoeic events. C. difficile associated diarrhoea was not reported.

. Exploration of heterogeneity: Although both reviews identified statistical heterogeneity,

no formal exploration of this heterogeneity was undertaken.

13
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4. Aims and objectives of review

The aim of this report was to assess the clinical and cost effectiveness of probiotics in the
prevention of AAD.
Specific objectives of the report were:
» To assess the impact of probiotics on the prevention of C. difficile associated
diarrhoea.
* To explore differences in the effects of probiotics across different patient groups,

healthcare settings, different formulations and doses of probiotics

5. Methods for review of clinical effetiveness

5.1 Search strategy

The two previously published systematic reviews were used as source of trials.*** In
addition a full bibliographic search for primary and ongoing studies was also undertaken.
Details of the databases searched are shown in Table 1, and full details of the search
strategies are presented in the appendix pages 59 and 102. Additionally, the citation lists

were inspected for further relevant studies. No language restrictions were applied.

14
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Table 1 Bibliographic and other databases searched

Search and Databases Date and year(s) or issue
date conducted searched

Primary MEDLINE 1966 - April 2005
completed and EMBASE 1980 — April 2005
ongoing CINAHL 1982 — April 2005

research (April
2005)

Ongoing
research only
(May 2005)

Updated
search
(June 2005)

The Cochrane Central
Register of Controlled Trials
(CENTRAL)

NHS Economic Evaluation
Database (NHS EED)
DARE

Science citation index
National Research Register
Current controlled trials
ISRCTN register
ClinicalTrials.gov

Current controlled trials meta
register

MEDLINE

EMBASE

The Cochrane Central
Register of Controlled Trials
(Central)

2005 |ssue 2
No date restriction

No date restriction
No date restriction

2005 Issue 2
20/05/2005

20/05/2005
20/05/2005

Updated on 9™ of June

15
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5.2 Inclusion and exclusion criteria

Study design
Randomised controlled trials (RCTs), assessing the preventive effectiveness of probiotics for
AAD.

Study population
Individuals of any age receiving antibiotic treatment for any indication, including healthy

volunteers.

Intervention

Any form of type of probiotic administration.

Comparator

Any comparator without probiotic.

Outcomes

Inclusion of one of the more the following outcomes.

Primary outcome
* Incidence of AAD

Secondary outcomes

* Incidence, duration and time to developing symptoms of AAD

* Incidence of C. difficile infection (only asymptomatic carriage)

* Incidence of C. difficile associated diarrhoea

* Incidence of recurrent C. difficile associated diarrhoea

» Health-related quality of life

» GP visits, hospital admissions and costs

» Serious adverse events (including pseudo membranous colitis and mortality)

» Days of work lost by patient or carer
Studies where excluded where: (1) probiotics were used as a treatment for AAD; (2) studies

where the antibiotic treatment of diarrhoea (e.g. C. difficile associated diarrhoea) was

supplemented with probiotics.

16
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Inclusion and exclusion criteria were applied by a single reviewer (IS).

5.3 Quality assessment strategy

Quiality assessment of included studies was performed to identify threats to the internal

validity.

A checklist based on the Jadad scale®® (Appendix page 61) was used to assess the quality of
the included trials An overall quality was score calculated based on methods of
randomisation, blinding and handling of withdrawals. In addition, concealment and intention
to treat analysis were also assessed (see Appendix page 62). Quality was assessed by a

single reviewer (IS) and checked by a second (RT or MC).

5.4 Data extraction strategy

A standard data extraction form was developed to extract data on study characteristics,
guality and results. Data from all included studies was extracted by a single reviewer and
checked by a second. Where due a lack of reporting, there was uncertainty about trial quality

or outcomes, the study authors were contacted.

5.5 Review analysis and data synthesis

Results were tabulated according to outcome. Where possible, outcomes were pooled
across studies using meta-analysis. Random effects models were used when statistical
significant heterogeneity (P<0.10) was detected and results were displayed using Forest
plots.

Results for dichotomous outcomes were expressed as n/N (number of patients experiencing
the event/total of population of patients) and relative risk (RR); continuous outcomes were
expressed as the weighted mean.

Funnel plots and inferential tests (Egger and Begg) were used to assess publication bias.
Results for studies with an active comparator and for studies with a placebo comparator are

presented separately throughout.
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Several of trials reported outcome data at more than one time point. Where no total incidence
of diarrhoea was given and it could not clearly be assumed that incidences of later time
points were only of new patients, the first time point outcome was included in the general
meta-analysis for the incidence of AAD.
Detailed exploration of heterogeneity across trials in the primary outcome (AAD) was
undertaken. This included stratified meta-analysis and meta-regression. To analyse the
influence of different follow up times a stratified meta-analysis was used. For this analysis, all
the recorded time points per study were included and displayed for 1,2, and more than 3
weeks, using forest plots. A test for heterogeneity was used to compare the three strata and
examine the predictive value of time on the effect size.
Considering clinical and quality characteristics of the individual studies resulted in 9 pre hoc
defined meta-regression covariates:

e Setting: Hospital, primary care or experimental

» Age: Children (<18 years), adults (18-65 years), elderly (>65 years) and

adults/elderly (>18 years)

» Probiotics type: S.boulardii, L GG, Lactinex, Other combinations

» Study quality: Jadad score

e [ntention to treat: Yes, no

* Comparator: Placebo (or no therapy), active comparator

e Time: Time point of outcome measurement

* Publication year: <2000, 22000

* Adequate study: C ‘adequate’ or ‘inadequate’

Univariate and multivariate meta-regression was undertaken. The covariate ‘comparator’ was
analysed separately.

Results are reported as means and 95 percent confidence intervals. All analyses were
conducted using Stata version 7.0 (Stata Corp., College Station, Texas, USA) ; MetaWin
version 2.0 (Statistical Software for Meta-Analysis, Sinaur Associates, Sunderland, USA) and
Comprehensive Meta-Analysis (Biostat, Englewood, USA). Detail of the data manipulation

necessary for some trials is described in the appendix page 104.
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6. Clinical effectiveness results

6.1 Quantity and quality of identified studies

6.1.1 Quantity of identified studies

The two existing systematic reviews identified a total of 11 trials that were retrieved for further
assessment.”®>® In addition, a total of 849 citations were identified by the bibliographic
searches. Following application of inclusion and exclusion criteria and exclusion of duplicate
citations, the number of potential studies was reduced to 170. These studies were further
assessed and 146 were excluded for a variety of reasons detailed in appendix page 65. A
total of, 23 trials were finally included for review. Of these, 10 trials were identified from the
previous systematic review, 13 from bibliographic database searches. This process is
summarised in Figure 1.

In addition, 2 ongoing trials were identified; further information is listed in appendix page 101.

Details of the 23 included trials are given in appendix page 71.
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Potentially relevant citations identified
| and screened for retrieval (n =849)

Primarily included

studies from Citations excluded, not relevant; duplicates,

reviews (n=11) »| checked title and abstract, (if available) (n=680)
A 4

Citations retrieved for more detailed
evaluation (n = 169)

Primarily included References excluded (total) = 139
studies excluded «— Reasons:
(n=1) 3| Reviews:n=288 N
Reasons: Comments (expert opinions): n = 13
Treatment instead of Treatment instead of prevention: n = 13
prevention: n=1 Other medical indication (other sorts

of diarrhoea): n = 14
Not randomised: n =7
Side effects of probiotics: n =1

No probiotics used: n =1
Abstract, not randomised: n =1
Abstract: n=1

v

Potentially appropriate RCTs to be
included in meta-analysis (n = 29)

RCTs excluded from meta-analysis,
p| With reasons (n = 6)
No diarrhoea outcomes: n = 6

A 4
RCTs included in meta-analysis (n = 23)

Figure 1 Flow diagram of inclusion process
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6.1.2 Study characteristics

The included study characteristics, details of study drugs and the quality of studies are

summarized in Table 2 to Table 4.

Sample size
The study size varied between 18 and 616 participants, with a total number of patients of

3365 from all included studies.

Setting

Twelve studies were performed in a hospital setting, 9 in a primary care setting and 2 studies
were experimental. Of the 12 hospital based studies, two were also carried out in outpatient
clinics or centres. They were nevertheless regarded as hospital-based studies for the

statistical analysis.

Study participants & antibiotics used

The age of the study population ranged from some months to over 90 years old.

There were 7 studies in children (<18 years), 7 studies in adults (18-65 years), 3 studies in
elderly (>65 years) and 4 studies in adults/elderly (>18 years). The study conducted by
Adam? included patients older than 15 years; nevertheless it was classified as ‘adult
population’ based on the mean age reported. One study®’, could not be classified because
no age of study participants was reported.

There were diverse reasons for antibiotic medication in the studies; mostly it included various
forms of infectious disorders but also the eradication therapy for Helicobacter pylori, acute
emergencies and even healthy volunteers. The antibiotics used in the trials also show a large
variety, but mainly broad-spectrum antibiotics from the categories of the beta-lactams,

tetracylines, macrolides and amino-glycosides are being studied (appendix page 55).

Probiotics used

The probiotics used in the included studies can roughly be divided into bacteria and yeasts.

All yeast studies used S. boulardii as study drug. The use of bacteria as study drug shows a

larger variety, including:

» Lactobacillus acidophilus, L. bulgaricus, L. delbrueckii ssp. bulgaricus, L. GG, L.
sporongens,

» Bifidobacterium clausii, B. bifidum, B. longum, B. lactis, B. infantis,

» Streptococcus salivarius ssp. thermophilus,
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There were 7 studies using S. boulardii, 15 studies using one or more forms of bacteria, and
1 study®®, used both bacteria and yeast. The most frequently used bacterial probiotic was L.
GG used by 6 studies.

Table 3 provides information about the antibiotics and probiotics used. Apart from the broad
range of different bacteria used as a probiotic study drug, the dosage varies over the different
studies. This is equally the case for bacteria and yeast and shows the difficulties of grouping

the probiotic drugs by dosage.

Comparators

Of the 23 studies, only 3 compared the effectiveness of probiotics in preventing AAD with an
active comparator, 19 studies had a placebo comparison and only one study had a control
group with no other intervention (no placebo). The active comparators were: Diosmectite
(dioctahedral smectite, a natural clay with adsorbant properties and claimed to be usefull as
an anti diarrhoeal agent), and oligosaccharides in two studies. The oligosaccharides used
occur naturally in inulin-rich plants and are poorly digested by the human body, but have
been shown to stimulate the growth of Bifidobacteria in vitro and in vivo. The
oligosaccharides belong to the class of prebiotics, which are defined as a ‘non-digestible’
food ingredient that selectively promotes the growth of one, or a limited number of bacteria in
the colon.®**° Due to their possible active effect on the prevention of diarrhoea, prebiotics

were regarded as an active comparator treatment.

Study duration
The study duration is rather short, as can be expected by an event as diarrhoea, which has
no long duration of its own. The duration ranges from 6 days to 3 months, but most studies

have no longer follow-up than 3 weeks.

Outcomes

The outcomes collected by the studies are also shown in Table 2. Only one study’, does not
report the incidence of antibiotic-associated diarrhoea, for all other studies, this is the most
important primary outcome. Ten, 7, and 2 studies collected the Outcomes of Duration,
Severity, and Incubation period of AAD respectively. 7 studies report the incidence of C.
difficile associated diarrhoea, but only 6 studies provide the correct information for meta-
analysis. No other outcomes, such as costs, health-related quality of life, days of work, were

reported.
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Author/ q Group size Reason for Follow up Outcomes collected**
Year/ Setting sz . | = Intervention | antibiotic Probiotics used Comparator (total study
Countr PR C = Control medication duration
y ) AAD |D |S |TS |CD | CDAD
Adam/ Primary Adults (older | 1 =199 Infections of the S. boulardii Placebo Approximat \/ \/
1977/ Care than 15) C =189 upper/lower ely 7 days
France?® respiratory tract
Gotz/ 1979/ | Hospital | Adults/Elderly | | =36 Not stated L. acidophilus and | Placebo Not stated N N
us?® (range 18-88) | C =43 L. bulgaricus
Monteiro/ Hospital | Not stated =121 Diverse S. boulardii Placebo 6 days \/
1981/ Cc=119 infections, e.g.
Portugal® Bronchus-
pulmonary, oto-
rhinological or
post surgery
infections
Surawicz/ Hospital | Adults/Elderly | I =116 Not stated S. boulardii Placebo Apr. 3 N N A N
1989/ US™® C=64 weeks
Tankanow/ | Primary | Children* =15 Common medical | L. acidophilus, L. | Placebo 10-12days | +/ N
1990/ US** | care c=23 disorders, e.g. bulgaricus
otitis media,
pharyngitis
Nord/ 1997/ | Experim | Adults I=11 Healthy L. acidophilus, B. | Placebo 4 weeks N
Sweden® | ental C=12 volunteers bifidum, L.
delbrueckii subsp.
bulgaricus,
Streptococcus

salivarius subsp.
thermophilus
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Author/ — Group size Reason for Follow up Outcomes collected**
Year/ Setting 3{ tion* | = Intervention | antibiotic Probiotics used Comparator (total study
Country popuiation C = Control medication duration) AAD IDISI|TS | cD | cDAD
Lewis/ Hospital | Elderly =33 Acute admission | S. boulardii Placebo Median 7 N N N
1998/ UK*® C=36 to the general days (up to
medical ward 10 days)
Arvola/ Health Children* =61 Acute respiratory | L. GG Placebo 3 months N N A N N
1999/ Care C =58 infections
Finland®® Centre
or
Hospital
Benhamou/ | Primary Children* | =327 Infection of the S. boulardii Diosmetice (DS) | 6-10 days N
1999/ Care C =289 upper and/or in form of
France™ lower respiratory sachet, 6g/day
tract for children
between 1-2
years; 9g/day for
children >2
years.
Placebo capsule
McFarland/ | Hospital | Adults/Elderly | | = 97 Not stated S. boulardii Placebo 7 weeks N NI A N[ A
1995/ US* (18-70) C=96
Madeo/ Hospital | Elderly =30 Common medical | L. acidophilus and | Groupl: Sachet | 25 days N N N
1999/ UK*® Cl1=18 disorders e.g. Bifidum-bacterium | with: 9.1 g
c2=18 chest infections, fructose, 9.1 g
urinary tract FOSand 1.8¢g

infections

apricot powder
Group2: Sachet
with 9.1 g
fructose, 9.1 g
maltodextrin and
1.8 g apricot
powder
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Author/ Stud Group size Reason for Follow up Outcomes collected**
Year/ Setting 3{ tion* | = Intervention | antibiotic Probiotics used Comparator (total study
Country popuiation C = Control medication duration) AMD |IDI|S|Ts | cD | cbAaD
Vanderhoof | Primary Children* =93 Acute infectious L GG Placebo 10 days N
/ 1999/ Care C=95 disorders (minor
us® infections) of the
upper and lower
respiratory tract,
the urinary tract,
soft tissues or
skin
Orrhage/ Experim | Adults I=10 None, healthy B. longum and L Group 1: 21 days N N
2000/ ental Cl=10 volunteers acidophilus placebo milk
Sweden® C2=10 supplement with
15¢
oligofructose
Group 2:
placebo milk
supplement
Armuzzi*l/ | Primary | Adults =30 Helicobacter L. GG Placebo 3 weeks N
2001/ Italy*’ | Care Cc=30 pylori positive,
asymptomatic
Armuzzi/ Primary | Adults I =60 Helicobacter L.GG No placebo 5 weeks N N
2001/ ItaIy42 Care C=60 pylori positive,
asymptomatic
Thomas/ Hospital | Adults/Elderly | I =133 Presumed or L. GG Placebo 3 weeks N N
2001/ US® (18-93) C=134 proven infection
Cremonini/ | Primary Adults 11=21 H. pylori positive, | Group 1: L. GG Placebo 3 weeks N
2002/ ItaIy38 Care 2=21 asymptomatic Group 2: S.
13=21 boulardii
C=20 Group 3: L.
acidophilus and
B. lactis
Jirapinyo/ Hospital | Children* =8 Sepsis or L. acidophilus and | Placebo 1 week N N N
2002/ c=10 meningitis B. infantis
Thailand**
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Author/ — Group size Reason for Follow up Outcomes collected**
Year/ Setting 3{ tion* | = Intervention | antibiotic Probiotics used Comparator (total study
Country popuiation C = Control medication duration) AAD IDISI|TS | cD | cDAD
La Rosa/ Primary Children* =48 Infections, e.g. L. sporongens Placebo 2 weeks N
2003/ Italy*® | Care C=50 pharyngitis,
tonsillitis, otitis
media, bronchitis
Nista/ 2004/ | Primary | Adults | =54 H. pylori positive, | B. clausii Placebo 4 weeks N
Italy*® Care C=52 asymptomatic
Plummer/ Hospital | Elderly I =69 Acute L. acidophilus and | Placebo 20 days N N N
2004/ UKY’ C=69 emergencies B. bifidum
requiring
treatment with
antibiotics
Corréa/ Hospital | Children* =80 Not stated B. lactis Placebo 30 days N N A
2005/ c=77 S. thermophilus
Brazil*®
Kotowska/ | Hospital | Children” =119 Acute otitis media | S. boulardii Placebo 3 weeks N N
2005/ and out- c=127 and/or respiratory
Poland® patient tract infection
clinic

* Categories are:  Children <18** Adults 18-65 Elderly 66 +

Abbreviations: AAD

Incidence of Antibiotic-associated diarrhoea D Duration of AAD
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Table 3 Characteristics of study drugs
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Author Antibiotic used Dosage, schedule, | Probiotics used Dosage, schedule, duration of probiotics Comparator
duration of
antibiotics
Adam®® Beta-lactams (penicillins, Treatment for at S. boulardii 4 gel capsules per day, for duration of Placebo
ampicillin, amoxicillin, least 5 days antibiotic treatment
cephalosporins) and
tetracyclines
Gotz™ Ampicillin Not stated L. acidophilus and | 4 times daily one packet for the first 5 days | Placebo
L. bulgaricus of ampicillin treatment (20 doses in total)
(Lactinex)
Monteiro>’ Several antibiotics, beta- Not stated S. boulardii 4 times daily one capsule for 6 days Placebo
lactam antibiotics and
tetracyclines
Surawicz™ Several antibiotics: e.g. Not stated S. boulardii 250 mg capsule bid. twice a day (- 1g Placebo
penicillin, other single lyophilised S. boulardii); until 2 weeks after
agents, multiple agents antibiotic treatment
containing clindamycin, or =>1 g/day
TMP or cephalosporins
Tankanow™ Amoxicillin Not stated L. acidophilus, L. | 1 g packets (5.1x10° cfu per packet) 4 Placebo
bulgaricus times/day for 10 days
(Lactinex) => 2.O4x109/day
McFarland®" B-lactam antibiotics Treatment for at S. boulardii 1g (3x10"° cfu) per day administered as Placebo
(medium-to-broad spectrum | least 48 hours 2x250 mg capsules bid. continued until 3
penicillin’s, combination days after the antibiotic treatment was
penicillin’s [penicillins with a discontinued. The maximum duration was
B-lactamase inhibitor] or any 28 days.
cephalosporin =>3x10"'%day
Nord™® Clindamycin 150 mg L. acidophilus, B. | 3 capsules (3x10° cfu per capsule) 2 Placebo

4times/day for 7
days

bifidum, L.
delbrueckii subsp.
bulgaricus,
Streptococcus
salivarius subsp.
thermophilus

times/day for 14 days
=>6x10°/day
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Author Antibiotic used Dosage, schedule, | Probiotics used Dosage, schedule, duration of probiotics Comparator
duration of
antibiotics
Lewis™ Not stated Not stated S. boulardii 113 mg twice daily during antibiotic Placebo
treatment
=>226 mg/day
Arvola®™ Penicillin; Amoxicillin; Dosage was L. GG 2x10™ cfu in capsules, b.d., during Placebo
Cephalosporins; divided into 2 or 3 antimicrobial treatment
Erythromycin; Trimetoprim- | doses, given every 4x109/day
sulpha 8 hours, for 7-10
days
Benhamou™ Amoxicillin clavulonic acid; Treatment for 6-10 | S. boulardii 226 mg per capsule Diosmetice (DS) in
cefradoxil, josamycin, days 1 capsule/day for the duration of antibiotic | form of sachet, 6g/day
erythromycin + sulfafurazol, treatment for children between 1-
cefixim 1 placebo sachet 2 years; 9g/day for
=>226 mg/day children >2 years
Placebo capsule
Madeo™ Co-amoxycliv; Flucloxacillin; | Not stated L. acidophilus and | Combined with 8,59 FOS (fructo- Group 1: Sachet
Augmentin; Ampicillin; Bifidobacterium oligosaccharides), 2 g apricot powder and | consisted of : 9.1 g
Clarithromycin; Cefotaxime; 9.1 g fructose; the product was fructose, 9.1 g FOS
Metronidazole; Cefuroxime; administered on sachet per day, for 15 and 1.8 g apricot
Cephadrine; Magnapen; days powder
Trimethoprin; Ciproflaxicin Group 2: Sachet with
9.1 g fructose, 9.1 g
maltodextrin and 1.8 g
apricot powder
Vanderhoo™ Amoxicillin; Amoxicillin/ 10 days L. GG Children weighing<12 kg: 1 capsule Placebo

clavulanate potassium;
Cefprozil; Clarithomycin;
Ciprofloxacin; Cefotaxime;
Penicillin; Cephalothin;
Erythromycin; Tetracycline;
Trimethoprim; Sulfamethox.

(1xlol°cfu/capsule) once daily for 10 days
Children weighing >12 kg: 2 capsules once
daily for 10 days

=>1x10"’-2x10"/day
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Author Antibiotic used Dosage, schedule, | Probiotics used Dosage, schedule, duration of probiotics Comparator
duration of
antibiotics
Orrhage™ Cefpodoxime proxetil 2x 100 mg/day for | B. longum and L 250ml of a fermented milk supplement -Group 1: placebo milk
7 days acidophilus containing 5x10° to 2x10° cfu/ml of B. supplement with 15 g
longum and of oligofructose
2x10° to 3x10° cfu/ml of L. acidophilus -Group 2: placebo milk
once daily for 21 days supplement FOS
(additionally: 15g oligofructose) (fructo-
=> max. 5x10 °/day oligosaccharides
both groups for 21
days
Armuzzi*1*’ Triple therapy: Rab. 20 mg b.d. L. GG 6x10° of viable bacteria bid. for 14 days Placebo
Rabeprazole Clar. 500 mg b.d. =>12x10°/day
Clarithromycin Tin. 500 mg b.d.
Tinidazol For 7 days
Armuzzi Triple therapy: Pan. 40 mg b.d. L. GG Freeze dried powder (6x10° cfu) bid. for 14 | No placebo
Pantoprazole Clar. 500 mg b.d. days
Clarithromycin Tin. 500 mg b.d. => 12x10°%/day
Tinidazol For 7 days
Thomas™ Penicillins, cephaolsporins, | Not stated L. GG 1 capsule twice daily for 14 days; Placebo
carbapenems, Capsules contained 10x10° cfu of live L.
Fluoroquinolones, GG
macrolides, => 1x10"%/day
aminoglycosides,
glycopeptides, tetracycline,
others
Cremonini® Triple therapy: Clar. 500 mg b.d. | -Group 1: L. GG -L. GG: 1 sachet bid. (6x10° cfu per Placebo
Clarithromycin; Tini. 500 mg b.d. -Group 2: S. sachet)
Tinidazole; Rab. 20 mg b.d. boulardii -S. boulardii: 1 sachet bid. (5x10° per
Rabeprazol For 7 days -Group 3: L. sachet)
acidophilus and B. | -L. acidophilus + L. lactis: 1 sachet bid.
lactis (5x10° per sachet)
all groups Ig)r 2 weeks
=> 3.2x10""/day
Jirapinyo™ One or more than one Not stated L. acidophilus and | 1 capsule three times a day, for 7 days Placebo

broad spectrum antibiotics

B. infantis

29




Probiotics for prevention of antibiotic associatkgrrhoea

Author Antibiotic used Dosage, schedule, | Probiotics used Dosage, schedule, duration of probiotics Comparator
duration of
antibiotics
La Rosa™ Amoxicillin clavulanic acid; 10 days of therapy | L. sporongens 5.5x10° cfu per capsule (and 250 mg Placebo
Cephalosporin; fructo-oligosaccharide)
Erythormycin (or other 1 capsule/day for 10 days
macrolides) => 5.5x10°
Nista®™ Triple therapy: Clar. 500 mg b.d. | B. clausii 1 vial/day (2x10° spores per vial) for 14 Placebo
Clarithromycin; Amox. 1 g b.d. days
Amoxicillin; Rab. 20 mg b.d. => 2x10°%day
Rabeprazol For 7 days
Plummer®’ Not stated Not stated L. acidophilus and | 2x10™ cfu per capsule Placebo
B. bifidum 1 capsule/day for 20 days
=> 2x10"%/day
Corréa™ Penicillin, ampicillin, Not stated B. lactis, Minimum of 500 ml of formula/day = 1x10" | Placebo
oxacillin, amoxicillin (+ Streptococcus cfu/g of contents
clavulanic acid), thermophilis for 15 da7ys
cephalosporin => 1x10"/day
Kotowska™ Cefuroxime axetil; Not stated S. boulardii 250 mg S. boulardii, bid. for the duration of | Placebo

Amoxicillin (+clavulanate);
Cefuroxime; Penicillin;
Clarithromycin;
Roxithromycin

the antibiotic treatment
=> 500 mg/day
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Table 4 Quality assessment results

Probiotics for prevention of antibiotic associatkgrrhoea

L Allocation o _— . Intention to SISl
Author Randomisation Blinding Blinding method Withdrawals (%) Jadad
concealment treat used scale
Adam™ Acceptable Not acceptable | Double Acceptable 0% Yes
Cremonini® Acceptable Acceptable Double Acceptable Intervention1: 0% No
Intervention2: 4.5%
Intervention3: 0%
Control: 4.8%
Kotowska™ Acceptable Acceptable Triple Acceptable Intervention: 9.8% No
Control: 7.3%
La Rosa™ Acceptable Acceptable Double Acceptable Intervention: 20.0% Yes
Control: 16.7%
Madeo™ Acceptable Not reported Double Acceptable 0% Yes
Thomas™ Acceptable Acceptable Double Acceptable Intervention: 12.5% Yes
Control: 10.7%
Vanderhoof** Acceptable Acceptable Double Acceptable Intervention: 7.9% No
Control: 5.9%
Armuzzi*1°?’ Not acceptable Acceptable Double Acceptable 0% Yes
Arvola™ Acceptable Not reported Double Acceptable Intervention: 31.5% No
Control: 25.6%
Benhamou™ Not acceptable Not reported Double Acceptable Intervention: 16.4% No
Control: 25.5%
Corréa™ Not acceptable Not reported Double Acceptable Intervention: 8.8% No
Control: 6.1%
Gotz™ Not acceptable Not reported Double Acceptable Intervention: 25.0% No
Control: 14.0%
Jirapinyo™ Not acceptable Not reported Double Acceptable 0% Yes
Lewis*® Not acceptable Acceptable Double Acceptable Intervention: 8.3% No
Control: 0%
McFarland®" Not acceptable Acceptable Double Acceptable 0% Yes
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Allocation Intention to SR O
Author Randomisation Blinding Blinding method Withdrawals (%) Jadad
concealment treat used scale
Nista™® Acceptable Not reported Double Not acceptable Intervention: 10.0% Yes 4
Control: 13.3%
Nord " Not acceptable Acceptable Double Acceptable 0% Yes 4
Surawicz*> Not acceptable Not reported Double Acceptable Intervention: 27.0% No 4
Control: 59.7%
Tankanow*>" Not acceptable Acceptable** Double Acceptable** Intervention: 50% No 4**
Control: 23.3%
Monteiro*>’ Not acceptable Not reported Double Not acceptable Intervention: 19.3% No 3
Control: 20.7%
Orrhage™ Not acceptable Not reported Double Not acceptable Intervention: 10.0% No 3
Controll: 0%
Control2: 0%
Plummer**’ Not acceptable Not reported Double Not acceptable Intervention: 8.0% No 3
Control: 8.0%
Armuzz™” Not acceptable Not acceptable | Not blinded | Not blinded 0% Yes 2

* Randomised group size not stated, assumed that patients were equally distributed over the two groups.
** Information completed by contacting authors

Randomisation: Acceptable = well described, method really random
Not acceptable = not well described, uncertain if method really random

Acceptable = concealment method applied and well described

Not acceptable = concealment method applied and not well described

Not reported

Single/double/triple

Not blinded

Not reported

Acceptable = well described,

Not acceptable = not well described

Not blinded

Allocation concealment:

Blinding:

Blinding method:
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6.1.3 Quality assessment and threats to validity

The results for selected quality assessment items are shown in Table 4 above. Trials were
assessed according to their overall Jadad score (1= poor quality to 5=high quality; see
appendix page 61). Nineteen studies were judged to be of good quality (i.e. = 4 out 5). Three
trials were judged to be of moderate quality (3/5) and one was of poor quality (2/5). Although
these Jadad scores indicate a generally good level of quality across trials, an assessment of

individual dimensions of quality gives a rather less positive picture.

Nine (39%) studies were judged to have ‘acceptable’ randomisation, 10 (44%) ‘acceptable’
concealment, 18 (78%) had ‘acceptable’ blinding methods, 17 (74%) studies had acceptable
level (< 20%) of withdrawal and 10 (44%) of the studies used an ‘intention to treat’ analysis
To assess the use of ’intention to treat’ analysis, the following criteria was used: only studies
reporting an intention to treat analysis and studies that had no withdrawals (therefore
resulting in de facto intention to treat analysis) were considered. Studies where withdrawals
were not included in the analysis were not considered ‘intention to treat-studies’. Only 10 out

of the 23 (43%) of studies were being considered ‘acceptable’ across all five criteria.

6.2 Primary outcomes: Incidence of diarrhoea

6.2.1 Meta-analysis of primary outcome data: Incidence of diarrhoea (AAD)

The pooling of studies was performed separately for those studies that used an active
comparator (Figure 2) and for those that used either placebo or no therapy (Figure 3).

No significant difference in AAD between probiotic and an active comparator was observed
(RR: 1.45, 95% CI: 0.91 to 2.30). There was no evidence of statistically significant
heterogeneity (p-value = 0.816).

Of the 19 placebo or no therapy studies, eleven reported a significant reduction of the risk of
AAD in the probiotic-treated group. The pooled relative risk was statistically significant (RR:
0.48, 95% CI: 0.37-0.63; random effects; p < 0.001). There was evidence of significant
statistical heterogeneity (p= 0.002).
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Citation Time 0.01 0.1 1 10 100 Effect Lower Upper PValue Treated Control
Benhamou 1999 2 weeks 1.38 75 2.53 .29 25/327 16/289
Madeo 1999 3 weeks 2.40 A7 1221 27 4/30 2/36
Orrhage 2000 3 weeks 1.39 .63 3.07 44 5/9 8/20
Fixed Combined (3) 1.46 .90 2.36 12 34 /366 26/ 345
Random Combined (3) 1.45 91 230 .12 34/366 26/345

Favours Probiotics Favours Activ e Comparator

Figure 2 Meta-analysis: studies with an active comp  arator
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Comparison: Probiotic v. Placebo
Outcome: Incidence of antibiotic associated diarrhoea
Relative Risk Relative Risk
Probiotic Placebo (random) Weight (random)
Study n/N n/N 95% Cl % 95% Cl
Adam 1977 9/ 199 33/189 —— 5.78 0.26 [0.13, 0.53]
Gotz 1979 3/ 36 9/ 43 L 3.09 0.40 [0.12, 1.36]
Monteiro 1985 19/ 121 33/119 - 7.36 0.57 [0.34, 0.94]
Surawicz 1989 11/ 116 14/ 64 —— 5.65 0.43 [0.21, 0.90]
Tankanow 1990 10/ 15 16/ 23 B 7.82  0.96 [0.61, 1.50]
McFarland 1995 7197 14/ 96 —B— 4.78 0.49 [0.21, 1.17]
Lewis 1998 7/ 33 5/ 36 —— 3.82 1.53 [0.54, 4.35]
Vanderhoof 1999 7/ 93 25/ 95 —— 5.25 0.29 [0.13, 0.63]
Arvola 1999 3/ 61 9/ 58 ., 2.99 0.32 [0.09, 1.11]
Thomas 2001 39/ 133 40/ 134 11F 8.46  0.98 [0.68, 1.42]
Armuzzi 2001 4/ 60 14/ 60 — 3.80 0.29 [0.10, 0.82]
Armuzzi 2001 (1) 1/ 30 9/ 30 O 1.43 0.11 [0.01, 0.82]
Jiranpinyo 2002 3/8 8/ 10 — B 4.31 0.47 [0.18, 1.21]
Cremonini 2002 (1+3) 2/ 42 6/ 20 2.28 0.16 [0.04, 0.72]
Cremonini 2002 (2) 1/ 21 6/ 20 F 1.40 0.16 [0.02, 1.20]
La Rosa 2003 14/ 48 31/50 B 7.47 0.47 [0.29, 0.77]
Nista 2004 5/ 54 16/ 52 i — 4.41 0.30 [0.12, 0.76]
Plummer 2004 20/ 69 24/ 69 - 7.48 0.83 [0.51, 1.36]
Correa 2005 13/ 80 24/ 77 —— 6.61 0.52 [0.29, 0.95]
Kotowska 2005 9/ 119 29/ 127 —m— 5.81 0.33 [0.16, 0.67]
Total (95% ClI) 187/ 1435 365/ 1372 < 100 0.48 [0.37, 0.63]
Total events: 187 (Probiotic), 365 (Placebol) 0.01 01 7 10 100
Test for heterogeneity. Favours probiotic Favours placebo

Chiz = 44.29, df = 19 (P =0.0009), 12 =57.1%
Test for overall effect: Z = 5.52 (P < 0.00001)

Figure 3 Meta-anal ysis: studies with placebo and no therapy as compar ator
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6.2.2 Stratified meta-analysis for different time points

Several studies reported outcomes for more than one time point. AAD outcome was pooled
separately at 1-week, 2-weeks, and at 3 or more weeks (Figure 4 and Table 5). The pooled
relative risk (with 95% CI) of AAD with probiotics at each time point was 0.38 (95% CI: 0.28
to 0.52); 0.50 (95% CI: 0.30 to 0.84) and 0.61 (95% CI: 0.43 to 0.85) respectively. Thus it
appears the beneficial effect of probiotics decreases over the course of time. Nevertheless
this effect remained at 3 weeks and after the point of starting the intervention. Table 5
summarizes the results of the stratified meta-analysis, also reporting the observed
heterogeneity in the individual strata, which is not significant for the strata of 1 and more than
3 weeks. A significant test of heterogeneity (p=0.012) between the three strata confirmed that

follow up time was a predictor of the probiotic treatment effect.

Table 5 Results of the stratified meta-analysis for differe nt time points

Time point of Number of RR (95% CI) Heterogeneity

outcomes studies (n)

1 week 9 0.38 (0.28-0.52) Chi-squared = 8.32
p =0.403

2 weeks 8 0.50 (0.30-0.85) Chi-squared = 17.68
p=0.013

>3 weeks 9 0.61 (0.43-0.85) Chi-squared = 12.82
p=0.118
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time Citetion 001 01 1 10 100  Hfedt Lower Uper  Pvaue  Trested  Cortral
1week Adam —m— 259 127 527 000 9/1%9 3B/1
1week A —— 286 100 818 Ol 4/60 14/60
1week Azl = 111 015 84 6 1/30 9/30
1week Crenonini (prol+3) —_— s 159 030 827 05 2/4 3/10
1week Qrermonini (pro?) = 150 019 1341 B0 1/ 3/10
1week Jirapinyo —u— 469 i 1208 06 3/8 8/10
1week McFarland —u— 619 210 184 378 5/97 8/%
1week Morteiro - 566 3 938 24 19/121  3B/119
1week Nista —.— 301 119 762 005  5/54 16/52
Fixed 1vieek (9) S 384 283 51 000 49/6% 127/576
Random  1week(9) - 381 201 520 000 49/6% 127/576
2weeks ALzl week? = 33 037 306 0L 1/30 3/30
2weeks Az week2 —a— i o 786 08 2/60 11/60
2weeks Anolavesko = 317 090 1113 055 3/61 9/58
2veeks LaRosaweel2 - A70 23 769 oo 14/48 31/50
2weeks Lenis week2 — - 1527 537 4,347 43 7B 5/3%
2weeks Nistaveek2 = 3% 078 1898 21 2/54 5/
2weeks Tankanovwesi . = 958 612 1501 &l 10/15  16/23
2weeks Vanderhoof weel2 —,— 286 130 629 WL 7/%8 %/%
Fixed 2neeks (8) . 4 588 447 773 000 46/34 106/404
Random  2weeks(8) - 506 35 83 008 46/34 106/404
3wesks Azl week3 = 500 048 5224 54 1/30 2/30
3vedks Az weel3 = 500 0% 2628 A2 2/60 4/60
3wecks Coreaweeks — 521 287 48 08 13/80 24177
3vedks Kotowska week3 —,— e<il 164 670 0L 9/19 29/127
3vedks McFarland week? = 30 068 1504 144 2/97 6/%
3vedks Plunmer weel3 —,— 1000 531 1833 1000 15/69  15/69
3wveeks Plummer weekd —1— 556 1% 1573 29 5/ 9/
3vedks SQuranicz wesk3 —.— 433 200 8% L 11/16 14/64
3vedks Thomes weel3 . 3 92 67 142 95 39/1B  40/134
Fixed 3veds(9) < 67 537 857 001 97/773 143/726
Random  3wees(9) <> 604 429 850 oM 97/713 1431726
Fixed Conrbined (26) * 561 654 000 192/ 1799 375/ 1706
Random  Conrbined (26) -> 485 3 613 000 192/ 1799 375/ 1706

Favours Probictic Favours Placeho
Figure 4 Meta-analysis of incidence of diarrhoea at 1, 2, and more than 3 weeks
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6.2.3 Stratified meta-analysis for different types of probiotic

The different probiotic preparations used by the studies were grouped and analysed to
examine the specific effects on the incidence of diarrhoea. Figure 5 shows the pooled relative
risk for AAD for trials using S. boulardii, L. GG, Lactinex (L. acidophilus and L. bulgaricus)
and other preparations (including e.g. Bifidobacteria, Streptococcus, and various
combinations).

Only the Lactinex preparations failed to show a statistically significant reduction in AAD
although there were only 2 trials in this case. As the bacteria group of the study by
Cremonini*®could not be classified, because of the combination of L. GG and a Lactobacillus
and Bifidobacterium combination, it was not included in this analysis. The authors stated in

their report, that there was no statistical significance between the effectiveness of these two

different study drugs.
Probiotic Citation Effect Lower Upper PValue
type 0.01 0.1 1 10 100
0 Cremonini (prol+pro3) .159 .030 .827 .015
Fixed 0(1) — .159 .030 827 029
Random 0 (1) ————— .159 .030 827 029
| et ——
1 Adam .259 127 527 .000
1 Cremonini (pro2) —a— .159 .019 1.341 .050
1 Kotowska .331 164 670 001
1 Lewis —— 1.527 537 4.347 423
1 McFarland —| .495 .209 1.172 .100
1 Monteiro —&— .566 .342 .938 .024
1 Surawicz — 433 .209 898 021
Fixed 1(7) = 438 331 .580 .000
Random 1 (7) - 453 .306 672 .000
-
2 Armuzzi .286 .100 818 011
2 Armuzzi*l - 111 .015 .824 .006
2 Arvola e 317 090 1113 055
2 Thomas = .982 678  1.422 925
2 Vanderhoof 4+ F 286 130 629 001
Fixed 2(5) - 559 415 753 .000
Random 2 (5) - 371 161 .852 019
———
3 Gotz .398 116 1.361 120
3 Tankanow — 1 .958 612 1.501 .851
Fixed 3(2) L 738 460  1.182 206
Random 3(2) —=r 716 .283 1.813 481
| —
4 Correa 521 .287 948 028
4 Jirapinyo —— 469 182  1.208 066
4 La Rosa —a— .470 .288 .769 .001
4 Nista - 301 119 762 .005
4 Plummer —a— .833 .510 1.361 465
Fixed 4(5) = 541 411 711 .000
Random 4 (5) - 543 .397 742 .000
-

Fixed Combined (20) 513 440 .599 .000
Random  Combined (20) * 486 376 629 .000
-

Favours Probiotic Favours Placebo
Legend: group 1: Saccharomyces boulardii group 2: Lactobacillus GG
group 3: Lactinex group 4: other combinations

Figure 5 Stratified meta-analysis for different pro  biotics.
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Given the statistically significant heterogeneity identified in incidence of AAD across placebo-
controlled studies, stratified meta-analysis and meta-regression were used to explore the

potential associations between treatment effect and study characteristics.

The stratified meta-analysis of the various trial levels of covariates and univariate meta-
regression (Table 7) indicated only time of follow up to be a significant predictor of effect size.
Nevertheless, this effect over time failed to reach statistical significant in the multivariate
meta-regression. No other covariates were found to be statistically associated with the effect

size.

Table 6 Subgroup analysis and meta-regression for ¢~ ovariate ‘comparator’

Variable Stratified analysis RR (95% CI) Unlvarlz_;ue Multlvan.ate
regression regression
Comparator Placebo (n=20) 0.48 (0.37-0.62) p= 0.002 p= 0.003
Active (n=3) 1.45 (0.91-2.30)

Table 7 Subgroup analysis

Variable Stratified analysis RR (95% CI) Unlvarlgte Multlvan.ate
regression regression

Setting Hospital (n=1) 0.60 (0.46-0.79) p=0.074 p=0.342
Non-hospital (n=9) 0.36 (0.22-0.59)

Age* Children (n=7) 0.48 (0.33-0.70) p= 0.902 p= 0.648
Adults (n=6) 0.26 (0.17-0.41)
Elderly (n=2) 0.94 (0.58-1.51)
Adults-elderly (n=4) 0.61 (0.36-1.03)

Probiotics type  S. Boulardii (n=7) 0.46 (0.32-0.67) p=0.339 p=0.534
L. GG (n=5) 0.37 (0.16-0.85)
Lactinex(n=2) 0.72 (0.28-1.81)
Other combinations (n=5) 0.54 (0.40-0.74)

Study quality <4 (n=3) 0.60 (0.37-0.97) p= 0.457 p=0.877

(Jadad score) 24 (n=17) 0.48 (0.35-0.64)

Intention to treat  Yes (n=8) 0.42 (0.27-0.67) p=0.511 p= 0.467
No (n=12) 0.55 (0.40-0.74)

Publication year <2000 (n=9) 0.50 (0.34-0.75) p=0.881 p=0.298
22000 (n=11) 0.49 (0.35-0.69)

Time* 1 week (n=9) 0.39 (0.29-0.53) p=0.044 p=0.092
2 weeks (n=5) 0.59 (0.32-1.06)
= 3 weeks(n=5) 0.61 (0.41-0.92)

‘Adequate Yes (n=8) 0.40 (0.25-0.63) p=0.181 p= 0.607

studies’ No (n=12) 0.58 (0.44-0.77)

Subgroup analysis performed only for studies with placebo comparator
* 1 study (Gotz) did not report any age or time point of measurement
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6.2.5 Publication bias

To assess publication bias in AAD outcome, two statistical tests were carried out:

a] The Begg and Mazumdar adjusted rank correlation test; this test looks for correlation
between effect size and study variance; in the absence of publication bias no correlation
would be expected but when small studies with near null effect sizes are missing from the
sample (publication bias) a correlation becomes evident.

b] Egger regression asymmetry test; this test regresses standardised effect size against
study precision (1/SE) and predicts the presence of bias if the 95% confidence intervals of

intercept fail to encompass a zero standardised effect size).

A funnel plot was also examined (Figure 6). Both a non-significant (at p < 0.05) Begg and
Mazumdar test (p = 0.091) and a fairly symmetrical funnel plot suggested there was only
moderate evidence of publication bias. However, in contrast the Egger test (Figure 7)
indicated significant statistical heterogeneity (p = 0.026). Contradictory results from this pair

of tests is not unusual as Begg’s test lacks statistical power for small numbers of studies.

Given these contradictory findings, a ‘fail safe’ analysis using the Rosenthal’s method was
performed in Meta Win. This method assesses the possibility of publication bias by
calculating the ‘fail safe N': the number of studies showing no benefit, therefore without any
treatment effect, which would be needed to increase the P value for the meta-analysis to
above 0.05. When this test was used, N was found to be 180; nearly 8 times more studies
than included in the meta-analysis would be needed to shift the p-value. Therefore, it was

concluded that publication bias was unlikely.
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Figure 7 Egger’s regression plot for publication bi as
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6.3 Secondary outcomes
6.3.1 Meta-analysis of the incidence of C difficile

The pooled result of the meta-analysis regarding the incidence of C. difficile carriage (

) does not show a significant effect of probiotics (relative risk 0.95, 95% CI: 0.66 to 1.36).
However, there was a reduction in the incidence of C. difficile associated diarrhoea (relative
risk: 0.54 95% CI: 0.24 to 0.86, NNT= 36). For this outcome, all studies compared probiotics
to placebo. There was no evidence of significant statistical heterogeneity (p-value = 0.756)
(see

Figure 9). However, there was evidence of clinical heterogeneity regarding the classifications
of C. difficile associated diarrhoea in the included studies. The definition of the presence of
C. difficile associated diarrhoea was based on various tests and assays. All studies
determined the presence of C. difficile toxins, however only two studies tested for toxins A
and B*"**°, one study used only toxin A**’and the other three studies did not clarify on which

toxin their analysis was based.?*3%347

Qitaion 001 01 1 10 100 Hfed Lower Upr Pvdwe Trested Cotrd
Awvda | 61 .06114.850 971 1/61 1/
MdFardand —— 63 275 1746 433 7/97  10/9%
Nord L A6 105 1807 21 2/1 5/12
Fumme 122 Bl 2762 69 11/69 9/
Sranicz 1033 635 1671 8% /9 16/47
Fixed Corbined (5 B2 647 1342 04 58/39 4/22
Favours Prohidtics Favours Flacgho

Figure 8 Meta-analysis of incidence of  C difficile carriage

42



Probiotics for prevention of antibiotic associatkgrrhoea

Comparison: Probiotic v. Placebo
Outcome: Incidence of C. difficile -associated diarrhoea Relative
Risk

Study Probiotic Placebo (fixed) Weight

n/N n/N 95% ClI %
Thomas 2001 2/ 133 3/ 134 - 10. 03
Arvola 1999 1/61 0/ 58 - 5 1.72
McFarland 1995 3/ 97 4/ 96 = 13.50
Surawicz 1989 3/91 5/ 47 ¢ - 22.13
Plummer 2004 2/ 69 6/ 69 ¢ - 20. 14
Kotowska 2005 3/ 119 10/ 127 ¢ - 32.48
Total (95% CI) 14/ 570 28/ 531 - 100
Total events: 14 (Probiotic), 28
Test for heterogeneity: Chi2 = 2.63,
df =5 (P =0.76), 12= 0%
Test foroverall effect: Z = 2.48 (P = 0.01) 01 02 05 1 5 5 10

Figure 9 Meta-analysis of incidence of

Favours probiotic Favours placebo
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6.3.2 Duration, Severity and Time to developing symptoms of AAD

Duration of diarrhoea

The duration of diarrhoea was reported as the mean number of days of a diarrhoeic event in 6
studies. As shown in Figure 10, there was a significant reduction in the mean duration of
diarrhoea of 0.58 days (95% CI: -1.11 to -0.04) with probiotics. There was no evidence of
significant statistical heterogeneity, (p-value 0.147).The mean duration of diarrhoea as
reported by the included studies varied between 0.7 and 5.9 days. The study by McFarland
et al*! ported duration of diarrhoea as median days rather than mean days. A median
duration of 3.0 and 4.0 days for the probiotic group and control group was reported at one
week of follow-up, and 2.5 and 18.0 days at 7 weeks of follow up. According to a t-test they
found no significant effect of probiotic, however the large t-values reported (24.5 and 26)
suggest that there may have been miscalculation; for these reasons this study was not
included in the meta-analysis.

Tankanow et al**

reported additional information on the duration that could not be quantified
as above and therefore was not included in the pooled analysis. Nevertheless, this study also
appears to support the effectiveness of probiotics on the duration of diarrhoea. They state,
that of the 10 patients having diarrhoea in the probiotic group 2 patients (20%) had diarrhoea
throughout the study period (10-12 days), 4 patients (40%) had diarrhoea early in the course
of the therapy, which improved in the course of the therapy and 4 patients (40%) were
recorded to have sporadic diarrhoea in the intervention group. In the control group, 5 out of
16 patients (31%) had diarrhoea throughout the study period, 8 patients (50%) had diarrhoea
early in the therapy course; and 2 patients (12.5%) had sporadic diarrhoea. One patient (6%)

in the control group developed diarrhoea in the last two days of study.
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Weighted Mean diff.

Study — (95% Cl) % Weight
Arvola = 0.00 (-2.61,2.61) 4.2
La Rosa 1 -0.90 (-1.92,0.12) 27.8
Correa ] -1.08 (-2.83,0.67) 9.4
Jirapinyo ﬁ.ﬁ 0.55 (-0.67,1.77) 19.4
Surawicz - 1.20 (-1.08,3.48) 5.5
Vanderhoof i -1.18 (-2.10,-0.26) 33.8
Overall (95% CI) @ -0.58 (-1.11,-0.04)

| | | | | | | | |
-4 3 2 -1 0 1 2 3 4
Weighted Mean diff.

Figure 10 Meta-analysis of duration in days of AAD

Severity of diarrhoea

Severity of diarrhoea was assessed on the assumption that a higher number of stools
indicate more severe diarrhoea. Only three studies reported this outcome in a way that could
be used for meta-analysis as shown in Figure 11. The effect of probiotic supplementation on
the severity of the diarrhoeic events is found not to be statistically significant; the weighted
mean difference is 0.61 (95% CI =-0.16 to 1.39).
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Weighted Mean diff.
Study — (95% Cl) % Weight

Surawicz 1.50 (0.34,2.66) 44.8
McFarland total -0.30 (-2.05,1.45) 19.8
Arvola 0.00 (-1.31,1.31) 35.4
Overall (95% ClI) 0.61 (-0.16,1.39)

| | | | | | |
-3 -2 -1 0 1 2 3
Weighted Mean diff.

Figure 11 Meta-analysis of severity of AAD (mean nu  mber of stools / day

Information on the severity of diarrhoea was given by four additional studies, which used
different outcome measures. Corréa et al*® used the absolute numbers of patients that
exhibited dehydration as an indication of the severity. They reported that 9 of 13 patients in
the probiotic and 23 of 24 patients in the control group were classified as dehydrated.

The studies conducted by Nista®, Armuzzi** and Adam® all used categorical outcome
measures to classify severity. A scoring classification of ‘mild, moderate and severe
diarrhoea’ was used by all three studies, but the criteria for scoring the different classes were
not identical.

Nista*® rated the intensity of symptoms using a scale, in which 0,1,2 and 3, respectively
corresponded to absent, mild, moderate and severe symptoms. The results for the first week
of follow-up are for the probiotic group: 0.01 + 0.04, and for the control group: 0.16 £ 0.4, this
difference was significant (p-value = 0.01). The same relation can be found for the second
and third week of follow-up.

In the study conducted by Armuzzi *?, a similar rating scale was used. (For more detailed
information see appendix page 71) The reported results for the probiotic and control group
are respectively: Probiotics: 4/4 patients recorded mild diarrhoea; no one had worse than
mild symptoms; Controls: 11/14 patients recorded mild symptoms, 3/14 patients recorded

moderate diarrhoea.
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Adam et al’® used an even more complex method. They determined the severity of diarrhoea
on the basis of 3 different items that were scored and used to generate an overall number,
which indicated the severity. The items consisted of the difference of the number of stools
per day, the difference according to consistency and the difference according to the colour.
In the probiotics group 8/9 patients had mild diarrhoea and 1/9 severe. In the control group,
17/33 patients had mild diarrhoea, 15/33 had moderate diarrhoea and 1/33 had severe

symptoms.

Time to developing symptoms of diarrhoea
Only two studies reported the time until onset of diarrhoea. Due to the small study size and
flaws in the calculation of outcomes in these studies, no meta-analysis was performed. The

|3l

study by McFarland et al*” reported a longer time to onset of diarrhoea in the probiotic group
of approximately 4 days after 1 week of follow-up. After seven weeks of follow-up, the mean
difference was approximately 8 days longer time to onset for the probiotic group compared to
the placebo.

Jirapinyo et al**

reported a shorter time to developing symptoms for patients in the probiotics
group of approximately 1.5 days. These contradictory findings do not allow for a conclusion

regarding the effect of probiotics on the time to developing symptoms of diarrhoea.
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7. Cost effectiveness results

No studies relating to the cost or cost-effectiveness of probiotics in preventing AAD and/or C.

difficile infections were identified.

Given the lack of formal economic evaluative data, the remainder of this section reports the
results of additional bibliographic searches to assist an outline analysis as to the potential
cost-effectiveness of prevention of AAD and/or C. difficile infections with probiotic therapy.
We searched for studies reporting (1) on the cost effectiveness of probiotic treatment of AAD,

(2) costs of C. difficile associated diarrhoea and (3) the costs of probiotic supplementations.

Cost effectiveness of probiotic treatment

Bibliographic searches identified a single study examining the cost-benefit of the treatment of
unspecified diarrhoea with S. boulardii in comparison with no treatment.*® This study
undertook a cost-benefit analysis based on the assumption, that treatment with S. boulardii
reduced AAD by approximately one day. This duration is similar to the reduction of 0.6 days
found in our systematic review. Based on a currency conversion to UK pounds, the savings
per patient in direct healthcare costs with probiotics were reported £22.42 (at 1989 prices).
Combining indirect (productivity savings) and direct costs showed possible savings of
£175.98 per patient. These savings were primarily achieved due to one day of reduced
diarrhoea, leading to a smaller percentage of patients’ hospitalised and shorter absence from

work.

Costs of C. difficile infection

A UK study by Wilcox et al advises that patients with an C. difficile associated diarrhoea
stayed significantly longer in hospital than controls (mean 21.3 days), including an average
14 days in a side room. The increased cost of with C. difficile associated diarrhoea was in
excess of £4000 per case.'® Using the Hospital & Community Health Services (HCHS) Pay &
Prices Index this inflates to £5643 for 2005. The additional costs consisted mainly of hotel
cost due to a prolonged stay in hospital. The authors concluded that these high costs justify

expenditure on control measures to reduce the incidence of this infection.
Costs of probiotics

Probiotics are classified as foods or food supplements; however, they could in theory be

prescribed on the NHS on a named-patient basis. As no information about prescription
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patterns of probiotics is available, the assumption arises, that consumers directly buy most
probiotic preparations. At time of writing this review, there is no legislative regulation of the
guality of commercially available preparations, which makes it difficult to determine the
specific costs of a ‘working product’. Foods (e.g. yoghurts, drinks) and supplements
containing probiotics are available from supermarkets and pharmacies, but these are in
general not the preparations assessed in published trials. Nevertheless, it can be reported,
that the costs for all different probiotics preparations are very low and generally range

2,38

somewhere between £0.25 - £1.00 per day.
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8. Discussion and Conclusions

8.1 Review findings

This systematic review identified a total of 23 RCTs of the effectiveness of probiotics in the
prevention of AAD. Of these, 18 compared probiotics to placebo or no therapy and three
compared probiotics to active comparators (Diosmectite, a natural clay with reputed anti
diarrhoeal properties, and oligosaccharides). No studies were identified of the costs or cost
effectiveness of probiotics in the prevention of AAD. The key findings are summarised as

follows:

Antibiotic associated diarrhoea

Compared to placebo probiotics were associated with a relative reduction in the incidence of
AAD of 52% (95% CI: 37% to 63%) i.e. a number needed to treat (NNT) of 8. A high level of
statistical heterogeneity was observed. Stratified meta-analysis and meta-regression
indicated that the effects of probiotics were consistent across trial follow up, trial settings (i.e.
hospital vs. primary care), patient age, type of probiotic, and various dimensions of the
methodological quality of trials.

The three head to head comparisons of probiotics to other preventative strategies of
Diosmectite (a natural clay) and oligosaccharides, showed no significant difference in AAD

prevention with probiotics, however the studies humbered only 3.

This review found that reported baseline risk of incidence of AAD was higher in young
children and elderly, in line with findings in the literature (see section 3.2 page 11 and

Appendix page 103).

Duration, Severity and Time to developing symptoms of AAD

The trials in this report used various ways of reporting these outcomes, which made the
guantitative pooling of results across trials problematical.

The duration of diarrhoea was reported fairly consistently across trials and the pooled result
showed a decrease in diarrhoea of 0.6 days (95% CI; 0.04 to 1.11) in the group of patients
receiving probiotics compared to those that received placebo. Considering the duration of
non-complicated diarrhoea rarely exceeds a week (see section 6.3.2 page 44), this appears
to represent a clinically important reduction in the duration of diarrhoea.

The impact of probiotics on the severity of diarrhoea was unclear. The pooled result of the

meta-analysis did not show a significant effect. However, the studies using a categorical
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scale to express the severity, and were therefore not included in the meta-analysis, observed
a significant effect of probiotics in reducing the severity of diarrhoea. Patients receiving
probiotics had predominantly mild diarrhoea and only very rarely more severe forms, which
were observed in the control group (Section 6.3.2 page 44).****The time to developing
symptoms of diarrhoea could not be meta-analysed, as only two studies reported outcomes,
and no meta-analysis was performed. The results of the two studies are contradictory;
therefore, no trend of the effect of probiotics on the time to onset of diarrhoea is visible.
Nevertheless, it has to be stated, that McFarland found a large difference in time to

developing symptoms at seven weeks of follow-up (Section 6.3.2).*

C. difficile

Compared to placebo, probiotics do not prevent the colonisation of the intestine with C.
difficile (RR: 0.95; 95% CI: 0.66 to 1.36). Nevertheless there was a relative reduction of some
46% (95% CI 14% to 76%) in the incidence of C. difficile associated diarrhoea with probiotic
administration i.e. NNT of 36 patients. It has to be considered that there was clinical
heterogeneity, especially in the classification of C. difficile associated diarrhoea. Therefore,
these results have to be analysed carefully. Although the mechanisms with which probiotics
prevent C. difficile associated diarrhoea are not fully understood, it is assumed that they
influence the immune system and compete with pathogens for adhesion sites in the

intestines. Czerucka et al **

reported that S. boulardii synthesized a serine protease that is
able to degrade toxins A and B and their respective receptors on the colonic mucosa.
Additionally, S. boulardii was found to enhance the intestinal immune response to toxin A.
The oberservations appear to support the finding of this review that there was no significant
reduction in C. difficile carriage due to probiotics, but that the occurrence of C. difficile
associated diarrhoea was significantly reduced. The asymptomatic carriage of C. difficile is
not seen as the major health care problem, Spencer states, that although the asymptomatic
carriage of C. difficile may carry epidemic strains to cause disease in others, carriers
themselves do not appear to be at high risk of illness; prophylactic treatment with
metronidazole or vancomycin is therefore not justified. > The mechanisms with which
probiotics prevent the development of disease from asymptomatic carriage appear therefore

to be able to reduce the health care impact of C. difficile infections.

Adverse Effects

In the identified studies, probiotics were not associated with any adverse effects in patients;
they are well tolerated by the majority of recipients. However, there have been a few isolated
reports of severe infections arising from probiotic ingestion in immune-suppressed or

debilitated patients.>**> Adverse events included fungemia, caused by S. boulardii and
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infections of the liver and endocarditis by L. rhamnosus GG. % Marteau et al,*® who
reviewed the tolerance of probiotics, state that probiotics should not be used in powder form
in intensive care units, strict hygiene rules concerning probiotics use have to be followed and
they should not be used in severely ill patients unless a medical indication is given and

tolerance is monitored properly.

8.2 Strengths and limitations of the review

The principle strength of this report was its comprehensiveness both in terms of the extent of
searching and inclusion of outcomes. Compared to the previously published reviews by
D’Souza and Cremonini,?>*® 13 more RCTs have been identified. In contrast to previous
systematic reviews, the present study sought information on the duration, severity and time
to developing symptoms of AAD, and C. difficile infection.

This report has three principle limitations, one methodological (i.e. substantial statistical
heterogeneity between studies) — and two related to the included trials (i.e. lack of
standardisation in outcomes and the methodological quality).

As a consequence of the broad search strategy and inclusion criteria, the included trials
spanned a wide range of populations, probiotics and setting. As a result significant statistical
heterogeneity was observed in the treatment effect of probiotics on the primary outcome of
AAD. Traditionally quantitative pooling of trials is not undertaken in such circumstances.
However, given the policy focus of this report, it was deemed appropriate to pool the trials
using a random effects model and undertake a detailed exploration of the reasons for this
statistical heterogeneity.

There was a considerable lack of standardisation in the reporting of diarrhoea-associated
outcomes (such as severity and duration of diarrhoea) across trials. Therefore for a number
of outcomes it was only possible to pool the results of a sub-sample of trials. However, a
narrative summary of the findings of all trials was also undertaken. For the outcome severity
of diarrhoea, there were some discrepancies in the conclusions of these two approaches, as
the meta-analysis showed no effect whereas the narrative summary of the other studies did
find a significant reduction of severity in the intervention group.

Finally, trial quality was noted to vary considerably and this assessment was hampered by
poor reporting. Poor methodological trial quality is known to introduce treatment bias.
Nevertheless in this review we found no clear evidence of an association in the magnitude of

treatment effect of probiotics and trial quality.
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8.3 Implications for clinical practice

The results of this review suggest that probiotics may be effective for preventing AAD,
reducing the duration of diarrhoea and most importantly, preventing the incidence of C.
difficile associated diarrhoea. The cost of a probiotic preparation is assumed to be less than

2,38

£1 per day,””® and an average antibiotic treatment period is generally within the region of 1 to
3 weeks.*’Assuming probiotics are taken as supplements for the whole course of antibiotic
treatment and some time beyond, a cost of approximately £30 per course seems reasonable.
Based on the number needed to treat to prevent C. difficile associated diarrhoea of
approximately 36, and a costs per case in excess of £4000 (cost inflates to more than £5000
for 2005; see section 7 page 48), the intervention would be cost-neutral if every patient would
generate costs of around £111 (36 x 111 = £3,996). Given an assumed cost per £30 per
course, it would be appear that probiotics are potentially cost saving. This analysis is
probably conservative as probiotics will not only decrease the costs of C. difficile associated
diarrhoea, but also decrease the incidence and duration of general AAD. Probiotics are likely
to be most effective and cost effective in high-risk populations who require taking antibiotics
such as young children, the elderly and those with significant morbidity.

There are some issues that need to be considered in implementing the use of probiotics in
everyday clinical practice. First, the variability of probiotic preparations and doses used in the
analysed studies makes it difficult to determine the ‘best’ probiotic for a specific patient
group. However, this review shows that S. boulardii and L. GG may be effective for the
prevention of AAD. These findings are in line with results of Surawicz et al.*? The
effectiveness of other combinations (i.e. combinations of different Bifidobacteria or
Lactobacilli) was less clear from this review, as there were insufficient trials using these

combinations. Data on the effectiveness of these preparations are therefore limited.

Second, due to the lack of regulation of probiotics, it is difficult to determine which probiotic
preparation consists of a sufficient amount of the right bacteria or yeast. Therefore, specific
attention should be given on freely available probiotic products in the UK to assess their
implementation capability.

The two identified ongoing trials examine the effectiveness of probiotics administered in the
form of yoghurts. The results will give important information on the applicability of these

products.
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8.4 Implications for future research

Although there is already a substantive body of RCT evidence that demonstrates the benefit
of probiotics, further research is required. In particular, there is a need for further well-
designed and better-reported studies that examine the impact of probiotics on health-related
guality of life, downstream healthcare resources and costs in different settings (i.e. hospital
and primary care). In addition, further studies are needed that examine the optimal dose and
formulation of probiotics for use in clinical practice. Further research to identify patient groups
in which the additional treatment with probiotics should be implemented is needed. In

addition well-designed cost effectiveness studies are required.
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9.1 Appendix 1. Table of antibiotics

Classification of antibiotics

Category

Examples

Characteristic

Indication

Beta-lactam

Tetracycline

Aminoglycoside

Macrolide

and

Clindamycin

Sulphonamide/
trimethoprim

Quinolone

Other antibiotics
(selection)

Penicillin,
Cephalosporin,
Amoxicillin and
Ampicillin
Doxycycline,
Minocycline and
Tetracycline
Streptomycin and
Neomycin

Erythromycin and
clindamycin

Co-trimoxazole

Ciprofloxacin,
Levofloxacin and
Ofloxacin,
Moxifloxacin

¢ Metronidazole

¢ Vancomycine

. Colistin

a large class of natural and semi
synthetic antibiotics with a lactam ring

a yellow crystalline broad-spectrum

antibiotic produced naturally or

synthetically.

a group of antibiotics that inhibit

bacterial protein synthesis and are

active especially against gram-negative

bacteria

« several antibiotics containing a
macro cyclic lactone ring that are
produced naturally and inhibit
bacterial protein synthesis

¢ an antibiotic obtained naturally and
effective especially against gram-
positive bacteria

e any of various synthetic organic
bacteria-inhibiting drugs that are
sulphonamides closely related
chemically to sulphanilamide

« asynthetic antibacterial drug used
alone especially to treat urinary
tract infections and Pneumocystis
carinii pneumonia and in
combination with sulfamethoxazole
to treat these as well as other
infections (as shigellosis or acute
otitis media)

any of a class of synthetic antibacterial

drugs that are derivatives of

hydroxylated quinolines and inhibit the
replication of bacterial DNA

« an antiprotozoal and antibacterial
drug

. an antibiotic derived naturally, that
is effective against gram-positive
bacteria

¢ apolymyxin produced by a
bacterium of the genus Bacillus and
used against some gram-negative
pathogens

Source:Farmacotherapeutisch kompas, http://www.fk.cvz.nl/

Tonsillitis, pneumonia,
bronchitis, infections of
skin, etc.

Urinary tract infections,
gonorrhoea, acne,
chlamydia, etc.

Severe or serious bacterial
infections

e severe or serious
bacterial infections,
such as: Tonsillitis,
pneumonia, bronchitis,
infections of skin, etc

«  Dental prophylaxis,
staphylococcal bone
and joint infections,
peritonitis, etc.

¢ Urinary tract infections,
typhus, shigellosis,
trachoma, respiratory
tract infections, etc.

Urinary tract infections,

respiratory tract infections,

gastrointestinal infections

and infections of skin and

soft parts.

¢ vaginal trichomoniasis,
amoebiasis, and
infections by anaerobic
bacteria

e used especially
against staphylococci
resistant to methicillin

* especially of the
genera Pseudomonas,
Escherichia, Klebsiella,
and Shigella
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9.2 Appendix 2. Treatment options for patients with AAD

Cessation of inciting antibiotic treatment

Patients with AAD o L
receiving antibiotic Replacement of inciting antibiotic

treatment for treatment with ‘lower risk’ antibiotic (for
primary disease treatment of primary disease)

(e.g. respiratory
tract infections

A 4

[

| Cessation of inciting treatment and

| administration of new antibiotic
(metronidazole or vancomycin) to treat

| diarrhoea (not the primary disease)

|

|

|

4

Intervention proposed by thisreview:
Prophyllactic co-prescribing of probiotics
with antibiotic treatment
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9.3 Appendix 3. Criteria to asess quality of review s

Modified version of the Oxman & Guyatt scale to assess the quality of reviews.****

1. Were the search methods used to find evidence on the primary question(s) stated?

* Yesdescription of databases sear ched, sear ch strategy, and yearsreviewed. 2
points

» Partially, description of methods not complete. 1 point

* No, nodescription of search methods. O points

2. Was the search for evidence reasonably comprehensive?

* Yesat least one computerized database searched aswell as a sear ch of
unpublished or non-indexed literature. 2 points

» Can't tell, search strategy partially comprehensive, at least one of the strategies
wer e performed. 1 point

* No, search not comprehensive or not described well. O points

3. Were the criteria used for deciding which studies to include in the review reported?

* Yesin-and exclusion criteriaclearly defined. 2 points

» Partially, referenceto in- and exclusion criteria can be found but are not defined
clearly enough. 1 point

* No, nocriteriadefined. O points

4. Was bias in the selection of articles avoided?

* Yesissuesinfluencing selection bias were covered. Two of three of the following
bias avoiding strategies wer e used: two or mor e assessor s independently judged
study relevance and selection using predeter mined criteria, reviewerswere
blinded to identifying featur es of the study, and assessor s were blinded to
treatment outcome. 2 points

* Can't tell, only one of the strategiesused. 1 point

* No, selection biaswas not avoided or was not discussed. O points

5. Were the criteria used for assessing the validity for the studies that were reviewed
reported?

* Yescriteriadefined. 2 points

» Partially, some discussion or referenceto criteria. 1 point

* No, validity or methodological quality criteria not used or not described. O points

6. Was the validity for each study cited assessed using appropriate criteria?

* Yescriteria used addressed the major factorsinfluencing bias. 2 points

» Partially, some discussion, but not clearly described predeter mined criteria. 1
point

* No, criterianot used or not described. O points

7. Were the methods used to combine the findings of the relevant studies (to reach a
conclusion) reported?

* Yesqualitative and quantitative methods ar e acceptable. 2 points

» Partially, partial description of methods to combine and tabulate; not sufficient to
duplicate. 1 point

* No, methods not stated or described. O points

8. Were findings of the relevant studies combined appropriately relative to the primary
guestion of the overview?

* Yescombining of studies appear s acceptable. 2 points

» Can'ttell, should be marked if in doubt. 1 point
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* No, no attempt was made to combine findings, and no statement was made
regarding the inappropriateness of combining findings. O points
9. Were the conclusions made by the author(s) supported by the data and/or analysis
reported in the overview?
* Yesdatawerereported that support the main conclusionsregarding the primary
guestion(s) that the overview addresses. 2 points
* Partially, 1 point
* No, conclusions not supported or unclear. O points
10. How would you rate the scientific quality of this overview?
* Adding up the scores from question 1-9. Maximum quality scoreis 18 points.

Methodological scored of Review articles

D’'Souza Cremonini

Question Answer score Answer score
Q1 Yes 2 Yes 2
Q2 Can't tell 1 Yes 2
Q3 Partially 1 Yes 2
Q4 Can't tell 1 Can't tell 1
Q5 No 0 Partially 1
Q6 No 0 Partially 1
Q7 Yes 2 Yes 2
Q8 Yes 2 Yes 2
Qo9 Yes 2 Yes 2
Q10 Major flaws 11 Minor flaws 15
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9.4 Appendix 4. Search strategy

Search strategy MEDLINE
# Search History Results

1 Bifidobacterium/ or probiotics.mp. or PROBIOTICS/ or Lactobacillus acidophilus/ 3606

(s boulardii or saccharomyces boulardii).mp. [mp=title, original title, abstract, name of

2 substance word, subject heading word] 163

3 SACCHAROMYCES/ or saccharomyces.mp. 73043
(I acidophilus or lactobacillus acidophilus).mp. [mp=title, original title, abstract, name of

4 - : 1310
substance word, subject heading word]

5 LACTOBACILLUS/ or lactobacillus.mp. 10813
(Lrhamnosus gg or lactobacillus rhamnosus gg).mp. [mp=title, original title, abstract,

6 - - 60
name of substance word, subject heading word]

7 bacillus subtilis.mp. or Bacillus subtilis/ 18556

8 lor2or3ord4or5o0r6or7 103013

9 diarrhea.mp. or exp DIARRHEA/ 47131

10 diarrhoea.mp. 13276

11 gastrointestinal diseases.mp. or exp Gastrointestinal Diseases/ 464927
(c difficile or clostridium difficile).mp. [mp=title, original title, abstract, name of

12 - . 3650
substance word, subject heading word]

13 colitis/ or enterocaolitis/ or enterocolitis, pseudomembranous/ 12279

14 9orl10orllorl2oril3 502275

15 8and 14 1739

36 Randomized controlled trial filter medline 632888

37 15and 36 276

38 limit 37 to humans 276
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Search strategy Cochrane Library

ID

#1

#2

#3

#4

#5

#6

#7

#8

#9

#10

#11

#12

#13

#14

#15

#16

#17

#18

#19

#20

#21

#22

#23

#24

#25

#26

#27

Search

probiotic* in All Fields in all products

MeSH descriptor Probiotics explode all trees in MeSH products

"s boulardii"_in All Fields in all products

"saccharomyces boulardii" ___in All Fields in all products

"l acidophilus" _in All Fields in all products

"lactobacillus acidophilus" __in All Fields in all products

"l rhamnosus gg" _in All Fields in all products

"lactobacillus rhamnosus gg" in All Fields in all products

"bacillus subtilis" __in All Fields in all products

lactobacillus _in All Fields in all products

saccharomyces in All Fields in all products

MeSH descriptor Lactobacillus _explode all trees in MeSH products

MeSH descriptor Saccharomyces _explode all trees in MeSH products

(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR
#13)

MeSH descriptor Diarrhea explode all trees in MeSH products

diarrhea_in All Fields in all products

diarrhoea_in All Fields in all products

MeSH descriptor Gastrointestinal Diseases _explode all trees in MeSH products

"gastrointestinal disease" _in All Fields in all products

colitis_in All Fields in all products

MeSH descriptor Enterocolitis, Pseudomembranous explode all trees in MeSH products

"c difficile” _in All Fields in all products

"clostridium difficile" __in All Fields in all products

MeSH descriptor Clostridium Infections _explode all trees in MeSH products

MeSH descriptor Clostridium difficile _explode all trees in MeSH products

(#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25)

(#14 AND #26)

Hits
227

134

37

86

26
436
97
288

54

635

1621
5850
5850
14209
261
1038

83

128
181
43
19727

212
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9.5 Appendix 5. Jadad Scale

Instrument used to assess quality of randomised controlled trials.
Adapted Jadad scale®

1. Was the study described as randomised (this includes the use of words such as randomly,
random, and randomisation)?

2. Was the study described as double blind?

3. Was there a description of withdrawals and dropouts?

Scoring the items:
A score of 1 point for each ‘yes’ and 0 points for each ‘no’.

1 additional point was given if:

For question 1, the method to generate the sequence of randomisation was described and it
was appropriate (table of random numbers, computer generated, etc.)
And:

If for question 2 the method of double blinding was well described and it was appropriate
(identical placebo, active placebo, dummy, etc.)

The following guidelines were used for assessment:

1. Randomisation
A Method to generate the sequence of randomisation will be regarded as appropriate if it
allowed each study participant to have the same chance of receiving each intervention and the
investigator could not predict which treatment was next. Methods of allocation using date of
birth, date of admission, hospital numbers, or alternation should not be regarded as
appropriate.

2. Double blinding
A study must be regarded as double blind if the word ‘double blind’ is used. The method will
be regarded as appropriate if it is stated that neither the person doing the assessments nor the
study participant could identify the intervention being assessed, or if in the absence of such a
statement the use of active placebos, identical placebos or dummies is mentioned and well
described.

3. Withdrawals and dropouts
Participants who were included in the study but did not complete the observation period or
who were not included in the analysis must be described. The number and the reasons for
withdrawal in each group must be stated. If there were no withdrawals, it should be stated in
the article. If there is no statement on withdrawals, this item must be given no points. An
exception is made, if the presented data clearly describes that there have been no
withdrawals.

61



Probiotics for prevention of antibiotic associatkgrrhoea

9.6 Appendix 6. Data extraction form

Trial details Trial ID

Author

Year of publication

Centres and location

Co-Author

Subsidizer

Study start and end dates

Type of trial design

Setting of study

Definition and diagnostic criteria for
diarrhoea

Definition and diagnostic criteria for C.
difficile associated diarrhoea
Antibiotic(s) used

Antibiotic duration, dosage and schedule
Probiotic(s) used

Probiotic duration, dosage and schedule

Reason for antibiotic medication

Control(s)
Quality Jadad Scale
assessment (Yes=1 point, No=0)
Was assignment of treatment described as
random?
Was method of randomisation well
described and appropriate?

Was the method really random?

Was allocation of treatment concealed?
What was concealment method?

Was the study described as double blind
Who was blinded to treatment?

Was method of blinding adequately
described?

Were withdrawals stated?

Were reasons for withdrawals stated?
Was ‘intention-to-treat’ used?

~NJ
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Score on Jadad Scale, total (0-5)

Comments

Eligibility criteria

Inclusion criteria

Exclusion criteria

Baseline
characteristics

Probiotics group

Control group

Number randomised

Number analysed

Age

Male:female

Allergies to antibiotics

Duration of
antibiotic treatment

C. difficile carrier

Dietary differences

Comments

Outcomes
And
Results

Number of measurement points

Primary outcome(s) including time points
if repeated

Duration of
diarrhoea

(‘or severity of
diarrhoea)

Incidence of
diarrhoea

Incidence
of C.
difficile
carriers

Incidence of C.
difficile infection

Incidence of recurrent
C. difficile infection

Probiotics

Control

Probiotics

Control

Probiotics

Control

Probiotics

Control

Probiotics

Probiotics for prevention of antibiotic associatkgrrhoea
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Control

Other primary outcome(s)

Secondary outcome(s) Quality of life GP visits Hospital Costs Days of | Days of work by
admissions work carer (when child is
patient)

Other secondary outcome(s)
‘Ad hoc’ outcomes (if emphasised and not
in methods)
Effect size
Direction of effect
Comments

Probiotics Control

Median follow-up

Withdrawals including reasons where
specified

Comments (including whether unadjusted
results reported)

Adverse events | Criteria for reporting
Events:
Pseudomembranous colitis

Mortality
Others
Comments

General

comments on

study
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9.7 Appendix 7. List of excluded studies

Reference List

Sorted by reasons of exclusion:

Abstracts:
1. Potts L, Lewis SJ, Barry R. Randomised double blind placebo controlled study of the ability of saccharomyces boulardii
to prevent antibiotic related diarrhoea [abstract]. Gut 1996;38 Suppl 1 :A61.

2. Elmer G. Prospective study in prevention by Saccharomyces boulardii of diarrhea secondary to antibiotic therapy.
Medecine et Chirurgie Digestives 1988;. 17.

Comments:

3. Hotz J,.Hotz J . [Prevention of antibiotic-associated diarrhea by Saccharomyces boulardii: a prospective study].
[German]. Zeitschrift fur Gastroenterologie 1990;28:259-60.

4., Arnheim K. Saccharomyces boulardii in Clostridium difficle infections. Zeitschrift fur Allgemeinmedizin 1995;. 71.

5. Awasthi S. Lactobacillus GG reduced diarrhoea incidence in children treated with antibiotics. Evidence Based Medicine
2000;.5.

6. Huntley AL,.Martin KW. Probiotics show promise for prevention and treatment of diarrhoea. FOCUS
ALTERN.COMPLEMENT THER. 2001,2002 Dec; 7:358-9.

7.Beckly J, Lewis S, Beckly J, Lewis S. Probiotics and antibiotic associated diarrhoea. The case for probiotics remains
unproved.[comment]. BMJ 2002;325:901.

8. Probiotics prevent diarrhoea due to antibiotic treatment, review says. Pharmaceutical Journal 2002;. 268:15.

9. Battle M, Teare L, Law S, Fulton J. Probiotics and antibiotic associated diarrhoea - Lactulose is effective. British Medical
Journal 2002;325:901-2.

10. Donohoe M. Lactobacillus casei-fortified yoghurt reduces the severity and duration of diarrhoea in healthy children.
FOCUS ALTERN.COMPLEMENT THER. 2002;1999 Dec; 4:204-5.

11. Shaughnessy A,.Shaughnessy A. Probiotics use decreases antibiotic-associated diarrhea. Am.Fam.Physician
2003;67:1782.

12. Well-proven biotherapeutic agent (Perenterol) for the prevention and treatment of diarrhea. MMW Fortschr.Med.
2003;. 145:24.

13. Mack DR,.Lebel S. Role of probiotics in the modulation of intestinal infections and inflammation. Current Opinion in
Gastroenterology 2004;. 20.

14. Probiotics should be more widely used in our hospitals. NURS.TIMES 2004;2004 Mar 30-Apr 5; 100 :16-7.
15. Studies confirm efficacy of probiotics for diarrhea. NUTR.MD 2005;D.. 2001 Oct; 27 :5.
No probiotic used:

16. Lode H, Von Der HN, Ziege S, Borner K, Nord CE. Ecological effects of linezolid versus amoxicillin/clavulanic acid on
the normal intestinal microflora. Scandinavian Journal of Infectious Diseases 2001; . 33.

Not randomised:

17. Linquette M, May JP, Linquette M, May JP. [Clinical trial of a combination of tetracycline chlorhydrate and yeast].
[French]. Lille Med. 1966;11:1056-7.

18. Colombel JF, Cortot A, Neut C, Romond C, Colombel JF, Cortot A et al. Yoghurt with Bifidobacterium longum
reduces erythromycin-induced gastrointestinal effects. Lancet 1987;2:43.

19. Michielutti F, Bertini M, Presciuttini B, Andreotti G, Michielutti F, Bertini M et al. [Clinical assessment of a new oral
bacterial treatment for children with acute diarrhea]. [Italian]. Minerva Medica 1996;87:545-50.

20. Ahuja MC, Khamar B, Ahuja MC, Khamar B. Antibiotic associated diarrhoea: a controlled study comparing plain
antibiotic with those containing protected lactobacilli. Journal of the Indian Medical Association 2002;100:334-5.
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Seki H, Shiohara M, Matsumura T, Miyagawa N, Tanaka M, Komiyama A et al . Prevention of antibiotic-associated
diarrhea in children by Clostridium butyricum MIYAIRI. Pediatrics International 2003;. 45.

Erdeve O, Tiras U, Dallar Y, Erdeve O, Tiras U, Dallar Y. The probiotic effect of Saccharomyces boulardii in a
pediatric age group. Journal of Tropical Pediatrics 2004;50 :234-6.

Oleinichenko EV, Mitrokhin SD, Nonikov VE, Minaev VI. [Effectiveness of acipole in prevention of enteric
dysbacteriosis due to antibacterial therapy]. [Russian]. Antibiotiki.i Khimioterapiia. 1999;44:23-5.

Other medical indication:

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

Yost RL, Gotz VP, Yost RL, Gotz VP. Effect of a lactobacillus preparation on the absorption of oral ampicillin.
Antimicrobial Agents & Chemotherapy 1985;28:727-9.

Saavedra JM, Bauman NA, Oung |, Perman JA, Yolken RH, Saavedra JM et al. Feeding of Bifidobacterium bifidum
and Streptococcus thermophilus to infants in hospital for prevention of diarrhoea and shedding of rotavirus. Lancet
1994;344:1046-9.

Stotzer PO, Blomberg L, Conway PL, Henriksson A, Abrahamsson H, Stotzer PO et al. Probiotic treatment of small
intestinal bacterial overgrowth by Lactobacillus fermentum KLD. Scandinavian Journal of Infectious Diseases
1996;28:615-9.

Bleichner G, Blehaut H, Mentec H, Moyse D, Bleichner G, Blehaut H et al. Saccharomyces boulardii prevents
diarrhea in critically ill tube-fed patients. A multicenter, randomized, double-blind placebo-controlled trial. Intensive
Care Medicine 1997;23:517-23.

Sullivan A, Palmgren AC, Nord CE. Effect of Lactobacillus paracasei on intestinal colonisation of Lactobacilli,
Bifidobacteria and Clostridium difficile in elderly persons. Anaerobe. 2001;7:67-70.

Mattar AF, Drongowski RA, Coran AG, Harmon CM. Effect of probiotics on enterocyte bacterial translocation in vitro.
Pediatric Surgery International 2001;. 17.

Szajewska H,.Mrukowicz JZ. Analysis of evidence for clinical efficacy of probiotic products registered in Poland in the
treatment and prevention of acute infectious diarrhea in infants and young children (Provisional record).
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9.8 Appendix 8. Data extracted

9.8.1 Information on study characteristics
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Author Plummer St LaRosaM Cremonini F
Year of publication 2004 2003 2002

Centresand location

Cultech Ltd., York Chambers
2Addenbrooke’s Hospital, Department of
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Department of Pediatrics, Universita degli StudiGdintania,
Catania

Department of Internal Medicine, University Cattalidel Sacro
Cuoro, Policlinico Gemelli, Roma, Italy

Co-Author Weaver MA Harris JC'; Dee P; Hunter § Bottaro G; Gulino N; Gambuzza F; Forti Di F; Ini Gjornambe | DiCaro S; Covino M; Armuzzi A; Gabrielli M; Santdiid_;
E Nista EC; Cammarota G; Gasbarrini G; Gasbarrini A
Subsidizer Not stated Not stated Associazione Ricerca in Medicina, Bologna, Italy

Study start and end
dates

March 1999 — July 2000

December 2001 to April 2002
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Typeof trial design

Double-blind, placebo-controlled study

Multicentrandomised, double-blind, placebo controlled stug

yRandomised placebo-controlled, double blind trial

Setting of study

Hospital Setting

Primary care setting

Primary care setting

Definition and Not stated Based on the frequency and consistency of stofihedkas at Not stated
diagnostic criteriafor least 2 bowel movements with an ‘poltacea’ or wattool for

diarrhoea one day( starting 24 hours after start of treatment

Definition C. Difficile Toxin positive and diarrhoea Not stated Not stated

associated diarrhoea

Antibiotic(s) used Not stated Amoxicillin-acid clavulanico; cephalosporin; Erytimycin (or Rabeparzole, clarythromicin and tinidazole (tripkeerapy
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acidophilus and Bifidobacterium lactis
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dosage and schedule

1 capsule/day for 20 days

L. sporongens (550 0@0ud€) and 250 mg fructo-
oligosaccharide
Administered once daily for 10 days, preferablyhi@a mornings
in the form of a gel capsule

Group 1: L. GG b.i.d. during antibiotic week and fowk after
(6x10 per sachet)

Group 2: S. boulardii given b.i.d. during antibiotiveek and 1
wk thereafter (5x10per sachet)

Group 3: L. acidophilus + B. lactis b.i.d. duringngbiotic wk
and 1 wk after (5x1per sachet)

Reason for antibiotic
medication

Acute emergencies requiring treatment with antibt

Mainly: pharyngitis, tonsillitis, otitis medi&ayonchitis

H. pylori positive

Controal(s)

Inactive carrier

Placebo, indistinguishable in shape and every o#fsprects,

same schedule as probiotic

Placebo administered with the same regimen of ptabi
preparations
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Trial ID 97 136 147
Author Jirapinyo P Thomas MR Armuzzi A
Year of publication 2002 2001 2001

Centres and location

Departments of Pediatrics, Faculty of
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diagnostic criteria for or 3 on the Stool Consistency Continuum, composed of 8 line
diarrhoea drawings depicting stools varying from watery to hard and dry) for 2
or more consecutive days in a patient with normal stools (<1 per
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patient’s normal daily number of bowel movements, regardless of
consistency.
Definition C. Difficile Not stated Not stated Not stated

associated diarrhoea
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Giflorex, Errekappa, Euroterapici S.p.A. Milan, Italy)

Reason for antibiotic
medication

Sepsis or meningitis

Presumed or proven infection

Helicobacter pylori positive, otherwise healthy volunteers

Control(s)

Placebo capsules, which contained a
small amount of sugar and followed the
same dosing schedule

Placebo appeared idenctical to the active capsules, but only
contained the inulin filler. Same schedule as probiotics

The same proton pump inhibitor and antibiotic regimen plus
probiotic-matched placebo
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Trial ID 159 194
Author Orrhage K Arvola T
Year of publication 2000 1999

Centres and location

Departments of Microbiology, Pathology and Immunology and Surgery, Huddinge
University Hospital, Karolinska Institutet, Stockholm, Sweden

Medical School, University of Tampere and the Departments of Pediatrics, Tampere
University Hospital, Tampere, Finland

Co-Author

Sjostedt S; Nord CE

Laiho K; Torkkeli S; Mykkanen H; Salminen S; Maunula L; Isolauri E

Subsidizer

By grant from Arla, Stockholm, Sweden

Finnish Foundation for Gastroenterological Research
Medical Research Fund of Tampere University Hospital
Emil Aaltonen Foundation

Acadamy of Finnland

Study start and end
dates

Not stated

Not stated

Type of trial design

Randomised double-blind parallel group study

Randomised controlled trial

Setting of study

Experimental setting, healthy volunteers

Health care centre or hospital

Definition and Not stated At least three watery or loose stools per day for a minimum of 2 consecutive days.
diagnostic criteria for

diarrhoea

Definition C. Difficile Not stated Not stated

associated diarrhoea

Antibiotic(s) used

Cefpodoxime proxetil

Penicillin, Amoxicillin, Kephalosporins Erythromycin, Trimetoprim-sulpha

Antibiotic duration,
dosage and schedule

2 x 100mg/day in tablets, orally for 7 days

Duration 7-10 days, the dosage was divided into 2 or 3 doses, given every 8 to 12
hours.

Probiotic(s) used

Bifidobacterium longum BB536, Lactobacillus acidophilus NCFB 1748 bd

Lactobacillus GG

Probiotic duration,
dosage and schedule

250 ml of a fermented milk supplement containing 5x10” to 2x10° cfu/ml of B.longum
and 2x10° to 3x108 cfu/ml of L. acidophilus once daily for 21 days.
Additionally, 15g of oligofructose was given.

2x10™ colony forming units (cfu) in capsules , twice daily, during antimicrobial
treatment

Reason for antibiotic
medication

None, healthy volunteers

Treatment of acute respiratory infections

Control(s)

2 control groups:
placebo milk supplement with 15g of oligofructose for 21 days
placebo milk supplement without oligofructose for 21 days

All milk products contained the yoghurt culture bacteria Lactobacillus delbrueckii subsp.

Bulgaricus LBU 108 (10°-10°% cfu/ml) and Streptococcus salivarius subsp. thermophilus
STH 482 (10°%-10° cfu/ml)

Placebo capsule
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Trial ID 251 255 268
Author Tankanow RM Surawicz CM Gotz V
Year of publication 1990 1989 1979

Centres and location

Department of Pharmacy Services, University of
Michigan Hospitals,
University of Michigan College of Pharmacy; USA

Departments of Medicine, Medicinal Chemistry,
Epidemiology, and Biostatistics, University of
Washington, Seattle, Washington

The New York Hospital, New York
Cornell University, Medical College, New York City, USA

Co-Author Ross MB; Ertel 1J; Dickinson DG; McCormick LS; Elmer GW, Speelman P, McFarland LV, Chinn J, Belle Romankeiwicz JA, Moss J, Murray HW
Garfinkel JF van G
Subsidizer Hynson, Westcott, and Dunning Products Laboratoire Biocodex, Montrouge, France By a grant from Hynson, Westcott and Dunning

Study start and end
dates

Recruitment during 13 month period

February 1977 to April 1978

Type of trial design

Randomised, double-blind, placebo-controlled trial

Prospective, double-blind, randomised controlled trial

Double-blind, randomised controlled trial

Setting of study

Local paediatric practice

Hospital setting

Hospital setting

Definition and
diagnostic criteria for

One or more abnormally loose bowel movements
per day throughout the study period of one to ten

Change in bowel habit, with 3 or more loose or watery
stools per day for at least 2 days

=3 bowel movements more than the patient’s normal daily
number of bowel movements, regardless of consistency

diarrhoea days.
Definition C. Difficile Not stated A minimum of 3 stools was considered necessary to Not stated
associated diarrhoea determine if a patient became infected with C. difficile.
(Protocol: stool specimens from patients who
developed diarrhoea only C. difficile positive stools
were tested for cytotoxin.)
Antibiotic(s) used Amoxicillin Several antibiotics: e.g. penicillin, other single agents, Ampicillin (oral, injectable or both)

multiple agents containing clindamycin, or TMP or
cephalosporins

Antibiotic duration, Doses were based on the physicians’ clinical Not stated Not stated
dosage and schedule experience and were consistent with the
manufacturers’ dosing guidelines
Probiotic(s) used Lactobacillus acidophilus, Lactobacillus bulgaricus | S. boulardii Lactobacillus acidophilus and Lactobacillus bulgaricus

(both in on preparation = Lactinex)
Lactinex was supplied by Hynson, Westcott and
Dunning Products

(Lactinex granules)
By: Hynson, Westcott and Dunning, Baltimore, MD

Probiotic duration,
dosage and schedule

Lactinex granules (1 g packets) 4 times daily for
ten days
(5.1x10° cfu per 1 g packet)

250 mg capsule b.i.d. twice a day (- 1g lyophilised S.
boulardii)

initiation within 48 hours of antibiotics and confirmation
for 2 weeks after antibiotic treatment

4 times daily one packet for the first 5 days of ampicillin
treatment (20 doses in total)

Reason for antibiotic

Diagnosis of disease, where amoxicillin is

Not stated

Not stated

medication reasonable therapy
Mainly: Otits media, pharyngitis
Control(s) Placebo, consisting of lactose Placebo; an inert composition formulated to be Placebo (same dosage, schedule)

indistinguishable from the capsules of yeast.
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Trial ID 195 205 231
Author Vanderhoof JA Lewis SJ McFarland LV
Year of publication 1999 1998 1994

Centres and location

Department of Pediatrics, University of Nebraska,
Omaha

Black Hills Pediatrics Children’s hospital, Rapid
City, South Dakota

Departments of Pediatrics and Psychology,
Creighton University, Omaha, Nebraska

USA

Department of Medicine, Bristol Royal Infirmary, Bristol,
UK

Department of Medicinal Chemistry, University of Washington,
Biocodex, Inc., Division of Gastroenterology, Department of
Medicine, Harborview Medical Centre, Seattle, Washington
Department of Infectious Disease, Division of Medicine,
University of Kentucky, Lexington, Kentucky

Co-Author Whitney DB; Antonson DL; Hanner TL; Lupo JV; Potts LF; Barry RE Surawicz CM, Greenberg RN, Elmer GW, Moyer KA; Melcher
Young RJ SA; Bowen KE; Cox JL
Subsidizer United Bristol Health Care Trust Funded by grants to University of Kentucky, University of

Washington, and St. Louis University Medical Centre from
Laboratoires Biocodex, Montrouge, France

Study start and end
dates

Not stated

Not stated

March 1989 — December 1992

Type of trial design

Randomised, double-blind, placebo-controlled trial

Randomised double-blind, placebo-controlled trial

[Randomised] Double-blinded, placebo-controlled parallel
group study

Setting of study

Primary care, paediatric practice

Hospital setting

Hospital setting, high risk group of patients

Definition and
diagnostic criteria for
diarrhoea

Presence of at least 2 liquid stools per day on at
least 2 observation periods during the course of
the study.

3 or more loose stools within a 24 h period

A change in bowel habit with at least 3 loose stools/day for at
least 2 consecutive days. Definition for antibiotic-associated
diarrhoea: diarrhoea associated with at least on Slactam
antibiotic with no other aetiology of diarrhoea identified
(medications, lactose intolerance, nasogastric tube feeding,
enemas)

Definition C. Difficile
associated diarrhoea

Analysis for C. difficile toxin by a cell culture technique
with positive result

Diarrhoea with detected C. difficile toxin

Antibiotic(s) used Amoxicillin, Amoxicillin/clavulanate potassium, Not stated Blactam antibiotics either alone or with another antibiotic; 3
Cefprozil, Clarithomycin, Ciprofloxacin, lactam antibiotics included medium-to-broad spectrum
Cefotaxime, Penicillin, Cephalothin, Erythromycin, penicillin’s, combination penicillin’'s (penicillin’s with ag
Tetracycline, Trimethoprim, Sulfamethoxazole lactamase inhibitor), or any cephalosporin

Antibiotic duration, 10 days Not stated Antibiotic treatment for at least 48 hours (oral or intravenous)

dosage and schedule

Probiotic(s) used

Lactobacillus GG (from CAG Functional Foods in
Omabha, Nebraska)

Saccharomyces boulardii ( Ultra-Levure, Biocodex,
Montrouge, France)

Saccharomyces boulardii

Probiotic duration,
dosage and schedule

Children weighing < 12kg : 1 capsule (1x10™
cfu/capsule) once daily for 10 days
Children weighing > 12kg: 2 capsules (1x10™
cfu/capsule) once daily for 10 days

113 mg twice daily throughout the time that every
patient received antibiotics

1g (3x10™ cfu) per day (2 x 250mg capsules, twice a day),
continued until 3 days after the antibiotic was discontinued; the
maximum duration was 28 days

Reason for antibiotic Acute infectious disorders (minor infections) of the | Acute admission to the general medical ward Not stated
medication upper or lower respiratory tract, the urinary tract,

soft tissues, or skin.
Control(s) Placebo capsule, composed of inulin Placebo Placebo
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Trial ID 302 310 395
Author Benhamou PH Nord CE Nista EC
Year of publication 1999 1997 2004

Centres and location

Département de Gastro-entérologie
Pédiatrique, Hopital Saint Vincent de
Paul, Paris

Glyrpa (Groupe Lyonnais de Recherche
en Pédiatrie Ambulatoire), Lyon

Institiut IPSEN, Paris, France

Department of Microbiology and Surgery,
Huddinge University Hospital, Karolinska Institute,
Huddinge, Sweden

Departments of Internal Medicine and Medical Pathology, Catholic University,
Rome, Italy

Co-Author Berlier P; Danjou G; Plique O; Jessueld Lidbeck A; Orrhage K; Sjostedt S Candelli M; Cremonini F; Cazzato IA; Zocco MA; Franceschi F; Cammarota
D; Dupont C G; Gasbarrini G; Gasbarrini A

Subsidizer Not stated Not stated

Study start and end October 1993 to July 1997 Not stated November 2001 to June 2002

dates

Type of trial design

Double-blind, randomised controlled trial

Randomised, double-blind, parallel-group study

Single centre, double-blind, prospective, randomised, placebo-controlled.

Setting of study

Primary care setting

Experimental — Healthy volunteers

Primary care setting

Definition and More than 3 liquid stools per day Not stated Not stated
diagnostic criteria for

diarrhoea

Definition C. difficile Not stated Not stated

associated diarrhoea

Antibiotic(s) used

Amoxicillin (+ clavulate), cefradoxil,
josamycin, erytomycin + sulfafurazol,
cefixim

Clindamycin (Dolacin, Upjohn, Kalamazoo,
Michigan, USA

Triple therapy based on: clarithromycin, amoxicillin, rabeprazole

Antibiotic duration,
dosage and schedule

Treatment for 6-10 days

150 mg Clindamycin with meals, 4 times a day for
7 days

Clarithromycin 500 mg b.d. , amoxicillin 1 g b.d., rabeprazole 20 mg b.d. for 7
days

Probiotic(s) used

Saccharomyces boulardii

L. acidophilus La-CH5, Bifidobacterium bifidum Bb-
12, L. delbrueckii subsp. bulgaricus Lb-Y27,
Streptococcus salivarius subsp. thermophilus St —
Y31 (Christian Hansen Biosystems, Denmark)

B. clausii, (Enterogermina, Sanofi-Synthelabo OTC, Milan, Italy)

Probiotic duration,
dosage and schedule

226 mg per day one hour before a meal,
in form of gel capsules; for the duration of
the antibiotic treatment

A placebo sachet (similar in look to the
sachet for the control group)

3 capsules (3x10° cfu per capsule) after meal twice
a day for 14 days, starting at the same time as the
antibiotic.

Daily dose: 2x10% cfu

1 vial t.d.s. (each vial containing 2x10° spores of B.clausii) for 14 days, during
eradication therapy and 1 week thereafter

Reason for antibiotic
medication

Infection of the upper and/or lower
respiratory tract

None, healthy volunteers

Helicobacter pylori eradiction

Control(s)

Diosmetice (DS) in form of a sachet, 6
g/day for children between 1 and 2 years
of age; 9 g/day for children above 2 years
A placebo gel capsule, similar in looks to
the ones the probiotic group gets

Placebo capsule, administered following same
schedule as probiotic group

Placebo, identical in colour, size, shape, weight and taste, same schedule as
probiotic
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Trial ID 786 897 930
Author Monteiro E Madeo M Kotowska M
Year of publication 1981 1999 2005

Centres and location

College of Medicine of Lisbon, College of
Ciencias Medical of Lisbon, Civil Hospital
of Lisbon, College of Medicine of Porto,
Porto. College of Medicine of Coimbra,
Coimbra, Portugal

Public Health Laboratory Service, Hull Royal
Infirmary, Hull, UK

Department of Pediatric Gastroenterology and Nutrition, The Medical
University of Warsaw, Warsaw, Poland

Co-Author Fernandes JP; Vieira MR; Correia JP; Whitlock M; Martin CR Albrecht P; Szajewska H
Caetano JM; Ribeiro T; et al.

Subsidizer Not stated Not stated

Study start and end Not stated Inclusion period was 2 month, no specific date November 2002 to May 2004

dates

stated

Type of trial design

Double blind, randomised, placebo-
controlled trial

Prospective, double-blind randomised controlled
trial

Double blind, randomised, placebo controlled clinical trial

Setting of study

Hospital setting

Hospital setting

Hospital setting (paediatric hospitals and out-patient clinics)

Definition and
diagnostic criteria for
diarrhoea

Transit disturbance (assumed that this
refers to diarrhoea) = more than 2 stools
per day during study period

Bowels opened three or more times more than
usual in 24 hours and consisted of a watery (liquid)
stool.

23 loose or watery stools/day for 248h occurring during or up to 2 weeks after
the antibiotic therapy. AAD was furthermore restricted to absence of rotavirus
and a negative stool culture.

Definition C. difficile
associated diarrhoea

Not stated

If diarrhoea was present a sample was examined
for pathogens and C. difficile toxin

Toxins A and B were identified by immunoassay

Antibiotic(s) used

Tetracyclines and betalactamases

Co-amoxycliv, Flucloxacillin, Augmentin, Ampicillin,
Clarithromycin, Cefotaxime, Metronidazole,
Cefuroxime, Cephadrine, Magnapen, Trimethoprin,
Ciproflaxicin

Cefuroxime axetil, Amoxicillin (+clavulanate), cefuroxime, penicillin,
clarithromycin, roxithromycin

Antibiotic duration,
dosage and schedule

Therapeutical dosage, orally

Oral or intravenous antibiotics,

Oral or intravenous,

Probiotic(s) used

S. boulardii

Saccharomyces boulardii

Probiotic duration,
dosage and schedule

1 capsule, 4 times daily for 6 days

250 mg S. boulardii, orally twice daily for the duration of the antibiotic
treatment

Reason for antibiotic

Broncho-pulmonary infections, oto-

Acute otitis media and/or respiratory tract infection

medication rhinological infections or infections
occurring after surgery.
Control(s) Placebo, same schedule as probiotic Placebo consisting of Saccharum lactis (250 mg)
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Trial ID 963 964
Author Armuzzi A Adam J
Year of publication 2001 1977
Centres and location Departments of Internal Medicine, Hygiene and Not stated

Medical Pathology, Catholic University, Rome, and
Department of Human Nutrition, Tor Vergata
University, Rome, Italy

Co-Author Cremonini F; Ojetti V; Bartolozzi F; Canducci F; Barret A, Barret-Bellet C
Candelli M; Santarelli L; Cammarota G; De Lorenzo
A; Pola P; Gasbarrini G; Gasbarrini A
Subsidizer Not stated Not stated (Laboratoires Biocodex)

Study start and end
dates

May 1 to July 31 1999

Not stated

Type of trial design

Single-centre, open, prospective, randomised trial

Randomised placebo controlled, double blind trial

Setting of study

Primary care setting

primary care

Definition and Not stated diarrhoea was defined as a minimum of 2 points, calculated with a specific method that took the frequency, the
diagnostic criteria for consistency and the colour into account.
diarrhoea The formula is as follows: (Differences apply to measures before treatment and after treatment)
difference of the number of stools X points
+ difference according to consistency (normal 0O, soft 1, liquid 2)  x points
+ difference according to the colour (normal 0, abnormal 1) X points
0-2 points - no diarrhoea
3-4 pts - mild diarrhoea
5-6 pts moderate diarrhoea
7 + pts important diarrhoea.
Definition C. difficile Not stated Not stated

associated diarrhoea

Antibiotic(s) used

Triple therapy consisting of: pantoprazole,
clarithromycin, and tinidazole

Beta-lactams (penicillins, ampicillin, amoxicillin, cephalosporins) and tetracyclines

Antibiotic duration,
dosage and schedule

Pantoprazole 40 mag b.i.d. (before breakfast and
dinner), clarithromycin 500 mg b.i.d. (0.5 h after
breakfast and dinner), tinidazole 500mg b.i.d. (0.5 h
after breakfast and dinner)

duration of at least 5 days.

Probiotic(s) used

Lactobacillus GG (Gilflorex, Errekappa Euroterapici
S.p.A., Milan, Italy)

S. boulardii (Ultra-Levure)

Probiotic duration,
dosage and schedule

Freeze dried powder containing L. GG (6x10° cfu)
b.i.d. (2h after breakfast and dinner, mixed with
water) for 14 days, during and the week after
eradication therapy.

4 gel capsules per day for the duration of antibiotic treatment.

Reason for antibiotic
medication

Helicobacter pylori eradication therapy

infections of the upper and/or lower respiratory tract (e.g. bronchitis, sinusitis etc.)

Control(s)

Only antibiotics, no placebo

placebo, same schedule as probiotics
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Trial ID 965
Author Correa NBO
Year of publication 2005

Centres and location

Departamento de Pediatria, Faculdade de Medicina, and Departamento de
Microbiologia, Instituto de Ciencias Diologicas, Universidade Federal de Minas
Gerais, Belo Horizonte, Minas Gerais; and Departamento de Pediatria e
Puericultura, Universidade Federal de Goias, Goiania, Brazil

Co-Author

Péret Filho LA; Penna FJ; Lima FMLS; Nicoli JR

Subsidizer

Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq), Brasilia,
DF, Brazil, and Nestlé Brasil Ltda, Sao Paulo, Brazil

Study start and end
dates

Not stated

Type of trial design

Double blind RCT

Setting of study

Hospital

Definition and
diagnostic criteria for
diarrhoea

change in bowel habits with the passage of 3 or more liquid stools per day for at
least 2 consecutive days.

Definition C. Difficile
associated diarrhoea

Not stated

Antibiotic(s) used

Penicillin, ampicillin, oxacillin, amoxicillin, cephalosporin, amoxicillin + clavulanic
acid, others

Antibiotic duration,
dosage and schedule

venous or oral

Probiotic(s) used

B. lactis, S. thermophilis

Probiotic duration,
dosage and schedule

10" cfu/g powdered formula of B. lactis; 10° cfu/g of S. thermophilis; minimum of
500 ml of formula/day => 107 cfu/g of contents

for 15 days
Reason for antibiotic Not stated
medication
Control(s) Placebo

Probiotics for prevention of antibiotic associatkgrrhoea
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9.8.2 Information on quality assessment

Probiotics for prevention of antibiotic associatkgrrhoea

Trial ID 31 50 88 97 136
Author Plummer S1 La Rosa M Cremonini F Jirapinyo P Thomas MR
Jadad Score Jadad Score Jadad Score (yes=1 Jadad Score Jadad Score (yes=1 point, no=0)
(yes=1 point, (yes=1 point, point, no=0) (yes=1 point,
no=0) no=0) no=0)
Was assignment of Yes 1 Yes | 1 Yes 1 Yes 1 Yes 1
treatment described
as random?
Was method of No 0 Yes | 1 Yes 1 No 0 Yes 1
randomisation well
described and
appropriate?
Was the method Not stated Yes, computerised Yes Randomisation list, but A randomisation schedule was generated by the Section
really random? list, provided by a not further described of Biostatistics and stratified on 3 parameters, including
randomisation baseline daily bowel movement frequency, use of 3-
computer programme lactams as initial antibiotic therapy, and age at entry.
Was allocation of Not stated Not stated Yes Not stated Yes
treatment
concealed?
What was Not stated At the first visit, the Computer list kept & generated Not stated A pharmacist who at no time had direct contact with the
concealment parents were given by pharmacy, a marked patients or investigators dispensed active and placebo
method? the study drug and an | numbered box with the sachets capsules according to randomisation schedule
diary /pnt was designated.
Was the study Yes 1 Yes | 1 Yes 1 Yes 1 Yes 1
described as double
blind?
Who was blinded to Not stated Don’t know Patient, investigator Not stated Patients, investigators
treatment?
Was method of No 0 Yes | 1 Yes 1 Yes 1 Yes 1
blinding adequately
described?
Were withdrawals Yes 1 Yes | 1 Yes 1 Yes 1 Yes 1
stated?
Were reasons for No Yes Yes No one was lost to follow- | Yes
withdrawals stated? up
Was intention to No, 150 pnts were Yes No, analyses per protocol Yes Yes
treat’ used? randomised, only 138 were
included in the analyses
Score on Jadad 3 5 5 4 5

Scale, total (0-5)

Comments

Withdrawals are stated in the
abstract, but no reasons for
withdrawal were given

Did not state that analyses were
per protocol, but they used only
the data of those patients, who
completed the follow-up period

Small number of patients,
short method section

Authors describe in paper that they use a intention to
treat analysis, but their results are only presented for the
267 patients who completed the study, the 34 drop-outs
were not taken into the analysis
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Trial ID 147 159 194 195 205
Author Armuzzi A Orrhage K Arvola T Vanderhoof JA Lewis SJ
Jadad Score (yes=1 Jadad Score Jadad Score Jadad Score (yes=1 point, Jadad Score (yes=1 point,
point, no=0) (yes=1 point, (yes=1 point, no=0) no=0)
no=0) no=0)

Was assignment of Yes 1 Yes 1 Yes | 1 Yes 1 Yes | 1

treatment described

as random?

Was method of No 0 No 0 Yes | 1 Yes 1 No | O

randomisation well

described and

appropriate?

Was the method Don’t know Not stated Yes Yes Not stated

really random?

Was allocation of Yes Not stated Not stated Yes Yes

treatment

concealed?

What was Closed envelopes Not stated Not stated Product randomisation by blinded numeric codes | Medical management of each

concealment was performed by the supplier before the product | volunteer was by attending physician

method? was shipped to the investigation site. Codes were | and not influenced by the study.
kept by the supplier until all data were collected. Nursing staff was dispensing the
The L. GG and placebo were packed in identical medication to the subject. The trial
bottles with identical capsule covers. capsules were prepacked by the

pharmacy.

Was the study Yes 1 Yes 1 No | O Yes 1 Ye |1

described as double S

blind?

Who was blinded to Patients and investigator Not stated Patients (parents) Patient, investigator Patients, clinicians (nurses and

treatment? physicians)

Was method of Yes 1 No 0 Yes | 1 Yes 1 Ye |1

blinding adequately s

described?

Were withdrawals Yes 1 Yes 1 Yes | 1 Yes 1 Ye |1

stated? S

Were reasons for Nobody was lost to follow up, Yes, one patient Yes Yes, primarily because of antibiotic non- Yes

withdrawals stated? this was additionally assessed excluded because of compliance or inability of investigator to contact

through a tablet count at the end | treatment with another the primary caregiver at the assigned follow-up
of the therapy antimicrobial agent time.

Was intention to No withdrawals- therefore at No No No No

treat’ used? discussion

Score on Jadad 4 3 4 5 4

Scale, total (0-5)
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Trial ID 147 159 194 195 205
Author Armuzzi A Orrhage K Arvola T Vanderhoof JA Lewis SJ
Comments Volunteers came from a medical Intention to treat is not 3 patients lost to follow-up, those were
background; all were personnel used, study pop’n not included in the analyses
of a catholic teaching hospital in without patients who
Rome, working as physicians, were lost to follow up
etc, so this could explain zero was used for analysis.
loss to follow up.
Trial ID 231 251 255 268 302
Author McFarland LV Tankanow RM Surawicz CM Gotz V Benhamou PH
Jadad Score (yes=1 Jadad Score (yes=1 point, Jadad Score Jadad Score (yes=1 Jadad Score (yes=1 point, no=
point, no=0) no=0) (yes=1 point, point, no=0)
no=0)
Was assignment of Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
treatment described
as random?
Was method of No 0 No 0 No 0 No 0 No 0
randomisation well
described and
appropriate?
Was the method Randomisation within three age Not clear Not clear Not clear Not clear
really random? groups for each centre. Not clear
if this concluded in a true
randomisation. (Age groups
were: 18-44; 45-69; or 70-99)
Was allocation of Yes, Laboratoires Biocodex Yes Not stated Not stated Not clear
treatment packed the study drug (probiotic,
concealed? placebo); this was concealed to
investigators
What was Blinded study kits Drug company blinded the foil packs of | Not stated Not stated Not clear
concealment lactobacilli (active or placebo). The
method? packs were packed into boxes and
those boxes numbered. Drug company
also provided randomisation code,
which was given to investigators in
sealed envelope, which could only be
opened upon emergency.
Was the study Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
described as double
blind?
Who was blinded to Investigator, patient Investigators, patients Not stated Patients, Clinicians Patient, investigator
treatment?
Was method of Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
blinding adequately
described?
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Trial ID 231 251 255 268 302
Author McFarland LV Tankanow RM Surawicz CM Gotz V Benhamou PH
Were withdrawals Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
stated?
Were reasons for Yes Yes Yes Yes No
withdrawals stated?
Was intention to Yes No No No No
treat’ used?
Score on Jadad 4 4 4 4 4
Scale, total (0-5)
Comments No description of blinding, apart from It is not clear who was
title, randomisation method not blinded, apart from
described, concealment not described, | patients
nearly half of the population lost to
follow up or other drop outs

Trial ID 310 395 786 897 930 963
Author Nord CE Nista EC Monteiro E Madeo M Kotowska M Armuzzi A
Jadad Jadad Score Jadad Score Jadad Score Jadad Score (yes=1 Jadad Score (yes=1 point
Score (yes=1 point, (yes=1 point, (yes=1 point, point, no=0) no=0)
(yes=1 no=0) no=0) no=0)
point,
no=0)
Was assignment of Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
treatment described
as random?
Was method of No 0 Yes 1 No 0 Yes 1 Yes 1 No 0
randomisation well
described and
appropriate?
Was the method Not clear Yes (permuted blocks Not clear Not very clear Yes Not clear
really random? randomisation)
Was allocation of Not clear Yes Not stated No Yes Not clear
treatment
concealed?
What was Not stated Permuted block Not stated Not stated An independent subject ‘Closed envelopes’
concealment randomisation prepared the randomisation
method? schedule and oversaw the
packaging and labelling of trial
treatments.
Was the study Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 No 0
described as double
blind?
Who was blinded to Not clear Don’t know Can't tell Patient, investigator All investigators, participants, Nobody
treatment? outcome assessors and data
analysts
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Trial ID 310 395 786 897 930 963
Author Nord CE Nista EC Monteiro E Madeo M Kotowska M Armuzzi A
Was method of Yes 1 No 0 No 0 Yes 1 Yes 1 No 0
blinding adequately
described?
Were withdrawals Yes 1 Yes 1 Yes 1 Yes Yes 1 Yes 1
stated?
Were reasons for No withdrawals Yes Yes No withdrawals Yes No withdrawals
withdrawals stated?
Was intention to Yes Yes, but also a ‘Per- No Yes (assuming, No Yes
treat’ used? protocol analysis’ was because all patients

performed remained at fu)
Score on Jadad 4 4 3 5 5 2

Scale, total (0-5)

Comments No withdrawals, Method of blinding and No withdrawals mentioned, therefore
therefore no reasons allocation concealment assumed, that all subjects were
stated. not described. included in the analysis

Based on the tablet/sachet count
after bringing back the medication
containers, all subjects who finished
therapy were ‘100% adherent’ with
respective protocol.

Trial ID 964 965

Author Adam J Correa NBO

Jadad Score (yes=1 point, no=0) Jadad Score (yes=1 point, no=0)

Was assignment of treatment Yes 1 Yes 1

described as random?

Was method of randomisation Yes 1 No 0

well described and

appropriate?

Was the method really Yes, randomisation tables, the same tables applied to all different centres. Not clear

random?

Was allocation of treatment Yes Not stated

concealed?

What was concealment randomisation table was used to number the batches (study product). According to this table, the treatment Not stated

method? was given

Was the study described as Yes 1 Yes 1

double blind?

Who was blinded to treatment? investigators, patients patients, investigator

Was method of blinding Yes 1 Yes 1

adequately described?

Were withdrawals stated? Yes 1 Yes 1

Were reasons for withdrawals No loss to follow-up reported Yes

stated?

Was intention to treat’ used? Yes (because no follow-up loss, assumed) No
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Trial ID 964 965

Author Adam J Correa NBO

Score on Jadad Scale, total (0- 5 4

5)

Comments Not definitely sure about Jadad score, if blinding is appropriate and if there are withdrawals mentioned or

not.
9.8.3 Inclusion exclusion criteria

Trial ID 31 50 88 97 136

Author Plummer S* La Rosa M Cremonini F Jirapinyo P Thomas MR

Inclusion criteria Patients with Written informed consent by Subjects underwent H. pylori testing In patients diagnosed with either | Admitted to a general internal medicine inpatient
acute parents and tested positive sepsis or meningitis service at Saint Marys Hospital, Rochester
emergencies Patients between 4 months and Free of Gl symptoms at enrolment Ages ranged from 1 to 36 Received intravenous or oral antibacterial agents

15 years Wished to be treated for H. pylori months for a presumed or proved infection

Presence of an infection which
makes a therapy with
Erythromycin or other macrolides,
amoxicillinacid/clavulan or

Gave written informed consent,
answered a questionnaire on Gl and
extraintestinal symptoms, drug
history and reactions.

Receiving high doses of one or
more than one broad spectrum
antibiotics

Written informed consent by

cephalosporins necessary parents
Exclusion criteria Patients on a Gastrointestinal infection Recorded occurrence of any Presence of diarrhoea before Treatment with an antibiotic for more than 24
course of Other pathologic infections that symptoms the study hours prior to enrolment or at any time within the
antibiotics have influence on the Gl tract Incidentally used any drug Conditions where enteral prior 2 weeks

lasting longer
than 20 days

Chronic ‘defecation’ problems
that demand parenteral feeding
Antibiotic treatment 15 days
preceding inclusion into study

associated with Gl side effects
Occurrence of fever or flu-like
syndrome

Use of a calcium channel blocker
Use of L-thyroxine

Occasional use of laxatives

Use of anticholinergic drugs

feeding was contraindicated
Patients in a moribund condition
Patients with either primary or
secondary immunodeficiency

Age younger than 18 years

Diagnosis of C. difficile colitis within the previous
3 months

Underlying long-term gastrointestinal tract
disease characterized by diarrhoea or unformed
stools

Tube feeding

Use of an ileostomy or colostomy

Residence outside the United States

Inability to speak or read English

Inability to provide informed consent
Immunocompromised state

Administration of antibiotics as prophylaxis of
infection only
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Trial ID 147 159 194 195 205 231

Author Armuzzi A Orrhage K Arvola T Vanderhoof JA Lewis SJ McFarland LV

Inclusion criteria Helicobacter Healthy No antimicrobial medication Being evaluated for symptoms of Prescribed antibiotics in | Consecutive adult impatient receiving new
pylori positive volunteers during the previous 3 month acute infection of the upper and last 24 hours prescription of Blactam antibiotics for at

No need for intravenous
antimicrobial treatment
No gastrointestinal disorders

Volunteers
from hospital

No history of
gastrointestinal,
hepatic or renal
diseases

lower respiratory tract, the urinary
tract, soft tissues, or skin during the
month of September.

Prescription for a 10 day antibiotic
course

least 48 hr

18 years or older

Written informed consent

No diarrhoea less than 24 hours after
enrolment

Exclusion criteria Symptomatic Other antibiotic Any chronic disease Taken antibiotics within | Antibiotic started > 72 hours of interview
subjects medication Serious acute infection previous 6 weeks Immunosuppression
(dyspeptic Diarrhoea at time of antibiotic Pre-existing bowel Antibiotic given for < 48 hours
symptoms) initiation pathology Catastrophic illness
Fed by a naso-gastric No telephone
tube Discharged before interview
Unable to given written <18 yrold
consent oral anti-fungal medication
refused participation
patients receiving only penicillin G or
penicillin V (narrow spectrum penicillin’s)
Trial ID 251 255 268 302 310
Author Tankanow RM Surawicz CM Gotz V Benhamou PH Nord CE
Inclusion criteria Patients between age of 6 months to six years Inpatients receiving new antibiotic prescriptions Ampicillin Upper and/or lower Volunteers
diagnosed with disease where amoxicillin Adult patients treatment respiratory tract

treatment is reasonable

Inclusions for efficacy analyses: patients
completed at least five days of antibiotic and
Lactinex/placebo therapy

Written informed consent

Medical inpatient
of the New York
Hospital

infection which required
an antibiotic therapy of
8 +2 days

Exclusion Currently had diarrhoea or an underlying Diarrhoea within the preceding week or within 24h Colostomy, Severe illness, such as | Antibiotic treatment during
criteria disease with diarrhoea as a conventional factor. | of the start of the study ileaostomy, an immune suppression, last 3 month
Not eating a normal diet prior to the history of Immune compromise (i.e. AIDS, recent or ongoing | underlying cancer, renal Consumption of lactic acid

the present illness
Colostomy or ileostomy

chemotherapy, or radiation therapy)
Renal failure requiring dialysis, pregnancy,

disease, having
diarrhoea as a

insufficiency or liver
damage etc.)

bacteria-fermented
products for 2 weeks prior

Nourishment by breast milk only antibiotic therapy for < 3 days constitutional Diarrhoea on the day of | to the study
Sensitivity or contraindication to amoxicillin, Patients receiving the following medications were factor, receiving inclusion or the Other medication during
lactinex, lactose or milk products also excluded: vancomycin or metronidazole (used | multiple preceding week investigation period

Receiving drugs known to interact with
amoxicillin to a clinically significant extent (such
as carbamazepine, theophylline, aminobenzoic
acid, and methotrexate)

to treat C. difficile diarrhoea)

Antifungal antibiotics (could inactivate the yeast)
Lactulose (was known a priori to cause diarrhoea)
Patients who were monitored for < 8 days were
considered to have an insufficient follow-up to
allow diarrhoea to develop and were excluded
from the analyses

antibiotics, not
eating a normal
diet.

Antibiotic treatment in
the preceding 2 weeks
before inclusion
Presence of a purulent
otitis media infection
justifying a
paracentesis treatment

History of Gl, hepatic or
renal disease
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Trial ID

395

786

897

930

963

Author

Nista EC

Monteiro E

Madeo M

Kotowska M

Armuzzi A

Inclusion criteria

Aged between 18 —65 years

Free of gastrointestinal symptoms in the
previous 3 months

Affected by gastric H. pylori infection as
confirmed by a C-urea breath test

Patients under chronic drug treatment were
considered suitable if they had been receiving
such treatment for >3months.

All patients signed a written informed consent.

Patients submitted
to the hospital with
diverse infections
Use of antibiotics
from the groups of
the tetracyclines
and betalactams

Patients were recruited
from 6 elderly wards
where they were
admitted to
Commenced oral or
intravenous antibiotic
therapy

Granted informed
consent

Age between 6 months to 14
years

Acute otitis media and/or
respiratory tract infection

Started short-term treatment with
oral or intravenous antibiotics
within 24 of enrolment

Healthy asymptomatic volunteers, working
at the Gemelli Hospital in Rome as
physicians, biologists, nurses or
administrative personnel.

Subijects attended a screening program for
the assessment of the prevalence and risk
factors for H. pylori infection among
healthcare workers.

Those H. pylori-positive asymptomatic
subjects who wished to be cured were
included in the study.

Exclusion criteria

Recent (within the previous 3 months) use of
anti-microbial agents, bismuth compounds,
proton pump inhibitors and H, receptor
antagonists, laxatives, anti-diarrhoeals, other
probiotic preparations, alcohol or illicit drug
abuse.

Patients with acute or chronic gastrointestinal
diseases, or with major concomitant diseases

including psychiatric disorders and pregnant or

lactating women were also excluded from the
study.

Not stated

Not stated

Presence of a severe or
generalized bacterial infection
Antibiotic treatment within the
previous 2 months

Prophylactic antibiotic treatment
Use of a probiotic product for
medicinal purposes within the
previous 7 days
Immunodeficiency

Chronic gastrointestinal disease
Acute or chronic diarrhoea

Presence of dyspeptic symptoms and active
organic disease

Taking of any medication at time of
enrolment
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Trial ID

964

965

Author

Adam J

Correa NBO

Inclusion criteria

older than 15 years

antibiotic treatment for at least 5 days for
lower or upper respiratory infections
selected antibiotic had to belong to group of
either tetracyclines or beta-lactams

had to be used orally

age: 6-36 months
inpatients receiving antibiotics

Exclusion criteria

younger than 15 years

receiving any other treatments aiming at the
digestive system

patients with abdominal disorders, or
candidose

psychologically not very reliable

any other antibiotics other than the 2 defined
above

any other addition of antibiotic therapy with
‘digestive medicines’

breast feeding

diarrhoea episode

antibiotics use 3 weeks before trial

diarrhoea within 12 hours of trial

inability to consume 500 ml of formula/day

existence of underlying pathology (e.g. sepsis, custic
fibrosis, renal insufficiency)

Probiotics for prevention of antibiotic associatkgrrhoea
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9.8.4 Information on baseline characteristics
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Trial ID 31 50 88 97 136 147
Author Plummer S’ La Rosa M Cremonini F Jirapinyo P Thomas MR Armuzzi A
Study group Probiotic | Control | Probiotic | Control Probiotic | Probiotic | Probiotic | Control | Probiotic Control Probiotic Control Probiotic | Control
1 2 3
Number 150 60 60 21 22 21 21 8 10 152 150 30 30
randomised
Number analysed 69 | 69 48 50 21 21 21 20 8 10 133 134 30 30
Age Elderly 6.6 6.7 97 patients enroled, age range 18-61 8.6 5.7 57.2 54.4 Mean age 40 +12 years
years years years months months years * years *
(range: (range: (2-36) (2-24) 18.0 17.4
0,4- 0.9- (20-93) (18-86)
13.2) 14.4)
Male:female 34:25 31:28 43:54 5:3 7:3 68:65 75:59 25:35
Allergies to Not stated Not stated Not stated
antibiotics
Duration of 20days | 20 7 days 7 days 7 days 7 days 11.945.9 12.5 7 days 7 days
antibiotic treatment days days 5.0
days
C. difficile carrier Not stated Not stated
Dietary differences Not stated Not stated

Comments

C.difficile carrier
‘comparable’ in
both groups, in
total 8 patients.

Baseline characteristics were not furhter
stated

The treatment and
placebo group were
similar in terms of
demographics and
medical profiles at
enrolment. There
were no significant
differences in
indications for
antibiotic treatment,
use of over-the-
counter medications
at enrolment, or
comorbidities
between patients
receiving
Lactobacillus GG and
placebo.

No further information on
the two groups given, no
‘table 1 with general
characteristics
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Trial ID 159 194 195 205 231

Author Orrhage K Arvola T Vanderhoof JA Lewis SJ McFarland LV

Study group Probiotic | Control | Control | Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control

1 2
Number randomised 10 10 10 89 78 202 randomised 72 patients 97 96
randomised
Number analysed 9 10 10 61 58 92 95 33 36 97 96
Age Mean age 28 years (range 4.7 (2 4.4 (2 3 years 4 years 75 years | 77 years | (randomised age groups) 1)18-44 years 2) 45-69
21-50 years) weeks weeks 11 (71-81) (70-85) 3)>70
to11.8 to 12.8 months 1) 64 1)62
years) years) 2) 25 2) 24
3)8 3) 10

Male:female 4.6 | 46 | 46 Not stated 43:50 42:53 Not stated 62:35 | 63:33

Allergies to antibiotics Not stated Not stated Not stated Not stated

Duration of 7 days 7 days | 7 days | Not stated 10days | 10days | 6days 7 days Not stated

antibiotic treatment (5-8) (6-10)

C. difficile carrier Not stated Not stated Not stated

Dietary differences Not stated Not stated Not stated

Comments

No difference
between males,
females, due to
study population
being children. The
groups were
comparable in
clinical diagnosis,
antimicrobial agents
used, history of
antibiotic use and
mode of day care

Not specifically
stated, how many
patients of the
probiotic or control
group were lost to
follow-up.

Two groups also
comparable
regarding diagnosis
for antibiotic
treatment and
antibiotic used.

Narrative: between
groups no difference
in sex, age, duration
of antibiotic use,
length of hospital
stay, number or type
of antibiotics taken.

There were 4 different hospitals involved, which also differed
in patient characteristics. Patients from the four sites were
generally similar except for differences in age, number of
medications, and APACHE index (a modified standard index
to quantitate the patient’s basic health status to stratify
acutely ill patients). Patients at St. Louis University were
significantly older, had higher APACHE index scores, and
received more antibiotics and medications; but none of these
factors resulted in a higher frequency of AAD. Patients at the
University of Kentucky had a significantly lower frequency of
AAD, were older, had higher APACHE scores, and had
significantly lower frequency of C. difficile.

To judge if bias was introduced by treatment assignment, a
comparison of the group of patients receiving S.boulardii and
the group receiving placebo was performed. No statistically
significant differences were noted in the patients assigned to
S. boulardii compared with patients given placebo.
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Trial ID 251 255 268 302 310 395

Author Tankanow RM Surawicz CM Gotz V Benhamou PH Nord CE Nista EC

Study group Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control Probiotic Control Probiotic Control

Number randomised 60 318 48 50 391 388 11 12 60 60

Number analysed 15 | 23 116 64 36 43 327 289 11 12 54 52

Age 29 # 17 months 48.6 45.4 years 65 years | 64 years | 2.40 2.44 29.5 years (range:21- | 46.2 43.1
years (19-86) (24-88) years+ years + 54) years + years +

0.05 0.05 12.83 13.36

Male:female 22:16 66% 73% male 22:21 13:23 55.24% 53.05 % 3:8 4:8 33:27 25:35
male male male

Allergies to Not stated Not stated Not stated Not stated Not stated Not stated

antibiotics

Duration of Not stated Not stated Not stated Not stated 7 days 7 days 7 days 7 days

antibiotic treatment

C. difficile carrier Not stated Not stated Not stated Not stated Not stated Not stated

Dietary differences Not stated Not stated Not stated Not stated

Comments

Apple cider and fruit are frequently
associated with diarrhoeal episodes
and were consumed by several
children who subsequently
experienced an increased number
of loose stools. Conversely, bulk-
forming foods, such as bran, were
also consumed, which may have
decreased the incidence of
diarrhoea. In addition, yoghurt
contains Lactobacillus, which, if
consumed in sufficient quantities,
could have skewed the data.

High loss to follow up,
patients excluded from
analysis due to not being
monitored longer than 8
days

No difference in
age, dose of
ampicillin, number
of doses of the
study drug;
however, more
women than men in
the study population
Median total
ampicillin dose (9):
Probiotic: 29 (4.75-
176)

Control: 16 (5-108)

No differences between
the groups concerning
height, weight,
temperature or the type
of infection

There were also no
differences in the
antibiotics administered
between the two groups

There were no
significant differences
in age and baseline
symptom scores (all
patients were symptom
free at enrolments)
between the placebo
and the B. clausii
groups. On the
contrary, a higher
prevalence of male
gender was observed in
B. clausii group an
female gender in
placebo group.
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Trial ID 786 897 930 963 964 965
Author Monteiro E Madeo M Kotowska M Armuzzi A Adam J Correa NBO
Study group Probiotic | Control | Probiotic | Control 1 [ Control 2 | Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control
Number randomised 300 30 18 18 132 137 60 60 199 189 87 82
Number analysed 121 | 119 30 18 18 119 127 60 60 199 189 80 77
Age Not stated 81 years 82 years 90 years 58.8 55.8 36.8 37.0 39.27 37.59 21.94 months | 22.19
months months years + years + years + years + +9.84 months +
+44 +43.5 10 2.25 2.84 10.70
(6.2- (5.2-
178) 182)
Male:female Not stated 11:19 4:14 3:15 66:66 82:55 28:32 26:34 96:103 96:93 27:53 33:44
Allergies to Not stated Not stated Not stated Not stated Not stated Not stated
antibiotics
Duration of 6 days 6 days | 5days 5 days 5 days Not stated 7 days 7 days 6.80 = 6.84 = Not stated
antibiotic treatment 0.24 0.25
days days
C. difficile carrier Not stated Not stated Not stated Not stated Not stated Not stated
Dietary differences Not stated Not stated Not stated Not stated Not stated Not stated
Comments There were no
differences between
the groups
concerning
diagnosis and
antibiotics used, or
the route of
administration or the
setting of the study
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9.8.5 Information on outcomes

Trial ID 31 50 88 97 136 147
Author Plummer S’ La Rosa M Cremonini F Jirapinyo P Thomas MR Armuzzi A
Study group Probiotic | Control | Probiotic | Control Probiotic | Probiotic | Probiotic | Control | Probiotic Control Probiotic Control Probiotic | Control
1 2 3
Number 150 60 60 21 22 21 21 8 10 152 150 30 30
randomised
Number analysed 69 | 69 48 50 21 21 21 20 8 10 133 134 30 30
Age Elderly 6.6 6.7 97 patients enroled, age range 18-61 8.6 5.7 57.2 54.4 Mean age 40 +12 years
years years years months months years + years +
(range: (range: (2-36) (2-24) 18.0 17.4
0,4- 0.9- (20-93) (18-86)
13.2) 14.4)
Male:female 34:25 31:28 43:54 5:3 7:3 68:65 75:59 25:35
Allergies to Not stated Not stated Not stated
antibiotics
Duration of 20 days 20 7 days 7 days 7 days 7 days 11.95.9 125 7 days 7 days
antibiotic treatment days days +5.0
days
C. difficile carrier Not stated Not stated
Dietary differences Not stated Not stated
Comments C.difficile carrier Baseline characteristics were not furhter The treatment & No further information on
‘comparable’ in stated placebo groups were the two groups given, no
both groups, in similar in ‘table 1 with general
total 8 patients. demographics & characteristics
medical profiles at
enrolment. No
significant differences
in indications for
antibiotic treatment, or
use of over-the-
counter medications,
or comorbidities at
enrolment .
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Trial ID 159 194 195 205 231

Author Orrhage K Arvola T Vanderhoof JA Lewis SJ McFarland LV

Study group Probiotic | Control | Control | Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control

1 2
Number randomised 10 10 10 89 78 202 randomised 72 patients 97 96
randomised
Number analysed 9 10 10 61 58 92 95 33 36 97 96
Age Mean age 28 years (range 4.7 (2 4.4 (2 3 years 4 years 75 years | 77 years | (randomised age groups) 1)18-44 years 2) 45-69
21-50 years) weeks weeks 11 (71-81) (70-85) 3)>70
to11.8 to 12.8 months 1) 64 1)62
years) years) 2) 25 2) 24
3)8 3) 10

Male:female 4.6 | 46 | 46 Not stated 43:50 42:53 Not stated 62:35 | 63:33

Allergies to antibiotics Not stated Not stated Not stated Not stated

Duration of 7 days 7 days | 7 days | Not stated 10days | 10days | 6days 7 days Not stated

antibiotic treatment (5-8) (6-10)

C. difficile carrier Not stated Not stated Not stated

Dietary differences Not stated Not stated Not stated

Comments

No difference
between males,
females, due to
study population
being children. The
groups were
comparable in
clinical diagnosis,
antimicrobial agents
used, history of
antibiotic use and
mode of day care

Not specifically
stated, how many
patients of the
probiotic or control
group were lost to
follow-up.

Two groups also
comparable
regarding diagnosis
for antibiotic
treatment and
antibiotic used.

Narrative: between
groups no difference
in sex, age, duration
of antibiotic use,
length of hospital
stay, number or type
of antibiotics taken.

There were 4 different hospitals involved, which also differed
in patient characteristics. Patients from the four sites were
generally similar except for differences in age, number of
medications, and APACHE index (a modified standard index
to quantitate the patient’s basic health status to stratify
acutely ill patients). Patients at St. Louis University were
significantly older, had higher APACHE index scores, and
received more antibiotics and medications; but none of these
factors resulted in a higher frequency of AAD. Patients at the
University of Kentucky had a significantly lower frequency of
AAD, were older, had higher APACHE scores, and had
significantly lower frequency of C. difficile.

To judge if bias was introduced by treatment assignment, a
comparison of the group of patients receiving S.boulardii and
the group receiving placebo was performed. No statistically
significant differences were noted in the patients assigned to
S. boulardii compared with patients given placebo.
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Trial ID 251 255 268 302 310 395

Author Tankanow RM Surawicz CM Gotz V Benhamou PH Nord CE Nista EC

Study group Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control Probiotic Control Probiotic Control

Number randomised 60 318 48 50 391 388 11 12 60 60

Number analysed 15 | 23 116 64 36 43 327 289 11 12 54 52

Age 29 # 17 months 48.6 45.4 years 65 years | 64 years | 2.40 2.44 29.5 years (range:21- | 46.2 43.1
years (19-86) (24-88) years+ years + 54) years + years +

0.05 0.05 12.83 13.36

Male:female 22:16 66% 73% male 22:21 13:23 55.24% 53.05 % 3:8 4:8 33:27 25:35
male male male

Allergies to Not stated Not stated Not stated Not stated Not stated Not stated

antibiotics

Duration of Not stated Not stated Not stated Not stated 7 days 7 days 7 days 7 days

antibiotic treatment

C. difficile carrier Not stated Not stated Not stated Not stated Not stated Not stated

Dietary differences Not stated Not stated Not stated Not stated

Comments

Apple cider and fruit are frequently
associated with diarrhoeal episodes
and were consumed by several
children who subsequently
experienced an increased number
of loose stools. Conversely, bulk-
forming foods, such as bran, were
also consumed, which may have
decreased the incidence of
diarrhoea. In addition, yoghurt
contains Lactobacillus, which, if
consumed in sufficient quantities,
could have skewed the data.

High loss to follow up,
patients excluded from
analysis due to not being
monitored longer than 8
days

No difference in
age, dose of
ampicillin, number
of doses of the
study drug;
however, more
women than men in
the study population
Median total
ampicillin dose (9):
Probiotic: 29 (4.75-
176)

Control: 16 (5-108)

No differences between
the groups concerning
height, weight,
temperature or the type
of infection

There were also no
differences in the
antibiotics administered
between the two groups

There were no
significant differences
in age and baseline
symptom scores (all
patients were symptom
free at enrolments)
between the placebo
and the B. clausii
groups. On the
contrary, a higher
prevalence of male
gender was observed in
B. clausii group an
female gender in
placebo group.
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Trial ID 786 897 930 963 964 965
Author Monteiro E Madeo M Kotowska M Armuzzi A Adam J Correa NBO
Study group Probiotic | Control | Probiotic | Control 1 [ Control 2 | Probiotic | Control Probiotic | Control Probiotic | Control Probiotic Control
Number randomised 300 30 18 18 132 137 60 60 199 189 87 82
Number analysed 121 | 119 30 18 18 119 127 60 60 199 189 80 77
Age Not stated 81 years 82 years 90 years 58.8 55.8 36.8 37.0 39.27 37.59 21.94 months | 22.19
months months years + years + years + years + +9.84 months +
+44 +43.5 10 2.25 2.84 10.70
(6.2- (5.2-
178) 182)
Male:female Not stated 11:19 4:14 3:15 66:66 82:55 28:32 26:34 96:103 96:93 27:53 33:44
Allergies to Not stated Not stated Not stated Not stated Not stated Not stated
antibiotics
Duration of 6 days 6 days | 5days 5 days 5 days Not stated 7 days 7 days 6.80 £ 6.84 Not stated
antibiotic treatment 0.24 0.25
days days
C. difficile carrier Not stated Not stated Not stated Not stated Not stated Not stated
Dietary differences Not stated Not stated Not stated Not stated Not stated Not stated

Comments

There were no
differences between
the groups
concerning
diagnosis and
antibiotics used, or
the route of
administration or the
setting of the study
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9.8.6 Information on withdrawals and adverse events
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Trial ID 31 50 88 97 136 147
Author Plummer S' | La Rosa M Cremonini F Jirapinyo P | Thomas MR Armuzzi A
Group Probiotic | Control Probiotic Control Probiotic Control Probiotic | Control
Median Not stated Not stated 3 weeks 3 weeks Not stated 21 days 21 days 3 weeks | 3 weeks
follow-up
Withdrawals Not stated 4/60 6/60 1 patient excluded 1 patient excluded Not stated, 16/150 19/152 None None
including 2 patients 1 patient developed a from the S. boulardii | because of not Dropped Dropped
reasons were lost to severe abdominal colitis group (Probiotics 2) inadequate filling of observed out (n=9) out (n=14)
where follow up 1 patient withdrew the because of symptom reports in Insufficien | Insufficient
specified 2 patients consent incomplete week 1 and 3 of the t follow-up | follow-up
were lost due | 2 patients were lost to adherence to the study. (1/20) (n=7) (n=4)
to other follow up antibiotic treatment Discontinu
reasons 2 patients were lost due because of self- ed
to other reasons reported lack of antibiotic
motivation (1/21) after 1
dose (n=1)
Comments For 12 patients it was not possible to
obtain effectiveness evaluation, due to not
filled in questionnaires. So 110 patients
were ‘left’ subtracting the withdrawals, but
only 98 were included in ITT analysis.
Adverse Not stated Reported in the diary, possible side effects | No major side effects leading to treatment Not Not observed Not observed
events caused by the study drugs discontinuation were observed. observed

1 patient in the placebo group developed
‘coliche addominali’ (abdominal colitis?)
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Trial ID 159 194 195 205 231
Author Orrhage K Arvola T Vanderhoof JA Lewis SJ McFarland LV
Group Probiotic | Control Probiotic Control Probiotic Control Probioti | Control Probiotic Control
c
Median 21days | 21days | 3 months 3 months 10 days 10 days 6 days 7 days 7 weeks 7 weeks
follow-up
Withdrawals 1/10, 0 28/89 20/78 14/202 children did not complete the study, 3 patients failed to 25/193 patients were censored during the
including due to primarily because of antibiotic non- complete the stud because | study drug period
reasons treatme difficulties | difficulties | compliance or inability of the investigators to they did not wish to have 39/193 were censored during the follow-up
where nt with in the in the contact the primary caregiver at the assigned stool specimens collected. period
specified another transporta | transporta | follow up time. Of these patients:
antimicr tion of tion of 28/64 were lost to follow-up
obial study study 27/64 received a new antibiotic prescription
agent samples samples poststudy drug
4/64 developed adverse reactions (nausea
or constipation)
3/64 died
2/64 received oral nystatin
Comments None of the participants failed to complete the
10 day course of antibiotics because of a
change in stool consistency or frequency.
There were no failures resulting from
untoward effects of either L. GG or placebo.
Adverse No serious adverse Not observed No events observed No adverse events stated, No severe adverse events observed. There
events events observed no side effects due to S. were no significant adverse reactions with

during study

boulardii observed

the exception that placebo patients reported
more intestinal gas (n= 7, 7.4%) than
S.boulardii treated patients (n=0, p= 0.01)
and significantly more patients given
placebo reported fever (n=5, 5.3%)
compared with S.boulardii treated patients
(n=0, p=0.04).

None of the patients with AAD had
endoscopic examiniations, so it is unknown
if colitis or pseudomembranous colitis was
present.

However, in patients with C. difficile
disease, the diarrhoea was sufficiently
severe in 57% of the patients to require
treatment with vancomycin or
metronidazole.
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Trial ID 251 255 268 302 310 395
Author Tankanow RM Surawicz CM Gotz V Benhamou PH Nord CE Nista EC
Group Probiotic | Control Probiotic Control
Median Not stated Not stated Not stated Not stated 28 days 4 weeks 4 weeks
follow-up
Withdrawals 5 patients did not return 138/318 could not be evaluated, due to: 19/98 were | 64/391 99/388 6/60 8/60
including their daily log forms never received study drug or missed > 3 excluded -3 patients did not start | -3 patients did not start
reasons therefore lost to follow-up doses (26 patients) 4 patients: the assigned treatment | the assigned treatment
where 17 patients dropped out of | developed diarrhoea within 24 hours of discharged -3 patients did not -5 patients did not
specified the study within the first 5 starting study (15 patients) early return the first diary return the first diary
days; reasons were: < 72 h of antibiotic therapy (12 patients) without
- children refusing to take exclusion drug started (2 patients) study not relevant, because
the study medication due monitored for < 8 days (74 patients) medication ITT population results
to taste are data extracted [-4 not relevant, because
- adverse reactions patients were not ITT population results
- non-compliance included in the per are data extracted
- parents not comfortable protocol analysis [-2 patients were not
with having children in a because they did not included in the per
study return the second diary | protocol analysis
or because of because they did not
withdrawal or poor return the second diary
compliance (i.e. <80% or because of
of the vials were withdrawal or poor
recoverded)] compliance (i.e. <80%
of the vials were
recoverded)]
Comments The hospital serves a large indigent
population that tended to be noncompliant
and difficult to follow after discharge.
Characteristics of the 180 completed
patients were compared with the 138
unevaluable patients and there were no
significant differences in demographics
between these two groups.
Adverse No severe adverse events Not observed Not stated Not stated No Not observed
events observed serious
Adverse effects other than adverse
diarrhoea were: rash, gas, events
buring, hiccups, observed

constipation, increased
phlegm production,
vomiting and ‘chest pain’
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Trial ID 786 897 930 963 964 965
Author Monteiro E Madeo M Kotowska M Armuzzi A Adam J Correa NBO
Group Probiotic Control Probiotic Control
Median 6 days Follow up was up 2 weeks following 2 weeks following 5 weeks Not directly stated, | 30 days 30 days
follow-up to 10 days after antibiotic treatment antibiotic treatment mean duration of
biotherapeutic probiotics was 7
treatment (in total days for both
25 days from start groups, therefore
of study) assumed that
follow up around 1
week
Withdrawals 60 patients No withdrawals 12/132 patients lost to 10/137 patients lost due | None No withdrawals 7/87 5/82
including failed to follow up: non- to non-acceptance of the 5 =insufficient | 4 = loss of follow-up
reasons fulfil the acceptance of the study | study product ingestion of 1 = impossibility of
where study product probiotic oral alimentation after
specified protocol 1/132 patient lost to formula transfer to intensive
follow up due to damage 1= care
to the study product impossibility of
oral
alimentation
after transfer to
intensive care
Comments The analysis was based on allocated treatment,
excluding those patients lost to follow-up, all of the
other participants for which outcome data were
available were analysed according to the
intervention to which they were assigned, whether or
not they received it.
A potential problem with this type of analysis is that,
unless the absence of an observation is independent
of outcome, missing responses can lead to bias.
Therefore, for both primary outcome measures, the
researchers investigated the effect of various
methods of handling missing responses in trials.
That is , they compared outcomes in both treatment
groups assuming: (i) all patients in both groups with
an unknown outcome to have had either a good or a
poor outcome, (ii) extreme case favouring of S.
boulardii and (iii) extreme case favouring of placebo
Adverse Not stated Not stated No severe adverse events were observed Not Not stated Not observed
events observed
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9.9 Appendix 9 Details of ongoing studies

Source Project record Description Project End date
organisation
National Publication ID: Title: The efficacy of Lead centre 1 Dec
Research | N0515143152 probiotics in the name: Dr Mary | 2005
Register NRR data provider: prevention of antibiotic- Hedison Charing
North West London associated diarrhoea Cross Hospital
Hospitals NHS Trust | Principal research Start date: 12
Region: London guestion: The aimisto | Jan 2004
Regional Office determine whether a
probiotic yoghurt
containing Lactobacillus
can prevent the onset of
antibiotic associated
diarrhoea in elderly
hospital in-patients.
Methodology:
prospective, double-
blind, placebo-controlled
trial
National Publication ID: Title: Efficacy of Lead centre 1 April
Research | N0016106821 Probiatics in the name: T his 2003 (still
Register NRR data provider: prevention of Antibiotic- | record is from the| ongoing)

Hammersmith
Hospital NHS Trust
Region: London
Regional Office

associated Diarrhoea
Principal research
question: Can the use
of live bacterial yoghurt
supplement prevent the
onset of antibiotic-
associated diarrhoea
and C. difficile infection?
Methodology:
randomised controlled
trial

Sample group
description: 200
Outcome measure
description: Proportion
of patients free of
diarrhoea in active &
placebo groups,
average length of stay
compared in the two
groups.

lead centre of a
multi-centre study
Start date: 25
March 2002
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9.10 Appendix 10 Search strategy for economic studi  es

Database: Ovid MEDLINE(R) <1966 to May Week 3 2005>
Search Strategy:
1 Bifidobacterium/ or probiotics.mp. or PROBIOTICS/ or Lactobacillus acidophilus/ (3762)
2 (s boulardii or saccharomyces boulardii).mp. [mp=title, original title, abstract, name of
substance word, subject heading word] (166)
3 SACCHAROMYCES/ or saccharomyces.mp. (74425)
4 (I acidophilus or lactobacillus acidophilus).mp. [mp=title, original title, abstract, name of
substance word, subject heading word] (1336)
5 LACTOBACILLUS/ or lactobacillus.mp. (10983)
6 (I rhamnosus gg or lactobacillus rhamnosus gg).mp. [mp=title, original title, abstract,
name of substance word, subject heading word] (62)
7  bacillus subtilis.mp. or Bacillus subtilis/ (18739)
8 lor2or3ordor5or6or7(104815)
9 diarrhea.mp. or exp DIARRHEA/ (47645)
10 diarrhoea.mp. (13406)
11 gastrointestinal diseases.mp. or exp Gastrointestinal Diseases/ (469962)
12  (c difficile or clostridium difficile).mp. [mp=title, original title, abstract, name of
substance word, subject heading word] (3704)
13 colitis/ or enterocaolitis/ or enterocolitis, pseudomembranous/ (12397)
14 9or10or11or 12 or 13 (507729)
15 8 and 14 (1808)
16 economics/ (23835)
17 exp "costs and cost analysis"/ (115152)
18 cost of iliness/ (6848)
19 exp health care costs/ (23976)
20 economic value of life/ (4426)
21 exp economics medical/ (9631)
22  exp economics hospital/ (13296)
23 economics pharmaceutical/ (1461)
24  exp "fees and charges"/ (21473)
25 (econom$ or cost or costs or costly or costing or price or pricing or
pharmacoeconomic$).tw. (204467)
26  (expenditure$ not energy).tw. (8894)
27  (value adjl money).tw. (371)
28 budget$.tw. (9194)
29 0r/16-28 (307412)
30 15 and 29 (28)
31 from 30 keep 1-28 (28)

The database OHE HEED (May 2005) was also searched iteratively using the following
terms: bifidobacterium, probiotics, lactobacillus acidophilus, boulardii, saccharomyces,
lactobacillus, rhamnosus, bacillus subtilis. Records were sampled and those matching the
populations were retrieved.
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9.11 Appendix 11 Baseline risk of AAD for different age groups

Risk factors for the development of AAD are supposed to be age younger than 6 years and
older than 65 years. This could have an influence on the effect that probiotics have in
preventing diarrhoea, as the baseline risk, and therefore incidence rate, could be different for
the different age groups. The incidence rates of the baseline risk of the placebo groups have
been calculated for the different age groups. After weighting for study size, it can be advised,
that there is a higher incidence rate for children compared to adults (41.4% compared to
23.7%). The incidence rate for elderly appears to be higher as well, but no definite
conclusions can be made as there are only two studies considering elderly patients.

Age group Included studies Incidence rate Weight Pooled
per study (%) incidence rate
Children Tankanow 69.6 4.00 425
Arvola 15.5 3.00
Vanderhoof 26.3 5.00
Jirapinyo 80.0 2.83
La Rosa 62.0 5.57
Corréa 31.2 4.90
Kotowska 22.8 5.39
Adults Adam 17.5 5.74 25.0
Armuzzi*1l 30.0 3.00
Armuzzi 23.3 3.74
Cremonini 30.0 2.45
Nista 30.8 4.00
Elderly Lewis 13.9 2.24 28.2
Plummer 34.8 4.90
Adults/elderly Gotz 20.9 3.00 23.1
Surawicz 21.9 3.74
McFarland 14.6 3.74
Thomas 29.9 6.32
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9.12 Appendix 12 Data manipulation

The study conducted by Cremonini used three different probiotic types as intervention, of
these one yeast and two different bacteria. For the analysis, the study results have been split
into the bacteria groups (named: Cremonini prol + pro3) and the yeast group (named
Cremonini pro2), both arms were compared to the halved placebo group. The two bacterial
probiotic preparations used in the study were not separated; this would have resulted in very
small group sizes, as there was only one placebo group. Therefore, the bacterial groups of
this study could not be taken into account for the subgroup analysis of probiotics types,
because one group used L. GG and the other a combination of other bacteria.

Where possible, the outcomes of an intention to treat approach were selected for the
analysis, if this was unclear or not performed; any other results were included and noted.

To assess the effectiveness of probiotic supplementation in the prevention of diarrhoea, the
duration and severity of diarrhoeic events as well as the incubation period were analysed.
The analysis of these outcomes includes only the studies using placebo as comparator. As
not all studies reported the standard deviations, these were calculated where possible. For
the study by Madeo it was not possible to calculate standard deviations, as no range or p-
value for the outcomes of interest were stated. Several studies reported categorical values
for the severity of diarrhoea, which could not be included in the pooled analysis; they are
therefore reported separately.

The standard deviations were given by La Rosa and Correa, two studies reported a t-value
from which the pooled standard deviation could be calculated and two studies (Surawicz and
McFarland) reported a range which was used for the calculation of a pooled standard
deviation. Only one study (Vanderhoof) reported a p-value of an analysis of variance, from
which again a pooled standard deviation was retrieved.
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